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Abstract: The intensive competition in global world markets has shown that existence of
enterprises is only possible by ensuring customer satisfaction. Ensuring customer
satisfaction is possible by developing products that can meet expectations of customers. The
companies which can deétermine demands and expectations of customers fastest and most
correctly, reflect this information on product development process in a short time and
introduce these products designed with a customer-focused approach will be the companies
that can succeed in today’s competitive environment. One of the sectors that successfully
take place in Turkey’s global competition is Ceramic Sector. This Ceramic Sector is of great
importance in world markets with its high quality products with low costs. One of the most
important factors affecting product dévelopment performances of the companies in the
sector is the successful implementation of concurrent product development technique. In this
study, the effects of concurrent product development process on product development
performance in Turkish ceramic sector were studied by investigating the factors affecting
concurrent product development process.

Introduction

Together with increasing demands and expedations of cugtomers thet change cortimuously, sharterming
of life dme of produdts and demand for lower costs cause a messure an product develcpmert speed of
companies (Eppinger and Chitkara, 2006). Erterprises spend more money bom their budgets an product
developmert: shudies and carry our thedr product develgpmernt sadies in a systemaidcelly and plarmed way
(Brown et dl., 2004). This has raieed the impatance of concurart product developmernt processes in the
entarrises {Goatsch and Davis, 2006; Cooper, 2001) . Profits and competdiiveness of the companies having high
product develcpmert: performeances are highly improved (Brown et dl., 2004; Swink, 2002).

The main feshres that make compartes superiar to their rvals in product development. sardies are;
carrying out studies with product develgpment teams which customers and supplisrs take pert in, alrdng
concurrert: product developmert approach in ander to pass beyond cthers by means of especially cost and speed
(McGrath, 2004; Ulrich and Eppinger, 2003).

Product Development Approaches-

Comparies are canstartly sriving to improve the perfamance of their new produdt: developmert: |
addvities. Produd: develcpmertt aprroaches are based on two differernt methods. These are sequential-serial ar |
aditional product development and cancurrert: product developmertt.

When entering the glokal market the compariies encounter several difficiltdes, the most importart cne
being excessive time for new poduct developmert. This prckilem can be sdved by transiticon from sequeri-ial
Troduct developmertt to cancurrert: product develcpment.
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Séquential-Serial Product Development

Sequentdisl product developmert, dlso known msequerﬂ:ial—sedalamgineeringormdiﬁcnalpmdud:
developmert, isthe term used to descrite the method of process and production in a linear formet. The differert
steps are done one afler ancther, witha]laﬁa’dmandrmmfocusedmtkﬁtmetask.mtismmple:edjt
is1eft Alane and everything is concentrated on the next tesk Prasad, 1996). .

manufacaring, cuality and sexvice. Usually, some changes are suggested after the review. If the suggested
changes inthe design are mde,dnyateﬂn&asesinﬂecostaxidmmdevelcpﬂﬁmremﬂﬁrgmddays
n markedng the product laundhing (Maylar, 1997). Ifthe changes carmct be made because of market pressure to
lmmM@ddy,wﬂEm&mﬂEd&ﬂmmmmlﬁmm,ﬂmspedﬁ@mm
fincdonal aress ar managers fom mamufadaring, quality, and service, among ches, ae infarmed of the
inpending potilems. .

Insequential;mductdevelqamerﬁ:adepartnma:artswcﬁdrg crily when the preceding one has
firiched, and, once a departmert has Firished warldrg on a prgjec ar part of a project, this is not glarmed to
come back, infarmation flow is aily ae way (ndnscough e dl., 2003, p.426; Roseriay, 2000).

: %@aﬁﬂmm@nemwmmﬁmmmwdﬁmmma
company. The marketing departmert would cenduct its research and creste a new product coneept, which it
would pass an to the design engineers. They would then design a product with 1o thought far how it was to
manufadared and pass it on to the marfachring enginesrs, who would redesign it to be manufacturable. They

the early stages of the cyde, extending the time to market and incressing the likelihood of firther change. The
process was inefficlent, expensive ard 1ed to badly made, badly designed produdts thet didn't meet customer’ s
needs (Otto and Wood, 2001; Prasad, 1996). A flow disgrem oft?esequerﬂ:lalp:odud:develcpment@:gamzaﬂm
is shown in Fig. 1.

