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EXAMINING THE EFFICACY OF ENSURING VISIBILITY FROM REGISTERS TO PREVENT
SHOPLIFTING, FOCUSING ON HIGH LOSS RATE PRODUCT CATEGORIES

Experiments in store layout changes at general second-hand stores using a randomized controlled trial

NN N = A = S A
Noriyuki FUIIMOTO, Tomoya OHYAMA and Mamoru AMEMIY A

This study employed a randomized controlled trial in which the visibility from cash registers in general second-hand stores was manipulated to verify the causal
relationship between ensuring visibility from the cash register and its shoplifting deterrent effect, focusing on high loss rate product categories. Focusing on thel3
floors, loss rates between the six-month pre-observation and the six-month experiment periods were compared. The results revealed that the loss rate of the product
categories whose visibility was increased had decreased for 5 of 7 floors in the intervention group. The causal relationship between natural surveillance and
shoplifting deterrence was therefore verified.
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Photo 1 The inside of a general second-hand stores
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#5\%W@fﬁﬁimﬁﬁ@ﬁﬁ#%mﬁéﬂéoKﬁ%f@
POS 7 —# LHEIRF OFCERMN HRGM Z L O r A8 AR L, 7/
MAT A —=ZLICE LD T, BEHINcr AEEEREKE LT

Table 1 Summary of loss rates for the prior observation and experimental period
Floor name Period Minimum Maximum Mean Median S.D.
All Floors 13 Floors Observation 0.014 0.040 0.029 0.032 0.008
(n=335) Experimental 0.016 0.051 0.029 0.025 0.011
Group Floor name Period Minimum Maximum Mean Median S.D.
Intervention Takatsuki 2nd Floor store Observation 0.000 0.131 0.036 0.015 0.048
(7 Floors) (n=14) Experimental 0.000 0.058 0.032 0.040 0.021
Neyagawa store Observation 0.000 0.242 0.032 0.013 0.060
(n=29) Experimental 0.000 0.081 0.016 0.010 0.021
Settsu store Observation 0.000 0.222 0.023 0.009 0.046
(n=26) Experimental 0.000 0.218 0.028 0.015 0.047
Higashiosaka store Observation 0.000 0.200 0.032 0.011 0.048
(n=31) Experimental 0.000 0.110 0.021 0.012 0.028
Hirakata 1st Floor store Observation 0.000 0.281 0.040 0.014 0.074
(n=18) Experimental 0.000 0.151 0.033 0.018 0.045
Ibaraki store Observation 0.000 0.333 0.037 0.017 0.064
(n=33) Experimental 0.000 0.117 0.023 0.015 0.025
Nagayoshinagahara store Observation 0.000 0.065 0.014 0.007 0.017
(n=29) Experimental 0.000 0.143 0.018 0.005 0.030
Control Senrioka store Observation 0.000 0.118 0.020 0.012 0.027
(6 Floors) (n=26) Experimental 0.000 0.157 0.020 0.010 0.031
lkeda store Observation 0.000 0.058 0.020 0.019 0.018
(n=31) Experimental 0.000 0.116 0.025 0.012 0.030
Takatsuki 1st Floor store Observation 0.000 0.333 0.034 0.012 0.073
(n=22) Experimental 0.000 0.358 0.051 0.014 0.101
Matsubara store Observation 0.000 0.160 0.029 0.023 0.038
(n=31) Experimental 0.000 0.210 0.032 0.016 0.046
Hirakata 2nd Floor store Observation 0.000 0.051 0.030 0.034 0.018
(n=16) Experimental 0.000 0.285 0.051 0.025 0.070
Kadoma store Observation 0.000 0.143 0.033 0.015 0.040
(n=25) Experimental 0.000 0.154 0.025 0.010 0.036

14, 850mm B 20, 250mm - : 24, 000mm
- - Office’ Pillar i

18, 000mm

35, 100mm

Fig. 1
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Examples of shelf replacement (Left: One example of intervention stores, Right: One example of control stores)



Example of swapping product categories

Photo 2
(Left: One example of before the product category change,

Right: One example of after the product category change)
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FEE, SBIEC OV TR, LSO & o 2RO 58
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Table 2 Moved product category list

