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A Field Study Towards Designing Tools
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Abstract: Our goal is to develop a tool to support bridge inspection engineers. In this paper, we report
a field study that observes the engineers directly since we expect that assessing the interaction between
engineer and current tools which they usually use lead to the design of a more effective tool. We analyzed
the video recordings of engineers’ behavior and examined the frequency of behavior occurring, transitions
of behavioral patterns, factors that prevent smooth action and so on. Results show that engineers perform
highly-loaded multi tasks. We also observed that the current set up allows engineers to cause unnecessary
delays or difficulties because of many carrying tools or operation with gloved fingers, and that they have
regular behavioral pattern. Furthermore, based on our findings, we provide implications for the design of

systems to support bridge inspection engineers.
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—fEIIZHK 50 FEE VbR TWA . HARTIIEERFRE
IS KREOBEPEZ SN, BAEZNL OEM LA T
W5, 2012 FEREE T, BEEDS 50 ELL R L7AER 2m
D LEOBRIZERD 16%% L6, 10 F££I121E 40%, 20 4
HICIE 65%I1CF TET 5 [1).
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Table 1 Classification and summary of maintenance inspection

on civil engineering structures.
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1 ERA DA T O RROT
Fig. 1 Snapshot of detailed inspection in bridge.

2 HEFEO—FI

Fig. 2 Example of investigative report.
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Fig. 3 Snapshot of observation.
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Fig. 4 Compound video shot from two cameras.
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Table 2 Behavioral classification of inspection engineer.
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sk I (inspection) e NS I-p3
F Tl I-p4
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A E HA I-d
5 B S-a
FhCA—3 v/ S-pl
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0334 S-p4
T {5 e 3. S-p5
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WEN—=UHLY R-pl
AR — VR E 2 R-p2
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LT L 1 e 7 R-p7
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- 2R3 C OB E) T-pl
B T (transfer) EIEED B D5 FT TOBH T-p2
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= 3 2 =/ —3 3 C(commnication) (*5) C
K% M (missing) (*6) M
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Fig. 5 Equipment of inspection engineer.
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Table 3 Set of tools carried by inspection engineer.
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*1: a: activation, p: performance, d: deactivation

*2: FA M NTIAS O BT iR A B 5

#3: R E T AT 7 A MO TR DL 7T L 23S B AR

*4: FEAEBHPE DRV VEFERATE) (61 : BEI 2~ — 0 7 ARV~ VIIE, 5F)

#5 O IR B EO NI Y = AT v (T L D25

*6: SRHEHS HIENBERE DY T A NATOFRFH R E IR REDEL Ty

INEL )T XL OB RITo 72, £, AR
GEMElL, SEEmEofTEE RE {, k1), wE
(S), ik R), BE (T), 33a=r—var (C) ®5
DIZRELHHE L, 512, sk (D, #¥ (S), &
(R) ® 3 204TEICE LTI, BEOFHZ &b %) /kT
PHEICBIEE SN0, BEAMIITEZ S 51T
RT3 Oo0Tuk AL 7.

o Activation : EEZRY B L, FNAMEHTE 5 IKE
ICE 5 TOREMDITE) (72L& 213w (S) D
&, 2OTUL ACHLTHITENE (D AT Z2RT >
M2 HHLY LT TR (S-a) )

o Performance : B DA K DOFAE L F7-F 720 DI
OFTE) ([ [ X — AF#E 247 (S-pl~S-p3), &1 X
T CTHELZHY (S-pd), EEEZMHERT S (S-p5)])

e Deactivation | EZIUH L, KOITENICERTX 5
WBICEL FTORMBEOITE) (R [HXT7%2K7ry
MZLEH (S-d)))

DEo@EIcES &, SREMEOTE 2R 2 IIR”T 6

(M2 <13 28 FlAH) DATEICTHL 72,

5.2 SAREMESETT3EE

T/, BEZENC L CATEIOSE AT B, BARM 2 E
BOFE LIRS 2 LB H 5. BT & SR
WEEAT T AR HE ICFm AL 2 A, Gl 20~30 A
DEBZHIT L TWD I oz (B 5). & 312,

