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Abstract

Today’s business and competitive environment chalige
firms to adopt new technologies, processes, and
competences. Firms  with  strong technological
capabilities generate more value from technology
investment and achieve higher order of collaboratig
gains in product design. The aim of this paper isa
improve the conceptual framework of the determinantof
product design in supply chain management. Through
an intensive literature review, the paper developsa
conceptual model of the relationships between suppl
chain  technology, capabilites, and concurrent
engineering in new product design. The study has
practical implications to managers and practitiones in
supply chain management. The study also contribugeto
existing literature and theory of product design ad
development.
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chain capabilities, concurrent engineering, proddesign

1. Introduction

The business environment is becoming more glollare
companies are under pressures to adopt new tedieslo
and processes aim at satisfying their customergdiced
costs [1]. Among other responsibilities, today'psly chain

is required toimprove product design in order to satisfy
customers [2].The product design process is also shifting
away from silo design practices to concurrent eggjiimg
approach where technology and managerial capabhiliti
interact. From an analytical point of view, a sypghain is
“simply a network of material processing cells withpply,
transformation and demand characteristics” [3].
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The relationship between new product design andtpgly
chain is increasingly attracting the interest af titademic
and practitioners [4]. A principle of product desig
maintains that once engineering determines prodesign,
at least 80 per cent of the product cost and qualti set [5]
[6]. As a result, many leading visionary companies/e
already embedded design thinking in designing supipain
strategies [7]. Early concurrent engineering of do
design are concerned with large technology-oriented
companies especially in mechanical engineering ymrisd
computer industry, motor vehicles, electronics camyp
and aerospace [8]. However, the trend is changingther
sectors of manufacturing industry.

For instance concurrent engineering of prodiesign has
been investigated in pharmaceuticals and cosmieticstry
[9]; ceramic industry [10], fashion retail industfy]; toy
industry [11]; biorefinery [12]; women apparel [13]
chemical product design [14]; eyeglass frame [15];
packaging design [16]; soaps, shampoos, detergtat)
pastes, body creams and lotions [17]; furnitudustry and
home appliance firms [18].

Ref. [7] found that integrating product deseymd supply
chain improves resiliency, responsiveness, marksttipn
and competitive advantages of a company. Howevetiydy
conducted by Ref. [19] shows no significant diffeze in
product design performance using concurrent or esgipl
engineering and further suggests that group whisbsu
technology to cooperate on product design doep@dorm
better than those who do not. As such there isgrficant
relationship  between computer-supported concurrent
engineering and product design. In this paper, ngeathat
firms learn more from investing in new technologtean
from old ones. Secondly, supply chain capabiligeplain
the inconsistencies findings in relationships beftwve
technology and concurrent engineering in produsigte
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Despite large bodies of studies, research oa th
relationship between concurrent engineering andplgup
chains has been addressed less frequently [20]. [REf
suggest the need to investigate the interactiomsabinology
and product design in supply chain studies. refl [7
suggested for further studies that investigatedymrbdesign
and supply chain in order to improve costs andguarénce.
Inconsistency in results of previous studies onitimgact of
technology and product design may suggest the fieed
further research by taking into account supply rhai
capabilities as moderating the influence of supghain
technology and concurrent engineering of producigie
To date, this type of relationships remains unknoémihe
literature.

2. Literature Review

Investment in new technology is usually influencg b
technological capabilities and competence to engiune
technological innovation performance. In the samay w
knowledge of previous collaboration influences dymghain
partners to seek for more productive relationsHds].
Various technologies that aid product design predesiude
design technologies such as computer-aided de§igDY),
computer-aided process planning (CAPP) and computer
aided manufacture such as robotics, bar codingynzatic

assembly machines [1]. Based on the research model

proposed by Ref, [22], this study proposes a fraankvof
the interactive role of supply chain capabilitiesn o
concurrent engineering in product design as below:

