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Abstract. It’s important to control students’ learning path and to know students’ learning 
knowledge levels in individualized education systems. Based on knowledge space theory, we 
studied learning state space and built a learning state model through Petri net. Since all possible 
learning paths can be found by the Petri net, therefore, the students’ knowledge levels can be 
labeled. To achieve the purpose of personalized learning, transitions of Petri net are applied to 
simulate students' learning behaviors and knowledge states of each student which revealed to be 
able to be expressed by the places of the Fuzzy Petri Net. 
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1.INTRODUCTION 

With the maturity of information technology, learning and access to knowledge through the Internet is 
becoming a hot topic in recent years. More and more students choose to self-learn online especially since the 
implementation of the promotion of online education in China. Along with the web-based education become more 
popular than ever, which also brought some research issues on the table[1]. For example, how to avoid the ‘self-lost’ 
over the students, how the teachers know their students’ knowledge states, and. most importantly,  how to provide 
more humane service to the students, are the issues needed to be solved. 

 
Driven by this demand, Adaptive Hypermedia System based Web is used more and more widely[2] for 

producing adaptive educational hypermedia system. It can dynamically display the content and learning strategies 
according to the student's learning state. In this paper, we try to build a Learning State Model as the Domain Model, 
which is necessary in adaptive educational hypermedia systems, by using the Knowledge Spaces theory[9]. We can 
identify and control the students’ learning paths through the Fuzzy Petri Net to provide individualized education. 

 

2. Knowledge structure theory 

The background theory of the knowledge space’s conceptual framework is the knowledge space theory 
proposed by Dietrich Albert et al [3]. This theory provides a method based on the knowledge domain to describe the 
structure of a given knowledge domain. The basic idea of this theory is to express the student's knowledge as a set, 
and elements of the set is a group of problems that students can solve. In the knowledge space, the knowledge 
domain is represented by a collection containing a finite number of questions which the students can’t??? solve. And 
each student has a description of the state of knowledge, which is a collection of questions that student can solve. 
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FIGURE 1. Description of knowledge status of students 

 
The set of knowledge states is constrained by the necessary relations between various problems. In another 

word, it’s a relation between one question and its pre-questions. For example, the constraint knowledge set Q’s 
necessary relation means that: if a student can solve the question q’ then he or she can correctly solve the question q. 
And we say to solve the question q is the precondition to solve the question q’. By applying the theory of knowledge 
space, we can build the learning state space.  

 
Due to the existence of necessary relations between the questions, not all the subsets of questions are 

knowledge states. The collection of all knowledge states is called knowledge space, which consists of an empty set 
and a complete set Q. The description of knowledge status of learners is shown in Figure 1, where k represents 

knowledge space, K, K1, K2 represent knowledge levels and q, q1 represent items in the knowledge states K. 

3.Model 

3.1 The principle of the model 
During the analysis process, we found that the questions in the knowledge space can be expressed by 

different places in the Petri Net. However, the existing knowledge space models have the problem of not being 
accurate enough to quantify the level of knowledge. For example, in the book "Advances in Personalized Web-
Based Education" we learned that the mastery of knowledge is occurring continuously over a period. Figure 2  
shows  how students experience the mastery during C language learning process.-: 

 
FIGURE 2. Students’ mastery process of C language learning 

 
 Moreover, we consider that to achieve the complete learning goal, the premise of learning the next point of 

knowledge should not the current knowledge points.  In traditional education, people tend to set scores at the current 
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points of knowledge (60 points) or good (80 points) to allow students to learn the next point of knowledge[4]. In that 
case it’s not precise enough to use the Petri Net. In our study, we found that the mastery process of knowledge 
points can be expressed in a procedural way. For example, the mastery of knowledge experienced "Unknown", 
"Moderate Know", "Know", "Learned" and other stages. However, these stages are not separate. In another word, 
the boundaries between the various stages are not easy to find. In this study, we propose to use fuzzy logic to 
describe these individual processes, and map the knowledge levels to different values in the range 0-1. And the 
values can be displayed on the axis, shown in Figure 3. 

