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A Study on Design and Evaluation of Knowledge Creating Environments

Tomoko Kikuchi

Abstract

Knowledge science has been producing results such as knowledge conversion theory, knowledge systematizing
methods, and methods for the development of creativity. It is expected recently that knowledge science should
help researchers produce creative theoretical results in important natural sciences. For this purpose, we have to
establish an environment or circumstance, which supports the development and practice of scientific knowledge
creation. This research tries to explore how the interaction between members and environments advance growth of
graduate students of scientific research from the point of view of knowledge creation or knowledge management,
by questionnaire surveys and modeling analysis.

We first search interaction rules between members and self-reform rules in some experiment laboratories at
JAIST. The candidate of rules are extracted from the personality description sentences about factors: extroversion,
agreeableness, conscientiousness, neuroticism and openness in the Big Five theory of personality psychology.
Here, interaction and self-reform rules are not described by personalities themselves, instead, they are described
by corresponding phenomena: activity empathy persistence, autonomy, and thinking skill which appear in the
behavior side. Each member’s initial value is determined from the main 5-factor personality investigation to the
member, and the target value is given by the member’s self-declaration. The rule selection is carried out by
the genetic algorithm, where a sigmoid function is introduced in the renewal algorithm of the value, whereby a
difficulty such as settlement of the renewal parameter is avoided. An analysis is added about the obtained rules,
and the validity of this approach and the subjects for future study are discussed.

Because the above modeling analysis is not fully sufficient to explore the effects of research environment on
the growth of students, we then propose a checklist on research capabilities and research environments based on
a knowledge creation model to design and evaluate the environments for technology creation in academia. The
Nonaka model is very famous as a knowledge creation model in the management domain, but the model developed
by A. P. Wirzbicki may be the first one which teats the knowledge creation process in academia; our model is based
on the latter one. We have carried out a questionnaire survey on the research capabilities and environments of the
graduate students in the research fields of material science, then analyzed this data with the fuzzy correspondence
analysis and presents some useful interpretation of data for supervisors.
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52. 000OOO0ODO

0 52000000000000DO

000 | AL | A2 | A3 | A4 | A5 | A6 | A7 | A8 | DD |
L1 [3.25]3.50]3.00|3.75] 3.25] 3.50] 3.25] 3.25| 3.34
L2 |3.40]3.60| 3.20| 3.20| 3.60] 3.60| 3.40| 2.80| 3.35
L3 |3.38]3.75|3.75| 3.50| 3.63| 3.50| 3.38| 2.75| 3.46
L4 |3.11]| 3.33]3.22] 2.89] 3.00| 3.33| 3.00| 3.22| 3.14
L5 |3.75]3.25|3.25| 3.75| 3.75| 3.25| 3.00| 3.75| 3.47
L6 |3.00]3.13| 2.88]| 2.88] 2.88] 3.25| 2.75| 3.00| 2.97
L7 |2.67]3.83]3.00|3.50] 2.83] 3.17| 2.83| 2.50| 3.04
L8 |2.80|3.40|3.80| 3.20| 3.60| 3.20| 3.40| 2.80| 3.28
L9 |3.60]3.60|3.50| 3.40] 3.20] 3.70| 3.90| 3.40| 3.54
L10 |3.91]3.82]3.82| 4.00| 3.73] 3.73| 3.73| 3.36| 3.76
L11 | 3.40| 3.60| 3.40| 3.40| 3.50| 3.60| 3.30| 2.60| 3.35
L12 |3.13]3.38]3.88| 3.38| 3.25/ 3.38| 3.25| 2.88| 3.32
00 |3.28]352]3.39]3.40| 3.35| 3.43| 3.27| 3.03| 3.33

