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SUMMARY OF MASTER’S DISSERTATION

Student
Identification 82033223 Akihiro Kitahara

Number

Title
Proposal of a Method to Foster Systems Thinking

using Visual Thinking Strategies for Training Systems Engineers

Abstract

For the rapid changes associated with the sophistication of technology, Japanese
manufacturers have been dealing with through a vertical organization, top-down structure.
However, in recent years, those companies are demanded cross-disciplinary activities such as
connecting systems in different fields, in the scene of new value creation represented by the
digital transformation. Responding to this situation, systems engineers, who can realize new
value by uniting multiple fields of expertise, is important. Systems engineers handle systems
thinking, which is a way of thinking that views and analyzes an object as a system. Systems
thinking is acquired through cross-disciplinary work experience. On the other hand, engineers
from vertical organization have been exposed to organizational barriers, fragmented work,
and strict deadlines and cost demands which leads them keep away from acting beyond their
field of expertise. Under these circumstances, more support than ever is needed to foster
systems thinking among engineers.

Previous studies have pointed out that engagement with systems thinking as well as
knowledge is necessary to make engineers choose behaviors that use systems thinking.
Therefore, the purpose of this study is to propose a method to improve engineers' engagement
with systems thinking and to encourage them to use systems thinking on the job.

Visual Thinking Strategies (VTS) is a method to tackle this situation. VTS is from the field
of art education, as a method that has a high affinity with systems thinking and suitable for
thinking training. We reconstructed the method for engineers by adding (1) a process to make
them recognize the painting as a system, (2) a process to analyze the purpose of the painting
and to consider its improvement, (3) a process to diagram the result of the analysis, and (4) a
process to apply the method to their work.

After engineers recognized that a painting is a system, they repeatedly practice systems
thinking, such as observation from multiple viewpoints and analysis of interactions among
elements and reflect on their thinking process through modeling. By doing so, engineers
increase their self-efficacy, which is their confidence in using systems thinking, and improve
their engagement. Furthermore, by using the same process to analyze the systems that the
engineers are in charge of, the engineers will obtain ideas of how to apply systems thinking to
their work.

In order to confirm the effectiveness of this proposal, we conducted a demonstration
experiment with 21 mid-career engineers from two companies and evaluated their attitudinal
changes. As a result, the self-efficacy for systems thinking improved significantly, and the
engagement with systems thinking scale that leads to participation in the system-wide work
improved. In addition, specific behavioral ideas that lead to the application of systems
thinking to work were confirmed. It was suggested that the proposed method may contribute
to the fostering of systems thinking and, ultimately, to the training of systems engineers.

Key Word (5 words)
systems engineering, systems thinking, visual thinking strategies, VTS,

art thinking
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AT LEDORTIX1HE ZBREEMEE 2o TS, £, MBS B O RE(LE
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7% 527 x50 B 2R b & (Day3 %—H) OFHES /- HTE

Y XTF L INE
R e
No.1 No.2 No.3 No.4 No.5 |7
No.1 028 0175 0186| 0354 0351 0.601**
No.2 0348| 0423| 0545%| 0489*| 0294| 0605+
BAm T Nos | 0445t 0414| 0582+¢| o0411| 0416 0710%
Y RT L
No.4 0387| 0061| 0257 0.665%*| 0552%*| 0.749%*
No.5 0399| 0.166| 0402| 0492*| 0518*| 0598+
BES 27 L 0395| 0.144| 0343| 0443*| 0373 1
7 528 fE NJEMs B b IR L& (Day3 t&—1H) OFEBI S HTis R
REREH | OBID | irie | ot | syt | T | Bk
EJ\_Q( ﬁ,@_@ HEREREL 0.204| -0.141| 0.434*| 0.116| 0.102 0.046| 0.058
ﬁl Y AT L EEEX 0.374| 0.543| 0.049| 0.618 0.66 0.844| 0.804
R
® 824 HEREREL -0.023| 0.216| 0.039| 0.095| 0.138| -0.247| 0.265
m|. B2
m | ¥AT A BEREX 0.921| 0.346| 0.867| 0.682| 0.552 0.28| 0.245