SUPPLY CHAIN CAPABILITY
Technological Capabilities
Collaborative Capabilities

SUPPLY CHAIN TECHNOLOGY
Advanced Manufacturing
Technology

Information Technology

i} Concurrent Engineering

in Product Design

Figure 1: Conceptual Framework

The above framework shows that supply chaihrietogy
consists of advanced manufacturing technology and
information technology. The interaction of these
technologies is essential for any meaningful calfabive
engineering of product design. Supply chain capedslis
operationalized as technological capabilities
collaborative capabilities. A brief explanation dhe
research framework is provided on the sub-headietsv:

and

3. Supply Chain Technologies

Since the industrial revolution, technology hasrbeéepicted
as the instrument of productivity, wealth creatiand
economic growth [23]. Ref. [24] define supply chain
technology as “technologies that can be applieidotation
or in combination with other technologies or they
chain business processes and supply chain netwodtige
to create supply chain innovations”. These teatmiek
include global positioning systems (GPS), bar cgdimadio
frequency identification (RFID), electronic dataerchange
(EDI), advanced planning system (APS), enterpesaurce

planning (ERP), manufacturing execution system (MES
internet, e-auctions. In the context of this stu®wypply
chain technology is defined as the application of
manufacturing technology and information
technology/system that facilitate design and dgualent of
products, integration and information sharing, and
collaborative processes of the supply chain with dim of
producing quality products, at the right time andtc

Supply chain involves the flow of raw materjals
transformation of the raw materials into finisheabds and
the marketing/distribution of the finished to fir@nsumers.
As such production facilities plays impeccable rolethe
supply chain of manufacturing companies in terms of
production of quality, quantity goods in time. Infmation
technology is important in the efficient and effeetflow of
goods, finance, services, and information betweba t
upstream and downstream supply chain [25].

3.1 Advanced Manufacturing Technology (AMT)
Improving the competitiveness of manufacturing eyst
through investment and use of advance manufacturing
technology has gained exceptional recognition [26].
Advance manufacturing technology (AMT) is no longer
internal manufacturing process that used to be.eBuy
increasingly use AMT to integrate suppliers in agment
engineering of new product design and prototypi@d].[
Ref. [28] show that AMT requires teamwork and
communication from cross-functional multi-skilledkers.
Ref. [29] emphasized that building competitive atage
from AMT implementation requires a balanced attamtio
both technology and people.

AMT is defined as “a group of computer-based
technologies, which includes computer-aided design,
computer-aided manufacturing, manufacturing ressirc
planning, robotics, group technology, flexible méamturing
systems, automated materials handling systems, w@mp
numerically controlled (CNC) machine tools, and -bar
coding or other automated identification techniqaed any
technology, which is new or advanced to a compahgnwv
compared to its previous or current manufacturing
technology” [30].

3.2 Information Technology (IT)

Information technology (IT) is an important toolrfthe
timely and accurate flow of information, speedywflmf
products as well as ensuring an ‘integrated sugplgin’
[31]. Integration of Information systems acrosspyhain
partners is the backbone of information sharing #ma of
goods in supply chain management. Information teldyy
alignment refers “to the extent by which supply ioha
partners maintain the compatibility of their comruation
technology with other partners in order to streamland
improve the efficiency of their supply chain adies” [32].
In other words, it is the similarity, connectivityand
compatibility of information technology infrastruce
between supply chain partners [33] [34].
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Ref. [35] define supply chain information systeas
“computer and communication technology which faafés
the creation, storage, transformation, and trarsiomsof
information between two or more companies”. Infotioma
technology consists of any form of technology swah
computers, data communications technologies, ammerot
hardware and services designed to handle informatio
related to one or more business processes. Theolse
information technology in supply chain enables effe
and efficient inter and intra-organizational comeunt
engineering and collaborative efforts among supgigin
partners. Information technology link the internal
organizational processes through enterprise resourc
planning (ERP), link with the customers throughtooser
relationship management (CRM), and link with thpiers
through supply chain management systems (SCMS).

3.3 Concurrent Engineering in Product Design
Concurrent engineering is a manufacturing philogoph
where internal and external partners’ work simuwdtausly
from the design of a product to its market suc¢@6g It is
thus, the simultaneous grouping of people with digeskills

in a multifunctional team to design and develop meaduct
[37] [38]. It was initial used in high-tech compes
However, small and medium enterprises have started
implement it in order to gain competitive advantd9].
An evaluation of traditional sequential method aofwn
product development shows that 50-80 per cent ef th
products under sequential method were not deliveyate
market on time.