Floor Shelf

name movement

Interve Takatsuki In sight Bags, Clothing (Men’s), Clothing

ntion store 2nd (others)

Floor Out of General goods, Clothing
sight (Ladies’), Ornament (others)

Group Product categories

Neyagaw Insight Ornament (Accessories), Other
a store home electronics, Music
Out of Outdoor, Household goods,
sight Video equipment
Settsu In sight Bags, Toys
store Out of Ornament (Accessories),
sight Household goods
Higashios In sight Ornament (Accessories),
aka store Ornament (others), Clothing
(Men’s), Clothing (Ladies’)
Out of Bedding, General goods,
sight Clothing (others)
Hirakata In sight Personal computer, Other home
store 1st electronics, Other furniture
Floor Out of Household goods, Video
store sight equipment, Kitchen goods
Ibaraki In sight Ornament (Accessories),

store Clothing (Ladies’), Clothing
(others), Towels
Out of Ornament (others), Household
sight goods, Antiques, Kitchen goods

Nagayosh In sight Bags, Toys, Music
inagahara  Out of Household goods, Other home
store sight electronics, Outdoor

Control Senrioka Move Ornament (Accessories),
store Clothing (Men’s), Clothing
(others), Clothing (Ladies’),

Other home electronics,

Qutdoor
Ikeda Move Toys, Clothing (Ladies’),
store Personal computer, Video
equipment, Towels, Other home
electronics

Takatsuki ~ Move Household goods, Tableware,

store 1st Video equipment, Other home
Floor electronics
store
Matsubar Move Tableware, Video equipment,
a store Clothing (Men’s), Household

goods, Clothing (Ladies’),
Clothing (others), Other home
electronics
Toys, Clothing (Ladies’),

Hirakata Move

store 2nd Clothing (others), Bags,
Floor Ornament (others), Clothing
store (Men’s)

Kadoma Move Tableware, Clothing (others),
store Other home electronics, Bags,

Toys, Clothing (Ladies’)
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ZEEL, ERARESMALYNORZD LT L, MO
77 Th, Rt ek, BOE L TmEnME ANz 203,
ANEZ AT IEF CRREO e ZROPE LT 2 U =280 Hivl-,
[ UBREO RGO & Uiz, WiltE b2 LS OpEshiliIssh s
H72ho7z, Photo 2 IZEMA T TV —Z RGN T T2 RPITA
NEZI-FFTH D, BEISELZFEMND T Y —DiEM% Table 2
[tz o

FRIE, RSt A ORKREFI - S5 - B oeTo
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AT, EBRMIE RIS, 5 RIC X AR 225 5] & ik i o %
fiize &, EBAERICHEE X HFENELRVE T, fHTe
T OERITIE, DI EMIEO»DOERTH D L IFETF I, S
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......... Control Group

Intervention Group

SRS\ [BUISIET\ POyeWTISH

Observation period Experimental period

Fig. 2 Estimated peripheral means of both groups before

and after the experiment
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RO BT R & BT 5,
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W, SBEECH W CIIBE S e SR o 7ol) & KR A
(FRIELEIE & BRI CTORAMEM & LB SO T R
Mt %,

A3HFIZIE IBM #E> SPSS ver.28 24 L7~
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31 S

SYRIHT OGS, EBR G & FEBREE R ORI FEAER 13 & b=
(F(1,11) = 5.347, p=0.041) ., T72b b, EBRFTHK T AREL &
RO RN v 2RO BN AR =03 & bz (Fig. 2) ., — 5T
EBRGAN T L ICERBE R OHM N R A D & MAREF1, 11) =
2.81, p=10.122) . ABEBE(F (1, 11) = 2.56, p = 0138) DM J7 TIHHk
RitE DAIIHFAE ThH o7z,

