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Enhancing Teaching Material of Volcanic Eruptions and Natural Disasters: Results of a 

Research Questionnaire Administered to Teachers on the 2011 Eruption of Shinmoe-dake 

Volcano, Kirishima Volcanic Complex, Kyushu, Japan 

Jll t;t ft-* 

Norihito KAWAMURA 

Abstract Teachers in Akita and Kagawa prefectures were given a research questionnaire 

to assess their efforts to develop teaching material about the 2011 eruption of Shinmoe-dake 

volcano, Kirishima volcanic complex. Japan. Results show that a few of the teachers used the 

active eruption of the volcano as a contemporary teaching tool. while others discussed the 

eruption of the volcano as a current topic of science. The results suggest that elementary to 

high school science teachers require quality teaching materials such as movies and still 

images of volcanic eruptions. as well as samples of volcanic and pyroclastic rocks. to teach 

effectively about volcanos. 

Key words: Shinmoe-dake, volcano. eruption. teaching material development, teacher. 
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• i:J:1~~:til!~~11,:s tt Q2'A$~(J)~Jlt-t (/)~ag 
An Earth-Science Class in Junior High School Linking to the D/V JOIDES Resolution: 

A Case Study and Its Implications 

g§ EB ~ :!R:.i • • EB ~ ~ *2 

Naohisa NISHIDA and Katsuhiro KURIT A 

Abstract The study of Earth sciences in schools requires reference to an abundance of data 

and scientific content that is not readily obtained in the classroom. Videoconference capability 

is a useful tool for Earth-science classes on the basis of the previous study. This paper reports 

on an Earth-science class linking a junior high school in Tokyo, Japan and the ocean drilling 

vessel D/V JOIDES Resolution, sailing offshore Spain, using the application software Skype. 

Based on a questionnaire survey administered after the classroom session. students' interest 

in the vessel. the scientific cruise, and the related study of Earth sciences was clearly 

enhanced as a result of the exercise. The videoconference is thus expected to be a simple and 

very efficient tool linking classrooms in schools in remote settings with ongoing scientific 

activities, allowing students to readily observe important and interesting Earth-science 

objects and concepts. 

Key words: videoconference, mutual communicarion, Earth-science class, JOIDES Resolu

tion. Integrated Ocean Drilling Program 
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;.,tfr1.:c~-e~t.:. t.:~L. •~~@~i~ot.: 
rJl:JfJflQ)A l- 1) - ~ ;., ?"-ft-1~i)t~.~~.: c ~. il 
~Q)~~ffl~~R~~~-e. a#Q)•~~~~ttt.:. 
-15, ffltilii>\ (1999, 2000) 1±, 1;., 9 -i-;, l- -e 
Ii~ <. PHS i-N!Jfl Lt.:IP)~~lll tJ tffJJ.i~ll Lt.: . 
ffl:, H c ff~i-?~1t\t.:.: c i><fflt-e, ft~I: 1,, 
o.W,.;'f)t~~Q)JIIQ)i;lt,.~jiiJ*•Q)fflt~ ~l:'?\,l 
-c~*~.n:n•-t Q.: C i)f""e ~ t.:. Li)\ L. tll-tQ)iJ 
••-t-tt1:~1 •m ~ ~i>f1-'~i>\ ;-r~-~~.: c i><a 
mt L -cJt~ ttt.:. Lt.:i><-::> -c. ~~~ffQ)tt•-eQ) 
1 ✓ ? - i -:1 r Q>i5 Jfl 1±, t.: c .:l -t-Q>~IJ-~i>fWJ~ ~ tt 
t.: c L -C (,. ftffi■ I: c-:> -C 1±113:1~.a J: UDillO~t.t 
.iJflQ)j\ffli><ffl:t-t~,:* ~ "\t.:tJ. ~iu:~o 7--" 
li1'~ 1,lQ)i)fJltt't' i.>-o. 

.: '? Lt.:Jtl-e. Jllftlii)\ (2011) Ii, 'IJ-J-,-i'la't',W 
iai:fJQ>~iil!ffJJM JOIDES Resolution c B*(l)~ttt
Web fell~ AT Al: J:-:> -c•f.l L. ilk~(l)tl91,~
i~-Lt.:. ;:(l)Q't'U:, ii#(l)tf.'t'liffloft~ 
(l)1'~"\ii~ilk•~1:nail-t o~B (:tv- 1- (l)ltJ 
~. ~~m1Ui. -~~~~~ilk~•*t.t~) t-rr? 
cc(, 1:. 8 *':"\o~ftc JOIDES Resolution,:~ 
MJ:fl(l)ft·•~~~C(l)~-e~---e~~rrbtt 
~:.. t.. t.:. 1UiJj;J31:"?\,l"('~1Jo Lt:.~ft~ti:JH: y 
✓7- r &lli:t-~bi L. Wllt.t•~•Hillit-rr t.· 
(l)fli*. ~ft'":>7)<~f1Jj;J3t,~~~,:JINJt...-=> ~·. ~ 
•ffl~"'-(l)JQ.~. IIJ,t,t-~~o.:. c 'IJ<~ ~ .t:. c:: 

Lt.:. .: Q>.: t I!, 1 ✓ ? - ~ -J l- 1: J:-:> "'C ilMlilkc 
tt•Lt.:tf.Q)fl~ttt~L. A,~(l)~~ttt-~(~ 
•-t-l> t Q>"t'i.>-? t.:. -1i. Jllt-t,itl\ (2011) Ii, .t 
~~·Q)-'?cL"'C. *fflL~~r*fc•1/A7A 
(nice to meet you: 7' 1 ~ .:i. - :tt±) (l)jjffl(l)~~tt 
~t:;f+~~ -~ t¥Vf"'(1,lf.:. 

