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Abstract 

Recently, Since people always carry mobile devices and can learn whenever and wherever 

by using not only phone, text, SNS, and TV, but also using learning device, recorder, e-book, 

e-dictionary, and internet surfing due to rapid distribution of smartphone, the interest in 

intelligent learning agent related to situated learning is increasing more. The method of 

practicing the situated learning theories developed so far provides learning contents to 

learners by analyzing their environment information along with their basic information. 

However, if learning contents are recommended by considering only basic and partial 

information of a learner, in many cases, they do not match with the demand from the learner, 

so it could become factors that decrease learner’s learning desire and obstruct inducing 

learning motivation. Therefore, this study propose an intelligent learning agent that 

automatically recommends learning contents that learners want in timely manner in their real 

life by analyzing not only learners’ location information, but also their available time for 

learning and Internet activity pattern. 
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1. Introduction 

Smartphones and tablet PC are changing people’s life pattern as they become popular due 

to rapid development of information and communication technology (ICT). Just as much IT 

devices have very close relationship with our lives. The new technology that could be only 

seen in movies can now be used easily by anyone even in education, so changes are occurring 

in learning by using mobile devices. 

Learning by using mobile devices is knowledge acquired through interaction in the context 

of real life, so it is practical and is to transfer to problem solutions in reality. Since learners 

could accumulate knowledge along with practical experiences, it could be said that it follows 

the practicing methods of situated learning theory [1]. 

Although the learning by using mobile device could provide an environment where 

knowledge is transferred real-time through wireless internet, for learners to learn appropriate 

for their situation, they need to directly download appropriate learning contents from web 

servers or search for necessary contents by themselves among the contents stored in mobile 

device. In order to solve such inconvenience, studies on intelligent learning agent related to 

situated learning are going on actively [1-3]. 

However, the intelligent learning agents developed so far mostly provided learning 

contents to learners by analyzing environment information along with learners’ basic 

information. Thus, if learning contents are recommended by considering only basic and 

partial information of learners, many times they do not accord with learners’ demand, so it 
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could be a factor that decrease learners’ desire for studying and inhibit inducing motivation 

for studying. Therefore, this study provides an intelligent learning agent that automatically 

recommends studying contents that learners want in their real life by considering not only 

learners’ environment information, but also their learning ability information and internet life 

pattern. 

 

2. Related Study 
 

2.1. Situated Earning 

Situated learning in mobile environment could be said as one of the new learning 

methods that are receiving the most attention nowadays. As mobile technology brought 

innovative changes in social and cultural fields just like when internet was first 

introduced in education field, the studies for using mobile technology in situated 

learning are going on actively. 

According to situated learning, the learning that occurs in the context of real life 

connects the learning contents with learners’ personal experience and demand, so not 

only does it give motivation for learners to learn, but also enables them to understand 

knowledge more easily. Also, the knowledge acquired through context is more practical 

and easy to transfer over to problem solving in real life than the knowledge acquired 

through direct teaching [4, 5]. 

According to situated learning, people could gain knowledge with vicarious 

experiences for situation and context of real life in a virtual space similar to reality [6]. 

The Cognition and Technology Group at Vanderbilt University developed Jasper series 

that is a concrete program that applied situated learning principle and it to students, and 

as a result, it proved that the students’ problem solving ability improved [7 , 8]. 

Also, the study of applying situated learning to the virtual environment of online 

progressed actively, owing to the advancement of information technology [9]. There are 

studies with a purpose of inducing motivation for studying by considering game’s fun 

and interest factors and MMORPG playing game system with the characteristic of 

virtual social space, which is more than a simple game dimension [10].  However, in a 

strict sense, it is difficult to say that anchored instruction that consists of interactive 

video format or learning that occurs in a virtual world of online are teaching methods 

that completely accord with situated learning. It is because although such teaching 

methods provide context similar to reality, it delivers learning contents unilaterally, and 

from learners’ perspective, they learn by indirect experience through observation, not 

direct experience. 

