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Abstract. An important issue of web-based learning is to realize self-adaptation in individual learning with respect to individual characteristics of learners. In this paper we present a web-based learning platform based on the learning theories of educational psychology. The platform and courseware are developed and experimented in the high schools and the result shows that the system demonstrated certain characters of intelligence in web-based learning, being able to judge like an expert teacher in instruction process. The platform is capable of not only providing individual learning but also enhancing students’ motivation, interest, autonomy and meta-cognitive ability.
1   Introduction

Web-based learning is being developed rapidly in recently years. It is getting more and more popular because Internet gives us the best hope for the less expensive, more accessible, higher quality education [1] (Jones, 1999). This form of instruction can meet the needs of many for whom conventional education is inappropriate or unavailable [2] (John Stephenson, 2001).

To take the advantages of web to instruct involves not only the web technology but also more importantly the further development of the principles of pedagogy and psychology during the course of web-based learning. In fact, the tendency for new technologies to be seen as heralding a revolution in educational methods and then consistently failing to make an impact has been noted [3] (Mayes, 1995). We believe that new technologies alone, however effective in other fields, don’t inevitably cause fundamental changes in education. New theories of pedagogy and psychology are necessary to effectively deploying the new technologies in education to achieve the best results.

Generally speaking, web-based learning has two main forms. First is collaborative learning. That is, the students construct their own knowledge systems by the way of solving problems in collaborating with others. The second one is individual learning. The students acquire the knowledge by themselves. Most of web-based teaching sites provide both forms of learning. While there are many researchers focusing on how to realize the communications between students and teachers and the communications among students through solving problems by collaboration [4] (Jonassen and Land, 2000), this paper discusses the self-adaptation in individual learning.
2   Individual web-based learning and psychological theories

Individual learning stems from the behaviorism.  In order to overcome the disadvantages of learning in the traditional class, Skinner proposed a method of programmed learning [5] (Skinner, 1954). The main steps of programmed learning include selecting goal, fixing the pace, timely feedbacks and controlling by machine [6] (Xiaozhen Zhang, 2000). Programmed learning is effective in teaching because it costs less time and learners enjoin it [7] (Hanna, 1971). After so many years programmed learning has not been abandoned yet and it is also being adopted in some web-based learning.  In programmed learning, the information is presented in the form of small nodes followed by some reinforcements. The learner must master the former content before they learn the next content. The communication can be enhanced through tests. If the learner fails the test, he/she has to go back to the former knowledge node and go it over again. Many web-based learning sites were built on the principle of programmed learning.  Some researches indicate that programmed learning takes less time than traditional learning and is welcomed by the students. Such a learning theory falls into the behaviorism category, and may best suit teaching of the basic knowledge and skills (Abbey, 2003) [8].

Following behaviorism is cognitive psychology that regards the learning as the interaction result of stimulus and inner cognitive process. It proposes that the structure of knowledge should be directly presented during the learning process. For instance, a research on concept formation shows that it is an interactive process [9] (Bruner, Goodnow & Austin, 1956). Knowledge may not be useful until learners master it. In order for the learner to grasp it, knowledge need be presented as knowledge notes one by one. Thus, the research outcomes of cognitive schema, web structure of cognition, the concept formation, motivation theories and meaningful learning all may find their uses in web-based learning.  

Constructivism regards learning as the initiative process to form the knowledge and understand the new by empirical structure. Individuals use the assimilation and confirmation to adjust their knowledge structure [10] (Piaget, 1954). Structural psychologist thinks the knowledge is acquired by the interaction between individual and environment, not by teaching. The spiral development of cognition is followed the way of meaningful structure. The theory insists of learning by tasks, meaningful learning by discussing the problems, designing realistic problem condition, letting the students experience the challenge similar to the real world and learn the knowledge [11] (Kekang He, 1997). The structural psychology didn’t discuss the individual problems, but focuses on the self-control during the learning process. The main functions of teachers are guiding and consulting. Web-based learning most are student-centered. Web-based learning from constructivism is suitable for higher learning. It demands that learners are more responsibilities for their own learning [12] (Perkins, 1991). Structural learning theory becomes the important one to web-based learning. Now, the design and creation of curriculum and web-based learning are mainly based on this theory. The model of individual web-based learning can be improved with the development of the theory.
3   Intelligent Characters of Yuanlin Web-based Learning Platform

Some researchers believe there are not many differences between web-based learning and traditional learning. Web-based learning is simply an extension and further development of traditional learning. It should be viewed as a tool or a kind of support to traditional learning. The researchers who hold such a view, however, ignore the inevitable conflict between the “in the same pace” of the tradition learning and individual differences. Web-based learning can better solve the individual problems than traditional learning. Teachers should aim at the students’ difference in terms of knowledge background, learning goal, learning ability and so on. Furthermore, non-cognitive factors such as the learner’s motivation, interest, emotion, autonomy and so on should not be ignored. As a result, teachers should set different goals, contents, paces, ways of testing and measures of remedy. At the same time, they should consider how to prompt the learner’s learning by kinds of valid means. All of these parameters should be variable and adjustable. In this way, the students will find their own comfortable ways to learn.

