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The fast-paced changes in production technology and keen globalization competition have caused product life cycles
to be shortened greatly and have appeared to highlight the role of new product development. New product
development will not only promote the competitive advantage but will also keep the organization survival. This paper
focuses on the pre-development stage of the new product development because each stage input costs will be more
than the preceding one. Therefore, this paper uses the scoring model and financial method in stage-gate model, and
combined with AHP, ABC and ROI methods, to construct a stage-gate funnel model of pre-development stage for
filtering the creative and innovative projects assessment mechanism of new products. This paper suggests that using
this integrated, objective and precise mechanism will increase the successful opportunities of new product and
promote the operational effectiveness of organizations.
Key words: Stage-gate model, pre-development stage, new product development (NPD), analytical hierarchy process (AHP),
activity-based costing (ABC), return on investment (ROI).

INTRODUCTION
The pressure of intense global competition, the sustainability and development of organizations must depend on
product diversity, differentiation, and innovation. The
rapid shortening of product life cycle (Faure, 2009; Lu
and Yang, 2004) and consumers‘ increasing self- selfawareness, highlight the crucial role played by new
product development towards increasing an organization‘s competitiveness (Cooper, 1996; Cooper and
Kleinschmidt, 1991, 1993; Millsona and Wilemon, 2006;
Ries and Ries, 2004). The needs for the innovation of
product development are also in the service industry
(Singh and Singh, 2009). Only 0.25 of development
projects succeed commercially, and 0.33 of all newproduct launches failed. The critical drivers of success
factors are differentiation, filter of pre-development, voice
of customer, sharp definition of product, resourced, executed Go/Kill points, project team, strength resources,
international orientation, and role of top management
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(Cooper and Edgett, 2006). Other literature indicates that
process features, customer demand, technology features,
innovative process, introduce new product are also
critical factors of new product development (NPD)
(Ebrahim et al., 2010). Nevertheless, the conceptuaization, product design, mass production, and launching
of a new product require ample materials, human
resources and capital investment. Each stage input costs
will be more than that of the preceding one (Cooper and
Edgett, 2006; Musara and Fatoki, 2010). The search
indicates that reduced labor cost, material cost, energy
cost are the most important main factors in the developing countries (Ebrahim, 2010). Setting-up an effective
screening and assessment mechanism before physical
prototype and product design is important that will
promote new product development economic benefits.
How might a firm ensure the limited resources of
organization achieve operational effectiveness (OE)
(Porter, 1996)? What an assessment mechanism for predevelopment stage of new product development be able
to possess competitive advantage for the organizations?
Sixty-eight percent of U.S. product developers now use
type of stage-gate process (Griffin, 1997), including

DuPont, Procter and Gamble, Exxon, Guinness, Unilever,
Lego and Royal and Royal Bank of Canada (Cooper,
2006). This paper constructs stage-gate funnel model
(Clark, 1993; Cooper and Edgett, 2006) to provide an
integrated, objective and precise assessment mechanism
for organizations to verify the benefit of new product
development (NPD) and practical usage in the industry
(Cooper and Kleinschmidt, 1986; Crawford, 1991;
McQuarrie and McIntyre, 1986; Parry and Song, 1994).
The stage-gate in this paper includes: first stage is
ideas/creativities screening, the second stage is
innovation project/case building and third stage is
prototype designing. Two gates are: First gate, uses
analytical hierarchy process (AHP) (Saaty, 1980) in
scoring model of Cooper and Edgett (2001) to evaluate
the success factors of human resources competencies,
customer relationship, production efficiencies and returns
on investment. The second gate, applies activity-based
costing theory (ABC) (Cooper and Kaplan, 1988) and
targeting costing (Makido, 1989) to calculate the
expected return on investment (ROIABC) in financial
method of Cooper and Edgett (2001).
Background
The literature review is separated into two parts, the first
part is related with new product development, while the
second part is concerned with stage-gate funnel model.
New product development and processes
New product successes factors are: developing
organization, proficient marketing, R and D process well
executed, functions well interfaced, and coordinated and
high level of management support (Cooper and
Kleinschmidt, 1987; Globe et al., 1973; Myers and
Marquis, 1969; Roberts and Burke, 1974). The factors of
failures (Hopkins and Bailey, 1971; Cooper, 1975;
Hopkins, 1980); between success and failure (Rothwell et
al., 1974; Cooper, 1980; Zirger and Maidique, 1990;
Parry and Song, 1994; van der Panne et al., 2003;
Cooper et al., 2004b), associates with cooperation,
communication, and organizational integration (van der
Panne et al., 2003). Parry and Song (1994) discover that
the competitive activity and process proficiency in the
pre-development stage were significantly correlated with
success as the factors that were noted by previous
researchers.
New product development processes as Cooper and
Kleinschmidt (1986) suggest include a 13-steps
sequence, 4-step process as Stefanovitz et al. (2010)
propose, or the 8-step process that Thieme et al. (2003)
describes. The common new product development
process stages are pre-development stage, development
and launch stage, and post-launch stage (Cooper and
Kleinschmidt, 1986; Crawford, 1991; McQuarrie and
McIntyre, 1986; von Hippel, 1986).