3.2 52

SN2 TiE, 1807 r T Dl EREME O ABHCE WA
BEZ @O T - ARD M« 222 e hr o 724, MERBHC BT
B S E S22 ) & BRI (HRTEZHIR & ZE
) OMOZHENEM%ZH7- (Table 3) , Fig. 3 1Tld, 77 &I
FERUEOMO o 2ROHERDFHER L, ZKAEERANEET
Bbole7a TIZOVT, FEBRGEAFITISIT 2 TR A 0> B il 3= 2h 3
OHEMSE, HRERE, LYOOREMN, fahh T 2Y — m AR
DA £ L w72 (Table 4 7272 LIKIE DR 5 5% K HETH 2
HDODBIER)

F9. RAERIZOWT, MARETHE, @i 2F 15 (F (@2, 11) =
21.59, p<0.001) . ERJIIE (F(2, 26) = 10.11, p=0.001) , Ea:
I (F(2, 23) = 51.45, p< 0.001) . HKHJE (F(2, 28) = 8.26, p=
0.002) . #&J7 1F JK (F(2, 15) =12.12, p=0.001) THETH -7,
AN (F(2,30)=2.39, p=0.109) . EFEFRIE (F(2, 26) =2.03,
p=0.152) TIEIFETHo/-, MREETIE. THREIE (F(Q, 27)
=7.16, p=0.003) . L5 (F(2, 28) = 3.91, p=0.032) NAHET
botz, mH1F I (F(2,19) =0.06, p=0.940) . RJFJE (F(2, 28)
=0.02, p=0.978) . ¥J7 2F Ji (#(2,13) =0.06, p=0.094) , [
5 (F(2,22) =3.25, p=0.058) CIIHAETh-7T=. ThbL, B
T S/ pas M O 7 22 MO & HiE U TR 2R B A
NEoX, AARETTZa7hms 77y, dBEce 7 rHm2 7
a7 Thol,

0 AROECST B 2 MRS D201, RAERABFTE 12
ABED 5 7aTIZ 20T, RGN Itz @bl - Ko7z
W EZxFeh o) T LA ERM R OB ES R A 27 (Table
4), @t 2F s (F(1, 11) = 38.05, p< 0.001) . ERJIJE (F(1, 26)
=23.52, p<0.001) . fEHE (F(1, 23) =5.15, p=0.033) . H KK
i (F(1, 28) = 20.30, p< 0.001) . #&J5 1F)5 (F(1, 15) = 21.25, p
<0.001) 1%, KFEY . @u AEER AT Y —BH b, LY
NHDOREMEEZ RO M CHBICE ARNFAD Lz, Z0HrbH, &
EIE(F (1, 23) =104.76, p < 0.001) 1%, L6 O FHEMEE{KD 72
r AP 7T TV =D LN THAEENALILE AH
DRI U7z, K5 1F 5 (F (1, 15) = 3.69, p = 0.074) T
I, LN ORI E KD T, Re ZRERGR AT Y =R 5
NI CHBMM R 2 H v e R FERBZITHI L 7z,

B, BEERITAE TIER»-7=08, KAE TR, &r AR
ST IV —=RH B, LML OREMEE ST, AEE
M ClEd 2 b DD r AENEREZICAD L iz (F(1, 30) = 3.51,
p =0.071) . BEEEFRIETHLRMKIC, ZAEEMIEFETH- -
B, LIUNOORHMEE KD, ARe RERGR AT Y =B 5
N, BEEmTIEHD D0 ARNERBICHEM L (F
(1, 26) = 3.76, p=0.063) .



Table 3 Results of the analysis of variance

Intervention group

Control group

Takatsuki 2nd Floor store

Senrioka store

Source SS df MS F P e;]rga/ Source SS df MS F P "’,’]”2”"”

between-subjects between-subjects
experimental conditon  0.019 2 0.009 16.00 0.001 0.744 experimental condition 0.003 1 0.003 2.17 0.152 0.072
error 0.006 11 0.001 error 0.034 28 0.001
within-subject within-subject
experimental period  0.001 1 0.001 4.98 0.047 0.311 experimental period 0.001 1 0.001 2.39 0.133 0.079
interaction 0.009 2 0.005 21.59 <0.001 0.797 interaction 0.003 1 0.003 6.77 0.015 0.195
emor (experimental period)  0.002 11 0.000 emor (experimental period)  0.011 28 0.000
total 0.037 27 total 0.051 59

