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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 determine 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 development 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 expectations o f customers that change continuously, shortening 
of life time of products and demand for lower costs  cause a pressure on product development speed of 
companies (Eppinger and Chitkara, 2006). Enterprise s spend more money from their budgets on product 
development studies and carry out their product dev elopment studies in a systematically and planned wa y 
(Brown et al., 2004). This has raised the importanc e of concurrent product development processes in th e 
enterprises (Goetsch and Davis, 2006; Cooper, 2001) . Profits and competitiveness of the companies havi ng high 
product development performances are highly improve d (Brown et al., 2004; Swink, 2002). 

The main features that make companies superior to t heir rivals in product development studies are; 
carrying out studies with product development teams  which customers and suppliers take part in, aiming  
concurrent product development approach in order to  pass beyond others by means of especially cost and  speed 
(McGrath, 2004; Ulrich and Eppinger, 2003).  

 
 
Product Development Approaches 
 

Companies are constantly striving to improve the pe rformance of their new product development 
activities. Product development approaches are base d on two different methods. These are sequential-se rial or 
traditional product development and concurrent prod uct development. 

When entering the global market the companies encou nter several difficulties, the most important one 
being excessive time for new product development. T his problem can be solved by transition from sequen tial 
product development to concurrent product developme nt.  
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Sequential-Serial Product Development 
 

Sequential product development, also known as seque ntial-serial engineering or traditional product 
development, is the term used to describe the metho d of process and production in a linear format. The  different 
steps are done one after another, with all attentio n and resources focused on that one task. After it is completed it 
is left alone and everything is concentrated on the  next task (Prasad, 1996).  

In sequential product development, the various func tions such as design, manufacturing, and customer 
service are separated. The information in serial pr oduct development flows in succession from phase to  phase. 
For example, the prototype model, verified by eithe r simulation or prototyping or both, is reviewed fo r 
manufacturing, quality and service. Usually, some c hanges are suggested after the review. If the sugge sted 
changes in the design are made, they are increases in the cost and time to develop the product, result ing in delays 
in marketing the product launching (Maylor, 1997). If the changes cannot be made because of market pre ssure to 
launch the product quickly, or the fact that the de sign is already behind schedule, then specialists i n other 
functional areas or managers from manufacturing, qu ality, and service, among others, are informed of t he 
impending problems. 

In sequential product development a department star ts working only when the preceding one has 
finished, and, once a department has finished worki ng on a project, or part of a project, this is not planned to 
come back, information flow is only one way (Ainsco ugh et al., 2003, p.426; Rosenau, 2000). 

Sequential product development process was carried out in stages by the various functions in a 
company. The marketing department would conduct its  research and create a new product concept, which i t 
would pass on to the design engineers. They would t hen design a product with no thought for how it was  to 
manufactured and pass it on to the manufacturing en gineers, who would redesign it to be manufacturable . They 
would then pass the designs on to the purchasing de partment to buy the necessary components. Because v ery 
little communication occurs between functions, even  at the handovers, this process has become known as  
“throwing it over the wall”. This lack of communica tion led to frequent design changes, for example if  the 
design is dependent on a component that has been di scontinued by a supplier, a new component or techno logy 
has been developed that will improve the product, o r the market has changed. Each change requires retu rning to 
the early stages of the cycle, extending the time t o market and increasing the likelihood of further c hange. The 
process was inefficient, expensive and led to badly  made, badly designed products that didn’t meet cus tomer’s 
needs (Otto and Wood, 2001; Prasad, 1996). A flow d iagram of the sequential product development organi zation 
is shown in Fig. 1. 

 

 
Figure 1: Sequential-serial product development (Ha rtly, 1998). 

 
Sequential product development is characterized by downstream departments supplying information to 

design only after a product has already been design ed, verified and prototyped (Hartly, 1998), in orde r to change 
what design engineering did wrong, or what could ha ve been improved. A flow diagram of the serial desi gn 
engineering organization is shown in Fig. 2.  

