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Preface 

 

Welcome to the proceedings of the 2nd International Symposium on Liberal Arts and General Education 

which took place at Clock Tower Centennial Hall in Kyoto University, on November 23, 2011. This was the 

second International Symposium on Liberal Arts and General Education sponsored by Kyoto University in 

cooperation with OSAKA GAS CO., LTD and The Scientific Education Exchange.  

   With more and more high school students being able to pursue their studies in universities, refor m and 

enhancement of higher education have become urgent business since the quality of the graduates need to be 

guaranteed . Many Japanese institutes of higher education are adopting the American program, and it is often 

reported that this system work s well . As for Kyoto University, we have tried to adopt this progr am from the 

last year. We  expect that our symposium would motivate the st udents to learn what they want  and also we 

hope they would  become sophisticated and acquire an independent  global  view through this symposium.  

   This year, we had 88 paper submissions from under graduate  students who belong to various faculties in 

various types of research area. Each of the submitted papers was reviewed by graduate students. Finally we 

accepted 11 papers. In order to motivate students to carry out research works , the following awards are 

prepared: Outstanding Presentation Award, Suzuran Award and EINSTEIN Award.  

   At last, we would like to thank our sponsors, corporate partners, and all the members of the  Organizing 

Committee, especially the Symposium Chair, Miki Kioka, the Advisory Committee, Koji Koyamada and 

Naohisa Sakamoto. Without their invaluable contributions, this event would not  have been possible. 
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Efficient Ways of Memorizing English Words 
 

Akihiro Matsumoto 

 

Faculty of Pharmacy, Kyoto University 

 

Abstract: Today, most Japanese people study English in high school. However, they find studying English difficult  because 

they have to memorize a large number of words in a short amount of time and they cannot memorize those words efficiently. 

Thus, I distributed a questionnaire and conducted research on the related topic. In t his paper, I show that studying English 

with both visual and auditory methods will help you memorize words. In addition, this paper shows that anyone can apply this 

study method. 

 

Key Words: listening, seeing, English words, Ebbinghaus 

 

1. Introduction  

In the global community, English is becoming increasingly 

important for communicating with people from different countries. 

You must speak the language fluently, employing a clear accent and 

proper pronunciation, and you must choose your vocabulary 

appropriately. To improve your English skills, you must first 

memorize as many words in English as possible. In Japan, most 

people are interested in memorizing English words. According to 

óyuru yuru white paperô, 100 percent of respondents say that they 

want to speak English, yet 80 percent of respondents say that they 

fail to study English.(Source: http://yuruken.org/document01.html) 

They feel bored because they cannot memorize words easily. They 

also have to memorize too many words. ñSpace ALCò, an English 

website, states that you need to know at least 3,000 words to 

communicate with native speakers of the English language. 

However, knowing 3,000 words is not sufficient; if you want to use 

English in a business setting, you need to know about 500 more 

words. (Source: http://eng.alc.co.jp/newsbiz/hinata/cefr/) Thus, 

people feel that studying English is difficult ; my own research 

shows that 60 percent of respondents agree with that sentiment. 

(Figure 1) From these results, I am convinced that efficient 

methods for memorizing English words would be very useful. To 

provide one way of memorizing such words, this paper focuses on 

visual and auditory learning. 

 

Figure 1: How challenging do you find memorizing English words? 

2. Research Procedure 

The questionnaire was administered to 25 Kyoto University 

students. Within the survey, the questions appeared as follows: 

ñWhen you study English, what do you do?ò and ñHow challenging 

do you find memorizing English words?ò  

 

3. Research Results 

From Table 1, you can identify three facts about memorizing 

English. First, no one memorizes English using only auditory 

methods. Second, most people study by combining two or more 

techniques. For example, they study by writing and by listening. 

Third, those who study visually tend to feel that memorizing 

English words is very easy. 

