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Abstract

Purpose - To meet the needs of various customers in an uncertain market environment, many companies use product
modularization strategies. Modularization of a product means that one product consists of several components and that the
type of product can be changed according to the combination of components. The greatest feature of modularity is that
changes in one component do not significantly affect the physical changes in the other component to which they are
connected. Modularization of products is recognized as a very important strategy to reflect increasingly complicated customer
requirements to products and respond to the needs of various markets. Many studies have been made in connection with
the concept of mass customer satisfaction. There are many prior studies that modularization of such products positively
affects the operational performance (manufacturing cost, fast delivery, etc.) and innovation of the product. However,
excessive modularization has been found to have a negative effect on this performance. However, there are very few
studies on the nonlinear relationship between product modularization and customer satisfaction. Supplementing these
academically insufficient parts is very necessary when considering the current market environment.

Research design, data, and methodology - In order to make up for the shortcomings of academic research in Korea, this
study collects data through questionnaires in electronic, auto, and defense industry. This is because these industries are
using modularity of products. based on lots of previous studies and information overload theory, we made two hypothesis
and verify with empirical analysis. All 108 data were used. We used the R program and SPSS program for statistical
verification.

Results - As a result of the study, modularization of products showed positive relationship with customer satisfaction to a
certain level. However, it has been found that when the modularization is over and beyond a certain level, there is a
negative relationship with customer satisfaction.

Conclusions — Excessive modularization of products can have a negative impact on customer satisfaction. This result can
be understood as a result of human limited rationality due to information overload. Therefore, it is important for companies
to apply appropriate modularity to product design.

Keywords: Product Modularity Strategy, Customer Satisfaction, Non Liner Relationship.
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o B&3l= X|Q(postponement) I XHIES S FAHLS
SOjA|IZICHE HFREE  QUCHGualandris &  Kalchschmidt,
2013; Van Hoek & Weken, 1998; Kang & Kim, 2014). Ot&
2] Gualandris, Golini, & Kalchschmidt (2014)= I§MARI0f|A]
L CiEnA0LE M2kg dd5H| QshiMe MEL ZE3t O
Ael2 02 E23% 0|fFE FYSIUCE

olet 22 MACTEZ EAt A1t XEQ 2Esl= NE
O HAME =0F 1 (Lau et al., 2011), A|HO 29| HWE &
A& 7ts5HA 3HH (Sanchez, 2000; Ulrich, 1995), X|Z2| Ct
it TEMAS| FAEME SOAIA LAE HREE =
Ol=0l 38& g2 0|X|l= AS & =+ ULt (Gualandris &
Kalchschmidt, 2013).
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<Table 1> Representative prior studies on the effects of modularity

Contents Studies
Quick response to market Martin et al.
changes (1998)
Reduced production costs due to Matutes &
Positive | economies of scale and scope Regibeau (1988)
Effects of | Reduced supply failures due to Gualandris &
Modularity | increased product and process Kalchschmidt
flexibility. (2013)
Efficient allocation of corporate Hoogeweegen et
resources al. (1999)
Increased cost to achieve Quelch & Kenny
diversity (1994)
Diversity causes price of product | Bayus & Putsis
Negative |increase (1999)
Effects of | Excessive diversity reduces the Fisher et al.
Modularity | economies of scale (1999)

Interface standardization resulting

from excessive diversity has a Lau et al. (2011)

negative impact on innovation
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<Figure1> Research Model
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<Table 2> Sample demographics

remarks Frequency Ratio(%)

Auto 43 41.74
Electronic 30 29.13

Industry
Defense 30 29.13
Subtotal 103 100
below 100 29 28.16
Number 101 - 300 14 13.59
Ofﬁri:"' 301 - 500 9 8.74
workers over 501 51 49.51
Subtotal 103 100
over 9.9 12 11.65
Annual 100 - 300 21 20.39
Sales 301 - 500 6 5.83
(Billion) over 50.1 64 62.13
Subtotal 103 100
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<Table 3> Measurement of Construct Variables

Questions

(1=Not at All 4=Somewhat, 7=Very Well)
The design of the item to be delivered was
part of the modularized product.
The delivered items could be combined with
PM2 | other parts as needed to respond to the
Product buyer's order.
Modularity PM3 The products used for delivery were sharing

(PM) common modules with other products.