 

 
Figure 2: Sequential-serial product development on design process (Staudacher et al., 2003, p.226). 
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Concurrent Product Development 
 

Concurrent product development approach is a system atic approach enabling possible concurrent 
development of a product in related processes and i ts integration with the processes (Koufteros et al. , 2001; 
Ribbens, 2000; Poolton and Barclay, 1998). Concurre nt product development applications are based on ca rrying 
out the activities in product development processes  concurrently and on working of all the related pro cesses in a 
concurrent, seen Fig.3., and integrated manner incl uding different departments of the enterprise, desi gn, 
production and support services (Griffin, 2002; May lor, 1997). Especially, collaboration of design and  
production departments is important for developing products consistent with customer needs, reducing t he costs, 
enhancing the quality and increasing the speed (Bar clay et al, 2000; Swink, 1998; Salomone, 1995),  

Main features of concurrent product development pra ctices are; being sure that process design is paral lel 
and concurrent, realizing all the activities in a c oordinated way, teams’ making decisions about  prod uct 
development and processes, using cross functional t eams, gathering of the team members regularly, info rmation 
sharing and collaboration between the teams, shorte ning product development and market entry times, re ducing 
the costs and developing products consistent with c ustomer needs (Minderhoud and Fraser, 2005; Kusar a t al., 
2004). Concurrent product development processes aff ect product development performance in a positive w ay 
(Cooper et al., 2003; Griffin, 2002). 

Concurrent product development is known as concurre nt engineering, modern Product Development, 
overlapping Product Development, integrated Product  Development and cross functional Product Developme nt. 
Concurrent product development, sometimes called si multaneous engineering, or parallel engineering has  been 
defined in several ways by different authors. One o f the most popular one is that by Prasad (1996), wh o state that 
concurrent engineering ‘is a systematic approach to  the integrated, concurrent design of products and their 
related processes, including manufacture and suppor t.’ This approach is intended to cause the develope rs, from 
the outset, to consider all elements of the product  life cycle from conception through disposal, inclu ding quality, 
cost, schedule, and user requirements (Carter and B aker, 1992). 

 
Figure 3: Concurrent product development (Hartly, 1 998) 

 
In concurrent product development all functional ar eas are integrated within the design process. In th is 

case information continuously flows back and forth among all functions. During the design process conc urrent 
product development draws on various disciplines to  trade-off parameters such as manufacturability, te stability 
and serviceability, along with customer performance , size, weight, and cost (Ainscough et al., 2003). A flow 
diagram of concurrent product development is shown in Fig. 4.  

 

 
Figure 4. Concurrent product development on design process (Staudacher et al., 2003, p.226). 

 
The decision making process in a concurrent product  development environment differs from sequential 

engineering in that at every stage decisions are ta ken considering the constraints and the objectives of all stages 
of the product life cycle, thus taking at the produ ct design level issues that are usually addressed m uch later, thus 
giving the possibility to achieve a better overall solution (Prasad, 1996). The integration of other f unctional areas 
within the design process helps to discover hard to  solve problems at the design stage. Thus, when the  final 
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design is verified, it is already manufacturable, t estable, serviceable, and of high quality. The most  distinguishing 
feature of concurrent product development is the mu ltidisciplinary, cross-functional team approach. Pr oduct 
development costs range between 5% and 15% of total  costs, but decisions taken at this stage affect 60 –95% of 
total costs (Kusar et al., 2004). Therefore it is a t the product development stage that the most relev ant savings 
can be achieved. Examples of successful concurrent product development implementations are reported fr om all 
over the world (Kusar et al., 2004; Ainscough et al .,  2003; Zirger and Hartly, 1996). 

In concurrent product development, different tasks are tackled at the same time, and not necessarily i n 
the usual order. This means that info found out lat er in the process can be added to earlier parts, im proving them, 
and also saving a lot of time. This is a method by which several teams within an organization work 
simultaneously to develop new products and services  and allows a more stream lined approach. The concu rrent 
product development is a non-linear product or proj ect design approach during which all phases of 
manufacturing operate at the same time - simultaneo usly. Both product and process design run in parall el and 
occur in the same time frame. Product and process a re closely coordinated to achieve optimal matching of 
requirements for effective cost, quality, and deliv ery. Decision making involves full team participati on and 
involvement. The team often consists of product des ign engineers, manufacturing engineers, marketing 
personnel, purchasing, finance, and suppliers (Ains cough et al., 2003; Swink, 1998).  

 
Concurrent Product Development vs Sequential Product Development  
 

Concurrent product development is a simultaneous de velopment of product and process. It is used to 
achieve “better, faster and cheaper” new product in troduction as it aims to improve the quality of new  products 
as well as bringing them to the market more quickly  and cheaply than the serial-sequential product dev elopment 
approach. 

