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The science and art of cultured neurons: learning, memory, and creativity.
Douglas Bakkun
The University of Tokyo
Kanzaki Takahashi Laboratory
Japan Society for the Promotion of Science (JSPS) Posdoctoral Fellow

The brain's unigue mental abilities are thought to emerge from the processing of information by networks

of neurons. To study this, isolated neurons were grown over glass dishes embedded with multiple
electrodes (multi -electrode arrays, o r MEA). Neurons use electricity as one method to communicate with
each, and an MEA can be used to both record and stimulate nearby neurons, thus providing2  -way access
for a researcher. Using these tools, we look for answers as to how can cognition arise f rom the activity of
neurons in a network: learning, memory, creativity, etc. By providing the neurons with an artificial body
(embodiment), we see if the neurons can learn anything about their new body and/or the environment

with which they now interact. A special example will be presented: neurons and an MEA were combined
with a robotic drawing machine developed in collaboration with two Australian artists. The system was
termed MEART (MEA + aRT) and provided a foundation from which to address both scienti fic and artistic

inquiries.

KEYWORDS

neuroscience physiology / neuro -physiology amplifier
amplify electricity stimulation
voltage voltage pulse -- used to stimulate neural activity

voltage recording -- used to record neural activity

flourescence

flourescent staining -- adding flourescent dyes into a cell

flourescent imaging -- using a microscope to image the flourescent cells

cultured neurons / 'in vitro'  -- neurons growing in a dish

multi -electrode array neuron axon dendrite soma / cell body

inhibito ry neuron excitatory neuron cortex / cortical

Glia feedback embodied / embodiment -- providing a body for the cultured
neurons learning memory creativity

57



DOemdfli @b mm=. @ = fi D )

2 11% (0273

33%

OoEeE00O@EO

OO OAN
s w ~

54%

50

28

BEO0OO0O@ O

81 62%

24
27
19

0%

N

81

34Y%

oeE0O®@O

17

o 0%
54 12%

10

EOO@O

o

67%

L 4y # Yof V©
Y% Yoo ™< i sls @ wmd— £ W[ VO
© m) %d | { ke hveo T gi gs=L 3d ™l_of vo
%BR: D Wemfi J — ~ Nof = Y] %f V°
R: Dwmafi J 3% £ — ¥Nof v ©
Y% o = ed AVe[ VO

0 1/8=| ™ £ 4=
v Yo EH=eqd %[ VO
— % =00t [ V—%#8 J= tes 4V—2%|w%f Ve
— < L Yof V ©
% A =L  Ll=g oyo