Yuanlin Web-based Learning Platform (abbr. as YWLP) is designed on the basis of psychology theories. It not only has the collaboration learning function but also can realize the individual learning by aiming at the different characters of learners. It is capable to judge like expert teachers and gives advices. Learners may either accept the advices or refuse them and take their own pace. The process of such individual learning is presented and analyzed as follows.

3.1   Goal Selection and Learning Mode

When individual learners contact the web-based learning at the first time, they will have different knowledge backgrounds, learning abilities, motives and goals. To teach students in accordance of their own aptitude should aim at the different characters of the learners. If learners choose the goals suit for themselves, they will know the goals. They will have high level of motivations, work efficiently, and take the challenges. Consequently, it will bring out the feelings of success, efficiency and inner interests.

YWLP allows the course designer to set different goals according to different educational levels. The levels will be lined up by the content difficulty. Learners should firstly select their learning goals (see Fig. 1.). Learners who choose different goals will meet the different knowledge nodes, requirements and tests. For example, learners A and B choose the goal 1 (the learning goal of novice) and goal 2 (the learning goal of expert, more difficult than goal 1) separately. The contents what they will learn are different. Learner A will not have to learn some contents what learner B has to learn.

YWLP supplies two different learning modes for the learners. One is to choose from the catalog of the contents that are not completed grasped. This is suitable for the learners who have better background knowledge and meta-cognitive abilities. The other is to learn the content systemically. The web-based learning platform will present instructions and tests systemically according to the respective contents and sequence set in advance. It also supplies feedback and make intelligent judgment automatically according to the students’ responses. This mode is suitable for most circumstances, especially for learning new contents.
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Fig. 1. Goal selection and start selection model
3.2   Intelligent Judgment to Individual Learning Start

The first problem solved by YWLP is to determine the starting-point from which the learner begins his/her studies after the learning objective is chosen. The system will decide the learner’s starting-point by conducting automatic diagnosing tests. The system automatically compiles a series of diagnosing tests. At the end of tests, the system will make judgment of the learner’s starting-point.

With these diagnosing tests, the system may know the learner’s current status, that is to say, what the learner has mastered and what problems the learner has. For an instance, a learner is going to study high school physics course. The system may diagnose how well the learner masters the knowledge of physics at the junior middle school level and how much the learner knows the knowledge of high school physics. Learners will receive various feedback data after they have the diagnostic test. It just reflects that individuals’ current status is different from each other. YWLP web-based instruction system will automatically provide advice according to the results of diagnosing tests. Learners will start learning once they accept the advice. Certainly learners may refuse the advice of the system and decide their own starting-points.

3.3   Intelligent Judgment to Individual Learning Process

The instruction procedure of YWLP course is made up of the instruction of a series of knowledge nodes. Specifically, there are exercises, instruction, games, simulation, problem solving and so on. A learner will study the lecture, which includes files, pictures, audio files, video files and flash, and have the respective test in order to master each knowledge node.

Experts’ support, colleagues’ feedback and related data are available for the learner during the course of learning. This is similar to the general web-based instruction systems. The critical difference, however, is the way of evaluation and the remedies after the evaluation.
YWLP may propose different requirements, including understanding, memorizing, using, applying skillfully, and applying synthetically or creatively, with regard to different features of knowledge nodes. Therefore various requirements are put in the lecture and the test of knowledge nodes. In our opinion, for a given knowledge unit, the learner may not memorize it even if he/she understands it; he/she may not use it even if he/she memorizes it; he/she may not apply skillfully even if he/she can use it; he/she may not apply synthetically even if he/she can apply it skillfully. Or the learner cannot synthesize thinking strategies. Different knowledge nodes have different requirement. It is necessary to evaluate the learning at different levels.

YWLP provides two different types of tests, test I and test II, in order to guarantee that the most basic and general knowledge nodes can be mastered and applied skillfully. Test I requires the learner to master the knowledge nodes while Test II requires the learner to master the knowledge nodes skillfully. The learner’s speed of response is recorded during the test. For those who do not meet the requirement, the system will automatically provide relevant exercises until they are able to meet the requirement.
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Fig. 2. Individual learning process model
YWLP provides timely feedback when a learner fails the test of some knowledge unit. YWLP may also make intelligent judgment and find out what difficulties the learner has and what can be done to overcome them. Fig. 2 shows, for an instance, that the learner fails test A. The learner may re-learn Node A. It is, however, possible that Node A is not the reason for the failure. The real cause to the failure is that the precedent Node B or D is not mastered well enough. The system will automatically advise the learner to review Node B and Node D. the learner is free to decide whether accepts the advice or not.