When developing a new product (here we are dealing with development of a product and its production 
process), it is necessary to harmony all developmen t stages. The product development time can be reduc ed by 
concurrent product development time and it is reduc ed by 50% or more due to the following reasons (Pra sad, 
1996): 

* Activities run in parallel, 
* Team members have regular meetings which allow fa st and efficient exchange of information, 
* Responsibility for all product features is transf erred to teams (no time is wasted for searching the  
person ‘‘who is to be blamed for errors ’’). 
 
In the serial-sequential product development the de sign “was thrown over the wall”. On the other hand,  

in the concurrent product development the departmen tal barriers are removed. In other words, the desig ners or 
cross functional team members have to get involved and discuss the all issues related to manufacturing  at the 
early stage of the design process (Kusar et al.,200 4; Ainscough et al., 2003). 

Concurrent product development represents an organi sation’s ability to carry out product development 
as a series of overlapping phases, which delivers p roduct on time, to provide customer satisfaction at  the right 
price (Prasad, 1996). Therefore concurrent engineer ing can be defined as: 

• A philosophy of product development: Integrating mu ltiple design issues, 
• A method of product design: Integration of multidis ciplinary folks into design team, 
• A method to lead people: Design issues are represen ted by all the relevant in the people, 

 
The goal of Concurrent Engineering is to improve th e interactive work of different disciplines affecti ng 

a product. The following are some of the benefits ( Crowson, 2006; Ribben, 2000): 
• Well-understood user requirements, 
• Reduce cycle times, 
• First time quality producible designs, 
• Shorter development spans, Eliminate the redesign p rocedure, 
• A smoother transition to production 
• A new respect for other teammates, 
• Lower cost, decrease production cost results from t he minimization of the product life cycle, 
• Teamwork - Human Resources are working together for  a com mon product, 
• Highly satisfied customers, the company can increas e the prospect of delivering a quality 

product to the customer. 
 
Concurrent product development pays off in (Crowson , 2006; Ainscough at al., 2003; Prasad, 1996): 

• Product development cycle time reduced 40-60%, 
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• Manufacturing costs reduced 30-40 %, 
• Engineering change orders reduced more than 50 %, 
• Scrap and rework reduced by as much as 75%. 

 
Concurrent product development is a commonsense app roach to product design, development, 

production and support. By collecting and understan ding all requirements that the product must satisfy  through 
its life cycle at the start of concept definition, we can reduce cost, avoid costly redesign and rewor k, and shorten 
the development process. We do this by capturing al l customer requirements and expectations and involv ing all 
related disciplines from the start. Working as a te am on all product related processes, we can provide  for a 
smooth transition from development to production (C rowson, 2006). 

Primary elements of concurrent product development are voice of the customer, multidisciplinary 
teams, automation tools and techniques and process management (Backhouse and Brookes, 2004). 

 

 
 

Figure 5: Sequential and concurrent developments of  new products (Backhouse and Brookes, 2004) 
 

Cost of concurrent product and process development (CE) are lower than sequential product and process 
development costs (SE) costs, as presented in Fig.6 .  
 

 
Figure 6: Sequential and concurrent developments of  new products (Kusar et al., 2004). 

 

 
Product Development Performance 

 
Only recently has there been a widespread understan ding of the need to measure the different facts of 

success using product development performance metri cs. A number of studies have attempted to define an d 
categories them. A number of metrics exist at the f irm level to establish the overall success rate of development 
programmes. They are as follows (Crowson, 2006; Kus ar et al.,2004; Ulrich and Eppinger, 2003; Barclay et al., 
2000; Prasad, 1996; Clark and Fujimoto, 1991): 

• Sale success of the products developed in the marke t, 
• Satisfaction of the customers of our enterprise, 
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• Average product development costs, 
• Competition power of our enterprise, 
• Product range (scale) of our enterprise, 
• Number of products developed, 
• Product development speed, 
• A mount saved (%) in the budget for R&D studies. 