.: ttt-~ t.. ;l, *~'t'li, A~1 ✓7it''t'fi)f;t~jl~ 
Q) JO IDES Resolution c 8 *(l) i:fl $tt i 1 ✓ 9 - -l- -, 
}- .t.57 7'1J 7-1/ 3 ✓ f 7- 7J 1 7' J 't'-? f.t \tlf,! 7,f 
7'tf•t~tii L. -t"Q)ff..,:"?ltl"'(~~-t Q.: Ct-~ 
1¥J c -to. ff,:. :t-t1U: t"-o~tt1:1iilkW~1tl:D11-t 
ott-.~<*~-Q)t.:~. iiitt:1&$'7)aM1lc t... "C'~ 
1ii Lt.:Jllt-t,in" (2011) ,:.It.I'{., ifiif:l&W~l:1111-t -o 
A-~1¥JJj;J~Q>J:ljWJ: t) t#ii$:l&Jl$~-01t\liJ: t),t( 
i&Jl$1:-? I,\ "'($WIT -o ... ,: "? \,l "'(~ .:l ~ -tt. -t"tl. 
'":>Q>ft~ • ~,(.,~ltiJJ:~-tt-o.: c l:ffi:.~t-f11t,f.:. t.. 
t.:. mt-t,i~ .. <2011> ~A,lill~; ttt.:~*t•t.. i. 
1;., ,-i 7 l-ffl:~,: J: -o 717'tf~(l)J& tJ &h-t-1 
tJ-~1¥J1:.rt < mm L -c1,, < .:. c (l)JJl~-t-q:)11■1: 
"'.)1,l"'(ift~"'f Q, 

2. JO IDES Resolution ~ (I) J7 '7 t,. IJ -1-~ti 

JOIDES Resolution Ii, 7 ./. 1J :tJ c 8 *.al r13-
a o/ /~i)<.i:2J-t }.,~.g.oo~~ififflfflJatim (Integrated 
Ocean Drilling Program; IODP) -e,ftffl ~ tt "('\,\,o. 

ififfi!ftlJM-e~-o. fil:, IODP (l),i:~f,tliJf~r-~"e 
~ o (1) ilkT ~~Ill c it!!.,&r;Jvft~. (2) ilk~JJJta 
lb. (3) ffil~:1&~,:.a Ito ~Wffi;I c -fQ) ,-~ t ~? 
7-(l)MPJ.1 (#Ji$~$tt~~ ✓ t - . 2002) q)~~,:. 

ifi/if !1UI~ ~~ :ti (l) :i y ~ft. t-~lll-t O .:. c t,<t, t.tB 
iJ-e~o. ifr~. itk~il.Bl1t,:ft~~tio~•i•~ 
ffltl~1ttl1l±~~m!,(.,$ c t.t-=> "'(\,\ -o it:i~. ,tQJ:/. 'h 
=-XA(l)#i!Jj~~*7illJt-fi-:>-Cltl < -j ;l-ed~f.t 
0 1¥~:itkf(~. "iS#iii~. ~-:, 1t \ lio~tl~f.t ~QJif 
~~ltil1i-t i-tffi:J:; c t.t-=> -C1t\o. JOIDESResolu
tion t.t ~ ,: J: o 7ft ill! l11J t-~ ? li}f ,t! 7' a 7l ~ ? )- Ii, 
wJt(l(J,:~tt; ,:xtt-t-:»&tJt-ffl?. 

- 15• ,J,$tt~\t.>lfl$tt, it:i~~ttt~Q)JJ.fiflf 
,:i:>1t\"( 1i. .::. (l) J: ? t.tffl;e5J-mn: "?..,,-c,ai.o•t* 
1)~ < · ~(l)m:J:;tt,:M;-01~•. ~f.tt,Q>Bll't 
Mtlt-t~"'t"lif.ti.,\ .::.(l)t.:~. IODP ~Ii, ~QJ·· 
7 ? r lJ -: m-111 b lt~a~.u: fi? J: ;; ,: ~-=> -c ~ ~ . 
iJIJ~i:. it#tlfll:,i, 7? ~ 1J-.,.ffi'lbffijQJJUI • 
(fiA t.t t) ,: J: -=> "C' :t O ~ t- Jfl \,\ t.:-t Q>ttill:111' 



•ilMfftJm JOIDES Resolution tJ~C:,(1)71 ':flf. (13)-109 

oilfl~fflt,tfibtto. it.:, ~iiO)lltrftQ)tfiiitlr-c.
~. -~Q)m•-~~t.,:~ttt•tLt.:~F'-JQ)~•o/ 
Y-ifi-:> -C\f\o. tfititll1."0)~iaqi~mJUJQ)~iitt:i 
1.:, JJ.•ft.R tMa c L t.:1Ull!.fiJftj~tfibtt-oiJft b 
l)o (Jll#lliJ\ 2010). *IU.: J: -o 71 ':1~- t.: 
Q)J:1t.,:Yr;r9-~ffitiQ)-•--c.-~-o. ••0)1~ 
l!i m t,t IODP ~ 339 ~ JiJf ~ ~ ii Mediterranean 
Outflow (J;J. T Exp. 339) (2011 $ 11 /J 17 8 -2012 

~ 1 /J 17 8) 1.:*MJiJF~8 c L -C#1JD L, 7 r; r 
9-~m~cL-C.M}Lt.:~NrffNO)~ttft• 
Helder Pereira ~O)x•O) t c, •• 0)-) ~J!eJO)I/J 

-~ <•~~~*~Jftti1J,~#tt:i~tt) O)~fJtttt• 
1.:~Mi Lt.:. Exp. 339 O)t;tjiqi 1.:,±, ~tft.t 71 ':1~ 
• (Video conference) i)tft!t 31 [E]~Mi ~ tt, 7 '/J 00 
(~JvrffJv, 7.-"{1 ✓ . B*. 7? ✓ 7-. 1:¥1J:J... 

1' ./. l) -JJ. -JJ-t ~) 0)13 J:-f 1.000 AO)J~• • ~tt; 
t,t#1Jo Lt.:. ~!IBF'-1~1±-f tt-rtt§ EB1."~ -o i)t, .:Y-:1 

~ ~~~ 1.:M~8t,tff:. L -c \f\ -o M}~ O)~fiJf~~ t 
fi!J-:> -CMl1r-T 7.>.e.1±~ videoconference 1."~jffi-t -o. 

