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Unlike with waste, lean thinking does not specify value types, but focuses on developing lean value 
methods that aim to improve value. The focus lies more on improving the PDP, and less on enhancing 
information ‘value’ with respect to the multiple stakeholders. In this section we present value methods 
and concepts developed to support producing information with high value and sort them into the three 
main dimensions discussed earlier. Table 1 summarises examples of these value methods, their impact, 
and suggested parameters for measure and control. 
For example, on the transformation dimension, Chase proposes that as information flows and matures 
throughout the process, the tasks performed add value to the information by transforming it from an 
initial state of raw data to the desired state as defined by the next stakeholder used (e.g. designer, 
engineering, etc) [Chase 2000]. Within this dimension, the value methods proposed increase the 
effectiveness of activities from the point of view of their capacity for producing information. For 
instance, standardisation can support producing valuable information, because using standard 
documentation and processes can increase the probability of creating complete and accurate 
information in the correct format. The success of standardisation can be measured by parameters such 
as percentage of error reduction. 

3.2 Waste of information in LPD 

Womack defines waste as “any human activity which absorbs resources but creates no value” 
[Womack 1996]. In PD, because the value stream is represented by the flow of information produced 
within the product development process (PDP) [Graebsch 2007], it is crucial to regard waste in PD in 
terms of information. Waste of information is therefore considered as any information created, 
transformed and/or transferred without adding any value regarding the fulfilment of customer 
requirements. Several authors have studied the different types of waste in LPD [McManus 2005],  
[Oehmen 2010]. While the scope of waste types is similar in each case, not all authors consider the 
waste of information explicitly and the numbers and definitions of the waste types differ slightly. For 
example, [Haque 2004] define over-production as the creation of unnecessary detail, while [Oehmen 
2010] associate the latter with the waste type over-processing. 
The different understandings of waste types were collected through literature review, and found to be 
largely covered by Graebsch et al. Here, the definitions were analysed regarding causes of waste and 
how they impact the information flow in the PDP, i.e. what kind of waste can be observed in the 
process. Tables 2 and 3 show the waste causes and impacts for each of the three domains of: 
transformation of information, the product or deliverable, and the delivery of information. Some 
examples of parameters to understand the impact of waste are also listed in the tables, e.g. the time 
spent on non-value-adding work. 
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Table 2. Causes and impacts of waste in PD – Part 1 

 

 

 

 

 

 

 

 

Description of waste causes E. g. Ref.
Impact 

(waste type) 
E. g. Ref.

Parameter (e. g. ref.
[Kato 2005], [McManus 2005])

Unclear or shifting targets 
[Oehmen 2010] 

[Kato 2005]

Partial information [Oehmen 2010]

Lack of time [Oehmen 2010]

Unreliable process in 
communication with external 
stakeholders 

[Oehmen 2010]

Lack of standards for data 
conversion

[Haque 2004]
[Kato 2005] 

[McManus 2005] 
[Oehmen 2010]

Overengineering
(generating too much detail) 

[Kato 2005] 
[McManus 2005] 
[Oehmen 2010]

Using defective information
[Haque 2004] 

[McManus 2005] 
[Oehmen 2010]

Reinvention, lack of stadards for 
re-use of information 

[Haque 2004]
[Kato 2005] 

[Oehmen 2010]

Unnecessary information 
(dublicate work) 

[Haque 2004]
[Kato 2005] 

[Oehmen 2010] 

Unnecessary deliverables [Oehmen 2010] 

Delivering info out of sync / 
uncontroled processes

[Haque 2004] 
[McManus 2005] 
[Oehmen 2010] 

Defective deliverables 
(information, products)

[Oehmen 2010]

Obsolete deliverables [Oehmen 2010]

Defective information attributes, 
poor verification 

[Graebsch 2007] 
[Oehmen 2010]

Unclear responsibilities  [Graebsch 2007]

Unclear goals and objectives 
[Graebsch 2007] 

[Haque 2004]

Unclear Rules [Graebsch 2007]

Lack of standardization of 
processes

[Haque 2004] 

Poor synchronization in terms of 
content 

[Graebsch 2007]

Poor synchronization in terms of 
time 

[Graebsch 2007]

Non-conformance [Haque 2004]

People [Graebsch 2007]

Time [Graebsch 2007]

IT  [Graebsch 2007]

Lack of system discipline  [Graebsch 2007]

Insufficient readiness to 
cooperate  

[Graebsch 2007]

Poor schedule discipline [Graebsch 2007]
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correcting 
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Generating 
defective 

information

Cause

[Graebsch 2007] 
[Haque 2004]
[Kato 2005] 

[McManus 2005] 
[Oehmen 2010]

●Frequency of occurence
●time spent on non value adding work 
●% ressources used
●Number of affected tasks
●Number of iterations
●Length of iteration (number of tasks)
●Duration of iteration

Over-processing 

[Graebsch 2007] 
[Haque 2004]
[Kato 2005] 

