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Abstract: Abstract: Product developers have to constantly innovate and introduce new products to the 
market. New Product Development (NPD) Process is becoming crucial, and its performances determine the 
success of the whole enterprise. Different approaches have been implemented in order to improve NPD. In 
particular, Lean Thinking has been applied with the purpose of improving NPD performances through 
identifying and eliminating non value adding activities (wastes). Any activity within the NPD process that is 
not adding a specific value either for external or internal customer can be considered as waste and should be 
eliminated or minimised as possible. There are many sources and classifications of wastes in NPD that are 
identified in past researches. The efforts needed now are to identify the nature of each waste, investigate their 
potential impacts on performances, and discern possible continuous improvement activities to reduce and/or 
eliminate them at the sources. In fact, it is a mandate to have a clear knowledge, a shared understanding and a 
deep contextualization of all the wastes that can occur in the NPD process to continually eliminate them and 
excel in NPD performances. For wastes’ classification, the well-known literature by Ohno (1988), Womack & 
Jones (1996) has been taken at first, which devises the “7 deadly wastes” in production. However, the natures 
and sources of production wastes are not the same as of NPD. For that, the Liker’s translation of the 
production wastes to NPD has been articulated in this paper to consolidate the definition and ontology of 
waste in NPD. Nonetheless, the waste classifications found in literature are not well investigated in real 
practical word for their meanings, sources, significances, and impacts. Therefore, in this paper a well-defined 
and practically oriented library of NPD wastes has been developed with the collaboration of ten 
manufacturing companies, which develop their products in Italy and across the globe. Furthermore, in 
literature there is no formalized and structured method to identify wastes and lead designers to improve the 
process. This paper tries to develop a method to identify process wastes in NPD and further guide for 
continuous improvements. The proposed method is based on a well-known and prevalent tool called FMEA 
(Failure Modes and Effects Analysis). The proposed method identifies in the NPD process the wastes, the 
causes (sources) and their effects on performances (Time to market, cost, quality, and innovation). The 
developed methodology associates to each waste a synthetic index called Priority Index of Intervention (PII). 
PII constitutes 4 separate indicators; severity, probability, detection and possibility to avoid. And, using PII it 
is possible to rank the analysed wastes, which can help a company to focus on wastes that are more relevant 
and need urgent interventions. Finally, corrective actions can be identified in order to reduce or/and 
eliminate the critical wastes through expert opinions. Project managers and designers from the ten 
manufacturing companies have been invited to test the validity in practice and to make it suit to industrial 
needs. It is found out that the developed method: could effectively be integrated in to existing NPD 
processes, is quick and easy to use, focuses on the real sources of wastes, helps not only to identify the 
sources but also measure the severity of wastes, it also effectively addresses the possible ways of eliminating 
or reducing the sources of wastes, and finally it can be used easily not only by project managers but also 
designers. 
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1. Introduction  

Products belong to human’s everyday life. People 
continuously use products, buy new goods and throw 
away old stuff. Market is constantly changing. Consumers 
want products that make their life easier and that satisfy 
their needs, and they want them quickly. They always look 

for innovative goods, and obsolescence is the rule. Even if 
a product still works, the market asks for something new, 
to gain better performances. Hence the required products 
are always expected to have better quality, but also to cost 
less. The offer exceeds the demand, and companies have 
to hardly compete. They try to give customers what they 



want, when they want it, and at the lowest possible total 
cost. But the challenge is high.  

Each product is characterized of a proper “product 
lifecycle”, that means the time interval from the product 
concept generation, to the product decline, passing 
through market introduction, growth and maturity phase. 
Nowadays product lifecycles are becoming shorter, exactly 
to the contingent need to faster introduce new products. 
Consequently the earlier stage, that precedes product 
launch, must be compressed. It means that the Product 
Development process becomes critical. Hence companies 
started working on this phase, in order to improve it and 
to increment the performances of this process, while 
reducing the time spent on it.  