3. ~-

(I)-~.~£ 

JOIDES Resolution 1."1±. 1 ✓ ~-:f- -:1 I- •8'67 ':1 
1) 7 - ~ 3 ✓ r A -JJ 1 -:1 J t 1 ✓ A r - }v Lt.: J - ,-

1< 'I ';l ✓, • r; :r.. ':1-JJ ,1- 7 . 1fl!:WJ. ~ 1 -:10) 1 "r 7 -:1 ? "A 
"'1? t-ftt-rtt 1 -t -:1 r it'ffi Lt.:. .: 0) 1 ~ 1- r 
1< 'I ':l ✓ U:, 7' -:1 4=- ~M}pg t fl ti Lt.,: t,t t., ,ftffl T -o .: 

c t~ll L. M}F'-J~Ml LAN "'-O)tf~l.:M.tt-t 1.> cc 
b 1.:, itfi!Jtt ~ 0) ~ 7.> t 0) "t" cb -o. .: tt; 0) 11 -n~ 

1.:, ~IJJfflO)(M~ll-ffltit'-tt Lt.:. •ttl11."1±. M} 
• c ~tll.:7- -JJ 1-:tt 1 ✓ :J.. I- - Jv Lt.: J - I-,~"/ ':l 
✓. '7:r..:t-JJ./.7, ~-:11-·-to/ ,- c~ ✓"'1?c1"r 

* ✓) iit'fltL, ~;1:, r<"J':l ✓ ffl.7-l:!-:fJ-, 7-
?9- ✓. E&ffiO):fJ./.,c~7'*-JJj,t$ffiL 
t.:. .: tt ; 0) I l c ~ t' I±~-0) ffi Jlr "t", '7 .x. ':1 :fJ j ' 

c~,:,J-•-t-:,J-0)}}., frt.:1.:$-ftlLt.:. 4-lruli, *• 
•ml6 "t" IHc ~ tt -c "\ ,., 13 J: -f 3.ooo PJ 0)-~1¥.J t..: • 
.Hi t-i!Jfl L t.:. 

(2) ~'h{~ 

, 1 :t~•"t"• t -~t.,:$111±, .Jttr,:;i_ :fJ 1-:tt 
i!Jfl iiJ tt t..: tt1'H: L -C 13 < .: c 1." ~ 1.> . 7- :fJ 1 -:11:t, 
P2P tt #i t mm L t.: ff,. • ~11 ,: J: ,., Y. :n rfi1 ';J ~ .:i. 

.:.7- ;,' 3 ✓, 1,ltJ~ .Q 1 ✓ ?-*',ii I- .ffiO)f,:~O) 
Y 1 ? D '/ 7 J- tf 0) 7 '1 1) 7 - :I a ✓ 't' ~ -0. 1 ✓ 

l._ 

,-* -:1 r O)•rc•Jt"n1•-:> -c1,\tt1t. ::,.. -JJ 1-:tt 1 
✓Ar-NL~':J ✓ l:!i-9-•:J..y"-r7* ✓~± 

"t"OOF'-J~t Im trfff c "t" t )!ffis"ntiiJ'~"t" cb-o. WI:, 
.. .fl-"t"-~O)Jlif(i)f~jjE ~ tt "(1,lJ.,.: C b cb tJ, ili:$ 
-{-O)fjjffl:ffi)tfl;l "(1,lQ, if.:, )M~ffl~fflO)~flt 

7-. 7 1) - :,, 1:~ Ltli-t.: c i,fii]'~~ t.:~. f, Alt"t"O) 
-ti!ffltiiT~"t"cb-o. -fO)t.:~. ~ttO)ft~c~~~i 
t1•L. •:n~BCJ~~-i-~-t1.>-);l"t".fflc~;l 
C:,tt-o. ~~~ffO).ffl1."tW~tt:i•·•tt1."m1F'-1 
~I±. ft~r-11."fit.>tt-o•ll•IJlJJ, ~1.> v\l±Uil1H: 
J:tJ~C:,tt-or-JO)fi~iffl.:l. *~-ff~ff~U 
J!tl.: J: ~ -C O)JI-,~ C:, tt-o b 0) t f, < -a-tr. 7- -JJ 1 -:1 

~ . .:O)J:1~wmt#~~•~ff0)~•1."•~mm 
1."~ -o 7-:1 1) '7-1/ 3 ✓ 0)-~"t"~-o. 

::J..'/J1~1."~r*ji~(~iHi•> tfi-)t.:~~~~ 
~ 1 ✓ 9 -i -:1 l-tlki!ti!ll Ct. tJ /T tJ) 1±. tfft"t" 
400 kbps, m ~ "n1 500 kbps 1." ~ 1.>. JO IDES Resolu
tion 1."l;i:~£ i*-fEBi"-o [E]WJ.1: J: ~ -c 1 ✓ 9 -* -:1 r 
"n1 ~ ffl 1." ~ -o. t.: t!. L. 1 ✓ ~ - ;t- -:1 r (World 
Wide Web) i ~~-f5~ FTP (File Transfer Pro
tocol). 1/::,.. r A ff J:I t.,: c· M} r-1 "t"ft!ffl T -o -t ;'{ -c 0) 
.:Y- 9 O)ti~i!ll l±ll:*1." 512 kbps 1." ~ ~ t.:. Lt.: 
t,t-:> -C. , 1 ':1~-0)~!ffi~I.: 1±. 11 t,~O) ~ -:1 r '7-

? lruMiO)-fi!Jfl t ~ ;l J., J:-) M}F'-J "t" 7-t '7 ✓A#~ tJ. 
, 17'~-"nffl;t_~ ttt.:. -:n. -~~~*lfff'Ji,j,~ 
#qi~tt"t"I±, FaJ t.:.fk~P-JO)Jt(~~~*~O)-ft-rq: 
LAN tiM L -C 1 ✓ 9 - * -:, r t-ti!Jfl -t -o. tlflilll 
l;hl:*1." 100 Mbps 1.", 7- :fJ 1-:10),ftJfl.,t:titlt.: L 
-CI.,\ -o. 7- :fJ 1 -:tt ,~ 'I ':l ✓ ,.: 1 ✓ 7- r - JvT -o t.:~ 
1.: l;t, Web -"{ - ~ (http://www.skype.com/intVja/ 
home) l: 7? ~ 7- L, ffi,F ~ tt-o ~~11.:tt-:> -C 7 :fJ 
'7 ✓ J-tff:.1£-t-o. ,fO)fl. l~"/':l ✓ ,:~? ✓ D-,_. 

L. 1 ✓A r-Jv"tttli~T"t"cb-o . .:ttt.,-jlO)t'J: 

• 1.: ~-t -o Pi IIIJ 1:t, •*"t" 10 ~ftlf "t" cb 7.>. it.:, 
~*l'.ICJI: 7 1) -'I 7 J-O)f.:~JtJfll;ttr~-n\t.,-f, § ml: 
1 ✓A 1--,11--c.-~-o. 