28% 

32% 

32% 

8% 

How challenging do 

you find memorizing 

English words?  

hard

somewhat

hard

somewhat

easy
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 Table 1: How people study and how challenging they find studying 

English 

 

4. Hypotheses 

From these findings, it appears that visual-based study methods 

are important in memorizing English words. Seeing words allows 

you to know the spelling and meaning of words and lets you see 

those words in the context of example sentences and phrases. Most 

people memorize English words visually and will agree to this 

theory. Nonetheless, you can study English even more easily by 

adding listening techniques.  

Matsukawa, Kouda, Muramatsu and Wakayama [4] report that 

aural information is conducive to learning English. In their research, 

351 subjects were asked to memorize 21 words in different ways. 

Some subjects approached the task of memorization using only 

words, while others memorized using both words and animation. 

Then, the results of their test are shown in Figure 2. In the context 

of these data, the rate of change measures how much the ratio of 

subjects for whom study was approved changed after the test. At 

the same time, the intelligibility rate is a measure of the ratio of 

subjects who understand the content of the study two hours after 

the experiment. The higher the intelligibility  rate is, the more a 

subject understands the given words. 

The results of X1 and X2 are significantly different and indicate 

that aural information plays a meaningful role in helping you 

comprehend English. X3 shows that you understand more through 

sound than you do through English words in multimedia. In brief, 

by simply listening to English, you can memorize 20 additional 

words for every 100 words you study, and you can memorize them 

faster. Another benefit of listening techniques is demonstrated by 

Ebbinghaus's memory experiment. 

 

 

 

 

 

 

 Table2: Result of study  

 

Ebbinghaus, a German psychologist, is famous for Ebbinghausô 

forgetting curve. In his experiments, he used nonsensical syllables 

to study how much subjects would remember. (A nonsensical 

syllable is a word that comprises a consonant, a vowel and another 

consonant, such as ñTOBò, òSABò or ñGEXò.) Ebbinghaus tried 

five things to make the condition constant (shown in Table 3) and 

found that the amount of memory decreased in an exponential 

manner. In other words, the decreased ratio at the beginning of a 

period is large, and the decreased ratio after a long time is very 

small. As shown in Figure 3 (Article source:  

http://www.field-theory.org/images/memory/forgetting_curve.png), 

you will not remember anything after two weeks if you do not 

review the initial memory. 

Table 3: Five things to make the condition constant 

 

 

 

 

 

 Writing Seeing Listeni

ng 

Pronounc

ing 

Combinat

ion 

Very difficult 
2 2 0 0 4 

Somewhat 

difficult  
3 0 0 1 4 

Somewhat 

easy 
2 1 0 3 2 

Very easy 
0 2 0 0 0 

Result of study 

Material Test Rate of 

change  

Rate of 

intelligibility 

rate 

X EnglishŸJapanese 48.8 64.2 

X1 EnglishŸanimation 50.6 63.7 

X2 SoundŸanimation 54.2 83.8 

X3 EnglishŸanimation 

SoundŸanimation 

37.9 

60.1 

36.7 

71.2 

 How to make the condition constant  

1. do not change the reading speed  

2. regular  test  

3. study hard  

4. study repeatedly  

5. lead a constant life  
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Figure 3: Forgetting curves 

How can we retain more English words? The answer is repetition, 

a hypothesis that can be understood scientifically. Motooka [5] 

reported that memory was generally divided into two categories: 

short-term memory and long-term memory. In the context of 

short-term memory, there are many things that you cannot 

remember. In addition, you can remember most things for only 15 

seconds. On the other hand, regarding long-term memory, you can 

remember almost anything for an unlimited period of time. To 

convert short-term memories into long-term memories, you need to 

utilize repetition. As shown in Figure 5, the more you study 

English by repeating the words that you learn, the more words you 

will end up retaining. In addition, if you repeat words soon after the 

first memorization session, you can improve your ability to 

memorize them; you simply have to review as much as possible 

immediately after studying those words for the first time. However, 

óyuru yuru white paperô reported that 57 percent of respondents 

said that they did not to study English because they were busy. For 

such respondents, no matter how effective a study method is, it will 

prove useless unless it is easy to use in their daily lives. 

