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Analyses of nutrition content and the indexes of food hygiene
in pumpkin (Cucurbita pepo L.).

Kazutoshi Yamagishi

Abstract

We analyzed nutrition content and the indexes of food hygiene; acid value, peroxide value, heavy metals,

and bacteria in Cucurbita pepo 'Stripe Pepo'. In seeds, protein, ash, magnesium, phosphorus, iron, zinc, vitamin

A, and folate showed higher values as compared with the other nuts and seeds. Amino acids were also rich; 14

out of analyzed 18 amino acids showed highest value. The contents of macronutrients and sodium in the flesh

of fruits were comparable to spaghetti squash, but less than those in winter squash and Japanese squash.

Although the acid value and peroxide value of extracted oil and heavy metals in seeds were permissible level ac-

cording to a guideline for food hygiene in Japan, viable bacteria and Escherichia coli group were not. These re-

sults indicate that the seeds of Cucurbita pepo 'Stripe Pepo' are a superior food with high nutritional value, but

the hygienic improvement of production process is required.
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Fig. 1

Photographs of Cucurbita pepo 'Stripe Pepo' seeds
(A) and pumpkin seeds (B).
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Table 1. Nutrition content of the seeds of Cucurbita pepo ‘Stripe Pepo’ in comparison with other nuts and seeds.

Food and Description

Energy

(il/1002)  (g/100g) (g/100g) (g/100g) (g/100g)

Water

Protein

Lipid

Fatty
acid,

saturated

P;%it;y Fatty Carbo Dietary  Dietary Dietary
mono- aﬁg's;&l_y’ hydrate fiber, ) fiber, fiber, Ash
u?;?;g rated soluble insoluble total

(g/100g)  (g/100g) (g/100g) (g/100g) (g/100g) (g/100g) (g/100g)

Cucurbita pepo ‘Stripe

| 554 5.8 28.7 185 7.42 21.00 11.50 11.9 1.2 6.2 7.4 5.1
Pepo
Pumpkin seeds, 574 45 2%6.5 518 (9.0D" (16.62)° (20.95)"  12.0 18 5.5 73 5.2
roasted and salted
Almonds, raw* 587 4.7 19.6 51.8 3.95 33.61 12.12 20.9 0.8 9.3 10.1 3.0
Cashew nuts, . 576 3.2 198 476 997 2174 808 2.7 0.8 5.9 6.7 2.7
oil-roasted and salted
Walnuts, roasted* 674 3.1 14.6 68.8 6.87 10.26 50.28 1.7 0.6 6.9 75 1.8
ijfjg?e seeds, whole, 578 A7 198 519 752 1894 2244 184 16 9.2 10.8 5.2
Pistachio nuts, 615 2.2 17.4 56.1 6.15 30.92 16.42 20.9 0.9 8.3 9.2 3.4
roasted and salted
Hazel nuts, skinned, = g4, 10 136 693 621 5474 531 13.9 0.9 6.5 74 9.2
oil-roasted and salted
Macadamia nuts, 720 1.3 8.3 76.7 12.46 59.23 1.56 12.2 Ty 6.2 6.2 15
roasted and salted
Peanuts, mature seeds, 55, 6.0 25.4 475 8.33 22.76 13.74 18.8 0.4 7.0 74 2.3
Virginia type, raw
Tablel. continued.
L. Potas- Cal- Magne- Phos- . Man- . Sele- Chro- Molyb-
Sodium A K . Iron Zinc Copper Todine . .
sium clum sium phorus ganese nium mium denum

Food and Description

(mg/100g) (mg/100g) (mg/100g) (mg/100g) (mg/1002) (mg/1002) (mg/100g) (mg/100g) (mg/1002) (ng/1002) (ng/1002) (ng/1002) (ng/100g)

Cucurbita pepo ‘Stripe
Pepo’

Pumpkin seeds,
roasted and salted"

Almonds, raw®

Cashew nuts,
oil-roasted and salted*

Walnuts, roasted®

Sesame seeds, whole,

dried*

Pistachio nuts,
roasted and salted®

Hazel nuts, skinned,
oil-roasted and salted®

Macadamia nuts,
roasted and salted®

Peanuts, mature seeds,
Virginia type, raw"

0

AT

220

270

35

190

918

840

760

590

540

400

970

610

300

740

46

44

250

38

85

1200

120

130

47

50

537

530

290

240

150

370

120

160

94

170

1220

1100

460

490

280

540

440

320

140

380

7.6 9.3 1.41 4.69 0 0 0 0
6.5 7.7 1.26 4.39 Tre 5 13 42
3.6 3.6 1.17 2.45 - - - K
4.8 5.4 1.89 - 0 217 1 30
2.6 2.6 1.21 3.44 - -4 - -
9.6 5.5 1.66 2.24 Tre 10 4 92
3.0 2.5 1.15 - - K K d
3.0 2.0 1.64 5.24 0 1 1 6
1.3 0.7 0.33 - 0 13 2 5
1.6 2.3 0.59 1.56 1 20 4 88

mENTz,

2. RADRS T

HEEW TR FF v+ BRNO—ESY, + ) w24,
BEYIRHE D DTHER, B L O & LT H AL R,

PNENPOEIH LA I hEF + (H; BRE 506048,
WT; [06049), =& v HEF v (K [E06046, T ;
[[06047), v @ *x vhXRF v (K4 E06051) ORFED
Ko Efm% Table 3 1/Rd . 8, RFELE, b1,

M5 &L O ZBEE L 72k 0 o Td 2 Bhvitis



Table1. continued.