IRIZHER AT ORE R 2T %,

AR Tl AEASD 21 &7 SRR O IESIMEORERDEE LU=, RERIOIER )
MzpiEe L, 2 o3 F 2 N v 7 FEZ Wz, B O E AN ToZ LA i -3
L7, D& LHfEE L, #1#] - Dayl #% - Day2 # « Day3 20 4 #FA T 57290
12, £ Friedman fREIZL Y 4 BERIZMN L OOENHDH0E ) D EFER LT, 2D
BEINTHEIE, ZEEMRE S LT, Bonferroni {5 CilEEA1T 5 Hikza AWT, BEE1:
DI ZAT > 72, FHlifER%Z, & 529, £ 5-30 177, 728, Friedman fEDRERIL,
ETCOHBIZEWT, AEREFEO0.001 LT THETHY | FUL K2R H L Z L13RO LI
7
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3 529 KA 7V AT MERIEEUT-V AT LABEDO H O EGHEO M ks R

IR ot
R ER RO, Bonferroni FH % A B RO
. FEE i [==3 ’—‘ SZFA] ‘g
No P eI T vs Daylf% vs Day27% vs Day31%
@ @ o @ @ @
HI 3.5 1.977 | 0.292 | 3.645 | 0.002 | 5.139 | 0.000
BRA IR AT LD P
AT RE Daylf 5.2 - - 1.673 | 0.566 | 3.167 | 0.009
1 ik =
VAT KOBER % Day2# 6.1 - - - - 1.494 | 0.811
WzprzLncEs
Day3#% 7.0 - - - - - -
wIH 3.9 1.912 | 0.335 | 3.765 | 0.001 | 4.841 | 0.000
Bx iRy AT LD Dayl# 5.0 - - 1.853 | 0.384 | 2.928 | 0.020
2 AR &, ME A
WxBZLENTED Day2# 6.1 - - - - 1.076 | 1.000
Day3#% 6.6 - - - - - -
wIH 4.1 1.614 | 0.640 | 3.765 | 0.001 | 4.422 | 0.000
xRV AT BD »
5 325 > 4 T Daylf 5.1 - - 2.151 | 0.189 | 2.809 | 0.030
3 =
Hreolh & & 2
. § Day2#% 6.1 - - - - 0.657 | 1.000
W25 ENTED h
Day3f4 6.4 - - - - - -
W 3.7 0.359 | 1.000 | 3.108 | 0.011 | 4.422 | 0.000
Bx v 27 KBV T | Dayltt 4.4 - - 2.749 | 0.036 | 4.064 | 0.000
4 RIS A B & TR T
WxEFZLnTxs | Day2t 5.8 - - - - 1.315 | 1.000
Day3tk 6.1 - - - - - -
E 2.9 1.431 | 0.909 | 4.004 | 0.000 | 6.275 | 0.000
Kz 72 AT BB NWT 2kl
Azt 2 < Day1# 4.0 - - 2.570 | 0.061 | 4.841 | 0.000
5 WEDTZDIZ
AT AEEE Day2t% 5.2 - - - - 2.271 | 0.139
EHZLENTED
Day3tk 6.3 - - - - - -

# 529 IZBWT A AL LT/ & &12iE Dayl % CITAEZAILA LT Day2
HBUBECIIRIHE TAEZEN A OIS, Dayl 42 RHEL L7-HfX, No.4 O Day2 %LA
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# 5-30 TIL ARE 529 L[F UEFCTH D03, No2, 3 1I#IH 2 FAEL L7z & %12 Day3
HBECTHBENRBO LNV, F7-, No.2 Tix Day2 % & Days % & DRI L AEEZENRH
%o ZiuE, Day3 THY T 2T A% W= VIS 23 LD Z E N L T 5 ARE
MDD,
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# 530 YT HI AT LERGLELTZV AT NEZO B 2 IEEHIm O ERS F