Based on the aforementioned review of related
literature, the steps and tasks for new product development processes are summarized in Table 1 (Mariona and
Simpson, 2009;Ye and Zhang, 2006 ).
Stage-gate funnel model
The purpose of the stage-gate funnel model is to
construct a consistent and structural innovation screening
processes. The stage-gate funnel model aims to improve
or control the efforts of new product development operations as well as enable managers to make appropriate
choices and decisions in the development and management of new products, thus avoiding the unnecessary
dispersion of limited resources within the organization
and preventing the reduction of organization competitiveness (Clark, 1993; Cooper, 2006, 2008; Cooper et al.,
2001; Cooper and Edgett, 2006; O‘Connor, 1994;
Samperi et al., 2002; Yazdani and Holmes, 1999).
Traditional development screening in Figure 1 is aimed at
forecasting and evaluating market and technical changes
(Clark, 1993).
Clark (1993) proposes the further managing stage-gate
funnel model where it is suggested that in order for an
organization to have excellent development capabilities,
the organization must have a comprehensive development
framework to help increase its new product screening
ability. The framework in Figure 2 indicates the following
points:
1. Innovation, definition and selection of development
projects create optimal products and processes.
2. Integrate and coordinate work and technical tasks, and
participate in the development activities of organizational
units for a period of time.
3. The effect achieved by managing development help to
realize the organization‘s high efficiency operation.
4. The competitiveness provided by innovation and
improvement will enable product development to have a
long-term competitive advantage.
Cooper et al., (2001) indicate that each stage is designed
to match the process of new product project, and each
gate or a go/kill decision point is an entry between each
two stages. ―Stage-gate five state innovation processes―is
shown in Figure 3. Effective gates will cause the success
of new product process, and should be met with senior
managers from different functions, who are usually
project leader or team members. Gates have a common
format such as inputs, criteria, and outputs for
deliverables gate review, project judgment standard and
results gate review (Cooper and Edgett, 2006).
Cooper et al., (2001) also mention that the most popular
assessment methods for the gates are:
1. Financial methods: include different level of profitability
and return metrics, such as NPV, ROI, and ROA, ROE or
payback period.

Table 1. New product development process.

Process steps

Tasks

Ideas/Creativities are proposed based on market needs or factors in technical developments.
Ideas/Creativities

Identification of new product idea sources and methods for obtaining new product concepts from
idea sources are done in this stage. The ideas proposed in this stage must pass verification or else
they should be rejected.

Preliminary
assessment

Preliminary market, design, manufacturability assessment ideas/creativities that are proposed
should pass through preliminary assessment criteria. The purpose is to search and collect related
product information and at the same time market and technology assessments are done.
Technology feasibility and resources acquirement are also the basic requirement for evaluating for
the product ideas that have passed verification.