© 2014 Information Processing Society of Japan

X 6 4rEEEREE7 T2 F 4 Observant Eye 2.0
Fig. 6 Behavior recording software, Observant Eye 2.0.
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Table 4 Time occupancy (%), average frequency, and average time required (sec) for

each behavior.
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SRS B I-d 0.76%  0.69% 0.17 0.20 2.48 1.72
k5 R R S-a 2.36% 1.28% 0.28 0.11 4.68 2.48
HKTA—=3 7 S-pl 0.79% 0.54% 0.17 0.11 2.46 0.98
HAFTTR=I T S-p2 0.63%  0.87% 0.13 0.15 1.9 1.33
A= LPSO T A FFEE Sp3 10.96%  4.29% 0.02% 0.07% 1.59 0.64 0.00 0.01 3.78 1.52 0.39 1.24
fi7d:2 S-p4 4.39% 2.28% 0.47 0.22 532 3.30
T 442 e 52 S-ps 1.58% 0.81% 0.29 0.14 2.98 1.38
i 38 B S-d 1.20% 0.77% 0.25 0.13 2.51 1.37
FoBk CERIE H R-a 3.30% 1.64% 0.87 0.39 2.05 0.85
MESL=THLY R-pl 1.78% 1.39% 0.33 0.25 2.89 1.93
TR A — DR 2 R-p2 0.96% 1.09% 0.14 0.16 2.41 2.16
FRABEHDOGEE R-p3 0.72% 0.75% 0.24 0.23 1.30 0.96
WA R-p4  25.98%  9.05% | 12.44%  6.84% 1.38 0.79 4.01 2.12 5.11 2.37
WES R R-pS 4.60% 3.08% 0.88 0.57 3.40 2.38
AT B R-p6 0.10%  0.17% 0.02 0.02 1.70 2.10
HUENT i e il R-p7 0.32% 0.53% 0.04 0.06 1.92 2.58
FLgkIE B R-d 1.76% 1.09% 0.73 0.36 1.31 0.60
BE) ToRBii coBH T-pl 8.86%  3.08% 122 0.33 438 1.04
EIEEDOH L BT TOBE) Tp2  12.53%  480%  290%  2.71% 1.69 0.66 0.39 0.36 452 0.87 4.58 3.39
BT TE RO COBE) T-p3 0.77% 1.03% 0.08 0.10 2.63 2.94
SGlaz=b—var C 410%  325%  410%  325% 033 0.47 033 047 [MizsN 2520 967

K% M

11.18% [I6I59%0 | 11.18% [Hi6559%0

0.49 0.75 0.49 0.75 8.95 8.95 9.38

[F]— Wi IR R I S B GRETZ I3 AK) DT — a3, BOREPMEDOR/NER T
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Fig. 7 Average frequency and time required for each tool ac-

cessed by engineer.
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Table 5 Average frequency required for each major tool.

FAEA W HAZ
TEN B TN e TN RS TN R
SR SRRE B a 000 000 000 000 000 0.00 --
SR B I-d 0.00 ooo 0.00 000 000 0.00
W IR B Sa 000 0.00  0.00 - 0.00  0.00
5 LU S-d ooo 0.00 0.00  0.00

Gk siskE LEUL Ra - 080 155 000 0.0
2050 14.34

Rkl H UL R-d | 33.00 070 0.82 0.00 0.00

B~ —

® 6 EHOMUH - PUNEHZFE S /e 7l
(NGEEEB)

Table 6 Average time required for each major tool (sec).

B o g (1)

FEAJEE P WA BN~ —
IO RS TN RS TR DR PR b
S AR BIH Ta 000 000 000 000 000 000 | 3.64 395
ABOEENA Id 000 000 000 000 000 0.00
WS B B S 000 000 000 000 [AGEYIEEEY 000 0.0
i 38 B S-d 0.00 000 251 137 000 0.00
Tohk el HE L R-a -- |26 PS8 151 (220 000 0.00

FoERE ARG R-d 097 (051 (195 1.06 127 149 0.00 0.00

© 2014 Information Processing Society of Japan

SCAEE - BE

F5, K6 X0, WABBLHFHZTELE R) OBIZOA
IR TS, EABEEDOIREME (R-a: 38.80, R-d:
33.00) HHEOME (R-a: 24.00, R-d: 20.50) & AT
15 BV EE 2o TWA EICDOW TSR BIER L2 8 &
A, #iEE 1RIE LANT LM, ABEREDL 5T
7/5/i%ﬁ’”bnfkb——vtitibwi%ﬂ
EANTEODERVERETy bbb LANT S, AT
BHRTHOAR NI R B FLAE B DAL A AR
BOMHIKRECEBELGZT0E I LD oz,
HAS

B AT ORM - PG, 130 &l LTRSS, P
FrEiEi] & DK E WIS H B (K 7) 25, FEIC
SO (S-d: 2.51, R-d: 1.27) X ) HEUHE (S-a: 4.68,
R-a: 1.51) BrFHArEREHI AR (K 6). HULFREOBLE
FBIERLIE A, AT A NKR—FIENT
WA= ANRIEEAETH o727, Fya—T%k¥5E /-4
TOI LA PNE—FRHIATOMWE - T2 ANKE—FD
771%—@oiA%%%772%—%%76 7z A b