FEHi R+ D bk
R L ER RO, Bonferroni JHE % A B MERQ)
o == Y ;i.>
No. P FHle T vs Dayl#% vs Day2f% vs Day3%%
©) @) @ @) ©) @)
B4 4.6 1.853 | 0.384 | 3.526 | 0.003 | 5.139 | 0.000
5L AT ATEND
22; AAfkz iz | Dayl# 5.6 - - 1.673 | 0.566 | 3.287 | 0.006
1 ) -7
OIMUDEFR LIS S | payoy 6.4 - - - - 1.614 | 0.640
ZEMHRS
Day3#% | 7.0 - - - - - -
_ ik 4.8 1.076 | 1.000 | 2.092 | 0.219 | 4.781 | 0.000
HYF 5 27 AT i
TG & > 27 A% | pay1y 5.4 - - | 1076 | 1.000 | 3.765 | 0.001
2 KENETNOESR L
WeEEHMT 5L | Day2ft | 6.0 - - - - | 2689 UG
7 7
RS Day3f | 7.2 - - - - - -
_ B 5.1 0.179 | 1.000 | 1.793 | 0.438 | 3.526 | 0.003
HY 5 27 AlTHBN
THAHPAORESCENE | Day1z | 5.5 - - 1.614 | 0.640 | 3.347 | 0.005
3 | myvrFafklLTo
HhECE X I Y0k 5 | Day2it | 6.4 - - - - 1.733 | 0.498
WS 5B TE 5 -
Day3tk 7.0 - - - - - -
B4 4.3 0.478 | 1.000 | 2,988 | 0.017 | 3.944 | 0.000
SRR bR S AN e ST —
CHLM IR 25 a4 | Daylf | 4.6 - - 2.510 | 0.072 | 3.466 | 0.003
4 s
K% % 7ol CHE 2 E. 2
X Day?2 5.9 - - 0.956 | 1.000
FormTES ay2tt
Day3tk 6.2 - - - - - -
E 3.5 1.076 | 1.000 | 3.884 | 0.001 | 5797 | 0.000
HY 5 27 AT 2kl
THLFEO MO BH | Daylie | 4.3 - - 2.809 | 0.030 | 4721 | 0.000
5 | 22T, WEDOTZDIZ
VAT ABER Day2% 5.6 - - - - 1.912 | 0.335
fEHZ&ENTED
Day3tk 6.8 - - - - - -
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H CRIEOENBE D A K 5-15 124, —#6, H SR M) B L TN pidii
BERRONDH, W bIIEZ & <FHE L T D7z L B2 55,

45
+
1na
4
S 35
Ko
=il
0=
o 25
i
S
g
IN
K 15
N
%
Q
#®d

All A12 A13 Al4 A15 A21 A22 A23 A24 A25 A26 A31 A32 A33 A34 A35 Bl B2 B3 B4 BS
wERE
m DHESET mDay3tk &t —ZfLE

45
i
a
Q 35
Ko
=
o
w25
i
S
4
Ik 15
X
N
M
o s

A1l Al12 A13 Al4 A15 A21 A22 A23 A24 A25 A26 A31 A32 A33 A34 A35 Bl B2 B3 B4 BS
ERE
m PHESET mDay3kG5it - b=

5-15 H OO E N BIZE Lo bk
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(5) BRI D727 > T

FErRR AR OFHmRE R A M 5-16 (2, THAZRAHBOMERRREZX 5171077, K
PR AHICEI L TiE, TR DES 20 T =T RBOEm & R &)
By MR EET2) (ZDEET 2] OAFHTI 0% EThoT-, THNRA
FIZB L TIE, 1 FIOREE & 3 [FIOFEMEREIZE LT, 80% A L CHEIEE L& %=, A %
—VUHIRIZBI L Cid, T2l X 0BG RW & HEIER] 2688 T 90%L k&7
77

LLEX D CRHIC S THEIIC | IR AT TR B RVWNETH S Z & AR
SN,

No. 1 2
s T— v ay SIEERO LR TV TORBRCEHEZMDT
HIm NN
SHON— RAABENE BLETH SMON—FLPENEBWNETH
0
33% G5
fER
w B CEBT 2 ZLRET S w B AET S SORBT D
s EHELTHAEL shEYRBELAL = EBLTHREW shEYRELAWL
mEoKAELBWL = FoKABLAEL

5-16 A&7 EHIRO TSRS 3

No. 1 2 3
e 1[8] o FFfE 1.5/ 14 3[E D EHERIE L 2BEEDA v Z—NILi
) WERZEBWETH WERZEBWETH WERZEBWETH

RS

M YEL e A LEL = EYE Y Sl A LA EL @Y s YRV eSALRY wEYR
s ALREL ehBRYEL TN LR DE4N s HLEL e hEYEN

5-17 KA/ RO HERBRE R
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533  ZUVEMERRORR
TN PEHERORE R L TR %,

(1) AT LBEE| T A — A M a ELT=0

BRVAT DL WERE DU AT LRFEICEIT 5V AT WEE~DT P A
k23 B L7 &5l % 72912, Engagement with Systems Thinking K& (Camelia
and Ferris 2018) &, M F CfERk L7z [BIG CHIRF S p B /E ) 258 L7, ZhEi,
[—EMOH DR AT LYY a—a RO DEMB IO W&, [5G
THIRF SN2 BB MR EROAFHRIZEW T, W E Day3 # CRIEREOM & FEZEN
R ST,