Neyagawa store Ikeda store
between-subjects between-subjects
experimental conditon  0.023 2 0.012 5.38 0.011 0.293 experimental condition 0.013 1 0.013 31.06 <0.001 0.517
error 0.057 26 0.002 error 0.012 29 0.000
within-subject within-subject
experimental period 0.006 1 0.006 9.14 0.006 0.260 experimental period 0.002 1 0.002 5.22 0.030 0.153
interaction 0.014 2 0.007 10.11 0.001 0.437 interaction 0.002 1 0.002 5.88 0.022 0.169
eror (experimental period)  0.018 26 0.001 emor (experimental period)  0.011 29  0.000
total 0.119 57 total 0.039 61

Settsu store Kadoma store
between-subjects between-subjects
experimental conditon  0.083 2 0.041 52.33 <0.001 0.820 experimental condition 0.004 1 0.004 1.92 0.179 0.077
error 0.018 23 0.001 error 0.046 23 0.002
within-subject within-subject
experimental period  0.002 1 0.002 31.59 <0.001 0.579 experimental period 0.000 1 0.000 0.07 0.794 0.003
interaction 0.006 2 0.003 51.45 <0.001 0.817 interaction 0.004 1 0.004 5.51 0.028 0.193
eror (experimental period)  0.001 23  0.000 ermor (experimental period)  0.017 23 0.001
total 0.110 51 total 0.070 49

Higashiosaka store Takatsuki 1st Floor store
between-subjects between-subjects
experimental conditon  0.014 2 0.007 2.86 0.074 0.170 experimental condition 0.007 1 0.007 0.51 0.485 0.025
error 0.066 28 0.002 error 0.280 20 0.014
within-subject within-subject
experimental period  0.002 1 0.002 6.42 0.017 0.186 experimental period 0.001 1 0.001 0.65 0.431 0.031
interaction 0.004 2 0.002 8.26 0.002 0.371 interaction 0.000 1 0.000 0.08 0.786 0.004
emor (experimental period)  0.007 28 0.000 emor (experimental period)  0.039 20 0.002
total 0.093 61 total 0.327 43

Hirakata 1st Floor store Matsubara store
between-subjects between-subjects
experimental conditon  0.079 2 0.040 22.23 <0.001 0.748 experimental condition 0.001 1 0.001 0.30 0.588 0.010
error 0.027 15 0.002 error 0.101 29 0.003
within-subject within-subject
experimental period 0.002 1 0.002 2.90 0.109 0.162 experimental period 0.000 1 0.000 1.02 0.321 0.034
interaction 0.013 2 0.007 12.12 0.001 0.618 interaction 0.000 1 0.000 0.01 0.911 0.000
emor (experimental period)  0.008 15 0.001 emor (experimental period)  0.004 29 0.000
total 0.128 35 total 0.106 61

Ibaraki store Hirakata 2nd Floor store
between-subjects between-subjects
experimental conditon  0.007 2 0.004 1.72 0.196 0.103 experimental condition 0.002 1 0.002 0.74 0.405 0.050
error 0.065 30 0.002 error 0.047 14 0.003
within-subject within-subject
experimental period 0.001 1 0.001 0.53 0.471 0.017 experimental period 0.003 1 0.003 1.59 0.227 0.102
interaction 0.011 2 0.005 2.39 0.109 0.137 interaction 0.000 1 0.000 0.06 0.816 0.004
eror (experimental period)  0.068 30 0.002 eror (experimental period)  0.030 14 0.002
total 0.152 65 0.014 total 0.083 31

Nagayoshinagahara store
between-subjects
:;(lpot-:;rrlmental condition 88?8 2% 888% 2.05 0.150 0.136 experimeqtal condition
Within-subject = Shelves’ movement pattern
experimental period  0.000 1 0.000 0.77 0.389 0.029
interaction 0.001 2 0.001 2.03 0.152 0.135
eror (experimental period)  0.009 26 0.000
total 0.034 57

