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Abstract

:

Web-based cooperative learning could enhance students’ learning motivation; however, learning activities in this process are rather confusing because of the lack of structured learning strategies, resulting in unfavorable learning achievements. With the peer tutoring learning environment to encourage students’ mutual learning and development, an online peer-tutoring platform for programming languages with peer mentoring is established herein for one-to-one peer tutoring activities. With students with higher learning ability as tutors and those with lower learning ability as tutees, tutors can provide online peer tutoring for programming languages via demonstrations and flowcharts to discuss the effects of using different teaching methods for learning activities on the learning achievement of tutees. Based on these teaching methods for peer learning, 52 undergraduates were divided into experimental groups A and B; each group was further divided into peer mentoring group and non-peer mentoring group based on the ability levels. The results show that learning activities with the online peer-tutoring platform for programming languages could assist both groups in enhancing their learning achievement and ensure positive attitudes toward programming languages. In the analyses, the peer mentoring group was preferable in peer tutoring for programming languages with demonstration, while the non-peer mentoring group did not appear significant.
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1. Introduction


1.1. Research Background and Motivation


Rapid technological advances have made the Internet popular, such that computer-assisted instruction and web-based cooperative learning are commonly applied to public education [1,2]. Many of researchers replaced traditional class learning activities with web-based learning strategies in the past years. Web-based learning activities enable teachers not only to manage the learning behaviors and portfolios of students more effectively, but could enhance the learning intention [3,4]. Although web-based collaborative learning could enhance students’ learning motivation, some researchers indicated that the collaborative learning activities caused confusion because the students with lower learning ability extended the time for collaborative tasks [5,6]. Consequently, this study aims to assist such types of online learning activities with effective learning strategies.



Peer tutoring, as a type of structured learning strategy, encourages mutual learning by students. Some researchers proposed that web-based peer tutoring could enhance students’ learning of mother tongue languages and other modern languages as well as their attitudes toward modern languages. Other researchers also indicated that peer cooperative learning [7,8,9] could promote students’ programming ability [9,10].



In colleges, programming languages are the core ability for students in information-related departments; however, they are regarded as a difficult subject for lots of students. Kelleher and Pausch mentioned that students would face complex grammar and instructions when solving programming language problems and understanding the program execution process [11]; such abstract programming grammar had made students consider programming languages as a difficult task. Many researchers also indicated many colleges were refusing to offer such a course because of a decrease in the number of students taking the course and an increase in the number of students lacking interest and passion in programming languages [12]. Previously, programming language instruction was done by a teacher lecturing on stage; one-way communication made it difficult for students to ask questions and the teachers did not realize the students’ problems [13,14,15]. Teachers sometimes cannot clearly see the students’ blind spots, nor understand the real problems of students. This method of tutoring reduced the learning intention of students. Consequently, several researchers studied computer-assisted instruction, aiming to assist the students in learning programming languages. Since 1980, the computer-assisted instruction systems for programming languages have gradually been developed, such as WebToTeach [16] and ELM-ART, intelligent tutoring systems combining the advantages of the web [17,18]. The above systems focused on assisting the teachers in curriculum arrangement and tests, or individually guiding the students with virtual teaching assistants, which presented limited effects on the students’ communication, flexibility, and learning achievement [19,20,21]. A peer-learning platform for programming languages was proposed in 2008, with which the students did not learn with virtual teaching assistants, but were tutored by peers [22,23]. Nevertheless, the tutors faced more than one student in the research; thus, the learning achievement was restricted.



When organizing and analyzing the application of cooperative learning mechanisms to e-learning systems in recent years, this study found that most of the researches focused on the auxiliary role which teachers should play in e-learning systems and how to develop learning functions that can effectively improve the efficiency of e-learning [24,25]. However, there is almost no discussion on the point of view of using the appropriate digital learning function as a peer to play an auxiliary teaching role. That is the main reason is that past researches on peer-to-peer cooperative learning have focused on peer learning rather than peer teaching skills [26,27,28].



Based on the above problems, an online peer-tutoring platform for programming languages is established for one-to-one peer tutoring to discuss the effects of the learning strategies and teaching skills in peer mentoring for programming languages. In peer mentoring, the students with higher learning abilities act as tutors, whereas students with lower learning abilities act as tutees. In the programming language learning process, most teachers will instruct by applying Flowchart or Demonstration [29,30]. Here, this study further discusses the differences between tutors applying Flowchart and Demonstration and online peer tutoring for programming languages in learning achievement.




1.2. Research Purpose


We want to develop an Online Peer-Tutoring Platform on our own. The Online Peer-Tutoring Platform will provide tutors with two types of teaching skills, Flow-chart and Demonstration to proceed with online peer tutoring for programming languages. In the past literature, most researchers discussed the effects of learning systems or the efficiency of introducing peer tutoring. Few Researchers explored the effect of teaching skills used in peer tutoring.



Several studies have indicated the learning achievement of computer-assisted instruction as superior to traditional learning methods [31,32]. This study, therefore, discusses the effects of distinct teaching skills in peer mentoring for computer-assisted instructions on learning achievement and learning behaviors.



