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Abstract: In this paper, we describe an e-Learning system that can help novices to learn how to 

develop some workable programs in a short period of time and assess their performance. The 

system takes advantage of computer and network technologies and combines the concept of 

flipped classroom to help the instructor and students in their teaching and learning activities. 

The preliminary study shows that the platform can indeed assess the students’ performance and 

consequently help the students to learn programming languages more effectively and 

efficiently. 
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1. Introduction 
 
Recently, the new concepts of the flipped classroom, student-centered learning (Jones, 2007), 

(Hannafin and Hannafin, 2010), (Johnson, 2013), (Crumly, 2014), (Young and Paterson, 2007), and 

problem-based learning in combination of advances in computer technology have led to a renewed 

interest in developing e-Learning systems (Richey, 2008), (Garrison and Anderson, 2003), (Nikhilesh 

and Karforma, 2012). In an extreme case, student-centered learning requires students to set their own 

goals for learning, and determine resources and activities that will help them meet those goals 

(Jonassen, 2000). However, in practice, this idea case may not happen very often unless the students are 

highly motivated by themselves. Therefore, in most practical cases, an instructor may use various 

blended learning methods for his pedagogical strategy. In particular, with the help of computer and 

network technologies, it is possible to develop an e-Learning system that can easily incorporate the 

concepts described above to form an interesting learning environment. In this paper, we develop such a 

system to effectively and efficiently help college students to learn how to write programs in an 

“introduction to computers” course.  

In section 2, we briefly review the related concepts used in our system, such as flipped 

classroom, student-centered learning, and problem-based learning (Hmelo-Silver and Cindy, 2004), 

(Schmidt, Henk, Rotgans, Jerome, Yew, Elaine, 2011), (Neville and Alan, 2009). In section 3, we 

discuss the ideas of designing the e-Learning system. In section 4, we show how the system is used in 

practice, assess students’ performance, and how the system can effectively and efficiently help the 

students to learn a programming language. In section 5, we describe the results of our experiments of 

the system. In section 6, we discuss the advantages and disadvantages of the system. Finally, we give 

conclusions in section 7. 

 

 

2. Related Background 
 
As far as an instructor is concerned, it is much easier to simply present whatever materials are in the 

textbook than to do something else such as diagnosing students’ learning problems and making efforts 
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to help each individual student. Therefore, traditionally, most instructors prefer to give lectures rather 

than any other teaching activities. Consequently, in the traditional model of classroom instruction, the 

teacher typically gives lectures, is the central focus of a lesson, and is fully in control during the class 

time. Since the instructors simply disseminate the knowledge in the textbook, normally students do not 

really find too much difficulty to learn the pure knowledge. In particular, in most Asian countries 

normally students just passively listen to the lectures and keep quite instead of actively asking questions 

in classroom even though they do have some problems with the materials the instructor teaches. In other 

words, most classroom are didactic and entirely content oriented without considering whether the 

students really learn what they are supposed to learn. In order to ensure that the students really learn the 

teaching materials, instructors normally assign some homework for the students to take home and 

exercise the related works. Generally speaking, students typically do not really find any problems with 

the learning materials until they are asked to apply whatever they learn to solve a real problem. In other 

words, they usually find difficulty when they do their homework that are assigned to them to do after 

class.  

The concept of flipped classroom is an attempt to remedy this problem. It is an instructional 

strategy of blended learning that reverses the traditional class arrangement by delivering the learning 

contents outside the classroom, often on-line, and moving the activities such as doing homework and 

discussing specific problems in the classroom. In this case, whenever they encounter any problems, 

they can simply ask the instructor or classmates right away and are able to learn more than that in the 

traditional class. This arrangement also fits itself into the concepts of problem-based learning and 

student-centered learning.  

However, in this case, the instructor may still face the problem that students may be doing 

something else instead of really working hard on their assignments. In particular, when there are many 

students in the classroom, it is virtually impossible for the instructor to assess every student’s work 

simultaneously. As a result, many students may be working on something else that may be more 

interesting to them, such as a game. Eventually, the students’ performance may not be as good as what 

we originally expected.  