04

R R I R B e R R

58



q | =% V128 R: DWeali J % Yq Yef VO

1 ™ o | Vo

1 % 13#% 2092°8 Nef % 1<% Vo

T Ly 132 <oo%f V—%8 od AVl Vo

T — 28 77 . fido nk@er=™= F£z™/ o8 R: DWeafi /| % ¥% 08
VE VL 0o o1 <%E%Ve

1 - & 1 | Fo™—g8 ™M [ Y9

1 # % 1= %[ Ve

1 N LLLJ’S ~ =+ T™9

| L %] o9 a=™ oot V—% %[ VO

1 R: D Wmfl / L ™=Nof vV ke % d 0%V L« 2%=|%f Vo

1 d i = NS VvV Es 1] Yf Vo

T #° 5. five A Lk v—| Ve

9 -'nAd LvorF [ =™/ —g Y Vo

1 2 A <%t =t —<%— %A D Yd W[ VO

T —  # [ =™V < LNy V% SRR L g = - Azt 5%
Yof V ©

il - %NC_:IB — - s -”9

T L - a=™Vo1 = ~of Ve

i

| | Nof v —o0 %8 Yo Y[ Ve

1 | =V e=mfndlpc v

1 %o - %No & % {1 < %N A o Yef Vo

| | Ly < % #%]||ferof=Lle %V ™™o

T R: DWemfi J % %dq %[ V %8 % o of V—# £ %0 Yf VO

1 —' @sfi~ % W[ V—% YJ VO

] Jll[_l.l_e. - - o= < T™M9

| wlf<' @afi~#%d r|f%f v°

1 V%< F# o3[ VO

T —  —o0t—V ks Ny | F%q 3 TF2 Ve

T —R: Dweafi s L[ < on ™M= LMo

1 o- ' Ofi % :I;t|[|=1/3_[\/9

T © wmr Yo ™= Nof V—# Yoo ™1 < Lol Vo

T - = ™M= %Nd V% Y[ VO

T % t9=R:DWmll ) % 7% [F%[ VO

| ¥ ™—gle odp o™ e Mg lka ™0

T 9 wme — %% 0 ™°

T Ly<dfodoeof v %fve

| g— L o d= ol Ve

|| Y% 0 ° | %lfo™i<d v

T # % ovVe/dr- o 4=04 Vo

T H' =t | [ =2%0=%"°

= fi »D 1/8|Ifﬁ1/8-” ||-e.—8 4] L :I-”lS%;i%V%;S Q?/8|If Y8 =| s

L=y kn Yof v "-8009
=

-

% 4oz 0 LNg v %2/ 4 |

59

ooJ'\/

08



— —_ AL :j\/ 8 — AL = — — J—LV A7 e
oo | = @lmm % € L 1y = ™o - —fer 4 = Ly v
2| o™y % | La | < es/ Fa{ts| 2% | #
Vedad [=zm= L sank A< o%E %o ™Moo s s/ e=v L10 v
| s - — adlp= o= Lfrve2 0 N PR

=%/ o Ak o 4 4a | - - = ssbe o q{fiss

L
JV A qp#Neje

10 — % rz%]|es /4 d—«ednp0d {4 == W3 £°8/ 9 - 4
s A fEtRer ol weesidd = e T e
| — v L qo%nmls Evozmn|s s # af=Lqz +=
8

{1 3 e @\/9 - | P110 119~ - °

- | %o d — < L oyog Vs Lydgz2] q - ~¢2 9L — -
Yeos= | 0Ysf VV ES =V =| -"| 1J||\/% - |Ifl-S = - $N9f\/”—e°09
l|_|L1/8|L -"_ OSl;u- 01/8|If|_| ~of V% - in - 78 «:»ElLlf
4V e 028 P120— e o 4k - s Lty veys — | — 4 #NJ Vo

L— L =l vEAY

3) ¥% 0 |4 o % V

c=V EroffowfV

| % <V Y
> e o= ”-TMl/s id .= TM-” % 0 s [|=Q J/SI v
Yeod %[ V
3 Ne < %o # Nef
£ Nof
A 7= %[ Y%d =V

Lo=/ — %o % %3 =V %
o]
=Yef V
ko £ %V
Ve V
41 - 7/8-" of

| e3 0 ™%y =V ¥
ozer Lo fkowf v
Nged ™ % So%fV

8 - Yo V
eq o™

o &5

60



J2J 22222 J

- =~ ™M= 4L
— 8/ —

— - = M= _
”-J'S —_ L
< — Y
Ly < 0 #

% ™—gzs Le
Ysod eg o0 ™ =
Ly<lyp<dyod

-0 =™/ —3%<

Ly< 10 4 7

$ TME'nzoooiTM

Ve A %Nel| [ ™= 001 ™
?/854\/""
4 o= o ™

# 0-||1S?/8 =<=1L =W V

ey ™

e o k- &3.:.5[:@”" v o
W[

J_L JI|E 4:>'\/ ™

= Lopd Maof v
= oy ™

61

feeling #

84



3-11 ol fiHe «

ol fiHe- L za{is- | —  Lly ks v L = L
{ v < %2 %< =V o
T A o L8 2
:|ETM_||9 4L ~ Ls — ) P am®d — 8 = a4 A
{4~ H — 8Zfiydes oV
— & vy L L4 <8 — Y ™
—%  # Nej| ° £— | # %o ™% vl L 1 % - A s
04/ e# N o
oifiH,E-
3-11-1
I
] e fies e = L =iy
[ ] wrfie— | Tzl % ~od-#°41 -
- 9 Lafirsd  =vo Lioyqi < o —
Eoay=ml 4 q3fis-eve
| a2~ o= MY — ¢ — Lo - | n— =
_ | - 38 L 1 1 is-evogVe o< — L -%loel s
L - 3V E—  OWefi J #Nef| — 238 — - Y= L oy
10/27 o mifi ®
11/10 Y -t/ I —
3 £
11/17 - 0
11/24 — 8 n 8 Pk —
«4E 1 D 3 #
n 3 #
1/12 - -
1/19 9
212
2/9
2/16
2/23
| £ — Tzl < - ‘
| -x=™M=<8 qk i ) 8 2| — 3%  #E%Ve
mpdd -k e=mie 0w e Ry
- ATz AL <%Z %] £ Nese® | R |
< 94 ° 8 = ™M= — % 4 a™m_gs/ —  day % =%V O

