
  
Abstract –With the rapid enhancement of product functions 

and performances, the cycle of technological innovation is 
becoming shorter. Accordingly, it is difficult to meet various 
customer needs due to increased development costs and the 
shortened development period. This also has a significant impact 
on establishing corporate strategies. Successful product 
development is essential to the survival of a company in the 
competitive market. A company needs to identify the diverse risk 
factors that might occur in the development process, measure how 
much they will affect the development process, and create 
strategies and tactics to counter them. Against this backdrop, this 
paper draws upon the possible risks in the product development 
project and presents how to measure these risk degrees and the 
integrated risk degrees of the whole project in order to more 
effectively manage them. In other words, the paper shows how to 
determine the impact values of risks in each development phase, 
the probability of risk occurrences and the risk degrees and how to 
calculate the integrated risk degree of each phase.  
 

Index Terms–product development project, impact value, 
probability of risk occurrences, risk degrees, integrated risk 
degrees 
 

I. INTRODUCTION 
A product development project can determine the success 

and failure of the manufacturing industry. However, many 
companies see such projects as extremely difficult tasks 
because of the high investment costs and chances of failure. 
Approximately 80 % of globally-conducted product 
development projects fail while they are in progress. Even 
the 20% of completed projects took more costs and time than 
expected [1]. That was because they failed to recognize the 
risks and risk degrees in advance and there was no 
systematic way to effectively deal with the risks that 
occurred in the middle of the project.  
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Fig. 1 Integrated processes for product development 

 
As seen in Fig.1, a product development project is 

evolving into an integrated process of various concepts [2]. 
Successful product development requires total quality 
management for quality improvement, change management 
to deal with internal and external changes, risk management 
against risk occurrence and risk degrees, project 
management to save costs and time, and concurrent 
engineering for parallel communication-based design rather 
than serial design. These processes should be systematically 
connected. This paper studies concurrent engineering and 
risk management and presents how to take out the potential 
risk factors in the development project and calculate the 
integrated risk degree of the whole project. Fig. 2 shows the 
overview of this paper.   

 
 
 

 
Fig. 2 The structure to determine integrated risk degrees 

 
 
 
 

Determination of Integrated Risk Degrees in 
Product Development Project  

D. W. Choi., J. S. Kim., and H. G Choi.  

Proceedings of the World Congress on Engineering and Computer Science 2009 Vol II
WCECS 2009, October 20-22, 2009, San Francisco, USA

ISBN:978-988-18210-2-7 WCECS 2009



II. CLASSIFICATION OF RISK FACTORS 
In the planning phase of product development project, 

companies are most likely to overlook the consideration of 
risks that can happen during the project. If a company fails 
to manage systematically those risks, it may face the 
difficulties that the project is not successfully completed 
within a scheduled time frame, and so requires higher 
costs[3].  

First of all, a company needs to investigate, collect, and 
classify potential risk factors arising from the product 
development project. Table Ⅰ presents the general design 
phases. Also, the example of the risk factors for each phase 
are presented in Table Ⅱ [4]-[11]. 

 

Table  I. THE GENERIC PRODUCT DEVELOPMENT PROCESS [12]
Phase 0: 
Planning 

Phase 1: 
Concept 

Development 

Phase 2: 
System-Level 

Design 

Phase 3: 
Detail 
Design 

Phase 4: 
Testing and 
Refinement 

Phase 5: 
Production 
Ramp-Up 

Marketing 
• Articulate market 
 opportunity 
•Define market 
 segments 

•Collect customer  
needs 
•Identify lead users 
•Identify competitive 
 products 

•Develop plan for 
product options 

 and extended 
 product family 
•Set target sales 
 Price point(s) 

•Develop marketing 
 plan 

•Develop promotion 
 and launch 
 materials 
•Facilitate field  
testing 

•Place early 
 production  
with Key  
customers 

Design 
•Consider product 
 Platform and 
architecture 
•Assess new 
technologies 

•Investigate feasibility 
of product concepts 
•Develop industrial 
design concepts 

•Build and test 
experimental prototypes 

•Generate  
alternative product 
architectures 
•Define major  
subsystems and 
 interfaces 
•Refine industrial  
 design 

•Define part 
geometry 
•Choose materials. 
•Assign tolerances. 
•Complete  
industrial design 
control 
documentation 

•Reliability testing. 
•Life testing 
•Performance testing 
•Obtain regulatory 
 approvals 
•Implement design 
changes 

•Evaluate early 
 production 
 output 

Manufacturing  
•Identify production  
constraints 
•Set supply chain 
strategy 

•Estimate 
 manufacturing cost 
•Assess production  
feasibility 

•Identify suppliers 
 for key  
components 
•Perform make-buy 
analysis. 

