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ABSTRACT

We describe an online assessment system that enables users, teachers and students to generate, share, and manage knowledge items for learning, teaching and assessment. The system “QSIA” – Questions Sharing and Interactive Assignments is designed to harness the synergy of communities of practice in the design and implementation of online learning, teaching, testing and questioning processes. QSIA promotes collaboration in authoring and use via accessible and accumulating history, online recommendations and the generation of communities of teachers and learners. At the same time, QSIA is designed to foster individual learning and enhance high order thinking skills among its users. QSIA's community, pedagogical and technological aspects, possible usage, and implementations are discussed. 
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1. INTRODUCTION

Online systems to support education attempt to do so through impacting communication. Traditionally, the communication flows from author and teacher to the student (Dori, Barak, & Adir, 2003; Gal-Ezer, & Lupo, 2002; Light, Nesbitt, Light, & White, 2000; Rafaeli, & Ravid, 1997).  Online systems that allow peer-teaching and student-to-student communication are beginning to appear, and new systems that allow teachers to share lesson plans are gaining prominence (Berg, 2001; Nachmias, Mioduser, Oren, & Ram, 2000; Pear, & Crone-Todd, 2002; Sheremetov, & Arenas, 2002). Generally, the new generation of online, web-based systems can now aim not just at delivering content from author and teacher to student, they can aim at multilevel 'peer-to-peer communication' such as teacher-to-teacher and student-to-student communication. We describe here a system for the communities of teachers and students that address two of the main points of students’ and teachers’ joint practice: online assessment and teaching.

One of the earliest contexts of use of computers in teaching and learning was the online test (Rafaeli and Tractinsky 1991). Computerized administration of tests is attractive for a variety of substantive, convenience, efficiency, aesthetic and pedagogic reasons (Rafaeli and Tractinsky, 1989). Though available for many years, testing online has not yet been as widely adopted as early predictions expected. Online testing has traditionally been a very centralized, closely guarded and tightly controlled enterprise. This project is about implementing network based online assessment in an entirely new perspective. Here, we investigate the design and use of a network based system for online assessment and learning that emphasizes the sharing, community potential of the network in what, heretofore, was considered mostly an individual task. The tasks of developing tests and marking them are part of the educational processes for assessing students' performance, providing feedback and facilitating motivation. Online assessment systems could offer considerable scope for innovations in testing and assessment as well as a significant improvement of the process for all its stakeholders, including teachers, students and administrators (McDonald, 2002).   

QSIA is an acronym for Questions Sharing and Interactive Assignments, but also an eponym for “question” in Hebrew. QSIA was designed as an online question and assignment authoring and application tool. It was also designed as an arena for student-to-student and teacher-to-teacher information sharing. The core idea is that of sharing elements of information. QSIA is designed to share the authoring of test items, their contents and psychometric accumulated history, as well as the process of constructing assignments and tests. The system runs the administration of assignments and tests under a variety of contexts: online as well as offline, proctored as well as individual, with or without time limits, open or closed book, etc. More importantly, though, the system enables joint ranking and evaluation of items, collections of items, and maintains a process of ongoing accumulation and a constantly improving collection of such items in a shared domain. QSIA is an attempt to reap the benefits of synergy in communities of practice in teaching. QSIA can be accessed at http://qsia.haifa.ac.il, using 'qsiaguest' as both username and password. 

This paper describes the QSIA online system and its educational goals. QSIA's innovative development, its structure principles, applications and future investigations are detailed. 

2. THEORETICAL BACKGROUND 

2.1 Collaboration in education

Collaboration has become a dominant mode of organizing, conducting work, and learning (Gal-Ezer, & Lupo, 2002; Jones, & Rafaeli, 2000; Sudweeks, McLaughlin, & Rafaeli, 1998; Sudweeks, & Rafaeli, 1996). Teachers and students enrich their knowledge through social interaction with peers, through applying ideas in practice, and through reflection and modification of ideas (Bruner, 1990; Solomon, 1987; Tobin, 1990; Vygotsky, 1978). The notion of communities of learners is gaining much traction in the contemporary understanding of work (Wenger, 1998). 