62



ol fiHe «
3-11-2
1 =
[ ] olfiHeer 1=-— d e - 4o
S DT © - e
] ~'fik' ol fiHe < Lr- Tzi— | <oqV ks
il - - % T t+e |/ =19 1 L 4 adlfe
- VA | - % T4 s<kbveosd ;8 AL - o= - |
T A N e e B P S
Tzl — - wev' > & eV —1l<of V—#8 - LN 8: fi' fie —W
itiJe Tad L o= cslfker s ove
3V 12 | < —ve, i 1 M= [ Ve | - — L4
- Ve —ve,r- =8 ;o0 # 111¢d 5=™) feov @ &L -8
-9 - —vesd ¢ d{s™e <] Vo
— | - Y8 HMYEe— 02r L o1 s evog Ve N
Fo< | F# L A{vVE-—vesd m™s L - % =™ s -~ Fzllec
™e # L [ vo
10/27 o mmi fi ®
11/10 ofi P> 2 L T E ooz
11/24 H VP e
12;8 H Ve o8 L Y8 3g<kve ]
12/15 H VWP o8 - - 8 s<stves 1 ]
12/22 0 xR WEODiho" wafi—  8sfizge —
1/12 v e 87 wd
1/ 19 HVeE e
2/2 v ol 8 HVE -
2/9 H VWP <8 L Y
2/16 0 x - s ve. k
2123 veo, 8" wd/
3/17 0 X
[ #2- "z2is - |
7o — % phnt —veslpstz  =mem oz |
- =87 WD | ”-5}/3I_=|=S —L©E|TM-”3788 EZ] e||-eu— +$TMOTM9 |
< - T8 — aced _=myard rolfa™  # N
| L - 38 wes Lligad o# %= - | - %l
SR IR 1g Lo —NeldaE LH-
2| o™ps 4
| 3/8 < - L - ;|ETM-||9 L - IETM-HQ
— -Ff=s ode ™ 2 3£ ™ % —Nev 4 5 # o=
TM_||9
| B4 b —ader L p=mffec—ze 2| 1
Wb o Neidqz e=mfslen —wiiiid femf ot g0
L - & f=2ds Ly 4k -= ™y # Nef ©



3-11-3
1 =
] BT fi o ol fiHe«— ) — D L =71 35s
] 17 2 1 3 12 16
] g : © o
3 - 4 -8 # A e - =V o — £ = 8 -
I - L afer
PV
M eo @ Po i - - ! Ss o< =8 10 ¢o @ po Tfid |
Vo < | Y8 < | % o= ™o | s -~ — =9
n 3 Y%= — F2 ™ 1%
NHVYE-w ® 9 4 g 4+ 10 e/ d-d=- L 1= 2 =|ooaze
n - _'J’P-Q
n 1/8||f—
7 BT fi o— %fd:mzoe THiL gy {isd 817 -1
o Adfzzmie o — o o=mf Adpyimfwe  2-feo
% tq=slgdd o™z {4 E{i<s% o< 4=™—gs Y | 0
Loqg o wve = 4] - Ao
k' fisd 48 5 & - == Nef nod J - 9% z kK «
% do%fFrrPmmed 1| k k'fis- <V - 4 3 « K
1 3#-" wd, 4 K 7
11/11
11/17
11/19 ha—
12/1
12/11 DNA
12/18 _
12/22 . h' mea@Oe 4 —
1/12 Com > " >0 PP «— -
2/2 s ko <k ofi « —
2/16
2/23
3/17 > a— -
[ #z2— " zi]
— | 3 03 @z Nef © d 28 % |fo™<™e—%  #Nef° oY%
L N i I Y e
2 | —V ks Tozi— oY% L FyY=™Mao™—3% ° 4= | #
AL en ™M< — | < el ®@ 9V o | o TM< IETM_”Q - A-" ”-N9-||9 |
ve, Lt s/~ v Ay y{=Ld#Ne]e
| & ™ e Yl =™ 9 Voo ' e N< 1 W< 40
n - | <~ %o | em™s<™e <d  ~ NepS{is% -  #Nfs a°

