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Abstract

The academic literature provides many models of the innovation process, often based on the ‘innovation fun-
nel’. Experience from earlier research has shown that these models struggle to define innovation as a process
at the strategic level or provide ways to measure innovation effectiveness. A strategic model of innovation was
developed to address this gap based on the methodology International DEFinition method (IDEF@ ). Model-
ling innovation as a hierarchical, standardized process conforming to the strict discipline of IDEF@ resulted in
an improved understanding of the innovation process. It enabled a more robust measurement of the compa-
ny-wide impact of innovation support activities; in this research case measuring the benefits of adopting TRI1Z
tools.

Since the original work, this strategic model has been applied to diverse fields including Fast Moving Con-
sumer Goods (FMCG), Automotive, Agriculture, Fisheries, City Planning and Sustainability. Learning from
these experiences has informed refinements to the model such that it now provides a coherent, top-level un-
derstanding of innovation as a strategic process.

The key takeaway is that innovation is more than introducing new products and services; it is closely aligned
to business strategy, encompassing all business activities. The proposed innovation model emphasizes the
importance of intangibles. It also addresses the contradictions inherent in embedding sustainability within
business and in society more widely. A valuable benefit of the proposed model is that it contextualizes discrete
innovation programmes within a holistic framework. This paper describes the model and its practical applica-
tion in framing Systematic Innovation programmes including TRIZ and TrenDNA. An example is provided,
asking the strategic question - is the world really transitioning to electric vehicles, and if so, when?
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1. Introduction

Avon Vibration Management Systems (now DTR
VMS) is a world leader in automotive elastomeric
chassis and engine mounting systems, with several
world firsts. Engine mounting systems manage loads,
articulation/travel and vibration isolation under ex-
treme working conditions.

In 2004 a research collaboration between Avon
VMS and the University of Bath aimed to introduce
TRIZ as a methodology to improve innovation (Fro-
bisher, 2010). In common with automotive industry
practice, the company used Six Sigma as an improve-
ment philosophy. Projects were conducted within the
DMAICT framework (Define, Measure, Analyse, Im-
prove, Control, Transfer). This prompted the question —
how to Define and Measure innovation?

Definitions of innovation found in literature were
centered around various wordings and interpretations
of ‘the commercial application of new inventions’.
Whilst this was obvious, the DMAICT approach for
process improvement requires more than a top-level
description of the process — the ‘what’. It requires a
comprehensive understanding of the process itself — the
‘how’. This necessitated a review of detailed innova-
tion process definitions and models. These were found
to be overly focused upon ideation, creativity and in-
vention and unsatisfactory for the purpose of the pro-
ject. A suitable innovation process model was therefore
unavailable, and one needed to be created.

This paper describes a model of innovation, based
on the IDEF@ modelling approach, that was derived
and applied during the project with Avon VMS. The
benefits of using this comprehensive innovation model
to guide innovation activities are discussed, and the
potential benefits for TRIZ and Systematic Innovation
practitioners identified. The application of the model is
demonstrated through a case study of innovation in the
electric vehicle market.

The novel contribution to the body of knowledge
that this paper contributes is that:

*The innovation process can be decomposed into
hierarchical functions

«Innovation sub functions are shown to transcend
departmental and even inter-company boundaries

*The IDEF@ model of innovation is scalable from
the company level to entire economic sectors

*The IDEFZ model supports the TRIZ approach
to innovation, identifying contradictions

Innovation is a holistic process that includes op-
erations and end use of the product or service
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Section 2 of this paper provides an overview of
typical innovation models, grouping them in the do-
mains of design and management. Section 3 is an in-
troduction to the IDEF@ methodology. Section 4 ap-
plies IDEF@ to the innovation process with an example
applied to the electric vehicle market. Section 5 dis-
cusses the implications of the work and Section 6
draws conclusions and recommendations for further
research.

2. Typical models of innovation

The existing innovation literature was reviewed in
order to identify relevant models of the innovation
process. Models were identified from two different
domains: the design domain, and the management do-
main.

Starting with the design domain, a commonly cit-
ed model of the innovation process was developed by
the UK Design Council (2007), which is known as the
‘double diamond’ — shown in Fig.1. The model splits
the innovation process into four phases that alternate
between divergent exploration and convergent activi-
ties. Significant emphasis is placed on developing a
better understanding of the problem through the ‘dis-
cover’ and ‘define’ phases, such that a precise problem
definition and design brief can be formulated. The ‘de-
velop’ phase then explores the potential solutions to the
defined problem, before a final solution is selected and
introduced in the ‘deliver’ phase.