[McManus 2005] 
[Oehmen 2010]

●Number of unnecessary actions
●Frequency of reformatting
●Existence of standards for  
●documentation / delivery of informaion
●Time spent (e.g. reformatting) 

Over-production

[Haque 2004]
[Kato 2005] 

[McManus 2005] 
[Oehmen 2010]

●Frequency of occurence
●Time spent on non value adding work 

●Frequency of occurence
●Time spent on rework caused by 
●errors
●Number of affected tasks
●Number of iterations

M
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Unclear 
responsibility, 

objectives, 
priorities 

[Graebsch 2007] 
[Haque 2004]

●Frequency of occurence

Poor 
synchronization

[Graebsch 2007] 
[Haque 2004]

●Inventory part count: number of jobs in  
●queue  
●Delay time: average time a single job  
●waits in queue 
●Delay time statistics: mean and 
●deviation, or distribution of wait times

Lack of 
resources

[Graebsch 2007]
●Amount of overtime hours
●Waiting time due to outdated IT-
●Systems

Lack of Dicipline [Graebsch 2007]

●Number of not executed or bypassed 
●process steps 
●Deviation of schedule

What is waste?
Effect

How can waste be assessed?

[Graebsch 2007] 
[Oehmen 2010]
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Table 3. Causes and impacts of waste in PD – Part 2 

 

Description of waste causes E. g. Ref.
Impact 

(waste type) 
E. g. Ref.

Parameter (e. g. ref.
[Kato 2005], [McManus 2005])
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Defective strategic outputs 
(understanding of customers, 
make or buy decisions), 
defective information or 
activities (defective product), 
poor design for X, requirements 
management, planning or 
supplier identification, 
inadequate design tools, use of 
immature technology

[Haque 2004]
Defective 

information

[Graebsch 2007] 
[Haque 2004]
[Kato 2005] 

[McManus 2005]

●Frequency of occurence
●Tasks affected by it
●Number of caused iterations
●Length of caused iterations
●Duration of caused iterations

Unrefined information, lack of 
reviews, tests, verifications; lack 
of interpretation 

[Graebsch 2007] 
[McManus 2005]

Errors [McManus 2005]

Unnecessary detail [Graebsch 2007]

Low amount of information Incompleteness [Graebsch 2007] ●very / sufficient / not at all
Information not meeting 
receivers need

[Graebsch 2007] Poor Relevance [Graebsch 2007] ●very / sufficient / not at all

Subjective view instead of actual 
data 

[Graebsch 2007] Poor Objectivity [Graebsch 2007] ●very / sufficient / not at all

Too much information 
[Graebsch 2007] 
[McManus 2005]

Inappropriate 
Amount of 
information

[Graebsch 2007] ●too much / appropriate / too low

Illegible text, interpretability, 
context unclear to receiver 

[Graebsch 2007] 
[McManus 2005]

Difficulty of 
understanding

[Graebsch 2007] ●high / sufficient / low

Inappropriate format [Graebsch 2007]
Poor 

Conciseness
[Graebsch 2007]

●high / sufficient / low

Scheduled waiting for 
information 

[Kato 2005] 
[Oehmen 2010]

Unscheduled waiting for 
information 

[Haque 2004] 
[Kato 2005] 

[McManus 2005] 
[Oehmen 2010]

Information hunting 
[Graebsch 2007] 

[Kato 2005] 
[McManus 2005]

Excessive approvals 
[Graebsch 2007] 

[Kato 2005] 
[McManus 2005]

Information waiting for people [McManus 2005]

Information provided to too many 
people 

[Graebsch 2007] 
[Haque 2004]
[Kato 2005] 

[McManus 2005] 
[Oehmen 2010]

Repeated sending of same 
information 

[Graebsch 2007]

Excesive data traffic
Frequent interruptions [Oehmen 2010]

Large batch size  [Oehmen 2010]

Process design and variability [Oehmen 2010]

High capacity utilisation [Oehmen 2010]

Product feature inventory [Oehmen 2010]

Capabilities inventory [Oehmen 2010]

Obsolete information [McManus 2005]

Lack of control [McManus 2005]

Complicated retrieval / lack of 
direct access 

[Graebsch 2007] 
[McManus 2005]

Outdated information system [Oehmen 2010]

Insufficient 
information 

system 
[Oehmen 2010]

Change of ownership, structural 
barriers 

[Kato 2005] 
[Oehmen 2010]

Knowledge barriers [Oehmen 2010]

Process barriers due to 
interruptions 

[Oehmen 2010]

Spatial barriers: unnecessary 
movement of people or 
information 

[Graebsch 2007] 
[Kato 2005] 

[McManus 2005] 
[Oehmen 2010]
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 What is waste? How can waste be assessed?
Cause Effect

●Frequency of occurence
●Number of affected tasks
●Number of iterations
●Duration of iteration
●Length of iteration (number of tasks)