Online communities are difficult to generate because they have high social and material requirements. Online communities that attempt to engage in long-term participation require access to specialized information, to practitioners, to relevant data and analysis tools (Pringle, 2002; Rafaeli, & Ravid, 2001; Sudweeks, & Rafaeli, 1996). One of the aspects of implementing data collaboration among peers involves the process of seeking and providing experience-based recommendations across users communities. We propose that collections of teachers defined by common teaching subjects are a prime example to form groups that can benefit maximally from the formation of online sharing contexts. Such teachers can be drawn at any educational level: primary up to post graduate, so long as the subject matter of their courses overlap or are close enough. Teachers may not work for the same organization, and may even be in competition over resources or status, but since they are charged with teaching the same or adjacent topics, they are very likely to benefit from such system-enabled sharing.

2.2 Recommendations 

When they encounter a large number of resources or choices, people tend to seek recommendations for sorting and selecting the suitable data (Resnick, & Varian, 1997; Shardanand, & Maes, 1995). Recommender systems are computer systems which seek to provide guidance in making choices among relevant resources. QSIA incorporates recommendation processes and subsystems. Recommendation of resources may be motivated either by preference or similarity (Herlocker, Konstan, & Riedl, 2000; Resnick, & Varian, 1997; Shardanand, & Maes, 1995).  The core task of a recommender system is to recommend, in a personalized manner, interesting and valuable items and help user make good choices out of a large number of alternatives, without sufficient personal experience or awareness of the alternatives (Oard, & Kim, 1998; Resnick, & Varian, 1997). This task is implemented by QSIA. The core idea is that, in the world of learning, choosing among available items is one of the organizing tasks required of both students and teachers. In the preparation of a learning assignment or test, and in the course of studying for a test teachers and students need to rank and choose the items to which they will devote limited time and attention resources. One of QSIA sub-tasks is 'matching mates' viewed as the recommender system capability to make matches between recommenders and those seeking recommendations (Resnick, & Varian, 1997). 

2.3 Online assessment

The Internet is not only becoming a valuable resource of information, it also has a significant role in offering assessment and feedback tools. Online assessment is beginning to have an impact on large-scale testing, particularly in higher education and occupational selection (McDonald, 2002; Schwarz, Brusilovsky & Weber, 1996). Bennett presents three possible generations of online assessment systems (Bennett, 1998). The first generation involves assessment systems that are very similar to the established paper-and-pencil tests, and take limited advantage of technology. The second generation incorporates automatic item generation and includes some new item formats such as interactive features and multimedia. In the third generation, the difference between instruction and assessment becomes blurred as continuous assessment occurs throughout the learning process. The QSIA online assessment system incorporates all the above: items can be easily generated, and interactive features and multimedia can be included. QSIA not only integrates instruction with assessment but also integrates differential combinations of access and use authorizations so teachers can become students and students can play the role of the teachers (see Figure 1). 
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Figure 1. The QSIA online system internal structure

3.  STRUCTURAL PRINCIPLES OF QSIA 

QSIA is composed of several technological components (see Figure 2). Users can access the QSIA environment using any HTTP compliant Web browser, such as Microsoft Internet Explorer. The QSIA Web Server handles HTTP requests from web browsers. Java Application Server is an application container that runs the java components, including the scriptable Java Server Pages components. Java Server Pages hold the presentation layer of the system. Java Beans hold the business logic components that determine the behavior of the system. JDBC communicates between the system and the database. MySQL, a relational database, holds the system's data including the system's content, users' logs, and administrative information. 
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Figure 2. QSIA’s  technology components

QSIA's structure and functionality are based on a set of principles, determining its construction. The structural concept consists of six principles: Open strands, Flexibility, Privacy, Open source, Ease to use, and Multi community. 
Open standards - The system is built around open and acceptable standards, both in the software engineering aspect and in the functionality aspect. The system is based on Java technology, using JSP as the presentation layer and object oriented Java Beans technology as the business logic layer. These foundations enable the system to operate in any standard operating system and application server environment. The relational MySQL database serves as a data repository for the system. Because of the seamless SQL support, the database could be switched easily for any SQL database. 