0530000000000000000

000 | AL | A2 [ A3 | A4 [ A5 | A6 | A7 | A8 OO |
L1 [3.75]4.50] 4.00| 4.25] 3.50] 3.75] 4.25] 4.00] 4.00
L2 |4.20]4.60]4.60| 4.20| 4.00| 4.80| 4.80] 4.60| 4.48
L3 | 4.38| 4.50| 4.88] 4.00| 4.25| 4.63| 4.63| 4.50| 4.47
L4 | 4.56|3.78| 4.67| 3.56| 4.22] 4.00| 4.44| 4.44| 4.21
L5 | 4.50| 4.50| 4.75| 4.25| 4.50| 4.25| 4.75| 4.50| 4.50
L6 | 4.50| 4.25| 4.63| 4.13| 4.63| 4.63| 4.38| 4.50| 4.46
L7 | 4.17]4.00| 450| 4.17| 4.17] 4.00| 4.83] 3.83] 4.21
L8 |3.80|4.40| 4.20| 4.00| 3.80| 4.20| 4.00| 3.80| 4.03
L9 | 4.90|4.70| 4.80| 4.40] 4.70] 4.90| 4.70| 4.80| 4.74
L10 | 4.45| 4.82| 4.64| 4.27| 4.18] 4.55| 4.64| 4.36| 4.49
L11 | 4.80| 4.70| 4.50| 4.10| 4.30| 4.70| 4.50| 3.80| 4.43
L12 | 4.75| 4.50] 4.75| 4.25] 4.13| 5.00| 5.00| 4.50| 4.61
00 |4.40|4.44] 458] 4.13| 4.20| 4.45| 458 4.30| 4.38
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054000000000000

000 | B1L|B2|[B3|B4|B5|B6|B7| B8 |00 |
L1 [3.00]4.00]3.50]2.25] 3.25] 4.00] 3.50] 3.25] 3.34
L2 | 4.80]3.20| 4.80| 3.60| 4.00| 4.40| 4.60| 4.20| 4.20
L3 | 4.38|3.50| 4.38] 3.00| 3.88] 4.75| 4.13| 4.13| 4.02
L4 | 4.00|4.00| 4.11] 2.78] 3.33] 2.78] 4.44| 4.00| 3.68
L5 |4.75]3.75|3.50| 3.50| 3.00| 4.75| 3.50| 3.50| 3.78
L6 | 4.13]4.00| 4.00| 3.38] 3.75| 4.50| 4.00| 3.75| 3.94
L7 |3.67|3.67|3.00] 2.50| 3.33] 4.17| 3.17| 3.67| 3.40
L8 |3.20]2.40|3.60| 3.20| 3.40| 4.40| 3.00| 3.20| 3.30
L9 | 4.50]3.20| 4.10| 2.80| 3.40] 3.60| 3.70| 3.80| 3.64
L10 |3.91]3.73]3.73|3.09| 3.36| 4.82] 3.64| 3.45| 3.72
L11 |3.90| 3.50|4.10| 2.70| 3.30| 4.10| 4.00| 3.60| 3.65
L12 |3.13]3.63]2.63|3.13| 3.00| 3.75] 3.50| 3.00] 3.22
00 |3.95|355]3.79]2.99|3.42| 4.17| 3.77] 3.63] 3.66

gss500000000000boooog

00D | B1|B2|B3|B4|B5|B6|B7| B8 |00 |
L1 | 4.00|4.25]4.25|3.75] 3.75| 4.25] 4.25| 4.00| 4.06
L2 | 4.80|4.60| 4.80| 4.20| 3.80| 4.40| 4.60| 4.20| 4.43
L3 |450|4.38|4.63| 4.13] 4.13] 4.63| 4.63| 4.63] 4.46
L4 |433]4.33|4.56|4.22(3.44|3.67| 4.33] 4.22] 4.14
L5 |5.00]5.00/5.00| 4.50| 4.75] 4.50| 4.50 | 4.25| 4.69
L6 |4.75|4.63|4.63|4.38] 4.13| 4.63] 4.63| 4.63| 4.55
L7 |433]3.83)4.17|350|3.67|4.17| 4.00| 3.67| 3.92
L8 |4.60|4.60| 4.60| 4.40( 4.20| 4.20| 4.80| 4.40| 4.48
L9 |4.80|5.00]4.80| 4.60] 4.20| 4.80| 4.50| 4.70 | 4.68
L10 |4.09|4.45|4.36| 4.18| 3.91| 4.73| 4.36| 4.36] 4.31
L11 |4.10]4.30| 4.30| 4.30| 3.70| 4.70| 4.50| 4.10| 4.25
L12 |3.88|4.88| 4.50| 3.63| 3.75| 5.00| 4.63| 4.63| 4.36
00 |4.43]452]455|4.15]3.95]4.47| 4.48| 4.32| 4.36
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00000000 E={1,2,.,K}00000000={1,2,.,.M}0000000000E,, #¢00
O0mO000000000000O,#¢0 k000000000000000
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O0000000000000000000000000000 Z;mar€{1,2345, 0000 k00000
U0mOO0000nn000000000000