(DEngagement with Systems Thinking DRSS

Engagement with Systems Thinking X & (Camelia and Ferris 2018) CEF STV 5
3 DORFZNZENDEFHROE L2 HFHNZEHn L7z,

AFHI T, A 21 &7 S BEFHIOIERMEOHEREE LD, REMOIER )
izhides L, 2 o3 F A MY v 7 FEEZ AW, A TOECEZTHET 5729, 3tk
DI HRE L L - Dayl #%-Day2 % -Day3 % O 4 #4295 72912, £7° Friedman
FREIZLY 4 BRI L OOENRH D0 E D AR LTz, ENHR SN, £
HESE & LC, Bonferroni {5 Tl AAT 5 HiEZ HWC, BEELOMKATT 72, 7F
flifiik 4, £ 531, % 5321”7, 3 2DKRFDIH [—EHDOH 58K AT LY
Va—3a &R DA KOS R CHEBEZENHER SR, ZHEER AT 7203,
WO & A B AR S o T,

Bonferroni {&THM#EAAT 5 FIEDOGA . HEDEZ 5 EMHENIMET T 2560365 &
IND %, BINORE L LT Dayl 2 DAREXG) HERE L CREEORHN 21T > 72, RE
DR, #I & Day3 BOMICHIEEROWINEAEE (p=0.033%) MRS ST,

5-18 |Z Engagement with Systems Thinking REDK 1= & OEFHEOHEE 27~ L

7o TNELTEH [—BMEOH AR AT LYY 2—3 3 &R AEAE L OS]
KD TEEHMED FH L TWAEAIDMERTE 5,
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# 5-31 Engagement with Systems Thinking RO Friedman & EfE 5

EitE Ty Friedman D& EfE R
No. % = SN =574
W8 | Day1# | Day2#% | Day3# %%g%f% ﬁﬁﬁ(%—@lgﬁx

YRT LEFREHRET 2B RA~D
Z1Eh Y PfER
Preference or inclination towards whole
of system perspectives

30.52 | 29.76 30.14 31.00 6.133 0.105

BEt - BRSOV T LEED
B 890 A~ DB/
2 Interest in the intended purpose or 28.24 | 28.05 27.95 28.38 0.932 0.818
application of the whole system under
consideration or development.

—BEUDH 22608 2T L
YU a—3 a3y ERSBERS L OSM
3 Inclination towards and participation in | 26.81 | 27.29 27.76 28.33 8.949 0.03 *
seeking a coherent, whole, system

solution.

# 5-32 Engagement with Systems Thinking R E#Fili?> Bonferroni 5 Cii#Ea1T5% &

Pt R
FEHti [ [7] L oD L
AR EFF RO, Bonferroniifi#k ik 4 BHEFD
No. T FHalel vs Dayl#% vs Day2% vs Day31%

O © O @) O ©
B 0.538 | 1.000 | 1.434 | 0.909 | 2.570 | 0.061

—BH0H 5 EeENE

3 ATLYYa—avkE Daylt% - - 0.896 | 1.000 2.032 0.253
Kb BERE S LS
Day2#% - - - - 1.135 | 1.000

# 5-33 Engagement with Systems Thinking K E#HHi> Bonferroni % Cilf#%115% &
HfEER (Day1 %R 22)

S A1 [R] £ oD bk

R ER 2O, BonferroniifiE i A B2

No. A F Il \ % vs Day2%% vs Day3t%

O @) @ @) ® &)
EIEY - - 1.389 | 0.495 | 2.546 | 0.033

—BH0DH D 2EMNE Y
3 | ATLYVa—>arvi | Dgpatl - - - - - _
Kb BEEE L SN

Day2{% - - - - 1157 | 0.741
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No. K+ PR
40
30
VRT LR REYT 5B~
. 22 ) RAEm 20
Preference or inclination towards

whole of system perspectives 10
0

#EA Daylf® Day2¥® Day3f%
35
30
Bt - BRROL 2T LAGF0E | 25
KRR D BS L 20
9 Interest in the intended purpose or 15