Aiming at peer tutoring for JAVA, this study establishes an online peer-tutoring platform for programming languages; The online peer-tutoring learning system has different learning modules to support peer teaching and peer learning. The students are divided into Experimental groups A and B for the tutors applying different teaching skills to online peer learning activities for programming languages. Furthermore, each group is divided into peer and non-peer mentoring groups according to students’ levels. This grouping strategy promotes discussions on the differences of using distinct learning strategies and teaching skills in learning achievement and learning behaviors.



The research objectives are:




	
To discuss the effects of the online peer-tutoring platform for programming languages on students’ learning achievement and the attitudes towards programming languages.



	
To discuss the effects of various teaching skills on learning behaviors and learning achievements.



	
To discuss the differences in peer mentoring groups with distinct teaching skills in the learning achievement.



	
To discuss the differences in non-peer mentoring groups with distinct teaching skills in the learning achievement.








The remainder of this research is divided as follows: Section 2 is the literature review, the research methods and implementation are explained in Section 3, the experimental design is shown in Section 4, the experimental analyses are presented in Section 5, and the conclusions of this study are presented in Section 6.





2. Literature Review


The main focus of the literature research in Section 2 is to analyze and set out the characteristics of peer-to-peer e-learning in the past researches, as well as the principles, and to compare the common points of peer-to-peer learning. These principles can be used for this study to identify the shortcomings of the past peer-to-peer learning researches, and then propose how to further improve the effect and efficiency of peer-to-peer learning.



2.1. Programming Language Learning System


The development of the Internet in a changing technological world has replaced the past learning models; people can randomly acquire knowledge through the Internet, rather than being restricted in classes. Web-based learning breaks the restrictions of time and space, provides more diverse and instantaneous learning contents, and allows learners to participate in more learning activities [33]. Many researchers have discussed the teaching systems for the web-based computer-assisted programming languages [34,35], and several studies provided automatic virtual teaching assistants. However, such systems merely provided students with learning environments and standard feedback to reinforce the learning effects, meaning that the acquired knowledge was limited.



Arnow and Barshay [12] proposed a programming language learning system, WebToTeach, which supported several programming languages and diverse training practices with web-based teaching environments for students receiving more information and allowed teachers to give more time for students to answer questions to enhance their understanding of the learning conditions. Nonetheless, a convenient compiler was missing in WebToTeach, and the functions focused on teachers’ lesson arrangement.



Brusilovsky [13] proposed a LISP teaching system in ELM-ART for students receiving more help through virtual teaching assistants. In addition, the system would automatically arrange the difficulty according to the abilities of students. Nevertheless, this system only provided standard feedback preset by the teachers because the learning assistance was restricted.



Kölling, Quig, Patterson and Rosenberg [32] proposed a JAVA-assisted teaching system, BlueJ, to assist students in establishing JAVA objects through unified modeling language and understanding the characteristics of object-oriented programming languages [10], and to provide the function of debugging. BlueJ provided insufficient feedback on students’ errors and weak assistance for teachers.



Chien [15] proposed a peer-learning platform for the programming language, which enabled students to act as teaching assistants in online practice [36]. In previous studies, the teaching ability of the student assistants who were not trained in advance to face several students was discussed. This study, therefore, replaced the existing programming language learning methods with more efficient learning strategies.




2.2. Peer Tutoring


Peer tutoring, a teaching system sharing personal experiences, refers to the mutual assistance and discussions among peers [37], emphasizing the learning through the instruction of tutors with similar ages and thinking models to the tutees [38]. This learning model not only enhanced the tutees’ learning motivation and self-confidence but also reduced the learning stress and enhanced the learning achievement. Moreover, tutors who were trained before tutoring could learn from the tutees’ feedback and effectively enhance their social skills and mental development. According to Frick [25], peer tutoring involves students of similar ages, teaching others with weaker learning ability on a one-to-one basis and it is suitable for any age group, ability level, and field of learning. Fantuzzo, Riggio, Connelly and Dimeff agreed with the mutual instruction and cooperation among peers in the learning activities which could assist them in solving academic problems and sharing their experiences in the process [39].



Goodlad and Hirst [27] proposed theoretical bases of peer tutoring based on role theory, behaviorist theory, sociolinguistics theory, and gestalt theory.



	
Role Theory. It was regarded that the teaching behaviors of tutors would be restricted by the preset state of teachers and the tutors would be more considerate of teachers. In addition, the tutees were peers with less stress in the learning process and learning would be made easy.



	
Behaviorist Theory. It was considered that rewards could enhance students’ learning motivation. When giving correct responses to problems, the proper reward could motivate students to learn more effectively and further learning will be encouraged. Peer tutoring could rapidly enhance the learning process.



	
Sociolinguistics Theory. It emphasized the effects of social interaction on language styles and concepts. Peer tutoring allowed the students to learn unfamiliar subjects through habitual languages.



