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Abstract: Learning management systems (LMSs) play an important role in higher education, and digital-
education data in an LMS are used for class improvement and learning analytics. On the other hand, there
are still many classes, exercises, and exams that handle paper media actively, such as writing mathematical
formulas and drawing figures. Therefore, there is strong demand for supporting activities in these educational
environments. We have been promoting the development of a web service called “KamiRepo” that returns
handwritten assignments in cooperation with an LMS since April 2016. This paper describes the effectiveness
of and issues with our service and its future prospects based on an evaluation on recognition performance of
handwritten digit recognition conducted over a six-month period and the production operational evaluation
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conducted over a one-and-a-half-year period.

Keywords: handwritten assignment, LMS, automatic student identification, OCR, web service
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Table 1 Features of representative systems.
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Fig. 2 Example of handwritten assignment template.
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Table 2 System hardware configuration.

Intel(R) Core(TM) i7-6950X 3.00 GHz

CPU .
(1027, 20 AL v F)

Memory 128 GiB

GeForce GTX TITAN X

Graphics Board . .
(CUDA 2 7% :3,072, GPU #¥€1) :12GiB)

SSD 894 GiB

HDD SATA600 2.73 TiB

F3 VAFLDV T MY TR

Table 3 System software configuration.

(O] Ubuntu 16.04 LTS
HTTP Server Apache/2.4
Database MariaDB 10.0

PHP 5.6 (7o» b K)
Python 2.7 (%572

C++14 (QR 22— FE#IZH)
Laravel 5.3

CUDA 8.0

TensorFlow 1.0

OpenCV 3.2, scikit-image 0.13
NumPy 1.12, SciPy 0.19
boost, png, qrencode, ZBar
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Fig. 4 Examples of pre-processing for digit image.
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Fig. 5 Structure of CNN used for recognition of student ID

and score.

* 4 CNN OFEZN
Table 4 Parameter settings for CNN training.
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Fig. 6 Top page of Kamirepo system.
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Fig. 7 Interface for selecting course and assignment.
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Fig. 8 Example of recognition results.
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Table 5 Correspondence of correction priority and background

color.
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Fig. 9 Dialog to correct recognition result.
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Table 6 Handwritten digit recognition accuracy.

7= PR [%] | BEHTAR (%]
MNIST test 99.50 96.98
ETL 1 99.02 99.04
ETL 6 99.46 99.50
NU test 1 97.72 98.11
NU test 2 99.12 98.99
NU test 3 97.29 98.91
NU test 4 98.93 99.07

RT OEHT—Y vy MIOET DT EEAE

Table 7 Evaluation using real data.

ETN | IERE (%)
W 97.84
FHRL 99.35

R 8 EHETINT DRI

Table 8 Effectiveness of consistency check using student ID

list.
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Fig. 11 Relationship between the amount of training data and

recognition accuracy.
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Fig. 12 Total number of uses and unique users by month.
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Table 9 Average of several measurements in one use.
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® 10 1 HHA TOFEERT L BB O EFS
Table 10 Accuracy rate of student ID and score in 1-digit

units.
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Table 11 Accuracy rate of student ID and score.
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Fig. 17 Correspondence matrix between recognition results of

digits representing student ID and correct labels.
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Fig. 18 Correspondence matrix between recognition results of

digits representing score and correct labels.
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Table 12 Top 3 real images of handwritten digit recognition

errors for scores.

9 % 4 Lk

2 & 0 &gk

2 & 7 Lk

Y 72— ADMY S 2R TH ) A THmRERTH D
LD, AR TIEREREICE T 2 EBR L R, RS
EHHL TV 4 4R 1 A xsbE & L CERITE O
S EAT o7z, BB, WHOEEN OIS KRR %
BTHHD 4] THY, KIHIZZDHIZOWTERT S D
DTIEZ V. FRITH 2GS 52720074 Iy F T
VATLELT, M= 770y —%#0 Tobii Pro

63



IEIRNIBSLHRUEE HELI 2142 Vol.6 No.1l 52-68 (Feb. 2020)

19 7A NI v F U7V AT LTHEEN e — v~y 7 (FF Excel AM, i PHRLE

Fig. 19 Heatmap acquired by eye tracking system.
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Fig. 20 Number and movement distance of fixation points.
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Fig. 21 Fixation duration.
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Fig. 22 Fixation heatmap on kamirepo system.
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Fig. 28 Number of inquiries by month.
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Fig. 24 Number of inquiries by department.

