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Abstract. Computer programming is basic knowledge in the digital age and
becoming an critical subject during recent years. However, learning to pro-
gramme is not an easy topic as supported by many researchers. During the
development of information technology, many online learning systems have
been developed and proven their positive effect on students learning. However,
few studies have geared toward supporting its use in programming courses with
peer-interaction. Therefore, this study aimed to develop an online learning
system named Peer-Interaction Programming Learning System. The system was
developed and being used by many programming classes both in Vietnam and
Taiwan. In this paper, we reported on the design of the system and its user
interface, discussed our motivation and underlying teaching philosophy.
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1 Introduction

Programming is a complex activity with some factors that could contribute to its
difficulty. Jenkins [1] pointed out that the teaching methods employed by the instructor
is the primary effect to students achievement during programming courses, but Mat-
thiasdottir [2] argue that the problematic nature of computer programming is the actual
cause. Gomes and Mendes [3] in another research argue that some of the issues
contributed to programming activity are the study methods, abilities and attitudes
employed by the student, also the nature of the art of programming, the lack of prior
knowledge of novice students, and the psychological influence that the student suffered
from society [4].

From past studies, the learning benefits of online learning systems have been well
recognized [5]. Allen and Seaman [6] reported that 77.1% of academic leaders in
America agreed that online learning is critical to their long-term strategy. Increasing
numbers of institutions have offered online courses to accommodate students’ needs
and also to reduce their budget [7]; however, online programming courses have been
problematic for many students [8]. Students lack motivation and low self-efficacy for
learning and may lead to lower completion rates than in face-to-face courses [9]. One of
the possible reason is the lack of peer interaction and less immediate feedback from the
instructor [10, 11].
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Little empirical research has been conducted in remedial online programming
courses with regard to peer interaction. Law, Lee and Yu [12] suggest that social
pressure and competition have a significant and positive relationship with efficacy
during their research with online programming learning system named Programming
Assignment aSsessment System (PASS). For decades, researchers have been building
online learning systems to lower the barrier to programming learning [2, 9, 12—-15]. For
example, CodeWrite and StudySieve are systems created by Denny, Luxton-Reilly,
Tempero and Hendrickx [16] which is aimed at helping students learning programming
by using question posing and peer comment. Both CodeWrite and StudySieve have a
significant effect in support students learn programming [16, 17] but only focus on free-
response domain which limits students who wanted to create other types of questions.
Also, only after the solution compiles and passes all the test cases are the solutions
submitted by other students revealed [16] makes ordinary students harder to solve the
intricate questions without any hints or supports. Although their research is helpful in
improving students’ achievement in programming courses, more empirical research is
necessary for peer-interaction settings due to the explosion of social network nowa-
days. Therefore, this study aimed to develop a programming learning system named
Peer-Interaction Programming Learning System (PIPLS) to fulfill the gaps which
remain in previous research.

2 Description of the System

PIPLS is a system first developed in 2015 in National Donghwa University, Taiwan,
with the primary aim to assisting beginners in learning programming with the Student
Question Generation (SQG) strategy [9]. It is now regularly used as an integrated part
of many undergraduate courses related to computer programming.

PIPLS is designed aiming at fill some gaps which are remains from previous
systems:

e Allow students to choose to use their real name, their nickname or anonymous.

e Support more question types: multiple choice, short answer, true-false, fill-in-the-
blank, coding and essay with an automatic judge or semi-automatic which is sig-
nificant benefit for staff.

e Make the peer-interactive process more accurate and accessible for students whom
nowadays familiar with many social networking sites.

e Allow learning content to be integrated into courses.

PIPLS supports student-generated multiple types of questions, included free-
response, multiple-choices, fill in the blanks, and true-false questions. In this system,
the students can discuss with each other by asking and answering the questions. The
teachers can set questions, share the resources of learning and develop the effectiveness
of class management.

After logging in, via the home page (Fig. 1), students can find some quick statistic
information about their progress: courses they are following, contributed questions,
answered questions, unanswered questions, and exercises with grade.
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Fig. 1. The main page of PIPLS

Besides those sections, there are many features and functions that we developed to
help students and teachers. The system was developed on the basis of the Ques-
tion2Answer system, so it has inherited all features of Question2Answer [18]. Due to
the limit of this paper, the role of some of these sections is described next.

