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Abstract. In this paper, we propose a learning support framework for teacher 
and learners that achieves the following three requirements: (A) to use unaware 
system, (B) to support the teacher for educating learners, and (C) to support 
learners for solving assignments. Based on the proposed framework, we imple-
mented a system using a robot which supports learners. 
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1   Introduction 

Recently, the interaction of human and robot is very important research topics, be-
cause robots will be generalized and human and robot interaction will become hot.  

In this paper, we propose a framework of educational support for programming be-
ginners, which is a one of application of human and robot interaction. The beginning 
of programming learner usually makes errors such as a syntax error (missing semi-
colon and unmatched brackets) and linkage error (misspell of symbol names).  The 
compiler and the linker present message for fixing errors.  However, the beginner 
almost cannot understand the message, because actual causes are too far from causes 
the beginner thinks. 

For example, Figure 4 shows error messages from compilation of source code of 
Figure 4. Missing semi-colon on declaration statement (line number 3 on Figure 4) 
causes those errors. The beginner could not understand what an actual cause in six 
lines of message is. 

Meanwhile, it is rare case that the programming education is conducted one-on-
one. Generally, one teacher lectures a few dozen students.  Therefore, it is difficult for 
the teacher to comprehend the understanding of each student and to know the weak 
point and/or specialty point of each student. Additionally, it is also difficult for the 
teacher to show the understanding of student in real time. The teacher can only infer 
the understandings of students from reaction of them. 

The one of goals of this work is to support the teacher by giving information of sta-
tistics of errors and this information would be factors of inferring student's under-
standing. The other goal is to support students for solving assignments by translating 
compilation messages. Using the proposed framework, the robot would support stu-
dent who troubled in simple errors, hence, the teacher can apply oneself for teaching 
the perspective of issues and the solution of complex error. Moreover, the robot is 
different with teaching assistant and needs no human cost. 
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This paper is organized as follows: Section 2 addresses requirements of proposed 
framework. In Section 3, we describe the design to implement requirements.  In Sec-
tion 4, we describe how to implement the proposed framework.  In Section 5, we 
describe a scenario of the proposed framework. In Section 6, we review existing ap-
proaches of human and robot interaction. Finally, in Section 7, we summarize our 
paper. 

2   Framework Requirements 

In this section, we present three requirements for the proposed framework.  Specifi-
cally, the requirements are: (A) to use unaware system, (B) to support the teacher for 
education of learners, and (C) to support learners to solve of assignments. These re-
quirements are intended to implement in any learning support system. 

2.1   (A) To Use Unaware System 

The one of goal of proposed method is to support learning of programming beginners. 
Because beginners do not understand operations for programming, it is difficult for 
beginners to distinguish between the work for programming and the work for using a 
learning support system. Therefore learners are confused when we let a learner be 
conscious of the use of the learning support system. Then the efficiency of learning 
would be greatly decreased. Hence, the proposed system must be unconscious of 
using from programming learners. 

The architecture of the proposed system must not have the special interface such as 
a web interface, and a special command.  Beginners only learn the work of program-
ming and use only usual interfaces. 

2.2   (B) To Support The Teacher for Educating Learners 

The proposed system supports education by showing the statistics information of the 
data based on actions of the learner. A teacher needs to educate many things to learn-
ers. Also, the teacher usually wants to change the level of education by understanding 
of learners.  However, understanding of learners generally can measure in only par-
ticular opportunity such as exam, and report. 

Teacher can suppose the understanding of the learner by being shown the data 
based on actions of the learner in real time.  Therefore, the level of education can be 
altered based on shown data. 

For example, if many learners finish an assignment by taking hints of the assign-
ment, the teacher could open the new assignment.  On the other hand, if not, the 
teacher could explain the assignment, or give more hints. 

2.3   (C) To Support Learners for Solving Assignments 

The practical course is that the learner tries to solve given assignments by making 
trial and error.  Unfortunately, the beginning of programming learner makes many 
mistakes because of misunderstanding and incomprehension of compilation error 
messages.  Thereby, the learner might give up the programming. 
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This requirement is for holding a learning motivation of learners.  For this, the pro-
posed framework introduces a game element to increase the learning efficiency [2], 
applauds the learner to elicit the appetite for learning. 

3   Design of the Proposed Framework 

Figure 1 shows an overview of the proposed framework.  In the practical course, the 
teacher usually gives assignments to learners. Learners try to solve given assignments, 
and teacher educates some techniques through assignments. The proposed framework 
supports education of teacher and solving assignments of learners, which are sur-
rounded by the dotted oval of the figure. 

