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Abstract.  This paper analyses the features of quantitative evaluation in network-based teaching, introduces an in-process quantitative evaluation model4 for intelligent network-based teaching, and discuss its implementation and performance in the Yuanlin intelligent network-based teaching system.
1   Introduction

Network-based education is developing surprisingly as information technology advances rapidly.  Increasingly, we are facing the use of the Internet as an aid to learning (Oliver & Omari, 1999) [1]. It has become a challenge to traditional school education (Stephenson, 2001) [2]. Network technology will be an important tool for educational reform and development worldwide. As is mentioned in Outline of Curricula Reform of Elementary Education promulgated by the Chinese Education Ministry, we must promote the popularity of information technology in teaching practice and realize the integration of information technology into curricula; we must change teachers’ pedagogic methods and the way of presenting teaching contents, the way of learners’ studying, and the way of interacting between learners and teachers, and provide learners with various education circumstances and helpful learning tools.

Network-based education systems need be intelligent in order to meet the above requirements. Current network-based education systems worldwide, however, are far from being intelligent. They cannot meet learners’ requirements of efficient and independent learning online (Chao, 2002)[3]. Online evaluation and assessment should be part of the learning-teaching process, embedded in student activities and in the interactions between learners and teachers (Harasim et al, 1996) [4]. Evaluation involves judging the effectiveness and worth of programs and products (Reeves, 2002) [5]. In fact, vendors, designers and instructors appear to struggle with conceiving of evaluation as anything more than a multiple-choice test (Angelo & Cross, 1993) [6]. With regard to measurement, evaluation and feedback of learning online, almost all existing systems adopt some sort of terminative evaluation. They often include a database with considerable contents for test and items may be chosen from the database according to certain principles to compile test papers and implement grading or scoring methods. Terminative evaluation cannot provide with timely feedback. Specifically, they can neither provide with quantitative feedback betimes on the gap between a learner’s goal and the progress and quality of his/her present learning, nor point out what causes difficulties to the learner and how to overcome them. Besides, there is a common problem in existing network-based teaching systems: they are unable to provide learners at different learning levels with different teaching methods and advices, unable to efficiently help learners who have different learning goals, abilities and starting-points. According to Bloom’s view (Bloom, 1973) [7], The main reason why many learners do not achieve excellent academic performance is not because of their lack of intelligence, but the absence of appropriate teaching circumstance and reasonable helps. If we provide with good learning environment, most learners will become quite similar on learning abilities, progress and motives for further study. Here learning environment includes individual instructions.  

The network-based teaching systems should focus on providing learners at different learning level with this kind of learning environment as much as possible. The precondition of achieving this objective is to develop an effective quantitative evaluation model for network-based teaching that not only provide exams at end of learning, but also evaluates learners’ performance during the process of learning.

When designing intelligent network-based courses, the designers should keep in mind such matters as below. The first is how to provide learners with timely and quantitative feedback about the gap between a learner’s goal and current learning. The second is how to automatically analyze and detect learners’ difficulties of learning, as an excellent teacher provides students with individual instructions. Network-based courses should be able to inform learners of why they cannot master the knowledge in the course. For an instance, the reason is whether a learner does not know related knowledge, or the learner does not understand new knowledge; whether a learner can understand new knowledge but unable to remember them, or the learner can understand and remember new knowledge but cannot use them skillfully; whether a learner can understand and skillfully use new knowledge but the knowledge has not been instantiated nor generalized by the learner, or the learner can meet all the above requirements but lack strategies to apply the knowledge flexibly. The third is that network-based teaching system should be able to choose pertinent pedagogy methods automatically, to provide learners with advices and feedback on learners’ goals. For a student whose goal is to go to top-ranking universities, the system can judge the appropriateness of the learner’s goal and give some suggestion. For example, the suggestion may be that your present goal is too higher and you may suffer excessive difficulties, frustration, worries and disappointments if you do not change your goal to go to general universities. 
When the learner accepts the suggestion, the system will provide respective learning contents at the level for entering general universities. When the learner makes great progress at the new level, the system will automatically advise him/her to adjust the goal back to going to top-ranking universities again. The system will also help the learner in mastering knowledge and skills necessary to pass the examination. 