application of the whole system

under consideration or 10
development. 5

#HA Dayl#: Day2#% Day3#%
35
30
—BHOH2LENRRTLY | 25
Ja—vavakbrERs LT 20
3 20 15

Inclination towards and participation

in seeking a coherent, whole, 10
system solution. 5
0

#ER Dayl#® Day2#% Day3#

5-18 Engagement with Systems Thinking DK -5 & FHEDOHER

QHG T FS L BB OF TSR

B CHIRE SN A BEMEM AT 5 5 SOEMENEhO S L AEHEDE b a2 #E
ARG L 72,

AEHIClE, AR 21 &7 < REEF O ERMEOMERIEE L =D, REEF O RS
FEREs L, 2 o3 2 N v 7 FEEZHW, [MATOECETHTT 5725, %k
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DOHHME L L I -Dayl #%-Day?2 % -Day3 #% 0 4 #f 4 Ll d~ 5 7291
BEICEY 4 BRI L HOERH D00 E D I EHER LTz, DR SNT%E
HHRE & LT, Bonferroni V& Cil#EZAT 5 HIEEZHWT, BRI LMK AT 72, 7F
it R, & 5-34, £ 535”7, H No.2, 5 K OVE
Wiz %70 572, No.2, 51, WIHORHIC & A BT

n+VC‘\7ﬁ FEDMERR S ﬂf:?\é.'r gé
WS NphoTle, A &EEt DA

& Day3 %ICITRERDOEINE AEZAE (p=0.036%) 2R ST,

# 534 BiGCHIFRSID BB EHARHMED Friedman A&k 5
Fi5(E Friedman D& EHE R
No. B , ) L | T | wmEssms
## | Dayli | Day2# | Day3# | @iz ()
AT LOREICERYBOEICIE, 1BY
1 | YRTFLORBIOBHRL T TALMIO | 543 | 567 543 5.76 6.704 0.082
BELEOZELHY <D
MR EEA EM L T2 GREIERZ D
2 | ZEPTFELED, BEADZDHYLE | 467 | 5.38 5.00 5.43 14.382 | 0.002 * %
THW
BHLR YR T LOEREOBEFRACE
3 | RERZEMTL. BEIECLTERT S | 5.00 5.24 4.95 5.48 5.386 0.146
TENELL
BABESRMD A N—DE4L R EH
4 | DV RTFLERZ CERrKEER DTS/ | 548 5.33 543 5.57 1.205 0.752
EIIh<{h<T?
AT LORBEICERYECEICIE. 51
5 | on7BNEY S LUOBENZRATH, | 548 | 5.19 5.24 5.62 8.948 0.030 *
SRR ERLI K RD
0 E%Tﬁﬁigém%@m 26.05| 26.81 | 26.05 | 27.86 9.821 0.020 *

# 5-35 Bl CHIFS A BEMH MR Bonferroni 1 CiidEAa1 192 B LG F

Z.F7 Friedman
. %

S ] [ == D b
AR ER RO, Bonferronifdi& i 48 BiEFRQ
No. FHAmHR AT eS| vs Dayli vs Day2# vs Day3t
@® @ @® @ @® &)
W 1.554 0.721 | 0.717 1.00 2.749 0.036
0 ﬁ?;iégggé Day1# - - -0.837 1.00 1.195 1.000
Day2% - - - - 2.032 0.253
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@ AT LEEDO TP —U AN H R 1RO FEEE R

O IER P —D A v RENENOIN D Dayd % F COZ LRI
D& D ST LTSRiR AR 536 (TRT, BT AT MR D HOAIED 5 b,
VAT LOH LS FER(No. 1), v AT LORIK S M E(No.2), ZEMH O BAEH(No.3)
& Engagement with Systems Thinking @ [—BM0H 25 2K 72 AT LY U 2— 3
>R DI KOS K& OFERBEEN S 5 Z LR STz, BEA IR 2
FEOMHE/EHNo.3) & B35 CHIfF S 5 BB 6 & b ARZRMBENHER Sz, ZOfh,