	
Gestalt Theory. It emphasized that learning occurred when learners place the learning items in the intelligence structure. Peer tutoring enhanced the tutors’ understanding of learning styles and continuously developed their skills in researching problems. For instance, the tutors would view materials with new methods as they had to prepare and absorb the material contents, explain such contents to the tutees, and re-organize the contents for tutees to learn. For better instruction, the tutors might need to determine the characteristics and structures of the teaching subjects to better understand the materials.







2.3. Peer Mentoring


Peer mentoring is one of the peer learning methods and a strategy derived from mentoring; it allows the students with higher learning ability or more experience to act as mentors and the others with lower learning ability or fewer experiences, to be mentees on a one-to-one basis. In addition, the students with lower learning abilities or fewer experiences could release their learning anxiety by enhancing the learning levels through mutual learning and peer assistance [39,40]. Furthermore, the students with higher learning abilities or more experience could reconstruct individual meta-cognition through this learning method. This learning process could enhance the students’ learning to achieve teaching and learning, as it aims to apply peer influence, with close language use, understanding, and skills among peers, to exceed teachers’ language levels and experience.



Gartner and Riessman [26] indicated that learners, as mentors or mentees, in peer mentoring could acquire the following in the learning process.



	
Academic knowledge and skills (of both mentors and mentees).



	
With the experience of receiving peer mentoring, mentees are likely to be successful mentors in the future.



	
Listening and communication skills.



	
Further understanding of the essence of teaching and learning, especially the process leading from teaching to learning.






Falchikov and Blythman classified peer mentoring into four categories, according to the peer levels and class differences [41].



	5.

	
Peer group in the same class.




	6.

	
Peer group in the same grade, but not the same class.




	7.

	
Cross-level peer group in the same school, but not the same grade.




	8.

	
Cross-level peer group from two different schools.







From previous studies, most researchers discussed the effects of learning systems or the efficiency of introducing peer tutoring; however, few explored the effects of teaching skills used in peer tutoring on the efficiency of peer tutoring [42,43].



With peer groups in the same class, the students with higher learning ability act as tutors, tutoring the others with lower learning ability to learn programming languages through the online peer-tutoring platform for programming languages. Moreover, the effects of the teaching skills applied by the tutors on peer tutoring efficiency are discussed.





3. System Architecture and Research Method


We developed an Online Peer-Tutoring Platform which provide two types of teaching skills, Flow-chart and Demonstration teaching module to proceed with online peer tutoring for programming languages. The digital peer tutoring and learning system is mainly developed and constructed for the learning of difficult programming languages in the field of information science. The learning system mainly includes: “Example Program Writing and Debugging Module”, and “Peer Tutoring and Discussion Module”. Among the two smart learning modules, the first learning module “Example Program Writing and Debugging Area” includes the intelligent test question practice area, the code editing area, and the compilation information area. The function of this module is to allow learners to automatically generate questions through the question area. The system will filter out the suitable test questions according to the learners’ current learning situation and progress, so that learners can truly understand and utilize the test questions by writing the actual practice programs. After that, the system compiles the student’s program through the real-time compilation function of this smart learning module, and the result is displayed in the “OUTPUT area” in real time, so that learners can check whether their program is correct in real time.



Then, the on-line peer tutoring system of this study will help learners to debug and fix the difficult or blind spots in programming contents by the smart learning module- “Peer Teaching and Discussion Area” which will focus on what learners do not understand in the process of program writing, or the mistakes in compiling their own programs, and use this peer teaching and discussion module to guide the student’s programming in order to upgrade the students with lower ability and solve their doubts enabling a smooth learning process. Therefore, the second learning module of this system includes the smart learning functions such as “Peer Teaching Information Area”, “Peer Discussion Area”, and “e-Portofolio Learning Record”. The functions and operation interfaces of these two intelligent learning modules are described in detail as follows:



3.1. Learning Environment


Peer tutoring has been widely applied to teaching activities. In peer tutoring for programming languages, researchers desire to consider the teaching skills used by the tutors. With web-based peer tutoring for programming languages, the differences of the tutors using various teaching skills for learning activities in the tutoring behaviors are worth exploring. Consequently, an online peer-tutoring platform for programming languages is established for online peer tutoring, in which Experimental group A applied Demonstration, whereas Experimental group B applied Flowchart.




3.2. System Framework


The system procedure is shown in Figure 1, where the blue and the red blocks are the learning procedure for tutors and tutees, respectively. Each student will first log in into the system (Step 1) for the frame responding to the role. A tutee will start writing codes for the answer (Step 2), whereas the tutor will acquire the answer in real time (Step 2). After completing and storing the file (Step 3), the tutee would proceed to the compiler (Step 4). When there are errors, an error message will appear on the frame of the tutor (Step 4.1) and the tutor will attend to the tutees applying Demonstration or Flowchart (Step 4.2) and the tutee will re-write codes for the answer (Step 2). When the compiler is correct, the tutor and the tutee would discuss the codes, and the tutee would continue with the next question (Step 5) after confirming the correct answer. Meanwhile, the tutor would receive the confirmation message for giving the next question (Step 6). The tutee then goes back to the answer (Step 2). This continues till all questions have been completed.