Therefore, we set out for developing an e-Learning system that can easily assess every 

student’s performance implicitly and explicitly so that the instructor can always know the learning 

status of every student. Consequently, the instructor can do whatever is necessary to help the students in 

learning activities. 

 

 

3. The Ideas of Designing the e-Learning System 
 
Generally speaking, a student in an information engineering department of a university is supposed to 

take a programming language course in which he should learn how to write a workable program. 

However, currently in Taiwan, many students still can not develop a workable program after taking 

such a course. In fact, this is one of difficult problems we are facing in most universities. Based on our 

experiences, the major reason that causes this problem is that students who fail to do so do not really try 

hard enough to write a program and test it by themselves. Instead, whenever they encounter some 

problems, they simply quit and simply plagiarize other classmates’ work with minor modification so 

that their programs do not look exactly the same as others. In some cases, the students may indeed try to 

write a program. However, they encounter a lot of problems and nobody can really sit next to them to 

help them to solve the problems. In this case, the plagiarism seems to be unavoidable. Since it is 

difficult and time consuming for the instructors or teaching assistants to really check through all the 

students’ homework to find whether there is any plagiarism, those students can usually get away with it. 

Consequently, those students still can not write a workable program after finishing the course. We 

believed that if we make use of computer and network technologies in combination with the concept of 

flipped classroom, we should be able to solve the problem to some extent.  

The features that we want the system to have are the following: (1) We should try to somehow 

“force” the students to really write and debug a program on their own. (2) We should somehow assess 

whether they are really do the work. In other words, we should make use of computers to collect 

formative data for monitoring and assessing the students’ performance as much as we can. (3) Since the 

students are novices, most of them have difficulty to discern what is a good/bad program, how to solve 
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a specific problem, and so on. Therefore, we should have a mechanism to show them some real 

examples done by some students and explain to them about some key points so that students can fully 

understand how to solve a real problem and how to avoid some mistakes. (4) We should try to make use 

of the concept of the flipped classroom which suggests that we should try to teach less in the classroom 

and ask students to do exercises and discuss various problems in the classroom. The students can study 

some more learning materials after class by themselves. In particular, as far as programming languages 

are concerned, there is no profound theory behind them. All the programming languages just have a lot 

of rules that can be easily understood if the instructor can emphasize the important concept in his 

lecture. The real difficulty of the programming work is the applications of those rules in a real case. In 

other words, we do need to use some real examples to explain to the students about the insight into the 

applications of programming languages. Therefore, what the students should do is to really exercise the 

programming work. 

 

 

4. How the System is Used in Practice 
 

At the beginning of each class, the instructor can click at the “上課” button and “出席狀況” 

button as shown in Figure 1. 

 
Figure 1. The webpage for starting out the class 

 

The system will show all the students’ names in the webpage as show in Figure 2. As time goes on and 

the students log in the system, the students’ icons will be lit up to show that the students attend the class. 

In this case, the fourth student from the left has logged in. The instructor can check the attendance 

situation of the class. 

 
Figure 2. The system will show the students’ names in the webpage. 
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In each class, the instructor gives a short lecture to explain the essence of a program statement, such as 

a “for” loop. Then, a simple example is given to explain how the “for” loop really works in practice. At 

this point in time, the students should have a basic idea about a “for” loop without any difficulty in most 

cases. The instructor can begin to give a question and ask the students to write a program to solve the 

problem. For instance, the question can be “accept a natural number from the user and compute the sum 

of even numbers that are less than the given natural number”. The instructor can click at the button 

circled by the red rectangle in Figure 3.  

 

 

 
Figure 3. The webpage for the instructor to give an assignment 

 
The instructor can select whether he wants to give an oral question, an existing exercise 

question, or generate a new exercise question. For instance, he can give an existing exercise question in 

the exercise database. The exercise database is organized in a hierarchical structure as shown in Figure 

4.  

