
 

 

  
Abstract—Although, all high school students in Japan are required 

to learn informatics, many of them do not learn this topic sufficiently. 
In response to this situation, we propose a support package for high 
school informatics classes. To examine what students learned and if 
they sufficiently understood the context of the lessons, a questionnaire 
survey was distributed to 186 students. We analyzed the results of the 
questionnaire and determined the weakest units, which were “basic 
computer configuration” and “memory and secondary storage”. We 
then developed a package for teaching these units. We propose that our 
package be applied in high school classrooms. 
 

Keywords—Computer Science Unplugged, computer science 
outreach, high school curriculum, experimental evaluation. 

I. INTRODUCTION 
N 2003, information studies was a required course at most 
high schools in Japan. Starting in 2013, taking a course on 

information studies is now a requirement for all newly admitted 
high school students. Thus, teachers are now attempting to 
develop various teaching methods. For example, a teaching 
method that uses "Dolittle", a software package in which 
students create programs in Japanese, is suitable for 
information education [1]. Furthermore, the following are some 
examples of information education: using music as a teaching 
material, and using the teachers’ own teaching materials. 
Consequently, the number of students that are interested in 
studying a programming language, which tends to be 
considered difficult, is increasing. However, some people point 
out that "the learning environment is unsuitable because it is too 
pleasant"[2]. In other words, they feel that students should not 
only enjoy these materials, they should also be gaining a deeper 
understanding of computer science while using the 
abovementioned kinds of audio/visual materials. Therefore, 
some high school teachers need a software package as a 
teaching material for teaching information studies. 

Recently, some schools provide computer science education 
from the elementary to college level by using Computer 
Science Unplugged, which is a set of 20 activities that was 
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developed by Tim Bell and his colleagues at the University of 
Canterbury in New Zealand [3]. This method teaches computer 
science through engaging games and puzzles that use cards, 
string, crayons, and physical movement, but not computers [3]. 

With the above conditions in mind, we constructed an 
educational method based on Computer Science Unplugged 
that we believe will be useful for students who wish to obtain 
the amount of information knowledge that is required by 
society today, and to hopefully interest them in information 
technology in information education. Our package was built to 
be not only pleasant to use, but also to focus largely on the 
fields that are important and difficult for students to understand, 
thus encouraging them to learn much more. 

In the first phase, we investigated and specified the field that 
students most want to learn, but consider to be difficult to 
understand. This field was “the composition of a computer and 
a processing unit”. Next, we proposed a role-playing method as 
a computer education package, in which students do not use a 
computer and practice reports are completed. 

II. RELATED WORKS 
In addition to the above-mentioned Computer Science 

Unplugged, there have been various other attempts to influence 
student views and attitudes towards computer science through 
the use of games and pedagogical software tools.  

These include drag-and-drop learning environments like 
Alice [4] and Scratch [5], a visual, block-based programming 
language designed to facilitate media manipulation for novice 
programmers, and thus teach them how to eliminate syntax 
errors. This proved to be an attractive way to introduce 
programming concepts to students. 

There are many case studies showing that Alice and Scratch 
had significant impacts on the educational effects of learning 
computer science for high school students [6]-[8]. 

On the other hand, Feaster et al. [9] reported that a high 
school course based upon the Computer Science Unplugged 
program raised questions related to determining how and how 
not such programs should be used in classrooms. 

To address these questions, in particular, we will evaluate the 
activities in Computer Science Unplugged with respect to 
determining the fields that are both important and difficult for 
students to understand. 

III. DIFFICULT FIELD TO UNDERSTAND 
We began by distributing questionnaires and conducting 
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6. Discussion 
A CPU consists of two parts: the arithmetic/logic unit, which 

contains the circuitry that performs the operations on the data 
(such as additions and subtractions), and the control unit, which 
contains the circuitry for coordinating the activities of the 
machine. 

A CPU contains a program counter, which indicates where 
the CPU executes. The role of the program counter in the 
scenario is played by MC. 

A computer follows a program stored in its memory by 
copying the instructions from the memory into the control unit. 
The control unit controls the input device, arithmetic/logic unit 
(ALC), and the output device. 