•Define final 
assembly scheme 
•Set target costs 

•Define piece-part 
production 
processes 

•Design tooling. 
•Define quality  
assurance processes 
•Begin procurement 
of long-lead tooling 

•Facilitate supplier  
 Ramp-up 
•Refine fabrication 
 and assembly 
 Processes 
•Train work force 
•Refine quality  
assurance processes 

•Begin operation of 
entire 
 production 

system 

Other Function 
•Research: Demonstrate 
 Available technologies 
•Finance: Provide 
planning 
 goals 
•General Management: 
 Allocate project  
resources 

•Finance: Facilitate 
economic analysis 
•Legal: Investigate 
patent issues 

•Finance: 
Facilitate make-buy 
analysis 

•Service: Identify 
service issues 
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Table II. RISK FACTORS CLSSIFIED BY PHASE＊ 

Functions Phase 0: 
Planning 

Phase 1: 
Concept 

Development 

Phase 2: 
System-Level 

Design 

Phase 3: 
Detail 
Design 

Phase 4: 
Testing and 
Refinement 

Phase 5: 
Production 
Ramp-Up 

Marketing 

•Shifts in market  
Supply 
•Availability of  
raw materials 
•Competition 

• 

•Changes in the  
quantity used by  
other buyers 

•Changes in 
consumer 
 tastes 

• 

•Changes in the  
quantity used  
by other buyers 
•End value in  
the market 

• 

•Shifts in 
market  
Supply 

• 
• 

•Shifts in 
market  
Supply 

• 
• 

•Shifts in  
market supply 

 
• 

Design 

•Inadequate 
 Specification 
•Scope of work  
Definition 

• 

•Design change 
•Conflict of  
document 

• 

• Design change 
• 
• 

• Design 
change 

• 
• 

 
• 
• 

• 
• 
• 

Manufacturing 

• Equipment 
 Productivity 
•System outage 

• 

• Equipment 
 productivity 
•System outage 

• 

• Equipment 
 productivity 
•System outage 

• 

• Equipment 
 productivity 
•System 
outage 

• 

• Equipment 
 productivity 
•System 
outage 

• 

• Equipment 
 productivity 
•System 
 outage 

• 

Financial and 
economic 

•Unavailability  
of funds  
•Economic 
 disaster 
•Exchange rate  
Fluctuation 
•Inflation 

• 

•Unavailability  
of funds  
•Economic 
 disaster 
•Exchange rate  
Fluctuation 
•Inflation 

• 

•Unavailability  
of funds  
•Economic 
 disaster 
•Exchange rate  
Fluctuation 
•Inflation 

• 

•Unavailability 
of funds  
•Economic 
 disaster 
•Exchange rate 
Fluctuation 
•Inflation 

• 

•Unavailability  
of funds  
•Economic 
 disaster 
•Exchange rate  
Fluctuation 
•Inflation 
•Bankruptcy 

• 

•Unavailability  
of funds  
•Economic 
 disaster 
•Exchange rate  
Fluctuation 
•Inflation 
•Bankruptcy 

• 

Other Function • 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

＊More risk factors have been collected and classified by functions in our research 

 

Ⅲ.  DETERMINATION OF RISK DEGREES 
Calculate the risk degrees of each phase and put those 

degrees together to calculate the integrated risk degrees for 
the whole project.  
Risk factors in each phase have different degrees of 

importance, so determine their relative importance through 
the AHP (Analytic Hierarchic Process) and convert the figure 
into an impact values by using the fuzzy algorithm. Finally, 
calculate the probability of the risk occurrences of the risk 
factor and multiply the probability by the impact value to get 
the risk degree of a risk factor. Risk degree is defined as 
Equation (1) [13].  