In order to communicate with external learning system, and in order to assimilate the system in the world of educational systems, the system supports the Question & Test Interoperability (QTILite) specification, which defines an XML scheme for learning items and events. 

Flexibility - The system uses a set of design patterns enabling it to support a varied set of item types. These types include different questions such as multiple-choice, matching questions and more. The system allows the installation of new question types, without making any change to the system itself. The same method is applied to grading strategies, which determine the grading each student would receive for an assignment.

Privacy - The open nature of the system obliges a strong protection of the privacy of users who do not want to share their information. The system allows users to configure the sharing level of each of their items, and assignment, on the single object level or on the folder level. Users can keep the object totally private; can open it to a set of learning groups, for different roles (instructor, students) or for a set of specific users. The system makes sure that no user would get access to an object, get a recommendation for an object or see an object without the right permission.

Open source - The basic idea of sharing which initiated QSIA, also stands behind its technology. The system is based on open source technology and contributes back to the open source community. The system uses an open source application server (Apache Tomcat) and an open source database (MySQL) which are based on an open source operating system (Linux). Some of the software infrastructure built for QSIA is shared with the open source community under the GNU public license.

Ease of use – The system was designed to have an easy to use interface. The home page interface consists of four parts: a blue toolbar that includes all the operations the users can perform; a personal library that includes a recycle bin and personal folders. There are colorful icons that indicate the folders, the recycle bin, the knowledge items, and the editing. Figure 3 illustrates QSIA's interface that includes a blue toolbar, active red buttons and colorful icons. This figure presents a list of questions in Pathology.  
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Figure 3. An example of a list of questions in Pathology on QSIA
Multi Community – QSIA users, instructors and students belong to a large array of educational organizations such as universities collages and high schools. The system allows organizations to manage themselves independently by generating users' templates, adding new learning groups (courses or classes) and assigning new disciplines. QSIA is designed to support life long learning and communities of practice, by allowing users to share information. 

4. THE FOUR CONCEPTUAL PILLARS OF QSIA

Our goal was to develop a generic data driven system, for the collection, retrieval and use of knowledge items within a knowledge discipline, shared across organizations and beyond boundaries. The QSIA system is based on four conceptual pillars that support its goal. The four conceptual pillars are: Knowledge Generation, Knowledge Sharing, Knowledge Assessment, and Knowledge Management. 

4.1 Knowledge generation

The QSIA system enables users to create and edit different knowledge items such as questions or learning tasks. The knowledge items can range from simple low order thinking skill questions that requires memorizing or seeking straightforward information, to complex high order thinking skills assignments that requires analysis and synthesis of the learning material. QSIA knowledge items include multiple choice questions, matching questions, true/false questions or content items. 

QSIA as a Web-tool permits easy accessibility to a variety of knowledge databases that includes written text and interactive multimedia such as music, video films, special simulations and virtual tours to museums. It is a multilingual system and has been used in English, Hebrew, Arabic and Turkish. 

4.2 Knowledge sharing

QSIA system focuses on knowledge sharing among participants, while maintaining a secure and private working environment. One of the QSIA sub-tasks is 'matching mates' viewed as the recommender system capability to make matches among recommenders and those seeking recommendations. Sharing knowledge via the QSIA includes three aspects: 

Uploading knowledge items – composing a question and allowing others to use it. There are four different access levels at the QSIA: private (opened only to the owner), personal (opened to a selected set of users), partial (opened only to the selected set of learning groups) or public (opened to everybody). In each of these levels, the user can choose to restrict the access to a specific role (teachers, for example). 

Ranking knowledge items – answering a question and then grading it on a scale of 1-5, so others could benefit from ones' professional opinion, and

Receiving recommendations – looking at the average rank other participants (instructors or students) gave to a certain question. This way one benefits from the expertise of others. The recommendation system enables instructors and students to get targeted suggestions of knowledge items. 

Other measures for sharing information include a search facility and an access control system that allows users to define sets of groups or users.

4.3 Knowledge assessment 

QSIA offers new prospects for individual assessment and system evaluation based on computerized follow-up and monitoring of the individual answering path chosen by each student. The QSIA online assessment activities, quizzes and self-tests, are called assignments and have a number of applications, as the system is able to capture all the information required by the actors of the educational process. 

