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Die meeste literatuurbronne wat handel oor innovasie stem saam

dat in vandag se mededingende omgewing ondernemings nie kan
bekostig om net op doeltreffendheid en effektiwiteit te fokus nie -
hulle moet ook innoveer. Innovasieonderwerpe soos die
innovasieproses, sowel as die drywers, struikelblokke, beginsels en
suksesfaktore vir innovasie geniet ook heelwat aandag in die
literatuur. Daar ontbreek egter nog steeds ’'n gekonsolideerde
oorsig van die kern vereistes vir die ontwikkeling van ’n innovasie
vermoé in ondernemings. Hierdie artikel & die grondslag vir ’n
innovasievermoé verwysingsargitektuur deur die innovasie
suksesfaktore of vereistes soos bespreek in die literatuur te
identifiseer, en dan te konsolideer en te struktureer in ’n maklik
bruikbare ondernemingsverwysingsargitektuur.

1 INTRODUCTION

For many organisations efficiency, effectiveness, productivity, and quality are still the preferred
ways to improve the organisation. However, in today’s competitive environment, organisations
cannot afford to focus only on effectiveness and efficiencies (improving their current business) -
they also need to innovate in order to create their future business and so ensure longer-term
prosperity [88], [30], [61], [4].

According to Geoffrey Moore [61], enterprises need to evolve continuously; and this evolution should
be driven by innovation. Moore [61] states: “To innovate forever, in other words, is not an aspiration;
it is a design specification. It is not a strategy; it is a requirement”. This requires that innovation
become part of an organisation’s way of doing things; it must develop a fundamental capability to
innovate.

Many studies in the literature attempt to develop the concept of innovation capability [62], [63],

[8], [92], [41], [101], [98], [39], [6]. These capabilities mainly reside within the organisation’s
strategies, processes, values, knowledge and competencies, and people [100], [62], [25].
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Although the literarure agrees on the processes, drivers, barriers, and requirements for innovation
[23], [29], [89], [17], [88], [40], the field of innovation capability is still opaque, and lacks
consolidation about the core requirements for building an innovation capability within an
organisation [101], [87], [14]. Also lacking are generic design principles for guiding enterprise
engineers in designing or re-designing (architecting) organisations towards an enhanced
organisational capability for innovation.

This paper aims to lay the foundation for an innovation capability reference architecture by
identifying those requirements and practices described in the literature as conducive to innovation,
and to structure it within an easy-to-use enterprise architecture framework. This framework with
innovation capability requirements can be used in follow-up studies to develop generic design
principles for building innovative organisations. This will greatly assist enterprise
architects/engineers and managers in building more innovation-capable organisations.

The paper begins by exploring the concepts and definitions for innovation capability described in
the literature. This is followed by a thorough structured review of the literature in order to identify
the organisational characteristics and requirements that are conducive to developing an innovation
capability. For this analysis, a content analysis approach called Latent Dirichlet allocation (or LDA)
- an electronic topic modelling analysis approach - was used. Using this approach, the core
organisational innovation capabilities that are described in the literature were researched and then
summarised and categorsed within a three-dimensional innovation capability maturity framework
that has been developed. The final consolidated innovation capability requirements extracted from
the literature and organised in this innovation capability maturity framework were then mapped and
captured within an enterprise architecture framework in order to provide the basis for further
development of enterprise design principles for designing more innovation-capable organisations.

2 INNOVATION CAPABILITY

Hamel [44] defines innovation capability as the assembling of the “right ingredients” for innovation
in an organisation. The notion and importance of innovation capabilities is also described by Assink
[8], who states: “Developing distinct capabilities ... should be an integral part of a company’s
strategy for growth”. Assink [8] also highlights “the key role of strategic management in
appropriately adapting, integrating and reconfiguring organisational skills, resources and functional
competencies to match the requirements of a changing environment”.

Neely et al. [62] and O'Connor and Ayers [63] define innovation capability as the potential of an
organisation to innovate. Ahmed [2] distinguishes between “hard” and “soft” innovation
capabilities. Hard innovation capabilities include physical, tangible, and/or measurable aspects such
as innovation structures, processes, procedures, physical infrastructure, metrics, and resources that
enhance innovation output. Soft innovation capabilities deal with less tangible and measurable
aspects such as culture, climate, and leadership conducive to innovation.