 
iii IPR ×=                    (1) 

 
where 

iR = risk degree of risk factor i 

iI = impact value of risk factor i 

iP = probability of risk occurrences of risk factor i 
 

A. The AHP (Analytic Hierarchic Process)  
 

The AHP is a decision-making process using hierarchical 
analysis, which was first developed by T.L Satty[14] in the 
1970s. It is a multi-criteria decision method that captures the 
knowledge, experience, and intuition of decision makers  

 
 

 
through a pair-wise comparison between the elements of the 
decision-making hierarchy[15]. The features of AHP are that  
both quantitative and qualitative elements are considered for 
decision-making as the method involves logic from human 
thinking and experience-based intuition. Therefore, it is an 
appropriate way to draw the relative importance of the risk 
factors by development phases.  

Product development projects are differently exploited 
depending on the product and corporate environment. The 
potential risks of the projects also have different importance. 
For that reason, this paper suggests an AHP analysis to 
determine the importance and impact value of each risk factor 
in a project. However, even though the AHP can quantify the 
experience and knowledge of experts, these values have 
inherent ambiguity. Thus, this paper attempts to resolve the 
ambiguity through the fuzzy theory.  

 
B. Fuzzy Theory 
 
Risk factors can occur simultaneously in a product 

development project, so they should be differently handled 
depending on their impact values and ramifications. To do so, 
the importance of each risk factor through AHP is first 
determined and is removed its ambiguity by quantifying the 
impact values of the risks using the fuzzy theory.  

The fuzzy theory was suggested by Zadeh[16] that 
mathematically demonstrates unclear quantitative data as 
well as uncertainty and the ambiguity of human thinking and 
judgment [17].  

To apply the fuzzy theory for a problem, an appropriate 
membership function is required. As development projects 
have different impact values depending on their degree of 
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difficulty. Different membership functions should also be 
used in accordance with the level of difficulty. In this paper, 
the difficulty of a project is determined after all the divisions 
engaging in the product design phase make decisions on 9 
dimensions shown in the Table Ⅲ, on the assumption that 
concurrent engineering is introduced [18]. That is, the weight 
level A of each dimension the IDM is defined as 1, and B, C, 
and D, as 2, 3, and 4, respectively to determine the difficulty 
of the project development project. As the IDM has 9 
dimensions, the projects can have 9 levels of difficulty at the 
minimum and 36 at the maximum. Consequently, 28 
membership functions will be defined and applied to 
determine the impact value a risk factor.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
To apply the relative importance of a risk factor obtained 

through AHP into the fuzzy algorithm, the value of its 
relative importance should be normalized through Equation 
(2).  

 

maxw
wI i

i =         (2) 

where 

iw = Relative importance of thi risk factor  

maxw = The maximum value of relative importance 

iI = Normalized importance for thi  risk factor 
 
Normalized importance and membership function 

determine impact values. However, in order to convert a 
fuzzy figure into a scalar, defuzzifacation should be 
followed. This paper uses the clipped center of gravity 
method, the most general way of defuzzification, to 
determine the impact value of a risk factor.  

 
C. The Probability of Risk Occurrences 
 
As shown in Fig. 3, risk factors occur more during the 

early phase of project development. Risks in the early stages 
cost less to tackle than those in the later phases. 

 

 
Fig. 3 Risks over project life cycle[16] 

 
Even for experts, it is very hard to detect the signs of risks 

in the early phases. There are many reasons behind this. 
Firstly, diverse risk factors can occur simultaneously. Among 
them, some are subject to time while others are independent 
of time. In addition, one risk factor can affect the occurrences 
of another risk factor. That is also, the number of risk 
occurrences follows various statistical distributions. The 
most common way of prediction is to estimate the probability 
of a risk occurrence based on information from similar 
projects conducted in the past. The actual distribution of risk 
occurrence can vary depending on different corporate 
circumstances, but this paper analogized distribution types 
from Fig. 3. Fig. 3 shows that risks occur more frequently in 
the early phase and rapidly decrease in the later part of the 
project. However, the paper assumed that the occurrence 
distribution of a risk factor is important, and that if effective 
response activities, based on concurrent engineering, are 
executed for a risk factor occurrence, it will significantly 
reduce the probability of the same risk occurrence in the later 
phase of project. Based on those assumptions, the frequency 
of risks follows a gamma distribution and is defined as in Fig. 
4. 