3.1   Programming Environment 

To construct unaware system of use, we must exclude unnecessary processes on a 
normal assignments solution cycle.  Moreover, a learner can use same interface in both 
the house and our practical course.  We exploit Mac OS X for programming environ-
ment.  Since Mac OS X provides UNIX tools, the C compiler and the Java compiler as 
default, it is more than acceptable for learning environment of programming. 

Besides, an environment to use laptop (MacBook) owned by students in the practi-
cal course was constructed and deployed from April 2008 in our university. The envi-
ronment use NetBoot service of Mac OS X server which enables to boot client PC 
from server-side disk image. The laptop PC booted from server-side image is running 
as fully managed PC even if the laptop PC is owned by the student. Features of this 
environment are described as follows. 

• Each learner owns MacBook privately and he/she can set up unique configuration. 
• If the learner does not have a laptop for repair, he/she can use the spare laptop. 
• In this environment, the laptop PC of learner is booted from server-side disk image 

and it would be fully managed. 
• We can use commercial software such as Mathematica and MATLAB because the 

OS is booted from our managed disk image. In this environment, OS and various 
applications can be lent like library. We call this environment OSSP (Operating 
System Service Provider). 

Learner

System

Teacher

Assignments

Solve

Support

Give

Educate

Support

 

Fig. 1. Overview of Proposed Framework 
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3.2   Statistics of Compilation Error of Learners 

In this work, we focus on the compilation of source code in actions of the learner for 
educational support. The programming beginner does not have enough knowledge to 
fix the compilation error. Therefore, he/she cannot understand compilation errors and 
does not read them. That is, to fix compilation errors is hard task for programming 
beginners. 

The teacher wants to comprehend the condition of the learner in each situation for 
more effective education. Therefore, we collect error messages of compilation of 
learners. Collected compilation errors are automatically categorized and summarized. 
The resultant data is presented to the teacher. 

3.3   Robot: Supporter of Learners 

We apply the robot for supporting learners to give a clue of a solution of assignments.  
We control the robot for gesturing by corresponding actions of the learner (e.g. failure 
of compilation). Additionally, we provide game elements to the system by giving 
many movement patterns to the robot. Thus, we induce learner to interest in the  
robot. 

We choose Phyno as the robot [3].  Phyno is child robot, which modeled a 3 years 
old child, and is designed to perform pretty gesture. The cuteness of the gesture 
makes the learner trying to find out various gestures. 

Table 1. Properties of the learner which are sent with compile message 

Property Name Description 
UserId User name for distinction of learners 
CompilerVersion The version of the compiler for switch the compile message parser. 
CommandLine Command line which is executed by the learner. 
IpAddress IP address of the learner for locating the learner’s seat 

4   Implementation 

4.1   Phynocation System 

Figure 2 shows an overview of the proposed system architecture.  The proposed 
system is named phynocation system and mainly consists of following four  
components. 

• Component I: Send compilation messages obtained from actions of learner. 
• Component II: Store received messages, and analyze them. 
• Component III: Educational support for teacher. 
• Component IV: Solving support for learners. 
 
This paper explains these components as follows using sample source code shown in 
Figure 4 and its compilation result shown in Figure 4 by gcc 4.0.1 on Mac OS X 
10.5.6. 
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Fig. 2. Overview of Architecture of the Proposed System 

4.2   Component I: Send Compilation Messages Obtained from Learner's Action 

This component hooks compile action of a learner and captures a result of compiler.  
The ``Learner's Laptop PC'' is this component in Figure 2. This component sends 
whole messages shown in Figure 4 and also sends information of the learner to a 
server.  Main properties of the learner are shown in Table 1, which shows name and 
description.  

To execute above sequence unconsciously, we constructed a wrapper of the com-
piler.  In our practical course, every learners boot OS from network in one's laptop.  
When the learner is in house, he/she boots OS from local hard disk of one's laptop.  
Since the component is installed in NetBooted OS image, the learner can try to solve 
assignments in the house and our practical course both same interface1. 

4.3   Component II: Store Received Messages and Analyze Them 

Sent the compile result from Component I are received this component which is 
``Server PC’’ shown in Figure 2.  Then, this component parses the compile result and 
stores it to the database.  Next, the compile result is analyzed for categorization of 
error type. 