Lawson and Samson [52] highlight the importance of operating the current business while at the
same time creating the future business, and define innovation capability in these terms:

“the ability to continuously transform knowledge and ideas into new products, processes and
systems for the benefit of the firm and its stakeholders. Innovation capability is not just an ability
to be successful at running a business newstream, or to manage mainstream capabilities. Innovation
capability is about synthesising these two operating paradigms.”

In order to compete through innovation, organisations therefore need to develop certain innovation
capabilities that will increase their probability of success. Innovation capability in this paper is
defined as “the organisational means with which innovative outputs may be facilitated” [38]. This,
however, raises the question: What are those requirements and practices for developing an
innovation-capable organisation?

The next section is a summary of innovation best practices extracted from the literature. This

literature study was used to establish the generic factors that are associated with innovation
capability, and that therefore contribute to the successful execution of innovation initiatives.
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3 REVIEW OF LITERATURE ON INNOVATION CAPABILITY REQUIREMENTS

According to the literature on innovation, a key innovation capability requirement is a well-defined
innovation process. Such a process should cover all the stages of innovation, from the identification
of ideas and opportunities, to the successful implementation, commercialisation, and/or
exploitation of innovation [88], [25], [63], [8]. This process includes effective ways of developing or
generating ideas, identifying opportunities, and linking ideas and opportunities and developing
solutions for those opportunities [42], [2], [45], [88], [9], [63], [96]. Specific practices include
scanning for opportunities that are both internal and external to the organisation [88], [9], [63],
effectively generating and managing ideas [45], [63], [2], [62], [9], [73], challenging current
convention and assumptions, and taking a new perspective on things [42], [26], [63], [96].

However, identifying opportunities with great potential and developing them into business
alternatives requires effective management of the initial phases of innovation (also called the
‘innovation front end’) [21], [9], [73], [54], [94], [48]. Practices include identifying and addressing
barriers to innovation initiatives [24], [25], managing uncertainties and risks [94], [48], testing and
screening ideas, and prioritising opportunities [100], [2], [45], [88], [9], [25], [32], [61], [63], [48].

Innovation requires a lot of decision-making, but often with only limited information and time
available. So being efficient and effective with knowledge is a critical requirement [19], [47], [69],
[15], [45], [36], [80]. Thus identifying and facilitating knowledge processes is important [15], [60],
[36]. Tools and techniques need to be identified for storing, structuring, and retrieving knowledge
[36], [45]. Also important is the consideration of complementary knowledge areas and the ability to
combine different knowledge components [22], [9], [36], [8]. Knowledge also needs to be
disseminated throughout the organisation to enable it to be used [3], [68], [19], [45], [25], [32],
[91]. Good practices include identifying groups with similar knowledge needs to enable knowledge
exchange [68], [19], [25], [91], encouraging a trusting environment that is open to sharing and
interaction [45], linking with external collaborators to provide new or different perspectives [19],
[3], [32], structuring knowledge, and providing a common vocabulary to facilitate knowledge-sharing
and knowledge-retrieval [19], [91].

The literature also highlights the importance of an innovation strategy in developing an innovation
capability [44], [100], [3], [9], [25], [64]. Such an innovation strategy defines the impact, type, and
level of innovation required, as well as the organisational structures needed to maximise the
possibility of achieving these innovations. The innovation strategy needs to be communicated or
shared throughout the organisation, so that the strategic intent is clear to everyone in it [2], [25],
[64], [91].

A climate and culture conducive to innovation also plays a critical role [49], [100], [78], [2], [3],
[16], [45], [25]. Individuals need to be encouraged to take risks and to challenge the norm, learn
from failures, and be proactive and creative [3], [25]. Management should therefore motivate
employees to experiment - and, if they fail, to accept such failure as part of the learning experience

[3].

Leadership plays an important role in creating a climate and culture conducive to innovation. The
need to support and encourage innovative behaviour, demonstrate commitment towards innovation,
acknowledge the important role of people in innovation, and develop, support, and encourage
innovation champions within the organisation [2], [49], [74], [100], [3], [62], [25], [48], [50].