Discover
n

Define Develop Deliver
lem  the area to focus u stential solutior utior

Problem Definition  ._

Design Brief

Fig. 1 Double diamond model of the innovation process (Design
Council, 2007).

Another widely cited innovation model is ‘design
thinking’. Popularized by the Stanford d.school, this
model, shown in Fig. 2 shares similarities with the
double diamond model in terms of the overall process,
but places more emphasis on understanding the user of
the product or service in the ‘empathize’ phase, as well
as on prototyping and iterative improvement of the
design during the development of the final solution.
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The influence of the design thinking process model and
key principles can now be seen outside of the design
domain, in areas such as information technology and
business management, Dorst (2011).

These models, which represent innovation as a
sequential process, have proven popular with innova-
tion practitioners, which may be because they represent
the innovation process as experienced at the operation-
al level i.e. as a series of activities that each help to
progress towards the completion of a defined, discreet
‘project’. However, the limitation of these innovation
models is that they do not provide a complete overview
of the factors that influence innovation activity as a
strategic business process.

Clearty articulate the Design a (series of)
problem you want to prototype(s) to test all or
solve

part of your solution /
\ / Engage in a
short-cycle testing
process to refine and
improve your
solution

PROTOTYPE

Develop a deep
understanding of the
challenge

Brainstorm potential
solutions, select, and
develop your solution

Fig. 2 ‘Design thinking” model of the innovation process
(Brown.T, 2009).

Looking next at the models of innovation from the

management domain, the model presented by Tidd et al.

(2005), shown in Fig.3 is typical of the management
perspective of innovation. Whilst the core process of
‘search, select, implement’ is very similar to the se-
quential models from the design domain, there are key
additions. For instance, the strategic context of the or-
ganization is now explicitly represented as an influ-
encing factor. Also, the importance of learning and
improvement over time is shown, with the idea that the
organization is progressing towards becoming an ‘in-
novative organization’. Hence, from the management
perspective, there is less emphasis on the individual
project, and more emphasis on the activities and per-
formance of the whole organization.
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Strategic context

Search Select

Implement

(Acquire/Execute/Launch/Sustain)

Innovative
organisation

Time

Fig. 3 Typical model of the innovation process from manage-
ment domain (Tidd et al, 2005).

This more holistic view was a key aspect of the
work by Stafford Bear in 1960s, who developed the
‘Viable System Model’ (VSM) as part of his cybernetic
theory of organization, Bear (1972). VSM was intended
to help describe all aspects of an organisations activi-
ties, including innovation. The model, shown in Fig.4
proposes five essential ‘organs’ that make up any au-
tonomous, self-sustaining organization: the operational
organ (S1), the coordinator organ (S2), the controller
organ (S3), the planner organ (S4), and the policy or-
gan (S5).

ENVIRONMENT

KX

[

N
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MANAGEMENT
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|
i Future \4__ - ..
l\ Enviroment |
N //
~ -

N ———

Operational | g
Environment
A

‘Operational
Environment

Fig. 4 Viable System Model of the organization (Bear, 1972)

Key aspects of VSM include an emphasis on the
interaction between the organization and the external
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environment, the need to predict and respond to future
changes, and the need for communication between all
functions to ensure the success of the system. Whilst
VSM provides a comprehensive and holistic model of
the organization, it is perhaps more theoretical and less
intuitive or practical as a support to inform and guide
innovation activities.

What this brief review has shown is that the mod-
els of innovation from the design domain offer a prac-
tical, project-based perspective of the innovation pro-
cess but typically do not sufficiently consider the con-
text of the project in terms of the wider organization or
the external environment and do not consider the
changes that occur within them. These elements are
considered to some extent in the innovation models
from the management domain, but none of the existing
models incorporate all of these elements and present
them in a way that offers practical guidance or insight
that can help innovation managers. The aim of this pa-
per is to address this knowledge gap by applying the
IDEFZ modeling approach to develop a comprehen-
sive and practical model of innovation.