Changes that are occurring in business during last years 
are impacting the ways in which NPD process is 
performed and managed [Griffin, 1997]. Summarizing we 
can list the major drivers that determined the focus on 
Product Development activity: 

- Increased levels of competition (more firms 
competing for the same markets) [Womack, and Jones, 
1996] 

- Rapidly changing market environments  

- Higher rates of technical obsolescence  

- Shorter product life cycles [Bayus, 1994]. 

A primary impact of these environmental factors is to 
drive firms to implement changes which demand process 
efficiency and overall NPD effectiveness. Over previous 
decades many new techniques and tools purposing to 
improve the practice of Product Development, especially 
Lean philosophy based techniques, have been developed 
by academics, consultants and practitioners and 
implemented by a few or many firms. 

Lean Thinking is the dynamic, knowledge-driven, and 
customer-focused process through which all people in a 
defined enterprise continuously eliminate waste with the 
goal of creating value [Murman et al., 2002]. The key pillar 
is the focus on the costumer that is always put in the first 
place; all activities should worth something for customers. 
Everything being done on the product that is not adding 
value is considered waste and should be removed from 
the process. Hence, the Lean model has been associated 
since the beginning with the practice of identifying the 
value added activities from those that are waste (the 
Japanese muda), both in the organization and its supply 
chain. As Womack and Jones stated, Lean Thinking is 
banishing waste and create wealth in your corporation 
[Womack, Jones and Ross, 1996]. Lean production is the 
elimination of waste with the goal that all steps in a 
process add value from the customer’s perspective 
[Soderborg, 2008]. 

Lean thinking philosophy is based on five principles 
which are suggested for disposing of waste, listed below: 

1. Specify value: correctly specify value from the 
perspective of the end customer in terms of a specific 
product with specific capabilities offered at a specific price 

and time, indeed give the customer what he exactly want 
[Soderborg, 2008]. 

2. Identify the value stream: identify the entire 
value stream for each product or product family and 
remove the wasted steps that don’t create value but do 
create muda [Soderborg, 2008].  

3. Make the value flow: make the remaining value 
creating steps flow continuously to drastically shorten 
throughput time [Soderborg, 2008]. Continuous flow is 
achieved mainly through interventions that enable radical 
change in a short period of time. To achieve this possibly 
only some little actions are necessary: for example with 
small “continuous improvement teams” (kaizen) very 
good results could be accomplished [Bonfiglioli, 2001]. 

4. Let the customer pull the process: design and 
provide what the customer wants only when the customer 
wants it, rather than pushing products toward the 
customer on the basis of forecasts [Soderborg, 2008]. 

5. Pursue perfection: strive for perfection by 
continually removing successive layers of waste as they are 
uncovered. Never relax until reaching the perfection, 
which is the delivery of pure value instantaneously with 
zero muda [Soderborg, 2008]. The perfection is an 
unreachable concept. Pursuing perfection refers to a 
process of continuous improvement.  

The application of lean techniques and principles are 
nowadays diffused in a large quantity of companies. But 
they are implementing it only during the productive phase. 
The actual challenge is to diffuse lean thinking all over the 
company, starting from the new product development. 
The lean management is not a process with a beginning 
and an end, its implementation necessarily involves the 
continual search for improvement; even more in the 
current environment where the life cycles of products are 
remarkably short and technology is moving fast. 

2. Identification of Wastes in NPD 

The application of Lean to the whole NPD phase, always 
starts with the analysis of the involved business processes, 
in order to separate value added activities from non-value 
added ones (wastes). First of all it is necessary to create a 
shared understanding and knowledge about wastes in 
NPD. In 1988, Ohno introduced a classification of the 
seven major types of wastes a company can face with 
during the manufacturing phase [Ohno, 1988]: 
overproduction, waiting, transportation or conveyance, 
processing, inventory, defects and corrections, motion. 

In 1996, Womack and Jones introduced a new class of 
waste [Womack and Jones 1996], underutilized people’s 
abilities.  

These wastes have to be re-interpreted in a New Product 
Development optic. The main contribution on that was 
given by Liker [Liker and Morgan, 2006]. 

1. Overproduction: producing more or earlier than 
the next process needs. This is common when processes 
are not synchronized across functional organizations. 
Examples of this include any task that is completed before 



the next step is ready to process it, or on the contrary 
downstream operations working on upstream design 
prematurely. 