The QSIA assignments can be seen both as a formal evaluation of the students’ knowledge at the end of a course, and as an informal and flexible method for self-evaluation. The formal evaluation is a quiz student's need to carry out simultaneously but not necessarily at the same place. The informal evaluation is a self-test, that students can carry out any time and any place for detecting their difficulties and misunderstanding. Figure 4 demonstrates a typical question, and the use of color and image capabilities of the web. Figure 5 shows the type of feedback students can receive after answering an item as part of a quiz or a self-test.  This particular item is part of a set of items used in a Pathology class in medical school. The student is shown the question that includes a color slide, after answering it, he is given the correct answer, and information about his response and grading (if applicable). 
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	Figure 4. An example question, taken from a set of                 Pathology questions.
	Figure 5. An example of the feedback students receive                                                                                                                   after  performing a quiz or a self-test


QSIA assignments can be reviewed by the instructor before distribution to the students. A hard copy of the assignment can be printed or exported to common word processor formats. The QTI standard also allows importation and exportation following XML standards.  

4.4 Knowledge management

The educational line of work produces masses of learning material for both instructors and students. After years of learning and teaching, educators possess valuable lecture notes, working sheets, written projects, exercises, assignments and more. Scholars often have trouble organizing their papers, files and folders.  QSIA helps solve this problem, in the context of encouraging sharing among teachers in adjacent or overlapping disciplines. QSIA allows managing educational content using folders, search facility and editing tools. It enables users to create and manage a set of folders that includes all of the content owned by them. The folders allow users to manage their content's properties using centralized and time-saving methods. As all these folders are available online, they can be shared, used from a distance, merged, and otherwise used more flexibly. Content such as knowledge items, created by the QSIA user, can be indexed under a certain disciplines. The list of disciplines can be used afterwards in order to retrieve the contents. The system keeps a list of disciplines appropriate for each user. Since QSIA is an online system, users can retrieve their personal educational contents any time and any place providing there is a computer with a connection to the Internet. 
5. QSIA SYSTEM OVERVIEW

The QSIA four conceptual pillars: Knowledge Generation, Knowledge Sharing, Knowledge Assessment and Knowledge Management, are enabled and supported by four technical pillars which are the systems' engines (see Figure 1). Each engine or subsystem is responsible for different components and manages different areas of interaction. The subsystems include: Content Management System, Recommendation System, Assessment and Reporting System, and Administration System. 

I. Content Management System is responsible for managing the Knowledge items and assignments created by the instructors. The system serves as a content gateway, offering services such as object caching, security policy enforcement, and folder management. The knowledge repository is this subsystem’s outcome. It includes knowledge items and assignments. The external repository includes database of questions, online quizzes, and self tests.   

II. Recommendation System is responsible for gathering ranking information from the user, generating the 'friends' group, running the recommendation algorithms and retrieving the recommendations.

III. Assessment and Reporting Systems are two subsystems that allow students to perform their assignments, and to learn independently using the database of knowledge items. The heart of the system is the Arena component which allows secure real time testing, as well as online grading using a varied and adjustable set of grading strategies. The system also generates grading reports for learners and instructors. The performance data is one of the Assessment and Reporting subsystems outcomes and it includes a list of the students' grades. The research data is the second outcome and it includes a list of the users, the disciplines, the groups and logs.
IV. Administration System allows administrators to manage the users in the system, manage disciplines, learning groups and action logs. Hierarchical and secure administration is supported in order to allow various learning organizations to use the same system securely.