 

 
Figure 4. The existing exercise questions are organized in a hierarchical structure 
 

The instructor can select which types of the questions he wants as shown in Figure 5. 
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Figure 5. The different types of the questions in the system. 

 

The instructor can select one of them for this short quiz or exercise. The system will show the 

contents of this exercise for the instructor to confirm whether this is really what he wants. The instructor 

can also give an assignment on the spot if he wants. If the instructor confirm this exercise, the system 

will ask the instructor to set the time duration for this exercise as shown in Figure 6.  

 

 
Figure 6. The instructor can set the time duration for the current exercise. 

 
If the instructor gives two questions in a row, the students will see that the first two exercise 

questions are open as shown in Figure 7. The students can begin to work on their programs (the 

exercise) on their computers in the computer room in the department. During this time period, the 

instructor can go around the computer room, look for students that need help, and help them to solve the 

problems immediately. When the students finish up their programs, they should upload their programs 

by clicking at the button “”.  
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Figure 7. The first two questions are open and one student has submitted the first answer to the question 

one. 

 

The system will show their submission status for each exercise so that the instructor can see 

how the students perform. If the time is almost up and most of the students are still working on the 

program, the instructor can extend the time period so that the students can continue to work on it. When 

the time is up, the system will show the exercise is closed and the students can not upload their 

programs. At this time, the instructor can further extend the time period if he wants by clicking a button. 

The instructor can also select whether the students can see each other’s program or not. If they can, the 

students can click at a button to see other students’ programs. If they can not and the instructor wants to 

show the students’ programs, the instructor can select one student’s program to show all the students 

and explain the good/bad points in the program to all the students. In Taiwan, all the computers in the 

computer room are equipped with a share mechanism for the instructor to show the contents of his 

screen to all the students by clicking at a physical button. Therefore, it is very easy for the instructor to 

make use of the students’ program as a real example to explain mistakes that usually made by the 

students or virtues of good programs. 

 

 

5. The Results of the Experiments of the System 
 
Since the system will automatically compute the statistics of the time duration of the students spent on 

each exercise and the submission rates of each exercise, the instructor can easily understand how the 

students perform. The students are told that their performance will be assessed by the system 

automatically. Since the students are asked to work on their programs in the computer room, they are 

much more likely to really work on their programs in particularly while the instructor is going around 

the computer room. Furthermore, the students can easily get help from the instructor or other classmates 

whenever they need the help. The instructor can also check the students’ programs at the same time and 

understand how the students perform. 

At the very beginning of the class, when the students were asked to work on a program, the 

students were still not used to the new learning style and were not eagerly work on their programs. They 

were just hanging around there to wait and see what is going to happen. In other words, they still 

thought that the exercise was similar to other laboratory work in which students were normally chatting 

or joking around while doing some experiments.  
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After the first exercise, they realized that everything, such as whether they submitted the results, was 

recorded. They could see through the system who had submitted a program and who has not. 

Furthermore, the instructor could see the submitted programs and even showed someone’s program 

anonymously to the whole class and made comments on it. As time went on, they realized that the 

system would record everything and the instructor could check who was not really working hard if he 

did not really submitted his programs. They gradually realized that they could no longer fool around just 

like what they did before. There is no kidding. The system was actually for real. Therefore, they were 

getting serious about each exercise and gradually became more and more active learners, and really 

tried hard to finish up their programs. As a result, the submission rate became higher and higher as time 

went on. 

We could also easily observe this situation from the rates at which the students asked questions. 

As time went on, more and more students began to ask questions although traditionally Asian students 

tend to hesitate to ask instructors for the problems they encountered in their study. However, in our case, 

the students were under the pressure to finish up their exercises as soon as possible, they did break their 

silence and more vigorously asked questions in an attempt to solve their problems. Furthermore, in 

order to encourage the students to ask good questions, the instructor did give extra bonus points if a 

student asked an interesting or meaningful questions. This arrangement indeed worked very well since 

many good questions were asked in the classroom and many students’ misconceptions were indeed 

found. In Figure 8, the instructor and students can check the datamining webpage to see all the data 

collected by the system. The instructor can select what kind of statistics he wants to see. 