Vitamin A Vitamin E
: Vitamin
Food and D ot alpha- beta- Cbetat- C bet?- Regn.lfl alpha- beta- gamma- delta-
ood an escription Carotene Carotene TP 97 a}fo ene a(% iy Tocopherol Tocopherol Tocopherol Tocopherol
xanthin  equivalents equivalents
(ug/100g) (ug/100g) (ug/100g) (ug/100g) (ng/100g) (ng/100g) (mg/100g) (mg/100g) (mg/100g) (mg/100g)
g:}fg,”b““ pepo Stripe g5 608 0 626 52 0 10 0.3 20.8 03
Pumpln seeds, K K 43 4 o 0.6 0.1 15.1 05
Almonds, raw" 0 10 3 11 1 (O 30.3 0.3 0.8 0
Cashew nuts, 4 d a b L
oil-roasted and salted® B ) ) 10 1 ® 06 T o4 06
Walnuts, roasted” - - ! 23 2 ((OX 1.2 0.1 23.6 2.6
esame seeds, whole, K K 17 1 OF 0.1 0.2 22.2 03
Pistachio nuts, ) .
ronsted and salted® 0 120 0 120 10 0 1.4 Tr 25.5 0.6
Hozel nute, skinned, K K Tr: OF o 178 0.7 9.4 0.4
Mdmenie, o 4 w0 @ w00 o
Vionuts, mature seods 4 £ 6 1 OF 10.1 0.4 6.0 03
Tablel. continued.
. . . . . . . Panto- . Salt
Vlt?{mm Thiamin glbq Niacin Vlt;rénn Vl];agm Folate thenic Biotin Asco,ldbw equiva-

Food and Description avin - - acid act lents

(ug/100g) (mg/100g) (mg/100g) (mg/100g) (mg/100g) (ug/100g) (ng/100g) (mg/100g) (ng/100g) (mg/100g) (g/100g)

Cucurbita pepo ‘Stripe
Pepo’

Pumpkin seeds,
roasted and salted®

Almonds, raw"

Cashew nuts,
oil-roasted and salted*

Walnuts, roasted*

Sesame seeds, whole,
dried®

Pistachio nuts,
roasted and salted"

Hazel nuts, skinned,
oil-roasted and salted*

Macadamia nuts,
roasted and salted"

Peanuts, mature seeds,
Virginia type, raw"

11

Tre

0.62

0.21

0.20

0.54

0.26

0.95

0.43

0.85

0.16

0.19

1.06

0.18

0.15

4.7

4.4

3.6

0.9

1.0

5.1

1.0

1.0

2.1

17.0

0.22

0.16

0.09

0.36

0.49

0.60

1.22

0.46

0

OX

X

(OX

N

OX

N

OX

N

OX

130

79

65

63

91

93

59

04

16

76

0.59

15.5

12.9

1

Tre

Tre

OX

X

OX

0

0.1

0.6

0.7

0.1

0.5

*Data were cited from ‘Standard tables of food composition in Japan -2015-(seventh revised edition)’ *.
"Value is estimeted from previous reports.
“Trace of nutrient is included more than 1/10 of the minimun range, but is less than 5/10.

“Value is not measured.



~HEHRF v (Cucurbita pepo L.) T8 BHRERS & BRETIEED 5T

Table 2. Amino acid content of the seeds of Cucurbita pepo ‘Stripe Pepo’ in comparison with other nuts and seeds.

Me_thlo— Cystine Phen'ylalaf
nine nine

Trypto-

Tyrosin Threonin
yrosine eonine phan

o Isoleucine Leucine Lysine
Food and Description

(mg/100g) (mg/100g) (mg/100g) (mg/1002) (mg/1002) (mg/1002) (mg/1002) (mg/100g) (mg/100g)

Cucurbita pepo ‘Stripe

Peno: 1150 2210 1180 710 480 1600 1070 920 540
epo
Pumpkin seeds, = (1100)" (2100)" (1100)" (530)" (290)" (1500)" (960)" (870)" (510)"
roasted and salted
Almonds, raw* 840 1500 650 180 320 1000 610 600 210
Cashew nuts, 930 1700 1000 420 490 1000 690 770 360
oil-roasted and salted®
Walnuts, roasted* 620 1100 420 260 280 680 510 510 200
Sesame seeds, whole,

satt 830 1500 610 680 490 1000 750 820 360
dried
Pistachio nuts, 820 1400 970 280 340 930 510 600 270
roasted and salted
Hazel nuts, skinned, (490)° (920" (350)" (190) (250)" (580)" (370)" (400" (190)"
oil-roasted and salted®
Macadamia nuts, 290 530 340 150 270 280 410 270 9%
roasted and salted
Peanuts, mature seeds, 950 1800 1000 290 380 1500 1100 790 280

Virginia type, raw*

Table2. continued.

