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Abstract

Background  Despite the growth of online shopping, consumers still prefer to visit hypermarkets to
directly check and purchase products. However, the large store size and complex product layouts often
make it difficult for consumers to quickly locate desired items. As a result, indoor navigation systems
using wireless communication technologies are gaining attention as effective solutions. Meanwhile,
package design has evolved beyond simply protecting products and is now recognized as a key tool
for enhancing consumer experience. This study explores ways to improve product search efficiency by
integrating wireless communication technologies with packaging.

Methods First, this study analyzed case examples of the convergence between wireless
communication technologies and package design and examined the feasibility of their application in
hypermarket environments. Second, a product search prototype was developed by applying wireless
communication tags to packages and linking them to a smartphone app. Third, a usability evaluation
was conducted with 50 hypermarket visitors, comparing search time and user satisfaction between the
conventional search method and the app-based search method.

Results The search method utilizing the app prototype proved effective in reducing search time by
34.2% and enhanced consumer satisfaction when compared to the conventional method. The proportion
of users completing the search in under 140 seconds increased from 10.0% to 50.0%, while those requiring
more than 161 seconds decreased from 26.0% to 10.0%. Additionally, the system received high scores
for intuitiveness (4.70), clarity of information (4.62), and convenience (4.58), confirming that packages
equipped with wireless tags contributed to improving search efficiency.

Conclusions  This study confirms that a search system combining wireless communication tags
attached to packages with a smartphone app can improve product search efficiency in large retail stores.
Usability evaluation results show reduced search times and high consumer satisfaction, suggesting that
the integration of wireless communication technology and packaging offers a promising alternative to
conventional search methods.
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NFC(Near Field Communication)= 13.56MHz W %2 €83l 10cm oW o] A4 g dlold
SAlo] 7Hset HIFE4] B4l 71%olthMadlmayr et al., 2008). H|-go] 211, F&o] 4& FAlo o}
7laEel Bl ool =il HiE 2] &%Vt Arks o] Jk(Cai, 2015). Kurle et al.(2019)2 QR L=}
A3HE NFC 718 55 FA Al 281E Alkste] 020 23 7 9] 4848 Zxstg

Ak AN A Aol NFC B8 F2tste], W22o] §j118 A7shd 3o §1A] 4RE
Aeee & Q=S AASHATH AL B (Busan 11bo)s, 20144 129 22%)(Figure 1 FX). ZeFA9]
723 (Carrefour)+= NFC2} ESL(Electronic Shelf LabeD& A@sto], 48|27} Ad o] AnfEZS
HAEshd AlE AR} ARE it A2EE F5sHlth(Figure 2 &%), ol 4™ NFCe= 41 W17
Aohe 9ols B0k, Tedt R0 =2 FIA0R FE AT 9 A g E457} w2 7|&olth
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Figure 1 Navigation App for Bujeon Market(Left)
Figure 2 Carrefour City NFC Shopping and Pickup Kiosk(Right)
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Figure 3 Tarket APP(Left)
Figure 4 BLE-Enabled Smart Cart at Kesko Supermarket(Right)

RFID(Radio-Frequency Identification):= HIT1E F23F EAE 2t @ Fu4E S8 JAtAY SIAE
F& st 71solth(Lionel M et al., 2011). RFIDE th9] ®i715 SAlol A48k, 253k A 2ot
ARE Z20] 755lthE HolA f% Aol g E-85 1 Qlth(Zhang et al., 2016; Al-Saedi & Azim,
2017). o] ¥ (Lee, 2000)= IFUtE W RFIDE &85l &7 HA3te] 7ofotal &4 84S A =
PSS Aokt

T A= o|rtE A F o] AFtE AMute] RFID & H7]E Wdsto], o] A&E 7FE]| GO A&
JEot a2t of YA, AA AuA7HA] AFEHE 4 E90] 715S AlFetdct (TH LA (Maeil Business
Newspaper)y, 20084 1€ 16¥)(Figure 5 =), sflloAxl= HutE(Walmart)7} RFIDE Z-8-3) AA]3T
A A3t gehet 914 7o}, A HA3E Fol aedY 1A wEEE AA A FHPerfect id,
2023)(Figure 6 %). |4 ¥ RFID= o¥d td -5 S40A 85 &3 4 G &9 58
WAl 71ofstar Slct.