 

 
Figure 8. The datamining webpage of the system. 

 
The instructor can check the attendance status for each class as shown in Figure 9. 

 

 
Figure 9. The system shows the attendance status of the class. 
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The instructor can also see the attendance status of every class as shown in Figure 10. 

 

 
Figure 10. The attendance status of each class. 

 

The attendance statistics of each student can also be seen in Figure 11. 

 

 
Figure 11. The attendance statistics of each student. 

 

In Figure 12, the system shows the submission status of each class. We can see that at the very 

beginning, the submission rate is almost zero. As time went on, the submission rate did increase 

dramatically. 

 

 
Figure 12. The submission rates of the exercises are displayed. 

125



 
Since the system will automatically compute the statistics of the time duration of the students spent on 

each exercise and the submission rates of each exercise, the instructor could easily understand how the 

students perform. The students were told that their performance would be assessed by the system 

automatically to some extents. The students could easily get help from the instructor or other classmates 

whenever they needed the help. The instructor could also check the students’ programs at the same time 

and understood how the students performed. 

 
6. The Advantages and Disadvantages of the System. 

 

6.1 The Advantages of the System  

 
The students feel that although this learning style kind of “forces” them to do the programming work, 

they can learn the work more quickly and easily. The programming work is really not as hard as what 

they originally thought. Whenever they have problems in the programming work, they have 

opportunities to ask the instructor or classmates directly to solve the problems immediately instead of 

getting frustrated and giving up eventually. The formative data we collected during the class time and 

the statistics we computed show that the students indeed keep improving their programming skill as 

well as the motivation to learn. This formative assessment instead of a summative assessment can play 

an important role to monitor students’ performance and really improve students’ programming skills 

over time. As the students keep improving their programming ability, they are more interested in 

writing programs and have much strong sense of achievement whenever they make their programs 

workable. Consequently, they become more active learners and even try to develop programs with more 

features than what was given by the instructor. 

 

6.2 The Disadvantages of the System  

 
The downside of this learning style is that the instructor who make use of the system should (1) be 

enthusiastic about teaching and (2) have enough real experiences about the developments of software 

systems. For the first point, since the instructor should go around the classroom and look for the 

students’ needs for help, this task is much harder than simply deliver the lecture of the learning 

materials that are in the textbook and he is familiar with. For the second point, since most professors 

focus on the theoretical aspects of teaching materials and may forget about all the detailed programming 

skills, it is hard for most professors to go back to the nitty-gritty details of the programming work that 

they did maybe more than ten years ago. This may pose a big challenge to a professor who is not really 

enthusiastic about the teaching and is normally evaluated about his research work instead of the 

teaching efforts by the institute that he is affiliated to. Furthermore, some students’ programs may have 

some strange bugs. The professors may have to really spend time on the students’ programs and have 

enough experiences to find bugs and solve the problems for the students. 

 

 

7. Conclusions  
 

From the data collected by the system, we can see that the students do become much more active 

learners. We also find that the students can really develop workable programs that they were not able to 

do in the past. The system can really assess the students’ performance and help the students to learn 

programming languages effectively and efficiently. Students’ programs or other example codes can be 

stored as learning scaffolding. Furthermore, the students’ works can be stored as their portfolios that 

may be beneficial to improve students’ learning achievement in the long run. The system, as it stands 

today, still has some problems that need to be corrected in the future. First of all, the system is not able 

to automatically check whether the students get right answers or not. This may not be a difficult work to 

do in most cases since we can automatically generate some random numbers as the input to a program 

that is a correct one and compute the correct answer. Then, we can compare the correct answers with the 

students’ answers. Consequently, the system may be able to check the correctness of the studnets’ 

programs to some extents. Secondly, based on the current technology, we are still not able to 
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automatically diagnose the students’ programs if something does go wrong in their programs. We still 

need to rely on human efforts to do the diagnosis which may be a difficult and time consuming work. 

We believe that we might be able to solve the first problem in the near future and make the system even 

more useful in the future. 
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