Aspartic Glutamic

aeid acid Glycine Proline Serine

o Valine Histidine Arginine Alanine
Food and Description

(mg/100) (mg/100g) (mg/100g) (mg/100g) (mg/100g) (mg/1002) (mg/1002) (mg/100g) (mg/100g)

g;‘;gfb”“ pepo Stripe 7 800 4760 1430 2750 5930 1780 1190 1510
Pumpkin seeds, (1400)" (680)" 700" (1300 (2600)°  (G400)  (1600)°  (12000* (150"

roasted and salted"
Almonds, raw* 970 550 2200 910 2300 5400 1300 920 800

Cashew nuts,

o 1 salted 1300 540 2300 880 2000 4600 960 860 1000
Walnuts, roasted* 760 380 2200 640 1600 2900 720 580 750
Sesame seeds, whole,

p 1100 610 2900 1100 1900 4400 1100 830 1000
Pistachio nuts, 1100 460 1700 780 1700 3800 830 770 1000
roasted and salted

Hazel nuts, skinned, = (5q5). (340)" (1700)" (580)" 1400 (2700 (580)" (480)" (540)"
oil-roasted and salted

Macadamia nuts, 370 210 1200 350 860 2000 420 410 350
roasted and salted

Peanuts, mature seeds, 95, 700 3200 1100 3400 5600 1600 1200 1400

Virginia type, raw"

*Data were cited from ‘Standard tables of food composition in Japan -2015- (seventh revised edition)”?.
"Value is estimeted from previous reports.



nNTHY, KPFETHEH LRI RF + ORAF & [EkE
OEALAEHA VI EBEZ LML, Ty IAVIRF »
WOWT RIS L -7, REAFRF + OEORAI
BUDZRERNDOEEREY A VY ARF 1L,
139 HERF 2+ BOFIT=FR VA RF v LKL S,
K5I8 % MDA R RHANTR W EZ R L. W T
‘OB bEREDOER D H & e,

HRF v ORWIEHFEZIRTT E DML ART, wEH
RELTHHRMEL TV S, AW TIEEZERRD 5T %
FEhi L 25 » - 7o A8, HEEWw THRREROHHHE (Table 3)
RS &, KD ZEBRWIRAL00 g 272 0T ) 5 &k
HOBEREEFTRICK KD, HREORMEE FRIL 2
(Table4). ~_FAHRF v DK, K5, AV
3, tosRF +» LSS 2 VIE ERBEESD, &
SER R SRR 3 AR SR AETH B C

£

LHUR

Table 3. Nutrition content of the flesh of fruits of Cucurbita pepo ‘Stripe Pepo’

BN,

3. BFOERBEEEEOSH

B FEH SN R, EERYIn, EeE, M
B DT 2N L 7o, PR O MR M130.38, @ERIL
YIfli138.8CdH - 7z (Table5). AWML TWB AR
FrETEETORMEE LTHEASNZ LB,
PEAE T ofERE (FFI584E 3 ASIH, A (E4YA

RS REEAD §545) T, EEHC
& F N OB & BRIl % 3 LUK, 3081
TEEDONTED, <HEHKXF » T3 ORESHE
Zifitc LTWB T EhRant, £, E@EHEOE R
g, A NI v A, KREMmbE T, AMfd RS
B0 55 AE R IR S L is e - Te.
AN W TR CERED #31.1X10°/ g

in comparison with other squashes.

Water Protein Lipid Carbohydrate  Dietary fiber, total Ash Sodium
Food and Description
(g/100g) (g/100g) (g/100g) (g/100g) (g/100g) (g/100g)  (mg/100g)
Cucurbita pepo ‘Stripe Pepo’, raw 93.2 0.2 0 6.0 1.6 0.6 0
Winter squash, raw* 76.2 1.9 0.3 20.6 3.5 1.0 1
Japanese squash, raw* 86.7 1.6 0.1 10.9 2.8 0.7 1
Spaghetti squash, raw* 92.4 0.7 0.1 6.1 1.5 0.6 1
Cucurbita pepo ‘Stripe Pepo’, boiled 92.4 0.2 0 6.9 b 0.5 B
Winter squash, boiled* 75.7 1.6 0.3 21.3 4.1 1.1 1
Japanese squash, boiled* 84.0 1.9 0.1 13.3 3.6 0.7 1
*Data were cited from ‘Standard tables of food composition in Japan -2015- (seventh revised edition)” ”.
"Not examined.
Table 4. Calculated nutrition content of the flesh of fruits of the squashes in case of complete dryness.
Water Protein Lipid Carbohydrate  Dietary fiber, total Ash Sodium
Food and Description
(g/100g) (g/100g) (g/100g) (g/100g) (g/100g) (g/100g)  (mg/100g)
Cucurbita pepo ‘Stripe Pepo’, raw 0 2.9 0 88.2 23.5 8.8 0
Winter squash, raw 0 8.0 1.3 86.6 14.7 4.2 4
Japanese squash, raw 0 12.0 0.8 82.0 21.1 5.3 8
Spaghetti squash, raw 0 9.2 1.3 80.3 19.7 7.9 13
Cucurbita pepo ‘Stripe Pepo’, boiled 0 2.6 0 90.8 - 6.6 E
Winter squash, boiled 0 6.6 1.2 87.7 16.9 4.5 4
Japanese squash, boiled 0 11.9 0.6 83.1 22.5 4.4 6
“Not examined.
Table 5. Tests of acid value and peroxide value of oil, heavy metals, and bacteria in the seeds of Cucurbita pepo ‘Stripe Pepo’.
(mea/ke) (ppm) (ppm) (ppm) (ppm) /g (/0.01g) (/0.01g)
Cucurbitapepo ‘StripePepo 0.38 8.8 N.D.* N.D.® N.D.* N.D.* 1.1x10° positive negative