6. CURRENT EXPERIMENTS 

QSIA was first launched on the Internet in May 2002. Since then it has already been implemented in several universities and high schools. During the seven months that QSIA has been operating, more than 650 users logged on and about 2,000 knowledge items have been uploaded. Roughly 10,000 additional questions are being converted to QSIA at the moment. The institutions and courses that implement assessing via QSIA:

· Nesher High school, Nesher, Israel;

· Electronic Commerce course, Graduate School of Business, the University of Haifa, Israel;

· Electronic Commerce course, Industrial Engineering and Management, Technion, Haifa, Israel;

· Organizational Behavior course, Technion, Haifa, Israel;

· MIS course, the school for practical engineering, Ruppin college, Israel;

· Turkish Language course, the Faculty of Humanities, University of Haifa, Israel;

· General and systematic pathology course, The Faculty of Medicine, Tel-Aviv University; Israel;

· Electronic Commerce course, The Cyprus International Institute of Management, Nicosia, Cyprus;

· Electronic Commerce course, the University of Michigan, USA.

We have interviewed the instructors and teaching assistants in order to learn about their attitudes towards the use of QSIA and online assessment. All expressed positive attitudes towards integrating QSIA as part of their teaching and assessing environment. The feedback was used for making improvements so the system would meet the Instructors needs as best as possible. Relevant changes in the system's interface were conducted and some new applications were added.

A feedback questionnaire was given to a sample of 60 students from the General and Systematic pathology course. The questionnaire was given at the end of the course, after the students experienced responding to three online quizzes during the semester and one online final examination at the end of the semester. All the online tests were administered by QSIA. The feedback questionnaire contained 12 attitude items. The attitude items were presented as statements with a Likert-type 5-point scale response (5-stronly agree to 1-strongly disagree). Five experts in science and computers education validated the questionnaire. The questionnaire's internal reliability, Cronbach's Coefficient Alpha, was 0.86. Overwhelmingly, the students reported strong positive affective attitudes toward the use of QSIA (Mean = 4.38, SD = 0.93). Students enjoyed using QSIA during the course and noted they would like to use the system in other courses.  

Another format of QSIA's usage is being investigated. Here students are required to contribute items related to the subject matter that is being studied. In this question-posing format students are actively engaged in generating knowledge items and contributing to the systems' database. The students are told that these items will be used as part of the final examination in their courses. They are then asked to review, react and recommend items contributed by their classmates. This process allows students to assimilate and internalize new learning materials. It is, too, an implementation of the sharing construct within online assessment.

7. DISCUSSION AND FURTHER INVESTIGATION

Although still in its first stages, the QSIA online assessment system already shows promise. The first finding is that it works. Tests can be run simultaneously or in a delayed fashion, to groups of many dozens of students concurrently, comprised of many dozens of items, and of a variety of item-types. The efficiency gains, cooperation potential, and positive feedback from the instructors and students who use QSIA and the growing demand for web-based educational assessment tools suggest the significance of developing such a tool. QSIA exploits the opportunities of interactivity and multimedia for composition of questions. Hyperlinks, color pictures and animations may be used as parts of questions for concretizing abstract concepts and visualize complex ideas. More importantly, the process of sharing, among teachers and among students is made possible through several avenues: items, recommendations, and the statistics of results that can be shared in a variety of creative manners. 

We propose that collaborative tools like QSIA provide instructors with important opportunities to share “craft wisdom” and a professional culture. A Web-based knowledge sharing system, which allows instructors and students to exchange information and evaluate peers work, can enhance better teaching and learning. 

Future research tied to QSIA and the online sharing of assessment items and tools will follow three tracks: pedagogical, recommendation oriented, and studies of communities of practice. First, there are pedagogical implications of large scale repositories of items, available online alongside classifying and prioritizing data. Education oriented research into the opportunities, advantages and problems of online web-based testing and construction of shared repositories is already dipping into the data collected by QSIA. The recommendation infrastructure that accompanies QSIA is the target of our second research track. How can online recommendations be done best? Who are the appropriate recommenders? What needs to be done in constructing the recommendation algorithm to improve the use and acceptance of recommendations? Finally, the success of systems and communities of practice like QSIA depends on a deeper understanding of the process, motivations and rewards in sharing information. What are the system-based incentives for people to contribute? How can the design of the item repository and the recommendation engine improve the tendency to contribute? 

Through its implementation and very rich dynamically collected data set of logs and records of use, QSIA offers a wide range of research opportunities including qualitative and quantitative assessment of: formation of online communities, the evolution of knowledge items markets, Transitional process from traditional learning to modern technology online-learning, and more.
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