In message parsing phase, at first, a compile result is divided in each line because 
the compile result usually contains multiple types of error.  For instance, in Figure 4, 
5 types of error message are reported.  Each message has 4 types of attributes, which 
are file name, line number, error type, and error message. We store those attributes 
and properties from component I to the database. 

After storing, an analyzer will be performed, which is composed of following 
Component III and Component IV. 

4.4   Component III: Educational Support of Teacher 

This component aims to present a statistics data of learners for educational supports to 
teacher, which is ``Compilation Error Analyzer’’ of ``Server PC’’ and ``Teacher’s  
 

                                                           
1 Note that NetBooted OS is ordinary in our university, because every practical courses use it. 
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1: #include <stdio.h> 
2: main(){ 
3:   int answer 
4:   answer = 3 + 5; 
5:   printf(“answer=%d\n”, answer); 
6: }  

Fig. 3. Sample Code (missing semi-colon on line 3) 

1: test.c: In function `main’: 
2: test.c:3: error: nested functions are disabled, use  

-fnested-functions to re-enable 
3: test.c:3: error: syntax error before `answer' 
4: test.c:4: error: `answer' undeclared (first use in this function) 
5: test.c:4: error: (Each undeclared identifier is reported only once 
6: test.c:4: error: for each function it appears in.)  

Fig. 4. The Compilation Result of Figure 3 

PC’’ in Figure 2.  This analysis mainly shows overall trend of learners. Typical analy-
ses are as follows. 

• Frequency of each error types. 
• Frequency of error types per unit time. 

4.5   Component IV: Solving Support of Learners 

This component also analyzes information of learners.  The difference from Compo-
nent III is to analyze individual-focused statistics.  This component is ``Compilation 
Error Analyzer’’ of ``Server PC’’ and ``Robot Controller’’ in Figure 2. 

When a learner failed to compilation of specific number of times, the robot trans-
lates the result of compilation and shows a solution with endearing gesture.  Then, if 
the error was fixed in next compilation time of the learner, the robot praises him/her.  
We expect to achieve the motivation of the learner by praising them. 

5   Framework Scenario 

Typical scenario of the proposed framework is shown in Figure 5. At first, (1) the 
teacher explains assignments, then (2) learners try to solve given assignments. In 
solving, learners would compile the source code. (4) The proposed framework col-
lects compilation data of learners and (5) analyze them.  Next, (6) the proposed 
framework presents a statistics of errors of learners. (7) The teacher gives hints of 
assignments to learners by taking the statistics of errors of learner. Also, (9) the pro-
posed framework controls the robot for (10) translating the compilation error and 
giving a clue of solution. (8, 11) Learners try to fix errors by getting hints or the clue 
of solution. Finally, when learners fix errors, (12) the robot praises them. 
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Fig. 2. Scenario of Proposed Framework 

Advantages for learners to use this framework 
Without the proposed framework, learners might not get hints and they would need 
much time to solve an assignment. Using the proposed framework, because a hint and 
a clue are provided when the learner fails in an assignment, they can try more assign-
ments in a unit time. To solve many assignments is deepened an understanding of 
programming of learners and would increase educational effects. 

Advantages for the teaches to use this framework 
The teacher can know the statistics of errors of learners in real time. It can become the 
factor for measuring the understanding of learners. Thereby, the teacher can educate 
of programming along the understanding of learners in real time.  

Moreover, the robot helps learners made mistake by a simple error. Hence, the 
teacher can dedicate himself/herself to education of essential issues of programming. 

6   Related Works 

Sartatzemi et al. reported the research of teaching the programming fundamentals to 
Greek secondary school student using LEGO Mindstorms technology [5, 6]. The C 
language is the very important position in programming languages. We cannot avoid 
studying it. 

A human have a friendly feeling to a robot by its gesture and manner of speaking 
even if the robot makes uniform response [1]. Therefore, in this work, we use this 
result to induce interest of students. 

7   Conclusion 

In this paper, we have proposed the framework of educational support system as one 
of application of human and robot interaction. At first, in our proposed framework, 
we have presented three requirements: (A) to use unaware system, (B) to support the 
teacher for education of learners, and (C) to support learners to solve of assignments.  
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Then, the implementation of proposed framework has been described. Finally, we 
have shown advantages of learners and the teacher in use of proposed framework. 

In the future, we are planning to conduct experiments for evaluating the learning 
effects using the proposed framework. 
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