INTERNATIONAL CONFERENCE ON ENGINEERING DESIGN
ICED 05 MELBOURNE, AUGUST 15-18, 2005

IMPACT OF RESEARCH IN ENGINEERING DESIGN ON INDUSTRIAL
INNOVATION

LARS HEIN

Keywords: Metrics, Indicators, Industry, Innovation, Engineering Design

1 Introduction

As performance evaluation is being imposed on universities worldwide, metrics for the
effectiveness in both education and research are being developed and implemented. At the
same time, many universities add a new dimension to their objectives: That they shall have a
positive impact on innovation in industry. At the present there is only a limited understanding
of the quantitative nature of “university induced industry innovation’, and a strict metric is not
available at the moment. As funds for the universities are getting scarce, there is increasing
focus on those, and only those, activities that show up results in the university evaluation.
Consequently, individuals and groups are reluctant to involve themselves in industrial
innovation, as results generated in this domain do not show up in an evaluation. In previous
research [2] it has been demonstrated how design-oriented indicators are identified and set up.
This paper examines the complexity of a comprehensive and complex metrics for the effects
of engineering design research on industrial innovation.

1.1 Objectives

The objective of the research is to examine the qualitative and quantitative aspects of how
engineering design research and the subsequent dissemination of derived design tools may
support industrial innovation.
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Figure 1. Even if a complete metric cannot yet be arrived at, a simple measure being a first approximation may
be suggested.



Furthermore, the objective of the current work is to establish a metric for university induced
industrial innovation, by which the impact of an individual, a group, a department or a
university may be measured. Even if a complete metric cannot yet be arrived at, a simple
measure being a first approximation is suggested.

1.2 Methods

Based on experience with a board spectrum of mechanisms for university / industry
interaction, a basic model of the process that takes results of engineering design research
through to impact the company (and ultimately to impact society), is suggested. From this
process model, a simple measurement pattern is suggested. The complexity of the
corresponding metrics for the effects of engineering design research on industrial innovation
is then examined. From this it is demonstrated that benefits to the company and benefits to
society from research in engineering design is influenced by overriding company internal and
company external factors. Focus is then being put on the narrower, but measurable impact
from research in engineering design on the design process in the company.

2 Impact from Engineering Design Research

The current understanding that research in engineering design is undertaken for the purpose of
generating benefits for society and for industry suggests a simple model for the trickle-down
effect. The model need to branch out in the last stage, because of the difference between what
is good for business and what is good for society: the one is often, but not always, part of the
other. By examining the different steps in the process it is evident that engineering design
plays a crucial part in both of the end results, but on the other hand that other factors
influences and often override in the process.
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Figure 2. A basic model of the process that takes the results of engineering design research through to impact
the company, and ultimately to impact society.



2.1 From research to the design process

Engineering design research gets to be operational and to be deployed in industrial innovation
through a number of means. Experience shows that three basic mechanisms account for most
of the transfer from academia to industry (figure 3) in the domain of engineering design.

graduates 1

B.Sc./ M.Sc.
/ Ph.D. zl

2
engineering research / engineeting
design industry design
research confrontation proces
3

Q cons;Lllql’fjancy ?

implementation

Figure 3. The three basic mechanisms which accounts for most of the transfer from academia to industry in the
domain of engineering design.

Measurement of the first of these mechanisms are normally taken care of through the count of
students that passes the examinations, and measured in CAT, ECTS, or otherwise. The third
mechanism also often has its own measuring system, comparatively easy dealt with, in
economic terms.

2.2 From the design process to the manufacturing and sales process

It has been demonstrated ([6], [2], [10], [13]) that by determining the product characteristics,
the engineering design process heavily influences the conditions for the other processes in the
company. However, even if an optimal design is arrived at, the (lack of) capabilities of the
different departments responsible for the different processes may override the effect of the
design.
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Figure 4. Through determining the product characteristics, the engineering design process heavily influences
the conditions for the other processes in the company (adapted from [13]).



2.3 Benefits to the company

The benefits to the company of introducing a new product, i.e. the outcome of the product
business cycle, is of cause governed to a large extend by the capabilities of the manufacturing
and sales processes of the company, and thus influenced also by the engineering design
process. However, a number of factors in the company’s environment may override the
qualities of the design process and of the business processes (factor set A).

®  Current level of customers confidence

®  Current phase of long or short waves in economic conditions
®  Barriers imposed by legislation

=  Competition from other companies

" Product substitution

€ 4

Figure 5. Factors in the company’s environment may reduce the benefits below the potential (factor set A).
2.4 Benefits to society

The benefits to society of having access to a new product, i.e. the outcome of the product life
cycle, is of cause governed by the characteristics of the product (or Product Service System),
and thus influenced also by the engineering design process. However, a number of factors in
the environment may override the qualities of the design, example (factor set B):

®  Failing product acceptance by customers

®  Unintended use, and thus unintended consequences from, the product
= Incomplete service systems to support product

®  Product life cycle deviating from the intended path

®  Harmful impact from product or product processes on emerging systems, or vice versa

Attempts in current design and engineering design education to introduce socio-technical
disciplines may be seen as an effort to heighten the likelihood of the product actually meeting
the expectations, by making the product or product service system robust towards harmful
factors in the enviroment.