Innovation project

Detailed market study, financial/business analysis are done in this stage to identify product
concepts are an ‗‗Ideal‘‘ products and to affirm their uniqueness characteristic in the market, these
are done to further define product type and product functions. Assessment on the final formed
innovation projects should be done to help decide whether the product development plan will be
processed further or not.

Prototype design
and testing

Product prototype and pilot model are designed based on product concept, and at the same time
market planning is carried out, merging with the aforementioned market selection in the
predevelopment stage.
The market detailed pricing, distributing, advertising, promoting and customer service strategies
are determined based on overall market planning. Finally the product prototype and market
planning results are further evaluated in order to decide whether projects will be continued or not.

Product testing
and validation

This stage conducts testing and validation on product prototype and product design function.
In-House product and customer product testing are should be done to check for design
deficiencies.
Test market and trial sale should be hold at the same time, that will verify whether the product
functions need to be improved or not. New product development activity is now ready to enter the
pre-production final testing stage, a final revision and prelaunch business analysis are done and
assessed.

Mass production

Final correction on production facilities and production methods are analyzed before
commercialization is done. Production start-up with materials, human resources and all other
necessaries should be readied for mass-producing.

Market launching

Finally the new product actual overall market strategies and plans will be implemented.
Based on different control benchmarks market share, sales volume, unit product cost, customer
satisfaction tracking information are collected and analyzed to evaluate the strengths and
weaknesses.
Observe product usage and track product maintenance should be redesigned that ensured the key
factors are in the success of new products.

2. Business strategy: allocating resources across
different types of projects.
3. Bubble diagrams or portfolio maps.
4. Scoring models: rated or scored on a number of
questions or criteria from 1-5 or 0-10 scales.
5. Check lists: evaluated on a set of Yes/No questions,
and must achieve either all or a certain number of Yes
answers.
6. Others: are variants or hybrids of the above models
and methods.

RESEARCH METHODOLOGY
Assessment mechanism frame structure of pre-development stage
is based on stage-gate model as shown in Figure 4.
Pre-development stage procedure of new product development
Why in pre-development stage? Cooper and Edgett (2006) indicate
that the further stage of the NPD process, the more input cost of
NPD will incur. The pre-development stage activities of NPD
standard operation procedure in Figure 5 points out the activities in

Figure 1. Traditional development screening process.

Figure 2. Managing development screening process.

stage one, two and three are doing, and which resources will be
used in the process. Bases on those activities and resources
usage, the input cost and profitability of pre-development stage will
be examined.

use scoring model (Cooper and Edgett, 2001) to establish
assessment mechanism for the first gate. Because different types of
NPD stage focuses on different important level of components, the
paper divides new product into six new product types (Booz et al.,
1982) for assessing accurately. The steps of establishing the first
assessment mechanism are:

Establishing the first screening gate criteria
For insuring the success of NPD, the key components, such as
market pull, technology push, sources of information, proficient
internal R and D management and ample development funds need
to be considered (Myers and Marquis, 1969; Globe et al., 1973;
Roberts and Burke, 1974). This paper integrates the key components with expert questionnaire on AHP design, interview managers
of functional departments, applies expert choice software to
calculate the weight of components, organizes NPD committee, and

Step 1: Organization must set up a new product development
committee. The participating members came from the organization
itself the members are professionals who came from topmanagement teams or consulting groups.
Step 2: The members used the chart and based on their own
opinions as experts carefully assess the six types of each of the
creative projects of new product development.

Figure 3. Stage-gate innovation processes.

Figure 4. Assessment mechanism of pre-development stage.

Step 3: The four dimensions are assessed and scored.
Equations (1),(2) and (3) and expert choice software were used to
calculate each total performance score (S). The following equations
are AHP geometric average method:
4

AI  1(A/B)(A/C)(A/D)
4

BI  1(B/ A)(B/C)(B/D)
4

CI  1(C/A)(C/B)(C /D)

W C: Weight of importance of human resources competencies
WD: Weight of importance of production efficiencies

4

D I  1(D/ A)(D/B)(D/C)

(1)

Filter chart of Ideas/creativities projects in the paper shows in Table
2. The members of NPD will assess the value of projects bases on
their expert opinions, and give the scores to each factor for each
new product types. The purpose of the chart is to certify the benefits
from each project of new product types that will help contribute to
the overall NPD of the organization development strategy through
score assessment.