3. Introduction to the IDEF@ method

IDEF@ is a functional modelling approach devel-
oped by US Air Force Materials Laboratory in the
1970’s. In the 1980°s it was used to model the US mili-
tary supply chain. Any process can be modelled using
the IDEF@ convention, ‘ICOM’ — Inputs, Controls,
Outputs, Mechanisms.

According to the method, verbs/functions are
contained in boxes and are fed by arrows which are
nouns — things, including data and information as well
as physical objects and substances, as shown in Fig 5.

Control 1 Contral 2
Input 1 Qutput 1
Process
Input 2 (verb)
Qutput 7

Mechanism 1

Fig. 5 IDEFZ ICOM process box.

Inputs are transformed or consumed by the process -
e.g. raw materials, data or energy

Controls specify the conditions for the process to
produce the correct output
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Outputs are the data or objects resulting from the
process.

Mechanisms are the means and resources which
support the process.

Each process can then be decomposed into sub pro-
cesses at increasing levels of detail in a hierarchical
structure as described in Fig. 5.

” /
- /) More General

More Detailed

This box is the parent of
this diagram.

/ NOTE: Node numbers shown

! here indicate that the box has
been detailed. The C-number
or page number of the child
diagram could have been used
instead of the node number.

Fig. 6 IDEF@ decomposition model structure (KBS, 2005).

The A-0 level enables the modeller to communi-
cate the context of the system, and the AO diagram
shows the top level of the process (the reader is di-
rected to note the distinction between ‘A-0’ and ‘AQ’).
The decomposition of the boxes also applies to the ar-
rows, which sub divide at lower levels — so ‘data’ may
comprise invoices, schedules, designs and so forth at
lower levels. The arrows into and out of a lower level
box must remain consistent with the arrows at the
higher level.

It is also important to note, that in common with
the ‘organs’ of the Viable System Model shown in Fig.
4, processes are not strictly sequential, although they
can be considered in this way. It is more akin to look-
ing a circulatory or nervous system. This contrasts with
the sequential mindset of the design paradigm of inno-
vation.

The IDEFZ modelling approach promotes deep
questions about the nature of processes, expanding the
mindset outside of departmental structures; with a
TRIZ-like focus on function. In the next section, we
apply the IDEF@ modelling approach to the innovation
process.
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4. An IDEFZ@ model of innovation

The IDEF@ method requires that each box con-
tains a verb that describes a process. ‘Innovate’ is a
verb and is therefore a valid process for IDEF@ defini-
tion and modelling.

At the highest hierarchical level, Fig. 7 is the A-0
context diagram for the ‘innovate’ process, showing the
top-level inputs, outputs, controls and mechanisms.

Customer Technology Business

Available Knowledge New Knowledge / IP
/1P

impact__ Tangible
Intangible

Natural Resource

/Energy Innovate

Added
0 Value £$€

Loos/

Methods

Investment
£$€

People Infrastructure

A0 \

Fig. 7 Innovation A-0 context diagram

There are three categories of inputs: available
knowledge and Intellectual Property (IP), natural re-
sources including energy, and investment. Through the
innovation process, these inputs are transformed into
the outputs of: new knowledge and IP, impact (tangible
and intangible) and added value. Of these outputs, it is
the impact aspect that merits further discussion.

Typical models of innovation tend to focus on the
tangible outputs of a single innovation project in terms
of the new products/services delivered and the mone-
tary added value for the business. In this IDEF@ model,
the term ‘impact’ is used to encompass both these tan-
gible impacts as well as the intangible. Furthermore, it
is important to consider all impacts of an innovation
process, both positive and negative. This broad defini-
tion of impact leads to categorization and examples of
‘impacts’ shown in Table 1.
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Table 1 Innovation output — impact.

Positive Tangible Positive Intangible
Societal benefit
Pride, surprise, delight, WOW!

Happiness, contentment

e Increased sustainability .

e Satisfied customer needs (jobs done)

e Products performing safely and to
specification .
e Improved health, safety, wellbeing

Love, acceptance, belonging
Nostalgia

¢ Increased wealth and financial Feeling ‘in on things’

security * Sense of progress
¢ Economic stability * Good reputation
¢ Employment * Meaning

Negative Tangible Negative Intangible

e Carbon footprint * Societal Harm - e.g. unintended

e Environmental pollution, consequences

contamination e Shame, embarrassment
*  Waste, faulty goods or services e Fear, shock
e Harm, risk to people (customers or + Hate
employees) * Anger, rage
e Unsustainable consumption ¢ Frustration
¢ Financial — expense * Bad reputation
e Economic disruption * Injustice

The outputs in Table 1 are by no means compre-
hensive. TRIZ practitioners will notice a similarity with
the ideality equation; with positive outcomes set
against costs and harms. Good innovation output
means more good things and less cost and harm,
achieved by breaking contradictions — for instance re-
duced environmental impact whilst simultaneously
satisfying consumer needs.