2.1 Composing a Question

This section (Fig. 2) allows a student to compose a question. The student was asked to
choose the type of question before they can reach this section. The student can post
open question to Discussion board or post regular question as an exercise to their
classmates. PIPLS is designed to support multiple question types, including free-
response, multiple-choices, fill in the blanks, and true-false questions.

Inherited from Question2Answer [18], the question title must be provided with
detailed information and embed multimedia, links, ... To help students find and
organize relevant questions, the questions may be tagged with appropriate topics by the
author.

Original Question2Answer only provided free-response question so we developed
additional fields applied for different types of question. Figure 2 illustrates how a
coding question is defined.

Besides important information come with types of question, we also developed
available time for the question, anonymous feature, mark question as exercise specif-
ically for teacher, and the maximum answer per user allowed for the question.

2.2 Answering Questions and Peer Interactions

In PIPLS, answers are revealed according to course setting. Teacher can allow student
to view others answer by default, after deadline or only after the student submitted the
correct answer for automatically judged questions, or the answer for an essay question.
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The code below aims to takes two complex numbers as structures and adds them with the use of functions. But
the code has some problems need to be fixed to match the required output
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#include <stdio.h>

Tags - use hyphens to combine words:

complex numbers ¢

Example tags: complex  numbers ¢ sum  structure
Email me (demo1@pipls.net) if my question is answered or commented on
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¥ Enable edit answer
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Fig. 2. Composing a new question in PIPLS

typedef struct complex
p ® .
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We enhanced PIPLS by including many functions of traditional online learning
systems, include “call for help” function. When student cannot figure out the answer,
they don’t need to give up or require help by giving some comment and wait. They can
keep thinking straight without losing time by “call for help”. This function will allow
student reading the answers from other classmates without knowing which answer is
correct. Then the student need to decide which answer is correct and complete their
OWN answer.

According to peer-interaction features, students also have the opportunity to write
formative feedback to the question author, thanks to the comment feature of original
Question2Answer which is visible to all users, and can agree or disagree with other
feedback provided by their peers by voting feature. When the others’ answer is visible,
students can give comment and also voting in others’ answer (Fig. 3).

C | © pipls.net “* 8 0 ¢ O’ &% P

1 Coding (C==) Jun21
when: Unlimited - Due to: Unlimited | ®

w Flag . Rep

Fig. 3. Students and TAs comments to a question

All the notifications in PIPLS will be sent to students by Facebook Messenger,
students also able to post question to discussion board or reply to another’s comment
via Facebook Messenger (Fig. 4).

2.3 Evaluating Questions and Answer

PIPLS support multiple-choice, true/false, fill in the blanks, and coding questions so it
can automatically generate feedback for students who answer questions, by reporting
whether the answer is correct (by percentage) or not. The student needs to submit the
correct answer in order to see other answers. And numbers of answer are limited by
author (or not) in the question composing interface (Fig. 5).
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Fig. 4. Facebook Messenger notification
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int main() {
int G, i = @, cot = @, temp = @;
char in[100];
while(cin >> 6) {
if(G == ©) break;
cout << endl;
cin > in;
cot = strlen(in);
G = cot / G;
for(temp = @; temp < cot; temp = temp + G) {
for(i = G; 1> @; i--) {
cout << in[temp + i - 1];
}
}

return o;

Email me (demo1@pipls.net) if my answer is selected or commented on

I want to hide my name

Fig. 5. Answer a Coding question in PIPLS
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using namespace std;
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Fig. 6. Immediate feedback after student submit answer

In the PIPLS, we have two types of free-response question: essay questions and
coding question. Essay questions needs author or teacher to examine but other type of
questions are automatically judged. PIPLS now supporting C, C++, Java, Pascal,
Python, JavaScript and PHP in auto-judge function (Fig. 6).

Coding questions are not only judged automatically, teacher also can re-judge the
answer in case the machine cannot or if teacher want to give some bonus points for the
good solution.

3 Conclusion and Future Work

We developed the system based on previous research and focused on supporting stu-
dents to learn Programming. We also extended the type of question generation
(multiple-choice, true/false, fill in the blanks, essay, and coding) and developed many
additional features. We hope to give more support to students when compared with
other systems which also support programming learning.

In the future, we will plan to enhance the existed systems’ functions and evaluate
the impact of the tool on students’ performance. We also intend to study the nature and
quality of the artifacts (questions, answers, and feedback) produced by students.
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