Macketing Design Mamfacturing |  Porchasing | Produetion Secvice
Contept '

Figure 1: Sequential-seridl prduct development: {Hartly, 1598}.

Sequertisl product developmert is charadterized by dovmstream departments supplying infarmaticn to
d&aigncrﬂ.yaﬂ:afap:odud:hasalxeadybeendaﬂigned verified and protctyped {Hartly, 1998), in arder to change
what desion enginesring did wrong, a what could have been improved. A flow diagram of the serial design
engmee:mgcrgamzaumnssknwnmng 2.

Manufsctucing,
— Desigd Engineering ——— guayty,'rest.
ELVICS

Design - Verify s Prototyp = Review

L Re-design [P Re-veiify | Produce L »] Test

For Manafactoring,
Quality, Test, Scrvick

Figure 2: Sequentisl-serial product developmert cn design process (Saudacher et al., 2003, p.226).
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Concurrent Product Development

Conmmatpro&mdevdcpnemappmamisasyxemﬁcapmammaﬂjrgposﬁblecmmat
develcpmernt of a produdt in relaed processes and its inegration with the processes Kouftercs et al., 2001;
Ribbens, 2000; Poolton and Bardlay, 1998). Concurrert product develcpment: applications arg based an carrying
out the adtivities in produd: develcpment processes concurrently and on warking of &ll the relsted processes in a
concurrent, seen Fig.3., and irtegrated marmer including differert depertmerts of the enterpriss, desiqn,
production and sippart sexvices (Griffin, 2002; Maylor, 1997). Especially, cdllabxration of design and
production depertmerts is impartart: far developing products consistert: with customer nesds, reducing the costs,
enhancing the quality and increasing the speed (Bardlay et &, 2000; Swink, 1998; Salomone, 1995),

Mamfemmdmmtm¢devd@matmﬁae;kHIQmetMnoo&s®iglmpaﬂld
and concurart, reelizing &ll the activities in a coardinated way, teams’ making decisias shout  mroduct
develcpmernt: and processes, using cross fundticnal teams, gathering of the team members reqularly, infarmaticn
sharing ard calabaration between the teams, sharterting product development: and market erbry times, reducing
the costs and developing products cansistart with customer needs {Minderhoud and Fraser, 2005; Kusar at dl.,
2004). Concurrent: product develcpment: processes affiect product develgpment: parfarmance In a positive way
{Cooper et dl., 2003; Griffin, 2002).

Concurrent: product: developmert: is known as concunrent engineering, moderm Product Develcpmeri,
overlapping Product Developmert, irtegrated Product Development and crees fimctbianal Product Develooment.
Concu::rat;md;d:c’evelopment, sometimes called similtaneous engineering, ar parzllel engireering has been
defined in seversl ways by differert avthars. One of the most popuilar ane is thet by Prasad (1996), who ssaethat
concurert engineering ‘is a systematic approach to the integreted, cncurent design of products and their
relaed processes, including manufachure and suppart.’ This approach is irtended to cause the developers, from
the wisat, to consider &l dlaments of the product life cydle from ceneeption through disposal, indluding quality,
oret, schedule, and vser requiremertts (Carter and Baker, 1992) .

Figure 3: Concurrent product developmert: (Hartly, 1998)

In concurrert product devel opment: all functiansl aress are inkegrabed within the design process. In this
case infarmation cantiruously flows back and farth among all furcHans, During the design mrocess conowrrert:
product develcpment draws mvaﬁasdisd;ﬂﬁEmtmde—aEEparametassudlasmmiadmahﬂjy,mkﬂity
and serviceehility, along with customer parfarmance, size, weight, and cost (Ainscough e &l., 2003). A flow
diagram of concurrent: product developmert:. is shown in Fig. 4.

Verify E> Review E} Produce E) Test

Figure 4. Cdncmertgodud:developmem: an design process (Saudacher et &l., 2003, p.226) .

