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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.

Symposium Committee
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Efficient Ways of MemorizingEnglishWords

Akihiro Matsumoto

Facultyof PharmacyKyoto University

Abstract: Today, most Japanese peoplstudy English in high school.However, they find studying English difficult because
they have to memorize darge number of words in a short amount of time and they cannot memorizethose wordsefficiently.
Thus, | distributed a questionnaire andconductedresearchon the related topic. In this paper, | 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 methad.

Key Words: listening, seeing English words, Ebbinghaus

1. Introduction

In the global community, English ibecoming increasingly
importantfor communicang with peoplefrom different countries
You mustspeakthe languagduently, employinga clear accent and
proper pronunciation and you must choose your vocabulary
appropriatey. To improve your English skills, ya must first
memorize as many worda English as possible. Inapan, most
people are interesteéd memorizing English wordsAccording to
6yur u yur o 6 wlpatcen®f regspopdentsaythat they
wantto speak Englishyet 80 percentof respondentsay that they
fail to study Englisi(Source http://yuruken.org/document01.html)
They feel boredecause they cannot memorize words eaShgy
alsohave tomemorize too many word6. Space ALCO,
website, statesthat you needo know at least 00 words to
communicaé with native speakers of the English |amape
However,knowing 3,000 wordss not sufficient if you want to use
English ina businesssetting you needto know about500 more
words. (Source http://eng.alc.co.jp/newsbiz/hinata/cefr/yhus
people feel that studyng English is difficult; my own research
showsthat 60 percentof respondentagree with that sentiment
(Figure 1) From these results] am convinced that efficient
methodsfor memorizing English wordsvould bevery useful.To
provide oneway of memorizingsuchwords this paper focusson
visual and auditory learning

How challenging do
you find memorizing
English words?

8%
® hard
32% ® somewhat
hard
somewhat
easy

Figurel: How challenging dgou find memorizingEnglishwords?

2. ResearchProcedure
The quesonnaire wasadministeredto 25 Kyoto University
students.Within the survey, e questios appearedas follows
i Wh e n stugyEnglish, what do you d0 a n dchafieHging
do you findmemorizngEn gl i sh wor ds?0

3. ResearchResults
From Table 1 you canidentify three facts about memorizing
English First, no one memorize English using only auditory
methods Second, most people study by conibintwo or more
techniquesFor example, ey studyby writing andby listening.
Third, those who studwisually tend to feelthat memorizing
English words iwvery easy.



Table1: How people study ankdow challenging they findtudying

Table2: Result of study

English Result of study
Writing | Seeing | Listeni | Pronounc| Combinat Material Test Rate of Rate of
ng ing ion change intelligibility
Very difficult rate
2 2 0 0 4
X EnglishYJg 488 64.2
Somewhat B
3 0 0 1 4 X1 Engli shYan 50.6 63.7
difficult
Somewnhat X2 SoundYani i 542 83.8
easy 2 1 0 3 2 X3 EnglishYanl 379 36.7
SoundYanin 601 71.2
Very easy 0 5 0 0 0

4. Hypotheses

From thesdindings it appeardhat visuatbased study methods
are importantin memoriing English words.Seeing wordsllows
you to know the spellingand meaningof wordsand lets you see
those words irthe context obExamplesentences anphrass. Most
people memorize English wordsvisually and will agree to this
theory Nonethelessyou can study Englisleven more easily by
addinglisteningtechniques

Matsukawa, Kouda, Muramatsu and Wakayd#lareport that
auralinformation isconduciveto learnng English. Intheirresearch,
351 subjects we asked to memorize 21 wordsdiiferent way.
Some subjectapproached the task of memorization usorgy
words while others memorizet using bothwords and animation.
Then, theresults of theitestare shownin Figure 2. In the context
of these datathe rate ofchangemeasure how much the ratio of
subjectsfor whom studywas approved changed after the teAt.
the same time,he intelligibility rate is a measure othe ratio of
subjectswho understandhe content ofthe studytwo hours after
the experimentThe higher thentelligibility rate is, the morea
subjectunderstans thegivenwords.