*Not detected.



~REARF + (Cucurbita pepo L.) T8 5HKEKS & BMAETEED ST

(1,100,000/ g), REGEE A G, #E7 F v EKEHME
HcdH o7 (Tabled). FHAEREFOREREIC, HME
& 18 B FFSHDOBEYI A BIE ZED 5 TV WS,
B & LT, — MR CERED 13100,000/ g LA
T, KIBWE R (ERERFEHEZRS), HEBT Ky
BRE RIS EDONTVWS, REHRF + FETO—f
A CERE) & RBRE R L TE 57,
INTEFE O FAERIE I & 0 R DS IR 2 Bk
DRSS Tz, FRCBLER I MEY OB R B v,
HoMFicE 2 EBRIE A CEEAES ¥
mEICT 2 LcaEEELLNDY.

&

AW EFER S 517D, MBS ZTHO 72 EILHFZE
PFEEE AN « ROPESERINHE G U ML E R 0T
et vy — 5 AR, MO TR AL T AR
AU B ERSERBRIGLIRE IR, <K h R 5+ 24
RtwicZwictkA St b oS8T 7> 7 b ) —IKELSH
L L B s, AWLE, AalEEAIbmEER
G RE L v & — 15 & DT — M Nl A B SR AE
7 HFICBOTHE L 7o, JbimEEREEAS TEHA»EE
OHUK 7 7 v FMEEBIEWRFERE | o—dZz L vicb D
TH 5. MBS &l /)2 TH 7 E R i f B e
= LM NI O S OHHRICEEA TRAOEEKT 5.

] 2

NEARF » DFTE R TE ORBERS
SNz ANEEDIE T H SR, W LY, ELE,
MBI > WTHHr L7, FFIch T 2 KENST (3 fthof
FHUCHA, AFKHE, Ky, 732y o s, )y,
Bk, OHESY, v A v, B4 I VA, ERRICE O TN
BLWaERARLEL. TI/BVEEICEEN, O E
Fha L1187 3/ BEOW, 147 3 /TR bEVEER
L7, RAEICBI 2RKBRYDOEHREEF, v IA AR
F i, B4 39 HhRF v E=F v HRF TN
EREFNTRWEZR L7, T IC B T 2 BafrEtEiRic
SV, OB & R L ih, EeE, T
N o BRI 2R AR E O FFAFHN T H - 7208, —RGHER
BOEREHD) ERBRBERHEZR 2 L0k -7
o DFERD S, I LBEORENEEEZET 275,
NEARF » BREBEMOSVWENICAMTH S5 T LAVR
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BB (CKD) &bk 2 ZUBEIRTG O B REER N OMERIC S I3 9 LB 7 2

MR R (CKD) &4 2 BUHE IR iR O B BERE(N T D
U TN A I NS i SR AG =2
—HOBEHZDT 2.08EREZPSNIIT S —

a1 e

Chronic Renal Disease (CKD) with Type 2 Diabetes
Mellitus Links Negative Emotional Factors Developing
the Deterioration of The Renal Function.

—What does spontaneous self-management mean? —

Masahiro Shinada

£ C &

EYEE R (LI CKD) (AR 18K T b 2 FEIKR
PEIMEAECEGHF LT BHEEARICE 2 & kST P
B AELEE L, & SIMRMESIHEEED Y 27
KFo—>Tbdh b, CKD Ot Tz, w1
(FECRERIR D 3 2 8 2 JIH 3 2 HR T SRERIA A8 T
RS BEESEEREL S, BAERMCE. 4 2 VK
PithaET 2 EE2HME LR Y, 7y ot T
vy v TZEEENHE (ARB) 7 v Y45 vy vE
B R IHES (ACED 72L& DREHANC X 208" &
AR & v 7 IR R & B fikie U 7o RS ieil™”
BEEKTHD, £L DT ETF Yy ARHEINTV S,
CKD DR FRA I3 5 ke L 7o A3k 3 i 1o %0
RO S NEHERLIBGEDO—DTH 505, ANOEEHE
DETED ) X AMEHS TEEREES O & 5. Bk
DELWI LEHFETH L, TDIDRIPABEALICE -
TIMIEBHT 2 A5 SN D T EMBBIEICE - TV 5,