In a competitive market characterized by shpduct
life cycles, concurrent engineering (CE) enable ganies
to produce quality goods, reduce rework and cagised
market introduction, and increase the market ssceesl
profitability of product [39]. Ref. [38] show th&E is both
team oriented and computer oriented philosophy. fEaen
oriented involves simultaneous involvement of vasio
functional experts, material suppliers and custemar
design process. The team-based approached is being
improved by the computer-based concurrent. As such,
improving peoples’ skills and competencies are eletal to
the success of concurrent engineering.

3.3.1 Product Design Process

Product design and development is one of the ledsinents
of a successful marketing and competitive strategié

firms. Product design bears a strategic role androénes

the direction and competitive advantage of a fird®]]

Firm's competitive advantage is significantly asatexd

with its ability to develop new products [41]. Siesl have
found that about 80% of product life cycle costassessed
at the design stage [42]. Therefore, crafting iraiwe

strategies for product design is requisite as cangganow

realized that the supply chain “begins on the dngwioard”

[43].

There are significant relationships betweerdpob design
and supply chain performance. Product design alemm
with  supply chain partners increases customer
responsiveness [44], firm competitiveness and perdoce
[7]. It also enhances the effectiveness of new pcod
introduction, reduces the possibility of failed @uoot
launches, and decrease the tendency for rework Y8jle
Ref. [46] point that the worst case in manufactyfimocess
is when supply chain is not supported by produdtigie
Ref. [4] did not find any significant relationshipetween
product design and supply chain efficiency and
responsiveness. The barrier to product design ipeact
appears to be the lack of skilled personnel witttie
company as well as in the market [47].

3.4 Supply Chain Capabilities

Supply chain capability refers to the “ability ofna
organization to identify, use, and assimilate buwiternal
and external resources and information to facditahtire
supply chain activities” [48] [49]. Ref. [33] claBs supply
chain capabilities as relational capabilities, $&igs
capabilities, and supply chain responsivenesshimgtudy,
supply chain capabilities is conceptualized asreldyical
capabilities and collaborative capabilities.

3.4.1 Technological Capabilities

Technological capabilities are crucial for firm fegmance,
survival, future innovation and competitive advaetgd50];
[51]. Firms with strong technological capabilitissable to
generate more value from technology investment and
achieve higher level of collaborative gains [52]3][5
Technological capability is defined as “a genemnowkledge
intensive ability to jointly mobilize different satific and
technical resources which enables a firm to sufadgs
develop its innovative products and/or productivecpsses,
by implementing competitive strategy and creatiatug in
a given environment” [54].

Even though several studies have suggestedficar
relationship between technological capabilities dirch
performance, Ref. [55] found that technologicglatailities
moderate competitive  strategies and performance.
Furthermore, it has been reported that supply chain
capabilities enhance relationship between techicabg
resources and product design value [48]. IT cajtigsihave
significant relationship with firm performance thgh
absorptive capacity and supply chain agility [98¢f. [57]
suggest that relational capabilities must be costbiwith

internal capability to increase technology invegiime
effectiveness.

3.4.2  Collaborative Capabilities

Collaborative  capabilities are the knowledge and

competence to build and sustain productive coojoeratith
partners [58]. Collaborative capabilities help fanto
identify new opportunities and design new produatel
processes. collaborative capabilities is the abild link
with people, select the right partners, share agel their
ideas, and maintain productive relationships, iderdnd
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pursue innovation opportunities with other firm&9]. In
line with the social exchange theory, collaborative
competencies are essential for a firm's performajiicy.
Supply chain partners with collaborative competeace
open to new ideas and thus achieve superior rekdtients.
Knowledge of past collaborative efforts nurture teorsy
tendency to effectively collaborate in the future.