BT WVDGIOFERIN W ORI (FRIPHFHB D ER),

# 536 VAT LEEA~D B IR OELE T — U A D OFE RS BT R

Shemtie | G257,
Factorl | Factor2 | Factor3 BEMER
TEEIRER 0.206 | 0.379 | 0.634** 0.361
: BEMWHR 0.37 0.09 | 0.002 0.108
TEBIFREL 0.253 | 0.303| 0.488* 0.265
‘ HEHEE 0.268 | 0.181| 0.025 0.246
:j%; 7:2 5 HRBIFREL 0.13 | 0.245 | 0.599** 0.449*
BEMHR 0.573 | 0.284| 0.004 0.041
MEEBHRER | -0.081 | -0.049 | 0.206 0.079
! BEWR 0.726 | 0.832| 0.371 0.733
1EBIRER | -0.094 0.1| 0.403 0.197
aa : BEMHE 0.687 | 0.667 0.07 0.393
D TRBIFREL 0.041| -0.133| 0.033 -0.1
: BEMHR 0.859 | 0.565 | 0.888 0.666
TEBIFREL 0.242 | -0.173| -0.039 0.051
‘ BEHEE 0.29| 0.453| 0.867 0.825
By | TRBIFREL 0.119 | -0.028 | 0.026 0.064
FAT A BEMHR 0.609 | 0.905| 0.912 0.781
HEBIFREL 0.085 -0.06 | -0.042 -0.118
! BEREX 0.715 0.795 0.857 0.612
MEBIfREL | -0.143 | -0.074 | 0.186 -0.075
’ BRHEX 0.535 0.751 0.419 0.746

X B 2B Engagement|dDay32-{1# D Z{L £
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(2) WA RSB A mE-720

BRI AT ML | PEREONERIEEMR 2 5D DT E D D a il 572012
The Self-Reflection and Insight Scale & . Critical Thinking Disposition Scale @ 2 ->® R
ARz, FHIORER, A EZEHES S 172 DX Critical Thinking Disposition Scale @

HEHIRIBEE) RF-DHTH -7,

(DThe Self-Reflection and Insight Scale

Reflection and Insight Scale(Grant, Franklin, and Langford 2002) CEFHZ ST\ 5 3
DORTF-ENZENDOEFH RO L Z RN EHn L7,

AFAMCIE, AR 21 &7 < RHERIOIERVEOHER N EE LN =6, REE OIERSY
fizhifes L, 2 o3 F A MY w7 FEEZ W, A TOECEZTHET 57295, 3tk
DOHDHE E L #H-Dayl % -Day2 % -Day3 % O 4 B i35 72912, £ 7" Friedman
BEIZLY 4 BRI L DOENH D0 E D NEiER LTz, sHlifERE R 5-37 IT77,
MEDFER, WTHNORTTHHEZRIIMEE SN2 o7,

#¢ 5-37 The Self-Reflection and Insight Scale #Ffio> Friedman # & 5

BETROFEY Friedman DR f& 8

No. &F - R
; p ; RE LA ERER
WHEA | Day1# | Day2# | Day3# e ()

NENDIV T =Y 4> b

Engagement in self-reflection 21.71 ] 21.90 21.81 21.71 1.323 0.724

NE~DER

2 Need for self-reflection 2529 | 24.48 | 2533 | 24.76 5.122 0.163
A4 A b

3 Insight 30.38 | 30.81 | 31.24 | 3229 | 4.963 0.175
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@Critical Thinking Disposition Scale

Critical Thinking Disposition Scale(Sosu 2013) FEF ATV 5 2 DD F-ZIEND
AR ROZA LA FFHHNCFHE L7z,
AN TOLRAbZ 7 i 572, XS0 & H8E L L, 1] - Dayl #% - Day2 #% - Day3 1%
D 4 FEZ T 272012, £7 Friedman MEIZ LY 4 BRI L HOERH L0 E

MRS LTz, Ml RZ K 5-38 1T, MEDRR, THEHIBIME RFIcAEA

(p=0.011%) DR INTTo8, ZEIEFMIE & LT, Bonferroni & CHHE#1T 5 k%

JAWT, BRIt OREIT- 7,

HINEAEZE (p=0.024%) PHERINT-,

3% 5-38 Critical Thinking Disposition Scale

Al R A2 # 5-39 1TRY, WL Day3 t& CRUEED

D Friedman i E RS S

BE R DFEY Friedman DR #& 8
No. RF , , , BE B B
#HA | Day1# | Day2# | Day3# @t (e
R AR
1 Critical Openness 26.75 | 27.05 27.95 28.81 11.207 0.011 *
NE RS
2 Reflective Scepticism 15.05 15.52 15.95 15.9 4.447 0.217

3% 5-39 Critical Thinking Disposition Scale #Ffi?> Bonferroni % Cal#Ea179 2% B LG R

ESyE|ERER2)EE

B b ER RO, Bonferronifi% ik 4 A=

s

No. AT Fhle vs Dayl#% vs Day2%% vs Day3#
® @) ® @ @® @
w13 1.301 1.000 | 2.396 | 0.099 2.876 0.024
i dlio]ehigkd 2