B. Role-Playing: Main memory and the Secondary Storage 

1. Summary 
For the purpose of transferring bit patterns, the main memory 

and the secondary storage device, such as hard disks, CDs, 
DVDs, flash drives, and memory cards, are connected by a 
collection of wires called a bus. What occurs when you click 
the “icon”? Programs are stored in the hard disk. When the 
program is called, the control unit retrieves the program from 
the hard disk and reads it into the main memory. For executing 
the program, the execution environment is also reserved into 
the memory. Main memory and the secondary storage 

2. Materials 
 AA1 size paper for the “computer’s main memory” 
 A1 size paper for “additional memory” 
 A4 size paper for the programs for the function of 

studying math and English, and their related math 
textbook, math notebook, English textbook, English 
notebook, and a dictionary. 

 A bag (or something similar) to represent the hard disk 
3. Introduction 
Prepare the materials and choose one pupil to play the role of 

the control unit, as shown below. 
 MC: instructs how each pupil should act. 
 Control Unit: transfers the program to the environment 

for the operations between the main memory and 
secondary storage device. 

 Main memory (A1 paper): Programs are stored here. 
 Secondary storage device (bag): Where the programs 

are stored. 

4. Program (Written in the Paper in Advance) 
 Studying the math program 

 Read the math textbook from the secondary 
storage device into the main memory. 

 Read the math notebook from the secondary 
storage device into the main memory. 

 Studying the English program 
 Read the English textbook from the secondary 

storage device into the main memory. 
 Read the English notebook from the secondary 

storage device into the main memory. 
 Read the English dictionary from the secondary 

storage device into the main memory. 
5. Scenario 

MC: “Suppose that there is an icon that represents the action of 
studying math. When you click on the icon, you have the option 
to study math. Control Unit, please read the math program from 
the hard disk and into the main memory.” 
(Control Unit takes the paper with “math program” written on it 
from the bag and sticks it to the A1 paper.) 
MC: “Control Unit, when the program executes, read the math 
textbook and the math notebook into the memory.” 
(Control Unit takes the math textbook and notebook from the 
bag and sticks it to the A1 paper.) 
MC: “Now you also want to study English in addition to 
studying math. There is an icon that represents the study of 
English. When you click on the icon, you have the option to 
study English. Control Unit, please read the English program 
from the hard disk and into the main memory.” 
(Control Unit takes the paper with “English program” written 
on it from the bag and sticks it to the A1 paper.) 
MC: “Control Unit, when the program executes, read the 
English textbook, English notebook, and dictionary into the 
memory.” 
(Control Unit takes the English textbook, notebook, and 
dictionary from the bag and tries to stick them all to the A1 
paper. However, there is not enough space for all three items 
and the dictionary cannot be added.) 
MC: “Notice that the memory is exhausted and the computer 
has been freezing.” Fig. 3 shows that situation. 
(MC sticks the additional memory beside the main memory.) 
MC: “If you add more memory, the dictionary is able to be 
stored in the memory.” 
 

 
Fig. 3 The memory is exhausted and the computer has been freezing 

6. Discussion 
By going through this scenario, students learn that the main 

memory is used for the program execution environment. When 
the two programs are executed concurrently, the memory is 
exhausted and the computer freezes. 

Consider that Excel and Word are the programs used to study 
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equal. The students of the first group studied by themselves 
using the lesson materials regarding computer configuration. In 
the second group, representatives performed role-play while 
other students in that group observed. In the third group all the 
members were divided into smaller groups of three or four 
students, and each student was given a role to perform. The 
students took the same examination after learning as they took 
beforehand. 

Table III shows the average scores of the examination for the 
first group (self study), the second group (role-playing by 
representatives) and the third group (role-playing by all 
students). There were no significant differences in the results of 
the post examination for the three methods. However, the score 
growth before and behind the study for every group was in the 
order of the third group (role-playing by all students), the 
second group (role-playing by the representative), and the first 
group (self study). Therefore for college students, it is thought 
that role-playing by all students is most suitable method. 