With the above consideration, it is necessary to develop an in-process quantitative evaluation for intelligent network-based teaching systems.
In-process Quantitative Evaluation Model or IQEM for network-based teaching can meet the above need. The functions of this model include: being able to guide and enlighten learners to choose appropriate learning goal, procedure and process, being able to provide learners with timely supervision, feedback, and record learners’ progress at the goal level. Learners can monitor, adjust and control his/her own learning on the basis of the information provided by the system. In this way learners are helped to choose the most appropriate learning contents and procedure and make best progresses. As a result, each individual’s potential will be best deployed and learning quality will be improved. 

The rest of this paper introduces IQEM model and its implementation in Yuanlin intelligent network-based teaching system. 

2   In-process Quantitative Evaluation Model for Network-based Learning

The earliest quantitative evaluation was implemented by teaching machine. Teaching machines propose that content is arranged in small steps, which progress from simple to complex. It requires a response from the learner in order for teaching machine to carry on teaching. Teaching machine suffers from one serious flaw: it is boring (Driscoll, 2000)[8]. Besides, teaching machines cannot automatically and quantitatively evaluate the progress in learning process. Therefore this issue has been remaining as a hot topic.
Current online learning systems fall into four paradigms according to the variations in the locus of control and task specification (Stephenson, 2001) [2]: (a) teacher-controlled, specified learning activities (Dee-Lucas, 1999) [9]; (b) teacher-controlled, open-ended or strategic learning（Mason, 1998）[10];  (c) learner-managed specified learning activities（Paolucci & Jones, 1998）[11]; (d) learner-managed, open-ended or strategic learning（Bonk, Angeli &Hara, 1998）[12].
Generally, web-based learning models can be classified as behavioral or cognitive (Jonassen, 1993) [13]. The effectiveness of the Internet in learning will be a function of web-model alignment and the appropriateness of the model to a particular learning situation (Lin & Hsieh, 2001) [14].  Current systems emphasize the influence of control focus and content specification on learning activities, but fail to answer the question how to improve learning efficiency. Comparing with general systems, the IQEM model (to be defined below) is capable of enhancing learners’ learning efficiency. Firstly, general systems fail to distinguish learners with different learning capabilities and different knowledge structure. As a result, when learning is designed with the same requirements and at the same pace for every learner, some learners have difficulties in learning independently and making progress, meanwhile other learners may not find challenges in learning. They are restrained in developing their potentials. By contraries, IQEM is capable of distinguishing various types of learners, structuring contents on the basis of the differences, and providing relative tests as well. Thus, IQEM system is effectively promoting learners in the optimal way.  Secondly, in general systems, tests are always made at the end of one section or even one chapter. It becomes hard to find out learners’ difficulties until the end of one section or even one chapter. Consequently, it takes a great amount of time to remedy. Oppositely, IQEM is capable of doing diagnostics and tests. The errors made by learners can by detected and fixed timely. Learning efficiency can be greatly improved by providing learners with pertinent and timely feedback. Thirdly, general systems provide learner with tests and marks at the end of one section or even one chapter while IQEM progressively accumulate scores. By the way of accumulative scoring, IQEM contributes to timely reinforcement, and consequently continuous drive for learning. Learners’ curiosity can be elevated so that learning efficiency will be enhanced. Fourthly, general systems pay much attention to lecturing knowledge itself, but ignore the instruction of thinking methods and learning strategies. IQEM embodies thoroughly the emphasis on the instruction of thinking methods and learning strategies. 
Below we present IQEM, an In-process Quantitative Evaluation Model for network-based teaching.  In general, IQEM can be defined as a framework or system that can automatically and immediately provide learners with quantitative feedback on the gap between learners’ goals and their current learning status including location, progress and quality, automatically detect and analyze learners’ difficulties as excellent teachers do in the individual instructions, timely inform learners why they cannot understand the knowledge, and automatically choose pertinent pedagogy strategies and provide learners with positive advices.  

The model is explained in more details below.

2.1   Addressing Processing

It is during the process of self-adjustment instead of evaluation at the end of long learning periods or terms that quantitative evaluation can help to detect learners’ shortcomings. The IQEM model can automatically provide learners with assessments, feedbacks and constructive suggestions betimes. Consequently, learners will continuously adjust their behaviors or goals according to the assessments, feedbacks and constructive suggestion from the system, and approach their goals step by step. 