 
One of the factors that affects product development  studies is concurrent product development 

processes (Brown et al., 2004; Ulrich and Eppinger,  2003; Prasad, 1996; Shina, 1994), see Fig.7. Deter mining 
the factors that affect concurrent product developm ent processes will enhance the success of product 
development processes of the companies, leads us to  hypothesis that:  

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

The data in this study have been obtained by applyi ng a survey prepared according to the 5-point liker t 
scale to the companies in Turkish ceramic sector. T he persons were interviewed face to face and the qu estions 
were answered by directors in charge of product dev elopment, product development team leaders or team 
members. The data obtained from the questionnaire w ere studied by making factor analysis, reliability analysis, 
correlation analysis and regression analysis. 

Theoretical model of the research (see Fig. 7) cons ists of concurrent product development and product 
development performance. Product development Perfor mance (PDP) is dependent variables of the study. 

 

 
Figure 7: Theoretical model of the research. 

 
Scope of the Research and Preparation of the Questionnaire 
 

The research covers the companies in Turkish Cerami c sector. It consists of 60 companies, 52 of which 
responded positively to our demand for the survey a nd answered the survey. 

In preparing the questionnaire, we used the concept ual information which exists in the references 
obtained in literature scanning carried out in the studies while forming the theoretical model of the research. The 
survey sheet consists of questions that evaluate th e variables in the theoretical model of the researc h. All the 
questions in the survey were prepared in such ways that only one answer was valid so that the persons answering 
these questions could give define answers. The pers ons answering the questions were asked not to leave  any 
question empty. 

 
Scales Used in the Questionnaire 
 

Scales used in the survey were arranged consistent with theoretical model of the research. Concurrent 
product development was evaluated with a scale of s ix questions and product development performance wi th a 
scale of eight questions. In answering the scales o f concurrent product development on the survey shee t, the 5-
point likert scale was used as; (1) totally disagre e, (2) don’t agree, (3) no idea (4) agree, (5) tota lly agree. Those 
who answered the survey for product development per formance were asked to evaluate product development  
performance of enterprises in last three years acco rding to the sector average. The 5-point likert sca le was used 
for evaluation as; (1) much lower than the sector a verage, (2) lower than the sector average, (3) same  as the 
sector average, (4) higher than the sector average,  (5) much higher than the sector average. 
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Data Collection 
 

As data collection method, companies were visited a nd company authorities were asked to answer the 
survey by face to face interview method. By face to  face interview method, the questions were understo od 
correctly and answered easily as their demands for additional explanations about the questions were me t 
instantly. 

 
Data Analysis and Findings 
 

In data analysis, SPSS 11.5 statistics programme wa s used. Methods used in data analysis are factor 
analysis, reliability analysis, correlation analysi s and regression analysis. Hypothesis was evaluated  according to 
the results obtained from regression analysis. 

Of 60 companies in Turkish ceramic sector, 52 of th em answered the survey. Twenty eight of these 
companies (53.8%) work in ceramic tile industry, 16  of them (30.8%) in health products industry (sanit aryware), 
4 of them (7.7%) in tableware and ornament 4 of the m (7.7%) in technical ceramic field. Of the persons  who 
answer the survey, 44.2% were R&D manager, 17.3% te chnology manager, 13.5% factory manager, 9.6% 
production manager, 5.8% R& D engineer and 5.8% qual ity assurance manager. 
 

Analyses and Results 
 

Reliability analysis was carried out in order to de termine the reliability of the survey questions. 
Reliability coefficient (Cronbach’s coefficient) is  α = 0.7439. According to the results of the analysis , the fact 
that reliability coefficient ( α) has a value higher than 0.5 shows that the survey  questions were reliable and valid 
(Özdamar, 2002; Manly, 1994).  

Factor loadings were studied by applying factor ana lysis to the variables in the research model (see 
Appendix A). According to Appendix A, total varianc e explained by variables related with concurrent pr oduct 
development characteristics is 62.206 %. 

Correlation analysis was applied to the variables i n the scope of the research and extent and directio n of 
the relation between the variables were investigate d (Manly, 1994). Pearson’s correlation coefficients  related 
with the variables, average and standard deviation values are seen in Tab. 1.  

 
 

     Mean Std.Deviation PDP CPD 
PDP Pearson Correlation 3.6226 0.46672 1 0.246 
  Sig. (2-tailed)   . 0.079* 
CPD Pearson Correlation 3.6859 0.62418 0.246 1 
  Sig. (2-tailed)   0.079* . 

P<0.1*,  P<0.05**,  P<0.01*** 
 

Table 1: Correlations, Mean, Standard Deviation. 
 