Recently, the study on the supportive system that enables learning in the actual site, 

outside classrooms, by using mobile device is going on actively [11-15]. When several 

study cases related to it are examined, there are mobile learning contents design that 

supports situated learning by using cell phone device with wireless internet  [16], study 

that realized learning contents in mobile device in a isolated form [3], and mobile 

learning system that can be used after downloading necessary contents to PDA from 

web server [17]. 

 

2.2. Intelligent Agent 

Intelligent agent is a system that attempts to achieve purpose autonomously to some 

degree in complex environment that changes, and it has been studied in artificial 

intelligent field under names as autonomous agent, software agent, and interface agent. 
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The method of manually designing intelligent agent requires designer to have 

sufficient knowledge about application domain, and it also has a problem of system 

function being fastened early on. In order to overcome such problem, the method of 

designing intelligent agent that uses machine learning that develops algorithm 

automatically is attempted [18, 19]. 

Machine learning is a technology that generates all kinds of program by extracting 

rule or pattern from large data set, and it uses neural network, decision tree, genetic 

algorithm, SVM (Support Vector Machine), and Bayesian Network [20]. The method of 

intelligent agent design by using machine learning consists agent based on the 

information collected from environment, so it can be applied in diverse areas, and 

although environment or propensity of user change, it sustains the quality of work by  

changing the agent adaptively. 

When several studies that applied machine learning technique to intelligent agent, 

they modeled the propensity of user with decision tree and applied to the agent that 

manages meeting schedule [18], and it learned the propensity of user by optimizing 

fuzzy model that designs meeting schedule by using genetic algorithm [21]. Schiaffino 

and Amandi learned users’ propensity or habit and provided proper alarm service by 

using reinforcement learning [22]. 

Intelligent agent that performs information search introduced machine learning to 

understand user intention more accurately, it automatically searched the expert of 

problems that users intended to solve by using collaborative filtering [23], and it 

suggested the agent that searches customized information by analyzing users’ search 

tendency with genetic algorithm [24]. Horvitz et al. applied interactive agent, which 

deduces user intention through natural language by using Bayesian Network and 

provides relevant information, to MS-Office [25], and they modeled expert knowledge 

with neural network in information customization system based on multiple agents [26]. 

Therefore, this study develops intelligent learning agent based on Bayesian Network, 

which is collaborative filtering method based on model, so that it would be appropriate 

for mobile environment that requires real-time data handling. 

 

3. The Proposed Intelligent Learning Agent 

The structure of intelligent learning agent proposed by this study consists of context 

awareness module, learning recommendation module, and system mapping module like 

Figure 1. 

 

 

 

 

 

 

 

 

 

Figure 1. The Proposed System 
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3.1. Context Awareness Module 

Context awareness module combines learners’ location information by using GPS signal 

and learning ability information and provides learning contents appropriate to learners’ 

current situation. First, it collects individual learning ability information stored in learners’ 

mobile device and context information by using location information GPS. It changes the 

collected information appropriate to each node’s name and state for the parameter learning of 

Bayesian Network and performs. Each node conducts parameter learning based on 

preprocessed context information and obtains conditional probability table. When the location 

of learners moves, it selects top data group with top probability accordingly by using 

Bayesian Network model that is parameter-learned. It constructs real learning information 

that accords with the selected group through contents database search. 

 

3.2. Learning Recommendation Module 

Learning recommendation module is the core of the proposed system, and it intelligently 

recommends learning contents provided to learners based on the result of learning time now 

available module and log information collection module. 

A. Learning Time Now Available Module  

Basically, learning contents should be recommended in the free time of learners when they 

can study. Also, it should guarantee so that recommended learning contents could be 

completed within the given time to efficiently manage such learning time. In other words, 

ideal learning scheduler schedules so that learners would complete appropriate learning 

contents that are recommended in their free time within the expected learning time. If 

learning is completed in the free time, there is no need to store the intermediate information 

of the recommended learning contents or to reschedule. In order to match learning contents 

with learners’ available time for learning, it needs to consider not only the method to predict 

learners’ available time for learning, but also the method to expect appropriate contents 

during that time period.  