2. Waiting: waiting for materials, information, or 
decisions. It happens when engineers seem to be in a state 
of perpetual motion, always rushing from meeting to 
meeting or absorbed in something on a computer screen. 
From the perspective of a work stream there is often 
some key activity that engineers should be working but 
cannot because they do not have what they need to 
proceed the given task. [Liker and Morgan, 2006]. 

3. Transportation or Conveyance: moving material 
or information from place to place. It means that 
information change hands, maybe by word, picture, data 
exchange. It is a commonly recognized dysfunction of 
NPD process. 

4. Processing: doing unnecessary processing on a 
task or an unnecessary task. This waste includes engineers’ 
errors or system flaws. It can also consist in re-design 
components instead of using carry-over or creating new 
manufacturing process for each program instead of 
working to a standard manufacturing process. 

5. Inventory: a build up for material or information 
that is not being used. As in manufacturing, it is the direct 
result of overproduction. It means excess of information, 
such as designs that wait for the next available resource. 
Information waiting in queue to be processed is the most 
dangerous waste. Often this leads to a late project. Usually 
this problem stay hidden and, by the time someone 
discover them, they have already resulted in extensive 
rework and long lead times. 

6. Defects and Corrections: inspection to catch 
quality problems or fixing an error already made. In 
product development means to made program audits, 
reviews, testing new components instead of reusing 
proven ones, late engineering changes and all for of 
rework.  

7. Motion: excess motion or activity during task 
execution. This happens when people attend unnecessary 
meetings, create redundant status reports or prepare and 
participate to unnecessary projects reviews [Liker and 
Morgan, 2006]. 

8. Unused Employee Creativity. This waste 
concerns the bad management of people’s capabilities. It 
happens when there is not sufficient sharing of knowledge 
between employees or when are given no responsibility to 
people that feel unmotivated.  

In this paper, Liker’s work have been analysed and a 
library of wastes have been created. A further step was 
taken to concretely integrate industrial experiences on the 
type of wastes they encountered in their design activities. 
Ten Italian companies are asked to list and brainstorm all 
the wastes existing within their NPD processes. The effort 
was to combine theoretical and practical list of wastes to 
obtain a solid classification of wastes, which is synthetic, 
meaningful, non-redundant, and exhaustive. Table 1 

shows the list of NPD process wastes (Non-value adding) 
derived from both literature and practice. 

Description Waste Class Waste Macro 
Class (8 Wastes) 

Specifications not needed and/or 
not implemented are formulated 

Over specification Over Producing / 
Engineering 

Specifications are formulated 
with too much details and/or too 
much earlier (for the specific 
NPD phase) 

Over specification Over Producing / 
Engineering 

Product functionalities not asked 
/ needed are implemented 

Over designed Over Producing / 
Engineering 

Projects not needed and/or not 
convenient are studied 

Over designed Over Producing / 
Engineering 

Design data and info are 
formulated with too much details 
and/or too much earlier (for the 
specific NPD phase) 

Over information Over Producing / 
Engineering 

Components / materials not 
needed are used in the product 

Over components Over Producing / 
Engineering 

Time spent (without adding 
value) waiting to process 
information 

Waiting to process 
information 

Waiting 

Waiting for decisions, persons, 
resources, data, information, 
documents 

Waiting for 
information 

Waiting 

Information are available in 
different formats and ICT 
systems (e.g. CAD, PDM, ERP) 
can’t interoperate  

Information 
systems 

Conveyance / 
Transportation 

Information might be manually 
retyped from one process / 
system to another  

Manual 
transcodification 

Conveyance / 
Transportation 

Unneeded and not useful 
activities are performed along the 
development phase 

Unnecessary / 
Excessive 
activities 

Processing (Over / 
Inappropriate) 

Unnecessary and not useful tests 
are performed  

Unnecessary / 
Excessive 
activities 

Processing (Over / 
Inappropriate) 

Unnecessary and not needed 
tolerances are included 

Unnecessary / 
Excessive 
activities 

Processing (Over / 
Inappropriate) 

Development of parts / 
components / products already 
designed and existing, without 
re-using previous works and 
projects 