The decision making jprocess in a concurrent product developmert: enviranmeri: differs fiom sequentisl
engineering in thet & every stage decisions are taken considering the canstraints and the cbjeddves of &ll stages
@&BMH&M@MW@&&EM@@MM&R&EMym much later, thus
giving the possitility to achieve a better overall sdlubion (Prasad, 1596). The irtegration of cther fimddonal aveas
within the design process helps to discover hard to sdlve problems &t the design stage. Thus, when the finagl
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design is verified, itis already mamfachrakle, teszte, sexvicesble, and of high quality. The most distdnguishing
feaine of concurrert product development is the multidisciglinery, crces-Aimddonal team approach, Product
development. costs range between 5% and 15 % of total coets, but decisions taken at this stage affedt 60-95 % of
tozl costs (Kusar e al., 2004). Therefare it s at the product develcpmert: stage thet the most relevart savings
can ke achieved. BExamples of successfill concunrert product develcpment implementatias are reparted from all
over the warld (Kusar etal., 2004; Ainscough et al., 2003; Zirger and Hartly, 1996).

In cancurrent: produck develoomertt, chffa:a’ttas]earetaddedatt?&samebne.andnctnewanlym
the usual ardear. This means that: infio foumnd out: Jater in the process can be addedtoeaﬂla:parts improving them,
and also saving a lct of tine. This is a method by which several teams within an argamizetion work
simultanecusly to develop new products and services and allows a more stream lined aggroach. The conerrent
prodt@developmertisanon—hmargodumorgrqj&desiglapgmoachdmdngwhichanplnsescdf
manufadaring cperate &t the same time - simulfanecugly. Both product snd process desion run in parslldl and
ocar in the same time frame. Product and process are clesdly coardinsted to achieve opdmal matching of
requirements far effeddve cost, quality, and delivery. Pecision making invdlves full team participaticn and
irvolvemerte. The team often conmists of preduct design engineers, marufachrng engineers, wmarketing
parscmel, puchasing, finance, and supdties (Alnscough ecal., 2003; Swink, 1998).

Concurrent Product Development vs Sequential Product Development

Concurent product developmert is a similtaneous developmert: of product and process. It is used to
achieve “oatter, fastar and cheaper” new product inroduction as it slms to improve the quality of new products
as well as hringing them to the market mare quickly and cheagly than the seridl-sequentdial product development

When developing a new product (here we are dealing with develgpmert: of a product and its producton
process), it is necessary to harmony &ll developmert: stages. The mroduct developmert: tine carn be reduced by
cancurert product develepment time and it is reduced by 50 % ar more due to the fdllowing reasans (Prasad,
1996):

) * Activitdes nn in perallel,

* Team members have reqular meetings which allow fast and efficient: exchange of infarmaion,

* Respansibility for dll product fedaves is transfened to teams o time is wasbed for searching the

parsan Vwho isto ke damed for exars /).

Inthe sa:al-sequenl:alproductdevelcpmerﬂ:the design “was thrown over the wall”, Onthe cther hand,
in the concurrent: groduct development: the departmental barriers are removed. In cther words, the designers ar
ares functianal team members have to get invdlved and disouss the &l issues relaked to marnfachuring ot the
early stage of the design process {Kusar et 4l.,2004; Alnscough et &l., 2003).

Conmnatm&vdopmatmesatsmmgamsahmsamwmmyomm development
asasaﬂ.escfoveﬂamngphases wlndldehvers;mdud:muﬂe,tomdecus:omarabsﬁadlmattmngft
price (Prasad, 1996). Therefare concunmernt: engineering can be defined as:

A philesophy of product developmert: Irtegrating multiple design issues,
* A method of product design: Ttegration of multidisciglinery fdks irto design team,
* A method to lead pecdle: Design issues are represerted by all the rélevert: in the pecyile,

The godl of Concurrent Engineering is to i mprove the interaddve wark af different disciglines affedding
a produdt. 'Ihefollowmg are some of the benefits {Crowsor, 2006; Rikben, 2000} :
Well-understood user requizemernts,
Reduce cydle times,
First e quality producitie designs,
Sharter develcpmert spans, Eﬂa.rm.natetheradas:.gnprocedtxe
A smod:’txartrammmto;mdlmm
A new respect for cther teammates,
Lowex ocet, decrease produddon coet: resuilts from the mirdmization of the producd: 1ifie cycle,
Teamwork - Human Resources are warking together for a common product,
mngsabsﬁedcw:omas,ﬂiemnpalmeumeaseﬂEprcspe@iddnamgathty
mrodud: to the cugtomer.