3.3. System Function and Interface


The online peer-tutoring platform for programming languages is established with PHP + MySQL, follows the strategy of peer mentoring to divide the students into tutors and tutees, and guides them to the corresponding interfaces, as in Figure 2, Figure 3, Figure 4 and Figure 5.



Block 1 shows the question. After completing a question, a tutee has to press on NEXT, and the system will immediately advise the tutor controlling the new question.



Block 2 is the coding area, where the tutee can code in the block and press on SAVE and then COMPILER for programming.



Block 3 displays the programming message. After pressing COMPILER, the programming result is shown on the block.



Block 4 shows the tutoring information, where the tutee can receive tutoring information from the tutor.



Block 5 presents the peer discussion information, where the group discussions are displayed and the answering time of the group is also recorded.



Block 6 is the message input area. The tutee can key in questions and the tutor can respond.



Block 7 shows the online group members.



Block 1 shows the question. When the tutee sends the message for the next question, the tutor will press NEXT for a new question. Without the message from the tutee, the tutor cannot press it.



Block 2 is the coding area. The tutor could monitor the tutee’s coding and guide to revise the codes, for any mistakes, through chat-room.



Block 3 is the programming area, where the tutor can look up the tutee’s programming results.



Block 4 is the tutoring area, where the tutor can demonstrate examples to the tutee, or provide the flowchart of subroutines for the tutee’s reference.



Block 5 shows the peer discussions, where the message discussed will be displayed and the answering time of the group would be recorded.



Block 6 is the message input area, where the tutee can ask questions and the tutor respond.



Block 7 presents the online group members.





4. Experimental Design


4.1. Experimental Subject


Fifty-two sophomores in the Department of Computer Science and Information Management, Soochow University, are selected as the experimental subjects for a 30 min programming language paper test. Based on the test results, the students are paired as tutors and tutees, and randomly divided into Experimental group A and Experimental group B, where the peer mentoring group and non-peer mentoring group are further divided according to the levels. The students further proceed with the peer tutoring for programming languages with the online peer-tutoring platform for programming languages, where the tutors in Experimental group A apply Demonstration to tutor the tutees writing codes, whereas the tutors in Experimental group B judge the codes with Flowchart to tutor the tutees. The questions for programming languages, mainly recursive concepts, are designed by experts. For many students, recursion is considered more difficult than if-else, do-while, and for loops. It is expected to reinforce the students’ concepts and familiarity with recursive programming.




4.2. Grouping


Based on the grouping of Chen (2006) [6], the students’ pretest results are ranked, the median is regarded as the standard, and half of the number of students close to the standard, total number of students divided by 2, are in the non-peer mentoring group, while the rest are in the peer mentoring group. For the number of students in the non-peer mentoring group and peer mentoring group in both Experimental group A and B to be the same, 24 students, in 12 groups, were placed in the non-peer mentoring group, and the remaining 28 students, in 14 groups, were placed in the peer mentoring group. The students in a group were paired with S-type pairing, and the students with higher abilities acted as tutors, whereas, the others with lower abilities acted as tutees.




4.3. Activity Design


The students were divided into Experimental groups A and B, where the students took the pretest and then proceeded with the peer tutoring using the online peer-tutoring platform for programming languages. The experimental flowchart is shown in Figure 6. The students first spent 30 min for the pretest and another 15 min for the programming attitude questionnaire pretest, aiming to test the differences in programming languages before using the system. The peer mentoring and non-peer mentoring groups were further divided according to the pretest results, and the students in each group were further classified as tutors and tutees, based on their abilities. The attitudes towards programming languages before the learning activities were also discovered. Before the online peer tutoring, the tutors in each group were trained on recursive programming twice, 30 min each, to enhance their programming ability and the recursive concept. The peer tutoring for programming languages then proceeded for five weeks. Both Experimental groups A and B used the online peer-tutoring platform for programming languages for the learning activities. Subsequently, another 30 min were spent for the post-test, aiming to test the students’ enhancement of programming languages with the online peer-tutoring platform for programming languages. Finally, the questionnaire survey and the programming language attitude questionnaire post-test were administered for 30 min to understand the satisfaction with the system and analyze the students’ learning conditions, learning achievement, and attitudes towards programming languages.




4.4. Experimental Tool


4.4.1. Learning Achievement Test


The test questions are designed by experts, aiming at recursive questions. Ten multiple-choice and filling-in-blanks questions are contained in the pretest. The former tests the students’ recursive programming logic, and the latter tests the recursive coding structure. The pretest provides an understanding of students’ levels on the recursive chapter in programming languages. The post-test also covers ten questions. In addition to multiple choices and filling-in-blanks, short-answer questions are included to test whether the students can write complete recursive codes after the learning activities. The test emphasizes the problem-solving ability of students in recursive questions and intends to understand the differences in the students accepting different teaching skills in the absorption of recursive concepts.




4.4.2. Programming Language Attitude Questionnaire


Based on Chang’s [29] programming language attitude questionnaire, ten questions, including the dimensions of learning state and learning intention, are covered, and it is filled in before and after the learning process. With Likert’s six-point scale, mark 1 stands for Extremely disagree, 2 for Disagree, 3 for Slightly disagree, 4 for Slightly agree, 5 for Agree, and 6 for Extremely agree. It aims to discuss the opinions of students and learning intentions of programming instructions and codes, debugging, and design codes.