 

 

 

Thus, a method that combines both visual and auditory learning 

is very good for reviewing English words. This method is an easy 

and simply involves looking at and listening to English words, 

which allows you to review words anywhere and at any time. For 

example, you can study when you are commuting; you can 

examine a textbook and listen to English words out loud as if you 

were listening to music. I am positive that busy people can also 

apply this method and enjoy English. 

 

5. Conclusions 

Memorizing English words by seeing and hearing them is an 

effective study method. Without visual learning, you would not be 

able to know the most important information about the words, such 

as the correct spelling, usage and grammar. In other words, without 

seeing the word, you could not even write the word down. 

Moreover, without auditory learning, you would not understand the 

correct pronunciation of a word and would not be able to adopt the 

proper accent. Thus, without hearing the word, you could not 

converse with people. You also could not memorize words easily 

and quickly without both seeing and hearing the words. By 

combining visual and auditory methods, however, you can 

memorize English words efficiently and, as a result, improve your 

English skills. 

In the research presented here, the experimental scale is not 

enough to form the basis of a theory. I also did not examine how 

you should study English visually and auditorily. There may be a 

difference in efficiency depending on the method (e.g., 

pronouncing the word you listen to). In my next project, I will 

research how the efficiency of memorizing English words changes 

by using visual or auditory methods on a large scale of 

experimentation. 
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A Proposal to Introduce an LRT and Traffic Control 

Methods in Kyoto City 

 
Akito Kinoshita  

 
Faculty of Engineering, Kyoto University 

 
Abstract: The growing number of tourists in Kyoto causes serious traffic problems, and the issue that has generated the most 

controversy is the large amount of vehicles entering into the city. To decrease the number of these vehicles and resolve the 

current situation, the ñKyoto New Face Plan 2022ò is proposed. This proposal is composed of five methods: constructing an 

LRT (Light Rail Transit), the incentive of Park and Ride, enriching the Rental Bicycle service, introducing an integrated billing 

system and implementing a joint fare system using PiTaPa technology. This plan is designed to encourage visitors entering into 

the city by cars, who account for 30 % of all visitors, to use public transportation increasingly. This recommendation would not 

only resolve the traffic problem, but would also create an environmentally friendly city that will attract more people. 

 

Key Words: LRT, park and r ide, rental bicycle, integrated billing system, joint fare system. 

 

1. Introduction  

Kyoto City is one of the largest tourist cities in Japan and is 

home to many famous locations, such as Kinkaku-ji Temple, 

Kiyomizu-dera Temple, and Arashiyama. In 1994, these and other 

sites in Kyoto were listed on the UNESCO World Heritage Site as 

the ñHistoric Monuments of Ancient Kyotoò [1], and in the 

following years, the number of foreign visitors to the city gradually 

increased (figure 1). The number of tourists visiting Kyoto in 2010 

was 49.55 million, which is thirty-four times as large as the 

population of Kyoto City [2][3]. Meanwhile, the quality of traffic 

in Kyoto City has degraded with motorization and the increased 

number of tourists. Serious and chronic traffic congestions occur 

throughout the city, especially during the tourist seasons in the 

spring and fall. Overcrowded roads and buses overfilled with 

people are visible everywhere in Kyoto during these seasons. Not 

only are the tourists prevented from smooth sightseeing because of 

these traffic jams, but people living in the city are also adversely 

affected in on a daily basis [4]. To resolve this situation, I hereby 

suggest the ñKYOTO NEW FACE PLAN 2022ò, which proposes 

introducing the LRT system and other traffic control methods in 

Kyoto City within ten years. This plan mainly focuses on reducing 

vehicle use by tourists and adds the new ñfaceò of a state of the art 

transportation system and technology to the cultural and historical 

aspects of the city. The word ñFACEò stands for FAst, Comfortable 

and Ecological. The plan is supported by three main principles: 

 

(i) Fast: Achieve smooth traffic by reducing vehicles 

entering Kyoto for tourism. 