JOIDES Resolution c ~tt-ftt-rtt "t"-fi!Jfl-t 1.>1<"1 

':l ✓ I: 7- :fJ 1 -:1 t 1 ✓ 7- I- - Jv L t.: ~lit "t". 4-ml l:t, 
-~O), 1 ':1~-0) 3 8 Jltrl:jifflj-7- r tfi-:> t.:. 7-
-JJ 1 -:f O) 7 n r; ✓ r t•Jttr1: ,1- - 1v"t"Ji1,\ ,:ffl; -\!", 
PilllJ t ffi~ L -CjEMi Lt.:. ilfflr 7- I- "t"l:t, (1) till 
ttllt. (2) ~M0)!\8'.lt. (3) IHIO)ttllt. l:-:J\,\"(-f 

tt ~ tiff IE L t.:. -f 0) M *· Jl fH: t!ffl 't' ~ -o ~ c 'i>1 

ae ~ ttt.:. (1) tilll:t!IIJIJI~ < fi? ~ c 'i)f"t" ~. -f 



' 

110-{14) !iW~* • •m~~ 

(T)tt_@t,<tt-Tt~-~~tt~. (2) fi&5(T)~:W;,.:"'.'.J1t\ 
-Cl!. ii'l°(T).&5,.:Jt~ttl!t>-fi,\l.:iljlf(T)fit> t) n 
,.:attt,<&,-o .t 1 ,.:~ tt.:. -::.(T)t.:~. ~ s 1:1:~~t 
~-=> ~fi~ t,(.,t,tit o .t-) ,.: L. ~- (3) miflq)~~ 
Ii, ~*QCJ ,.: 1:1:? .x. "f "/J /.. 7 q)tt~,.:~lfi" 1->. 
JOIDES Resolution tl~l:1:~ttfllllq)A~q)Jcif~ C:fJ< 

.t < bt,\ tJ, rtf.lll~1t\ftll~&,-:d.:. -1i. $tt11-e 
Jt;tto.atl(T)iiflli. A, 1J - ✓ l.:tt~ L "t' (>~ < 
IU1M~ < . ._IYJ ~ miftt,< Jl; tto-::.. c fJ<ffif ~ tit.:. 

4. *•O)~--j tt 

lf~~~j;:Jtt .. ,J,~#l:\l$tt-e1:1:, fJ 1 $~q) 1 JJ 
t,-. ; fJ 2 $~ (T) 6 JJ t -e. JI ft-t> at-8-ae.J $fl q) Iii IIIH.: 
id!.$ ( id!. W) ,3-lf q) ~ wt t fr-:> -c 1t \ 1., . ~ q) l:\l -e. #J 
~liJf~l'n~•~tJ .. ; aa tJ ~ltt.: ::i 7$tf!-q)-mtmm 
L.t.:tl"Jl <•ftiiil\ 2007) -t>. ff~5JJTiiJI.:~ 
~ • !li11.:¾.>1t\"( 2 iB 3 8 q)ff~~B <•$MEfi) t 
~-l.. (il'fl. 2001). id!.W,3-ffq)$fitiitl.:lltiae.J 
,:i&tJM!A,"e\ilJ.,, f§IJ~. ~j(. -!li§"eq)ff~~Bq) 
.@$Bcl..-CIJ1$~q)lJJl:\liiJ~;-::..q)¥~q)$ 
Wt!Jn~L-C¾.>t), ~@(T)71"f~"Jl~~q)ft-·M 
,(., t iti ~ 1., t.: l';(T)2JA t L -c ro:11·::ntt.:. ~Mu.:~ 
t.: -::, -C Ii. 2 8 1W (T) Jl fi q) ft "Jl q) 30 7t t if!"\ M 1 
·~(T)~ 4, 7 A q)~fttM• t L "t' JOIDES Re
solution ~ IODP 1.: .t 1-> liJf ~it#Jq)JIU&I.: "'.'.J" \ "( ~IYJ 
t..t.:. ~ft; li'fl$1:A.$l]J.~id!.W,3-ffq)~- t~,t 
t:.-::. ttJ<~"\~@-e~-:::>t:.. -::_q)t:.r;, ~ftC.,q)=ffll 
ffl-~~ .l(T)flltiJ tteWi" 1-> t:.r;, ~; ,.:~ftC.,q)ft 
~. ga,i:.,t-.r;1.> t.:r;1:. •rru: 7 ✓'T- ~ Dli:t~ 
•t..t:.. :::_(T)7 ✓ 'r- ~Dlf:"el:1:, r:J31'TA • v 
".fl) .1-~ 3 ✓-JJ-1:"'.'.Jltl"(ffl t) t.:li\-::. C <~•~q)~ 
m-t>fiJf~~fft.t t">J t "\ 1 r-"?-e1~utu.:E~ ~-tt 
~- ~(T)~•. ~#J~~q)~ae.J-t>. M~"eq)ffl~~~ 
t.t t"1:11Gt>1.>J1rJJ-t>, .a~(T)i:.-t>ffl~~laJ±(T)AflO 
na.- t.t t"l: "'.'.Jltl"( ft~fJ<~ 1->-::,_ c fJ<t>ii\-:::> t:. (fc 1). 
i"t.tt>~. ~~;~w~na~t~~1r1.>-::..c~-e~~ 
c~.l;tt1.>. ~(T)1i-e, ~-q)ff-8-L, Ml$~ 
(T)~~~ oooti> t,-.;#1Jo$mtJJtJ. 71"f~• 
t1!£1lf&l:~1tiT 1->.:. t t t..t:.. 

5 .•••• 

(1) Q; "' * 7 -1 "f~-(T) ±f.t t.l; I,\ Ii, JOIDES Resolution 
(T) !l'f a~ -&ffl~a-e (T) ffl~ m11, ,: -:>"\"(JIM- t... itll!l 

•1 ~~;~: 0••7 ✓~-~q)E~M 
-;-110>;:!~l;t;ftl,( .;1,,7 
,ftl,(1:,0>A~-~1!-/v1!~i,O)i)\? 
· fiilAO>At>(.?'Cl.'iO>t,\? l~O>-■IU>QO>tl\? 
-110>a•11■1i!n< .;1.,tJ,1 
• filll ( .;1,,,t(- 1J :,~H: i,O)t,,7 !=r=••L 't'IH0tn 
, ••r;t;'31., LI. '1!Ti>'? 
, filJt.111± <JIIIO>A 1!l fl1'l;t;A1.,0>t,\? 
. t1•0>1t1::1;t;. !O>t. -3 t::,..JtT i0>1!Ti>'? 
, B 4 • Lhl:: L n 'Q = c l;t;fiil1!Ttl'? 
• aJta1::*f!1i1. '*Til' 1 
•t1ll0>Ac~!0>~-3~~a~=~~-~3:,? 
. ,t(-IJ :,~(;t;-IIJTQO>(::!ti.< .;1.,1tlllt,(t,,i)\QO)i)\? 
• '°*';t;*--ti:,tl,i,17)t,•? 
. a•••ri!0>~ -31::ttm~ti.i0>1!-tt>,1 
• AK&48 ~!17l1l.~'51?'t'l.'i0>i>'? • ■■llctllll;t;!O>< .;1,,t,QO>b'? 
• =0tt•0• LI.'= c l;t;? ;;*t,= ct;t;? 
• -tl1lll1!--t-:i t-r;t;•?n'*Til'? 