1 Critical Openness Day11 - - 1.095 | 1.000 1.575 0.692
Day2# - - - - 0.479 1.000
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(3) T AT L E D3 BRI 3~ DT 2 Mg S iz

BRVAT LZEY | PERE O AT LEE OSBRI 25 R~ OB ME S 1
ek, 7—a—0 3 >ONEERE GUE  BEX7-2 L0iRVIRY | Y& : RO OR
VIRV, A BB EO X HICES RS ETZ0 DY) (Foucault 2005) % FEIZ1ERK L
TEMA~DRIE TG Lo, BIfFT 2RIZEDG TN E S & &4 THIE LEIE 2 7
L7ofERE2R 5740 [T, 7—a—0 3 DOWNEEREAAWEHEIX, VIS IZLH2NE
HREE o L% B8 L7=(R. C. Campbell, Nguyen, and Kim 2021) O Cffi f &1 C
BY, TOHEEBEL LT,

FEMITK L, No.2 ZBrE 80%LL EOHERFE S BARINE &5tk LTk Y, No.l, 3 T
R £ TROR TE TV D, e d BRI 0 B - ATENIENN 0 £ 5 Z5tifiZ e > T
WAEMNE I MIT 12,721 N, BT%NERTH -7, 7238, No.2 DY AT A~DHEEK -
BRI, HY VAT AOWRPUUKFT D T2 O DOxgeoh &3 5,

F72. Nol Y2 A7 MK D H R OZAUICE T DRI E 4 DDV AT LD A
7L BEHRR OB CHEF LI b0 EE 541 (T, REMRa A MLAFELL TS,
[P 27 LOANEIRZ D | DEEDRRHZ< 6 1h i\ T [T AT AOBER IR BT
W5, TERMOMAMERZRZ D] B 5> TWD, HSE 2L 72855 - 178)
BN TWEEN & 2o T A,

£ 5-40 S HBOZEHEA~OW A IMES -0 E G DB B~ D[R 0 S 5

i R DS DR E

No. =1 K =l ]lo|lts|lelolvelelslelelaglyulols]lelalalowls|o
T ol 22|22 |lN|N]|N]N | NN o|om]|omo]|]omn
<|<|<|<|<|<|<|<|<|<|<|<|<|<|<|<|2|2|2|(2]|®

BEL A7 LT BRASD | oy
ey e e R S S S S R

@)
@)
@)
@)
@)
@)
@)
@)

BHETRRTELA|81% [O[O[O|O|O|O[O[X|[O]O|Xx|O[O[X|X]|O|O[O[O[O]O

BHIRT LOEE - WERZ

SR G E P 43% [O[ X O X | X|X|O|O|O|O|X|X|X|X|O[O[X[X[X[O[X

BHECTRARTELD[43% [O[X[O| X | X[X[O]O[O]O|X[X[X|X]|O|O|X|[X[X]O]X

EBANEDLIBRVEENDH

0y
0% 5 hEhkCE A 95% [O[O]O|O0|10 |10 X|O|O[O[O[O[O[O[OOO[O|O|O]O

BHETRARTELN[62% [O[O[O|O| XX [X[O[O]O|O|Xx[O[X]O|O|X|Xx[Xx]O]O

SDED BRI
SELDENLINAEIEE 5oy o |o| x |o|o|o|o|x|o|o|olo|o|o|x|olo]olo]olo
wTEA

DNBHREWT D BE - (TSI
PHERIOLE ”ﬁ‘ggg 57% | x | x [ x |o|x [ x|o|x|x|o|olo|x|olo|x|o|ololo|o
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# 541 YT RT AR DRSO