The mechanisms of innovation (sometimes re-
ferred to as ‘means’), include ‘people’, ‘infrastructure’
and ‘tools/methods’. People are the primary means of
innovation and, as we shall see in the next section,
‘people’ includes those in the supply chain, at all levels
and functions of business, and customers/consumers.
This is in contrast with the prevailing assumption that
innovation is conducted by designers, scientists, engi-
neers and marketers.

People require an infrastructure to work within —
buildings, machines, software, communications,
transport and includes the supply chain.

People also require tools and methods to effi-
ciently organize. This includes management systems
and methodologies, innovation tools such as TRIZ,
production process improvement tools such as Six
Sigma and Lean, and physical test methods such as
validation test protocols.

Finally, considering controls, there are three
sources of requirements and constraints that together
shape the outputs of an innovation activity. These are
‘customer’, ‘technology’ and ‘business’. The im-
portance of understanding customer needs - whether
explicitly expressed or implicit/unconscious - is exem-
plified by the design and business innovation para-
digms and marketing disciplines. Even ‘new to the
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impact_Tangible

Intangible

Develop

Knowledge

Added
Value £$€

Investment Budget

Launch

£$€

People Infrastructure
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Fig. 8 IDEF@ Innovation process diagram AO.

Tools /
Methods

world’ products will make use of existing technologies
(such as production technologies) and must therefore
take account of the limitations and constraints that
those existing technologies impose. These ‘technolo-
gies’ can be categorized within the domains of Physics,
Chemistry, Biology and IT/communications. The busi-
ness performing the innovation activity also generates a
number of constraints, such as the need to comply with
regulatory requirements, meet legal obligations or sat-
isfy the overall strategy of the business, which may be
to make strategic moves in relation to competitors or
deliver an exit strategy.

So far, at the A-O context level, the range of is-
sues addressed by the IDEF@ model of innovation
show considerable overlap with those covered by the
typical models of innovation described in Section 2.
The main novelty of this approach to understanding
innovation is that managers should consider the tangi-
ble and intangible, positive and negative impacts and
not just the product delivered and the financial added
value. However, it is when we dig down into the next
level of decomposition that we start to unearth some
interesting insights.

Fig. 8 shows the A0 IDEF@ diagram for the ‘in-
novate’ process, which reveals the sub-processes and
the next level of connecting arrows (not all arrows
shown). The main sub-processes are ‘operating the
business’, ‘planning the business’, ‘developing new
things’, ‘launching new things’, and ‘use of the product
or service’.

The design paradigm models of innovation tend to
focus on processes Plan, Develop and Launch. In con-

International Journal of Systematic Innovation

24

trast, the IDEF@ model brings in processes Operate
and Use into the innovation process context.

Operation provides the finance to support every-
thing else. Even in a start-up, it is an operational pro-
cess to secure investment. In established companies the
organization must decide what proportion of the finan-
cial output of the operations function should be taken
as profit (added value) versus developing, improving
and implementing new processes within the operations
function, as well as new products and services. This is
a strategic decision.

Other than investment or external funding, Opera-
tion depends on receiving money from customers, and
therefore Use comes within the innovation process.
Again, this is a point of difference with the typical
view within both design and business paradigms that
customers are external to the innovation process.

In practical use of this model, it has been found
that the sub-process boxes hold true at any organiza-
tional scale. It holds at the level of a department, busi-
ness unit/profit center, industrial sector or even at the
national governmental level. It can therefore be con-
sidered generic. The hierarchical level context becomes
more specific when considering the arrows.

When using IDEF@ to represent an innova-
tion activity, modelers have to use judgement so as to
present the IDEF@ diagram in a suitable manner for the
context and purpose of the work. Whilst all flows of
knowledge, resources and investment can in theory be
represented, it is better to focus on the most important.
Even with some pruning, Fig. 8 serves to demonstrate
the many interlinkages between the sub processes and
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why innovation is such a complex process to manage;
encompassing so much of what an organization does.
We cannot go into the detail of each arrow, but discuss
some key insights from Fig. 8 here.