4.4.3. System Feedback Questionnaire


Tsou’s learning platform [18] questionnaire realizes students’ satisfaction with the platform [8]. With Likert’s seven-point scale, mark 1 stands for Extremely disagree, 2 for Disagree, 3 for Slightly disagree, 4 for Ordinary, 5 for Slightly agree, 6 for Agree, and 7 for Extremely agree. Five dimensions are covered in the questionnaire. System quality aims to discuss the stability and favorable operation interface of the system; perceived usefulness aims to explore the assistance of the system in the students’ programming language learning; perceived ease of use intends to discuss whether the students can easily operate the learning system; system satisfaction aims to discuss the students’ satisfaction with the system; intention to use explores the students’ learning intention of using the system. The reliability Cronbach’s α reveals 0.89, 0.91, 0.96, 0.96, and 0.95, respectively.




4.4.4. Information Coding


After the learning activities, the messages in the chat room are coded for sequential analysis. Information coding, proposed by Hou, Sung, and Chang [29], is used to analyze the students’ behaviors and attitudes in peer learning, and the coded contents are discussed and adjusted by the experts, as shown in Table 1 [7].






5. Experimental Result and Analysis


This study was conducted on a group that used the peer tutoring system and a control group that did not use the system. At the same time, this study has different teaching functions, which can be provided to the role of mentor in peer-to-peer learning, so that the teaching effect of peer-to-peer learning can be further significantly improved. There are also further discussions of the experimental results in Section 5 of this study. In the experimental results and analysis of Section 5, this study explores the significance of the experimental results for learning from different aspects of the e-learning. This chapter will make further comparisons and discussions based on the data from different experiments in Section 4. According to the experimental data in Table 2, Table 3, Table 4, Table 5, Table 6, Table 7, Table 8, Table 9, Table 10, Table 11, Table 12 and Table 13 below, further discussions and explanations are made on the significance of the peer learning and teaching effect.



The experimental hypotheses and data are separately analyzed in this chapter. The following hypotheses are further discussed in the sections of prior knowledge, learning achievement, information coding, programming language attitude questionnaire, and system questionnaire.



	
The use of the online peer-tutoring platform for programming languages presents significant effects on students’ learning achievement.



	
The groups with Demonstration and Flowchart reveal differences in learning achievement.



	
The peer mentoring group and non-peer mentoring group in Experimental group A show significant differences in learning achievement.



	
The peer mentoring group and non-peer mentoring group in Experimental group B present remarkable differences in the learning achievement.



	
The peer mentoring group with Demonstration or Flowchart presents notable differences in the learning achievement.



	
The non-peer mentoring group with Demonstration or Flowchart shows significant differences in the learning achievement.



	
The use of the online peer-tutoring platform for programming languages presents remarkable effects on the students’ attitudes towards programming languages.






5.1. Prior Knowledge


Fifty-two students took the pretest before the learning activities, aiming to test the differences in their basic ability in the use of programming languages. With t-test analyses, the means of Experimental groups A and B are 35.92 and 34.62, respectively as shown in Table 2, and the significance p is 0.78 > 0.05. Apparently, the results of Experimental groups A and B did not present significant differences because the students’ basic abilities of programming languages were close.




5.2. Learning Achievements


	
The use of the online peer-tutoring platform for programming languages presents significant effects on students’ learning achievement.






The students took the post-test after the learning activities. Based on t-test analyses in Table 3, the mean of the post-test for Experimental group A is 70.96, the mean of the pretest is 35.92, and p 0.00 < 0.05, reaching significance. Based on t-test analyses in Table 4, the mean of the post-test of Experimental group B is 62.69, the mean of the pretest is 34.62 and p 0.00 < 0.05, reaching significance. Based on t-test analyses in Table 5 and Table 6, the tutors in both groups present p 0.00 < 0.05, achieving significance, and the tutees in both groups show the significance p 0.00 < 0.05, achieving significance as seen in Table 7 and Table 8. Consequently, the results of both groups show remarkable progress after the learning activities, and both the tutors and the tutees present significant progress. Therefore, students’ learning achievement in programming languages is enhanced after the online peer-tutoring platform for programming languages, and both the tutors and tutees made significant progress. “Teach and Learn” is therefore achieved.



	2.

	
The groups with Demonstration and Flowchart reveal differences in learning achievement.







Based on t-test analyses in Table 9, the mean of Experimental group A is 70.96 and that of Experimental group B is 62.69, and the p 0.04 < 0.05, reaching significance. Therefore, the online peer programming language learning activities with Demonstration present better results than those with Flowchart.



However, the main emphasis of this study is that peers play the role of teaching and guidance, and how the peer tutor uses different peer teaching skills and guidance methods to let the tutee learn more effectively. At the same time, after the peer teaching process, the tutors also made obvious progress in the post-test scores, which shows that the tutors have really internalized the program knowledge in the teaching process. This is the main difference of this research.



