JAIST Repository

https://dspace.jaist.ac.jp/

Title gobdooooooooooooooooooao
Author(s) oo, 00

Citation

Issue Date 2021-03

Type Thesis or Dissertation

Text version

aut hor

URL http://hdl.handle.net/ 101
Rights
L Supervisor: ooooag, oooooopoa,
Description
ooooond

AIST

JAPAN
ADVANCED INSTITUTE OF
SCIENCE AND TECHNOLOGY

19/ 17172

ud

Japan Advanced Institute of Science and Technology



THEMAGE2ROME L U T OISR O FERIIARET

[l SN

EIEEHE HE 77

AR Fesm A B R R
Jelm R AR TR
CRTGRARL)

SHI34E3 A



Abstract

When we solve the problem, we may come up with a solution unexpectedly
after struggling with it. This kind of problem solving is called insight problem
solving. And the feeling at this time is sometimes called an “Aha experience”.
Insight problem solving is a familiar phenomenon, but its mechanisms remain
largely unexplored. The purpose of this study is to elucidate the cognitive process
of insight problem solving. Insight problem solving is known to have a variety of
empirical features. In the previous study on insight problem solving, it was shown
that the perceived proximity to the solution may increase during the answering
process, and when the solution is accompanied by an Aha experience, the feeling
proximity to the solution is shown to increase rapidly just before the solution.
Therefore, we think that the insight problem is structured in such a way that it
connects an Aha experience with the perceived proximity to the solution.

In this study, we propose a dual-structure hypothesis on the essential structure
of insight problems. We think of problem solving as deriving the solution from the
problem statement, which is the set of instructions for the content to be sought.
The problem is solved when the solution is uniquely determined by following the
instructions. In non-insight problem solving, the solver understands the instruc-
tions of the problem from the problem statement and tries to derive a uniquely
determined answer. This corresponds to the mapping between the “space of the
problem sentences” and one’s internal “space of interpreting problem sentences”,
and in non-insight problem solving, the mapping is established in such a way that
a solution exists. On the other hand, in insight problem solving, there is a map-
ping that does not have a solution, and for the respondent, the mapping between
the “space of the problem sentences” and the “space of interpreting problem sen-
tences” is unclear. In this case, the solver cannot follow the instructions directly
from the problem text and is left searching for a solution. At some point, however,
they discover a correspondence between the “space of the problem sentences” and
the “space of interpreting problem sentences” that allows them to have a solution,
and they are able to derive a solution.

We hypothesize that this phenomenon is due to the fact that insight problems
have a special problem structure. Insight problem solving is a special type of
problem solving in which the instructions for the solver the meta-problem(the sec-
ondary problem), such as “Identify what the problem is”, and the solver follows
the instructions of the primary problem, which is revealed by answering the sec-
ondary problem. The solver of an insight problem cannot read the instructions
directly from the given problem statement. This is because the primary problem
is incomplete and the instructions to be followed are unknown. In this case, the
secondary problem is “Identify what the problem is”. By following this instruc-



tion, the solver can derive the solution to the secondary problem, which will lead
to the completed primary problem. By following the instructions for the primary
problem, the respondent can derive the solution to the given problem statement.
Therefore, in order to find the solution to an incomplete primary problem, it is nec-
essary to answer the secondary problem and clarify the instructions of the primary
problem. The process of solving a secondary problem is a process of searching for
an appropriate “space of problems” and “pace of understanding” mapping. The
perception of proximity to the solution is a metacognition of the proximity to the
solution of the secondary problem, which corresponds to the distance to the ap-
propriate solution in the “space of problems. The first-order problem, which is
the solution to the second-order problem, is the mapping between the “space of
problems” and the “space of understanding” such that it has a solution. In order
to identify the primary problem, we can reason based on the property that the
answer to the primary problem is determined to be only one, so we thought that
the primary problem and the secondary problem are solved simultaneously, which
leads to an Aha experience.