WARTEREND., BREAERITT2BEOELREIZL S
NA T4 MRRBRRE (3R 5) RIRMEL T AR, XU IERE -
GLBRFHEELT2O00KRAME—THIEINA 7T =)L L
BILWRFELZ L TWwh EEZ NS, FEaNATA b
T O M & R L TIEIE & ) BN ZFIHICIEE->TE
53, KVAT LT HEEEDN EFLEEEZ 5.

4.3 1—H¥r5DOMVEhE EMID

2017 410 A5 2019 4F 2 AR T T ARG
D77 7%RK 2312, FrEMENOMAEEHKD 77 7%
X 24 (2R F. METORBIE 254 THY, 174D 1—
¥ O(HME13%, ME 3%, TA1%4) 76 X — LV TH&E
2. XRB/IIOWTIE, Z—HFEODLR S12H~R
THAEEHEDS LW e, ) R T WHRHOT5| &
RN TNWREEOY = 2T Ve EOEFRLELEEZL
ns.

KYAFLD by F_—121F, EHBEYLDD S
BRIHRNNR=VHPHESINTVLY, 20184 4 HIC
HALURY AT LOMRFHBE 2 LT O 6 HHIZDOWTER L
2NE L7,

(1) [ALE] ©x1) v b

(2) REMAOVER - BiAd

(3) NUCT Oz~ [FE] &%
(4) LE— DRF v

© 2020 Information Processing Society of Japan

FAQ/ &< B2 HM

. maeryn
RN Y
S

TEETs

- FEnoED

EEER
Q HEREICE>TOBOTI A, HALTICENTEETH

A BALEC TS POF 774
2019 NUGTHSL 7K~ MU AT 4 BRF s

ETUDGTAFE A,

25 FAQ X—V¥
Fig. 25 FAQ page.

=13 HRLERIAT AL 9 EEORG

Table 13 Pros and cons of kamirepo system in 9 requirements.

| BaLaF

B

(R1) JAMOPURME
(R2) MHOMmEDES &
(R3) FAHLD A F % ¥ OffE <
(R4) BAIZD 5 EEARIa A N OIS
AT AT
(R5) EEF SR TBOFTAY HEO®E S
(R6) ik D 5 IED% S S
(R7) FIEEIZ X2 HBATN L 72 m |
(
(

OO0 0D

R8) BEHDOEG &
R9) Y A7 LFHO TS

OO0 00O

(5) BHALERLDT v 7O —F
(6) ZARMAELEL K— F TOMBIE

F72, 20194 4 HIZRIRTCOMEEE, HERY, 21—
¥, TUT L= MK, SHETT—, FENOBRK, Fo
flsd 6 D DFEFHIZ5T T FAQ X— VY &/Ek L7 (X 25).

MAEE TR D Zh - 7-OIZ SRR OFIH HiETH D,
B DR E AT 235450, FRTRF O AmH L
TR RRULEH L 2 W HEICOWTOEMTH - 72,
HRITIE, 77— FHRICETAEEDED 8 L
b Ehorz. FHEFRGTERROFEAND IZQR I — F°
ffibNTnD I EITHFEL TWThH, BRI F Tl
BB, AROIK - AL D T TS|
I LRI 0TH B,

5 9EBMHICEHTIER

K AT LIBITH 9 EMOZEREEZR 13 (TR,

KEGTHBARTXTOERI, FHTHH SRS AR
FHWTITONTEY, 4.1 BiTh7-FEHXEFTOHMR
PEREIZBE S 2 2T 72 & ONIC 4.2.3 T TRk R 72 A8 IFVESERS S
DHHTED, AF ¥ VEEOFARD =7 =XKL, bTh
7 T X7 SN X BRI LT 22 H AR RE S A RN IS
BT WD S EDGhD. Tz, FHNTEENICHET SR
Twb A3/B4/A4 A XD LA — PHAKIZ S 3dIn LT
5. LoL, HERFIAPS R EOH&EIZBW