SRR O T H TN (F(1, 28) =6.77, p=0.015) . #MEE (F(1, 29)
= 5.88, p = 0.022) TiL, BB S W7 g T a2 3 EERTE (28
mL. MEE (FQ1,23) =5.51, p=0.028) Tit, BEISEAroiz
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THEF SN o ARITHIER A DN, STARIKE T, B RAEOHE
K & B2 D AT 3 Y —ORERIERICRE RBEN IR T8 %
WiEZ2 D E, ZOMXEL EREBEE OCATHIRT 5@ e 2 ERE

—1135—



0.2 0.2 0.2
2015 30.15 . &015 .
% 0.1 % 0.1 %©. 0.1
5 5 5
B, el 2 B 7~
= = = 7~
20.05 20.05 20.05 P
- -_—— —_—— E 7 7~
,—-
0 0 0
Observation period Experimental period Observation period Experimental period Observation period Experimental period
Takatsuki 2nd Floor store (1) Neyagawa store (1) Settsu store (l)
0.2 = 0.2 0.2
=3 5 .. g
5] =t Se. I
£0.15 £0.15 .. £0.15
2 2 A
©. 0.1 = 0.1 .. a3 0.1
g . g g -
£0.05 £0.05 " £0.05
E . E - E
——
0 0 0
Observation period Experimental period Observation period Experimental period Observation period  Experimental period
Higashiosaka storer (1) Hirakata 1st Floor store (1) Ibaraki store (I)
= 0.2
&
2
1]
£0.15
[="
=
£ 0
2. 0.1 BT
EL Didn't changed
S =1 In sight
0.05
§ Cetenenaaa... - == namsmnns Out of sight
S,
o ’A_ Not moved
Observation period Experimental period == == == Moved
Nagayoshinagahara store (I)
= 0.2 o 0.2 E 0.2
g Y £
g g £0.15
0.15 20.15 g%
2 = =
& 0.1 % 0.1 g 01
g g £
= = --- =
50.05 - 20.05 - £0.05 /
© e 8 - - 5
g -=- : g
- - - - = = = =
0 0 0
Observation period Experimental period Observation period Experimental period Observation period Experimental period
Senrioka store (C) Ikeda store (C) Takatsuki 1st Floor store (C)
= 0.2 = 0.2 = 0.2
] 8 g
& o o
£0.15 20.15 20.15
-9 a -9
= = =
& o B
& 01 & 0.1 £ 0.1
E £ E
= = - =
@ @ - - 1) -
: 0.05 g 0.05 :__—__:_________.-- E 0.05 <
0 0 0
Observation period Experimental period Observation period Experimental period Observation period  Experimental period
Matsubara store (C) Hirakata 2nd Floor store (C) Kadoma store (C)
(I): Intervention group, (C): Control group

Fig. 3 Estimated peripheral means for both groups before and after the experiment on each Floor
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Table 4 Summary of analysis 2 results

Simple main Effect size . . . . .
Intervention group df effect . Shelf Product categories with a simple main ~ Change in
partial eta movement effect loss rate
(p-Value) 2
squared (n%)
Takatsuki 2nd Floor 2 <0.001 0.776 In sight Bags, Clothing (Men'’s), Clothing Decrease
store (others)
. Ornament (Accessories), Other home
Neyagawa store 2 <0.001 0.475 In sight electronics, Music Decrease
Settsu store 2 0.033 0.183 In sight Bags, Toys Decrease
Settsu store 2 <0.001 0.820 Out of sight goczgggent (Accessories), Household Increase
HigashiOsaka store 2 <0.001 0.420 In sight Ornament (other,s), Clothing (Men’s), Decrease
Clothing (Ladies’)
Hirakata 1st Floor store 2 <0.001 0.586 In sight PC,.Other home electronics, Other Decrease
furniture
Control group
. Clothing (Ladies’), Other home
Senrioka store 1 0.015 0.195 Moved electronics, Outdoor Increase
lkeda store 1 0.022 0.169 Moved Video equment, Towels, Other home Increase
electronics
Kadoma store 1 0.028 0.193 Not moved General goods, Ornament Decrease

(Accessories), Ornament (others)

Notes: Examples of the products included in each product category are as follows.