I S N72EBOBEEOR NS H 27 250
?,ﬁX7@@ﬁ$&/%WT?%——&%ﬁ%EL1w
b yhro.
BN~ —
FEAESHEE IR D O OHUE - AR O T3 BT ZERE ] AV
bEMPo7zmNy~— (A7) IZOWTOMGEEEEL
7o BB EIT L CWABEDS LI, E TR
~mUﬁT%ht& EC, FFEFORTry b AL
FAIPII SN TV 228, BNy~ —3EENH L7

b@%k%ﬂb@*»ﬁ~(ﬂvk)‘%Tf%ﬁ-ﬁ”
ENTWAE, RVF =1L, HITLTY BB~ —4kT
WHELBWE T E72DIZKNV T —DIEHIHI > T
5. TNHOERICLY, HAsDOREE——F 15 UG

TL720IMERLSTALEND N TNIZL ) o &
FRISHEA R T\, TN v~ — ORI DI A DT %23

VRV = OIENFEN 2O I) BRI N Y ¥ — DIED

T DIRIN T =120 o) R\, KRIV T —DIEDSEL
POHSLTNS @wTiﬁméétb,ﬁﬁL&thV
= RNV = LFRAWVWEE— PR TWA T &V
Moz,

6.3 MBLTENEAMEETIER

FEIOI—F 71 Y 7Aoo N, AT L TV b EEY
D%, FETHILM, 70— 7%, SgEas oM %
TENRBIEZ £ L STV AT SN, 22T
AR L 72§ RTOATE) UMNEIEER) [ LT, BED
HEEEFHM L7z, FFEEa—F 1 ¥ ZEE L RO ST
24 TH o7z, E512, BIEDD - 72 LT ESNATEIC
DWTIE, FOERD L7z, B 712, ITENIREEZ 4

1937



BERAIEF =R EE Vol.55 No.8 1931-1944 (Aug. 2014)

=7 MERATEIZ HET 2 2R & 205 E4E ()
Table 7 Factors that prevent smooth action and the frequency

of occurrence.

oL 25 L K]
% FBAIEARDS, KR - hoOEH - o LfEE>TLE-
Tnpic, HWET 2785475 A2 EE VTV D
7 — 7 G LTORIE TR B 2468 5 A W EZ 1T - T
H7ic, AWML T HTBORBELBNTND
WATLTWAHEANRSZTE 5w, BMET28F (HiIC
BH) ORMEEHENTVD

B &0 FEA LTz < 12

FEAEBE
91

59
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ARl 3) L AFTH=VEOELML (4-6) , F—YoftlitEjcaver—7
EREFTOEL(6-T), TOR—TD T2 TELSHED I L THE D &fiF X (7-10),
FeYEETICELEAL (1) &%, Wi/ —YEAATE 2 REICR-72 (12) .

8 #E o oM E VTR OEE 2D AT
Fig. 8 Context in which the engineer is rescuing the tangled

tool.
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7. EFOBBTHVELS I KAZDL A L LI 24, 1 i AOMDEMNR A v &
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A= O EBEREREEL, Wi 2KADRENRIDEZAHETIHAZEZDL D

2B L7z,

K9 rsu—7zEE L RETHKE O AT

Fig. 9 Context in which the engineer is turning over the paper

with gloved fingers.

aryy7 ) —boEeENL, FEBE
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Fig. 10 Context in which many tools around the engineer’s

neck are swinging very actively.

xR 8 R/PHIEHE R OATHIM OB
Table 8 Transition probability between two behaviors per

large category.

x/y 1 S R T C M
=t 1 0.054 0516 0.388 0.019 0.023
fins S | 0.206 / 0.611  0.141  0.007 0.036
RS R | 0.711 0.100 / 0.147  0.025  0.017

BE T 0036 0095 _— 0015 0.031
23a=4—va C|0354 0040 029 0182 _— 0131
M [ 0315

R 0.138  0.269  0.200  0.077

e BB ICBIgE S,

6.4 1TEI/INEZ—>
R8I, IRTOIMEAED T — 5 ZH\wiz, R

1938



BERAIEF =R EE Vol.55 No.8 1931-1944 (Aug. 2014)

HIHA N OTEFR OBRBMEEZRT. KPOMRIE, BT
\ZATHE) x DT D NI 4lE T T E) y 25T b B SefhhH s
Thb. BHOK, #Eid 5 2 D080 KRG H—O
%ﬁ@,1o@ﬁ@&tf% L7, F72, M1112, XK
% (M) 2B, ATEIHOZERMERED 0.35 ML EOERX %
AT KEY, s, KRECRLE, SBEE
[ROpikefEipTE TREIL, HREiry, AEZICEEL, &
DML . OB EEITR Y, o Sk E &
DN L) DRIIEBICES | LI ITE NS — 2 %D

BLTVEEETAZA.