In order to predict learners’ available time for learning, first use intuition. Learners have 

the tendency to study at the same time everyday and the tendency to have predictable idle 

time during the day. In other words, learning is done during commute, lunch time, weekends, 

and holidays. By using such observation, it could find the available time for learning by 

recent time unit, day unit, daily unit, and weekly unit. It has important correlation with 

historical usage pattern.  

In order to schedule learning, it is very important to predict learners’ available time for 

learning for the next n minute. Here, n shows the available time for learning. This technique 

emphasizes learners’ average available time for learning. 

The method that predicts learner’s available time for learning assumes that the available 

time for the next learning (n minute) would precisely accord with the previous learning time 

(n minute). Here, there are three methods based on the RecentT_ST, Day_ST, and Week_ST. 

The RecentT_ST method predicts that the predicted time available for learning recently (n 

minute) accords precisely with the last learning time (n minute). For example, if the average 

learning time is four minutes during the previous twenty minutes (n=20), then the 

RecentT_ST method predicts that the average learning time would be four minutes for the 

next twenty minutes. The Day_ST and Week_ST methods are similar to RecentT_ST method 

except that they use different standards to predict learning available time. The Day_ST 

method predicts that the next time available for learning (n minute) would be exactly the 

same as the n minutes from the previous day. For example, in case of studying language, 
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people tend to learn at the same time everyday like during the commute or lunch time. The 

Week_ST method predicts that the next time available for learning would accord with the n 

minute of the same time last week. 

As the result of the experiment (Figure 2), the best ways to predict the learner’s available 

time for learning are generated at the previous n minute when it is less than ten minutes 

(n≤10) (the RecentT_ST method), and at the time in the previous day when it is more than 

ten minutes (n>10) (the Day_ST method). The prediction method with the lowest accuracy 

rate is the Week_ST method. It can be learned that for the scheduling algorithm that predicts 

available time for learner, if the value of n is small, then it can be made excellent by using 

recent information. 

 

 

Figure 2. Learning Time Prediction Methods 

B. Learning Awareness Logging Information Module 

 

Term definition 

Logging 

information 
learner’s pattern information that can be collected by using mobile device 

Extraction set set of the cases regarding the extracted keyword 

Extraction 

keyword 
Keyword that becomes the main at a certain time period 

Recent keyword keyword that becomes the main of the day 

Daily keyword keyword that becomes the main of the day 

Weekly keyword keyword that becomes the main of the week 

Case Learner’s use pattern 

Main case the case  that had crucial influence on deciding the keyword 

 

Collect the leaner’s basic information during the process of logging in and all the 

information regarding learner’s use pattern that generates as the learner uses the mobile. The 

result is stored in the log DB and deduce the learner’s main interest from the current 

perspective by using this result. 
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3.3. System Mapping Module 

It is difficult to know which learning contents to choose directly only with the probability 

values deduced by the deduction results of the Bayesian Network. Therefore, this study 

intelligently recommends the learning contents provided to learners by considering the results 

of the context awareness module, learning time now available module, and learning 

awareness logging information module. 

 

4. System Implementation and Evaluation 
 

4.1. Overview of the Experiment 

The environment for developing mobile learning support system is like Table 1. Since this 

study develops each module by using Visual C++, it leads the design with an object-oriented 

model, which can confirm all the defined process and express the system’s characteristics 

well, as its basic. 

Mobile learning support system materialized in this way was evaluated with the 

experiment group of twenty learners who gathered for learning according to the 

learners‘ situation information. And it confirmed whether the learning contents, which were 

automatically recommended to the learners when they had available time for learning, were 

fit. 