The further step to calculate weight ratio are:

(2)
A: Experts‘ rating on return on investment
B: Experts‘ rating on customer orientation and market demand
C: Experts‘ rating on human resources competencies

D: Experts‘ rating on production efficiencies
Ai: Experts‘ degree of importance of return on investment
Bi: Experts‘ degree of importance of customer relationship and
market demand
Ci: Experts‘ degree of importance of human resources
competencies
Di: Experts‘ degree of importance of production efficiencies
i: New product type
W A : Weight of return on investment (ROI)
W B : Weight of customer orientation and market demand

S = X1 ×WA+ X2 ×WB + X3 ×W C+ X4 ×W D

（3）

XA : Score of return on investment
XB : Score of customer orientation and market demand
XC: Score of human resources competencies
XD: Score of production efficiencies

Figure 5. Product development standard activity process.

Step 4: Finally, all the members of the committee must discuss
those projects scores and must achieve at a consensus to set the
screening gate criterion and decided which project will go or be
killed in first gate.

The equation for expected unit profit for new products is shown;
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Establishing the second screening gate criteria
The second screening gate is founded on profitability standpoint
that is based on financial method from Cooper and Edgett (2001).
This paper involves using activity-based cost database that
established by historical data to calculate the expected returns on
investment (ROIABC) to assess profitability of the organization. The
second gate filter criteria are comparing expected returns on
investment (ROIABC) with organization‘s given target profit rate
(ROI) to sort and to decide which projects will go or be killed in the
second gate. The assessment procedures of the second screening
gate are:
Step 1: The organization must set up and collect the standard
operation procedures data, including R and D, manufacturing,
distributing process, and cost information from historical and current
data.
Step 2: Built up an activity-based cost database based on the data
collected in Step 1.
Step 3: Calculate and forecast the expected activity-based profit
that the organization will gain from the new product project. The
equation for calculating the expected ROI ABC is composed of three
parts:
First part is manufacturing costs, second part is marketing costs
and the final part is new product development costs.

L

− ∑MCD i  MCDR i − ∑RCD k  RCDR K
i1

k 1

(4）

π: Expected activity-based profit per unit
P: Unit sales price of new product
DM: Unit cost of direct materials
DL: Unit cost of direct labor
CDj: Manufacturing activity cost driver
CDRj: Manufacturing activity cost driver rate
J: Manufacturing activity item MCDi:
Marketing activity cost driver MCDRi:
Marketing activity cost driver rate i:
marketing activity item
RCDi: Developing activity cost driver
RCDRi: Developing activity cost driver rate
K: Developing activity item
Step 4: Use Equation (5) to calculate the ROIABC and sequencing
order by value.
ROIABC =π/P
Step 5: The members of NPD committee must still discuss and
establish a consensus on what the target ROI of the project is, and
be able to designate a second screening criterion.
Step 6: Finally, members of NPD committee will compare target
ROI with expected ROIABC, and then decide whether the project
should go into the next stage or be killed in this gate.

Table 2. New product creativity project screening evaluation chart.

Type project
Performance score of components
Customer
Return on
orientation and
investment
market demand
X1
X2
Components weight
WA

WB

Human
resources
competencies
X3

WC

Production
efficiencies

Overall performance
total

X4

S
Total
1.0

WD

Table 3. Performance evaluation chart for A type new product.

Product A
Project A1
Project A2
Project A3
Weight

Return on
investment
70.5
82.5
81.5
0.397

Customer relationship
and market demand
70.75
84.5
71.5
0.369

EMPIRICAL STUDY AND FINDINGS
This paper uses case study method of terminal parts
electronic manufacturing firm as sample. All of the data
were collected by interviewing 10 functional managers,
10 engineers and 10 senior staffs in organization with
expert questionnaire. The empirical case studies verify
the process of establishing mechanisms and ensure the
feasibility of the assessment criteria of two gates. The
analysis and discussion of empirical results are presented
in this section.