-

, tl1flll::•Q=c1::~?t:0>1!Ti>'? 
• 1'?l::IIO>..t.t:l::A t-vAtJ(f:*Ql::9-31)(. A t-vAtlU? 
• ~ :,~~llctl;t;3', ~J f L t:fJ'? 
· M!Jtl::t,~ -3 c&?t: ! ?i>'lt~. 111::•i, = cl: Lt:!-:>i'lt? 
• >.ill~ !l;t;1! ! Q0>1!Ti>'? 
• -tl1ltt•1::~~J t,(1.,te CQlltl;t;! lv~llt1!Til'? 
•L;?L;-~3:,•&c~.~~~~0>t.-3Ct0>1!"ti>'? 
, •a11c1v!••tLn,Qlv1!"tf.>,1 

51:!q)M~~ 1-> "'li~*-=fzltlq)~a t t.t 1.>$1UJ9-IH: t.. 
"Cq):l&j'.$1.:M-t 1-> ft~· Di.1,C.,tjt,jr;1.,-::.. c 't',,o. 
~,:. * ~ f.t!li~00.:7- 'T- Jvl: J:-:::> -ci& tJ Sr-:>~IDJi 
~~~1->:l&W$q)"•-t>. +hC.,i$B-t1->•I~? 
"'"C~i 1:>ho J: -J 1:i" 1->. 

(2) 8~ 

2012 ~ 1 JJ 13 8 ~Bl 8 16: 30-17: 30 (IH;f;Jlltlll 
la) 8 5: 30-6: 30). JOIDES Resolution ~Q)M:if~I> 
ffl~~$1Jl;t, 0: 00-12: 00 c 12: 00-24: 00 Q)-!'t1.f 
tt 12 lfi!IQ'f"'.'.J(T) 2 ~ 7 ~ $1!-e~ 1->. -t~bi:>. I* 
1¥.H: l:1: t°(T)lfiflOffi-e~-:::> -ct M~-e1:1:~•t,<fft,t,. -c 
\il1.,, Lt.:t.11-:::>-C, 7 -1 "ftt•~~(T)~IIQli, ~· 
q) $-ti q) ff-8-1: -8-b 1!" "C tt5E L. t.:. 

<3> i-ta 
····*•~-~.#~•tt•1••Q)•1• 

70 ti. 
(4) fljiJi 
··••*$irttJli,J,~#l:\l.ttJlfi#i::.~~
(5) tlMI' 
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Development of Educational Materials to Simulate Atmospheric 
Light Pollution Using a Colloidal Solution 

t:p ff ~ 2*1 
• m t:p w rM.*2 

Hideyuki NAKANO and Izuho TANAKA 

Abstract Teaching materials to simulate atmospheric light pollution using a colloidal 

solution were developed for students in the teacher training course of the Kyoto University of 

Education. The teaching materials were useful in helping the students improve their 

understanding of the night sky environment as well as the mechanisms of light pollution. 

Key words: light pollution, lighting, environmental education, astronomical education. 
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ffl,'f~fff~•> !Ml m 51,.~ 

• ~t: iiii:k~JlR~ffl ,-e ~ :1&11* LlJ iuf ,eU.ilU 
~ ✓ 1- ffLlJ ~WJ,X 

OM• 1 ~~ttf+~fi (2 7 7 A) 
O~tt 8:SO~tR§E-10:00 ~~ 1--t ✓ ~ -

•-~ftaw!Jmtt•-www•*□ff 
!JillU.~- 14: 30 xtJfitlll--15: 30 ~ 
tR!f 

(2010, 2011 ~J.f Q)~~] 

o~m ~~w!Jill(Www•*□ff3-Al3l 
u=!:m~•) 

Ollffiti • :ka~J't~ (~t#til*~~~ffl,e~:t&R 
1<tlJiuf,eU.ilU-t ✓ t -?lft~) 

• Ww ~~ (jt#til*~JlR~ffl,e~:1&11 
*tlJffl,!!U.ilU-t ✓ 1-Wllx) 

OM#t 1 ~~ltfl-~.'1 (2 7 7 A) 
O~tt 8: 50 ~tt~- 10: 00 WtlJ LlJJljJ!f. ~ 

*-12: 30 Blffla-13: 30 ifiiJiiiNJ ~~ 
t--t ✓ ~ --14:001<L1Jll«~III 
<=!:m~•> !f- 14: 30 ll«~lll~-
15: 30 ~tt• 

"135t"t."§~t-ilU-?-C JJ.l '?" c 1,,\ '? r-~ a-lj-i., 
#Q)[fil tJ ,:~oilAiJfll,,\ I:xi Lf.tiJt;a•:i&Q) 
~ i ~ i ~ 13 ~ QJ r - ? 1~ a- tit JJ. ~ -tt t::.. ~ fJE t.: i:, 
U:, -& 13 iJt Jfl I: L -r ~ t::. ~-. iB :fi. ~ If ff. illll 
It. ~ -Y 1' ,f-( 1' Jv~a-Jfl1.-\ *t-Att.t.:~ ,y 1' ,f-( 1' Jv 
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t:.:: c iiF L tit\ -o. 7 ~Jv(l)HGA~IUJ li&lfil 5 ~llll 
L il .. lj-it J3 t:> -r. -f (!) t.: a'J + A i,t i -fiH: ?¥-ii .. Iv t.: 

0•1:~• ~ Ji!I: 7 ~Jv t HG.A -t -o ~1: t.t -o. -? i 
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L -CEA L t1t\-o t (!) c ~ i; tl-o. 
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M~iJt~1,\iJt, i«kf~{->~ibt~ t ft~< Jt t:> ti. ~bt 
(l),fft.:~UftiJt+~,:Ar/iHt • .mJl1t ~ ti -r1.-\t.t 1t\~iR 

t iF Lt 1, \ J.>. :i ;.,, ~ 7" 1- "'? 7 ~ ;.,, ~ Ii rtM ~ Jffilli 

'J-Jvc Lt;ff~c ~tiJ.>iJf (tm!MJ. 2002). ftM~ 
fffilli(l) t.: ao 1: Ii. ? 7 ~;.,, ~ (l)J1i~~Af "t"+~t.t ~llll 

tit~ L. ~Uft(l)Af /iHt • .miii1t t ~ab -o £-~tit~ 
'°· it.:. :i;.,,~7°1-?7~ ✓ ~1±. ffljft:l:(!)~1.mt 
WIJ~J.>.f-~c Ltt~~"t"~-otit, ?-;, 7°(l)f'fdli. 

:t•t• < J: 1 ,:£1,\~llll Ii£-~ c -tt--f. f'Fdf'F~i:fl 

~~-t.tEffi#~•tt.ttJ. &~~(l)~-t~~i"-o 
~:W;i,t~ -1.>. 4-@HifflA "t" :i;.,, ~ 7" 1- ~-;, 7"tf'Fd ~ 

-tt-~#. ~N-7"~f'Fd~-tt-J.>n~t•~~ti-CJ3t) 
(:5:J:t:, 2002). ::(l)n~"t"1i. 1E1t\(l)sGffiiJt~; ,:~ 

•1: t.t tJ. Afli1t • ffl:m:1ttit J: tJ ~~~tit.: t (!) ,: t.t 

J.> PJfi~ttiJt~ i; ho. 
3 $rJ1(l)~*t tt~ L -r J.J..-o t. ~iiwn:•ti .. tit.: 

7 ~Jvftli!Jl~ 6.6 (2009 $) - 7.4 (2010 $) - 9.5 

(2011 $) c $ 4 i:t11J□ L -r J3 tJ . ~iliHi 1: J1!1J0 ~ tit.: 

7 ~Jvftli!Jl~ 3.5 (2009 $) - 7.5 (2010 $) - 8.3 

(2011 $) t ±t11J□ L. ~;,:~~ff (l)±tt1J□ f£1i!Jl~ 
9.4 (2010 $) - 11.2 (2011 $) c t.t-::> -r It\ -o. :: (!) 
:: t ii .. ;. -e~ffitit+*~-::> tit\ t.:fflBl~~,(.,i,t1; t., 
-f '? ~ ( f.t -? "t' J3 tJ , jtgf\& "(" (!) 7-. - I ~ - ~ 1 :r.. ✓ 7-. (!) 

eEJJ : llftJtiH:fcA Lt.: ,~,i., •l=fl : llftfil:EA Lt.: 7~Jv ■Efl : ~tttil:2A Lt.:7~Jv 
~~~l;t{!~,tl: J: 1->. 
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§ riiiiii?~:t.ii7(; 
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j 