The esults of X1 and X are significantly different and indicate
that aural information plays ameaningful role in helping you
comprehend English. X8hows that you understand maheough
sound tharyou do throughEnglish words in multimedian brief,
by simply listening to English, you can memorize 2&dditional
wordsfor every100 wordsyou study,andyou canmemorizethem
faster. Another benefit of listeningtechniqueds demonstrated by
Ebbinghaus's memory egpment.

Ebbinghaus, a German psychologist, is famfmuEE b bi nghaus

forgetting wrve. In his experiments, éaused nonseaical syllables
to study how much subjectsvould remember. (A nonsengal
syllable is a wordhat comprise a consonantavowel and another
consonant such asi TOB o, 0 S A B ) Ebbimghaust®g X 0 .
five things to make the condition constant (showTable 3) and
found that the amount of memory decreasedaim exponential
manner. In other words, the decreased ratio at éginbingof a
periodis large and the decreased imtafter 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
reviewthe initial memory

Table3: Fve things to make the condition constant

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




0.0

4 [
Time [order of days)

Figure3: Forgetting curves

How can we retain morEnglishwords? The answer is repetition
a hypothesis thatan be understood scientdity. Motooka [5]
reportedthat memory was generally divided into two categories:
shortterm memory andlongterm memory. In the context of
shortterm memory, there are many things thatou cannot
rememberln addition, yu can remembamost thingsfor only 15
secondsOn the other handegardirg long-term memory, you can
remember almost anythinfpr an unlimited period of timeTo
convert shorterm memoiesinto longtermmemoies, you need to
utilize repetition As shown in Figure 5, the more you study
Englishby repeating the wordbatyou learn the morevordsyou
will end upretaining In addition, ifyou repeatvordssoonafter the
first memorization session you canimprove your ability to
memoriz them you simply have to review as much as possible
immediatelyafter studyinghose wordgor the first time However,
Oyuru yuru whit e |pacerof @spondemso r
said that theylid notto study English because they were b=y
such respondentao matter how effectiva study method is, wvill
proveuseless unless it is easyusein theirdaily lives.

Bl Short-term
memory

e 8

B Long-term
memory

Figure4: You mustreviewatask to turn shotermmemory into

long-termmemory

Thus a method that combindsoth visual and auditory learning
is very good forreviewing English wordsThis method isn easy
and simply involves looking atand listening to English words
which allows you taeview words anywhere andit any time. For
example, you can study when you are commutigigu can
examinea textbook and lisin to Englishwordsout loudas if you
were listening to musid. am positive thatbusy peple can also
apply this method and enjoy English.

5. Conclusiors

Memorizing Englishwords by seeing and hearing theis an
effective study method Withoutvisual learning you would not be
able toknow the most important informatioabout thewords, such
asthe correctspelling, usage and grammar.other words, without
seeing the wordyou could not evenwrite the word down
Moreover withoutauditory learningyou would not understand the
correctpronunciationof a wordandwould notbe able tcadoptthe
proper accent. Thus without hearingthe word you could not
converse with peopleéYou alsocould notmemorizewords easily
and quickly without both seeing anchearing the wordsBy
comhining visual and auditory methodshowever, you can
memorize English words efficiently ands a resultimprove your
English skills.

In the researchpresented herethe experimental scale is not
enough toform the basis of theory | also did notexaminehow
you slould study Englistvisually and auditorilyTheremay be a
difference in efficiency depending orthe method (e.g.,
pronouncing the word you listen ton my next project! will
research how the efficiency of merizing English words changes
by using visual or auditory methodson a large scaleof
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A Proposal to Introduce an LRT and Traffic Control
Methods in Kyoto City

Akito Kinoshita

Facultyof Engineering, Kyoto University

Abstract: The growing number of tourists in Kyoto causes serious traffic problems, anthe issue that has generated the most
controversy is the large amount of vehicles entering into the cityTo decrease the number of these vehicles and resolve the
current situat i dacePltahne 2A0K2y200t oi sNepw oposed. This proposal is ¢
LRT (Light Rail Transit), the incentive of Park and Ride, enriching theRental Bicycleservice, introducing an integrated billing
system and implementing a joint fare system usingiTaPatechnology.This plan is designed to encourage visitors enterinigto
the city by cars, who account for 30 % of all visitors, to use public transportation increasinglylhis 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 ride, rental bicycle, integrated billing system, joint fare system.