Concurrent: produdt: develgpment: pays off in (Crowson, 2006; Ainscough et dl., 2003; Pasad, 1996) :
*  Product developmernt cyde Hne reduced 40-60 %,
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s Manufachring oosts reduced 30-40 %,
e Engineering changes aders reduced more then 50 %,
¢  Scrap and rework reduced by as much &s 75 %.

Concurrent product developmernt is a commonsense goproach to product design, developmert:,
s life cydle at the start of concept definiticn, we can reduce Oost, avaid costly redesign and rewark, and shaorten
the develgpmert: rocess. We dotlnsbycammngaﬂws:merreqmremaatsmdexpe&auasandmvdnga]l
related disciplines from the start. Working as a team on all product related processes, we can provide for a
smocth transiion from develgpment: to produddon (Crowson, 2006) .

Primary elements of concunert product develcpmert are vaice of the customer, multdiscighinery
tmms, atomation todls and tedhmiques and process managemert {Backhouse and Brookes, 2004).

Production Toot
Englneering Enginserng FPurchasing

Datall Buld Tast

Marketing E"'g"";;:"“

Product . =

Spectication

Enginaaring
Deslgn

Sequenttal
G-rk-ﬂnc}"'l Speuﬁ::l'lon l
Engineoning \i ™
Drassgn Concept Concurrent
P P
el
]
Enginasring ~

Figure 5: Sequertial and concurrent: develepmerts of new products (Backhouse and Brookes, 2004)

Cost of concurrert: product and process developmertt (CE) are lower than sequentisl product and rocess
developmert: costs (SE) costs, as preserted in Fig.6.
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Figure 6: Sequertisl and concurrerk developments of new products {Kusar et dl., 2004).

Product Development Performance

Only recerily hes there been a widesgread \mderstanding of the need to measure the differert fadts of
success using produd: develepment: perfarmance metrics. A rumber of grudies have atempred to define and
categaries them. A number of metrics exist a: the firm level to estaklich the overll success rete of develcpment
ogrammes. They are as fdllows (Crowson, 2006; Kusar et al.,2004; Uldch and Egpinger, 2003; Barclay et 4al.,
2000; Prasad, 1996; Clark ardd Ruimoto, 1991):

* Sale success of the produdts developed inthe market,
e Satisfacion of the customers of ouxr erterprdise,
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Average product developmernt costs,

Competition power of A enberrise,

Product xenge (scale) of aurr enterprise,

Number of products develaped,

Product: devel opmernt seeed,

Amount saved (%) inthe budget for R&D studies. ’

One of the factas thet affects product developmernt studies is concurvert: product develgpmert:
processes (Brown et dl., 2004 ; Ulrich and Eppinger, 2003; Prasad, 1996; Shirg, 1994), sse Fig.7. Determiring
&efam&ataﬁatmmatmmdevdopmemprmessesﬂaﬂmmtmsmi;mdum
develcpment: processes of the companies, leads us to hypothesis thet:

Hypothesis: There is relation between product development performance and concurrent
product development approach. ‘

Methodology
The data in this shudy have been ottair.edbyapplydngaswveypre.paradacccrdjngtotfn S-pairk: likert

scale to the compariies in Turkish cermmic sedar The persons were:iztenviewedfacetoﬁoeandthequestims
were answered by directors in charge of product develepmert, product develcpmert: team leaders ar temm

Concurrent .. Produet
Preduct Development - ® Development
(CPD) Performance

(PDP)

. F:Lguxe 7 Thearetical model of the research,
Scope of the Research and Preparation of the Questionnaire

Ther&aeamhm%mnpaﬁesmﬁﬁdshCaanicsedm.mcmsﬁsofGOmmaﬁes, 52 of which
responded pogitvely to our damand farthe srvey and answered the survey.,