~7 ~~M~ ✓~7r~77~M 

i ., 
I --' I : 
! 

e1:11: JUtm1:~A Lt.:,~Jv &E{J: Jlftf!l:EA Lt.:,~Jv ■1:11: ~~tt1:icA Lf.:7~Jv 
*~~,1~~1t1: J: 1->. 

~~~~ J:t&.~1: J: i ir A~"'Q)~IYJ~~ t'a- ii L. 
-c. ~Q);ff~LI.J~'l/Q)J& tJ m~-1Jfid1Jt~ffi"A~l:U 
~ ~ tt. ~ttQ)•ij{ ~~~1:1-t-t-=> mJ,(., • l:~-IJfjGj i 
t). ~~1:flti(f.Jl:J&t)ffiA.it.:~J:. ~~f½(1)7~Jv 
t ~; 1:!11.JD L,t.: t (7) t ~ ;l; ttJ.>. 

s. xwtt&~,:ivi-r ~ WBiJf~ 

.,_ - 1 <-~ ,{ .I. ;.t-'- I',{ -'- P' - Jv (7)lijf J'e~tt I: 13 v \ 
-c. ~tti>fliff;er-7itt~t..-c~;emtJJt-fi1 ra 
Jglijf,eJ i)f~ J.,. 2010 ~ J: tJ. 2 ~~,: ffl'.UJliff,f 
~ Jv-"1 J i)f~,Jl L, t.:. lijf,f(7) ~ 1¥Jli, id!.~(7)ii!r~ 
'.J<LI.J~a.> tJ. i!tW.ff.H: t ffi'tb(f.J~ffi''.l<UJ~~-=>fl°.UJ 
, : -? .., \ -c 1Uf liff ;e i fi '-' \, liff ;e.1£ • i mm t.. t.: t-& m 
tb~liff;eJ£•(7)~fta-fiv\ 1iJl(f.J.!,~1J. ~Jl1J, 
rJJ&M~fm1J-1Jf~{t~-ttJ.>.::. t ~a.>J.>. 

lllffi ~~tlfJil*~t.Vf!df t, ~tiffil~ft1ffiJf,e 
m~•11~ft•~ ✓ 1-ill!.fiJf;em<•·~~~fl'~ 
LI.J'.J<ili71.A1-)Q)«UJ ~fiJf;efiJf·±•;Q)ift 
rm Q) JJU& ~ Q) m• t-~, t. ~ f.tQ) ~ ±l¥J ~ fiJf ,e mtJJ t
m ~ 11.K 2 t.i>1•Jt1J L,~i)<;, r.i*illl!, ii 2 !iilUJ(7) 
~-~IU!Q)•~-~iliQ)~~~W·~~~A~i-~ 
fiJf;emtJJt-fi?~. t~ . .::.tt;Q)••~fiJf,e(7)~• 

t-. J: tJ § < (7)A41:J1;.t>J.> t:.t>. tt-HWf\-(7)f'I:~ 
~. ~OOA1'J-.(7)fl°•w~id!.ff1r. M,e.1£*(7)~~ 
13.1:u~•~(l)~~- m~~~M-<~ ✓ ~r~t· 
7 :r...Ar-f ,~1vJ ---..(1)~ba~t•t-fi-:,f:.. 

( 1) JJUI!! 11• 
fiJf J'e:ff (7) ~ P-.J , : J: tJ ~ (7) tA m ~ n ffl t-fi '-' \ ;tr~j 

(7)~Jit~PJt'.kQ)/!~. § ~ t Alffl t Q)tJ'i>'b tJ 1:-? 
"C~lvt!.. 

[2010 iJ CDfftitm7 111 ~ 1J ~=flitrQ)JUl ®7 
Jv ~ 1J ~ffilill~UJ~Jv\il(7)g:.fi c ~11UtHltJ @ 

fl'•~~~ffilillQ)UJ~Jti\ilQ)g:.s ©fft~m~~ 
(7)UJ~Jti\il(7)am ®••wwm(7)mgr-At 
ll'.k□ ®=~:iE~ac¼ffi 
[2011 ~ J CDl!iil i!iiM t:! :J 1 _ ~ :.,, 1 - ®tilt I 
UJQ)•~m~~-~~~R·ll*□ @~~ww 
m•~ ©=~:iE~~¼ffi @;ff~ww~*•· 
G~-~~ATAQ)~~ @;ff~~~~im~ 
UJ ~ .Iv\ il (7) li :fl' 
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[2010 $] 

CD fo±0)1JOP:!H: J:-?> •t~J: J: ~. BB~ffi"UJO)fo 
±,:?i"i tL --Cv\-?>~t,t-;,- ~-;,-0)~ c i&~O)ftl~ 
,: J:-'.:) tM{t ~ht.:.: c i;lt,\«')-?> -~ 

@ ,J,~t5t,: ~ i ~·t ~:t.J i:ba~. ttlrli~~,: ~ 
11\--c~~ L. ~i&'t'~ti:lJl~ ~ ttt.:ltJrJiO)'t' ~ 
1i~J1"'J.>-~ 

@ •*O)A~-~i-~T-?>~«'). ~60)~~ 

i~Jv4"1'-i~«')-?> •wi 

[2011 $] 

CD 11~LlH:li'HiT-?> iliil~i~ (:tJ Jv-r7iM) O)~ 
.loci~~ T-?> .=£--r Jv-~O) lffl 96 

@ Pllli~1iO)jij~O)ft6tlt~ ,:rttr~~ i:pj:~ 

T-!>-~ 
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(2010 ~) 

2010 $1±, 1f~LlJO)lJl~ iim L t1f~LlJO):if.~-Ml 
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~~~-!> J: '? ,:. r1f~LlJU,f7'7 7 J if"F~ Lt.: 
(~ 9. 10). .: tL; O)ffl,fJJlJ!:l±, 2011 1f: 5 JH:•~ 
j7-too~~•~-roo~~n~rs*:t&~~£~~~ 