 
TABLE III  

AVERAGE SCORES OF THE EXAMINATION 
 Preliminary 

examination 
Post 

examination 
First group 
(self study) 

3.9 17.0 

Second group 
(role-playing by the representative) 

3.8 17.8 

Third group 
(role-playing by all students) 

3.8 18.5 

VII. PRACTICE FOR HIGH SCHOOL STUDENTS 
Next, we consider which method is more effective, the 

method in which representatives perform the procedures while 
other students watch or the method in which all the students 
perform the procedures. 

To compare these methods, we provided lectures using our 
developed educational package to 216 students at “T” high 
school on October 22, 23, and 25, 2013 [12]. Up until these 
lectures, the participating students had never studied "the 
composition of a computer and processing unit". Six classes 
were held, and each class consisted of 36 students. We divided 
each class into two groups by their names in alphabetical order. 
The first group consisted of representatives that performed the 
procedures while the other students observed and learned the 
procedures. For the second group, all the members were 
divided into smaller groups of three or four students, and each 
student performed the procedures. After the procedures were 
performed, the students took the same examination as described 
for the preliminary practice test. Feedback was also obtained 
from the students. 

A. Role-playing: Basic Computer Configuration 
During the preliminary practice, only the representatives 

performed the procedures. For this case, however, the students 
in the second group were divided into smaller groups of three or 
four and each member performed the procedures related to the 
basic configuration of a computer (arithmetic/logic unit, input 
device, output device, and control unit). Fig. 5 shows the 
scenario in which the representatives performed the procedures 

related to the basic configuration of a computer. Fig. 6 shows 
the scenario in which all of the students engaged in 
role-playing. 

 

 
Fig. 5 Representatives role-playing procedures of the basic 

configuration of a computer 
 

 
Fig. 6 All of the students role-playing the procedures of the basic 

configuration of a computer 

B. Role-playing: Memory and Secondary Storage Device 
After role-playing the configuration of a computer, the 

students performed the procedures for the memory and 
secondary storage device of a computer. Fig. 7 shows the 
scenario in which the representatives performed the procedures 
for the memory and auxiliary storage device. Fig. 8 shows the 
scenario in which all of the students engaged in role-playing. 

 

 
Fig. 7 Representatives role-playing the procedures of the memory and 

auxiliary storage device 
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Fig. 8 All of the students role-playing the procedures of the memory 

and auxiliary storage device 

C. Results 
According to the feedback from the students, there were only 

a few negative opinions. One student had many positive 
comments. For example, the student commented, "I now 
understand the role of the basic configuration and internal 
hardware of a computer after role-playing the procedures." One 
high school teacher said, “It was impressive to see that the 
students that are typically quiet were happy and active while 
performing the procedures.” 

Table IV shows the average scores of the examination for the 
first group (role-playing by the representatives) and second 
group (role-playing by all students). For the total score and 
Questions 1 and 3, the average score of the first group was 
higher than that of the second group. A significant difference 
was observed between the scores for Question 1 (t (198) =1.82, 
p<.1). 

 
TABLE IV  

AVERAGE SCORES OF THE EXAMINATION (*: P < 0.05) 
 Q1 Q2 Q3 Q4 Total 

First group 4.54* 4.51 13.5 5.49 28.1 
Second group 4.40 4.52 13.3 5.51 27.8 

 
We compared the average scores of the four questions and 

total between the first and second groups for the six classes. 
However, there was no significant difference between the two 
methods. Therefore, there is no significant difference between 
the first group (role-playing by representatives) and second 
group (role-playing by all students). 

VIII. CONCLUSION 
We investigated the learning field that was most difficult for 

students to understand during a lesson for a course titled 
“Foundation of information technology”. From the results of 
our questionnaire survey, we determined that this field was “the 
composition of a computer and processing unit”. Therefore, we 
propose a learning method based on Computer Science 
Unplugged. Our method uses role-playing to teach the concepts 
of this unit and can be applicable to high school classrooms. 

The activities we propose can also be applied to university 
subjects. We already have provided our activities on the 
Computer Science Unplugged website where anyone can 
access our materials and download the documents described in 

Section III:  
(http://csunplugged.org/activities-under-development).  
In the future, we will apply our activities to universities or 

other high schools. 
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