" wd |

64



11 ° >»O PP «— -
o T rot PP a— Lo=q=8 < % zercHMA|—-% oof Ve ~oKys L
J=™=2. " po’ pP 4% - - [ V%L Fo 2 =™ <d 48 ™yogys
o " ro" pP ar=™= ===s8 | . " pot pP - r]ofoams™e, <d A
<=L ™/o 5% ™M ™M ) O V—#8 2 e—r %Ny V¥ 4 Efecs
[ Ve
1-11 DNA
L ~<f= EkE=— #£-ve redez= A=< s2 %¥%od = e[ =<=
L £ V0o L 3/81/81/8=|88=|0TMI\/—1/8SE”- £ oV 09 — # qaf 00 4 =|l|\/
8 &£ - wlLdldsy =sDNassF¥%[ V% |Aooed %[ VA %No V |k3
v @E_"\/TMS TM=1 =y 9
32 h 7—
| 0 E| 8 h n%%y™ e <8 <SYoao ™Mo ™Mo Mo ddYogpa™Mad< [=35 V0
2L <y = < o[V eSNekFor 1M - T™M=TM=a % [ =TM= A ,™MaD) < ™™
3 =V?° | % Jo%f v—=# %00 = 8 As%| % v™MzA9N<se Lf<
™ [ =8 o 2% ferodv™EgAaona- L =cror-of=|RIVEDS
ol fiHe «
3-11-4
I
] otfiHre- — & c=1i3f
ol fiHe - — | "z % o 4 3— &
# ?||FZETM_”S|TM:|8 O __"o_$8 TMTTMTS :I-" L:ﬂz\/TM< 44V 9
phee o afuswn o Enef-ze f L] frzvms e L
o=% Yown| < & [V
119 ® b fi @<
—_ < —_ - =~ ™M=
— L 48" wdu SV
n —afikid - w8/ — % %L A{is<e [V
& |IF]/8|— 8 ='|| | < C"\/ °
o npfiki — 0 — & =" wd, 13V
1/25 4 T2
— <
— ds — 4L :|Q3/8|f @\/9TMO=V8—DﬁKiSS”-|—
0 £ — 8 o> 4 =V e
2/15 - %1 — n
bomss|udf zan|  e=qfiscafri-esadlsos
i % B
2/15 - %1 — 0
_ Lilc s L. L =g
L — =< e=spgfiki— & dA8ed - < ™[ Y -

= = TM§/8-\/ ™9

65



| #— "zis -

2|8 % <2 ro ko ™o | / —L—%Ne| —25 % 2%
=m <cd <= <y ™ £ — | 0 oY% =™< md{—2¢ 0
4 s ozd 4 - oy e
ol fiHe
3-11-5
[ ] Ke =t Rfia— n 6 = -
] 1 2 2 7 3 5 14
[ ] ]ak=—cGh'>»v: POV-Rayz e 3DCG-— CG ARTS
C D eKP e P ) o @YWL
=i o — = fi - -0 e
— ke ! kfia Lo ™y < vl 21 | ke ' Ffia— 0
L < osh'>pvwe 3DCG™ fi b' fi~sh. s POV-Ray, & oVke =" Ffi- L g
Vo viesE| aom™ 0 oz | s % VT o ot -~ L Ly
73 22 1 %l —K. = Ffial Tzi- oVs< ~8h'>—w
« ®) «4: < (fiRmm £ =83 C - |H oke = Ffia &L [=mos
21
10/27 o i fi ®
11/16 Ko =' Ffi= n —
11/26 ke =" Ffi~  n — 4 1
11/30 — n n
12/11 v-eexw' N — 4 1
22
1/19 C
1/26 - <
212 -
2/10
2/17 if
2/23 if
3/3 {1 <  for
3/11 4 <  while
3/117 i3k
[ #2—- "zis -
21 -~ 3DCGE {o%fk. ~' Ffia L kv sr JAnun| 0 =0
- AL < %E RV YV ES n 0 < & amw — ¢ t YA LS %E KV O
/- 8 t— 22 Y%|lerdwu-C k. a'Ffia— - {is%H <ofVe
— Tzt |%C o oke stk % o #Nef % ~]s2
oke—  qF A L] e -z ke s' vk Ly gz zi - af
FNeres 741 °
3V 8 - | # PCL [ =k. ~' Ffiad [=m] Lzds, o —
AR T ER