65



BB FRMNEE HELIE21—4% Vol.6 No.1 52-68 (Feb. 2020)

TIFHEER DA X ¥ %2479 Lo /@A TR L TWw 5
TeOARTHTHSL. DELY [(R1) HEOPHME] 122
WIS L7z & vz v,

K AT LTI, PDF/Word/LaTeX 7+ —~< v hDF
STV ANVEREL, Y -ERX by TIR=TV LY
Frrra— FugEIcLTWwWa., 8% 7+ —< v MMIxtn
LT 5 e RAEMISTFAE L 2wz, [(R2) HK
DOWEDEDH L] 1220 TIE, THIERLTWwEE W
b, 7272L, Word 7+ —~ v MIB L TlE, —&HOH—
F/S—=F 4 8 Office V7 "7 27BN I RRT T
V=3 ilBnC, Ny FESOLA T N RNATE
BEINTVREIERS, HEMEZHOLIYURZMRAT2\VE
EZ2TWAh,

[(R3) MDA F ¥ Y DEES | IZoWTId, BHEKZ
JTRCAAAF Y FITHIBLTBY, FHEOHETA
*¥L72PDF 77 A VEFIHWRETH A Z &5, T
FIERLTWAEWZ L, 72, FUHBAF Y FI3HTH
THWATETHL 225 [(R4) EAIZ22 5883
AFOBRE] b TAIERL TS,

[(R5) FHEEHFTRLHBOTAMY BEOE S| 122V T
X, 100%DKEXBLNE I EPE T LS, fEilkfy 7
40 BARRED 7 T AZBWT, FEFSOBIEIE 1 %A,
HEBOBIEIL 3 AR TH Y, FIEMEENL) 2 TIEIE
BOWMAEEETL L) RN EEATVD LMD, E
AME s ThsreEZ L.

[(R6) BV BIEDORES & 1220 T, WERE IR
DGR, 63 %57 DERR - B IEVEREIZE T L 34 3 50
THY, YTABEORTH LI L OEET A MINE
WEWR D, FT, 4.2.4 HTHERAZZIERATE O 5T
(20, M21) &b, BHHWARF RN 26, B4
Tz L TWwWb Enz b,

[(R7) TAFEICL D EBATCH L EER L] 12D
WU, 4.2.2 TH TRz AT SRR & SR A 15 0 53 AT R
(15, M 16) &V, KT AT 2 %2FH L7 250R 3 2
FOEEAHL NI SR TH L b T0ER LT
WwWhewz b,

LMS (NUCT) #HTL K= N ML Sz RH$ 511
AR L TV AIEET [(R8) BHOES S| 134K
MIZEWEWR L, ZIUIMA TR —EATIE, iR
FDOFEATOR W—ERDEED LR — b Ruk 551 7 58 A0
NITIT—%ZRITLR- e &, Ty 7u—FEh7zF
JIF VD PDF 7 7 AV EGITTEBEIGENSING, &
MICEY, ZHFFETRICELFAED LR - FOh i H#
WIIEHT B E Vo 22 EDTREIC R B 720, X O FIE
HIEE T CEGTZER L TVWDE LV 5,

F72, Web 77 7P EIET 5 PC B IITARY —

*1 Edge, Firefox, Chrome, Safari [ZxJ)i:. Internet Explorer i
JEXTIC.

© 2020 Information Processing Society of Japan

ADOFHNUETH L 05, [(RY) AT 2FHOT
B IZOWTHT5ER LTS E VR 5,

PlEXY, KETOBAIZBWTEER L 9 B2 A
F—CREIEVKETERTLIENTELERD.