An efficient organisational structure for supporting or enabling innovation is also important. The
literature indicates that decentralised decision-making authority and flexible, flat, and transparent
organisational structures are conducive to innovative outputs [49], [28], [100], [2], [3], [16], [43],
[91, [25], [91].

Organisational resources that are crucial to innovation should be identified, developed, aligned, and
effectively managed [2], [3], [54], [91], [61], [45], [16]. The right individuals should be selected for
the various innovation roles, while ensuring a diverse mix of skills and disciplines. Core organisational
competencies also need to be identified, understood, and managed, and new competencies need to
be developed [71], [42], [2], [16], [61].
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Since innovation implies a change process, organisations need to develop the ability to adapt and
change [100], [42], [16], [22], [9], [40], [48]. This requires developing an attitude that is receptive
to change, that engages employees early in the change process, that understands the change
process, and manages it pro-actively.

External involvement in the innovation process has also been identified in previous studies as an
essential requirement for an improved innovation capability [74], [100], [2], [3], [13], [73], [25],
[50]. This includes the involvement of clients, suppliers, partners, and other external stakeholders
in various activities of the innovation process. Good practices include facilitating and enabling good
communication with external stakeholders [74], [25], [50], building relationships with clients,
suppliers, and partners [74], [3], interacting with clients in order to identify their needs, problems,
and ideas, tapping into their explicit knowledge [2], [13], and using their requirements to drive
initiatives.

Organisations also need to have a future orientation and take a longer-term view of opportunities
[83], [5], [50], [73], [32], [70]. Good practices include both wide and deep scanning of different and
related environments to identify opportunities [83], [73], [50], [32], identifying the future
technology developments and timelines of such technologies (technology roadmapping) [50], and
relating opportunities to core competencies and resources [83].

Diverse teams of individuals from different disciplines and functions in the organisation, with
different skills sets, are seen to facilitate innovation [71], [100], [2], [3], [62], [97], [25], [32].
Individuals and teams should be encouraged to interact, collaborate, and share across organisational
boundaries.

In summary, the above section has highlighted various requirements for enhancing innovative
outputs in an organisation or enterprise. These requirements span various ‘hard’ organisational
aspects such as structures, processes, procedures, infrastructure, metrics, resources, along with
‘softer’ aspects such as culture, climate, and leadership (entailing proper and effective management
of the ‘hard’ aspects). For innovation to become embedded in an organisation’s way of doing things,
the principles of innovation must be applied not only to the organisation’s products and processes,
but also to its strategy. Innovation capabilities therefore need to be purposefully ‘built into’ the
DNA of an enterprise; and this requires a structured engineering approach. The authors believe that
the discipline of enterprise engineering provides the required frameworks, methodologies, and tools
for designing, developing, and implementing such innovation capabilities into the DNA of an
organisation or enterprise.

The next section provides some background on the discipline of enterprise engineering, which will
be used at the end of the paper to introduce an enterprise architecture framework for organising
the various innovation capability requirements that have been extracted and consolidated from the
literature. This architectural framework can in turn be used to develop innovation capability design
principles that will guide and steer the design and development of an enterprise with an enhanced
capability for innovation.

4  ENTERPRISE ENGINEERING AND ENTERPRISE ARCHITECTURES

Enterprise engineering is a discipline with a life-cycle and systems view of an organisation. It views
the enterprise as a complex, integrated system that can be purposefully designed or re-designed
[31], [90], [10]. It applies “systems theory and engineering techniques to the specification, analysis,
design, and implementation of an enterprise for its life cycle” [75].

Liles et al. [55] define enterprise engineering as

“that body of knowledge, principles, and practices having to do with the analysis, design,
implementation and operation of an enterprise. In a continually changing and unpredictable
competitive environment, the Enterprise Engineer addresses a fundamental question: how to design
and improve all elements associated with the total enterprise through the use of engineering and
analysis methods and tools to more effectively achieve its goals and objectives.”

Martin [58] describes enterprise engineering as “an integrated set of disciplines for building or
changing an enterprise, its processes, and systems”.
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Rebovich [72] defines enterprise engineering as an emerging discipline “for developing enterprise
capabilities”. It is a multi disciplinary approach that “takes a broad perspective in synthesizing
technical and non-technical aspects of enterprise capability”.