2.2    Setting Goal
The IQEM model allows designers to set goals at different levels. 

 Tolman believes that behavior is guided by purpose (Tolman, 1948) [15]. The effectiveness of instructional goals for enhancing academic performance has been debated since the 1960s. Gagne (1985) [16] argued that informing learners of goals would help them to be ready for learning. Besides, goals can also provide a framework of contents for learning that will eventually be tested. Obviously, explicit and accurate goals in network-based learning are necessary. 
The IQEM model starts with setting appropriate goals. The model allows designers to set goals at different levels so as to suit different groups of learners. For example, there could be three goals for senior high school students to choose. The low-level goal is to graduate from school. The goal of secondary level is to pass the entrance examination for general universities. The goal at the third level is to pass the entrance examination for top-ranking universities. 
Once a student selects his goal, the learning contents and requirements should be in accordance with the selected level. As a result, the learning contents and requirements for those students who select the goal of secondary level will be different from that of students who select the goal of low-level. The designers of network-based courses should design different contents and requirements for different levels of goals. For example, the requirements for the goal of lower level are to know, understand and remember some knowledge, while the requirements for higher level of goal are to comprehend the knowledge and skillfully, creatively apply them, instead of just understand and remember the knowledge. Setting different levels of goals is the precondition to evaluate learning quantitatively and accurately. With such goals it becomes possible to efficiently guide learning process and to help learners to approach their goals. These goals will stimulate learners’ internal drives to learn, which results in effective learning and good performance. 
2.3   Giving Feedback Timely

The IQEM model is capable to present feedbacks at any time during the process of learning. 

As learners monitor their progress toward their goals, they make evaluation or judgments about their performance, about their self-efficacy for reaching the goal, and about their personal goals in light of their current achievements (Bandura, 1997)[17] (Zimmerman & Schunk, 1989)[18].  Timely feedback becomes critical when learners are monitoring their progress.  The IQEM Model is capable to present feedbacks at any time during the process of learning. In this way, learners can self-evaluate the gap between their performance and their learning goals, and adjust their own learning strategies, procedures or goals in time. 

2.4    Giving Feedback Accurately

The IQEM model gives feedback accurately.   The knowledge of results provides feedback on the quality of particular performance, and the knowledge of progress provides feedback on the performance over time (Driscoll, 2000) [8]. The In-process Quantitative Evaluation Model is able to accurately inform learners of the gap between learners’ goals and their current progresses.  In the model, knowledge node means the least knowledge unit that can be learned independently. Teaching contents of one lecture might be made up of many knowledge nodes. With regard to the learning of specific knowledge nodes, the system is able to inform learners how well the knowledge nodes have been commanded by them. If learners have not mastered the nodes well enough, the system is able to precisely suggest what their problems are, and why they failed to know, understand, remember, use skillfully, or apply the knowledge creatively and comprehensively. The system can also suggest what remedies may be taken. For an instance, it could be o review knowledge nodes that have been learned before but not been remembered by them.

As mentioned above, knowledge nodes in the IQEM model refer to the small knowledge chunk in web-based learning. They are different from traditional knowledge points in that the knowledge nodes are more detailed and well structured. 

2.5   Motivating Students’ Behaviors
The IQEM model provides the information of the gap between learners’ goals and their progress, which can motivate learners more effectively. Specifically, the functions of in-process quantitative evaluation model include timely finding out the progress of a learner, providing learners with encouraging feedback and suggestions, effectively maintaining learners’ self-efficacy, developing learners’ self-confidence, motivating learners to achieve, and fully developing learners’ potential. As Bandura proposed, self-efficacy is a belief system that is causally related to behavior and outcomes. That is, people make judgments about their abilities to perform certain actions to achieve a desirable outcome (Bandura, 1977,1982) [19] [20].
3   Yuanlin Intelligent Network-based Teaching System
The Yuanlin Intelligent Network-based Teaching System or YINT is developed based on the In-process Qualitative Evaluation Model presented in the previous section.   The system can offset the deficiencies of the most existing web-based teaching systems by providing in-process quantitative evaluation. The system can also help learners to fully develop their potentials.
3.1   Introduction to YINT System
The YINT system includes two subsystems: IDesigner and OnlineTeacher. IDesigner is designed and built for the authors or designers of network-based courses. IDesigner allows the authors to integrate different network-based course components into complete courses. With the IDesigner tools, authors or designers can create various courses efficiently and creatively by the way of designing the course framework (for example, setting different learning goals, contents and detailed requirements of these goals), specifying knowledge nodes, constructing a network of the knowledge nodes, integrating multi-media contents and so on.  

