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Product Development is about successfully 
maintaining focus on Value Generation 
throughout the development process.

EVOKE is about improving practices to enable a Value-Driven Design development at sub-system level 
(engine components)



Why Value Driven Design?

•  Ideally, engineered systems should be optimized according to an 
objective function1.

•  Realistically this is often too hard, so it is necessary to set 
performance requirements to be satisfied1. 

•  Hence, design choices are made to meet performance 
requirements rather than to maximize system value.

1HERBERT S:A. 1969. The Sciences of the Artificial, The Science of Design – 3rd edition. The MIT Press, Cambridge MA. Retrieved 2009-05-25. 
 
 
 
 



What is Value Driven Design?
•  VDD is a Systems Engineering strategy that enables 

multidisciplinary design optimization. 
•  VDD wants to compare design alternatives using value, rather 

than requirements.
•  VDD is controversial because performance requirements are a 

central element in the design of complex systems.

Value 
model Design Value

Adapted from: COLLOPY, P. & HOLLINGSWORTH, P. 2009. Value 
Driven Design. 9th AIAA Aviation Technology, Integration, and 
Operations Conference (ATIO). Hilton Head, SC. 

 
 
 
 
 



How does Value Driven Design work?

•  The objective function that is used to optimize 
the design is called “value model”.

•  A value model is traditionally expression of profit for 
a business (e.g., Net Present Value).

•  The higher is the NPV, the better is the design.

 
 

Value model 



Designing for value – what happens today?

Delft 
Aero engine design, mainly 
maintenance models. 

GKN Aero Sweden 
Aero-engine compressor case 
design. 

RR UK 
Aero-engine design, several 
components 

Queen’s University 
Aircraft fuselage panels design 

AIRBUS 
Laminar wing design. 

U. Southampton 
Unmanned aerial vehicles 
design. 

Manchester U. 
Coordinating AIAA VDD 
Program Committee 

Value Driven Design - European research teams
Lulea University Of 
Technology 
Value assessment in 
preliminary Design 

Blekinge Institute of 
Technology 
Value Driven Design and PSS 



Value Driven Design: main issues today

HOW TO MEASURE VALUE?

Lack of agreement on what 
should be the measures of 
design “goodness”, and how they 
can be measured1,2,3.

HOW TO INCORPORATE 
INTANGIBLES?

Current value approaches are 
strongly product centered and 
considers only physical or 
functional architectures, not 
relationship-based aspects2,3,4.

HOW TO HANDLE 
UNCERTAINTY?

Value figures in a preliminary 
design phase are built on 
knowledge with low degree of 
maturity, which is they are not 
trustworthy2,5.

HOW TO COMMUNICATE 
VALUE?

Visual ways of displaying and 
rationally analyze value 
information are yet to be 
explored2,5.

1 COLLOPY, P. & HOLLINGSWORTH, P. 2009. Value Driven Design. 9th AIAA Aviation Technology, Integration, and Operations Conference (ATIO). Hilton Head, SC. 
2 COLLOPY, P. 2012. A Research Agenda for the Coming Renaissance in Systems Engineering. 50th AIAA Aerospace Sciences Meeting, 10p.  
3 SOBAN, D.S., HOLLINGSWORTH, P., PRICE, M.E. 2011. Defining a Research Agenda in Value Driven Design: Questions That Need to be Asked, Air Transport and Operations Symposium 2011, 11p. 
4 KOWALKOVSKY, C. and KINDSTRÖM, D., 2009. Value Visualization Strategies for PSS Development. In Sakao, T., Lindahl, M., Introduction to Product/Service-System Design, Springer London, London, 

159-181.  
5 KOSSMAN, M. 2012. Validation Of The System To Link Expectations To Technical Requirements. CRESCENDO project official deliverable. 
 
 
 
 
 

HOW TO MEASURE VALUE?

•  Be aware that what is 
measured is a structure of 
imagination2.