1. Introduction 2. Methods
Kyoto City is one of the largest tourist cities in Japan and is To implement this proposal, information relating to tourism,
home to many famous locations, such as Kinkakliemple, traffic and transportation in Kyoto City is needed. Therefore, this

Kiyomizu-dera Templeand Arashiyama. In 1994, these and other information is mainly based upon research by the MiistiLand,
sites in Kyoto were listed on the UNESCO World Heritage Site asInfrastructure, Transport and Tourism, the Kyoto Municipal
t he iAHicrntwmarmrct sM of Ancient K yGoverandent, [atd] the KgatodMuriicipal hdusry and Tourism
following years, the number of foreign visitors to the city gradually Bureau.

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

was 49.55 million, which is thirtyfour times as large as the 3. Results

populationof Kyoto City [2][3]. Meanwhile, the quality of traffic 3.1. The Number of Tourists

in Kyoto City has degraded with motorization and the increased According to the statistics from the Kyoto Municipal Industry
number of tourists. Serious and chronic traffic congestions occurand Tourism Bureay2], the number of tourists increased by
throughout the city, especially during the tourist seasons in theapproximately ten million between 2000 and 2010 (figure 1). This
spring and fall. Overcrowded roads and buses overfilled withis a good result of the tgrear plan made in 2000, which aimed to
people are visible everywhere in Kyoto during these seasons. Noattract fifty million tourists in 2010. The number of foreign visitors
only are the tourists prevented from smooth sightseeing because afoubled in én years to ninetgight hundred thousand in 2010 [2].

these traffic jams, but people living in the city are also adversel 2

affected in on a daily basis [4]. To resolve this situation, | hereby E gg _

suggest théi KYOTO NEW FACE whichApkopoged 2 2 0, g 40 — i

introducing theLRT system and other traffic control methods in = 30 [ 1 [] [
. o . . . 5 20 A1 1M mim B

Kyoto City within ten years. This plan mainly focuses otueng 510 HHHH L L L

vehicle use by tourists and adds| E O te of

; P = A ) & > » A o

transportation system and technology to the cultural and historical &P ,190 ,190 ,190 ,190 ,]90

aspects of the city. The word AF forta

and Ecological. The plan is supported by ¢hneain principles: Figure 1: The number of tourists in Kyoto [2].

0] Fast: Achieve smooth traffic by reducing vehicles 3.2. Roads in Kyoto City
entering Kyoto for tourism. Fortunately, Kyoto has neither suffered a major earthquake in

(i) Comfortable: Allow every visitor easy access to famous recent centuries nor was seriously bombed during the Second
sites using the combination of the LRT, existing World War. However, fundamental restructuring of the roads in
transportation systems, and rental bicycles. preparation for motorization was not sufficiently implemented.

(iii) Ecologicd Curb CO2 emission by using the LRT and Furthermore, no expressway runs through the central part of the
rental bicycles. city. Some of streets were widened in the early 1900s to construct a

tram [5].



3.3. Public Transportation in Kyoto City

Several railway companies, such as JR, Hankyu Railway, Keihan
Railway, Kyoto Municipal Subway, and Kintet®ailway, have
railway lines running into the center of Kyoto City, but the location
of their terminals varies according to the lineap ). There is no
railway directly connecting Shijkawaramachi, Gioishijo,
SanjeKeihan, and JR Kyoto stations.
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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

(6l.

3.5. Tourism and Transportation

A statistic shows that 28®ercentof 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 destinatiathé shortest
route [7]. These lost cars often use community roegfseatedly
drive the same pathnd do not choose a proper route [7], all of
which further adds to traffic congestion.