One of the key factors for the YINT’s success is the in-process quantitative evaluation model built into the system. The system allows one to set different levels of learning goals, construct the dependency network of knowledge nodes based on the levels of goals, specifies knowledge nodes, and proposes grading regulations as well. It is easy for users to realize the mechanism of dynamically quantitative evaluation. Therefore, it is helpful to establish a system of self-determination learning.
Most current use of network-based teaching transfers traditional lecture-based methods to the online environment (Bourne et al, 1997) [21]. In the virtual learning settings, learners are as much responsible for the quality and amount of leaning as the instructor. YINT provides an online teacher that embodies the knowledge and experience of traditional instructor (McQuillan, 1994) [22]. The Online Teacher is to provide services to learners. Online Teacher is capable to record, measure, analyze and judge learners’ progress. It can also automatically suggest the most appropriate learning goals and starting-point in the network of knowledge nodes. When learners start the procedure controlled by the system, the system can automatically present necessary knowledge nodes with regard to learners’ goals, record learners’ progress, provide evaluation scores, and measure the gap between learners’ goals and their current status and progress. It can also present feedback on learners’ performance during the process of learning. The system is helpful to implement individual learning. It guarantees that every leaner can learn the most opportune knowledge at the most suitable pace, so as to fully develop learners’ potentials.

3.2  In-process Quantitative Evaluation of YINT
The in-process quantitative evaluation of YINT allows one to design the contents and goals (requirements) in accordance with different levels of goals. 

Bloom (1956) [23] suggested that the cognitive goals of the learning of knowledge could be graded as six levels of knowledge, comprehension, application, analysis, synthesis and evaluation. The YINT system modifies Bloom’s taxonomy and sets up a new system of cognitive goals based on research of modern cognitive psychology. This new system of goals includes different levels of goals as knowing, understanding, memorizing, using skillfully, as well as applying comprehensively.

According to this new system of cognitive goals, designers of network courses should firstly specify how many necessary knowledge nodes should be mastered and assessed based on levels of learning goals, contents of textbooks and standard of network-based courses. 

Secondly, designers should determine different requirements of different knowledge nodes in term of the features of knowledge nodes and the relationship between knowledge nodes and learning goals, and standard of network courses Designers may, then, develop multi-media contents, compile test papers, and provide with feedback.

3.3   Implementation of the IQEM Model in the YINT System

The subsystem of YINT system, Online Teacher, provides two learning modes: self-determination learning and systematical learning. Self-determination learning is also viewed as self-management leaning. It refers to a process that learners themselves detect and determine knowledge nodes to learn, choose appropriate learning process and strategies, as well as manage their own behaviors in the light of learning goals determined by them. Online Teacher allows learners to determine what to learn in the index of knowledge nodes. Learners may choose knowledge nodes at any point (for example, of one chapter or of one section), and choose any specific knowledge nodes. 
This approach is helpful to enhance learners’ consciousness of the relationship between their goals and the rest of knowledge nodes to be required to master. Learners will be better aware of that how much knowledge nodes has been mastered. Learners’ abilities of reflection and self-control will be improved, too. This approach is crucial to develop learners’ ability of meta-cognition which is crucial for learners’ academic achievement. 
On the other hand, the limitation of this approach is that it depends on learners’ positive attitude and outstanding ability of meta-cognition. Therefore, the most appropriate learning strategy for learners with poor academic performance previously should be systematic learning.