(ii)  Comfortable: Allow every visitor easy access to famous 

sites using the combination of the LRT, existing 

transportation systems, and rental bicycles. 

(iii)  Ecological: Curb CO2 emission by using the LRT and 

rental bicycles. 

 

2. Methods 

To implement this proposal, information relating to tourism, 

traffic and transportation in Kyoto City is needed. Therefore, this 

information is mainly based upon research by the Ministry of Land, 

Infrastructure, Transport and Tourism, the Kyoto Municipal 

Government, and the Kyoto Municipal Industry and Tourism 

Bureau. 

 

3. Results 

3.1. The Number of Tourists 

According to the statistics from the Kyoto Municipal Industry 

and Tourism Bureau [2], the number of tourists increased by 

approximately ten million between 2000 and 2010 (figure 1). This 

is a good result of the ten-year plan made in 2000, which aimed to 

attract fifty million tourists in 2010. The number of foreign visitors 

doubled in ten years to ninety-eight hundred thousand in 2010 [2]. 

 
Figure 1: The number of tourists in Kyoto [2]. 

 

3.2. Roads in Kyoto City 

Fortunately, Kyoto has neither suffered a major earthquake in 

recent centuries nor was seriously bombed during the Second 

World War. However, fundamental restructuring of the roads in 

preparation for motorization was not sufficiently implemented. 

Furthermore, no expressway runs through the central part of the 

city. Some of streets were widened in the early 1900s to construct a 

tram [5].  
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3.3. Public Transportation in Kyoto City 

Several railway companies, such as JR, Hankyu Railway, Keihan 

Railway, Kyoto Municipal Subway, and Kintetsu Railway, have 

railway lines running into the center of Kyoto City, but the location 

of their terminals varies according to the line (map 1).  There is no 

railway directly connecting Shijo-Kawaramachi, Gion-Shijo, 

Sanjo-Keihan, and JR Kyoto stations. 

 

 
Map1 by Google Maps: (The red[//////] and blue[//////] lines indicate the 

planned LRT line. Green: Subway Karasuma-line, Red: Subway 

Touzai-line, Blue: Hankyu line, Purple: Keihan line, Black: JR and 

Shinkansen line). 

 

3.4. Bus Service in Kyoto City 

Bus services are operated by Kyoto City, Kyoto Bus Company, 

Keihan Bus Company, and others throughout the city. Almost all 

tourist locations can be reached with these bus services. However, 

due to heavy traffic congestion and illegal parking, the operating 

speed of the bus service is relatively slow, and delay occurs quite 

often despite the introduction of a bus lane on the main streets in the 

downtown area. Therefore, Kyoto City and the police began 

cooperating to impose fines for illegally parked cars by using 

cameras on the buses to monitor the streets [6] (figure 2). 

 

 
Figure 2: Red: The roads along the bus routes where the travel speed is 

less than 20 km/h during rush hour. Blue: The roads which have a bus lane 

[6]. 

 

3.5. Tourism and Transportation 

A statistic shows that 28.9 percent of tourists entered Kyoto by 

car in 2010 (figure 3). Another study shows that most tourists who 

enter Kyoto by car are not familiar with the directions to their 

terminus and that they do not reach their destination via the shortest 

route [7]. These lost cars often use community roads, repeatedly 

drive the same path and do not choose a proper route [7], all of 

which further adds to traffic congestion. 

 
Figure 3: The means of entering Kyoto City by tourists [2]. 

 

3.6. Ecology 

Kyoto is well known to foreigners not only for its culture and 

history, but also for the Kyoto Protocol in 1997, which aims to 

reduce greenhouse gases that cause global warming. Therefore, 

Kyoto City should become more environmentally progressive. 

Research shows that automobiles emit CO2 at a rate approximately 
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five times that of trams (figure 3) [8]. 