3.4. BusSetvice in Kyoto City =.JR ® Private railway
Bus services are operated by Kyoto City, Kyoto Bus Company, ® Bus ® Automobile
Keihan Bus Company, and others throughout the city. Aimost all
tourist locations can be reached with these bus services. However, Figure 3: The means of entering Kyoto City by tourists [2].
due to heavy traffic congestion and illegal parking, the operating
speed of the bus service is relatively slow, and delay occurs quite 3.6. Ecology

often despite the introduction of a bus lane on the main streets in the Kyoto is well known to foreigners not only for its culture and

downtown area.Therefore, Kyoto City and the police began
cooperating to impose fines for illegally parked cars binais
cameras on the buses to monitor the stiétdigure 2).
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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 environmentallgrogressive
Research shows that automobiles emit CO2 at a rate approximately



five times that of tramdfigure 3 [8].

CO2 Emission (g/person*km)

185
1%
08 . |
) T
o |

Autamashilie B LET

Subway

0T Empeaion | g peiaon® ki)

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

4. Suggestion
As shown above, the existing traffic system in Kyoto has a
significant number of problems. To solve them, | suggest
constructing two LRT lines in Higashie$treet and Shij&treet.

4.1. About LRT

LRT stands f or ,fehdiagéw typgRaf irdm, Tr
called theLRV, is used for this system. Th&kV differs from the
existing tram and bus services in four ways. FirstLR¥ 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, regularehicles 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 LR 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 aess against regular vehicles traffic [9].

Table 2 Carrying Power of Bus and LRT [9]

Bus- LRT
priorit (30m

y lane x1

Vehicle Length 12 12 30 60
capacity 75 75 175 350
Maximum Carrying
Capacity 2500 4000 12000 24000 _
(persons/hour, one 0]
way)

10~1

14~18 15~22 15~22

Average Speed b kmh o kmh o kmh

4.2. Route Plan ( map 1)
(A) HigashiojiLine
Kyoto Sta. ~ HigashiyamBlanajo ~ Higashiyam&ojo ~ Gion
~ HigashiyaméSanjo ~ Hyakumanben ~ Mototanaka ~ (Eizan
Railway) ~ Iwakura- Kurama .
(B) Shijo-Line (i)
Gion ~ GionShijo ~ ShijeKawaramachi ~ Shijarasuma ~
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4.3. Direction

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

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

the Eizan line, Arashiyambne, 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.
Accordng to theanalysisfrom the Kyoto MunicipalGovernment,
business of Higashiejiine 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
anhsit +5  Ginkakuiji temple 8.9
6 Nanzenji temple 84
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  Shimogameshrine 5.1
15 Toji-temple 4.9
16 Kyoto Station building 4.6
17  Chiortin shrine 4.6
18 Kyoto Museum 4.6
19 Sanjusangendo temple 4
20 Higashthonganji temple 3.1

4.4. Supporting Method
To provide incentives to use th&T and to reduce the use of

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

regular vehicles, the following methods are suggested:

transportation

to city center(Oxford Advanced

| earner 6s
effective for

reducing car

Di ct iThin aarvice

is 2005 [

usage but could be

complemented by the presence of the LRT, which
would ensure sufficient means of transit within the city.

Rental Bicycle Service

To facilitate visitors making short trips inside the



city, the rental bicycle servicehould be enhanced. Kyoto City and its people should begin to move towardseaing