Figure 5 RFID smart cart at Emart Suseo(Left)
Figure 6 Walmart RFID Tag Attachment(Right)
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Table 1 Comparison of Wireless Technologies
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Figure 7 NFC Application on Too Faced Lip Gloss
Figure 8 NFC Application on Malibu Connected Bottle

NFCe} 37 RFID X3t 97]7] Bofo| A 2 851 FET= 7|&o|t}, ,
TAE bkt At ARl 24 28 {97 wE A G =L ek 59] AF Rofol A=
gt =87} #oF, RFIDS &4 7HsAdo] AtHAbad et al., 2009). =3t RFIDE 41&2] A4 %,
FA4, 38 2%, YE ndE ¥t 5 B2 AR E AT 5 Sitk@®ibi et al., 2017).
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Proposal: RFID/NFC Tagging

Figure 9 RFID Application on Vigneti Massa Bottle Cap
Figure 10 RFID Application on Coca-Cola Bottle
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Table 2 Overview of Consumer Research
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Table 3 Structure of the Survey Questionnaire

= =8+ FQHE
7|= 28 3 g9, o, HY0E WE Y
HE BN AN 1 o= M IPH0M o2 - oR
oE A0 022 2l
AE S TPH0IMC) 02l o B0l o
HES A e ER LS WA
HE M MHA EY 5|Y 1 SHEN T|H MH|A B ot
Total 7 -
2 2AE 494 22088 qte g Axstgon], 4, AFd, qaute PR T S8 7120 g
2H] o] P EEE LS o] & Foll, HPVIE o] 84| Antal EA4L whetolal, o] ¢ AF A+t
AAe) 712 ARR LA Table 4 T2,
Table 4 Demographic Analysis of Survey Results
4= Mg E=g N %
EL 104 47.2
g4
4Kt 116 52.7
20CH 45 20.4
30C4 60 27.2
k!
40LH 55 25.0
50LCH 60 27.2
F 13|04 128 58.1
e Ol - =
o g & 1~23] 72 32.7
7| HESHK| LS 20 9.0
Total 220 100
S 23}, 2RSS AR A HE(30.0%), dUl AT EF£(28.6%), JY F£(23.6%) 52 T84
EAF R Q45 IUth(Table 5 &%), £3] 17.7%= AES 24 23] FuijE 7|3 Aol itz
St e, ol= gAY 19 o] AA| miEd 3t v & U2 HojEoh T3l FASA 75t
A x| Ao gt Q4] AR A= 80.9%9] SHAL Sld AU AE o] gotal Altkal Hef|, ARtA o R
AN WSS AT S+ ek T AR ATE o F 2uA FF BF U A3 AeH P4 A
A5 2 g5
Table 5 Survey Results
d4E g5 SE MEX| N %
P A2 153 69.5
cE e e g 67 20,5
o= IR HE 66 30.0
AsH= MES 51| QL EXIH BE 63 28.6
o2z 0lR ESECES 52 23.6
7|Et 41 18.6
2 B 107 48.6
MES K| 25 HL LHA| &2 710 58 26.4
S YA xjgl 20| 62 28.2
THOH 27| 39 17.7
AFE 27| MH|A AE Bl 178 80.9
Eysgos A2 BlYsIR| e 42 19.0
Total 220 100
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Table 7 In-depth interview questions
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Table 8 Summary of In-depth Interview Responses by Key Themes
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Table 9 NFC Tag Application Cases by Packaging Type
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Table 12 Demographic Analysis of Usability Evaluation Results
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Table 14 Comparison of Exploration Time Results
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