•  Compare apples to apples1.
•  Monetization might have no 

sense in many cases3.

HOW TO INCORPORATE 
INTANGIBLES?

•  Be aware that supplier 
and customer maintain a 
relationship over time4.

•  Proactivity, trust, shared 
norms and shared mind-
sets are important4.

HOW TO HANDLE 
UNCERTAINTY?

•  Be able to distinguish a 
design prone to unintended 
consequences from another2.

•  Measure the maturity of the 
knowledge behind the value 
models5.

HOW TO COMMUNICATE 
VALUE?

•  Explore the phenomena 
of group dynamics and 
sensemaking2.

•  Embed value visualization 
tools in the the 
engineering environment5.



Value Driven Design: hints for solutions

HOW TO MEASURE VALUE?

•  Be aware that what is 
measured is a structure of 
imagination2.

•  Compare apples to apples1.
•  Monetization might have no 

sense in many cases3.

HOW TO INCORPORATE 
INTANGIBLES?

•  Be aware that supplier 
and customer maintain a 
relationship over time4.

•  Proactivity, trust, shared 
norms and shared mind-
sets are important4.

HOW TO HANDLE 
UNCERTAINTY?

•  Be able to distinguish a 
design prone to unintended 
consequences from another2.

•  Measure the maturity of the 
knowledge behind the value 
models5.

HOW TO COMMUNICATE 
VALUE?

•  Explore the phenomena 
of group dynamics and 
sensemaking2.

•  Embed value visualization 
tools in the the 
engineering environment5.

1 COLLOPY, P. & HOLLINGSWORTH, P. 2009. Value Driven Design. 9th AIAA Aviation Technology, Integration, and Operations Conference (ATIO). Hilton Head, SC. 
2 COLLOPY, P. 2012. A Research Agenda for the Coming Renaissance in Systems Engineering. 50th AIAA Aerospace Sciences Meeting, 10p.  
3 SOBAN, D.S., HOLLINGSWORTH, P., PRICE, M.E. 2011. Defining a Research Agenda in Value Driven Design: Questions That Need to be Asked, Air Transport and Operations 

Symposium 2011, 11p. 
4 KOWALKOVSKY, C. and KINDSTRÖM, D., 2009. Value Visualization Strategies for PSS Development. In Sakao, T., Lindahl, M., Introduction to Product/Service-System Design, 

Springer London, London, 159-181.  
5 KOSSMAN, M. 2012. Validation Of The System To Link Expectations To Technical Requirements. CRESCENDO project official deliverable. 
 
 
 
 
 



EVOKE�
(Early Value Oriented Design 
Exploration with Knowledge 
Maturity) �

�
Experience from an aero-engine 
development project.



VDD in aero-engine components design

Development programs are often initiated 
many years before detailed A/C 
requirements are made available to the 
engine and component manufacturers. 

At sub-system level, engineers are not 
fully aware of the detailed system-level 
consequences produced by their early 
design decisions. 

Even if requirements exist, the overall 
design intent gets lost as far as 
requirements are decomposed into sub-
systems and components. 



The VDD in the aero-engine supply chain

•  Relevant value dimensions/drivers are exchanged across the 
supply chain before system requirements are made public.
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Adapted from 
Monceaux and 
Kossmann, 2012 



Fully casted IMC, bleed-air offtake 
function implemented. 

Option #1 Option #2 Baseline 
Similar to the baseline, featuring 
fabricated Outlet Guide Vanes. 

Mostly made in composite, 
without bleed-air offtake. 

Case study: designing an intermediate 
compressor case (IMC)



#1 Define system-level 
value dimensions. 

The EVOKE process for VDD

Engine Level 



#1: Define system-level value dimensions

•  Engine expectations and needs are interpreted 
in terms of value dimensions.

•  Different projects address different needs, 
which emphasize different dimensions.