 

 
 
 

 
Fig. 4 Probability of risk occurrences for a risk factor

Table III.   IDM(INFLUENCING DIMENSIONS MATRIX) 

Level 
Dimension 

A B C D 

Product Complexity     
Product Technology     
Program Structure     
Program Futures     
Competition     
Business Relationship     
Team Scope     
Resource Tightness     
Schedule Tightness     

(A: low, B: medium, C: high, D: very high) 
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A gamma distribution shows the time to wait for every n 
times of Poisson occurrences. The Poisson distribution 
indicates the number of a certain events  such as arrivals and 
services within a given time.  

The density probability function of gamma distribution 
given in Equation (3). 

 

∫
∞

−−

Γ
=>

u

xnn ex λλ 1

(n)
1u)P(X       (3) 

where 
λ= the amount of an event that occurs within a given time  
n= the amount of exponential variables for which the time 

of event is independent 
x= the time to be taken until the occurrence of an event  

0,0,0
1)1(),1()1()(

>>>
=Γ−Γ−=Γ

λnx
nnn  

x, n= real vales 
 
 If  the probability of a risk occurrence follows a gamma 

distribution, the probability for multiple number of risks 
occurred will be also defined as a gamma distribution. 
However, in the actual development project, the probability 
of occurrences of a risk factor does not necessarily fit a 
gamma distribution.  
 

Ⅳ.  DETERMINATION OF INTEGRATED RISK DEGREE 
In a product development project, a harmonic mean is 

applied to calculate the average risk degree of each phase. If 
risk factors are regarded as electric resistance against a 
successful completion of the project, a harmonic mean is 
appropriate because it is more common for risk factors to 
occur simultaneously, rather than consecutively. Equation (4) 
is used to compute a harmonic mean. 

 

irrrr

n
1111

R

321

p

+•••+++
=       (4) 

 
where 

pR = the average risk degree per phase  

ir = the risk degree of  thi factor  
n= the number of risk factors 
 
Table Ⅳ shows the results of the harmonic mean for each 

design phase. 
 

 
Table IV. RISK DEGREES CLASSIFIED BY PHASES 

Phase 0: 
Planning 

Phase 1: 
Concept 

Developmen
t 

Phase 2: 
System-Level 

Design 

Phase 3: 
Detail 
Design 

Phase 4: 
Testing and 
Refinement 

Phase 5: 
Production 
Ramp-Up 

0R  1R  2R  3R  4R  5R  

 
Unlike risk degrees by phases, an arithmetic mean is 

applied to determine the integrated risk degree of the project. 
That is because product development phases are carried out 

consecutively. Equation (5) shows the integrated risk degree 
in a product development project.  

6
RRRRRRR 543210

T
+++++

=       (5) 

Ⅴ.  AN EXAMPLE 
The integrated risk degree of the project is determined in 

accordance with the phases of Fig. 2. The degree is also 
affected by the determination of impact values according to 
the importance of risks, the probability of risk occurrence, 
and the risk degrees. In this example, “Inflation affects the 
project finance” is used as a risk factor. First of all, Table Ⅴ 
shows the assumed relative impact values through an AHP 
analysis of the risk factors from phases 0 to 5. The difficulty 
of the project is assumed to be 30, based on the IDM (Table 

Ⅵ), and the corresponding membership functions is shown 
in Fig. 5.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE  Ⅴ 
WEIGHTS OBTAINED FRONM AHP ANALYSIS 