	3.

	
The peer mentoring and non-peer mentoring groups in Experimental group A show significant differences in learning achievement.







With t-test analyses, the mean of the peer mentoring group in Experimental group A is 72.08 and that of the non-peer mentoring group is 70.00, and p 0.60 > 0.05, not achieving significance. Therefore, the peer mentoring and the non-peer mentoring groups using Demonstration for the online peer programming language learning activities do not show remarkable differences in the learning achievement, possibly because the 30-min learning activities for two questions are not sufficient for group discussions and practice.



	4.

	
The peer mentoring and the non-peer mentoring groups in Experimental group B present remarkable differences in learning achievement.







With t-test analyses, the mean of the peer mentoring group in Experimental group B is 57.50 and that of the non-peer mentoring group is 57.14, and p 0.20 > 0.05, not achieving the significance. Therefore, the peer mentoring and non-peer mentoring groups using Flowchart for the online peer programming language learning activities do not present significant differences in the learning achievement, possibly because the 30-min learning activities for two questions are not sufficient for group discussions and practice.



	5.

	
The peer mentoring group with Demonstration or Flowchart presents significant differences in the learning achievement.







With t-test analyses in Table 10, the mean of the post-test of Experimental group A–Peer mentoring group is 72.08 and that of Experimental group B–Peer mentoring group is 57.5, and p 0.06 > 0.05, not reaching significance. Nonetheless, the mean of Experimental group A is higher than that of Experimental group B, and the chat room records reveal that the students in Experimental group B still use Demonstration for the learning activities because Demonstration is more proper for the online peer programming language learning activities.



	6.

	
The non-peer mentoring group with Demonstration or Flowchart shows significant differences in the learning achievement.







With t-test analyses in Table 11, the mean of the post-test of Experimental group A–non-peer mentoring group is 70.00 and that of Experimental group B–non-peer mentoring group is 67.14, and p 0.42 > 0.05, not achieving significance. Therefore, the non-peer mentoring group with Demonstration or Flowchart does not show significant differences, possibly because the non-peer mentoring students do not show large differences in learninglevel.




5.3. Programming Language Attitude


	7.

	
The use of the online peer-tutoring platform for programming languages presents remarkable effects on the students’ programming language attitudes.







With Likert’s six-point scale, Strongly agree is marked 6, Agree 5, Slightly agree 4, Slightly disagree 3, Disagree 2, and Extremely disagree 1. Table 12 and Table 13 present t-test analyses of programming language attitudes of both groups before and after the learning process. Apparently, the students’ attitudes towards programming languages show a positive growth after the online peer programming language learning activities. The students in both groups present the significance p of less than 0.05 on learning state, achieving significance, thus the recursive programming concepts and decoding of the students in both groups are remarkably promoted after the learning activities. Moreover, the learning intention did not reach significance but is enhanced, showing that the online peer-tutoring platform for programming languages enhanced the students’ learning intention.




5.4. Sequential Analysis


The messages in the chat room during the online peer programming language learning process are coded, where the acquainted peer is coded as A, tutor preceding low-level instruction, such as User1: “You miss a } at the end” as B, tutor preceding high-level instruction, such as User1: “When it is an odd number, return n + fun(n − 2)” as C, tutee proposing questions or looking for solutions as D, and irrelevant response as E; the coding reliability Cronbach’s(α) = 0.92. Information coding is further preceded by sequential analysis, proposed by Hou, Sung, and Chang [29], the significance of the Z-test (in short Z) is used in describing the information sequence, which is further transferred into a graph as the learning behaviors of each group. Each circle in the graph represents the information codes, and the wider line presents the more significant transfer of information. Z larger than 1.96 shows the achievement of significance. The learning behaviors of the groups observed from the information coding are shown as follows.



Preceding the experience of using peer tutoring platforms for programming languages, the learning behaviors of each group are almost the same. The tutors in each group present continuous concerns to the tutor preceding high-level instruction, revealing the frequent tutoring of most tutors on error messages, e.g., User1: “When it is an odd number, return n + fun(n − 2)”. In addition, the learning behaviors of the groups will transfer between a tutor applying high-level instruction and tutee proposing questions or looking for solutions, presenting a bi-directional communication between tutors and tutees. When a tutee actively asks questions, the tutor will provide guidelines or solutions oriented to the question, rather than unilateral tutoring. From the learning behaviors, it was also discovered that most tutors provided complete codes or solutions for the tutee’s questions; the tutees, therefore, made fewer low-level programming errors. The tutors, therefore, did not show notable tutoring preceding low-level instructions. Moreover, each group is likely to precede high-level instructions with an irrelevant response, possibly because the tutees will engage in irrelevant dialogues when waiting for tutoring, e.g., User 3: “User1, you are great.” Each group presented continuous use of irrelevant responses; however, the peer mentoring group in Experimental group B showed highly continuous use of the irrelevant response (Z = 18.32) This situation could influence learning achievement.



Finally, the tutors in Experimental group B use Flowchart as the tutoring method; however, they applied Demonstration to the tutoring when some tutees understood the logic of Flowchart. From the post-test learning achievement, it can be inferred that, using Demonstration in peer tutoring for programming languages could enhance the learning achievement of the students with lower levels.