6. bW

B RFEICBWTHIE L7z, LMS &L T TR &
LAE—FNE2EHITS Web F—E R [DALAK] OFEME,
BRI L 72 v A T A ONEEEREN, AEH BlAG A
14E6 7 AMOEMFMZ D L I12, ALK —-—E2ADH
Iz DWW TR 7,

REFETEATHIIH20) EBEH L 9 BMHIZONWTIEE
WKHEETER SN2 L EZ DD, kR AT LELT
IR OE SRt om Sk s, ZR608HT
FEE eIV

7-& 21, BERORGIZOWTIET 7L — ML
NLVTIERIBLTES S, EHREAF v 2 21T7) &)
FACHBEL TS, FRZEOMME, ZEFTIHTO
B L TWEY, eGPy EALTnA
ESEHEREIEZ . LMS #IEICBW T, Sakai £ )%
CEBRHEN TV A Moodle I3 LTwWiAw, 2ok
2, RV AT L e RZUIOHFERBMTHHLTL S ) 72
DIIRRT R EFREIZE > TB Y, LMS ##ER EARZED
HCTOREITRICIIRADL D DL 2 s, =TI —2
fbeat LT 5.

BE AWFFEO—E8IE JSPS BHF%: 19K02971 DB %=
ZbDTH L. hALRY AT L OMRFE)H OV
IZBWTIE, AHBERFOBEHLI, E3EH IR
T5.

SENH

1] TYFMR— = IMS#HE (71 2), ATk
(https://www.sony.jp/professional /solution/education/
Ims.html) FILFFERFHE (F> 74 >), AFHE
(https://www.sony.jp/digital-paper/casestudy/
aoyama-ac/) (ZH 2019-12-03).

[2] iR, PREEEEEK, WIAREREG, AR, RSP,
Kili, FHEE  AEERFAICBIT 5 — L K-
b LMS > 2 7 A ORI, 2017 FEERE ICT HE
IR ERRS, FF3-5 (2017).

[3]  Seiya, S., Ito, R., Okamoto, K., Tanikawa, U., Ohira, S.,
Deguchi, D. and Toda, T.: Development of ‘KamiRepo’
System with Automatic Student Identifiation to Han-
dle Handwritten Assignments on LMS, Proc. 2018
the IEEE Global Engineering Education Conference
(EDUCONZ2018), pp.841-848 (2018).

4] EERT [Mfiweds] EAoLLd S| 2Bkl
PEEY AT L OBS EEA, FOCEETEIECE I AT
%2, Vol.7, No.1, pp.16-20 (2004).

[5]  Mahara ePortfolio System (online), available from
(https://mahara.org) (accessed 2019-07-08).

(6]  PIHSE, LA, SR | Mahara M L7/ — b
JRE S AT 4 [RE 7 — M 20 L7-323E928,, Mahara

66



RS 2R

[7]

8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

d =707 x—F L2011 i CE, pp.18-21 (2011).
AR, PIHIE, RPEMET [ IRAE S — MEHORER,
Mahara 4 — 7~ 7 4 — F A 2013 i 304, pp.3-7
(2013).

R, EHEEW, WEHFR e K=+ 74 V) 4 HE
VAT LS — MHEOM B > A T A RREDEH,
Mahara + — 7> 7 4 — J A 2017 i#ifH 4, pp.14-19
(2017).

KIHFEE QR I— FE W78 RO 2 E T2
v 7 AL, % 3 5 CMS W74, 2006-CMS-03, pp.77-84
(2006).

Moodle (online), available from (https://moodle.org/)
(accessed 2019-07-08).

B, ARIVERER, IO, AT, REER
F#H S LK MEHE Moodle THEIZM T2 27
L DRSS, 24 [0 HARZE L& ER & S E
3a-A207-01 (2008).

BEFE, WAE T, EHAMC, SR D EERET
DT LMS 2FHT 57200 2 D 0B IR OB,
ffgeikis a2 v ¥a—% L #%FH (CE), Vol.2011-CE-111,
No.2, pp.1-4 (2011).

ELWE, RRTET, HH 5, ERRE, THa T,
FiAR G - pdf2submission DY 2 — b = R 12 FA
T 27200LRE KRB 5 A TORM, EHLHEES
fF7e$ss, Vol.2015-CLE-16, No.3, pp.1-3 (2015).
FREAE], AL, IS, NS BTEr LR
WG L7 T & 30#H L Sakai 0dif, K5 ICT H ik
2 2012 fEFEARIROR S A, pp.5-12 (2012)
WREAAE], EWE A, IR, NS BETEr LR
HH L FHELHF L Sakai O LR — MEEB LD
7 A N, Proc. Ja Sakai Annual Conference, Vol.2013,
No.5, 4 pages (2013).

