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Figure 1. Ratio of the apparent height to the actual size of the
illusionary object in the photograph. The error bars indicate the
standard error.
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This study investigates the performance and process of the wisdom of crowds through a survival situation task involving complex
information integration and additionally compares with weighted subjective confidence and collective decision-making. The findings
demonstrate the effective performance of the wisdom of crowds and collective decision-making and an effect of weighted confidence
in interaction between group size and sensitivity of confidence weighting. This suggests that the wisdom of crowds can be applied and
generalized to complex real-life situations. Weighted confidence based on large group size is compatible with a system that can collect
a large number of opinions. Thus, this study expands the potential application of the wisdom of crowds to real-life problems involving

complex information integration.

Keywords: group decision-making, collective decision-making, wisdom of crowds, rank order, subjective confidence.

Introduction

Methods

The wisdom of crowds is a phenomenon in which
aggregation of many independent estimates without
consensus often perform as well as, or better than, the
majority of the individual decisions themselves
(Surowiecki, 2004). Collective decision-making is a
process whereby the members of a group decide on a
course of action based on consensus (Montes de Oca et al.,
2011). Recent research has shown that collective decision-
making outperforms the wisdom of crowds (Navajas et al.,
2018). Additionally, many studies have shown that
metacognitive knowledge of subjective confidence is useful
for improving aggregation performance. However, because
most of these studies have employed relatively simple
problems; for example, involving general knowledge and
estimating values and quantities of objects, it remains
unclear whether their findings can be generalized to real-
life situations involving complex information integration.

This study explores the performance and process of the
wisdom of crowds and collective decision-making by
applying the wisdom of crowds with weighted confidence
to a survival situation task commonly used in studies of
collective  decision-making.  Furthermore, we also
investigate whether the effect of confidence depends on
group size and sensitivity of confidence weighting, using a
simulation method. In contrast to previous studies, the
study’s results showed that confidence did not improve the
performance of the wisdom of crowds. Therefore, to
explore a condition that improves the performance, the
study used a simulation to compare confidence-weighted
aggregation performances with change in group size and
sensitivity of confidence weighting.

Participants

The study participants were 119 undergraduates (100
women and 19 men; mean age = 19.4 + 4.5 years).
Participants were randomly assigned to either a group of
four persons or five persons. Of the total 25 groups in each
group size condition, six were four-person groups and 19
were five-person groups.
The survival situation task

This study employed the NASA task that asked
participants to imagine a survival situation in which a
spaceship crash-lands on the moon (Hall & Watson, 1970).
A survivor must travel to meet the mothership, 200miles
away, and salvage 15 items from the crash, such as water, a
stellar map, and a box of matches. Participants are asked to
rank the 15 items in order of their relative value and utility
for survival. Correct rank orders are decided by experts
from the Crew Equipment Research section of the NASA
manned spacecraft center in Houston, Texas, USA.
Procedure

The experiment contained two main parts: individual
decision-making and group decision-making. In the
individual decision-making phase, participants were asked
to rank the objects individually and evaluate their
confidence in each ranking. In the group decision-making
phase, all groups were instructed to employ the method of
group consensus as described by Hall and Watson (1970).
Analyses

First, error scores indicating task performance, standard
Borda count aggregations, and confidence-weighted Borda
count aggregations (CW-Borda) were calculated. An error
score is given by the sum of the absolute differences
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between the ranks assigned to the items by the NASA
experts and by the participants. Lower error scores indicate
better performance and adequacy in terms of reasonable
judgments. The individual and group rank orders were used
to calculate error scores. Standard Borda and CW-Borda
were calculated for each of the 25 groups in the present
study, aggregating the rank orders of four- or five-group
members. In the basic Borda count method (Marden, 2014).
To weight Borda count by confidence, the softmax function
was used. The softmax function outputs a vector that
represents the probability distributions of a list of potential
outcomes. When calculating the weight value for group
members on one item with a three-person group; for
example, when a sensitivity of confidence weighing (k
parameter) is 1, the softmax function turns confidences
(logits) [1, 3, 5] into weights (probabilities) [0.02, 0.12,
0.87], which adds to 1. In the present study, the k parameter
with 1 as a default was considered in analyses regarding the
four NASA task indices, and the k parameter was varied

from 0 to 5 in steps of 0.5 for the analyses of the simulation.

In each group size (from 1 to 50), individual rank orders
were randomly selected, and CW-Borda and standard
Borda count aggregations were computed. This procedure
was repeated 10,000 times, and a mean was computed for
each group size and sensitivity of confidence weighting.