Technological and collaborative capabilitieg arucial
for product design success. Technological compésrare
defined as ‘performance standards relating to {heration
of a technology in order to achieve an intendecaue’
and collaborative competencies are defined asdstas of
interaction with other members of a group that dbate to
the collective solving of a problem or completidnaotask’
[61]. Supply chain collaboration are based on mutua
commitments for acquiring technological and manader
resource [60].

35 Theoretical Lenses of the Study

Dynamic capabilities theory and social exchangerhare
expected to explain relationship among the varibked in
this studies. Dynamic capabilities theory examiresv
firms build, integrate, configure, and reconfiguteeir
internal and external processes and competenciésster
innovation in order to achieve competitive advaatfgp].

3.5.1 Dynamic Capabilities Theory

A dynamic capability is “the capacity of an orgaatian to
purposefully create, extend, and modify its reseupase”
[62]. The core dynamic capabilities are reconfigiorg
leveraging, learning and knowledge creation, irg#gn,
and sensing and seizing [63]. Reconfiguration ie th
transformation and recombination of resources [61];
learning is a core first-order capability that pasnfirms to
acquire and use knowledge in order to renew itsloiipy
and resource base [64]; integration is the interaadl
external coordination of socio-technical resourtceachieve
innovation and above average performance [65kisgns
the use of capabilities to identify opportunities the
external environment while seizing is the timelyaatment
to identify opportunities that improve organizatibn
performance [63].

The theory shows that organizations with higihamamic
capabilities performs better than those with low}&6].
Alignment of technological capabilities with thedwledge
capabilities will foster product and process inrtamawhich
will attract positive response from customers ahdst
enhance firm's performance [66]. In the contexttluif
study, dynamic capabilities are supply chain tetdgypand
supply chain capabilities. These capabilites miost
constantly renewed as business and competitive
environment change. For a supply chain to be intiae/ait
has to relinquish their old configuration and refgure.
Firms have to investment in new supply chain tetdgies,
reconfigure their internal processes such as camnpes and
knowledge in order to collaborate and achieve &ffecand
efficient product design.

3.5.2  Social Exchange Theory

Ref. [67] shows that “any interaction between indials is

an exchange of resources”. Social exchange thesry i
concerned with the process of mutual reward thabhes
about as a result of exchanges and transaction [68}
applicable in supply chain management because
collaboration is a central tenet in business-tasmss (B2B)
and business-to-customer (B2C) relationship [69].
Reciprocity or repaying obligations is one of tlasic tenets

of social exchange theory [70]. Positive exchange
interactions and outcomes increase the partnelatiaeal
norms, trust, and commitment to maintain the exgbkan
relationship.

Social exchange theory (SET) demonstrates ghdies
enter into new and maintain old relationships witie
expectation that doing so will be rewarding [67]heT
expected reward include tangible and intangibleusses
such as goods, assets, money, advice, information,
friendship or services [70] [67]. These rewards areted
and can be obtained from social networks of intaetee
people, groups or nations with common interestg. [The
theory further posits that each partner in theti@tahip has
a valuable resource to offer and of which the otbemtner
wants. The transaction relationship would end amsas
either one of the partner or even both partnersgiez that
the relationship is not rewarding.

4 Conclusion

The integration of supply chain technology with tam
capability will help concurrent engineering to awle
shorter lead time, reduce rework, increase timenéoket,
and improve quality of product [72] [37]. Manufadhg
companies sustain their profitability by offeringoducts
consumers want. Thus, the first step in producetigment

is to determine what customers want, at what tiguality,
and time. Ref. [73] shows that to improve time tarket,
lead time, and product cost, and human interfacgesign
practices, companies must upgrade their desigmtdaty,
manufacturing systems, and office technology. Thus
concurrent design teams must use technologies tke ma
interconnected product design decisions regardihg t
features, cost, and quality of product.

This study has both managerial and theoretical
implication. Findings from this study shall helpeextives,
managers, and practitioners in manufacturing comegato
acquire insights about the influence of technolabic
capabilities, supply chain capabilities on concuotre
engineering of new product design. Managers canthuse
research framework to design products that areomest
satisfying. Findings from this study shall alsgpiove the
body of literature and theory on product design.
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