PEIRIGE DR 13 W A W A Bl © H OB E D N 75 A
N BEEEOEBRIE ARk 2 BT I AE L,
FDWFFEIC & B & RLRED RO ARHTS SIRIEED AR
TFEHOIMET » b o — AL L T (a2 B
EbIEd L nwS T EpRani”, Sl ALPHS
DILED A F X DLERREDHEIR I O CKD & HHE T
b B HEIRIREIE ORI T 5 & WO RGHEL T T,
RIEE DO KEAARADED L S ITEL 50 % &1 ER
FAMFH LT, CKDEE~NOEELRINT L L% H

)& LB & 1T - 720
Vsl &

DHHE D TRZ 1S T HEIRN B E48% (5294 1 65+
ks 221945 169+ 67%) CREF DL LB 1HE
BT T OIREEZ T TV 5) OEEERME S LT,
MmpRFE=ESR CIF. BUN), IMig7 v7F =~ (LT,
s-cr)\ HEEARERIAEEE (LITF. eGFR) 12 W TLE
FE AT - 1A & 2B DL AR F TS L 72,
Z% % TIT s-cr DFEAENE30.47~0.79ng/dl. BUN 0%
HEMH137.8~18.9ng/dl. % 72 eGFR60ml /min/1.73 nf &
B RRESE N L TWA T EARLTVL S,

HAB A 220120EH A K 54 VICHEHLL T, 65RE
ZIEHE B HEE CKD &0F8f (X7 — ¥ G1A2-3,G2A2-3)
(WIF. CKDIED) 208 (134, W T7%) & EHHER
T CKD &pf# (27— ¥ G3aAl1-3,G3bA1-3,G4A1-3)
(LR, CKDI#R) 14% (B 8%, W6 %), HEEWMN
Wik A —3 S B 7OHRRE10ELL Lo CKD s L (R —
Y G1A1,G2A1D) $EIRIEEE14% (LIF. EHED (58
#. 6% OIBHTH T, B0 » o OGRS EE
ENKLVEAIL TV AL ERTIEE Ry b7 —7
RED (100ERTHERR S N 2 53R OB L 7o DHEREE
10855 A) &V DO B 21T - 7o FIRE R
DAL eI TENZTNRET 55, 4l KL &
WRITHRET Lo 1T, 100ERINE EEZH DN
LT 0— 5 RUMES, D DLDOIFEEHE 50
TWAEVZ B, 6 —8ddi,. 9 —105EE<. H



R1EREERy PO IRECEMEFEELEZOMLS K2 I MNREOBRRMNEESR
1. =2 (\:’L‘b\fggggﬁ’b‘lﬂj%5A J—_Er'%—.gi CKDIE¥ CKDHE¥ Pﬂ—é
2. DRBAEGFIZOKIFEZHHICELTINBA
3. BAEEAETEL, BHTNIA AE (B0 14(8/6)  20(13/7)  14(8/6)
5. HEHEENEEL. MW THFZHNEDLDIC
ECATNBA HbAlc (%) 69110  79%19  69%1.0 0.1388
6. BANGRISPREZIT RIS EOERDIA BREH(E)  160%59 1737108 2197144 04198
7. BEVDOBAFPROEGEZELED LD
sk 2 A BMI 23.8%£32 284%6.1 258%28 0.0435
8. HALGNBA BUN (mg/dl) 15746 153%37 221%108  0.0151
=
190‘ %‘;;gg@]i?f BEL. ZBRLTNDA s-cr (mg/d1) 0.64£020 0771026 122%0.47  0.0001
LLEOBREEIC. W3, LR, £55MEO e-GFR (ml/min)  97.1%25.1 84.4%252 54.6%29.3  0.0003
THECER (FFEH+£SD)

NEBDHTELTL NI ARV EZHEEEL TV S &
N5,
e AE

DGR O R 515 5 NIBERING ¢ Bl RERE L
ICHH T 2 ERoMEICIE x 2 F/RRE, BIHFERED 2 4
BROFHm I T #E. HEHrE (ANOVA) 2w
7o

fRIEAY T 2

0

SRk 26510 H I Brfie & 41 72 AL 5 R B O fmBEZS £
KT VARZERICHEHNOME TH 5,0

I

& ES

HA B 22012874 F 54 v Ic8ElLL T, 3 B
ST TR EDBREIBBRO T RER 21K L 7,
CKDI#., CKDO# & bICiEHEHICH~T, BMI 7%
WHHRI7Z - 7208, i, FRIRAEEL HbAle & & 3HFT
73 o1, CKDIETHEIC BUN (p=0.0151).
s-cr (p=0.0001) 23E< . eGFR BEEIIKFL TV
(p=0.0003),