Results and Discussion

As shown in Fig. 1, ANOVA revealed a significant main
effect for condition (F (3, 72) = 15.72, p < 0.001, #p? =
0.40). Post hoc comparisons using the Holm test indicated
that error scores for group decisions (M = 36.88, + 2.06),
standard Borda (M = 39.96, + 1.46), and CW- Borda (M =
41.12, + 1.58) were significantly lower than individual
decisions (M=46.99, + 1.05, p<0.01). However, CW-Borda
did not significantly differ from standard Borda. Contrary
to the prediction, the average error score for CW-Borda
was even higher than that for standard Borda. The results in
our study showed no effect of confidence on aggregation
performance, which is inconsistent with previous research.
Therefore, the present study employed a simulation method
to investigate whether the effect of confidence depended on
group size and sensitivity of confidence weighting. The
simulation analysis showed that differences in CW-Borda
error scores grew larger as group size and sensitivity of
confidence weighting increased. As shown in Fig. 2, the
relationship between k value and error score showed a U
shape with the best k values (red points) around 0 to 2. As
the group size gets larger, the best k values and the depth of
the U shape both increases. This indicates that the
advantage of CW-Borda performance over the standard
Borda performance (k value was zero) emerges by
interaction between group size and sensitivity of
confidence weighting. The large group size with an
intermediate sensitivity (around 1 to 2) produces the best
CW-Borda performance. The findings revealed that the
wisdom of crowds performed similarly to collective

2

decision-making, and that the effect of weighting
confidence on aggregation depended on group size and
sensitivity of confidence weighting. These results suggest
that the wisdom of crowds is applicable to complex
problem- solving tasks requiring expert knowledge.
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standard errors. Lower error scores indicate better performance

48-
] e e e R S
46-
45-

44- \/M

43-
J Group size
42 = 50

- — 40

30

o 20
I10

40-

Error Score

39-
38-
37-
36-
35-
34-
33-
00 05 10 15 20 25 30 35 40 45 50
k value (sensitivity of confidence weighting)
Figure 2. Simulation of confidence-weighted (CW)-Borda count
aggregations as a function of group size and sensitivity parameter k
of confidence weighting. Lower error scores indicate better
performance. Higher k values indicate higher sensitivity of
confidence weighting. Colors associated with lines indicate a degree
of group size; yellow shows large group size and blue shows small
group size. The red points indicate best k values of minimum error
score for each group size.
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We had revealed that the presentation duration required to recall items in the correct order is longer than the presentation duration
required to recall items in the RSVP stream. We hypothesized that the order information was stored after the item information
(Hypothesis 1) or that the information processing of the item and the order was concurrent but, the duration required to store the order
information was longer (Hypothesis 2). We examined the effect of a distractor inserted in the place of the item presentation from 0 to
60 ms before the item presentation duration offset on the memory for items and order in young participants (N = 15, 19-26 years old),
based on the presentation duration at which they required to recognize items in the correct order with 75% recall accuracy. The
experimental results supported Hypothesis 2, suggesting that the effect of the distractor would depend on its characteristics but would
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affect both items and order equally. We compared the result with previous research on attentional blinks and order deficits.

Keywords: RSVP, distractor, attentional blink, order deficit.
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Figure 1. Correct rate of serial recall at the target duration and at each
of the duration of the blank and three different distractors.
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When object layouts are repeated during a visual search task, a target position is associatively learned with a configuration of distractors
(i.e., context), and it facilitates search (called the contextual cueing effect). In this study, we asked pairs of participants to simultaneously
search for different targets from the same search display and examined whether a partner’s target accumulated in memory, and afterwards
it was searched faster in learned layouts. Experiment 1 was composed of the learning phase and the transfer phase. In the learning phase,
pairs were presented with exemplars of three target categories (i.e., bird, shoe, and tricycle) among familiar objects. Each participant
searched for one target category. Followingly, in the transfer phase, one of a pair searched for category that nobody had searched for,
while the other searched for category that the partner had searched for. Experiment 2 was conducted in which, the transfer phase was
replaced with a surprise test to assess recognition memory for appearance of the target exemplars. Experiment 1 revealed that the
contextual cueing effect in the learning and transfer phases, and the effect in the transfer phase was independent of which category they
searched. Experiment 2 showed that a partner’s targets were recognized better than nobody’s targets. Results suggest that a partner’s
target was not just one out of many others and that its appearance was accumulated more in memory, but its location was unlikely to be
associated with a context to a sufficient extent to enhance search efficiency.