Currently, there is the r etheseagbalstad soon aslpessitdeer vi ce A Mi naport o,
but it only has five rental stations and 135 bicycles.
Compared with the fivel i bo in Paris an6@RdekRacesc|l ay Cycl e
Hirebo i n London, this number woul d be quite
insufficient (figure 5J10][11]. [1] UNESCO World Heritage Convention, Historic Monument
s of Ancient Kyoto, available at:
2000 11800 25000 http://whc.unesco.org/en/list/688
5 1800 [2] Kyoto Municipal Industry and Tourism Bureau, Kyoto cit
*?;, 1600 20000 g y tourism annual mearch report of 2010
4 1400 % [3] Kyoto City, Demographic statistics of Kyoto city: http://w
S 1200 15000 & ww.city.kyoto.jp/sogo/toukei/Population/Estimate/index. html
S 1000 2 . .
Esoo 100005 [4) Kyoto Shlnbiun I\!ewspaper: nRe.pc
5600 5 and traffic jam in Kyobtenpcoavail
A3 400 5000 & jp/info/sightseeing/kouyou_zensen/index.html
ézc)o [5] Tei koku Shinbun Newspaper, fi Ou
0 _ Londo i 0 ct in Kyoto Cityo, Jun 18th in
Paris n Kyoto ersity Library Database of Primary sources: http://iwww.lib.kob
Station| 1800 315 5 e-u.ac.jp/das/jsp/j@ontentViewM.jsp?METAID=00481961&TY
Bicyele | 20000 | 5000 135 PE=IMAGE_FILE&POS=1
[6(] Kyot o Shinbun Newspaper, o0Camer
= Station ==Bicycle buses, supply the picture of illegal parking cars to Kyoto pre
fectural Policed February 18th
Figure 5: The number of bicycles and their stations in Paris, London, Www.kyoto-np.co.jp/politics/article/20110218000159
and Kyoto City [10][11][14]. [/l Kyoto Municipal City Planning
and problem of traffic in Kyot
(iii) Integrated Billing System http://lwww.city.kyoto.jp/tokei/trafficpolicy/tdm/tdm_soan/siryou.p

At present, information technology is used steadily  df
in the billing system. In 2004, the PiTaPa service, [8] Tsuyoshi M. And Yas hi r o S. O0Met hod of
which is a catactless IC card ticketing and electronic aluation wusing simulation on ef
money system, was introduced. To simplify payment of  onal Transfer Safety and Environment Laboratory:
the LRT, theRide and Parlsystems, and the rental http://www.ntsel.go.jp/forum/17files/ET7k.pdf
bicycle service, PiTaPa technology would be suitable [9] Yoshitaka A. and Michiyasu K, LRT and sustainable city

[12]. planring, Section2.
[10] Transport for London, Barclays Cycle Hire http://www.tfl.
(iv) Joint Fare System gov.uk/roadusers/cycling/14808.aspx
In the current fare system throughout Japan, [11] Velbb 0 How i t-Swarntkoxnso,

passengers must pay the starting fare for every transfer http://en.velib.paris.fr/Howit-works/Stations

between different transportation companies. A joint  [12] Yoshitaka A. and Michiyasi, LRT and sustainable cit

fare system would reduce the total fare by removing the y planning, Section3.4

transfer fee, and would encourage passengenssé [131 Oxford Advanced Leanerds Dict
public transportation more efficiently. The PiTaPa 005, -andRardke 0

service would be helpful in creating the joint fare [14] Mi naport iStation Mapo

system, which has been introduced in many European http://minaport.jp/stationmap/index.html

cities [12]. [ 15] Kyoto City AThe Analysis o
sportation Systems. Available at http://www.city.kyoto.jp/tokei/t
5. Conclusions rafficpolicy/Irt/Irtpdf/irt-all. pof

Because of the devastating Great East Japan Earthquake and
Fukushima nuclear plant disaster, the number viditors has
decreased. However, this situation will recover relatively quickly
because Kyoto was not damaged directly and is one of the most
popular cities in Japawith its cultural and historical attractien
The purpose of the fAiKyoto New Face Plan 20220 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.
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How to Estimate the Influence of Radiation

Akito Mizuno

Faculty of Medicine, Kyoto University

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, | noticed that there were two different views on
radiation exposure. Oneview 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, | consider the reasons behind these two different views.