The items to be delivered were designed in

PM4 .
a standardized form.
The delivered parts could be used to
reassemble into other types of products.
The team performing the project knew the
technical status of the related industry.
The team performing the project had no
Supplier | AC2 | problem understanding the technical
Absorptive requirements of the buyer.
Capacity AC3 The team performing the project had well

(AC) formed consensus with the buyer.
Our project team was well aware of the
AC4 | practices related to the performance of the
industry in relation to the project.
During the project, our project team
communicated with the buyer on various topics.
During the project, there were various ways
CS2 | of communication with the buyer for

Variables | Nr.

PM1

PM5

AC1

CS1

SBLLJ?)ISIFier information exchange and communication.
Communic During the project, the information exchange
ation CS3 | with the buyer was formalized and informally
appropriate.
Izgvse)l cs4 During the project, our project team often

talked to the buyer's staff.

We were ready to respond to buyers and
CS5 | communications for project implementation at
any time.

The technology applied to the item was
Product | PN1 | applied to the new technology compared to

Newness the existing item.
(PN) PN2 New materials were applied to the items in
comparison with existing ones.
Buyer's
. Y ) Please indicate the buyer's satisfaction with
Satisfaction | BS . .
the items you have delivered.
(BS)
=d
5 4TEH
5.1. ZHET0| CHAXIRY, Mely 9 Efgy
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<Table 4> Results of EFA

Factors
1 2 3 4

CS2 110 .813 .085 A1

CS3 .382 .632 .140 -.204
CS4 218 .718 -.072 .023
CS5 .250 .826 .049 .055
AC1 .785 146 -.059 -.052
AC2 .840 .268 .091 105
AC3 773 .282 137 .160
AC4 812 148 -.026 .041

PM3 133 .043 -.090 .808
PM5 .010 -.033 .041 .860
PN1 .021 .001 .899 -.049
PN2 .053 .093 .895 -.091

* Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.

ME[go|gt HEEE0| FHS AL St das ditd AU
A HESte 8 E= ST JiE0 Ojs FES BHS/S
I st FEUS Y2 7IsdS 20O[sict (Hair, Black,
Babin, Anderson, & Tatham, 2010). O|2{st AMZ|MHE =XS
7| 2I3t0 Hair et al.(2010)0|M AtRSH A 2HIS 2OtgfS At
85IFOM, <Table 5>0|A] E= HIQ} ZH0| AEHIS AIjgt
O] u=F 072 B2 UCt 0|2M ZHHE=FO| Me[de &

HSIQICtn g 4= QlCt

2 SFoA AT SHEsE 7|E AT AMBSI O
Efgtde 322 H=0[X|Tt Hair et al.(2010)2] AHof i}
2} SHRIN QOIEMEZ Sot0] ChA| EfZ=E AASIRICE =l
o QOIEMEZ Q5to 2 dF0ME R ZEO#E 28
O Lavaan H7|X|E HESIRAUCL 2AZAN ZE Q052
M 0.6 E1l A2l O =2 SAHECE ZF ]9
C}. M2t 2 AFoME =3 EtEA0| QUCt mErEE o~
Ct (Hair et al., 2010). d2|0 2¥ ®$E X|4= = CF
.97, TLI=.96, 12|11 RMSEA=.052 £ L}EILHTD QICt [LOEFA]

Merge SESRICtD B 4+ AUt

0jo
Of

—

i 2 Ok

<Table 5> Convergent Validity, Reliability, and Statistical Values

Loading Cronbach's

Factors Nr. Value Mean S.D. Alpha
Product PM3 | 671 405 | 1.729

Modularit 621
P | PMs| 790 | 477 | 171
Supplier  |AC1| 775 522 | 1275

Absorptive AC2 .761 5.40 1.079 850

Capacity AC3 853 509 | 1.011 :