Who does innovation? The traditional view would
be those contributing to the Plan, Develop and Launch
processes. But this is the wrong question. The model
shows that it is not individuals but the organization that
does innovation. The right question is “Who contrib-
utes to the innovation process?” And that iS everyone —
including the operations function and customers. The
People arrow subdivides into the operations team, the
planning team (often senior managers), the develop-
ment team (specialists, technical and marketeers), and
the launch team (mixture of project managers, tech-
nical and production/operations people). Finally, there
are the customers and end users on which the whole
innovation system depends.

From a traditional innovation managers perspec-
tive, the takeaway is that many of the people that affect
innovation are outside of your direct control, and some
you don’t even know about - particularly in the supply

P. Frobisher/ Int. J. Systematic Innovation, 6(3), 19-29 (2021)

production facilities, including the supply chain right
back to the mine or farm. Sourcing and purchasing
strategy can be influenced by organisations to mini-
mize negative imp acts, but also the innovation process
itself can seek to balance or break the contradictory
requirements of innovation controls — consumer needs,
technology, and the businesses financial realities, regu-
latory/legal and competitive landscape. It is also im-
portant to note that the way customers use and dispose
of a product is part of the responsibility of the innova-
tion process which represents an innovation challenge
in itself.

From this brief introduction, it is clear that apply-
ing the IDEF@ methodology to model the innovation
process provides a model that is both comprehensive
and also able to provide fresh insights and perspectives
of innovation. The IDEF@ model can also be used to
forecast future developments at a sector level. A case
study has been developed of the IDEF@ model applied
to the automotive sector, considering the transition to
electric vehicles (EVs). The A-0 context diagram is
provided in Fig. 9 whilst the full case study is available

Battery capacity vs weight

journey distance vs charging time
vehicle range vs price

EV Patents have Battery IP activity high

Battery capacity vs size
Charging speed vs Temp
Battery performance vs safety
Battery performance vs cost

Many countries ®

banning ICE by 2040 L}

..'e.;:.

e . {
Legislation is positive =r T W

ke
peaked Uncertain Indicator Uncertain Indicator Uncertain Indicator Large OEM’s moving towards EV’s
Customer Technology Business GM, VW, Ford, Toyota. But remaining “on
the fence”
Many startups and new entrants - Fisker,
Dyson, Byton , Ryvian + many Chinese,
e.g. NIO
Positive Indicator N
Available Knowledge ‘ New Knowledge / IP
/1P Positive Indicator
Concerns for Materials . Early adoption i
Natural Resource Impact Tang.lble kAl iieting
— e e > positive - e.g. Norway
Positive For Ene qEnere Innovate oL
AL v roy Positive Indicator
Investment Added
OEM investment at $90 Billion £3€ 0 Value £3€ Uncertain Indicator

Positive Indicator

Significant investment in charging
infrastructure

Significant investment in battery
research People
Positive Indicator

Heroes

Musk,
Prof Goodenough

Multiple high
quality battery
research teams

% o

Infrastructure
Uncertain Indicator

Concerns at Grid supply
level
Concerns with battery
production capacity

Conflicting views about the
profitability of EV’s vs ICE

Tools /
ethods

Positive Indicator

Product development tools and
methods are fit for purpose

Validation / test methods for
new technologies such as
batteries are well understood

Fig. 9 Summary of the A-0 diagram applied to the context of EV adoption in the automotive industry.

chain and end customers. Hence, the spectrum of disci-
plines, perspectives, priorities and personality types
required to successfully manage and deliver innovation
is extremely diverse and often contradictory. This per-
haps explains why so many innovation attempts fail.
Another interesting insight is that the Impact is in-
fluenced by the nature of the operations and the end
use of product and service. The tangible dimension
includes, for instance, the environmental impact of the
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at: https://strategic-innovation.co.uk/electricvehicles.

In brief, the finding is that the most important
contradictions to be solved for EV adoption are primar-
ily within the battery domain. It appears that sufficient
investment is going into solving the right problems
such that, if resolved by the talented teams working in
the area, it should flip the majority of the industry to
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producing full electric EV’s, perhaps more quickly than
some will be expecting.