66



i I
=

C

—

_ d  _s 8 AL A -” 9
BEARE
3 —
11 D FN—T%E @ RRAS—FKRK
i @ RAEZER @ LAR—HERE
® mmb f| ()
N o' L >0 Y |If 3 —
— 8 — MT1DODRBESEFROHES .
'_'_'1, E i8] F N o
n4 5 %1 soffer e
— REREBSHEREN TS, TERLBEEELET,
— 8 8 8 A 2 J—
A ." 9
- < - S
1. RR4—DEYA
2 e —VEke - L oyoy "0 g
W @2 D o mmbfi ® D, ey
W e - 8 4 -

L3

L

- %1 n

Wl ) nwe-a)d

wD J

T

¥

nwe-ad
8 ozl [ = dyyvoe
tf fer L do

4 4.0 RByV

M BEBEHICONT x
WETRE! O
__ NO BATTERY! O

T BbTEL TG T I —KE |

1. KRE—DIEYF

HE
st L]
L 2] L was s €3
— O
] 1%
- 100@ 72 =5
VVVVVVV a0 5'
1. MEEH 03B sg
2. SWEF I3 IE
NEE RIS aL
4. SWEBEOS £3
¥
2
RRLEDREN
4NHE Rl v

s s

5 1 5
'l 10H
154205 A/ 1AR 15H 20
2oH H 20}
25} | 25}

3o H 30}

1/3A8

/2054l BH205 Al

45 45

b= 4 g% cofv—|elisd  —  zNee
R N R S
L2 f=™1s% oo™ %d Af<™e |
~ e emen = 4 gk a=e - 4
4 % =%Vo2—|eo 2 =8¢ L£Ad /9%

Yo b k4 { — % J =™ % | L 2 %o ™M—2 |
omys L —fer 4 Lfse  —  |sqfo™ sdne
:||'|=|I§-n||-eg - 9 d s d L= 5= AL
= o=l oaf ozr o o 4 42ms
a-||ls?/s$§’8\/9 8 | — =| -|-||N9-|| - -

{ =l—w< 9visl #Noe 2 # 1 &

= =V wiglks |k s %V —os< 4°
bf=e se=|  —gsbe fzof-% #Nfs ai°




3-13 8 o PC
i —e L% Ars#s - 7 &
J — % #N| L <%|e - N %
#| «fiH> 22> L = ™Meoo k! fiad |
il
FC FQ FQ
FC I FC
Rd H Rd
U
B
FQ FQ
E%d R
=) ©) ¥fi ®
¢fio> s ¢fio>e& ¥fiad
¢figd s ¢fioD s ¢fio>A B
$fiod AB® gfiod 8 $fiod
gfig>e pH ¢fioD 8 gfiad
-! 0-|-— | < =8 !QJL ==
L v nog 14 V! e—
0o % - -' e~ 14V PC
L v n
<41 D -
- Y%A VPE-—
A L—
8 PE ® wmd) ©D ¢fi ® ¢py 8 8
<! fik
3 £ dPEr=0o 0
<lfike d=omrPe— - wfinod 4 1o
- ©] ¥fi @ |
(*)od=add
) — M=qq% L4 = Nege 3
¢fiodd %onfPt— < — L 4 4-"h
< r-
R LT

68

E3 %-" <

A <

gfiad

8

<:>\/9=|\/

=V 9

K' fiads oV o

gfiogd 8



¢fioddL - 4 a2°
¢fimodLses Ao
(* Jumd ©3. =~

(wm) # D T K Kk™ % p. K K

>)s o Fz™My< — L L+ % =o0-—2 msdL A R
mm/s # Nef| | <~
6 tr—pre=8 & Ao

-l 1= o e
«ti > — % oq [=m-L ke

20094115198 16:21:41 B (ss)

istance (cr
100.0+
90.04
80.0
70.0
60.04
50.04
400
300
200

1004

0.0 T T T 1
00.00 02.75 05.50 08.25 11.00

EEE (m/s)