(AC) AC4| 729 | 520 | 1.088
Buyer - cs2| 692 516 | 1.109
Supplier — "'cs3 | 612 4387 | 1.143

Communication ' csa | 890 | 560 | .988 757
(CS) CS5| 849 493 | 1.293
Product PN1| 714 4.02 | 1.603

Newness .780
PN) PN2 | 754 466 | 1.556

* all significant at p<0.001
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Etgde SHEstuAt sh= HEo|H £ SEETIH Y
Ot} Hets| SHsH=71E LetCHFornell & Larker, 1981). E}

<Table 7> Results of Regression Analysis

D.V. : Customer
e EEESES o|golel SFFon, 0F i Satisfaction
Fornell and Larker(1981)7} X|Otst HAEAE=ZX|4=(Average Model 1 | Model 2
Variance Extracted)2 Z823}QICt 24210 IE Q9019| AVE Supplier Absorptive 677 6747
20| 0.5 A3t oLt CS Q9lIo| AVE 20| 0.5 0[5}9l Capacity
o2 LIEFHCt SX|2F Fornell and Larker(1981)= Tz 2 Communication Level 131 .166
MEEXSTL 24 Qolzio] ARsol HEFtwc AY T Control Annual Sales 023 | 038
EfE40| QICkD FHBIQICE <Table 6>5 =B A7| HAIS Variables | NUTPer O Fulkime 052 | -066
O] HAIBH ZHS T D=3t 742 & & QICh MEA =
| H l'_,_ _ o= ETO _'Ol; A= = T [ e Product Newness 120 27
AToM = EHEENEEE SESIICT g = AL . -
Industrial Electronic -.044 .029
. . dummy Defense -.163 =141
<Table 6> Correlation Coefficient and AVE » Product Modularity 185+ 204
Factor | PM | AC | cs | PN | ae | ST v Product Modularity2 128"
o R2 269 289
PM 1 54 13 Adjusted R2 210 225
AC 32* 1 .62 .78 F 4.507 4577
Cs .24* .36 1 A7 .69 p-value <0.001 <0.001
PN 19* 21 A7 1 57 .75 ™ p<.01, ™ p<.05 *p<.1

***p<.01,**p<_05’*p<_1

Sz SUAS SEYAZLE SRS Fhus
i, & Begh A22A7 AHEDE DFEE L
EtLt= HSLE 9o|0|siCt (Podsakoff, MacKenzie, Lee, &
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oz SLYYHESE ABdts A0l ERsILh = AN S
o

o
o
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[

o)

3
=R
N
=]
S
&L
=)
i)

gt mHolE ZABS| 3t HHCeER ATt HHE2
HarmanQ| one-factor H|AE O|Ct. ZAAtdy} ZE EX™HSE
2 L] Qolez #=HSIX| UYL J2(1 25 HdHE &
A2 69.8% O|RUCL Ot 7P W2 HYHS HRFo 20l
T WA 2BE 24 5 23.9%2| 2oL 24¥E SHX| 2ot
1 ot MM ol2fst Alte SYWEEOIL 2 g0 2
A Fge OXX| Rk A2 oot g = Uk

(Podsakoff et al., 2003).
5.2. 79| A=

= g7 SH2z MAYE MBS et 0 R
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o g2 B2 274X 7tEE MABIACE MAlE 7tE=
AS37| Sl 2 AFME SPSS 230 Z=2IS 285}
Lk = A7t MEFQ ZEset 0|F M&th MZFel 2ZEst
22 =EfsE2 2ot NAUREE FTHES2 SIRACH
J2|n S S0 DXl IgYes F=H| 57
ot7| <loto] CHZFAZTHEHME) Bl M, =7tE 29| H
S 37HK SHg+E ZEOULE. 0|0 Ciet Zif= <Table
7>0f = LEtLE QUL

=HZE MZFe| REst S0 AAUEEI SIo=
HO 2 LIEMCH (beta = .185, p < .05). [2tA] K|EQ E=E
oiet NANFEIF SFH AT AS A= oS 7t 1
2 AEE = AACH (2 1 Bx). Che22 HEQ 283t