 

 
Figure 4: The amount of CO2 emission of vehicles [8]. 

 

4. Suggestions 

As shown above, the existing traffic system in Kyoto has a 

significant number of problems. To solve them, I suggest 

constructing two LRT lines in Higashioji-Street and Shijo-Street. 

 

4.1. About LRT 

LRT stands for ñLight Rail Transitò, and a new type of tram, 

called the LRV, is used for this system. The LRV differs from the 

existing tram and bus services in four ways. First, the LRV is a low 

floor tram that has no stair step between the platform and cabin. 

Therefore, it is convenient for those who use wheelchairs and the 

elderly [9]. Second, regular vehicles are restricted from using the 

railway of the LRT, eliminating traffic jams as a concern [9]. Third, 

the LRT has strong carrying power. As Table 2 shows, a train of 

two cars has more than four times the capacity of one regular bus 

[9]. Thus, the LRT could assist transportation needs during the 

tourist season. Fourth, the LRT uses a railway system, thus 

enabling those who do not know the transportation routes to find 

the LRT easily. Furthermore, a railway could be a strong indicator 

of designated areas against regular vehicles traffic [9]. 

 

Table 2: Carrying Power of Bus and LRT [9] 

 

Bus -  

regul

ar 

Bus - 

priorit

y lane 

LRT 

(30m

×1  

30

×2  

Vehicle Length 12 12 30 60 

capacity 75 75 175 350 

Maximum Carrying 

Capacity 

(persons/hour, one 

way) 

2500 4000 12000 24000 

Average Speed 

10~1

4 

km/h 

14~18 

km/h 

15~22 

km/h 

15~22 

km/h 

 

4.2. Route Plan ( map 1) 

(A) Higashioji-Line 

Kyoto Sta. ~ Higashiyama-Nanajo ~ Higashiyama-Gojo ~ Gion 

~ Higashiyama-Sanjo ~ Hyakumanben ~ Mototanaka ~ (Eizan 

Railway) ~ Iwakura ~ Kurama 

(B) Shijo-Line 

Gion ~ Gion-Shijo ~ Shijo-Kawaramachi ~ Shijo-Karasuma ~ 

Shijo-Omiya ~ (Keifuku Railway Arashiyama Line) ~ Arashiyama 

 

4.3. Direction 

The key goal of this route plan is to direct train services among 

the Eizan line, Arashiyama line, and two LRT lines. Almost all 

famous tourist locations and major railway stations can be reached 

in only one ride (Table 2 [2]). This route plan is not only convenient 

for visitors, but also integrates and optimizes the flow of traffic. 

According to the analysis from the Kyoto Municipal Government, 

business of Higashioji-Line would be profitable in thirty years 

[15]. 

 

Table 3: Most visited sites in Kyoto in 2010 [2] (meshing places 

are located along the LRT lines) 

Ranking Place Ratio 

1 Kiyomizudera temple 21 

2 Arashiyama 16.1 

3 Kinkakuji temple 11.3 

4 Nijo-castle 9 

5 Ginkakuji temple 8.9 

6 Nanzenji temple 8.4 

7 Yasaka shrine 7.7 

8 Kodaiji temple 6.7 

9 Heianjingu shrine 6 

10 Sagano 5.6 

11 Kurama/Kibune 5.4 

12 Shijo-Kawaramachi 5.4 

13 Ohara 5.3 

14 Shimogamo-shrine 5.1 

15 Toji-temple 4.9 

16 Kyoto Station building 4.6 

17 Chion-in shrine  4.6 

18 Kyoto Museum 4.6 

19 Sanjusangendo temple 4 

20 Higashi-honganji temple 3.1 

 

4.4. Supporting Method 

To provide incentives to use the LRT and to reduce the use of 

regular vehicles, the following methods are suggested: 

 

(i) Park and Ride 

The Park and Ride service is a system designed to 

reduce traffic incomes in which people park their cars 

on the edge of the city and then take public 

transportation to city center (Oxford Advanced 

learnerôs Dictionary, 2005[13]). This service is 

effective for reducing car usage but could be 

complemented by the presence of the LRT, which 

would ensure sufficient means of transit within the city.  