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it 2011 $*~J ,:.a1t\""(~A? -~1!ifill\ -ftf'F 
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11• tl.H: ~Ii\ --C / fuJ iRmJ 11• UJ ~ht 1-< - 7 / 11 

•ili~*0)~~/7~r9~0)~~0)~0)~/1f 
•UJmffllJO)l!!l8:i&~I± ~-t!''t' ~ t.: ? /l!!l8:i&~O) 
iE ~/II,:~~ ~J ~-'.:) t.:~/fJJffUi1~60)ii, Jv 
4"1'- itt,=T 7->/is]!t,ttJ!t,t-'.:) t.: ~ ~A-t.: tJ ? / 
ffili/~7-~ ✓/WLlJ*Dff/~~A*Dff/ 
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/BBffiffi"LlJO)~~/iliB*D/ t-·a / ~0)1-<r;

/□-"1'~11 ~':>~~-?>aO)~/·b ~---C~ 
~~/=~iE~~A,-'.:>--C?/*LlJ?1A1-/A 
fHJt*LlJ 

(4) 3t~i{gJf~tl~. :fi~UJffl~ 7 ·;, '7 2nd, '7 A:;
~ -5 I:: t: □ /O)f'FN (2011 ~) 

2011 $1±. u~~iiJf~O) P-J3 i r11~wu,e 7' o/ 

7 2ndJ c Lt i c ~. ~ffiJl& ibf'FJlt Lt.:. it.:, ~ 
tEO)~~'t'. -~m~t1t11~LlJO) § ~m. ~O)lJl~~ 1 
✓ t-ib~~~T(~"'J.>J:1, lm~~0)1f•w• 
$0)1l.~:t&ff'~~ if"FR Lt.:. 1l.~:ltl!ff'~~I±, fitil 
m~m.-t ✓ 1-t,\;11.ililaJil10)1L~:ltl!N~O)~ i 
fiffl L. ~tt.,:ti~O)-tJ-7 ✓ 7 7 7'f116 ~ {t,t. 96~ 
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1 m O)i[llQffij~,:llffl~ 1 ✓ r f Wiv\t.: "ry AT}- 7 
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ltt.:iE~ffii~ if"FR Lt.: (00 12). .: ttl±iE~ffii~(J) 
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~~ ¢ J: 1 I~ Lt::. b (l)"t:~ -o. 
(5) JICA atiJa O)~~;I~ 

2010 ~ t 2011 $, r•J c (1)3cvft: iff1.-\00~tt i 
1f o- .: c i § ~ c L t::. r]ICA ffl f~ .ft JI f-1-* ~ ~ ,_ 
&J tfr'-'\ :J&liJfjf~~LUliJfjf 1- -A (l)~f,tt::.-; 

iJ<, JICA liJffJ.ft (egffl7 :/7 ,J,~ttJ!fi-ft1f) ,:M 
~-c~ffi~fl~LU~ill(l)m.:i&¥~ifi0k. *ttLk 
JICA liJffJfl ,;1:, ~ 00 "t' ,J,~ttfx1f ,: -::> I.-\ "C fflf~ i 
fr~ -ci.,\i oo v~Jv(l)ft1fM~tt.R-c.i~ -o. m.:1&-"fJ 
-~--~~~dLk~~(l)¥~-~Mm7~77'a
ffl'-'\-c, fl~UJ(l)tl!kristb~ 20001J:(l)Jll!k,:-::> I,,\ "C 

IIJJ L. ;fl:i&f!J~f:lliUfif~ 1 ;, ~ ~ t i:ml!fi ifi0 
t:. (0013). ¥~ Lt::. ::i- .Jdi, 20101J:li~LUL1.J!l!k 
□ ff If ill Q) fl~ Ll.J 2000 1J: Pl !k (l) ""(l) :I& fi ~ ~ --c-~ ti 
~ tt t:: ii~~ tJ J: u·~ :t£ b Pl:tl i J:J f --c 1.- \ '° :I&~ :I& 'rir 
t'IJ ~. 2011 $ ,i~.tta LU!k□ ff$mJ m (l)~vemu:~ 
~~t ttt::.liS:!fmtJ J: rlii*(J)PJt!k□ "C'~ ¢. -~,: 

IJtll a- ffe < =- t "t:. 1tB 00 (J) A 4 ,: !k LUX W (J) 7' .,- - Jv 

!a-Iii Q =- t ii"t: ~ t::.. 
JICA 7'o ~7 A•nm1: .1: '°~~(/) rm,,c, • :t:fik • 

llfJ. rj{m.J. roo~tt(l)i:afiJ (l)µi)_t(J)~ru£ t ffl~~ 
II: J: i 7'o ~ 7 A 1:M-t '° ~{jffi(l) t::. t>. 20101J:. 
alll ~ Q) 2 1J: rdl ,: ~~LU (J) m. :I&¥~ i ff 0 t::. ~ it 
(it 10 t) tJ J: rJ' JICA liJff~.ft (Ht 19 ~) iMJU:, 
T~Q)~~~J:i7;,.;--~~~i-!ffiLk. ~tt7 
✓t- ~~Jdi, Ql-Q3 ,:i.,v\"C~~ 10 ~~.ft (2 
:fJi.g.!t) -IJ< r t::.v\-"lv-t -j -~- -j J c @I~ Lt::.. 

E4:tt7 ✓'7- ~] 

Ql =- Q) 7'o ~ 7 A ,:ff ffi1'.19 ,:i& ~ ~tr=. c -IJ<-e,i ~ i 
Lt.:~" (IIG,C, • ~fik • ~If) 