¢ 2|2 DA FFH g
2 | ?BIM HMEQ 2ZE=tE 2%t
g2 ote SHUETE FYUSHO 2MoIAth 2420 2

4
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>t
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N
Mot
ox
N [0)

20] LIERLIRICE 2MZDF HE ZEIE 2kt H+E2 o}
SR IHWNECEE SEHHS0 2 Ao U
HOZ LIEISLC} (beta =

=™doz FlHhRSt= M3l =2 A Cohen, Cohen, West,
and Aiken(2003)2| 979} Lau et al.(2011)2] =20| QILC}. O
9| FXO| olstH 2K Tt BHYE FSEIBHSs R M
H(2d 1)1 B 2o ZH(E2Y 2)2 R2 9| gfo| HalIt |7
olst AR 2%kt &It HYE SRIBMSI ZSEBS0| 0K
GE20| FOlSCtl SHRICE <Table 7>0A 23 2 10A
R2 Z0| 0.269 0|1, XM™M&l R2 Zf2 0210 ojct. 1zZ|2 2
& 202 RS 0.269 0|, =AMEl RS 0.2250|C}. O|fQ]
F Zto] Hi3l= 45070|A 4.5772 HislslO| 0|23t Hsl= &
AMOZ QOo[st HO= LIEISCE (p<.01). [WM2tA &2 70
A HAlst HEQ| RESHZL XILIKAH BIHsHA = D240
Zof BEEA AT AS Zol2ts JHd 28 E{E £~ QCh
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TEE0| O Old 37842 SgdS OXX| Rotn 233 &
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XAE2E 7HK|2 SAHH 2HE 3 o
H4+2 20| BISEE BVt A0 LIERCE Olef 22
dits MEe EEzhe CHYfpt 19| LIZE UEAZE +
AT, A WA A 4 oDz Dol BEEE 5
7 & %= QlcH= 7|&=o| AFe} YUX| BHCHSanchez, 2000;
Ulrich, 1995).

2|1 HEC| ZE3tet nAUFRLEeto| HIMHEAN HAE
ASSH7] 5l Cohen et al.(2003)2] 42t Lau et al
(2011)2] ==20|M ABSIUE HHS HESIO MEQ 2=
32 HTE SYHSS MO EEe BHS UABKAC,
=841 HEL ZEE Moot HEet 0 HEREQH=
AXoz [olot BAIL UCH= Zi0| LiEtECH d2jn O #
Ae 38 A7 ot 2EE A Z EAL|QJCE AHOHS
Lot SEA A AU HELQ REsle £ X|FHO| X|H
OlZ0l o U X 20| HEIS WOl HOR ¢4 5 3
CHLau et al., 2011). 0|} &2 ZAit= HEQ| ZEZIL X|L}
XA EH 2FMdIHMatutes & Regibeau, 1988; Quelch &
Kenny, 1994) 5! XNZ2o| HilMo| 2EE FgHlau et al,
2011)2 O/F == Ct= J7|1EGT Zate AZRMMAM0|A ofsy