 
FIGURE 3. Mapping of the different knowledge levels 

 
3.2 The definition of the model 

Fuzzy Petri Net is a kind of Knowledge Model Based on Traditional Petri Nets and Fuzzy Rules. 
Definition 1: 

(1) Place P, P= {a, b, c, d, e, f} represents a question or theory. If there is a token in the place, it means that this 
question or theory has been learned at least once[6]. And there must be a value to represent the learner’s 
knowledge level on this question or theory. The value in the place is range from 0 to 1. 

(2) Transition T, there are two kinds of transitions. One is auxiliary transition, the other is control change. The 
control change Ta= {T0, T1, T2, T3} represents the knowledge that have got into the output place. The 
auxiliary transition Tb= {T0, T1, T2, T3} has no input place. The main role of Tb is to control the 
beginning of the self-learning. It represents the knowledge that goes into the output place. Its toggle rule is 
similar to the traditional Petri Net. Every transition only allows to be trigger only once[7].  

(3) I and O represent the traditional elements in the Petri Net. I: P*T—N is the input function. O: T*P—N is 
the output function. And the weight is 1. 

(4) G is the rule function. Name the trigger rule of T as G(t). The G(t) is defined in the form of "if-else" which 
means t can’t transit without the G(t) is obeyed. This rule is aim to provide the best study strategy to the 
students[8]. 

(5) M(P—N) is the mark of the Petri Net. It’s a column vector. The i-th element represents the i-th place’s 
number of its token. M0 Indicates the initial state of the system. All the sets we can get to from the M0 is 
called reachability marking sets. And they are regarded as R(m0). Put all the marks and transitions with a 
graphical representation. Such a graph is called a reachable graph[10].  

3.3 Reasoning algorithm  
Definition 2  

KL is Knowledge level, the value of KL represents the score that students obtain in the examination. 
  LT is learning time, the initial value of LT is 0. Every time a student studies a new course, the value of 

LT=LT+1.  
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FIGURE 4. Input conditions in the Petri Net 

 
 The P1 and the P2 in the figure 4 represent the different input conditions in the Petri Net[9]. For example, 
when a student gets 80 scores in his or her course A (P1), and he or she just learn course A at the first time. Then P1 
= 0.9, P2 = 0.1, the confidence is 0.9.  
 In a word, if LT =  LT + 1 and KL = KL, then confidence = confidence – 0.2.  
 

4.Personalized learning path 
In the knowledge space, the transition between concepts can defined by the Learning State Space theory. 

This transition path is the learning path and its definition is as bellows: 
 Definition 3 Assuming the knowledge structure (Q, k), and the learning state path X0, X1, …, Xn is in the 
(Q, k). If the following conditions are met: 

(1) c  Xi, c  Q, if c c, then c  Xi, i=0, 1, …, n; 

(2) c Q/Xi-1, if Xi=Xi-1 {c}, i=1, 2, …, n. 
 

Then the learning path is the path from zero to Q. The two conditions insure two nearby knowledge states 
are connected by the process of learning. We can know that a student has many paths when he or she is learning a 
course. For example, theoretically there are n! Paths. However, due to the existence of knowledge has consequence 
constraints, the actual number of the paths is much smaller than n![11]. 

5.Case analysis 
 In this study, we use an example with six learning contenst to illustrate the above knowledge structure. The 
six contents are a, b, c, d, e, f. Their relationship is shown in the figure as below: 

 
FIGURE 5.  Relationship between learning contents.  

 
According to the knowledge of learning state space, we build the Petri Net model based on the contents’ 

relationship in the figure4. And we get the reachability graph of this model shown in Figure 6 as below: 
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FIGURE 6. Reachability graph 

 
The possible learning paths are shown in Figure 7. 