In prepering the quesdamaire, we used the conceptual infarmation which exists in the references
chtained in lirerabre scanning carried out inthe sudies while forming the thearetical model of the research. The
survey shest consists of questions that: evaluate the variades in the thecretical modal of the research. All the
quesjamintt:esxxtveywereprqaaredjnsuchwaysthatcrﬂyomanswerwasva]idsothattl'ﬁpersonsanswedng
&mquﬁmsmﬂd@wdeﬁmamwas.%msmswaﬁ:gﬂeqmﬁmw&easkedﬂ@l&vew

for evaluetdon as; (1) much lower then the sectar average, (2) lowe:rtfanﬂlesecra:ave:age, 3) same as the
sedar average, @) higherthem the sectar averags, (5) nmchl’ugmrt‘mntlﬁsecmtaverage
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Data Collection

As data cdleddon method, companies were visited and company autharities were asked to answer the
suvey by face to face irterview method. By face to face intaview method, the questions were understood
careddy and answered easily as thelr demands foraddl’ccnala@]anattmsabcttﬁaquestmns wers met
ingartly.

Data Analysis and Findings

In data aemalysis, SPSS 11.5 stabghics programme was used. Methods used in data arelysis ae facar
analysis, relisility avalysis, condaton anslysis and regressian anelysis. Hypothesis was evaluated acoarding to
the results ditained from regression analysis.

Of 60 companies in Turkish caamic sediar, 52 of them answered the survey. Twerty eigit of these
compariies (53.8%) wark in ceramic tle industry, 16 of tham (30.8%) in health products industry {sariterywars),
4 of them (7.7%) intadeware and amament: 4 of them (7.7 %) intectrical ozramic fidd, Of the perscns who
answer the survey, 44.2% were R&D manager, 17.3% tedmalogy manager, 13.5% factary manager, 9.6%
roduction manager, 5.8% R&D engineer and 5.8 % quality assurance manager.

Analyses and Results

Relishility analysis was caried out in arder to detarmine the reliskility of the swvey quesdons.
Reliahitity coefficiert: {Cronbach's coefficient) is o = 0.7439. Accarding to the results of the analysis, the fact
that: réliahility coafficient (a)IBsavahEmgmrﬂmosdnwstmtﬂEsmequWﬂeréhaugaﬁvahd
(Gzdamar, 2002; Marly, 1994).

Factar lcadings wereﬁxﬂ:edbyapplmngfad:cranalymstoﬂﬁvaaablesmtkﬁresaarch model (see
Appendix A). Accarding to Appendix A, tdeEl varance explained by variahles relsted with concuret product
development: charaderigics is 62.206 %

Correladon analysis was applied to the verialdles in the scope of the research and extert and direddion of
the relaton bebween the varisbles were irvesticeted (Manly, 1994). Pearsant's oorrelabion coefficierts relabed
with the verigtles, average ard standeard devistion values ee seen in Teb. 1.

Mean Std. Deviation PDP CPD
PDP Pearsan Careladion 3.6226 0.46672 1 0.2456
Sig. (2tailed) . . 0.079*
CPD Pearsan Correlabion 3.6859 0.62418 0.2456 1
Sig. (2tailed) 0.079*

P<(.1%, P<0.05%%, P<0.0L%%%
Takle 1: Carelsbons, Mean, Standard Deviation,

As seen in Tab. 2, values far recression model of concurrent: product developmert: are; p<0.1, F= 3.208
and B = 0.060. This shows thet variatle included inthe model defines 6.0 % of varance of product: developmert:
perfarmance. Concunrat product development. affeds product. develcpmernt perfarmance & p< 0.1 significance
level and with beta value 0.246. Accarding to Tab. 2, it is seen thet there is a positive. This result supparts the
hypcthesis H; . The regression equation is given below.,

=f,+ f,x +¢
. Standardized
Independent Variable Coefficieats P Constant R F P
Beta ﬁ
B 0
Concurrent Product Development 0.060 3.208* 0.079
Constant (0.000) (2,946}
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Concurrent Product. Development 0.246* | 0.079 | ' l I . I I

P<0.1%, P<(,05*%*%, P<(.0L**#*
Takle 2: Produd: development perfarmance regressia

Conclusions .