1 K
Zom = =S Zn (5.2)
Kg; g
M N

m=1n=1

ooboooboooobooooobooooooboo MU 2, 0000000y, 00000000O0O0O0OOCOO
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J):<.’I}1,ZL‘2,...,1‘M)t, y:(ylay27"'7yN)t (54)
gdodbooodobooooobooooooooouoobooon

Pay = 92y, max (5.5)
00y

gboooboooboobobod

2

M M 2 N N
0'325 = Z pmomin - (Z pmo$m> s 0'; = Zponyi - (Z ponl/n) (56)
n=1 n=1
M N M N
Ogy = Z menmmyn - Z PmeTm Zponyn (5.7)
m=1 n=1

000000 pmeld pen O
N M
Pme = mena Pen = Z Pmn (58)
n=1 m=1

bobooobooooooooooooooobOoboooOoobOOoboboboboobobobobobon
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(mea‘r3m)7m: 1727"'7M7 (y2n7y3n)7n: 1727"'7N (59)

gobooboboooooooobooboobboooooooboooboooboobooooooooboooon
0000000000000 00000000 (Xom, Xsm), (Yon,Ys,) O000O00OO00O0OOOOOOOO
oooooooboooooooooon

[1X 50, x X (T2, T3) = exp{—dx' {(z2 — Tom)? + (x5 — T3m)?}} (5.10)

[¥a0 xYan (Y2, Y3) = exp{—dy {(¥s = Y2,)” + (U3 — ¥3,)°}} (5.11)
000000000000000000000000000000

(g — Tom)? + (T3 — T3m)> = dx(—loga) = 52, (5.12)

(Yo — Y2n)? + (Y3 — ¥3,)” = dy(—loga) =t (5.13)
dx,dy 0000000000000000000000000000000 [54]
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dmn = \/(me - an) + (xSm - ySn) (514)
doobooooooobooooooon
exp{Sm + tn}

S =
T exp{2r} exp{dmn}’
gooooooooooooooobobooooooboooooooononon

r = max{Sm, tn} (5.15)
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56 050 0O0O0O0O0O0O0OOO0O0ODOO

0510:00000000000000000DO0OO0ODOD

| | AL | A2 | A3 | A4 | A5 | A6 | A7 | A8 |
L1 [ 0.251] 0.195] 0.037] 0.468] 0.082] 0.313] 0.099] 0.114
L2 | 0.213] 0.217] 0.172] 0.202] 0.278| 0.353| 0.448] 0.058
L3 | 0.112] 0.178] 0.277] 0.117] 0.250| 0.218 | 0.478] 0.031
L4 | 0.631] 0.093] 0.103] 0.147] 0.281] 0.181| 0.231] 0.197
L5 | 0.204] 0.023] 0.026| 0.047| 0.071] 0.045| 0.050] 0.648
L6 | 0.646| 0.126| 0.068| 0.261] 0.174| 0.259| 0.172] 0.224
L7 | 0.035] 0.264 0.016| 0.179] 0.021] 0.151| 0.036] 0.013
L8 | 0.068] 0.052| 0.777] 0.038] 0.272] 0.069 | 0.294 | 0.024
L9 | 0.545] 0.127 0.143| 0.190| 0.366 | 0.256 | 0.342] 0.155
L10 | 0.400| 0.159| 0.136] 0.211] 0.312| 0.302| 0.350| 0.109
L11 | 0.144| 0.329] 0.181] 0.222] 0.208| 0.415| 0.387| 0.039
L12 | 0.146| 0.109 | 0.498| 0.091| 0.485| 0.163| 0.707| 0.046