  

(ii)  Rental Bicycle Service 

To facilitate visitors making short trips inside the 
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city, the rental bicycle service should be enhanced. 

Currently, there is the rental bicycle service ñMinaportò, 

but it only has five rental stations and 135 bicycles. 

Compared with the ñVelibò in Paris and ñBarclay Cycle 

Hireò in London, this number would be quite 

insufficient (figure 5) [10][11]. 

 

 

Figure 5: The number of bicycles and their stations in Paris, London, 

and Kyoto City [10][11][14]. 

 

(iii)  Integrated Billing System 

At present, information technology is used steadily 

in the billing system. In 2004, the PiTaPa service, 

which is a contactless IC card ticketing and electronic 

money system, was introduced. To simplify payment of 

the LRT, the Ride and Park systems, and the rental 

bicycle service, PiTaPa technology would be suitable 

[12]. 

 

(iv) Joint Fare System 

In the current fare system throughout Japan, 

passengers must pay the starting fare for every transfer 

between different transportation companies. A joint 

fare system would reduce the total fare by removing the 

transfer fee, and would encourage passengers to use 

public transportation more efficiently. The PiTaPa 

service would be helpful in creating the joint fare 

system, which has been introduced in many European 

cities [12].  

 

5. Conclusions 

Because of the devastating Great East Japan Earthquake and 

Fukushima nuclear plant disaster, the number of visitors has 

decreased. However, this situation will recover relatively quickly 

because Kyoto was not damaged directly and is one of the most 

popular cities in Japan with its cultural and historical attractions. 

The purpose of the ñKyoto New Face Plan 2022ò is not only to 

make Kyoto more comfortable and environmentally friendly, but 

also to raise its renown and the number of tourist visits to the city. 

Kyoto City and its people should begin to move towards achieving 

these goals as soon as possible. 
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 How to Estimate the Influence of Radiation 
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Abstract: On March 11, 2011, an accident occurred at the Fukushima 1 atomic power plant. Subsequently, many people have 

been concerned about the effects of radiation in their daily lives. However, I noticed that there were two different views on 

radiation exposure. One view supports the complete avoidance of radiation exposure, while the other states that one can be 

exposed if it is in low levels. In this essay, I consider the reasons behind these two different views. 
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1. Introduction  

The risk estimation of low-dose radiation has become an 

important issue after the tragic accident that occurred at Fukushima. 

It is quite clear that high-dose radiation has substantial effects in 

our lives, and its risk estimation is quite well established. However, 

as for low-dose radiation, the spectrum of risk estimation varies 

widely, with two opposite views existing even among scientists.  

Scientists use several methods to estimate the risk from exposure 

to a particular substance. Using one method, they compare the 

number of people who experience a particular health effect 

between two groups. The groups are the same except that one 

group has been exposed to the substance and the other group, 

known as the "control group," has not. A way of refining the risk 

estimate is to identify two groups of people who have been exposed 

to the same substance. One group is made up of people who are 

experiencing a particular health effect and the other group consists 

of people who are not. This method allows scientists to identify 

other risk factors (e.g., family history of the disease) that may make 

one group more susceptible to the health effect. For example, 

estimating the risk of cancer in smokers requires a comparison of 

cancer occurrence between a group of smokers and a group of 

non-smokers. Both groups would have similar age, education, 

occupation, and income characteristics, to list a few examples. 

Identifying other risk factors (e.g., family history of cancer, level 

of exercise, and alcohol use) can be achieved by comparing a group 

of smokers who have cancer with a group of smokers who do not. 

We use similar methods to estimate the risks from exposure to 

ionizing radiation. However, making estimates includes uncertainty 

because of the following major challenges: 

¶ Developing an exposure history can be extremely 

difficult.  