20094118198 16:21:41 B (ss)

150.04

120.04
100.0

80.0
60.0 —
400
2004
00

U y y J
0ojoo 0275 0550 08.25 11.00

-300-

Pt 4 —<«ti D —

®-fiy -Ptd={ - 209< 30g—2sL{dL 4 FY° 109 o<~
e A-||

— o=l hd %s Hmylkpr 4L

l:| 0 LT 'hl L:.— @=SOK©V
I

pldd=yyped— s 1% oo - t Yy

) 0] ¥fi ®L A wmd ©@. ~zD2s°00k-> "fi| =| é

J-tndsdv e sk wlo
C)m{L A L oa=l - % ophomiss
(= %ld— % gis % gfisd wmbe %oof - -
%o otooduwl  —  wl - e=qfc = e Fhe  Fhoo
.!hl/8||I= < 4L 1 =|8<ti » D — AL 1/8|=-||9

69



Distance (m)
0.600

0.500
0.400+
0.300 _
0.200

0.100+

0.000- T T T 1
00.00 03.25 06.50 09.75 13.00

20094E11H18H 17:45:55 B5H (ss)

HE (m/s)
0.600+

0.400-

0.200-

0.000 y ! ! !
00100 0325 6.50 9.7 13.00

-0.200-

-0.400-]

—0.600

-0.764-

20094E11H18H 17:45:55 B5H (ss)

- %=|
N
ek o
(* )umd ©D ¥ fi @

T 0D PI" wm D) L L v <%z%] e

0 ) ©D. =1A9
()we s e <fvIL— L -= L vyLl-4 = == — %] %=ze e
Yo & ==u%l
s PV e #E o= [V 8 < ot d [V 8 9 [ = T™Mp M - = M=
3‘/82804'%3L @EJ/8|||=8 4 e %3 v/ — 1/8||f2—||-eOlS?/8TM:I-”1/8 —LA-”ng
s bV o E = \/LA.” fOTM

=RV el #

In
I
o

| Ao wo - =9

70



R R T T R L
S F R
- Lo |s ~ Nef # — %K' e -4 ™= <L
AL <o
Temperature (° C)
110.04
100.0
= [V
ot [V
TFOo Yl V
20.0+
06%: 0.0 01:63.5 02:67.0 03:1I0.5 04:1I4.0
—20.0+
-30.0-
2010418128 12:42:42 BFfHE (mm:ss)
L
PC % o™ <IN Vs e % — ™M= %] Feo %fVver wds — -~
e=Llsal hy - t 4 L 2N v E®%E - o00fVS % r~rz%{l<%
FR' 02 a2d v L o zgs s o [y gl - z%loqve-'n—
Loo%m wd - A L rHioelsHER]C v Ki 4
- = ™M= L - L FY=%t s # L Ji<oo 0 % #Nef e
Ve -4 4 -1y oze ™ 2 L Ay <%z %]
<es=|8 32~ %BYele] | <0 -l KE % A</ — — %%s<d oo
of=egel<#EN] 9/ —|eq 2| Ld2)pVes8sh »Vs — —H Ve < | -
2 Nef
¢D 40— — % -~of =™y < md e —¢d % [ =™ <s AL
4 koo = L Ji<s%  w¥%leoor 4 kL - Y% ==1 = Lo=™g| o
o me
3 Ve ~rof V¥% -8eD2d— L=4%g 1<% <00fVoV<a — 02
| wo kL [V 0 L # Nef o

71



™8 <

IN

zs/ 4L - - %y{s<
List/ffLeaen =
1 I—OI\/Q — d

oy o

A e

- s -

— %0

— @3 P

I—OI\/Q

— o fi workr

72




3-15 + —

— - - ﬂ “ % os8afirdy Ly em™y 4 1~ 9 y@|# ey ™
<™e 3% 0 1/8%'\/9 T 4 < o= EETM-I|3/881JI|=|$| n - <>
| #ENg Ve g Loym L pAfssles — 2 —Ne| 4 g4
=V - L by 2 {4 & Evo