K&K A b

ESNCIO¥ ghser )= A
B 21 L 7=
VAT LRI T L,
BRCERELEOLVIE | RICKRBIT DI ETEZINA
WREF TR T LZIBETE BRI TER-0,
L5157,
FUKREHREMICHLTCHS | KBOENEEROBERMEE
SRTLOBEMERZ S 6 TELOEAED,, 2B | YRATFLRTRRT AIEN
ZEDHET, TET120,
BYSXFLOENERT
DIZ, WIRERT 2E XL, MICKRIETHZ L TEZNA
FLICBHEHEVIRRER | BT,
DTENTELLL,
VRT LD BHANDIR R DM
20 AR FLICATT fBDOANDBED HFELZ (T
_ N DR[EBEHLIEFZSHEIL | 7
VRTLEREERREY 5 YR T,
MECRET 2T —2hE%E | HESNRERL SO TERE
E L THDBEIHEL, RURL=7=8
BRARRCBLC DU | mpczens LTRRT S
D7 0—%BE0R CREEIC = R A -
2L BES IS, - = -e
EZXEMOMEER%ZIRZ 5 5 o =3 3 \Z =
- Y 2T LAOBERMOEN E%wﬁgithT{?“
Z RN . BEOBEREORITS
DIy LT, &V Bt = & 1S AT AL O 3
LTIRR B ZEHNTES, o 2 - e
o7,
REMZ 7 7' A —F TIEER
o s EKELEER->TWoDT, it | BR%E L7-Z & TERENR
SRR TRAD 3 | 07 IO —Fhhs0TIHE | £ ot
WwWhEWSREaNEsNT,
2 HR R AT BELRXTLICOVWTEHERL | EREOBU2EEEX SN
SRR, BEERR S ! DRTEDLS 1T T, ADWNT=T=8,
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# 5-42 TiX. No.d ¥EB~OIEN LS ORIERER % [EMITE « v — BN LR
L72bDER LTINS, [RELAOHELED T AT AE LTERT S Bl ikd
%<, [V AT L0 BHHOWRALIZIERT 51 S 4Tt Tnb, 7288, Ofat L7ofR&ER
R Ay NI BRCATHE CEK EHIE LIZa A N ChD, V—7 v a v TN TIIHIC
R L CWRWEREH LS DB A~DIEH ZMEIA A A=Y LTV AEBRE DR b Z0 o7,

K 542 SHRDFEB~DIENLTT

SERBE - v— N REME A R
SRS TREE S X —BEMZ S BN EEE S X T LAMLT B C L TR - B ME
FLELTEETS 6 | toohAYCEEAERICEZ 21T 5,

o= ; [EAES b L TiRA 2] . [HE>TOWTHRVODTY AT LD
YATLOBMOWEL |, | glgrrREds) L. £SO AEBOND T LA -

WERT S F0T, BIREBICTY 27 AR AEZ HBITERA L THI 0,
LEORBFEOEBIBL R BEDIEYEY 21— L TRIETI20OTIEARL, AEOEY 2 —/ILA
EZHEYNT 57 0IERT 3 DEESR, [ERINTWBAVE—7—XIZEST] BH#LT

5 WE7-LY,

AATODZEZ TCIIWAOBER EIFRALHZ7-H, LV LR
3 FLIZTB1OICTF—LTHA L CEANGR AR > TEHEE
BT EIITLTlN,

BLUEROEHS DL, , | FHEEOBIERM TR — 2 X7 LPHRRET N SHEICHT 2THRE
SECERT S DHEITERATE %,

T—LTEHRREERT
%
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(4) FIEBIRE DB A BN TS 720
Oyt DR

WREDT— 7 a3 v FIKT HRAEREHMIE LT, *y b7 BE—4% 227 NPS®3!
DT L r— NHli&E T 72, RHlifESR A 5-19 (T, o T AEN DI T=, #RlD
EZ Db DITFHl G & BT BIEOLFHIRR & Lic, RHMEORR, M4 ERD Z I
JRERE DN LHEREE 238 2 5 2 & T NPS®IZ, -33.3%. -23.8%. 9.5% & #if L 7=, Dayl
#%. Day?2 1 Ol IEE 1% 723 & OFHIE T o 7= & b 2 23, ke il & L TP Day3
BOFERT, HIEELPRE I TWD,

NPS®
igjf 9.5%
0
0% N
10% I
-20%
-30% -23.8%

-40% -33.3%
Dayl#%  Day2%%  Day3tt
NPS= (HEREH—MHEH) /5T AK

Day1{% Day2#% Day3f%

niEREE whIE e fiyE
I I

519 U—2 ay 7 DRy aE—4 237 NPS®
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QBRI DR

AR H RIS U CREE A0, FHIl AT, FHIlREROFIWN 257> D 3 5D
BRTA VI Ea—ZT0, U THDL LV IFHMERT, LT, A ¥ B a—fROBEE
%ﬂ—?ﬁﬂo

o Aflt:R&D ARANFHYE

AT KEEOH CAIRE FRII TR L TR T2, SRR bND, VAT
LEEZITHRTLE 9 L Y-V CHERICRL LI R VD THD, £HOV--EKTR
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