The evaluation method of systematic learning in Online Teacher is based on the in-process quantitative evaluation model presented previously. The system can detect how much knowledge nodes the learner has mastered. The system can, then, give suggestion on learning goals and starting-point of learning. Besides, the system can present necessary knowledge node one by one as the learner intends (the learner, at the beginning, maybe reject the suggestion). The learner is asked to pass the tests of knowledge nodes one by one. But is not necessary for the learner to study all the multi-media contents of every knowledge node. The system is able to grade dynamically in term of the result of the test. The learner will receive feedback. If the learner passes the test, the system will provide encouragement to him/her. If the learner fails the test, the system can provide with feedback and remedy. This way of evaluation can help learners who have met difficulties in learning to offset their shortcomings. 

On the basis of the new system of goals, the YINT system is designed to be able to evaluate the learner’s performance in the test of every knowledge node and give two kinds of scores: the score of learner’s progress and the score of learning quality. When the learner finishes a test, the system can make grading on the learner’s progress and learning quality in the light of the evaluation index. 
As for score of learner’s progress, the learner will score four if he/she passes the test of a knowledge node at the first time, score two if he/she pass the test of a knowledge node at the second time, score one if he/she pass the test of a knowledge node at the third time, score zero if he/she fails the test of a knowledge node at the third time. This way of scoring helps to prevent learners from guessing randomly the answers because their scores will be quite low if they guess randomly. It also helps to develop learners’ positive learning attitude. 
If the preceding scores are too low to be capable of encouraging subsequent learning, the system will score by the way of dynamic adjustment. This refers to adjusting the preceding score according to the learner’s performance in learning of the latest two chapters. In this way, the score of the quality of learning will fluctuate as the quality of learning varies. Scores will better motivate learners to study. If they achieve better performance, their internal motive and self-efficacy will be improved. Internal motives to any thing are learned. Internal motives will not occur until people succeed in doing something and believe one’s ability on these aspects.

Another function of the YINT system is to evaluate the appropriation of learners’ goals in the light of their scores of progress and quality. At some stage of learning process, the system can automatically calculate the learner’s score of learning quality. If the system believes the learner’s current goal is inappropriate, it will suggest the learner to set a higher or lower level goal. The learner is allowed to reject the advice with a view to developing the learner’s belief of self-determination. If the learner sets a higher level of goal, the system will help him/her to learn all preceding knowledge nodes, which have not been presented on the lower level of goal, but necessary for this new goal. The learner may, then, learn the subsequent knowledge nodes. If the learner sets a lower level of goal or rejects the advice of a higher goal, the system will present the related knowledge nodes on the basis of the goal selected by the learner.

4. Comparison YINT System and General Systems 

The advantages of YINT system over general network-based teaching systems include quantitative design of learning process, timely feedback, accurate goals, as well as individual teaching. The system successfully implements in-process quantitative evaluation and dynamic analysis in network-based learning. 
Table 1 presents the difference between YINT system and general network teaching systems.

Table 1.Comparison 

	Items
	General network-based teaching systems
	YINT system

	Learning goals
	To provide same learning goals, contents, paces, ways of evaluation and remedies to learners of different academic performance. It cannot be adjusted dynamically.
	To provide different learning goals, contents, paces, ways of evaluation and remedies to learners of different academic performance. It can be adjusted dynamically.

	Scoring standard
	To adopt terminative evaluation, providing only one way of scoring. This way of scoring cannot provide timely feedback. Learners might have misgiving because of preceding academic performance. It cannot motivate learners. Dynamic adjustment is hardly realized.
	In-process quantitative evaluation is adopted, including scores of progress and quality. Score of quality can be adjusted dynamically. Scoring is timely, accurate, detailed. Scores can better motivate learners.

	Learning requirements
	Same requirements for all students.
	Different requirements in accordance with different levels of learning goals.

	Teaching styles
	Individual learning is not actually realized. Learners’ experiences are same.
	In view of individual difference among learners, the system simulates individual tutoring. Self-determination learning is possible.

	Features on the aspect of intelligence
	Interaction between learners and system is primary
	On the basis of interaction between learners and the system, the system can record learners’ progress, fully make use of data. The system possesses knowledge, experience and ability of judgment similar to expert teachers. It can analyze, evaluate and diagnose learners’ difficulties.


The in-process quantitative evaluation built in the YINT system is still at its trial stage. Further research and practice of this model are required in order for it to be used widely in intelligent network-based teaching systems.
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