O wm «fi o— 7 o= TM-" Z - A." 1 <~ @\/ 9

Loj=  Aafise — cf4Tzieckey o 4 ql-s o o
] %tV —= L % o= - % 0 o= ™| —% 9
fiH* 22D % A . We

oF -

<« i»dr- |H
-1 a-—

— < —_ L =

o448 — ™

< — >e L¥%e —%

- :lOTM

—_ — -r= =

t@dsyr»wv ek —
L b <% %% ™ <

= =

i h WD i — %

N o 4 qLes=od=m™s e W — Br <™y —¢ | o ™Mo 0
Loof qeter b orrofems wid

Iveio A ogss e 4 oa st L smefe wd b3
L w%s % - M= Mg L A=zl n % A< 9

73



3-16

t DU 0T b
8 Omm<dfi ®
8
8
8
n
8 378
8 - 9
8 - 9
8 - 9
t D)0 b
s 97
8
wf o -
| Nef| %e o
0 ¥sNof V ©
AR
J

IN
W
o)

—z Hzde Tfid ks - A

g D-<f| (] 9

A oo sxuro

9 r 38 Omm<afi ®

9 --K?/B

A oo aur s

= H e

IN
©

N S FAE CE N,
c=%V i< | oW Vele™ V

k| — %EHRVS™Me #£8

74

% A

9 Vs

N

O em<afi ®—

IN

O em<afi ®—

PV

< ™[

1 7

7l



3-17

]
- % #£Ne < =V 9
— - -\/J'E_ | —
8 8 8 8
_ o AL _”
|
n Yo [-25™z2 ™V 00 9
r o O $
| |
= S B
8 8 8
L3V % # tq e
A
8 AL .” 9
|
S & B
- - Flo™
- [ Vo
I
8 [— ==
Loo= [ b v

1 # Nef|

° S SRR b
9
S IR b
e | < R Lk
1 “H - % e
S SRR b
4L A o — Ne< L =0
- == 'f| JJ — 5—é 9
-H a4 H Lo ewfneoxt

EZ) 00-”9

L%l sds -

75



|4. — </ —

# Nef| | & 75 4L - o= %V o - - <e-= 4 9.1
sle  —idqz— 4 q-low v — qEnee 2% ~ L g=o
®i s ecid 1354 4 qgLe=%Vgt ok Lao L g= - -
{1 39ve L A s «fi v s 4 o=/ —  d= Yoo Hs 02r
=~ ™= | 90 - % =V AL =™ ogyes -= ™= L g5 - %2—|eon
1<% 1f=™|% <o fkadfi<s- -= ™| 95 V885 - % =V <N s
ke =" r%eqo V< gq{c ¢ 4L Vs ™V ™| 8 50
o— % & g=%ds v #2— - 1% % {rofVoeel—1<]|8 -
<sfkafislzgw=s -~ 4 3VvE- % 00 d{s er<ENqe - L 5%
o) =V #ENef = a4 e Fx ™= | 95 — % —  — oV e=™|o
=34s A 1<% - 1 =— %0 Fof g% tdVvesv 71— %
—z 4z Tfispkr=0%[ Vs oz ™0 ~iDKk— % 9 %# %K= Mo™E 2
A% -  ~=0%[ =™y ™My — % o Vivo
4-1 O =m<fi ® = fi D
= fi »D 3 7
5/12 6/9 7/10
5 0 3 2 3 1
4 1 2 3 1 3
4 1 5 0 4 0
1 1 0 5 4 0
4 1 3 2 4 0
3 2 5 0 2 2
2 3 5 0 4 0
2 3 2 3 0 4
2 3 4 1 1 3
3 2 4 1 4 0
30 17 33 17 27 13
9 1 9 1 10 0
5 5 2 8 6 4
10 0 10 0 9 1
5 5 5 5 9 4
5 5 4 6 9 1
8 2 10 0 8 2
7 3 7 3 5 5
4 6 4 6 6 4