0511:.0000000000000000O0O0O000DODOOO

| | A1 | A2 | A3 | A4 | A5 | A6 | A7 | A8 |
L1 [ 0.017] 0.144] 0.061[ 0.247] 0.023] 0.032] 0.131] 0.054
L2 | 0.072] 0.160 0.297| 0.267] 0.108| 0.104| 0.569] 0.136
L3 | 0.173] 0.098] 0.830| 0.128] 0.286 | 0.172| 0.463] 0.144
L4 | 0.087] 0.016] 0.171] 0.022] 0.147 | 0.043| 0.078] 0.142
L5 | 0.124| 0.093] 0.621] 0.136] 0.210| 0.125| 0.470| 0.212
L6 | 0.367| 0.067 | 0.474| 0.075] 0.677| 0.224| 0.227| 0.101
L7 | 0.155| 0.342| 0.221] 0.312] 0.175| 0.341| 0.365| 0.052
L8 | 0.098| 0.526| 0.168] 0.396| 0.105 | 0.236 | 0.330| 0.041
L9 | 0.308| 0.087| 0.555| 0.096 | 0.483 | 0.264| 0.312] 0.084
L10 | 0.130] 0.291| 0.301| 0.321] 0.159 | 0.247 | 0.563| 0.068
L11 | 0.130] 0.056 | 0.046| 0.032] 0.074 | 0.218 | 0.046| 0.007
L12 | 0.285] 0.139| 0.406| 0.136| 0.342 | 0.395| 0.362] 0.062
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Oo0ddo400000000D0DOCOOOOOOOOOBAOOOOODDODODOOOOODODOO

gooobooon
gobooobooboooobooboobooboooooboooobooOooobobooobooobooooboooonon

oboooboooobooboooooboboooboobooooobooono

0512.00000000000000000D0000O00DOO

| | BL | B2 | B3 | B4 | B5 | B6 | B7 | B8 |
L1 | 0.060] 0.437] 0.051| 0.064| 0.136| 0.061| 0.148] 0.118
L2 | 0.452] 0.016] 0.475] 0.117] 0.174| 0.045| 0.139] 0.204
L3 | 0.558] 0.040| 0.359| 0.248] 0.475| 0.101| 0.239] 0.373
L4 | 0.074] 0.051 0.104| 0.022] 0.074| 0.011| 0.224] 0.143
L5 | 0.152] 0.044| 0.095] 0.498] 0.255| 0.325| 0.094| 0.129
L6 | 0.244] 0.108| 0.176] 0.273] 0.585| 0.167 | 0.274] 0.332
L7 | 0.155] 0.202] 0.126| 0.148] 0.357 | 0.108| 0.303] 0.284
L8 | 0.139] 0.013] 0.088] 0.336] 0.120| 0.21 | 0.047] 0.072
L9 | 0.528] 0.029| 0.880] 0.110] 0.246 | 0.044 | 0.285] 0.382
L10 | 0.157 | 0.081| 0.103] 0.378] 0.326| 0.320| 0.133] 0.168
L11 | 0.393| 0.068| 0.347| 0.162] 0.527| 0.076| 0.475| 0.704
L12 | 0.062| 0.200| 0.046| 0.113] 0.149| 0.141| 0.097 | 0.096

0513 0000000000000 000O0OO000DODOOO

| | BL | B2 | B3 | B4 | B5 | B6 | B7 | B8 |
L1 [ 0.126] 0.431] 0.252] 0.188] 0.08 | 0.184] 0.331] 0.314
L2 | 0.245] 0.324] 0.694] 0.311] 0.033] 0.041| 0.360] 0.241
L3 | 0.147] 0.422] 0.275] 0.220] 0.086 | 0.161| 0.330] 0.294
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