As seen in Tab. 2, values for regression model of c oncurrent product development are; p <0.1, F= 3.208 
and R 2= 0.060. This shows that variable included in the m odel defines 6.0 % of variance of product developme nt 
performance. Concurrent product development affects  product development performance at p <0.1 significance 
level and with beta value 0.246. According to Tab. 2, it is seen that there is a positive. This result  supports the 
hypothesis H 1. The regression equation is given below. 

 εββ ++= xy 10  

 
Independent Variable 

Standardized 
Coefficients 

Beta  

β
 

 
P 

 
Constant 

0β
 

 
R2 

 
F 
 

 
P 

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     

P<0.1*,  P<0.05**,  P<0.01*** 
Table 2: Product development performance regression . 

 
 
Conclusions 
 

Continuous and rapid changes in global markets have  raised the importance of product development 
activities of the companies. In today’s competitive  world in product development studies and concurren t product 
development processes, it is known that it is impor tant for the enterprises to work by collecting diff erent 
individuals from different principles, especially b y means of product development speed, cost and prod uct 
development performance. Concurrent product develop ment process is known to be effective on product 
development performance. Determining the factors th at affect concurrent product development processes will 
enhance the success of product development studies of the companies. The companies which succeed in pr oduct 
development will pass beyond their rivals and launc h their products and services earlier than them.  

The results obtained from the study briefly are: co ncurrent product development process has a positive  
effect on product development performance. Product development is related with all functions of the en terprise 
and it should be seen as a whole. It is not only on e department’s or a few persons’ responsibility, bu t a team 
work which requires involvement of all employees vo luntarily. The fact that teams consist of people wh o work 
in different departments of the enterprise affects the speed of product development processes. Reflect ing the 
demands and expectations of the customers and suppl iers on product development processes and their exi stence 
in product development processes is important for a chieving the quality dimensions of the product. It is also 
important for enhancing com munication, making infor mation sharing easier and coordinating product 
development activities. Hence, this enables the com panies to catch possible opportunities in the secto r in which 
they show activity and get a serious advantage in t he competition. 

For success of the companies in product development ; carrying out a significant R&D study and 
providing all sorts of sources for this, determinin g stronger sides of the company compared to its riv als and 
taking good advantage of it, determining weak sides  of existing products or processes and seeking ways  to solve 
these, having good knowledge of characteristics and  strategies of the rivals in the sector, having goo d knowledge 
of characteristics of the customers, determining ta rget customers successfully, determining the number  of new 
products aimed in one year correctly and using prod uct development tools and techniques effectively ar e quite 
important in the success of product development stu dies. It will be extremely beneficial for the compa nies in the 
ceramic sector by means of product development perf ormances to evaluate product development studies an d 
plan their product development activities by taking  the results of this research into account. 
 

Comp. Variables Factor 
Loadin
g 

Total 
Variance 
Explained 
(%) 

 C ONCURRENT PRODUCT DEVELOP M ENT   62.206 % 
CPD 1 In our enterprise there are electronic data s torage systems through which 

the employees can easily get access to information about product 
development 

0.748  

CPD 2 In our enterprise product development is a co ncurrent (parallel) process 0.679  
CPD 3 All sorts of matters and possible problems ab out product development 

are discussed in designation stage of product devel opment process 
0.829  

CPD 4 In our enterprise designs are made which part ially/ totally eliminate 
design changes that may emerge in any stage of prod uct development 
process 

0.846  

CPD 5 In our enterprise great effort and sources ar e spent in the first stages of 
product development process 

0.688  

CPD 6 Product development teams (cross functional t eams) which consist of 
different persons in product development studies an d which suppliers 
and  customers also take part in are used 

0.741  

 PRODUCT DEVELOP ME NT PERFOR M A NCE  68.558 % 
PDP 1 Sale success of the products developed in the  market 0.792  
PDP 2 Satisfaction of the customers of our enterpri se 0.835  
PDP 3 Average product development costs 0.828  
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PDP 4 Competition power of our enterprise 0.559  
PDP 5 Product range (scale) of our enterprise 0.847   
PDP 6 Number of products developed 0.884  
PDP 7 Product development speed 0.605  
PDP 8 A mount saved (%) in the budget for R&D studie s 0.599  

PDP: Product Development Performance   CPD: Concurr ent Product Development  
Appendix A: Factor Loading 
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