76



~N D - | ™ BIN]|d|n|o| ™ o| - - |9 o o A | |o|o| o |«

N ~ N | © = ~N N
NS X|Ww|o - - | © | N| N |Ww ™

o | ¥ To) © | © S[8|S|e|d|e|(~]2| 9 8| © © ~NIRIYIR| e

b= b=
) o) — — B | — © |«

SHE N o| o 2%24 N | < e M A RS R S

o | N o| o Mo |lo|d| || A <] d ~ |0 ™| o]« T}

- | © © e | N|lO || dA|l A | A | A = | A SlN|° © ClS|IR|[Y |3

= ~N —

- | N — N | o 1 Q|lw|d| O |«
) o o S|g|(eo|w|N|ja|oa]w N[@]|©o o NIR| S S
Q o o T B SN o| o o o|lbw|m ™ A Q| w | < <

°1aQ — 219 8w17ll917 A | Q| 4 — 18%151

77



7/10

29

26

15

11

37

29

65

38

59

44

51

59

56

30

37

62

6/9

18

39

44

31

11

23

43

34

14

57

38

67

31

43

64

52

32

41

61

) ~N ~

o Lo ||

o9 |w 18|19~ o|low|o| o Ix|

~N - | v

o N o o |o| v

S| ||~ ~Iglwl 9 ol~|m| < RIS S8

| N

- | - D N|[o|©

wid|ld|~|© ®|Q|w|o | m|~]|© ol = I

N

- | N Q|| ™

~| | o] | o Y[o]| o|lo|o| o 15%
||l m Q| o o|lo|o| o Q| @

@ S|e3|"™ _Al_._m_l_/ Al A | A ]|~ QNEMJ

5/12

34

23

19

11

23

39

33

12

72

41

69

49

56

64

52

36

42

63

78



| [Zd [Zd [Zd [Zd

0% 20% 40% 60% 80% 100%

0% 20% 40% 60% 80% 100%

2 2 2 2
0% 20% 40% 60% 80% 100%

79




J

= fi

10

11

10

12

39

54
19

15

11

28
62

13
48

20% 40% 60% 80% 100%

0%

80



n = fi D2
5/12 6/9 7/10
1 2 1 7 18 1
2 4 0 7 19 0
3 2 2 6 17 2
4 3 0 6 19 0
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10 2 1 5 13 6
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Iwould liketoma ke sever al comments about yesterdayds post
First, I was i mpressed with the studentsd scienti

have been well developed.
Second, their enthusiasm was great. The students | spoke with seemed qu ite excited to share their
insights into science with me.

Third, even though yesterday was not an OEnglishbod
trying to use their English to explain their experiments. | was happy to see that. It is true that som e
students struggled more than others but overall they did well. If | may add one other comment, it

would be that many of the students need lists of English technical terms d nouns and verbs in
particular.

| understand that in three weeks time the students will have to make presentations in English. If |

can help you or the students in anyway, please just ask. It would be my pleasure to help. Regard,
J-P Richard
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5 4 3 2 1
28% 38% 28% 5% 0%
23% 47% 23% 7% 0%
20% 43% 23% 11% 1%
32% 41% 16% 8% 1%
45% 31% 15% 7% 3%
24% 41% 28% 5% 1%
30% 28% 30% 8% 4%
31% 32% 22% 12% 3%
31% 39% 19% 9% 1%
41% 30% 24% 4% 0%
11% 20% 31% 22% 16%

9% 24% 54% 9% 3%
45% 28% 19% 7% 1%

6% 8% 3% 11% 28% 41% 2%
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Students need to look at the audience when talking.
Students must not read bu t speak.
Students need to practice their pronunciation, when for basic vocabulary.
Students in the audience need to respect the speakers and remain quire wile listening.
Often spoke too fast.
Some students need to take eyes off paper or need to memorize be tter.
Need to better match movements with speaking. Use red pointer as you speak, not after you speak.
Graphs, etc were well done.
Explanations need to be simpler (too many repeats)
Students need to practice presentation skills body language, eye contact, speaking speed.
Pictures and diagrams good and helped understanding.
Presentation which mixed Japanese and English were best.
Make a list of basic words (English) that are often used in scientific presentations o}

ACC students get and learn. (Including pr actice pronunciation)

"pictures/ diagr ams

"words explanation (dictionary for difficult Engl:i
Me mo r idzasierdo hear and eye contact is great.
Key points shown in Japanese.

x long written explanations.

x bilingual = viewer will not  try and listen to English because they know Japanese will follow.
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