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In this report, we discuss the analysis of non-verbal behaviors of students in a cooperative learning. Here, we

adopt the body parts detected by OpenPose as features for behaviors of students. Furthermore, we model

the interactions between students by the multilayered neural networks. Finally, we extract the influence on

the interactions based on the internal representations of the multilayered neural networks.
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(a) Case-1

(b) Case-2
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2.1 OpenPose ® (& Z2IFEZEEEDME
WHRETIZFEERBEIIH VT, FEF I, HHOH)
E((G) A7A4 FPR—F~ADFEERAAR, (i) FHE~D
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pWB (t) - (xNeck (t)a YNeck (t)7

e (1), Yye (1) 0 Eye (1) Yidye (t),
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e F7A PR —FRANDEFHEEAA:

TNeck(t) # 0, xéye(t) =0, xgye(t) =0.

T —D A A FHEBIZIEDINT, K, F, B E OEHMOHERE (135
M) zmiicEs.

e THE DMK DHEIBHENE :
{2Eye(t) # 0 and 2, (t) # 0}, {2f,,4(t) # 0 and
xHand( ) 7é 0}

o KT A MAR—FEHWHHBE
{x%ye( ) # 0 or mEye( ) # 0} {xHand( ) 7& 0 or
xHand( ) 7&0}

Llflland(f) JHand ))
Han(t

)s Yttana(t))
[Explanation]
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p?able( ) (‘TNeck z(t) YNeck, z( )
xEye z(t)v Eye z( ) ‘Tgye 1,( )7y§ye,i(t)v
xHandz(t) yHand z( )
‘rHand z(t) yHand z( ))T7 (2)
DT, i REEEREERT. AL, WAL /Mb
B7 EBEDOBIE L LD pT“ble(t) ¥ ORI
UTFD&sizEebons.
o /—FEHLS :

{xNeckﬂ'(t) 7é 0, x%ye,i(t) = xgye,i(t) = 0}7
{x%and,i(t) % 0 or z?]and,i(t) 7é 0}7



e FU7A MR—FZHR5:
xNeck,i(t) 7é 07 {xléye,i(t) 7é 0 or xgye,i(t) 7é 0}7
|y1E:£ye,i(t) - yéye,i(t” > 07
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|ygye,i(t) - yéye,i (t)| > 0.

(Neck(t), Yneck(t))
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{1 P P (t) #0,
0 Otherwise.
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0 Otherwise.
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9, 8) NTEHINBIHEE Ay, 2HATS. Z
T, AL, M4 RLEBEN=2—-F )
Iy b =285 ANELI=Y bDAJME 2;(t) (i
FHOFEHZEDEIEITHN T 2 RHE) Cxd 2HIE
2=y b O IE 2 (t) (K FBHOFEHEDOHEIZHT
LREE) DZEERLTWVWD
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DEI, (9) ATEHINDEEA, 2HEATE. Z
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4. ERER
THOEMTEML - F A EH LG L.

o 7 TIERGEHE ), TARILEH | DAEH (% 10 4 1),
o FT U MR T B,

o Ml : KFHFHA.

o, FERHERIHTLRAMAE AL THD. b,
AT A bAR— KOENI S DFEE OHEEIX, MacBook
Air (Apple Co. Ltd., 1280 x 720 [pixel], 30 [fps]) IT &
DEREIL, BEFEL TWBIZ2%E H0HEI/EIX, Meeting
Recorder (Kingjim Co. Ltd., 640 x 480 [pixel], 30 [fps])
(2K D Gk U 7z

T o, ERFIHEIUTOEL TH 5.

LHATT A b [10 3] : TIERER ) | [RILEH ] .
2. U T A [10 4218 « FHai 7 A MTx$ 5 3.
3. WAZEE 10 2] : A7 4 MR- FOFA.
4. FT AN [10 2 f)] - FHETT A - OFLE.

4.1 Z2BEOEEE OFM

F 11z, HET/FHET A D (Test), / — MAZK (Note)
DOFHlifSE R 2R T, 2 ZTIX, 1 (best), 2, 3, 4 (worst)
D 4 BB k0GR U 72 (R 2 £4).