ofm

g % ot
AEcl 288 CIRele MES FHGH FHES ol
x| &% A2 S8 SYekn Chyst aol Lxof thg

2z

7t i
& 2 QI RFEO| QIC} 0|9} Ze
= MH=TEE AL8dtel e {838 =TFEM ALSE[UCH
(Gualandris et al., 2014). 18{L} utE3t HEO| RESE 2
5|3 nAMEZ yst= EXL 2 = Uk AE 2 A7
= 2o QCh ol HMEQl X|LE BRE3E QIsto] HE
B2 FHEO| NHAZH, D1HE2 252 =T wE = U
Ct ojet 2 2 ot QAME™EE U2le o8N F
OiX|l= HEO 40| HF U2 AL, Qlzto] Hst=l Tzly
(bounded rationality)2 QI5t0] 2HIE2 ZEE U2l=H =2t
o|Lt o228 ZA=Che ™EIESKinformation  overload)O|
20N & AYHslo QCHJacoby, 1975). 12|10 MEINESIE
X&EHo2 ZAYSE AHXHE =2E A ECeE dF
(Mitchell, Walsh, & Yamin, 2005)2f MEHCHOIO| L{EF TiOF 2
Tdo| BItStA £l AH[A BHEEO| 28Xl FeE O|X|A|
EICH= H(Huffman & Khan, 1998)7} 0| SIEAISCL
ot kst 0zl ot=Z 2[5t ZE3E &S NE
S CIXIRISER|ZE, 2@3(2] X|LHEl HE2| 2E3ts 1O 2 3}
o3 FEo| utgst MEfof XA 2N =EtiF oH2SS
ZEAIZIA Eln Dol ptERo| 2EEQl FgE OFE =+
UCt= AS 2 g+ Zits & B2 QCkn mERsHCE

6.2.

o
)

IH W AANY, B ARYE

=
2 e 7|1EQ| AT CHROIX|X| UUAE HEQ &2
let DAHBFEO| HIMYE THE HTHOE ZHSIRUCH
ololl stE& ofo|7t Ctn g 4= ULCE W2 &
1K Sanchez, 2000; Ulrich, 1995)2} X u
al, 2011)2 QAR HEC ZE3fet ME™ ZAE 24
=20| CHE20|Ct X[t DS BHEA|Z|= Z40] 7|gel 3
2 28 Z SiLIS DETICHH (Innis & La Londe, 1994),
MNEQ 2EE MBS 338 & F0f StLtel nAnE
o HES ZESVE oSt #A 7L UK LotEE A Tt
X|7F QUctn MzZistCh m2td of2{sh HEo|AM = mof, 2

7ol Zit= ZZ0|LOr o2 2o 7|05t &
UZ Ao|Ct.

Otz HF 2 MBS &%t 42 HAlBke 8%,
HIAbE HEi9| F0| Hojgez Ql5t0] BEETt SIot=
O OfL[2} FEIFSt HYo| LYsto] UREIF BOE
UCts H2 dFHL=Z 01 /8% AAFHoZIR & 5+
Ct. Ol Z|Z0f AOEES RESIZM HEZ7EOAH SUH
O MEZ2cz HIHLH LGl G5 ZEHO| A|F0AM Hifgt 0|f
oF HIOICE =, AIEZAL Zif AAS2 G5 =3t AOE
Zo| B2 FEES I Off{7HK| Wez xgtls B
oS AORtts A2 =2 LIEtRD (Miller, 2016). Ol 2=
= HE0 2ESHE HE8sl & I, HSHo=z ndjorg
AtetOl2ta M2yttt
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4o b

2 oi7o| ShIFe CHant 2rt BN HBe BEsts A
¥z Aot Be o=z O|YEICt Ofafst KHO|S el
CiOju4tle SN2 Hgelol 2N He MY 2E
sto| X{0|S M2 HHstR| 2 Aoz EErEch ofafet
S22 F=ot7| Qs Al Kol2 FAKOE SHE

£ Ql= CEDEEM(multi-level analysis)O| T Q}CHD Tt
ElCE =W, 2 AFoM ABE SEHHF=E 171EM =22
FHE st mEe = Utk YEE AUX|TH AT XA
7b Ct giofgl == QIChe tHEE 7RTICE M2t ofet &2
SHAE =547 RI60 F20= ZEHSs E= O B
S2 250 MER AaFRE2M HFE TWS= Aol
2 ZA2Z WCHECE Mu, 7|1E AN ZESE HE% A
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e MEFEE EHE ER7b Ach MAAFM= H[RHY|
(Woosley, 1994), Xt=XHNevins & Whitney, 1989; Tully,
1993), 7™ A|Z(Sanderson & Uzumeri, 1990), 7§08 ZHEE]
(Langlois & Robertson, 1992), AIZEZQ|0{(Cusumano &
Selby, 1995; Parnas, Clements, & Weiss, 1985; von Hippel ,
1994), M =3 (Utterback, 1994) 50| AHALL|QUCL O|st M
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