5.5. System Satisfaction


Five dimensions were covered in the learning platform questionnaire, namely system quality, perceived usefulness, perceived ease of use, system satisfaction, and intention to use. With Likert’s seven-point scale, Extremely agree is marked 7, Agree 6, Slightly agree 5, Ordinary 4, Slightly disagree 3, Disagree 2, and Extremely disagree 1. The analyses show that, the mean of system quality is 4.33, implying that most students regard the platform with favorable quality. The mean of perceived usefulness is 4.74, revealing that most students agree with the programming language ability being enhanced by the peer-learning platform for the programming language. The mean of perceived ease of use is 5.20 showing that the platform provided a simple system interface for easy operation. The mean of system satisfaction is 4.68, revealing the satisfaction of most students. Finally the mean of intention to use is 4.32 revealing the students’ positive attitudes towards learning with the platform.





6. Conclusions


Programming languages are considered difficult for students with lower levels of ability or capacity, and researchers are concerned with methods to effectively enhance the programming language abilities and interests of students. Previous learning systems for programming languages focused on students’ individual practice; thus, they could not immediately ask and receive solutions for problems. This study develops an online peer learning system with different peer teaching and peer learning modules to support peer teaching and peer learning. Peer tutoring in this study allows the students to apply one-to-one learning activities, from which they could instantaneously receive feedback and apply the peer tutoring for programming languages with distinct teaching skills. It explored the effects of various peer-tutoring skills for programming languages on the learning achievements of students.



6.1. Learning Achievements


The experimental group was divided into Experimental group A and Experimental group B, and the peer mentoring group and the non-peer mentoring group were further divided in each group. Experimental group A applied peer-tutoring for programming languages with Demonstration, and Experimental group B with Flowchart. Both Experimental groups A and B used the online peer-tutoring platform for programming languages, and the learning activities were further compared. The research data show that both Experimental groups A and B presented significant progress on the learning achievement after using online peer-tutoring platform for programming languages, and the tutors and tutees in both groups also made significant progress, achieving Teach and Learn.



In the analyses, the learning achievement of Experimental group A was better than that of Experimental group B, possibly because the tutors in Experimental group A used Demonstration such that the tutees could imitate the tutors’ coding and further comprehend and absorb. In sequential analysis, it was also realized that the tutors and tutees in both groups interact frequently. These learning behaviors also reflect the learning achievements.



Peer mentoring group with Demonstration as the teaching skill presented better learning achievements than the peer mentoring group with Flowchart. Moreover, peer mentoring group with Flowchart as the teaching skill presented continuous concerns over irrelevant responses (Z = 18.32) which is regarded as the factor responsible for the unfavorable learning achievement. Therefore, it is preferable for tutors to apply Demonstration in tutoring when the level between the tutor and the tutee is too wide. The learning achievement in a non-peer mentoring group does not reveal any notable difference in the teaching skill when the levels between the tutor and the tutee were less.




6.2. Attitude towards Programming Languages


In the programming language attitude questionnaire, it was found that the students’ attitudes towards programming languages showed positive growth after the peer-tutoring for programming language learning activities. The remarkable increase in the learning state reveals that the online peer-tutoring platform for programming languages can effectively enhance students’ programming concepts and programming ability.




6.3. Limitations and Perspectives of ths Study


First of all, the main difference between this study and previous related e-learning studies is the peer teaching and appropriate peer-to-peer pedagogy. Therefore, the limitation of this study is that the distribution of students’ degrees of competence in the same class needs to be normalized. That is to say, students with a good level of programming language are required, and students with a poor level are also required, and the number of students with different levels is a relatively average and normalized distribution. Secondly, the peer tutoring and teaching function provided in this study allows peers with a good level to help students with a lower level to learn programming language through the Online Peer-Tutoring system.



Therefore, the second possible limitation and prospect of this research is the need to dismantle the complex and difficult programming questions first. When encountering really large and complex program test questions, it is necessary to disassemble the highly complex test questions first before explaining them. The peer teaching and discussion functions provided in this study will easily improve peer teaching and communication. Due to the complexity of the research system, the research system may need to develop more detailed learning functions for the teaching and discussion functions of the peer teaching system, to ensure improvement through future research.
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Figure 1. System procedure. 






Figure 1. System procedure.
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Figure 2. System frame−Experimental group A (tutee). 
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Figure 3. System frame−Experimental group B (tutee). 
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Figure 4. System frame−Experimental group A (tutor). 
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Figure 5. System frame−Experimental group B (tutor). 






Figure 5. System frame−Experimental group B (tutor).



[image: Applsci 12 08513 g005]







[image: Applsci 12 08513 g006 550] 





Figure 6. Experimental flowchart. 
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Table 1. Chat room information coding.






Table 1. Chat room information coding.










	
	Behavior
	Example





	A
	Acquainted peers
	User1: “Hello~I am uesr1. My role is a tutor.”



	B
	Tutor preceding low-level instruction
	User1: “You miss a “}” at the end.”