TR v b7 — 7 REED UGN (L0805 5) 1<
SWTIid, CKDI#E (7.3£3.14) (FEHEEE (9.4%0.8
M) S LT WA 72 5 7o (p=0.0634), CKD I
B (1722755 LHEE L TH PR EWERA T - 72,

61T, RIWRLILLIIT, BEXEAYy b7 =7
RET Twigw] EEX A% CKD 1 #. CKDI#
MTHigLIcE T A, B3 @ bis/xHEFM L, 72
HTLNBA (X 2FE{ES.997, X 2 F p E0.0456) . 'H

xR3 HEEZEXRY PT—IREOERMIZONT [
EEIZELICAD, CKDI# & CKDIED 2 BERLLE:
B3, btz BEHIL. BHTINBA
(x 25E(B3.997. x 2% plE0.0456)

B4, SEEEELCTHEFELEOBSLIICTTHTINZA
(x 23E(B4.232. x 23 pfE0.0397)

6. EANGSESPWRZITERITZ I DHEES A
(x 2BE(B6.706, x 2ZE plE0.0096)

B0, REFSOELED A
(x 23E(B6.706. x 23 pfE0.0096)
EEABRICWVEWEERTZEAN CKDI B TERICEN T,

ML DERIEEADBERET ZBHCHVGA CHREE
DETFLEABZNSTZEEZ SN D,

M4 @bz ELTHBIZOE I L IcsETINS
A (X 2 5064.232 X 2 3 p 60.0397) ERI6 @ A
I KFE D PMEZITEHT 5 2 L DR B A (X 23
E6.706 X 2 3 p {E0.0096). ERH10 : KFFbD@E LA
SN (X 2 FEfE6.706. X 2 3 p E0.0096) . IT> VT
FThwn | E&EZ 2 AN CKD I BHicl~T CKDI T
GEILED -1z, Y ED45DEMIcznZN TWiswh]
LEAIGGE1A. VWb ] EEAIEAEE0&HEL
THEFL T OB O 4 REFE CTIER SRR v b7 —2
REEDFER % b B ic ML 7,

CONFETARIIZZICSINL IodRE 2B % 0 Sy
54 pilEE T O BT TRETEIT - IR &L IR
ANCRS

DR AR D s-cr ITHART 2K D s-cr 130 55
B (224 (0.91£0.09%>50.95+0.12mg/d1) (p=0.5778).
158 (74) (0.6120.07% 50.68%=0.10mg/dl) (p=
0.0809). 2 m#f (444 (0.83%=0.17H 50.920.35mg/
dD (p=0.0017. 3Bt (4%) (0.83£0.14» 51.11
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Abstract

What has been known as "eye movements during thinking" is a topic that has attracted researchers in fields

ranging from psychology to neuropsychology for more than half a century. Admittedly some progress has been

made in terms of identifying the two parties of the relationship in question; the eye movements have been more

correctly termed non-visual saccades, and the thinking or cognition part, more correctly identified as working

memory access. However, important questions remain to be answered. One of them is: Why the characteristic

response of looking towards one's upper left or right (e.g., in the direction of the ceiling)? This paper points out

the obvious neglect of the movements of the head/neck in recent studies. After briefly reviewing selected litera-

ture, a model for responses to being asked questions requiring some thinking is proposed. In this model, the

head/neck movement concomitant with eye movements is hypothesized to indicate attention shift to an internal

object, while subsequent eye movements are attempts to simulate searching operations in the subject's mental

space. It 1s hoped this two-phase process model will better answer some of the questions such as the one men-

tioned above.

What Is at Issue?

Even a casual search in the internet for a think-
ing pose will generate many images including the one
that shows a person looking vacantly towards his/
her upper left or right direction (e.g., Figure 1). In
the authors observations of children under six years
of age in response to questions such as riddles, per-
sonal episodes of the previous days etc., almost every
one exhibited pose similar to the one in this figure (S-
J, Chen, 2004). However, a perusal of related litera-
ture indicates that while eye movements, carrying
various labels ranging from lateral eye movements
(LEMs) to gaze aversion (GA), were always the main
target of investingation, whereas the movements of
the head or the neck were not. Indeed, in recent stud-
1es they were often disregarded. As a result, while re-

lationship between eye movements in general and the

tasks of question-answering has been addressed,
questions concerning the particular direction of the
first eye movement, and the differences between the
first eye movement and the subsequent eye move-

ments remain unanswered. This paper proposes to

Figure 1. A typical thinking pose.

https://www.dreamstime.com/royalty-free-stock-photo-
cute-girl-thinking-pose-image10083375
Accessed 10 December 2016.



first briefly review how this research topic has
evolved in previous studies, and what questions have
been answered and what has been left out. The paper
will then argue that whether the movements of the
head or neck are included will determine the nature of
the questions asked, and necessarily, the conclusion
arrived at. The paper will end with a hypothesis con-
cerning the hierarchical structure of behaviors in re-

sponse to being orally questioned.
A Brief History of the Research Questions

In a series of related studies, Day initiated a sys-
tematic investigation of eye movements during dyadic
verbal communication. The eye movements were re-
ferred to as lateral eye movements (LEMs), and were
related to basic personality difference such as subjec-
tive experience of anxiety. They were also considered
as indicating attentional shift from a passive to an ac-
tive mode (Day, 1963; 1967). While attention was
drawn to the possibility that the eye movements indi-
cate attentional shift, no mention was made about if
head and/or neck movements in relation to eye move-
ments occur, or if so, what directions.