3 Measuring the impact of research in engineering design

A metric for the impact of research in engineering design may be applied at a number of
different stages in the process.
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Figure 6. Different measurements of the impact of research in engineering design.

From the previous discussion of the nature of the various stages it seem evident that a metric
by which to measure the impact of research in engineering design on either company business
or society benefits must incorporate factors of which researchers have no control whatsoever

Impact on company business:

M1 - f(ED research, company processes, external factor set A)

Impact on society:

M 2 = f(ED research, company processes, external factor set B)
Measuring on the level of impact on the company internal processes of manufacturing and

sales makes for a much more controlled, and indeed a very relevant, metric, but still with
elements which are beyond influence from the researcher

M3 = f(ED research, company processes)

Measuring on the level of impact on the engineering design processes

M4 = f(ED research)

may still be fraught with uncontrollable factors, but however less so.



4 From Design Research to Industrial Innovation

The production of graduates, and the consultancy and implementation activities, is already
measured on a regular basis in most universities. However, a measurement of research /
industry confrontation seems to be absent in most universities. As this is an important way of
generating impact, a true and fair measure of this would be valuable.
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Figure 7. The research / industry confrontation is an important way of generating impact, and is still not
measured on a regular basis in most universities.

4.1 Carriers of confrontation

Carriers of such research / industry confrontation may be of diverse nature, covering as some
of the more important elements the following. Examples are from the Technical University of
Denmark, Department of Mechanical Engineering, MEK:

®  Workshops and seminars (Product Development Methodology, Mechatronics Design, ...)

®  Company specific, in-house courses (On quality, systematic design, design of mechanisms,
Integrated Product Development, DFA, DFM, DFEn, ...)

®  Hands-on design and development projects (design of components, sub-systems, or whole
products, either through just a single step, or the whole, of the development process)

®  Design project facilitation (advise on procedure, methods & tools, creativity, organization,
design review, ...)

"  Advisory to company management (diagnosis on design and development ability,
benchmarking, reorganization of design and development department, strategic use of design
tools, ...)

Ultimately, a detailed metric based on these carriers may be worked out. At the present,
however, only a simple measure is suggested, as a first approximation.

4.2 Common parameters for carriers of confrontation

The carriers of confrontation as suggested by the list in 4.1 do share a number of common
parameters which could be made the basis of a simple measuring system. Of these, time spend
in confrontation seem to be a simple, yet powerful parameter by which to measure.

Firstly, time spend in confrontation work both ways, influencing and impacting not only the
engineering designer in the company, but also the engineering design researcher.
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Figure 8. Time spend in confrontation work both ways, influencing and impacting not only the engineering
designer in the company, but also the engineering design researcher.

Secondly, confrontation offers up a much more comprehensive set of means by which to
convey and express the messages, than for example the written word, and it offers the option
of dialogue, which will bring the discussion to the core of the issues in a way that writing and
reading never will.

Thirdly, confrontation when conducted successfully lends credibility to the message from the
researcher, as by the confrontation he offers his messages and opinions up for criticism and
examination.

Lastly, confrontation requires mutual consent, thus bringing to a close any happening which is
not beneficial to both parties. In this way the researcher will only be able to uphold
confrontation over a prolonged career if what he offers is acknowledged to be of walue to
industry.

4.3 A balanced metric for education, research and innovation

A metric for innovation will have to sit alongside the metrics for education and research, and
thus it seems proper to do some kind of comparison between the tree metrics.

Table 1. A balanced metric for education, research and innovation.

Domain Carrier Measure
Education Students number of students x course points
(CAT, ECTS, ...)
Research Publications number of publications / citations
Innovation Industry confrontation number of man-hours
spend in confrontation

A quick comparison seem to indicate that
= not one of the individual metrics are exactly fair on its own
= each of the metrics are ‘true’ to some extend
= each of the metrics are more accurate locally than globally
= each of the metrics reflects an acknowledgement by the receiving party

= each of the metrics may be detailed further (as is indeed already the case for education
and research)



5 Conclusion

It seems evident that the ability to measure university induced industrial innovation is a
prerequisite for the application of resources and funding in a lean university environment, thus
the current need for a metric.

As design activities determine the ‘fate’ of most of the other operations (stakeholders) in the
company, the impact may be greater (for better or for worse) than suggested by the indicated
metric. The understanding of precisely how the design activities influence the stakeholders
should be incorporated in the framework for future optimization of the measurement system.

The ultimate objective of the current research is to establish a complete metric for university
induced industrial innovation, by which the impact of an individual, a group, a department or
a university may be measured, to balance the existing metrics for the effectiveness in
education and research that most universities have already implemented.

At the moment, however, a simple metric, time spend in confrontation, is suggested as a
simple yet powerful parameter by which to measure the impact of research in engineering
design on industrial innovation.
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