Bloomfield, A. and Groves, J.F.: A Tablet-based Pa-
per Exam Grading System, Proc. 13th Annual Confer-
ence on Innovation and Technology in Computer Sci-
ence Education (ITiCSE’08), pp.83-87 (2008).

Singh, A., Karayev, S., Gutowski, K. and Abbeel, P.:
Gradescope: A Fast, Flexible, and Fair System for Scal-
able Assessment of Handwritten Work, Proc. 4th ACM
Conference on Learning @ Scale (L@S’17), pp.81-88
(2017).

Sakai LMS (online), available from (https://www.
apereo.org/projects/sakai-lms) (accessed 2019-07-08).
VERRIERE, BEARNZ, ARETEDR, BT IEE, AL,
AT, R M RSNy 2 X BEMkE O
BIBAFEIC L D ER LML LMS Y ) 2 —Y 3 &,
HtEOy s 2577 ZH N LFE- |, No.24 (2015)
xR —1b (FrF4 ), AT (http://www.carrier-
port.jp/note/), MR/ — MEE (X714 Y), AF%E
(http://tobunote-izumo.com/) (ZH 2019-07-08).
Gradescope (online), available from
(https://www.gradescope.com/) (accessed 2019-12-03).
M Lok, WL, AR 2, REDFE, RS, ik
B, HHIRES, P, & K AHRRFICBT
% Sakai L COEEHRLED O DHFHHEY 2T LB
%%, Ja Sakai 7 7 7 L A, 4 pages (2016).
KMEDST, msZn, M Eah, B B, ROV, %k
B, MRHCNR], & K [ AN ERFICBT S Sakai O
GrFE ] &R HEE I 721G B R, Ja Sakai 1> 7 7
L~ A, 4 pages (2011).

AF % F— ScanSnap (+ ¥ 71 »), ATk

(https:/ /scansnap.fujitsu.com/jp/) (ZH 2019-07-08).
CAS (Central Authentication Service) (online), available
from (https://www.apereo.org/projects/cas) (accessed
2019-07-08).

© 2020 Information Processing Society of Japan

[26]

[27]

[37]

[38]

[39]

HELIE21—4% Vol.6 No.l 52-68 (Feb. 2020)

Berg, A. and Dolphin, I.: Sakai CLE Courseware Man-
agement: The Official Guide, Packt Publishing Ltd.
(2011).

How to use the Sakai Web Services (online), available
from (https://confluence.sakaiproject.org/display/
WEBSVCS/How-+to+use+the-+Sakai+Web-+Services)
(accessed 2019-07-08).

ZBar bar code reader (online), available from
(http://zbar.sourceforge.net/) (accessed 2019-04-08).
Sauvola, J. and Pietikainen, M.: Adaptive document
image binarization, Pattern Recognition, Vol.33, No.2,
pp-225-236 (2000).

Watson, G.A.: Computing Helmert transformations,
Computational and Applied Mathematics, Vol.197,
No.2, pp.387-394 (2006).

EAREHE, THEBA (B | SRR Ty 7,
FOURF ML, pp.1079, 1302-1303 (2004).

I =, BEER—, IUATZ EEA 27 /8- 3
Y—HMEED 720 OIEHILIERALE, B RRESR
Wi D, Vol.J67-D, No.11, pp.1379-1383 (1984).
Rosin, P.L.: Unimodal thresholding, Pattern Recogni-
tion, Vol.34, No.11, pp.2083-2096 (2001).

TensorFlow (online), available from
(https://www.tensorflow.org/) (accessed 2019-07-08).
LeCun, Y., Boser, B., Denker, J.S., Henderson, D.,
Howard, R.E., Hubbard, W. and Jackel, L.D.: Back-
propagation applied to handwritten zip code recognition,
Neural Computation, Vol.1, pp.541-551 (1989).
Simonyan, K. and Zisserman, A.: Very deep convolu-
tional networks for large-scale image recognition, Proc.
International Conference on Learning Representation,
14 pages (2015).

The mnist database of handwritten digits (online),
available from (http://yann.lecun.com/exdb/mnist/)
(accessed 2019-07-08).

Keras Documentation: ImageDataGenerator (online),
available from (https://keras.io/ja/preprocessing/
image/) (accessed 2019-07-08).