0	

5	

10	

15	

20	

25	

30	

Weight	

Em
is

si
on

s 
le

ve
l 

N
oi

se
 le

ve
l  

Q
ua

lit
y 

of
 t

he
 

 b
le

ed
 a

ir
 

Di
re

ct
 

op
er

at
in

g 
co

st
s 

El
ec

tr
ic

al
  

po
w

er
 o

ut
pu

t 

Sp
ec

if
ic

  
Fu

el
 C

on
su

m
pt

io
n  

O
pe

ra
ti

on
al

 
 r

el
ia

bi
lit

y 

Aero-engine project #1 
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Aero-engine project #2 



#1 Define system-level 
value dimensions. 

The EVOKE process for VDD

#2 Define local value 
drivers. 

Engine Level 



#2: Define local value drivers

•  Reflect engineering characteristics of the sub-system that are 
important to ensure value provision along the system lifecycle.

•  They are derived from system-level value dimensions and are 
linearly independent.

Temperature
Pressure
Weight
Drag
Reliability
Maintainability
Adaptability
Knowledge Reuse
Weldability
Manufacturability



#1 Define system-level 
value dimensions. 

The EVOKE process for VDD

#3 Map value dimensions 
with local value drivers. 

#2 Define local value 
drivers. 

Engine Level 



#3: Map dimensions with local drivers

•  Different strategies at system level emphasize certain 
dimensions, and in turn a few local value drivers.

•  The mapping activity renders different weights for the local 
value drivers, which are then used in the value model.

0.00% 
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10.00% 

15.00% 
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#1 Define system-level 
value dimensions. 

The EVOKE process for VDD

#3 Map value dimensions 
with local value drivers. 

#2 Define local value 
drivers. 

#4 Define the engineering 
characteristics of 
alternative designs. 

Engine Level 



#4: Define the engineering characteristics of 
alternative component designs

•  New design concepts are evolutions of an existing technology 
platform.

•  They are defined in terms of their expected high level 
engineering characteristics (e.g., shape, dimensions, 
materials, lifecycle properties), using the platform as a reference. 

Option #1 

Option #2 

10% use of 
composite  
material 

 
 
 

80% use of 
composite  
material 

5mm case 
thickness 

 
 
 
 

7mm case 
thickness 

6m^3/s discharge 
of cooling 

fluid 
 
 
 

8m^3/s discharge 
of cooling 

fluid 

Engineering characteristics 



#1 Define system-level 
value dimensions. 

The EVOKE process for VDD

#5 Map value drivers 
against engineering 
characteristics. 

#3 Map value dimensions 
with local value drivers. 

#2 Define local value 
drivers. 

#4 Define the engineering 
characteristics of 
alternative designs. 

Engine Level 



#5: Map value drivers against engineering 
characteristics

•  Non linear merit functions are used to measure the 
“goodness” of a design for a given value driver.

•  They approximate well the behavior of utility curves.
•  The shape of a “Merit curve” is controlled by a 

“neutral” (“optimum”) point and by a Tolerance value.

Use of composite material 
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Case thickness Discharge of cooling fluid 

WEIGHT 



#1 Define system-level 
value dimensions. 

The EVOKE process for VDD

#5 Map value drivers 
against engineering 
characteristics. 

#3 Map value dimensions 
with local value drivers. 

#2 Define local value 
drivers. 

#6 Calculate the merit 
score (value) of each 
design. 

#4 Define the engineering 
characteristics of 
alternative designs. 

Engine Level 



#6: Calculate the Merit Score of each 
design
•  Aggregating the Design Merit scores obtained by each value driver for 

each engineering characteristics, it is possible to obtain the overall 
“value” of a design.

•  The method used for value calculation is named Customer Oriented 
Design Analysis (CODA) and it is derived from QFD.



#1 Define system-level 
value dimensions. 

The EVOKE process for VDD

#5 Map value drivers 
against engineering 
characteristics. 