Table 1. Environment of System Development 

OS android 2.3.5 

Language Java JDK, android SDK 

Resolution WXGA(1280x800) 

Database SQ Lite 

Mobile Device Galaxy Note 

In the collaborated filtering based on learner, the goodness of fit regarding learner’s 

learning contents is extracted like Table 2 by considering the learner’s situation information 

(location, information on learner’s learning capacity, and etc.), and converts it into the scores 

of goodness of fit regarding learner’s learning contents by using Pearson’s correlation 

coefficient like Formula 1 [9]. 

 

    
∑         ̅  

√∑        ̅ 
 

 

 

Here,    indicates the goodness of fit of Learner i to k, which is the types of learning 

contents, and    ̅ indicates the average of the goodness of fit of Learneri.    has a value closer 

to 1 when the goodness of fit of learner is similar; when the goodness of fit is conflicting, it 

has a value closer to –1. Table 2 is an example of a table of goodness of fit in random 

situation. 
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Table 2. Learning Contents Type Preference 

  TO4_A TE6_B TE8_C TE9_D Avg. 

Learner 1 0.6 0.8 0.3 0.6 0.58 

Learner 2 0.8 0.7 0.1 0.8 0.60 

Learner 3 0.7 0.5 0.4 0.5 0.53 

 ...  ...  ...  ...  ...  ... 

Learner 18 1 0.7 0.9 0.8 0.85 

Learner 19 0.8 0.9 0.7 0.7 0.78 

Learner 20 1 0.4 0.6 0.5 0.63 

 

At the phase of calculating preference, get the final recommended learning contents by 

using the available time for learning and learning awareness logging information based on the 

preference according to learning capacity. 

 

                                        
 

                                                           

 

Here,    ,    , ...,     indicates the weight regarding the  available time for learning that 

could have influence on learning, and      ,      ,...,      indicates the weight according 

to the learning awareness logging information. 

By using the goodness of fit of learning contents, the available time for learning, and learning 

awareness logging information, recommend the contents that learners should ultimately learn 

like the formula shows.  

 

                         

 

Generate the recommendation list in order of high to low LR(Learning_Recommendation) 

values and provide it to users. 

 

4.2. Operation Test 

As the result of the experiment, the case of recommending the learning contents by only 

using the basic situation information (①), the case of providing after adding the predictable 

available time for learning information to the basic situation information (①+②), and the 

case of providing after adding the learning awareness logging information to the basic 

situation information and available time for learning (①+②+③) are compared, as the Figure 

shows. The precision of the information of learning recommendation increased in average of 

5% and 13% respectively more than that of providing the basic situation information. In the 

overall average, the precision for ①+② showed the performance of 74% and 78% for 

①+②+③. 
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Figure 3. Experiment Results of Recommendation Service 

The experiment result like this indicates that when 100 learning recommendations are 

given, 78 of them would be precise to the learners of the experiment. 

Also, this study targeted the limited number of learning contents and a small number of 

learners for experiment. But if more information of learning contents are collected, then more 

precise recommendation service would be possible since various learning contents that are 

appropriate to learner’s demands according to situations could be recommended. 

 

5. Conclusion 

This study suggests a filtering method for recommendation service system that 

considered learner’s situation. For this, it recommends the contents that learners should 

ultimately learn by using the goodness of fit of learners' learning contents, available 

time for learning, and learning awareness logging information. 

As the result of experimenting by using the filtering method proposed by this study, 

precision showed 78% of performance in the case of providing after adding the learning 

awareness logging information to the basic situation information and available time for 

learning. It increased 13% more than the method of only providing the existing 

situation information and 5% more than the method of adding available time for 

learning to the basic situation information. 

The recommendation service system that uses the filtering method, which this study 

suggests, is expected to be useful to not only the learning contents area, but also to the 

system that reflects the user’s tendency for deciding what to recommend. Also, in order 

to increase precision of recommendation, multilateral analysis on the system is  

required, and more collection of data is necessary for making more elaborate model.  
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