411 #H-1

BEEA(HZX D] T LITHEBK) BXUO¥EE-B
DHET A POFMAEL, FHECOFEHET A D
AHIEAME. £z, FEH-B X/ — D AED M
bod, FET A MOFiivEEINTWDE. —F, F
#HE-D OFHLT A b OFHULWEHE ST LT VR,

412 FEHE-2

i, F%-1 E AT R SN TWVW 5. FEE-A

(T2 %] ZLIZHmI) 3 LU0FEE-B ORET A
~ DOFEM A E <, FEE-C( [HAD] T &ITFEM)
DEFT A b DOFHEAE . FHE-B X, EET A
DOFHIiDR KIEIZHEINTWSE., —J, ZEH-D OHE
BT AN OB AW EI N T VAR,

K1 2RHEOHR/EFRTRAMNB LT/ — NABOEM

Lecture-1 Lecture-2

Student Test Note Test Note
(Before/After) (Before/After)

A 1.33/1.33 1.67 | 2.00/1.67 1.33

B 3.67/1.00 2.67 4.00/1.00 1.67

C 3.67/2.00  3.00 | 3.33/2.67 1.33

D 3.33/3.33 2.33 1.67/4.00 2.33

Ave. 3.00/1.92 2.42 2.75/2.34 1.67
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4.2 ZBEOHFICHT 2RHHEE

5(a) 12, #HE-1LIZBIZERE (F71 FR-F
DHNZAL D) OFES & OHBAL D JEREME plable(t) 12xf
TEHRME x,,(t) T, — 4, K5 (b)), #H-1
ICBUREEEB (T VOV ICERT S) OBE
B LA D BEREME I T 2R E ERT. ARIK D,
HOAL O HE A (g, (1) 7 ¥) IR B RS,
HOLZBEOEFZHIGL TWVWAB I ERRINT VS,

[Writing] [Explaining]
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I R R
Fok (zvee(t), Ynecr(t) For (xfyc<t)7 yfyc<t>)
For (2,.(t), y5,.(1))
0 100 200 300 400 500 Time [sec]

(a) “B R 57 EEH

[Looking at a whiteboard] [Taking notes [Looking at other students]

For (2f74,05(t), 4

H For (¢ fana. () Yfiand.5

1

m#»‘

®) 1
For (27, p(1), YRy 5(1))

For (k. (), vhye5(1)) .

0 100 200 300 400 500 Time [sec]

(b) “Hb 5 ¥B#

For (zneer,B(t), Yneck.5(t))

® 5 “HA3/Hb5” $BEOHEL HUE (F5-1)

B 5 (a) iBWT, FEHEADPKTA MR- NOH]
BEILTWD Z eaibnd (180 [sec). HEfZ{E (2
LT, agft) = 0, o[l (1) # 0 Bz 2354,
A FHEVNRTA MR- NICHHANEEHEA
ATWE2EDLHAITES. 72, EEMIZEL T,
wpl (1) = 0, 2R (8) £ 0 DAL BB A, HR B
EBE HD B FEFZIHIIL TS LB TE S,

FkEIZ, M5 (b) TBWT, EHEB (“Bbd” ¥
BHH) OBMENEALLTWEZ Wb hr b, HEEMEIZ

BIL T, oneen(t) #0 BT 284, ¥EEBH
F—TNVDOEDIZERLTWB LAY TES. £7-
T p(t) £ 0 VLT DY, FEE-B MO EH
ERTBY, gl () =0, af/h, 5(t) #0 BT 5
Bier, FEEBA —hEM-TWS LHBITE S,

4.3 FBEOHSEBIEIINTZIET I VIHER

RiRFIET IV ((3) N) Ik v EHMOMEEHDE
TV VT R T RoT. £z, (3) A&, K4 ITRURE
JERl=a—F )2y N —=2ZIZRBI L. b, 22T
FALULRER =—2—F )2y b7 — 2 ORGEIRL RO
WMOTHD. (i) FEHEH:P=4, (1) ETV VI KD
F& L =10 [sec], (ili) & URDOEHAE : M =5
(&, £EDH, £HEDOF), (iv) A=Y M,
M=y b, HHEa=y M Lx M x (P+1),
J=10and M x (P +1).

431 ZEEMOMEAEMNZFM T 5 720 Dk

K22, FHEMOMEAH%Z M S 5 72 D fREE
Th?3 Ay, ZRT. 2T, 00 EAT7A FR—FK
DRI DB FH &, “A”, “B”, “C”, “D” 57—
DFDICERTH2FEFEERT. #EHB-1ITBVT, #
BHE-0 OBENEEEDB OFEOEELZZ I TV
(Ag; =3.590) ZERRINTVWS. 512, ¥EHD
FHEDOHEEZZ I TWAIENRINTWVWS., — 1,
#%-2 T, 2TOFREEY, FEEB BL0¥H
HD DEEL, MAZITTVWRIERRINTWVS.,
R 2: Ay i BEOEBEE F BEEOEBEMOBEEER