 
FIGURE 7. Possible learning paths 

 
 The reachability marks and relevant transitions when we use the Petri Net are shown in Table 1. 

TABLE 1. Marks and transitions in the Petri Net. 
Original[a,b,c,d,e,f] Trigger Result[a,b,c,d,e,f] Original[a,b,c,d,e,f] Trigger Result[a,b,c,d,e,f 

M0=[0,0,0,0,0,0] T5 M1=[1,0,0,0,0,0] M0=[0,0,0,0,0,0] T4 M2=[0,1,0,0,0,0] 
M1=[1,0,0,0,0,0] T4 M3=[1,1,0,0,0,0] M3=[1,1,0,0,0,0] T0 M4=[1,0,1,0,0,0] 
M2=[0,1,0,0,0,0] T5 M3=[1,1,0,0,0,0] M3=[1,1,0,0,0,0] T0 M5=[1,1,1,0,0,0] 
M4=[1,0,1,0,0,0] T4 M5=[1,1,1,0,0,0] M5=[1,1,1,0,0,0] T1 M6=[1,1,1,0,1,0] 
M5=[1,1,1,0,0,0] T2 M7=[1,1,1,1,0,0] M6=[1,1,1,0,1,0] T2 M8=[1,1,1,1,1,0] 
M7=[1,1,1,1,0,0] T1 M8=[1,1,1,1,1,0] M8=[1,1,1,1,1,0] T3 M9=[1,1,1,1,1,1] 
But the value changes when we use the Fuzzy-Petri Net. The fuzzy data shown is from the book ‘Advances 

in Personalized Web-Based Education’[4]. The reachability marks and relevant transitions when we use the Fuzzy-
Petri Net are shown in the table 2. 

TABLE 2. Marks and transitions in the Fuzzy-Petri Net. 

Original[a,b,c,d,e,f] Trigger Result[a,b,c,d,e,f] Original[a,b,c,d,e,f] Trigg
er Result[a,b,c,d,e,f 

M0=[0,0,0,0,0,0] T5 M1=[0.8,0,0,0,0,0] M0=[0,0,0,0,0,0] T4 M2=[0,0.9,0,0,0,0] 

M1=[0.8,0,0,0,0,0] T4 M3=[0.8,0.7,0,0,0,0] M3=[0.8,0.7,0,0,0,0] T0 M4=[0.8,0,0.7,0,0,0] 

M2=[0,0.9,0,0,0,0] T5 M3=[0.8,0.9,0,0,0,0] M3=[0.8,0.7,0.7,0,0,0] T0 M5=[0.8,0.7,0.7,0,0,0] 

M4=[0.8,0,0.7,0,0,0] T4 M5=[0.8,0.7,0.7,0,0,0] M5=[0.8,0.7,0.7,0,0.6,0] T1 M6=[0.8,0.7,0.7,0,0.6,0] 

M5=[0.8,0.7,0.7,0,0,0] T2 M7=[0.8,0.7,0.7,0.6,0,0] M6=[0.8,0.7,0.7,0,0.6,0] T2 M8=[0.8,0.7,0.7,0.6,0.6,0] 

M7=[0.8,0.7,0.7,0.6,0,0] T1 M8=[0.8,0.7,0.7,0.6,0.6,0
] M8=[0.8,0.7,0.7,0.6,0.6,0] T3 M9=[0.8,0.7,0.7,0.6,0.6,0.5] 
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CONCLUSION 

In this paper, the knowledge space is modeled by fuzzy Petri net. We used the reachable identification set 
of Petri net to solve the students' current learning states.  By advantages of fuzzy Petri net.  In order to improve the 
precise for individualized education, combine with outer edge of the student's knowledge state, we also introduced 
the level of knowledge and learning speed of students into the model. The simulation results show that our model 
can dynamically plan the optimal learning path for students and predominant other method for Personalized 
Education. 
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