Key Words: Low-Dose Radiation,estimation

. view that one can be safe with low levels of radiation. It may be
. o 1. Introduction o due to their experience: medical professionals use radiation to cure
The risk estimation of lovdose radiation has become an giseases. On the other hand, physicists take the opposite view,
important issue after the tragic accident that occurred at Fukushimgased on the concept of protection. They estimate the risk of
It is quite clear that highlose radiation has substantial effects in yagiation conservatively and protectively: they think people should

our lives, and its risk estimation is quite well establisléolvever, avoid being exposed to radiation and keep the principhL&RA
as for lowdose radiation, the spectrum of risk estimation varies (0As Low As Reasonably Achievaldip[1].

widely, with two opposite views existing even among scientists. Shunichi Yamasha, professor at Nagasaki University, who
Scientists use several methods to estimate the risk from exposurg ; 4t e ¢ AYou can be safemBwoen if
to a particular substance. Using one methody ttempare the . 2 4i at i on per year.o [ 2] I'n cont
number of people who experience a particular health effect , o«  yUni ver si t y of Tokyo stated
between two groups. The groups are the same except that ong,ernment allow elementary school children to be exposed to 20
group has been exposed to the substance and the other groupsy of radiati on per year. 20 mS
known as the "control group,” has not. A way of refining tisk r In high dose regions, the risk depends almost linearly on the

estimate is to identify two groups of pgople who have been exposeg,jiation dose, which has been well established. In contrast, in low
to the same substance. One group is made up of people who afg,se regions, we do not have enough data to establish its

experiencing a particular health effect and the other group CO”SiStaependence which leadsdifferences in estimation. (Fige 1)
of people who are not. This method allows scientistadéentify

other risk factors (e.g., family history of the disease) that may make
one group more susceptible to the health effect. For example, A
estimating the risk of cancer in smokers requires a comparison of
cancer occurrence between a group of smokeds a group of
nonsmokers. Both groups would have similar age, education, H h dose re lOH
occupation, and income characteristics, to list a few examples. g
Identifying other risk factors (e.qg., family history of cancer, level
of exercise, and alcohol use) can be achievetbbyparing 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 Esta ||S d
because of the following major challenges:
1
tens or hundreds of times smaller than exposures due to LOW Ose re lon
background is extremely difficult.
9 Determining whether radiation exposure is the cause of
Then, why is there a difference in the estimation of-ttose
radiation? That is because medical professionals and physicists Figure1: The relationship between risk and radiation dose
have diferent concepts. Generally, medical professionals hold the

9 Developing an exposure history can be extremely
a particular occurrence of a health effect, such as %
13
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difficult.
cancer, is extremely difficult. Many chemicals are also

9 Separating the effects from exposure levels that are
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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 estmation. (Figire 2) ICRP (International Commission on
Radiation Protection) has adopted this LNT model to develop its
protection principle, namely, to make a standard regarding
radiation dosag[4].
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\J 2. Methods and Materials
M Radiation damages DNA strands directly and indirectly. If cells
LO“ dose regmn are exposed to | owalyrBTandrXsad,iaat i or

free radical is produced, whialtamages DNA strands indirectly
) [10]. In contrast, if a cell is exposed to high LET radiation (e.g.,
.o Uray, neutrorray, baryorray, and protomray), radiatbon damages
2"'35 // Radlaflon Dose DNA strands directly{10]. However, high LET radiation has a
limited ability to penetrate, so we have to consider theémie 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

However, there arevarious ways of estimating the risk of apnormal cells). o o
low-dose radiation. Let me show some typical examples of the data, F19uré 4(@) ~ (d) show the relatiship between the radiation
There is a lowisk model and a highisk model. (Figre 3) An dose and the frequency of the death of mice before birth, cell death
example of a lowisk model is the hormesis effect model. In the in mice, unusual shapes of miaedwhite blood cell tumors. | use
hormesis effect moded, high dose of radiation is toxic, while a low thesédataand consider laiose radiation as higiisk or lowrisk.
dose of radiation has a good influence on us physiologically. [5] In
contrast, an example of a higisk model is the bystander effect
model. In the bystander effect model, the influence of-dose
radiationis 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
mockl, the twephase model, the instability of genome model, the
cocktail effect model, the LQ model, andean [7][8][9 ].

Figure2: LNT hypothesis model [4]
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