Unnecessary / 
Excessive 
activities 

Processing (Over / 
Inappropriate) 

Too many authorizations / 
controls are needed to perform 
an activity 

Unnecessary / 
Excessive 
activities 

Processing (Over / 
Inappropriate) 

Unnecessary, not useful, not 
appropriate, immature, not error-
free technologies are used 

Inappropriate 
process 

Processing (Over / 
Inappropriate) 

Development of changes not 
asked or not needed 

Inappropriate 
process 

Processing (Over / 
Inappropriate) 

Time is spent for reworks and 
revisions due to changing 
priorities, information, data, 
requirements 

Inappropriate 
process 

Processing (Over / 
Inappropriate) 

Time is spent working with 
incomplete / incorrect / 
inappropriate / not reliable 
information, data, requirements 
are performed 

Inappropriate 
process 

Processing (Over / 
Inappropriate) 

The development process is Inappropriate Processing (Over / 



performed in different ways, 
depending by customers / 
suppliers / others 

process Inappropriate) 

Designs wait for the next 
available resources 

Bad accumulation Inventory 

Batches of projects remains 
untouched 

Bad accumulation Inventory 

Unneeded travels might be done 
for managing projects and teams 

Travel Motion 

Unneeded and unuseful meetings 
are continuously organized 

Meeting Motion 

Reworks and revisions derived 
by poor-quality products 

Poor design Correction 
(Reworks / 
Defective) 

Reworks and revisions due to 
incomplete / incorrect / 
inappropriate / not reliable (of 
suspect quality) information, 
data, requirements 

Poor design Correction 
(Reworks / 
Defective) 

Reworks and revisions derived 
by not successful products 

Poor product Correction 
(Reworks/ 
Defective) 

Communications failure and 
non-conformance 

Bad knowledge 
managed 

Unused Employee 
Creativity 

Inability to reuse previous 
knowledge 

Bad knowledge 
managed 

Unused Employee 
Creativity 

New employees can't retrieve 
company knowledge easily 

Bad knowledge 
managed 

Unused Employee 
Creativity 

Table 1: Classification of wastes. 

 

3. The proposed Methodology  

The aim of the implementation of Lean techniques in 
NPD process is to focus on value creation by eliminating 
non-value adding activities throughout the process. 
Therefore, one should identify first the right customer 
value the product should fulfil. Further, any activities that 
add no value for the customer should be identified and 
eliminated from the process. The current literatures have 
little practical contribution on how to identify possible 
wastes in NPD process. Rather, descriptions and possible 
ontology of wastes have been given more attentions. 
However, without a proper methodology to identify 
wastes it is practically difficult for companies to make 
effort for process improvements for value delivery. So, 
this paper aimed at filling the existing gap in literature to 
give a practical method for identifying wastes in NPD 
process. Moreover, the paper proposed to validating the 
method through multiple interviews across manufacturing 
industries for its practical significances. 

The idea and logics of the method come from an already 
existing tool, FMEA (Failure Modes and Effects 
Analysis). It has been extensively used for the analysis of 
potential failure modes within a system for classification 
by the severity and likelihood of the failures. Moreover, in 
this paper FMEA has been used as a base for the waste 
identification and analysis for following reasons: it is a 
prevalent tool used in many companies to identify and 
improve failures, and it is an effective method to relate 
multiple sources of failure modes with their severity. 

Therefore, it has been a good analogy to be taken for 
identification and evaluation of source of wastes in NPD 
process. Indeed, it will be easier for companies to extend 
its usage without much effort to be applied to NPD 
process improvements.  

The failures analysed here are not physical product failure 
but are “failures” of the NPD process itself, called wastes. 
The idea is to create a model capable of identifying, 
measuring, and improving potential causes of these NPD 
process wastes. In order to achieve this we introduced a 
way to measure them. For each waste we propose the 
calculation of several indicators that multiplied each other 
will determine a Priority Index of Intervention (PII). In 
this way wastes can be ranked depending on their index 
and companies can improve their NPD Processes starting 
from the wastes characterized by higher PII value. This 
model can hence be used inside organizations, by teams or 
member interested to improve NPD performances. Since 
the input should come from several people within a firm 
(engineers, managers), it must be easy to be used, quick to 
compile and the outcomes must be understandable. 
People, compiling the model, have only to choose the 
options that better describe the real case, than the model 
associate them a value, and automatically will return the 
Priority of Intervention. 