The judging capability of computer is derived from the design of web-based courses. Designers, normally experienced teachers, are required to construct relationship of all knowledge nodes, that is, cognitive network of knowledge nodes. In Fig. 3, for example, there is some intrinsic relation among the knowledge nodes. Node B and D are the predecessor of Node A. In other word, Node B and D are more basic that Node A in term of construction. Node E is the consequence of Noda A and C. Such a node network is similar to human cognition network and proved by some researches. Stimulating recall of prior learning can be as simple as reminding learners of what was studied the day before, or last week, in class. This is often observed in the quick review with which many teachers start their daily courses. In some instances, however, simple reminders are not enough. It then becomes necessary to reinforce the prerequisite knowledge or skills by some practice activity [13] (Gagne and Driscoll, 1988). An example can be seen in the following protocol, taken from Driscoll and Dick's observations of a grade-8 science teacher about halfway through an instructional unit on light and lenses [14] (Driscoll and Dick, 1991).
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Fig. 3. Part of knowledge node network

The evaluation subsystem of YWLP pays much attention to the quantitative evaluation during the learning process. The evaluation is dynamical and quantitative throughout the course of learning. There are two index of quantitative process evaluation. One is the score of learning progress, which means the quantity of knowledge nodes mastered by the learner. Another is the score of learning quality, which means how good the learner masters the knowledge nodes. The hypothesis is that learning quality of some knowledge unit can be judged if the learner successfully passes the test of the respective knowledge unit. That is, the learner may score full if he/she passes the test at the first time. The learner may score half if he/she passes the test at the second time. The learner may score quarter if he/she passes the test at the third time. The learner scores zero if he/she fails at the fourth time. It can be expected that two learners might be scored 600 of learning progress, but their scores of learning quality are different. Learners may know one’s scores of learning progress and quality as the scores approach full. Learners may compare one’s scores with others, too. This kind of evaluation method will help to motivate and maintain learning motivations, and timely evaluate the gap between the current status and objective status.

Besides, learners’ objective is changeable. Learners may change his/her objective. YWLP can dynamically advise learners to adjust the objective if the score of learning quality of some learning stage does not meet the requirement of certain instructional objective. For an instance, there are three objectives, primary, middle and senior-set, in some web-based course. A learner chooses the middle objective at the beginning. If his/her score of learning quality is beyond the standard after a period of learning, the system will automatically advise the learner to “adjust your objective to a senior one”. If his/her score of learning quality is below the standard, the system will automatically advise the learner to “adjust your objective to a primary one”. Certainly it is learner who decides whether or not to accept the system’s advice. Learning contents and tests will be adjusted respectively with regard to the changes of learning objectives. As a result, YWLP is capable to make judgment as an expert teacher does.

4   Conclusions

It can be seen that YWLP is capable to make intelligent judgments during the course of individual learning. Learning process may be dynamically adjusted with regard to individual differences of every learner. 

Comparing with the other web-based teaching platforms, YWLP can provide not only general functions shared by other platforms, including cooperative learning, support online, courseware administration and so on and so forth, but also the function of intelligent support for individual learning.

YWLP has been used in teaching practices. We developed network courseware of math, physics and chemistry in high schools in the Western China. It proves that YWLP can offset the shortcomings of instructions in the traditional classroom. The mean scores of the different classes in the pre-test and post-test are seen in Table 1. After statistic analysis, there were not significant difference in the pre-test between the experimental class and the contrastive class in the three subjects. When we finished the experiment throughout one term, something interesting happened. The mean scores in other two subjects increased but were not significant on statistics. However, significant difference in the post-test was found in chemistry. The mean score (74.3) of the experimental class is significantly higher than it (67.5) of the contrastive class (significance < 0.05).  

Table 1 Comparison of mean score of the different classes

	
	Class
	Pre-test
	Post-test

	Math
	Experimental 
	86.3
	111.7

	
	Contrastive
	88.6
	112.4

	Physics
	Experimental 
	56.9
	76.0

	
	Contrastive
	56.8
	72.1

	Chemistry
	Experimental 
	70.6
	74.3

	
	Contrastive
	66.7
	67.5


Additionally, after the experiment we made an investigation into the effects of YWLP on non-cognitive factors. The statistic data showed that the students’ motivation, interest, autonomy and meta-cognitive ability have been enhanced significantly. Most of the learners reported that because they were promoted to master knowledge and skills they can control their learning. Although there are still more problems to solve in YWLP, it is clear that the intelligent character of TWLP in individual instruction is helpful for learners to make best progress and develop their potential as much as possible.
“…the best teaching occurs when educators make choices about learning environments, learning tools, and learning experiences based on strategies drawn from a board knowledge base” [15] (Norton & Wiberg, 1998). YWLP provides students a good chance to choose how to learn individually with their own comfortable style.
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