Keywords: joint action, shared attention, statistical learning, contextual cueing, joint visual search.
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SOWRBEHE (KEXEZDRFIL 25DKEOH) O RIR
NEFE 2 [m% LTz, EERNTIE 2 D OHREER AT D[R
PEAREIES AL, 12 H OMFREAEFL O 100 ms fij & 2D
H @ 100 ms #2122 A E R R RIS 2o S v FER
S L, BHRIER AT DN FEIC 2R S5 RIS
WERT DTz, AT, REMPpIG~OEAME D ERIE
Eh, FHEEEESTHN NE-EyF | W e L
TWAGE EREAERGAEN DT,

R EZ82 BINEDOESOAIZEIT B RISICH LT
ORI ERIE A Y Tl w, 2O DR RN D T BE R
ZZH ND)Z S Z L IZA M LT (Table 1) . #&51: -
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~OFEAVEIZ X0 A 3D < R FRBIRE D2 1L
MBI S N2 R ENTZ, 2 O RIXA TS
4 E—EBF25DTHS,

EBR1B

EER3
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AT B I35 & D S THIFSE [3] D LA
BRATRETH DR L=,

FiE FEBRIA LRU 174 BFERICBIM LT, K
HICED 1L ADT —ZII0H DRI S ivtz,

SZIMNE TFEREDOEFICEREIND 2 >OH TR
(RESDRERRL 2H5oDH) ORRIEFAZRIZE LT,
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DEES N, BRBERT 0N TR&EES-E v T Wt
IZEA L TWAIGE L REERIGAND -1,
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SEEEE T D BT ORER, RIEWEO EZRITAE
Tho=bDdD (F(1,15) = 15.59, p = .001, 5% = 51) 52
HAERIXIEEETHY (FA, 15) =0.24, p = .635, 7%
=.02), Wb ~DIEEMEICZ L D2 HRFBIEEDOE(LD
TN RN R SN2 Do Tz, T OFERIZIATHITE [3]
E—EBT5H50Th%S,

4.5 p)

HEY « FiE 2o HOHRBER AT IXF RS Lk
HET1OHDORT OO ZEEL, ZoOfhixE
BRIA & RIS D EBR 21T - 1=, 2O H OWRER T %
A S5 &R BMEEEIR N R34 U< 70 b [1] 7=
W, FEEBOMEREIT IR ZHH L CTEE Y 7 hOED
HEFARD ZENTE D, FEBRL 2ITRSMOLT4 D
S (ktkes, BrE114, Fis : M=23.15%, SD
=2.95%) DEBRICSM LT,

FER - BE INDEERAE, AVE - MM
SEERE T DN ORER, BEEMEO TR (F(Q,
16) = 7.02, p = .018, #%=.31) B L O HAEA (F(1, 16)
=5.87,p=.028, 4= 21) WHE Th o7, T DOHREIE
FEERIALE —BE L TEY, WIS < HRFRBIRE
DOFVFEN TN, WP REEEIT D R34 U eV R ¢
HAEL D AREMEZ R LTV D,

WEEE

BH - Hik  FEBRIAL L OYEITHIE [4] TR.OLZ
MAE-E > T WSS < AR FRBIRE O FHHEL)
R, HEY 7 NORBEHEI L THALILD D)
RLZENBMTH o=, ZOD, 15HOHEER
ARTILFE R L7 RBE T2 H O 7 O RIHAMED 2
EEAEL, ZOMITERIA L FEHOFEHREZIT-
T2o FEBRUKRBIMOLITZ OSME (ME104, BT
%, 4R 0 M =21.85%, SD=23n%) MNEBRIZEN

L, BEIZL V1A DOT — X308 B Sz,
FER - BE INDZIEEAH, AN - R
SEEHE T D BT ORER, BEAEYED TR (F(,
15) = 7.82, p = .014, 4% =.34) , RAMED TZHE (F(1,
15) =8.57,p =.010, #%=36) ITAE TH -7 b DD,
FEEIAL B R EAERITEFE TH -7 (F(L, 15) <
0.01, p=.955, %< .01), Z DOFEHRIT, HRMAINEEET
RPETCTNTY, TR RINDIERMIZL D
BEANEEO 7 M E#HIT 5 L SIS HESR
BIEE DFHFENE L7 72D Z L 2R LTV D,

Table 1. £ 3EBRIZH1F 5 IND (HAL : ms) .

FERLA, 2, 30OFEFIE, FERIMISM:TLoH ORER M
TR RIBLZ AT L CTEREINDGAEIZRY, [T
-ty F | IS ~OREESTER RIS SRR
B DAL THEET D Z L R LTV 5, Tk
FATR RSN APERFNL O ©y FITHS L HETE
D7 b [5] IR FRBNEEE I Z BT 5 & D G
(Figure 1b) Z# X &2 D THY, [HE-E v F)
Wit DSIRFR AR RGN 2D RN B4 D & W D ek D AL
([4], Figure 1a) &1 33&E L7avy, MZC, FEBRIBTIX
SEATARZE [3] O SR ERICERTI L, TRE &Sty
T | WSS IR RERE I 2N SR T L 2 & 9 L
DXFFES NIz, U EORERIE, Mi@E-vyF) W
I, RES-E v F | Lo WT s R AIIERE 2
RICEBL CWRWI EE2RIBLTRY, R BHIG
DRBER AL BT D LW O IEkDE 2 [2] D
RELOMLEMNZEET HHDOTH D,

51 F TR

EBEE %o o THEA  FEA

[EE:] FEIFH (] 440 FE[R
1A 246 (2.1) 209(22) 245(22) 246(21)
1B 309 (24) 254(1.6) 314(24) 26.7(L7)
2 194 (1.8) 163(12) 220(20) 189(1.2)
3 194 (14) 172(17) 208(L7)  26.0(2.8)

Note: *FHIfE (FEHERA )

[1] Morein-Zamir, S., Soto-Faraco, S., & Kingstone, A.
(2003). Auditory capture of vision: Examining temporal
ventriloguism. Cognitive Brain Research, 17, 154-163.