Human resources
competencies
73
82.25
74.25
0.131

Production
efficiencies
70.25
81.25
81.5
0.103

Overall performance
total
70.894
83.077
76.86
1

Type E: A product having high market growth that is, the
organization is expecting to enter emerging markets with
the existing product.
Type F: Reducing product cost, a new product that is
made up of new materials or uses a new production
process.

Type B: An extension of existing product line, the
products has the same functions but the new product has
different specifications with the existing product.

Step 1: Designs AHP experts‘ questionnaire based on
each pair of two components, then proceeds to compare
the two components and scored the level of importance
from a scale of 1 to 9. Interviews 30 persons who may be
concerned in new product development to collect the data
in the case study firm. After collecting data, the paper
uses expert choice software to calculate the weights of
four components, the empirical steps studies for the first
screening gate are: Organizes the new product
development committee, and hold the NPD meeting on
st
Monday afternoon in the 1 week for each month. New
product creativities projects ten days before the end of
the month. Screening evaluation chart of different product
types will be given to members of the committee on the
meeting and members will be asked to score each chart
based on their experts‘ opinions.

Type C: Expanding the existing product line, product
functions and specifications differ from the existing
product.

Step 2: Re-collect the evaluation chart from members of
the committee, tallied scores for the same project and
calculate the mean of each dimension scores.

Empirical findings for the first gate
This paper separates new terminal parts product into six
types (Booz et al., 1982), they include:
Type A: A new product that has yet to be launched by
the market or by firms in the same industry.

Type D: Improving the existing products, such as adding
more auxiliary functions for the new product.

Step 3: The mean scores will be filled in Table 2 so as to
calculate and summarize the total value. The
performance evaluation chart of the innovative projects of
the new product A is shown in Table 3 Step 4: After
considerable discussion from the members

.
Table 4. Manufacturing, marketing, and developing costs ratios and ROIABC chart.

Project
A2
B1
C1
D2
E3
F2

Developing
cost ratio
6.7%
4%
5.2%
2.6%
1.7%
12.7%

Manufacturing
cost ratio
70%
68%
61%
65%
55%
53%

of NPD committee, they set the performance scores of
the first gate which must reach and above 80 points.
Therefore, only innovative project A2 of new product
Type A has an excellent performance score of 84.5 points
and has passed the assessment criteria to go further to
the next stage.

Empirical study for the second gate
The innovative projects for the case firm that have
passed through the first gate assessment criteria are
projects A2, B1, C1, D2, E3 and F2. The members of the
NPD committee point out that any innovative project that
has passed through the first gate, the expected activitybased return on investment (ROIABC) for the said innovative project must surpass the 3% target ROI which are
set by the committee.
The steps for examining the second screening gate are:
Step 1: Construct an activity-based costing (ABC) database based on developing, manufacturing and marketing
standard operation procedure (SOP) and financial/cost
information collected from case firm.
Step 2: Calculate the expected ABC profits and ROIABC
based on SOP for each innovative project that has
passed the first gate.
Step 3: The members of the NPD committee discuss and
set the ROI level which should be 3% for any innovative
projects of the current product types, basing the projects
on market competitiveness and future developments, and
then decide whether the projects should go to further
stage or be killed in this gate.
The case firm calculation for each cost ratios and ROIABC
are summarized in Table 4. In Table 4 project A2 is a
completely new developed product, new facilities and
hiring of labor is necessary, the manufacturing costs
expense ratio is the highest at 70%; while project E3
takes an existing product and introduces it into a new
market such as the Eastern European market, the overall
manufacturing cost ratio is lower, nevertheless due to
new market entrance, the marketing expense cost ratio is
higher, thus it has the highest marketing cost ratio at
37%.