Kz, INHEIEE B OITEIE OERERE RO 2. £l
ROFERIIMEOR A LA L, DREICERFERICONT
RiY.

AR
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Fig. 11 Bridge enginners’ regular behavioral pattern.

F 9 HH - HERLAOTHIMOERMESE
Table 9 Transition probability between two behaviors per
small category during visual checking and writing.

@ FAMeLHBL (b)) FAPOWEB (o) #iFEA

I-pl 1-p2 R-p4
X x-l-pl  I-plox  x-l-p2 I-p2-x  x2R-p4 R-pd-x

SR RRRE B I-a 0.054  0.018 0.024  0.000  0.001
F4 RALAES  Ipl 0012 0012 002 0032 0234 035

FA FHYEHE  p2 0032 002 0003 0003 0159  0.142

3 H Tl Ip3 = 0211 0004 0026 0000 0000  0.000

F il Ip4 | 0378 0032 = 023 003 0000 0.000

Z Dt I-p5 | 0250 0010 0078 0003 0000  0.000
SRS B I-d 0121 0009 008 0047 0017  0.000

52 HEEiE B Sa 0046 0014 0005 0024  0.005  0.000

HIKRTA—=I 7 Spl 0000  0.005 0.000  0.008 0.000  0.000
HAZTA=I7Sp2 0000 0.001 0.000  0.000 0.000  0.000

N ATHE S-p3  0.000  0.000  0.000 0.00  0.000  0.000
i3 S-p4 0038 0007 0035 0.005 0000 0.000
W 14 e 72 S-p5  0.028  0.006 0014 0006  0.000  0.000
Y i HLI S-d 0047 0005 0021 0.004  0.005  0.000
Fodk AT gRkaE B R-a 0057 0052 0022 0060 0353  0.002

FEAL—H<Y Repl 0040 0009 0018 0010 0083  0.022
WEAL— URUES AR 0051 0003 0034 0003 0060  0.004
EABAOGEE Rp3 0064 0008 0058 0009 [NO9N  0.058

AERRA R-p4[ 0375|0334 0142 | 0159 0007  0.007
WHESM R-p5. 0273 | 0.57 0089 0078 0.110  0.043
B AT B R-p6 0.000  0.000  0.000 0.000 0.8  0.007
BUAENL (8 e 78 R-p7 0.081 0012  0.027 0.004 0432 0.001
FL g H R-d 0142 0050 0.063 0.032  0.002  0.265
Bl o T-pl 0324|0290  0.002  0.045

EIRZAEOHDHHFT  T-p2 0257 0065  0.195 0082  0.000  0.002
AT TERVEFT T-p3. 0271 0.015 | 0271  0.026  0.000  0.000
==y C 0.170 0015  0.120 0014  0.100 0.012
M 0.077 0010 _ 0.192 0.040  0.138  0.014

=

b
|
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Table 10 Transition probability between two behaviors per

small category during shooting.

xly S-a S-pl Sp2 Sp3 Sp4 Sp5 S-d

B3 HL R S-a [0.005 0320 0.155 0.005 0.345 0.005 0.000
HIKTA—3I> 2 Spl {0.000 0.000 0.090 0.000 0.865 0.000 0.000
HRAFTTAR—=I 7 Sp2 [0.000 0.035 0.000 0.000 0.000 0.000
T AT s S-p3 |0.000 0.000 0.000 0.000 0.000 0.000
-2 S-p4 [0.000 0.076 0.104 0.006 0.000 0.615 0.041
] {4 e 3B S-p5 [0.000 0.047 0.033 0.000 0.042 0.000 0.743
e 5 3 FL U S-d_[0.000 0.000 0.000 0.000 0.000 0.005 0.000
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Fig. 12 Bridge engineers’ regular behavioral pattern during

shooting.
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Table 11 Characteristics and difficulties of inspection engineers and solutions.
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Fig. 13 Screen images of tablet-type prototype system.
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Fig. 14 Interaction image of hands-free prototype system.
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Fig. 15 Inspection data management system.
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