Boser, B.E., Guyon, .M. and Vapnik, V.N.: A train-
ing algorithm for optimal margin classifiers, Proc. 5th
Annual Workshop on Computational Learning Theory,
pp.144-152, ACM Press (1992).

ETL XF7— 49 N— 2 kiE, AFE
(http://etledb.db.aist.go.jp/) (2 2019-07-08).
WHEFRE © 7 2 794 bOZ—F ) 7 1 5FHED 7200
MO, ba—<r A vy 7 o— AERHIGE,
Vol.16, No.4, pp.293-302 (2014).

67



RS 2R

K Xk

1974 4E4E. 1998 4F FARH K2 T4
AR 2. 2000 4F A RS K A
BE B T Ze G R B R
577, 2003 4 [F] K57 B td 4 3R AR HLAL
ISR, 2001 4F 7 K2 T 22501
AR T, 2004 4E % R IE
AT A THE LYY =BT, 2009 £ FKFEEHRIEE
¥ —Bh¥k. E - RSB SR ST AF5ERSE, Y VT
ATF4 T Ay sy MO, BT IEHGEET
R, WE VAT LERFR, WEERA T 1 TH¥%, ACM
K&H.

(IE%R)

aE B

1994 FFAE. 2017 44T R R L
BAETIHRTFREZE. 2019 4EH
KPR GG 7e RS L iR
&7, BUE, KRS RFEERFIE
FHE LIRS, REEE v
7o BENEEE OMFZE I e,

REE B

1993 4. 2016 E 4R R LA
HAETIHR AR, 2018 4E[H
KPR BEG R A ZERE 2 71 7 FF
FHIGLREGET. TurssIvs
ERAR I T AR ICHEE. 2016
M, 2017 NI P A R K A
ABEHE . 2018 A& Tkl At At

A R

1992 4E42. 2016 SE4 B RS T2
BRABETHEM LRI, 2018 £
KEFREGEE R 7R 2 71 7 FF
FHE LG T. ST o A
FOVEEMZ B9 2 22 1 fe . 2018
RS 2 A ER 2 AR S B
2018 SEFHAT A - ¥ — « T AR AL

© 2020 Information Processing Society of Japan

HELIE21—4% Vol.6 No.l 52-68 (Feb. 2020)

#HINl AR

2016 4 4 i B A% LA AT
HLERAE. 2018 KK ER
PHRHERTE B A 7 4 7 B2 B0
LR T. ARSI Y Y — A
t AMIBHRILIORFEI G,

HO K#H

2001 fE2 B RS LA A E - H
TR AEZE. 2006 4F AR KBTS
HWEHE R LR AR T,
(TEHE) . 2004~2006 45 H A 224
JRELHEHINIZEE . 2006 fE 4R K
FRF BRI ZERTFE E, 2006
ER R RKERE T ARG H, 2008~2012 4F [ K5
REFBEIEHRHFI 7RI Bh 2, 2012 4E R RS BB RE A
ERIEHONE SE Rz, 2020 4E X V) [ARF RGBT 7E
RHEHEZ. TICEGE - Ny — VBB ORI & 0
ITS B L OCEREHICET 272120t H. B HHRES
4, IEEE %48

(IE=R)

- -
w.f ‘.

=
ﬁi)

FH &%

1977 4R 1999 4E 4 B R T35
BB - IR SR, 2003 4%
RS s Y NG S N R R e
JERHE LR T, it (5.
[Fl4F H A A 4R B e BB 42 B-PD.
2005 %% B SEuh FF AUl K BE KA
A 7E R B T, 2007 4E A Bh#. 2011 4 [A i #d%.
2015 EA B RFEMIEE L v ¥ —HdZ. AT T
WL OWFZE 2 S, BTG YS, HARTEESR,
IEEE %43 H.

(IE%H)

68



BB FRMNEE HELIE21—4% Vol.6 No.1 52-68 (Feb. 2020)

IERREK

TROBIAICRV N ZIVE L., BEXLTITEWZLET.

ATIE&EFR R IE

52— | ZfFH 201947 A 22 H %fTH 201947 A 23 H

© 2020 Information Processing Society of Japan