Because multiple disciplines have to be integrated as a whole within the complete enterprise system,
enterprise design or re-design is not a simple task. Weinberg [93] describes enterprises as organised
complexities that are therefore highly complex and highly organised. This combination of complexity
and organisation makes it difficult to use analytical or statistical approaches for problem-solving.
Dietz et al. [31] therefore highlight the importance of design principles that will guide the (re-
)design of an enterprise. According to Dietz et al. [31], to “ensure that an enterprise operates in a
unified and integrated manner, and in compliance with its strategic intentions and areas of concern,
the development process of enterprises and of their supporting systems must be controlled by
functional and constructional design principles, in addition to the applicable specific functional and
constructional requirements”. They define architecture as “a coherent, consistent, and
hierarchically ordered set of such principles”. The collective architectures of an enterprise at any
moment are called the enterprise architecture at that moment [31].

Enterprise architecture is an important concept within the enterprise engineering discipline. It dates
back to the mid-1980s when Zachman developed the Zachman framework - a reference framework
focused on designing and improving the information architecture of an enterprise.

Since Zachman, various other enterprise architecture frameworks and definitions have been
developed. Some of these definitions are described below.

. The Institute of Electrical and Electronics Engineers (IEEE) defines architecture as: “...the
fundamental organization of a system embodied in its components, their relationships to each
other, and to the environment, and the principles guiding its design and evolution” [57].

e The Open Group’s Architectural Framework (TOGAF) notes that “Architecture has two
meanings depending upon its contextual usage: (1) A formal description of a system, or a
detailed plan of the system at component level to guide its implementation; (2) The structure
of components, their interrelationships, and the principles and guidelines governing their
design and evolution over time”.

. “EA (Enterprise Architecture) is a coherent set of principles, methods and models used in the
design of an enterprise’s organisational structure, business processes, information systems and
infrastructure” [51].

Op’t Land et al. [65] provide a concise summary of the various enterprise architecture definitions:
“While the various definitions for enterprise architecture may seem to differ considerably, what all
these definitions seem to have in common is a reference to structure and relationships combined
with a reference to a set of governing principles that provide guidance and support for directions
and decisions. Enterprise architecture focuses on shaping and governing the design of the future
enterprise using principles to stipulate future direction and models to underpin and visualize future
states.”

Imperative in the design or re-design of an enterprise is the development of an understanding of
both the current and the required architecture of an enterprise. This implies understanding the
different enterprise components, how they operate or function, and the relationships between
components. Enterprise architectures all aim to facilitate enterprise engineering and integration by
providing frameworks, principles, and models that can be used to analyse and design the enterprise.
They can thus be seen as metamodels of the enterprise that contain the contextual information
required to design or re-design an enterprise [56].

5  CONSOLIDATION AND STRUCTURING OF INNOVATION CAPABILITY REQUIREMENTS WITHIN AN
ENTERPRISE ARCHITECTURE FRAMEWORK
5.1  Approach to consolidating innovation capability requirements

The innovation capability literature corpus collected as part of this study, and described briefly in
section 3, was reviewed and analysed using a combined manual and electronic topic modelling
analysis approach, using Latent Dirichlet Allocation (LDA). The goal was to identify, summarise, and
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categorise the core organisational innovation capabilities that were researched and described in the
literature. (For a more detailed discussion of the LDA technique, refer to Blei et al. [11].)

The manual analysis process involved reviewing, in detail, the contents of the innovation capability
corpus identified within the literature in order to identify those core organisational innovation
capabilities described in previous research studies. Capabilities described by several and recognised
sources were used as validation. This produced an initial set of generic innovation best practices
from the literature. The results were presented in a table capturing all the metadata on the
documents (author(s), keywords, etc.), and the various themes of innovation capability identified
in each. This table was then used in the final consolidation process. Publication constraints mean
that this table cannot be presented in this paper; for its details, refer to Essmann [38].

After the manual analysis, an electronic topic modelling analysis was conducted, using the LDA topic
modelling approach. This provides an objective view of the innovation capability corpus. LDA is a
generative probabilistic model for collections of discrete data [11]. The distribution of words in the
corpus is derived through statistical analysis, which is used to identify topics in the corpus.
Documents are then represented as random mixtures over latent topics [11]. LDA therefore helps to
identify structure in text that is unstructured [12].