¶ Separating the effects from exposure levels that are 

tens or hundreds of times smaller than exposures due to 

background is extremely difficult. 

¶ Determining whether radiation exposure is the cause of 

a particular occurrence of a health effect, such as 

cancer, is extremely difficult. Many chemicals are also 

carcinogens. 

Then, why is there a difference in the estimation of low-dose 

radiation? That is because medical professionals and physicists 

have different concepts. Generally, medical professionals hold the 

view that one can be safe with low levels of radiation. It may be 

due to their experience: medical professionals use radiation to cure 

diseases. On the other hand, physicists take the opposite view, 

based on the concept of protection. They estimate the risk of 

radiation conservatively and protectively: they think people should 

avoid being exposed to radiation and keep the principle of ALARA 

(òAs Low As Reasonably Achievableò) [1]. 

Shunichi Yamashita, professor at Nagasaki University, who 

stated, ñYou can be safe even if you are exposed up to 100 mSv of 

radiation per year.ò [2] In contrast, Toshisou Kosako, professor at 

the University of Tokyo, stated, ñI canôt understand why the 

government allows elementary school children to be exposed to 20 

mSv of radiation per year. 20 mSv is very high.ò [3] 

In high dose regions, the risk depends almost linearly on the 

radiation dose, which has been well established. In contrast, in low 

dose regions, we do not have enough data to establish its 

dependence, which leads to differences in estimation. (Figure 1)  

Figure 1: The relationship between risk and radiation dose 

 



14 

 

The simplest way to estimate risk is to extrapolate the 

proportional relationship to low dose regions. This is called the 

LNT (Linear No Threshold) hypothesis, which is the conventional 

way of estimation. (Figure 2) ICRP (International Commission on 

Radiation Protection) has adopted this LNT model to develop its 

protection principle, namely, to make a standard regarding 

rad iat ion dosage[4]. 

 

Figure 2: LNT hypothesis model [4] 

 

However, there are various ways of estimating the risk of 

low-dose radiation. Let me show some typical examples of the data. 

There is a low-risk model and a high-risk model. (Figure 3) An 

example of a low-risk model is the hormesis effect model. In the 

hormesis effect model, a high dose of radiation is toxic, while a low 

dose of radiation has a good influence on us physiologically. [5] In 

contrast, an example of a high-risk model is the bystander effect 

model. In the bystander effect model, the influence of low-dose 

radiation is estimated to be higher than in the LNT model. This is 

because radiation influences not only those cells directly exposed 

to radiation but the adjacent cells as well. [6] There are other 

examples, such as the petcau effect model, the binomial effect 

model, the two-phase model, the instability of genome model, the 

cocktail effect model, the LQ model, and so o n  [ 7 ] [ 8 ] [ 9 ]. 

 

 

 
Figure 3: Low-risk model and high-risk model 

 

2. Methods and Materials 

Radiation damages DNA strands directly and indirectly. If cells 

are exposed to low LET radiation (e.g., ɓ-ray, ɔ-ray and X-ray), a 

free radical is produced, which damages DNA strands indirectly 

[10]. In contrast, if a cell is exposed to high LET radiation (e.g., 

Ŭ-ray, neutron-ray, baryon-ray, and proton-ray), radiation damages 

DNA strands directly [10]. However, high LET radiation has a 

limited ability to penetrate, so we have to consider the influence of 

low LET radiation only [11]. If DNA strands are damaged, this may 

lead to three outcomes: (a) damage repair, (b) the death of 

abnormal cells or (c) a lack of damage repaired (i.e., survival of 

abnormal cells). 

Figure 4 (a) ~ (d) show the relationship between the radiation 

dose and the frequency of the death of mice before birth, cell death 

in mice, unusual shapes of mice and white blood cell tumors. I use 

these data and consider low-dose radiation as high-risk or low-risk. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) The relationship between frequency of death before birth and the 

radiation dose 




































