[2] Spence, C. (2011). Crossmodal correspondences: A
tutorial review. Attention, Perception, & Psychophysics,
73, 971-995.

[3] Keetels, M., & Vroomen, J. (2011). No effect of
synesthetic congruency on temporal ventriloquism.
Attention, Perception, & Psychophysics, 73, 209-218.

[4] Orchard-Mills, E., Van der Burg, E., & Alais, D.
(2016). Crossmodal correspondence between auditory
pitch and visual elevation affects temporal
ventriloquism. Perception, 45, 409-424.

[5] Mossbridge, J. A., Grabowecky, M., & Suzuki, S.
(2011). Changes in auditory frequency guide visual—
spatial attention. Cognition, 121, 133-139.

http://www.L.u-tokyo.ac.jp/AandC/


file://///2/1/2/

Technical Report on Attention and Cognition (2022) No.13

A E DO BB TR/ EIEE .
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ABREDLIIZELIEZEL T D0 E 0D BT DN
T AROMRREL O ZE N T R AT 7 > TN D,
7T, £ L SOLHLEIC I T D B R 22 M I
BRZ Y TREMRITETED R,

PR R K3 2 BRR A0 F R 2 il 92 ETH D
e 7 7 v v 2 Ml (CFS) ZHWikzen o, FEiE
B O£ L SONEEFRAICUEE STV D ATREME 2 7R
B3 HHF7ED S S 4T % (Shang et al., 2018)
LU, ZOBFEIZIZ#E ) e il Sk 23 R Tunie &
El L EORENR SV | ARE O3 L X R
IZHBL S D NFBAE D IL - E D LRV,

AFTEIE, M EBRERE 2 2 CFS 287 2 A LD
FERIZ LD . BN ERRIRAED & BRIl T
HE R DETORMORENEDOEL SOEAN
WXk TR DM ERET LT, AT, Bk

ICELE TOWRBRICBITDHERVEDO X A FI 7 A%,

MR TR ORI 2 FHIIT 5 = & THRF L7z
ik

BINEF 2> DERITE26% DRFENSIN LT,

I -EEE 96K H IR mE 5 4 I V=, CFSO
VY ATHEE L THT—DFY Y 7 RN 10HzZ
TERESN, EBRiI~y F~U > b T 4 A7 1A

(HTC VIVE Pro Eye) &M\ CTiThbiiz,

FHME  CFSEMFTIIHERHE OIEF & BHIZHBEH,

Fl& B~ A7 FENER SN, HEEIHEHIRE
MBI MNTTT7 2 — RA L, TOH%ITHERE D
oD HFETERINTZ, HEIRMETIIMRICY X7
R & 2 —7 >y MR ER TEREINT,

CFS &% piorESES

Fig. 1 RfTD%ith
HEE DB A X 72 5O 2R @ E 72 ixt 2 mE 4 5,

B S BIER IR E X H G E R = Ao
PERI (B ovtehy) &R Uiz, (LB FRRIER TR
FIXHBE O ZoRAE (i o200y % B
L7z, MiERR & & HREIXEmOAN E 723 A M 2
IREIN, BRIEITRITIEICT A A ThHo T,

FERD% ., PERE LIS O HIEEIZHOWT, L L
TOELE - #irn- ANORES - #1084 25 &G
FRIE « IOIHGE - (R OINE 2 8B CRIET D
BEATIR o7,

RTOSMAE FIEZ1TH F TOGRRE (RT) 23
AATZ LTI E Tz, RREIZORIT (CEHLT

4.9%70353%4) IZRTOGHT M BERSS S iz, — LR
IRGET NV (BADANMMEEEY 7)) 2,
[ E DRI 2oRGME (CFS,/ %) & iaicxt4 HREE

(W =36 L XFEENL~4/ B\ =% L SFEEH5~8)
. EREDRICHERE L DT X AR ERE L,
BEDO2HAE  Dwell Sequence 5471 (Glaholt, 2011)
AW, BEOA E ISAEANCHBRAE £ - Tz
RFfl O R S 25 L, BRSSPI R 5 2
LB E —RIEET VI > TR LT,

g%\
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