Inventory - 
inappropriate 

storage  of 
information

[Graebsch 2007] 
[Kato 2005] 

[McManus 2005] 
[Oehmen 2010]

●% time spent to retrieve information
●Inventory part count: number of jobs in  

●queue
●Delay time: average time a single job  
●waits in queue 
●Delay time statistics: mean and 
●deviation, or distribution of wait times 
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Ineffective 
communication

[Graebsch 2007] 
[Haque 2004]
[Kato 2005] 

[McManus 2005] 
[Oehmen 2010]

●Time spent on non value adding work  
●due to hand-off 
●Time spent on e-mails
●Time spent on meetings
●Time spent on movement

[Graebsch 2007]

●very / sufficient / not at all
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Waiting for 
information

[Graebsch 2007] 
[Haque 2004]
[Kato 2005] 

[McManus 2005] 
[Oehmen 2010]

●Time spent on waiting 
●Frequency of occurence
●Inventory part count: number of jobs in  
●queue  
●Delay time: average time a single job  
●waits in queue 
●Delay time statistics: mean and 
●deviation, or distribution of wait times 

Over-
dissemination of 

information

[Graebsch 2007] 
[Haque 2004]
[Kato 2005] 

[McManus 2005] 
[Oehmen 2010]
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Poor Accuracy 
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4. Value and waste dependencies and guidelines 

4.1 Domain Mapping Matrix (DMM) 

Methods in LPD literature aim to maximise value and reduce waste. However, the relationship 
between value methods and improvements achieved is not clear. Thus, we analysed the relationship 
between value methods and waste types using a Domain Mapping Matrix (DMM) in order to 
understand how value methods can impact waste reduction (see Table 4). In this DMM, we identified 
three directions for dependency; the effect of a value method on eliminating a waste type (row to 
column), the effect of a waste type limiting the application of a value method (column to row) and an 
effect in both directions. We also defined three levels of impact; high, medium, and low, with either a 
negative or a positive effect. 

4.2 Analysis and discussion 

The analysis of the DMM yields several insights that can be used for future development: 
• Criticality of waste – Comparing the relative frequency of waste tackled by value methods 

can indicate the types of waste perceived to be most critical by method developers. Table 4 
shows that the greatest number of value methods aim to tackle critical waste such as waiting 
of information, followed by those tackling rework, defective information and over processing. 

• These critical wastes and some mechanisms to mitigate them have been discussed in literature. 
For example, Graebsch et al proposes that waiting of information can be tackled when 
information transfer is planned, and better schedule performance is promoted [Graebsch 
2007]. 

• Unbalanced focus of value methods – Table 4 shows that value methods focus on 
eliminating and minimising waste in the transformation and transmission dimension of the 
process and less on the waste in the deliverable dimension. This lack of focus on enhancing 
the deliverable content and format could be considered as a limitation of current LPD. 

• Value method effectiveness – When comparing the percentage of the high positive impact of 
value methods on waste types, we found that communication techniques, such as centralising 
discussion, can be used to tackle the majority of the waste types listed. Therefore, we suggest 
that further development of communication methods, such as communication methods that 
reduce searching for information, can yield satisfying results in eliminating PDP wastes such 
as over-dissemination and over-processing of information. Other value methods that have high 
impact on waste reduction and can be considered for further development include 
management of resources, standardisation, and pull of information. 

• Challenging the applicability of value methods – We compared the feasibility of applying 
value methods by comparing the number of waste types counteracting each method’s 
application. For example, rework and correction of information is a frequently occurring event 
in the PDP that makes achieving a ‘steady pace’ and ‘uninterrupted flow’ difficult. 

• We found that according to this criterion, flow-based methods, including approaches such as 
establishment of takt time and steady pace of progress, are the hardest to implement due to 
opposing wastes such as rework, lack of resources, and over-production. 

• Applicability of set-based engineering (SBE) approach – LPD literature suggests that set-
based engineering is one of the promising directions in PD. However, based on table 4, the 
comparison of the effect of SBE on waste elimination shows that this method mainly aims to 
increase the success of the design by focusing on quality by generating an open design space, 
and pays little attention to waste introduced as a result. 
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priorities 
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5. Conclusions 
Enhancing value and eliminating waste of information in PD can provide a competitive edge for an 
organisation by introducing high-value products. Therefore, understanding and analysing value, waste 
and their relationship can be a first step towards LPD efforts in improving PD. 
This paper has presented initial findings of a literature review of value methods, waste types and their 
relationship. The paper introduces a detailed analysis of value methods and waste types and metrics to 
monitor both. Afterwards, the relationship between value methods and waste types was explored. 
Finally, a guideline to eliminate waste when applying value methods is presented. The guideline 
includes metrics to measure the impact of value methods applied on the level of value and waste in the 
process. The guideline can be used to frame the discussion of how can value be enhanced and waste be 
eliminated in PDP. Future work may include a further investigation of the relationship, measurements 
and impact of value and waste in information based on specific phases in the PDP.  
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