We tested this hypothesis in an experiment using a binary image task. The
binary image task is to find an animal in a natural image in which each pixel is
black or white by a threshold to the gray scale color binarized to blur the boundary
between the animal and the background. This task is known to be associated with
an Aha experience when the object is found in the picture. The binary image
task was used because the structure is spatial and can be mass produced. If the
binary image task has a dual structure, then since the structure of the binary
image task is spatial, we would expect the perception of proximity to the solution
to accompany the process of finding a portion of the image that is sufficient to
recognize the animal. In addition, when finding an animal is accompanied by an
Aha experience, we expect t the perception the perceived proximity to the solution
to increase rapidly immediately before and the gaze to move rapidly toward the
animal.

We conducted two experiments using a binary image task. We conducted the
preliminary experiment using a computer mouse and the main experiment using
eye tracking. In the experiment, the participants were presented with a binary
image task and asked to find an animal. After they found an animal or exceeded the
time limit, they answered some questions. When the Aha experiences were present,
the distance between the gaze and the animal suddenly approached just before
the answer was given, which was consistent with the prediction. Therefore, the
duplex hypothesis was experimentally supported. In addition, we hypothesize that
we have proposed an experimental framework that can quantitatively handle the
relationship between an Aha experience and the perception the perceived proximity



to the solution.

In this research, it is possible to treat the cognitive process of insight problem
solving as a theoretically explainable phenomenon. We expect that our proposal,
which treats insight problem solving as a special kind of problem solving rather
than a phenomenon that is completely different in quality from ordinary problem
solving, can be applied beyond the framework of insight problem solving research.
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1.1 HEOER
1.1.1 FEREE#ERE T

MEICER LREZEZ S LT 25MHT, WALRIE Thh! Z25h ! AR
WEZ WO, HLIDZ2DTERVWEAS . ZOXS MO LD
XD DH ML, TAEEERR PN 5 (Metcalfe & Wiebe, 1987). ¥£72 0
5 EDFE L FIFEIZ, Aha KR XN 2 Z 23D % (Webb & Little, 2018).

ZDXIBMDVSD XD D B RMEBIL, WEDLHFERGED S —KDANTDH
BRTEX25ARFTRTH 3 2 LIS S (Ollinger & Knoblich, 2009). LA L
35, Aha (RERCTAZME, THEMERR 2 Vo HRICAER I NI ER
WFEIEE 3§ (Metcalfe & Wiebe, 1987; Webb & Little, 2018; Ollinger & Knoblich,
2009; Sternberg & Davidson, 1995), HREIZE D X 5 REEHIX A =X LDFET 5
Db R 72 ;D3 %20 (Danek, Wiley, & Ollinger, 2016).

1.1.2 ARMEEMRRORFH

TR, XEIFRFEEROHRTH S L HISHN 5. Batchelder and
Alexander (2012) T, AEMERROFHEE LTUTD X532 8HNHITHNT
W3 .

1). WL O DFRDPATRER & 5 ISR REINTWT, ZRZENDMBRRICfE
DIRBRZEDID 5.

2). MEDLFHAMNBARDZ X, MEORERRTZ e TELRNEW
S HTHREYITH 5.

3). 2O XS BABEYIRRRZATH S 2 7012, HlORZ RO 2 B8 H
bH5.

4). FRIZDIRH B X 2 IR BRI, JERRETREIOHIL, BY MZ Lo T, HAED
AHEERNEE 2 2 e 03d 5.



5). —ERRIZORNE XS RBRBELNS , EZEN»ORRICHEEITOR
MWD,

6). i, MW NOBFREZ AL TV 5.
7). EPFHN D L Aha(KBREFES.

8). BN TEI ol &b, MEMMIND L, ZOMHEXITEEZK
L, SSICHETLIENTES.