#3 Map value dimensions 
with local value drivers. 

#2 Define local value 
drivers. 

#6 Calculate the merit 
score (value) of each 
design. 

#7 Assess engine value 
and update dimensions 

#4 Define the engineering 
characteristics of 
alternative designs. 

Engine Level 



Knowledge Maturity assessment

•  A Knowledge Maturity model is used to evaluate the maturity/fidelity of the 
knowledge on which the value model is built. 

•  Knowledge maturity is assessed over three dimensions - input, method, 
expertise - on a scale from 1 to 5.

Input 
 

Confidence on the 
engineering 

chatacteristics 

Method #1 
 

Confidence on the engine/
sub-system correlation 

Method #2 
 

Confidence on the value 
assessment matrix 

Expertise 
 

Confidence on the value 
assessment team 

Overall 
Knowledge 

maturity 





Communicating the value model results

!

•  VDD takes place in a Stage-Gate process.
–  It is highly collaborative and cross-disciplinary.

•  To be effective, VDD requires means to:
–  Communicate “value” to the designers in the Stage, linking it to the 

product requirements.

–  Show “value contribution” to design stakeholders at the Gate.



Color-coding 3D CAD models

•  The colored visualization can characterize a part, a component, 
an assembly or a whole product, based on the focus of the 
analysis that the design team is targeting. 

•  The component or sub-assembly value depends on its higher up 
assembly or product (assembly context).

High value contribution

Low value 
contribution

Want 
details? 



Value Visualization



Implementation in SIEMENS NX HD3D VR

Users navigate the value model results within the product structure.
No limitation (in theory) to the level of granularity of the color-coded 

visualization, as far as the underlying value scores are present.  

Value 
Contribution

(color-coding)

Knowledge 
maturity
(tags)

Jump to 
validation 



Conclusions

•  EVOKE is an approach for preliminary concept selection that uses 
value as a basis for decision

•  It enables qualitative value analyses to be executed early on, 
before detailed requirements are made available,

•  Takes as input the value dimensions and drivers communicated by 
the system integrators.
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Thank you!

Alessandro Bertoni
 

Luleå University of Technology, alessandro.bertoni@ltu.se



Verification and testing

EVOKE
•  3 training sessions at GKN Aerospace 

Sweden.
•  45 participants.

•  Design of a bike wheel.
•  Questionnaire + value model exercise.

Color coding
•  8 design sessions with students in the Master 

Program in product development.
•  26 participants

•  Design of a PSS solution for BBQ grilling.
•  Observations with protocol analysis.

SYSTEM 
SUB-SYSTEM 



EVOKE– questionnaire results



Color-coding – results from observations

!

•  Investing more time in analyzing the design problem helps reducing the 
knowledge gap related to the “design process paradox”.

•  Teams able to spend more time to embed multidisciplinary 
aspects in their analysis have been proven to be more successful in 
delivering a highly valuable solution. 

Back to 
Conclusion 



Preferences for value visualization

NON MONETARY VALUE

Monetizing in preliminary 
design is cumbersome and 
potentially meaningless.

USE BENCHMARKS

Engineers want to 
understand if a solution is 
better or worse than 
reference options. 

LINK TO THE PRODUCT 
MODEL

Value information needs 
context, and has to be 
ralated to other design 
information.  

COMMUNICATE MATURITY

Engineers want to know the 
level of maturity of the 
knowledge upon which the 
value models are built. 

USE A FEW CRITERIA

Inverted U-shaped relationship 
between decision making 
efficiency and the amount of 
value information provided.  

A 

B
C 

USE MULTIPLE CUES

To take advantage of 
associative processing when 
linking to technical 
documentation.



Color-coding for value visualization

•  The results of a value model 
are mapped against a color 
scale.

•  A baseline and target value 
contribution are used as 
benchmarks to color-code 
the models.

•  Results close to the baseline 
are displayed in red, close to 
the target in green.
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