Perhaps with some influence from cognitive psy-
chology which appeared in the latter half of 1960s,
some behavioral psychologists tried to look into the
inner world of human mind. One example was what
was then called the psychophysiology of thinking in
which eye movements under various cognitive condi-
tions were recorded (using recording instruments
such as EOG, EMG) and directly observed and then
related to cognitive processes such as imagination,
problem-solving, answering question, memory re-
trieval, and hypnotic dreams, (McGuigan, 1973, 1978).
Reviewing more than 70 related previous studies,
McGuigan concluded that the majority of studies
showed positive relationship between eye movements
and what was glossed as cognitive processes as men-
tioned above (McGuigan, 1978. Table 5.1). It has to be
pointed out that although a positive conclusion was

drawn about the relationship between eye movements

and what was called cognitive processes, both parties
of the relationship were not clearly defined, especially
no distinction was made between those psychophysio-
logical changes that involve cognitive processes and
those that do not (Feuredy, 1980). As McGuigan at-
tempted to argue for the importantce of bodily move-
ments in thinking, one would hope that the bodily
movements would have been given a more detailed de-
scription and not simply treated as an undifferenti-
ated chunk.

According to Ehrlichman, who has been studying
eye movements for more than 30 years and published
many papers on this topic, relatively more systematic
study on eye movements during thinking emerged in
the 1960s and 1970s and at that time the term "lateral
eye movements" (LEMs) was used in referring to the
phenomenon (Ehrlichman & Micic, 2012; p. 96). In
discussing the earlier LEMs studies, Ehrlichman
mentioned that instead of calling the behavior "gaze
aversion" (hereafter to be referred to as GA), re-
searchers had proposed that these shifts of gaze were
triggered by asymmetries in the activation of the
cerebral hemispheres (p. 96) (hereafter to be referred
to as hemisphericity hypothesis in this paper).
However, after critically reviewing related studies in
connection with the hemisphericity hypothesis, the
reviewers found no consistent evidence, and one of the
critical reviews even concluded that "the idea of
hemisphericity lacks adequate foundation...the idea
should be abandoned" (Ehrlichman & Weinberger,
1978; Beaumont, Young, & McManus, 1984).

Judging from the arguments presented in these
reviews, as well as from the fact that these arguments
have not been challenged since, it can be concluded
that the idea of hemisphericity was not useful in ac-
counting for the observed phenomenon. However, the
present authors want to point out that although the
argument in terms of hemisphericity was not sup-
ported by subsequent attempts to verify,
Kinsbourne's studies did identify some positive rela-

tionships between eye and head movements and the



processing of several kinds of orally administered
questions involving verbal, numerical and spatial
thinking (Kinsbourne, 1972: Tablel and Table 2). It is
important that when we throw away the bathwater,
as 1t were, this part of the studies, the baby, should
not be thrown away all together.

In his studies, Kinsbourne seemed to have ex-
pected 4 directions for his subjects' eye and head
movements (i.e., UP, DOWN, RIGHT or LEFT), and
he did show that the subjects' eye and head move-
ments were In response to the tasks put to them.
However, what 1s unknown 1s how rigid did
Kinsbourne use the four categories in coding his re-
sults. For example, did he disregard all eye or head
movements which were judged to be not strictly UP,
DOWN, RIGHT or LEFT ? Or did he end up including
all eye movements in the directions of upper left or
upper right as UP, LEFT or RIGHT? While these are
futile questions which perhaps should not be raised at
this point, however, they seem to show that the exact
directions of the head or eye movements were not
been questioned, indeed, nor even the possibility of
there being eye or head movements in other direc-
tions. As this paper will point out later, it is exactly
these questions that the present authors argue should
be answered 1n order to arrive at a more comprehen-
sive understanding of what underlying processes
there are when a person is trying to answer the ques-
tion put to him/her orally.