(a) Lecture-1
k/if 0 A B C D
0 [2.017 2.076 3.590 1.451 2.883
A 2349 1.841 1916 1.513 1.331
B [0.000 1.125 0.801 3.944 0.104
C
D

0.000 3.943 8.144 13.850 0.560

0.000 3.427 4.256 7.664 84.053
(b) Lecture-2

k/if, 0o A B C D
0 [2.629 1.128 2.240 3.908 3.763
A [2.888 0.012 0.010 4.445 1.412
B [0.000 1.181 3.209 1.023 2.830
C
D

1.400 2.493 3.528 0.675 2.260
0.000 2.381 7.937 4.009 3.332
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4.3.2 REEORF
6 12, 3.1 HiTEHR/L -REE z,,(t) DRF
> wmilt) ERT. 2T, m RIPMOBRSE, i 13

HHEOBRDEET. 372, BUROBHAKA X VEE,
[ BHOEHHEDS < OWUARIEE TS
LR T BEOEEESMOEEEERT NG
LRRENT VA,

w““' “ l” i H i “‘ " | Student-D

Student-C

(y

(

Student-B

= Around a table
Student-A
[ In the front of |
a whitelloard
| i

0 100 200 300 400 500 Time [sec]

(a) Lecture-1

I h IN | Student-D

Around a table ]
| Student-C
ihlm.l“ﬂh “ Student-B

W Student-A

In the front of
a whiteboard

0 100 200 300 400 500 Time [sec]

(b) Lecture-2

6: Y wmilt): TTNORBICESTVEEBES &

CRT 4 h = RORIC T > T\ 22 BEDEEICHT 245
M DR

6 (a) IZB\WVT, 180 [sec] 1T, FHH-AMRAT A b
K= RO/ Z 205, REBEOKRI AL L
TWAHZLRINTVD., I 6T, FHE-C BLUF
HH-D ORBEDORMAD, FEE-A BLOEEHEB
cHELT, ®iLTWwa., —4, £2((a) ITBWVT,
FEHE-C BLOEGHED TNT BIE Ay BRER
f (13.850, 84.053) 22 L TW5. L7H->T, FiflE

DRFN D wmi(t) LHRIE Ay OHICHES DB Z 2
MRENTNS.

FRkIZ, 6 (b) IZBWT, (i) [240-405] B & O [450-
470] DXFENZBWT, ZEFH-A D “BR L 2EEL
720, (i) [20-238] B & V' [430-450] DK BWT, #
HHE-C O EAD FEHBELR>TWVWHR I PRI N
TW5. F7z, 240 [sec] \ZBWT, ¥HH-B ORE
DRHNEFHLTED, fho¥EF (CHBLUD) & &
ol WBEZITTWAZENRINT WS,

433 ETFTVVIIIB BN ORE

%312, 3) RTEBLEZET MBI BEHMDOK
BT A A, 2289, F (“R-Hand” B & O
“L-Hand”) DEERRWZ LR RINTVEHEDD,
BRBAERIIE SRV,

K3 Ap: EFUVSICEFBBMUOHE

(a) Lecture-1
m | Neck L-Eye R-Eye L-Hand R-Hand

0.114 5.810 5.452  5.052 6.062
(b) Lecture-2

m | Neck L-Eye R-Eye L-Hand R-Hand
0.570 1.906 1.636  2.430  2.323

5. 9

ARHETIE, 74 MKR=—ReF—TVE2FAL
HEPHEEEZ R LT, FHEOHELZETY &V
T BODFEERE LK. £9, OpenPose ® Iz
LD FPEZOBRPHMOBEEEZRE L, Mt E iz
WAL D EIEMEIZ RO VW REEERHA L. DEIC,
R EMOBGR (FEEAMOMEER) IcHT2ETY
VIO FHERBELEZ. X511, ETMIIBITSAMN
BRICE DWW T FEEH M OBRZ GG 2 72 O 51
Ap; BEO A, 2BAL. BEIC, H5HEFIKT
DaMFERL D, B AL PEEEOTEOET Y v
JIZBLT, MVWHEBES X5 ER L.

SHEOMEE LT, (i) SHEBEOBT & RAH, (i)
FHZEOHFHNAEOFRH, (i) £ =F1C k2 HH¥Y
FEOBREOFAM AR ERE T o NS,

B fR
ARFgEIX, JSPS RIAFZ 19K12261, 19K03095 @ BhEk
237 DTT.
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