Cortimuous and rapid chenges in dldodl markets have raissd the impartance of product development
adtivities of the companies. In today’s competitive warld in product develcpmernt: studies and cancurrent: product
develcpment processes, it is known that it is impartant for the ertarprises to wark by cdlleddng different
individuals from different princigles, especially by means of product develcpment. speed, ccet and produdt
develgpmert perfarmance. Concurrent product develcpment: process is known to be effectve on product
develcpment parfarmance. Determining the factars thet affect concurvert product: developmernt. processes will
enhance the success of product develgpomertt studies of the companies. The comparies which succeed in product
developmert: will pess beyand their rivals and larich their produdts and services esrdia-then them.

The results ddtained from the shudy briefly are: concuarert product: develcpmert rocess has a positve
effect an product development parfarmance. Product development: is relaed with all funcHians of the erterprise
and it sheaild be seen as a whele. It is not anlly ane department’s or & few perscns’ responsikility, bt a team
work which requires invalvemernt of all employees valurtarily. The fact thet teams consist: of pecgle who work
in differert: departments of the enterprise affeds the speed of product develcpment processes. Reflectdng the
@m@@a@mimmMmmmmm@mﬂmm&mm
in product developmernt processes is importart far achieving the quality dimensions of the product. Tt is also
impartart for enhancing communicetion, making infamation sharing essier and coordineting product
develcpment addvitbes, Hawe,&nsenablesttecompamesto%po&ablecppomhxnﬂsmtt&sedmm which,
they show actvity and gt a sarious advartage inthe competition.

Far success of the comparies in product develcpmert; carrying out a significart R&D study and
providing &ll sats of sources far this, determining sronger sides of the company compared to its rivals and
mmm@itmwmﬂ@dmmwmmm@mwmsd%
these, having good knowledge of characteristics and strefegies of the rivals in the sectar, having good knowledge
af characteristics of the custamers, debermining target customers successfillly, determining the muinber of new
mdeWmmymmmmwmﬁWMWMMﬁymm
impartart in the success of product: development: shudies. Twill be extremely beneficizl for the comparies in the
ceramic sedar by means of product development parfarmances to evalvete product: develgpmert: studies and
plan their produdt: develcpment adbivitdes by taking the resilts of this research into account.

Comp, | Variahles Factor | Total
‘ Loadin | Variance
g Explained
(%)
CONCURRENT PRODUCT DEVELQPMENT 62.206 %

CPD 1 | In o enkergdse there are dlectronic data starage systems through which | 0.748
the employees cn easily oet ancess to infarmaticn about product
develgpmert:

CPD 2 | In o erbenise produd: development is a concurvert {perellel) process | 0.679
CPD 3 | All sats of watters and possible paklems about produdt develgomert: 0.828
are discussed in designation stage of produdt develcpmernt grocess

CPD 4 | Incur eberrise designs aremade which partially/ tazlly eliminste 0.846
design changes thet. may emerge in ary stage of product: development:
process

CPD 5 | Inar etenrise gresa: effat and sauress are spart: inthe first sages of 0.688
procduct developmert process

CPD 6 | Produck develcpmernt teams {cross finctianal teams)  which consigt of 0.741
different: persons In poduct developmert siudies and which supdlies
and astomers dlso take part in are wed

PRODUCT DEVELOPMENT PERFORMANCE 68.558 %
PDP 1 | Sale success of the podudts developed inthe markes 0.792
PDP 2 | Satbsfaddion of the customers of o eterzise 0.835
PDP 3 | Averace product developmerntt coets 0.828
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PDP 4 | Compeddon power of our erterprise 0.559
PDP 5 | Productrange (scele) of our enterprise 0.847
PDP 6 | Number of producss developed 0.884
PDP 7 | Product davelopment goesd 0.605
PDP 8 | Amowt saved (%) inthe budget for R&D soudies 0.599
PDP: Product Develcpment Perfarmance CPD: Concurrert Product Develgomernt::

Appendix A: Facar Loading

[
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