Further recent publicly available examples of use
of the IDEF@ model applied to the fisheries sector are
available; Techau et al, (2020) and Sala Antonello et al,
(2020).

5. Discussion

The majority of models for innovation and crea-
tivity, such as the double diamond or design thinking
models, use a sequential approach to creation and
management of ideas or concepts. These models are
not wrong, and are powerful tools for their purpose,
especially in understanding the voice of the customer.
However, as evidenced in the original research, these
do not sufficiently provide insight in the broader stra-
tegic setting because they are sequential not hierar-
chical.

Strategic models that are none sequential, such as
VSM, tend to focus on the top level and are suitable for
understanding the voice of the business for strategic
planning, but are not suited as tools for management of
innovation processes.

There appears to be a need for a model that can be
both hierarchical and sequential. At the A-0 context
level, the IDEF@ model is non-sequential and hierar-
chical. At the AQ level, the IDEFZ model can be both
sequential and non-sequential. The IDEFZ model
therefore offers a potential solution to this contradic-
tion.

5.1 TRIZ / Contradictions

TRIZ theory emphasizes the importance of re-
solving contradictions to solve the right problems.
There are TRIZ based approaches for each of the
IDEF@ A-0 controls — TrenDNA (Mann, 2009) for
consumer, Classical TRIZ for technology and Business
TRIZ for business. The competing and conflicting re-
quirements that emerge from these three different per-
spectives can be viewed as a source of contradictions
by the TRIZ practitioner. As an example, taking price,
we can see that there is a contradictory requirement for
the business to seek a high price, conflicting with cus-
tomers who require a low price. This contradiction can
be solved by applying inventive principles or evolu-
tionary trends to resolve technical challenges, enabling
maintenance or enhancement of the functions that cus-
tomers require to be delivered, whilst using fewer in-
puts thus reducing costs.

5.2 Measuring Innovation
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The IDEF@ model could potentially be used to re-
fine approaches to measuring innovation. One ap-
proach would be to measure the ratio of inputs to out-
puts — the size of the jump. How effectively does the
organization  gather ~and manage available
knowledge/IP and transform this into  new
knowledge/IP? How well does the organization turn
investment into added value? How effectively does the
system, including the supply chain and end users, turn
natural resources and energy into tangible benefit? Ex-
isting approaches appear reasonably well established to
measure these tangible outputs/ratios. The primary gap
appears to be measuring and understanding intangible
output.

It is a common criticism of the capitalist system,
that businesses put profit above everything. The reader
may agree or disagree with this premise depending
upon where on the political spectrum they sit. However,
what should be agreed is that one reason this may be
true is that money is easier to measure than emotion.
Steve Jobs is famously quoted as saying, “I want to put
a ding in the universe”. In common with many entre-
preneurs, such as Elon Musk, Jobs wanted to make a
difference and leave a lasting legacy — a positive inno-
vation footprint, which is far more than a purely finan-
cial motive.

Intangible impacts are currently the domain of
marketeers - branding and market research. However,
the wider reputation of the organization, within society,
politics, media and industry is not fully addressed as
yet within the innovation strategy community. The un-
intended societal consequences of advances in tech-
nology do not seem to be responsibly considered or
even understood, never mind addressed. This is evi-
denced by the debate concerning social media and its
effect at the individual level (in terms of mental health)
and at the societal level (in terms of political influ-
ence).

Fortunately, the science of measuring intangibles
is developing. Software based approaches such as Pan-
sensic (www.pansensic.com) are making substantial
progress in this area — being able to map and track
emotional content such as frustration, fear, delight and
love.

Companies that are interested to learn more about
the legacy they are building and their intangible im-
pacts should ask themselves the question: “if we were
to delete our company, would we be missed?” Being
able to track how such intangible aspects of Impact
change over time may allow leaders to steer organisa-
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tions using more than the existing financially skewed
performance indicators.

5.3 Sustainability

There is an increasing urgency to address global
environmental challenges. The IDEF@ model empha-
sizes to individual companies that their innovation im-
pact (footprint) includes their direct environmental
impact but that they also have a responsibility to man-
age the impacts of their supply chain and the behavior
of customers.