	C
	Tutor preceding high-level instruction
	User1: “When it is an odd number, return n + fun(n − 2)”



	D
	Tutee proposing questions or looking for solutions
	User2: “How to declare an array with numbers?”



	E
	Irrelevant response
	User2: “Can we switch the roles?”
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Table 2. Pretest t-test analyses of Experimental group A and Experimental group B.
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	Number
	Mean
	Standard Deviation
	Standard Error of the Mean
	Significance (p)





	Experimental group A (pretest)
	26
	35.92
	19.53
	3.83
	0.78



	Experimental group B (pretest)
	26
	34.62
	15.10
	2.96
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Table 3. Pretest and post-test t-test analyses of Experimental group A.
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	Number
	Mean
	Standard Deviation
	Standard Error of the Mean
	Significance (p)





	Experiment A

(post-test)
	26
	70.96
	9.80
	1.92
	0.00



	Experiment A

(pretest)
	26
	35.92
	19.53
	3.83
	










[image: Table] 





Table 4. Pretest and post-test t-test analyses of Experimental group B.
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	Number
	Mean
	Standard Deviation
	Standard Error of the Mean
	Significance (p)





	Experiment B

(post-test)
	26
	62.69
	17.79
	3.49
	0.00



	Experiment B

(pretest)
	26
	34.62
	15.10
	2.96
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Table 5. Pretest and post-test t-test analyses of Experimental group A_tutor.
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	Number
	Mean
	Standard Deviation
	Standard Error of the Mean
	Significance (p)





	Experimental group A_ tutor (pretest)
	13
	52.30
	9.34
	2.59
	0.00



	Experimental group A_ tutor (post-test)
	13
	76.92
	6.30
	1.74
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Table 6. Pretest and post-test t-test analyses of Experimental group B_tutor.
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	Number
	Mean
	Standard Deviation
	Standard Error of the Mean
	Significance (p)





	Experimental group B_ tutor (pretest)
	13
	47.07
	10.99
	3.04
	0.00



	Experimental group B_ tutor (post-test)
	13
	71.53
	10.68
	2.96
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Table 7. Pretest and post-test t-test analyses of Experimental group A_tutee.
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	Number
	Mean
	Standard Deviation
	Standard Error of the Mean
	Significance (p)





	Experimental group A_ tutee (pretest)
	13
	18.46
	8.25
	2.28
	0.00



	Experimental group A_ tutee (post-test)
	13
	65.00
	9.12
	2.53
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Table 8. Pretest and post-test t-test analyses of Experimental group B_tutee.
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	Number
	Mean
	Standard Deviation
	Standard Error of the Mean
	Significance (p)





	Experimental group B_ tutee (pretest)
	13
	23.23
	8.13
	2.25
	0.00



	Experimental group B_ tutee (post-test)
	13
	53.84
	19.38
	5.37
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Table 9. Post-test t-test analyses of Experimental groups A and B.
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	Number
	Mean
	Standard Deviation
	Standard Error of the Mean
	Significance (p)





	Experimental group A (post-test)
	26
	70.96
	9.80
	1.92
	0.04



	Experimental group B (post-test)
	26
	62.69
	17.79
	3.49
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Table 10. Post-test t-test analyses of Experimental group A-peer mentoring group and Experimental group B-peer mentoring group.
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	Number
	Mean
	Standard Deviation
	Standard Error of the Mean
	Significance (p)





	Experimental group A–Peer mentoring group (post-test)
	12
	72.08
	11.17
	3.23
	0.06



	Experimental group B–Peer mentoring group (post-test)
	12
	57.5
	23.40
	6.76
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Table 11. Post-test t-test analyses of Experimental group A-non-peer mentoring group and Experimental group B-non-peer mentoring group.
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	Number
	Mean
	Standard Deviation
	Standard Error of the Mean
	Significance (p)





	Experimental group A–non-peer mentoring group (post-test)
	14
	70.00
	8.77
	2.34
	0.42



	Experimental group B–non-peer mentoring group (post-test)
	14
	67.14
	9.94
	2.66
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Table 12. Pretest and post-test t-test analyses of Experimental group A programming attitude questionnaire.
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Dimension

	
Number

	
Pretest

	
Post-Test

	
Significance




	
Mean

	
Standard Deviation

	
Mean

	
Standard Deviation






	
Learning state

	
26

	
3.49

	
0.32

	
4.16

	
0.16

	
0.00




	
Learning intention

	
26

	
3.85

	
0.37

	
4.26

	
0.16

	
0.08
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Table 13. Pretest and post-test t-test analyses of Experimental group B programming attitude questionnaire.






Table 13. Pretest and post-test t-test analyses of Experimental group B programming attitude questionnaire.





	
Dimension

	
Number

	
Pretest

	
Post-Test

	
Significance




	
Mean

	
Standard Deviation

	
Mean

	
Standard Deviation






	
Learning state

	
26

	
3.71

	
0.29

	
4.28

	
0.35

	
0.01




	
Learning intention

	
26

	
4.13

	
0.24

	
4.37

	
0.41

	
0.36
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