Phase Functions Risks Weight  

Design 

√Inadequate 
specification 
√Conflict of 
document 

0.150 
 

0.078 

1 
 

0.52 

Finance 

√Lack of funds 
√Inflation 
√Exchange rate 
fluctuation 

0.105 
 

0.052 
 

0.103 

0.35 
 

0.78 
 

0.69 

Phase 0 

• • • • 

Phase 1 • • 
• • • 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

Table VI. IDM(INFLUENCING DIMENSIONS MATRIX) ASSUMED 
FOR A PROJECT 

Level 
Dimension 

A(1) B(2) C(3) D(4) 

Product Complexity  О   

Product Technology    О 

Program Structure  О   

Program Futures    О 

Competition   О  

Business Relationship    О 

Team Scope    О 

Resource Tightness   О  

Schedule Tightness    О 

Project difficulty 30 

(A: low, B: medium, C: high, D: very high) 
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Fig. 5 Choice of membership function 
 

  The impact values of the risk factors can be calculated by 
phases and functions. But, this example calculated only the 
impact value of the “Inflation” risk among the financial risks 
of Phase 0. Based on the AHP, the importance of “Inflation” 
is 0.78 in Table V. Then, select a membership function from 
Fig. 5, apply 0.78 to the fuzzy algorithm, and go through 
defuzzification. After this calculation, the final impact value 
is calculated at 0.69. (Refer to Figs. 6-8)   

 

 
Fig 6. Membership function by AHP’s evaluation  

 
 

 
Fig 7. Distribution of impact value of the risk factor 

by  fuzzy inferencing 
  

Fig 8. Defuzzifacation using clipped of gravity method  
 

 
To determine the probability of risk occurrences, the 

historical data regarding the “Inflation” factor should be 
collected and analyzed. If the risk data shows that “Inflation” 
factor occurs three times exponentially with arrival rate, 0.1 
in phase 0. the probability of that risk factor to be happened 
more than once will be as follows.  

 
)42P(X1)42P(X >−=≤   

:  time period for the phase 0=24 hour 
 
λ=1/10, n=3   

∫
∞

−
××

=>
24

)
10
1(23

2

)
10
1(

]42P[X

x
ex

 

             = 0.57 
 

That is, the probability of ‘Inflation’ occurrence is 0.43 and 
the final risk degree is 0.2967(0.69 0.43). Likewise, all risk ⅹ
factors in the phases can be calculated through the same 
process. A harmonic mean is applied to measure the average 
risk degree by phases. In this example, Table  presents the Ⅶ
harmonic means of risk degrees that consider all risk factors 
including the factor of the “Inflation effect on the project 
finance”. The integrated risk degree of the whole project is 
0.41.  

 
Table VII. RISK DEGREE CLASSIFIED BY PHASES 

Phase 0: 
Plannin

g 

Phase 1: 
Concept 

Developme
nt 

Phase 2: 
System-
Level 

Design 

Phase 
3: 

Detail 
Design 

Phase 4: 
Testing 

and 
Refineme

nt 

Phase 5: 
Production 
Ramp-Up 

0.63 0.75 0.34 0.26 0.28 0.21 

 
Integrated risk degree  
 

6
21.028.026.034.075.063.0 +++++

=  

               
=0.41 
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Ⅵ.  CONCLUSION 
This paper surveyed and collected the possible risk factors 

in a product development project, and classified the risks by 
phases. Those risks in each phase were also categorized by 
functions. The surveyed, collected and classified risk factors 
can be selectively applied depending upon the corporate 
environments or the developing products. The paper suggests 
a method to calculate the risk degree of the whole project 
based on these factors. In other words, the paper includes: 
how to leverage the AHP and fuzzy theory to calculate 
impact values; how to calculate the probability of risk 
occurrences through general probability distribution; and 
how to integrate the risk degrees of each factor.  

If a company puts this study into practice and calculates 
the integrated risk degree of a project in the planning phase, 
the company will be able to determine whether to conduct the 
project in the planning phase, as well as whether or not to 
stop the ongoing project. The biggest benefit is that the 
company can recognize the risk degrees of a product 
development project and devise counter responding 
activities. Moreover, the study enables the company to 
determine whether to manage the project intensively or not, 
thereby increasing the chances of the successful completion 
of the project. Consequently, this will help to reduce the time 
and costs for product development and create new profits. 
Lastly, the study is expected to promote the development of 
the engineering risk management area.  
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