Marketing
cost ratio
20%
26%
33%
31%
37%
33%

Expected
ROIABC
3.3%
2%
0.8%
1.4%
6.3%
1.3%

Total
revenues
100%
100%
100%
100%
100%
100%

Project F2 is a new product that can decrease
manufacturing cost, and its development cost ratio is highest
at 12.7% while its manufacturing cost ratio is the lowest at
53%. The summarized expected ROIABC of each project are
3.3, 2, 0.8, 1.4, 6.3 and 1.3%, respectively.
Based on the expected ROIABC in Table 4, projects E3
and A2 had surpassed the 3% target ROI of terminal new
products, therefore two innovative projects go to further
stage and B1, C1, D2, and F2 are killed in this stage. This
paper examined the efficiency for rejecting projects B1,
C1, D2 and F2. The study results showed that the developing and marketing costs of C1 and F2 projects are too
high to pass the second gate, and the manufacturing cost
of project B1 was too high to pass also. Finally, the
manufacturing and marketing costs of project D2 are too
high to pass this gate.
According to Table 4, the cost ratio of three procedures
indicate that development and launch stage costs, manufacturing cost, were greatest, while post-launch stage
costs, marketing cost, were the second one and predevelopment costs, R and D cost, were the least. The
empirical results indicate that the pre-development stage
is the most important stage to filter the projects for new
product in order to increase the operational efficiency of
NPD for the firm.

DISCUSSION
Three-stage two-gate funnel model developed in this
study is suitable not only to the manufacturing industry
but also to the service industry as well. The empirical
study only limits the experiment and discussion on the
terminal parts manufacturing only, hence, two points must
be discerned. Firstly, when proceeding with the first gate
screening assessment of the new product projects, the
weighted values in the performance evaluation chart is
based on the experts‘ opinion of those in the
manufacturing industry. If the service industry will use this
assessment mechanism to evaluate their new product
creativities projects, they must collect experts‘ opinions
from experts in the service industry; they need to recalculate for the four components weights that are
appropriate for the service industry. Furthermore, setting

the threshold criteria must be considered based on the
overall organization profitability, the product development
committee members must discuss and decide this within
themselves.
Secondly, the second screening gate is based on the
organizations‘ profitability viewpoint, using target ROI as
decision making criteria. Give careful attention to two
aspects in the second screening gate. First one, the task
of determining the reasons for using target ROI as
filtering criteria must be handed over to the NPD
committee members to consider whether the assessment
mechanism were fitted to the organization‘s product
strategy. Secondly, gate often occurs on the market
viewpoint to construct a screening mechanism, that is,
using a market share or market growth as targets to set
assessment mechanism criteria.
In reality, both entrepreneurs in the manufacturing and
service industries are devoted to develop new products
and services for sustaining organizational survival. In
order to reduce uncertainty as well as utilize limited
resources in the pre-development stage of new product
development, careful screenings of new product creativity
and innovation projects are imperative. This paper
provides assessment mechanism to assist in the
successful opportunities of new product development that
will help increase core competitiveness and operational
efficiencies of organizations.
Conclusion
Firms have been affected by the recent financial crisis,
not only did the market revenue decreased greatly
causing firms to have difficulty in acquiring resources.
New product development often involves risks and at the
same time with the huge amount of resources needed for
input; the benefits that can be produced from the new
product will be hard to estimate. Hence, in the predevelopment stage of the new product development, the
creativities and innovations projects of the new product
must be carefully monitored; firms should proceed with
caution in each step of the new product development
procedure.
Cooper (2003) indicates eight to ten success factors
that impact the performance of new product development. This study breaks through from previous researches by providing methods and processes to integrate all
of them into criteria for filtering the creativities and ideas
projects. The methodologies of this paper are scoring
model, and financial method, questionnaire, interview
approach and also organized a NPD committee to
discuss and make Go/Kill decisions.
Each creativity and ideas of new product development
must assessed each threshold based on criteria very
carefully. In the empirical study of this paper, the first gate
filtering criterion must surpassed 80 points, and the
second gate filtering criterion also must exceed 3% target
ROI for each new product projects to go further stage.
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