L2L, 206 OREDTARMERIICRETH 2 3R ozun. filZE, %R
AL U TR e /DN 2 A DO NEEOMIEETH > TH, R 5
NT-BE DRI Z 5 Z ¥ 53935 - T3 (Thevenot & Oakhill, 2008). JER
KM AREMEZ XS 2 Z EIZWREETH D (Webb & Little, 2018; Thevenot &
Oakhill, 2008), TAZMEMROR D IEH TR EREUIIMERIFD O 5 D Z DTS
Aha fKBRTH % & X 555%™ 5 (Webb & Little, 2018; Danek et al., 2016;
F & #uR, 1998).

ZDUHHXDEEICE LTI Topolinski and Reber (2010) 25X D 4 2K
ELTETFTWS

1). 2R | MBI RPAEICEWEDL R
2). BHE I RIVRPROh - 72%1%, MEZRE» ORGICNHEATRETH %
3). RIT 4 7% BENRKEGRRT D67

4). BRRDIEL W & 2 RINICEHIIT 2 TH o T, MIRERDEL WV H
L, ZOHMNCEE,RD .

oDV 5D EDREORHIICE L CIIRIET 25 E b 2 <, BIEEDOFHIN
RERIWCEH LI TSE IS0 (Alll, FiR, VbR, SR, & i,
2013; Kizilirmak, Serger, Kehl, Ollinger, Folta-Schoofs, & Richardson-Klavehn,
2018).

DXL, MEMECKRETH20I3#MDDH 5 b D00, MEMEMRRITS £
IERRHEFEIOZ e, HMRBFOMERROMHATIEIRS 2B TE
BRWHETH 2 #E 2 5. Newell and Simon (1972) D7 L 7z RIERRIR DR AT
X, MERRZ, MEZZENTO I —AANAPIFRE LTERLE. LHL, 2
DRERR O A TIZ T — VDIHIEICE % 2 B D A, = THET 23—
NDEFHRWE D LEEEFES 2 e TERVEBRXRTWVS (Newell & Simon,
1972; =%, 2005). JAEMEMRRE VI DIXZ ZTOI—ILDEF SR V-
HL4T2eEZON, TOMHATIERDS 2N TERW. it T, THEMED
AT =X LRREEICOWTHL2IZT 5 2 2ld, T — A AR MERRAN DO
M ADIRRIC ORI B L EZ .
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AWFLICBE ST 2HA Y LT, TAEMERRE O EBINREANDE X DHIEIZ
BE9 2 eAT9E 2 RS, BB & 5 ICTASRERRIX, ERBOV LD ZZKT
% XD RBERTH 20, —H TR BOO L FHBANDE X 2K 2 Z e 23d
% 5N TWS (Metcalfe & Wiebe, 1987). Kizilirmak et al. (2018) i, {Z2R
REfRIRAP D FE R BEANDIE IOV THEL TWS. ZOWETIE, SiEDH
KEEJEADEIE LT L TRIGEWERER D 2085 2l E 3 Z 2T, #
ANDFEXERE Lz, HERE X 30 UNICSEOREMEICHEST 2z e, if
TUTHRIGEWEEDR D 2085 0% 5 RFETHR 2 Z e kDo b, i
DL X DN, BEED S 6~7FT 18], LI 5~6F Z & IR RED A %
WrL, M&ET2FTRATOEEBIRbON. T, BRBXRAZIIHERD LIZ
BETE 3 30WEEE LRI, 7 MR 572085 0%M 5. Z DEEER
Mo, BIENERTH 2I5E, BIERIC AhalkBiDd - 7/- v EZ725E1F, Aha
RERDI I I o 72 ¥ B Z T35 AT HER T, TAZERERIEH DA DI X DEE S, [[]
BOERMCERET 5 R Ihn.

DF D, FHNRBEADLEXDHIEIX, BADNDh oD AhafkBROHEE Y
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AR ME O OREMEICER L TWwWa 2 E X 6N 5.
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ARSI R M A DR A ERE A Z HIV . 3 5.
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1.3 FERX DB

ACTUE, 25 1 B CTASREMR NS 2 JefTigE & sRRLERE O B A
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TR, XRENELERDE. £/, MAET 270108 ko7FEBRIV D EL
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