The hierarchical approach of the IDEFZ model
also allows analysis at the industrial sector level, giving
policy makers an insight into the nudges and frame-
works required to successfully align the value-add fi-
nancially oriented output arrow with sustainability ob-
jectives.

5.4 Managing Innovation

Insights related to tackling relevant contradictions
and managing knowledge have already been covered in
this paper. From experience, most companies are not
short of great ideas, the issues are the selection and
combination of the right ones and implementing them
effectively.

Project managers will testify that introducing new
products and processes creates a tension, or even out-
right interdepartmental warfare, between the operations
teams of process 1 (Operate) and those of process 4
(Launch). Perhaps this is at least partly because opera-
tions, in many companies is considered separate to the
innovation team, and is set up, financed, measured and
managed accordingly. Organisations need to find better
ways to unite the entire enterprise within the innova-
tion framework. Everyone in an organization contrib-
utes to innovation in some way, whether they realize it
or not. This perspective appears to be relevant to the
subject of ‘innovation capability’; managing systems to
be able to successfully make step changes either as a
leader or follower in a given marketplace. See fig. 10

At the sector level, the introduction of new things,
tends to require the destruction of something to make
room — ‘creative destruction’. The challenge therefore
is to introduce ‘managed destruction’ — ideally by de-
signing markets and sectors that are set up to renew
themselves with minimum overall harm. Companies
need to plan for step change disruption, as opposed to
steady state or incrementalist thinking. This includes
considering financial models, workforce
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skills/flexibility and how they co-operate and compete
with other players.

Innovation models from the management domain
such as VSM are used to develop strategy, Hoverstadt,
(2017). In contrast, design paradigm models suggest
that innovation projects are discrete activities that con-
tribute to a given strategic direction. The IDEF@ model
indicates that the innovation process itself has a much
wider scope than that of the design paradigm and
shares a similar scope to VSM. A key insight from this
research therefore, is that the innovation process could
be considered closely synonymous with strategy.

s g
Customer Technology Business

Contradictions | ~ Contradictions
— S o [ ST

Controls

Available Knowledge New Knowledge / IP
/1P

Input to Output Ratio

Innovate

-
Outputs Impact Tangible

Intangible

Natural Resource Inputs

/ Energy

Added
0 Value £$€

I Tools /

Methods
Fig. 10 Summary of the A-O context diagram applied to
measuring and managing innovation.
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6. Conclusions

This paper started out by identifying the range of
existing models of innovation identified within the de-
sign and management communities. Some models
from the design domain provide a sequential view of
the innovation process and are good at showing the
main activities of innovation but do not show the stra-
tegic or contextual influences. Models from the man-
agement domain address the strategic context but are
too abstract to be of real benefit to practitioners. It was
proposed that a model of innovation based upon the
IDEFZ modelling approach could address this gap.

Through the presentation of the generic IDEFg
model of innovation and its application to a case study,
it has been shown that the IDEF@ innovation model
offers the potential to harmonize the sequential, project
based innovation models of the design paradigm with
the hierarchical models from the management domain.
Key insights from the application of the model include
the idea that innovation has a wider scope than is tradi-
tionally assumed — and includes operations, supply
chain and end users and that all ‘people’ within the

http://www.lJoSl.org
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system, including employees, suppliers, customers,
regulators etc. contribute to the innovation process.
More generally, the model raises the idea that because
of this wider, holistic definition, the innovation process
is closely synonymous with strategy.

Within the innovation consulting activities of the
author, the practical application of this model so far has
been to create an appreciation of the connected nature
of innovation programmes at clients and how every-
thing fits together. It has also proved useful in devel-
oping a holistic view of an economic sector to estimate
the propensity for a disruptive ‘jump’ — as demonstrat-
ed in the electric vehicle case study.

Future research activities that may benefit from
adopting the IDEF@ model of innovation might include
studies concerned with the measurement of innovation
attempts relating to the broad definition of innovation
‘impacts’ provided by this model and the ability to ap-
ply the model at different systems levels (e.g. business
units, whole companies or whole industries). The mod-
el could also be helpful as the basis for a study of suc-
cess and failure factors for innovation, as the ability of
the model to represent the innovation activities of a
company in a comprehensive manner should ensure
that all aspects (both internal and external to the com-
pany) are considered. Finally, the implication of this
research to the alignment of sustainability and circular
economy objectives with business strategy and product
development should be further considered.
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