The model (Table 2) is structured in Excel as follows: as 
explained before, the aim is to assign a value to every 
waste in order to be able to rank them at the end. Hence 
the wastes classification we elaborated before represent 
the first part of the model. Each waste constitute a line in 
the excel cartel. The columns are several. Here the 
description of each of them, through which the 
functioning of the model will be explained. But, first of 
all, a description of some core concepts. 

-Waste is a situation that can be identified and tangibly 
measured (with major or minor effort).  

-Cause is a phenomenon that implies the manifestation of 
a waste. 

-And, a class, is a classification (however disputable) that 
allows to unite more similar wastes, even due to different 
causes. 

-Probability (P): How many times the waste occurs in 
NPD? How is the probability it occurs? It means to 
establish how frequently a waste can be met. People can 
choose between: 

Never (1); Sometimes (2); Often (3); Always (4) 

-Severity (S): How much the waste represents a problem 
for the company? How much serious is this waste? It 
means trying to quantify the graveness of a waste. People 
can select one of these four options: 

Unimportant (1); A Little (2); Enough (3); Very Much (4) 

-Detection (D): How easy it is to detect the waste in NPD? 
The effort here is to define how simple, or not, is to 
identify and recognize a waste. Even in this case there are 
four options: 



Very Easy (1); Easy Enough (2); Hard Enough (3); 
Impossible (4) 

-Avoidability (A): Is it possible (or not) to avoid the waste? 
How much avoidable is it?  

Avoidable Waste. Linked to a non-value added activity, 
not necessary, easily to eliminate/ to avoid  (4) 

Quite Avoidable Waste.Linked to a non-value added 
activity, not easy to eliminate, quite effort is required (3) 

Difficult to Avoid Waste. Linked to a non-value added 
activity,  it is disputable if it is strictly necessary or not (2) 

Not Avoidable Waste. Linked to a non-value added 
activity, but strictly necessary    (1) 

In this case the scale is 4, 3, 2, 1 because we know that 4 
must be assigned to those wastes that deserved major 
priority of action. Here why in this case 4 is allocated to 
easily avoidable wastes and 1 is given to not avoidable 
wastes. It respects the idea that it is better to first improve 
those wastes that are more easily “improvable”. This 
index will be included in the final formula. 

-Priority Index of Intervention (PII): it’s the final index. It 
considers both the Waste Priority Index (PI) and the level 
of Avoidable (A). 

PII=PI×A (Priority Index of Intervention) 

Over 
Engineering 

Ex: Product functionalities not asked / 
needed are implemented 

Probability 

(P) 

□Never_1 

□Sometimes_2 

□Often_3 

□Always_4 

Severity (S) 

□Unimportant _1 

□ A Little bit sever _2 

□Sufficiently Significant _3 

□Highly Significant_4 

Detection 

(D) 

□Very_Easy_1 

□Easy_Enough_2 

□Hard_Enough_3 

□Impossible_4 

Avoidability 

(A) 

□Avoidable Waste_4 

□Quite Avoidable Waste_3 

□Difficult to Avoid Waste_2 

□Not Avoidable Waste_1 

PII P* S* D* A 

 

Table 2. The schema of the model 

All the aspects are considered in the PII formula. A value 
for each waste will be obtained. At this point these values 

compose the priority arrangement and the company can 
improve its NPD process just starting from the waste with 
the higher index. A further step can be to add more 
columns to the model: 

-Waste Potential Effect: this is a qualitative column. This 
must be completed indicated potential effects of the 
waste.  

-Waste Potential Cause: this is also a qualitative evaluation. 
In this cells have to be filled the potentials causes of the 
waste. It is important to clearly understand the mean of 
“cause”. In NPD it is not easy to distinguish between the 
waste and its cause. Indeed often a waste is either a cause 
of another waste, and a cause may be a waste itself. 
Therefore, a clear definition distinguishing a Waste and a 
Cause is give as: 

-Detection Way: How it is possible to detect a waste, in 
which way, which methods and tools can be used. It can 
be filled to explain how to detect wastes. 