r-----~ ---·· --- ... ~ .. ~----·---ri ... -. . ... ~ __ , ......... ,. - .. ~~, l ,._ . 
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Q2 =- (J) 7' o ~ 7 A ,;1:ft~ t-tt-c -o b (J) "t' Lt.: 1J" (BG 
,(., •• fik . ~It) 

Q3 =. (J) 7'0 ~ 7 A "C', OO""ttli!tf Lt L t::.iP (00~ 
tt) 

Q4 =-(J)7'0~7A--C-A~B9,: r.atP0t::.J t,re,0t::. 
~ t (~m.) 

[§ EtJ!cilfHI J: ~ ti~J 
0 ~ffi--C-~i'°=-c(J)ftL~#b~0k. ~i 

~ =- (J) J: -j ~-~Ii~ 1,,, \ c -~- -j (J) "C' t "C b v \ v" 

ft~1:~0t::.. 
0 N~--C-(J)ml!fit.:,t-c.i~ <. -~1:m.:1&--c-j(LU 

i J! -c b ; 1,,, \ ~ ,;< ; (J) m l!fJ t.: 0 t::. (J) -c.i. Ill*~ 
X W 1:-::> 1,, \ -c IDL --c-~ t:. -c < ttt::. c -~- "? . 

0 t::. < ~ /v(J)1}00(1)7J t ffiT-~li~ i ~ ~v\ 

(J)"C', :l-ffi:~~~,;<-e,i~ i Lt::.. b 0 ct::.<~ 
Iv ffiSi}<-e ~ 0 J: '? 1: ~ ~ t::. \,, \ t ,\!3, 0 t::.. 

O !kLl.J i J!t.: =- t t,<~v\11-00A,:j(LU a-ml!fi-t 
o =- t ,;1: ft L v \ c ,!, 0 -C v \ t::. ;0<, -~- 0 t::. W....t ,: 
l!M L -c < ttt.: t .m -j . 

[JICAliJf~_ft7;,.,-- ~ (2 :IJ1J:,g-at)] 
Q A,@} (J) 7' o ~ 7 A i t• -j ,!, v" i Lt.: iO". 

A t::.v\-"lv.ll1J"0 t::. 18 ~ (95%) 
B .lliP0 t::. l ti (5%) 
C l.> t ~A< ~1J"0 t::. 0 ~ (0%) 
D .ll < ~1J'l0 t::. 0 ~ (0%) 

[ El EtJic~a J: ~ ti~ J 
• Despite of there difficulty in speaking English. 

the students performed the activity beyond our 
expectations. The students were good in 
concept as well as in practical. 

• I saw first time volcano. Mt Usu Team 
wonderful, students demonstration about volca
nic crater are live experience of us. It is most 
valuable visit in my Life. Thank you. 

• Mt Usu group students information was 
relevant and useful to the trip. The opportunity 
itself to visit and observe active volcano is 
highly fruitful and interesting to us. I like to 
request to continue this program. 
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ncAliJf~Rtt•"'7::.,7-r-r:tw2~~ff~i 

«J-r 13 IJ. JICA liJfUJH: c-? -rt 1fi°:ft~ -to 1'7 
A -r: ~ •:>f.:. C .'1!1,btt,o. 1f~Ll.Jq):ijti{k~P-J l:.t, :mitk-r: 

~ttl ir ll~ L ~iJ<; q)Jl.~~~~IYJ-r!~ <>.: c. ilrv' 

~•-r:::1~.1.::.7-~3::.,i~<>.:c~-r:~t::.:c~ 

c· iJ<~"' , ff ffli t «. t.:. I]{~ t i 1, v tt '° . 

6. ts h •J t: 

lf~Lll i r:t=i,i:, c L t.:.-i!Q)t<Ll.JIW~ftff i~»m Lt.:. 
iJt. ~ < "'~ftiJ<.: tt i "f!Q)El~c AIIIH:tt-t <>~ ;t 

:niJt~1t L. t t.:.. El t., ,i~ifi '? .: c ,: J: IJ. El~ 

1:1it.:. t., ~ iJ•lt"C~~-t '°~"°i.~.: c '7)*Wj~ i 

~-~ -tt <> .: c iJ<-r: ~ t.:.. 
~~~Q)~r. 7::.,7-~~*· ::1::.,-t-tr~7-t 

~v:f-- H'F~~c'"'-q)JOCIJffi}j.'IJ•t.,, ~btt.:.-t1:1i 

JJl ~ Q) ~ 1-> L ~ c v' '? ffi J: IJ Ii tr L 1-> it!!~ '7) :k Ll.! Q) 7-

7 - Jv Q) * ~ ~ c "''? ffii,<fib-?"CJ3 IJ. #ilr~ c.::. 

~ 1:ttt~~f.tt<Lllil~tf L "Cv'<>.: c 1:M-t <>._Ui 
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