In the present author's view, Kinsbourne's (as
well as other previous researchers’) emphasizing not
only the eye movements, but also that of the head or
neck should be taken notice of. However, this does not
seem to have happened so far. This 1s especially im-
portant when most of the recent studies seem to have
focused on the eyes only and neglected the head or
neck (e.g., Erhlichman, Micic, Sousa & Zhu, 2007;
Ehrlichman & Micic, 2012; Micic, Ehrlichman & Chen,
2010; Salvi & Bowden, 2016). While this recent trend
In trying to select a target as simple as possible for

scrutiny 1s 1n general a legitimate policy in the
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tradition of the analytic/reductionistic view of mod-
ern scientific research, it must be pointed out that
overly practiced reductionism can end up with unre-
lated individual facts which are difficult to interpret.
Thus, in some recent studies where the question asked
1s "Why do people move their eyes when they think?",
or "Why do we move our eyes while trying to
remember?"(for example, Ehrlichman & Micic, 2012;
Micic, Ehrlichman & Chen, 2010), it is likely that a
decision is made to ignore other factors such as the
head or the neck. As indeed was the case with these
recent papers, the issue of the role of the head or the
neck was never even mentioned. This can be problem-
atic because there is, in principle, a hierachical rela-
tionship between eye movement and head/neck
movement, and neglecting this relationship could lead
to failure in recognizing potential differences which
could have different functions. While in principle,
head/neck movement necessarily entails eye move-
ment, the reverse is not necessarily true. The reasons
for insisting on bringing the head/neck movements
into focus is in order to put the eye movements in

question In a more proper context.
A Two-Phase Process Hypothesis

Following from the discussion above, it is reason-
able to say that except for a few earlier ones the
movements of the head/neck have been largely ne-
glected in the study of this topic. Admittedly some
progress has been achieved by focusing on the eyes
and their movements only. For example, by asking
questions strictly limited to eye movements and call-
ing them nonvisual eye movements, as distinguished
from saccades that serve visual function, researchers
were able to show that these nonvisual eye move-
ments were systematically related to internal
thought processes such as searching through long-
term memory (Ehrlichman & Micic, 2012). However,
it is unclear if nonvisual eye movements in these stud-
1es occurred with or without head/neck movements.

Furthermore, it is not clear if the internal thought



processes consist of only searching, or if they include
a first phase of shifting the attention from the ques-
tion to an internal mental space where the searching
will then be carried out. If the series of behavior in re-
sponse to being asked questions are more closely ob-
served and accounted for, then to propose a first
phase of attention shifting is not only logical, but
also conceptually necessary. This will help in account-
ing for the characteristic pose as often observed.

Hoshi & Chen (2016) have shown that in trying
to answer questions put to them orally, the first re-
sponses of the subjects, ranging in age from young
children to adults, were eye movements falling into at
least two of the 8 sectors representing the subjects'
entire view of 360 degrees (Figure 2). It is important
to note that although what the observation system
recorded were eye movements, these eye movements
occurred concomitant with the movements of the
head/neck of the subjects. Behavioral observations of
young children in similar condition also suggested a
strong tendency for the subjects to first turn their
heads and eyes in the direction of their upper left or
upper right before starting to figure out an answer
(Figure 3) (Chen, 2004).

Judging from these facts and inferences, the con-
struction of a two-phase process model seem not only
possible but also helpful. The following is an outline
of this hypothesis.

The response to an orally put question consists of
two phases. The first is the attention shift phase, con-
sisting of turning or moving the head and/or neck
away from the questioner, quite often towards one's
upper left or upper right direction, as if looking va-
cantly (thus, nonvisual) at the direction of the ceil-
ing. The eyes can be observed as moving in similar
direction. The second phase starts immediately, some-
times without a break from the first phase, when
relatively smaller eye movements occur, largely in
lateral directions. These smaller movements seem to
simulate the searching and operating actions within

the internal mental space where targets or images to

be searched and/or manipulated are supposed to re-
side. These latter eye movements are what have been
1dentified as similar to the eye movements when one
1s searching through long-term memory. This present
model, however, does not claim to make further dis-
tinctions between searching and maintaining short-
term memory. There is no conflict between the
present model and the existence of potential differ-
ence between searching and maintaining short-term
memory. Indeed, if the interpretation that the eye

movements observed are the result of the eyes simu-

Figure 2.

The subjects' first eye movements fall into at least two sec-
tions except for Task 9 for unknown reason. (from Hoshi
& Chen, 2016).

(a)

Figure 3.

(a) immediately after the end of the oral question, subject
was still looking at the questioner. The next second
the subject started turning the head/neck towards
her upper left.

(b) 1.5 seconds later the subject arrived at this position
for a short moment. While maintaining this position,
her eyes moved laterally for a further moment before
returning to a position similar to the one shown in

(a).



lating the searching operations in the mental space, it
would be interesting to find out if by further examin-
ing the various aspects of eye movements between

these two sub-processes can be made.
Developmental Point of View

In this paper we point out the fact that in most
studies of the eye movement during thinking, the
head/neck movements which, in principle, are con-
comitant with eye movements were often neglected.
Based on observations made by the authors, 1t is ar-
gued that it 1s crucial to include the head/neck move-
ments in orderto provide a more complete account of
the underlying processes. It is not unlikely that the
difference between the findings of most recent studies
and that of the authors is a result of the difference in
the ages of the subjects, therefore it should be sub-
jected to further studies.

Future study from a developmental point of view
1s not only necessary but also will inform us about
how eye movements function in initiating the shift of
attention to an internal mental object and its signifi-

cance in children's cognitive development.
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