-Recommendable Corrective Actions: Indicate Possible 
Corrective Actions to implement in order to reduce 
Priority Index of Intervention. This final column contains 
proposal on how to act. Which strategies or activities 
could be implemented to eliminate or reduce the 
particular waste? The logic is to propose something to do 
in order to limit waste effect, basing on the particular 
cause(s) that generated the waste. 

This model gives companies the ability to rapidly 
understand and individuate the major problems in their 
NPD processes. Corrective actions and continuous 
improvement measures can be taken on the major wastes 
using the recommendation listed in the library 
(Recommendable Corrective Actions). Before focusing on 
the second major waste, it could be suitable to repeat the 
procedure. In fact, improving some areas might change 
the whole NPD process, and the priority ordination could 
not be the same anymore. Therefore, this model is 
iterative. It can be employed every time the company 
wants to decide where to direct its efforts.  

 

4. Conclusions and further Researches 

The model was validated within ten Italian companies, in 
order to verify its applicability and usefulness. Once tested 
the model, but also during the trial phase itself, several 
considerations and observations about it, emerged from 
experts. First of all the methodology can be seen as an 
“Introduction to Lean”. It is interesting to propose the 
tool to different project manager and obtain graphs to 
instantaneously understand which wastes are critical for 
most of them. Then the challenging question is: why those 
situations are so dangerous for our NPD process? Maybe 
methods can become an on-line tool to be quickly filled, 
and the results can be published and shared. It is 
important to have a global vision on the matter within a 
team. Everyone should know which the major wastes are, 
and it could be useful to quantify these wastes in term of 



materials, costs or time. Each person who tested the 
model suddenly understood how it works and the time 
needed to completely fill it is no more than an hour: it 
means the tool is rapid and very intuitive. The model 
could be used to assess if there are differences depending 
on business mode and on projects type. The answers can 
reflect the personal idea of the people who has filled it, 
surely the subjective touch is influencing. So the model 
should be extended to several company members to make 
the analysis more objective and complete. The 
classification is not absolute. It means that every company 
can adapt list of wastes basing, for example, on their 
experience or sector. The classes seem to be enough, but 
the challenge will be to elaborate and adapt the model, in 
order to enhance its utility. The model can be seen as a 
check list to give the manager an assessment tool to 
indicate what to do and where to intervene. 

Particular attention must be put to accurately fill the cells. 
A benefit of the model is to quick restitution of some 
solution about how to “repair the waste”, as described in 
last column (Recommended Corrective Actions). The 
corrective action depends on the specific cause that 
generated the waste. As the model is actually structured, 
once found the major risky wastes, a kind of qualitative 
analysis has to be performed. Possible corrective actions 
depend on possible causes. The line between waste and 
cause is labile and attention must be paid not confuse 
among them. Each waste can be determined by several 
causes, and Ishikawa chart (Fish-bone diagram) can be 
used to explore all the possible causes. Further, it is 
possible to associate also a corrective action 
corresponding to every specific cause.  

Additional investigation should be done taking other 
companies to validate the model and to collect more 
sources of wastes that enable to create complete library of 
wastes in NPD. Moreover, a further research could be to 
analyse in detail the causes, effects and recommendable 
actions. Maybe creating a way to automatically associate 
each wastes, causes, effects and solutions, just checking 
some cells (rather than writing on it). A further step could 
be to quantitatively identify wastes in term of costs, time, 
and quality and so on. In this way, the Priority Index 
calculation will be definitively more accurate, because it 
will exactly define how much each waste impacts on the 
total performances, rather than depending on personal 
opinion. 

The tool is able to respect the purpose it was built for. It 
means to create a way to systematically identify wastes, to 
find a priority order by which to eliminate and reduce 
wastes. The model is a simple tool that allows identifying 
wastes, to understand the ordination by which possible 
intervention can be made and to suggest a systematic way 
to do improvements in NPD. 
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