Bags: Casual bags, Business bag, Backpacks; Clothing (Men's): Casual wear, Sportswear; Clothing (others): Swimsuits, Socks,
Underwear, Baby clothes; Ornament (Accessories): Necklace, Rings, Earrings; Other home electronics: Extension cords, Calculators,
Light bulbs; Music: CD, LP record; Toys: Figure, Portable game; Household goods: Battery, Scales, Seasonal appliance; Ornament
(others): Wallet, Tie pin, Sunglass; Clothing (Ladies'): Casual wear, Sportswear; PC: Desktop computer, Laptop computer; Other
furniture: Shelves, Cushions, lamp; Outdoor: Fishing lure, Sleeping bag, Lantern; Video equipment: Tuners, DVD, TV, TV Remote
control; Towels: Bath towel, Face towel; General goods: Daily goods, Folding Umbrella, Writing materials
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EXAMINING THE EFFICACY OF ENSURING VISIBILITY FROM REGISTERS TO PREVENT
SHOPLIFTING, FOCUSING ON HIGH LOSS RATE PRODUCT CATEGORIES

Experiments in store layout changes at general second-hand stores using a randomized controlled trial

Noriyuki FUIIMOTO*!, Tomoya OHYAMA ** and Mamoru AMEMIYA ™*

*1 Graduate School of Systems and Information Engineering, University of Tsukuba
*2 Assist. Prof, Faculty of Systems and Information Engineering, University of Tsukuba, Ph.D.
*3 Assoc. Prof, Faculty of Systems and Information Engineering, University of Tsukuba, Ph.D.

Annual losses from shoplifting are estimated to be over ¥1 trillion in Japan and over ¥5 trillion in the US; as such,
measures to deter shoplifting are becoming an international issue.

Specific shoplifting prevention measures, such as improving the line of vision in narrow spaces and ensuring natural
surveillance, are easier for stores to implement compared to closed-circuit television (CCTV) and electronic article
surveillance, which involve high installation costs.

Prior studies on shoplifting have examined the relationship between shoplifting, floor layout, and CCTV surveillance
through interviews and questionnaires with both employees and shoplifters. However, demonstrating a causal
relationship between visibility and floor layout requires intervention experiments that manipulate visibility by
changing floor layouts.

This study aimed to verify how ensuring high loss-rate products’ visibility from cash registers affects shoplifting
deterrence.

In this study, a randomized controlled trial was conducted in which thirteen floor layouts were modified at general
second-hand stores. The dependent variable was loss rate, that is, losses from shoplifting calculated by subtracting
the actual number of shoplifted items from the total of inventory and sales and dividing by total inventory. Visibility
from cash registers was used as the independent variable.

The experiment compared loss rates between the pre-observation period (February to August 2017) and the
experimental period (February to August 2018). Seven of the thirteen floor layouts were randomly assigned to the
intervention group, while the remaining six were assigned to the control group. In the intervention group, product
categories with high loss rates and low visibility from cash registers were replaced with product categories with low
loss rates and high visibility from cash registers. In the control group, product categories of an equivalent loss rate
and visibility from cash registers were swapped each other. This study also included in its scope product categories
with unchanged visibility.

The first analysis compared the overall mean loss rates of the intervention and control groups between the pre-
observation period and the experimental period. The results revealed an interaction effect between the experimental
conditions (intervention/control) and the periods.

Taking the product category as the unit of analysis for each floor layout, the second analysis examined the interaction
effect between the experimental conditions (the degree of visibility of the product categories) and the periods. The
simple main effects of the experimental period of each experimental condition were also examined.

The results showed an interaction effect between the experimental conditions and the periods. Of the seven floor
layouts in the intervention group, five floors showed a decrease in loss rates for high visibility product categories. For
the six control group floor layouts, two floors showed an increase in loss rates for low visibility product categories.

The experiment and analyses in this study were based on ensuring natural surveillance as part of the Crime
Prevention Through Environmental Design approach. The results support a causal relationship between ensuring
visibility of high loss-rate products from cash registers and successful shoplifting deterrence, suggesting this is an

effective method to prevent shoplifting.

(2021 4% 6 H 21 HEfG8, 2022 47 1 7 24 HERMPUE)
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