The LDA-based topic modelling approach was used, therefore:

1. To identify the core concepts (or topics) pertaining to innovation capability according to the
LDA-based topic modelling process.

2. To depict the (text-based statistical) interrelations between the topics of innovation
capability.

3. Toidentify hierarchical structure within the topics of innovation capability.

The results from the manual interpretation and the LDA topic modelling analysis were then
consolidated and refined to derive a final list of innovation capability requirements.

The identified innovation capability requirements were then structured within a three-dimensional
framework consisting of different innovation constructs on the y-axis, organisational constructs on
the x-axis, and innovation capability maturity levels on the z-axis (Figure 1) [37].

The innovation capability construct on the y-axis uses two levels of detail to describe organisational
innovation capability. The highest level components are referred to as ‘innovation capability areas’
(such as ‘innovation process’ and ‘knowledge & competency’). The second level components are
referred to as ‘innovation capability construct’ Items (such as ‘innovation strategy & leadership’).
These capability areas imply three fundamental areas of innovation capability that can be defined:

1. Innovation process: the practices, procedures, activities, etc. that take ideas and/or
opportunities through to concepts, then through development and implementation, and
eventually to a stage of commercialisation and operation (which may include continuous
refinement and optimisation). Basically, it refers to the complete innovation lifecycle.

2. Knowledge & competency: the innovation process requires both specific and broad-based
knowledge and competency, whether already within the organisation or still to be developed
or acquired. Also included are the associated management requirements for knowledge,
competencies, and technology.

3. Organisational support: the structures, resources, measures, infrastructure, strategy, policies,
leadership, etc. that are needed to support the process and the knowledge and competency
requirements for innovation.

The ‘organisational construct’ defined on the x-axis of the framework ensures that the fundamental
aspects of an organisation are addressed by the content of the model. Furthermore, describing the
innovation capability and organisational constructs in a matrix makes it possible to depict the
interrelations and impact between the capability requirements and the organisational attributes.
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Figure 1: Innovation capability maturity framework
5.2  Selecting and organising the innovation requirements within an enterprise framework

In order for the innovation capability requirements to be used in the design and re-design of
enterprises, the need was identified to map and structure these requirements within a framework
describing the architecture of a generic enterprise. Various enterprise architecture models are
described in the literature. Amongst the most well-known are the computer integrated
manufacturing open system architecture (CIMOSA) [7], the Purdue enterprise-reference architecture
(PERA) [95], the GRAI integrated methodology (GIM) architecture [35], GERAM [46], the Zachman
framework [81], the Open Group architecture framework (TOGAF) [66], the Department of Defence
architecture framework (DoD AF) [33], enterprise architecture planning (EAP) [82], integrated
architecture framework (IAF) [77], and the federal enterprise architecture framework (FEAF) [18].

A comprehensive and useful enterprise architecture framework is the adaptive reference model™
developed by Adaptive Inc. [1].

This framework was slightly modified by the authors, and is presented in Figure 2. This modified
framework consists of the following generic sub-architectures within an enterprise architecture:

. The strategic intent architecture: this describes the strategies for the enterprise that provides
direction, and sets targets for the different enterprise processes and resources.

. The value chain & process architecture: this covers the primary value chain along with
management functions and processes. It describes the process in terms of inputs, outputs,
governance, and enablers, and tracks the timing and life-cycles of primary business objects.

. The product/service architecture: this describes the different products and services offered by
the enterprise, and how these deliver value to the customer or client.

. The organisation architecture is the formal organisational structure, as defined by management
in pursuit of the strategic intent.
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The governance architecture strives to create a sense of predictability and accountability by
stipulating different types of governances, such as legislation, laws policy, guidelines,
standards, and best practices.

The performance architecture is a collection of process and resource measurements and
measurement types as defined by strategic intent.

The financial architecture describes the revenue, cost of sales, and expenses.

The information and knowledge architecture reflects the blueprint of information and
knowledge about applications, information, platforms, and networks in the context of the
business process it supports.

The human resources architecture is concerned with the optimum staffing and use of skill sets
within the organisation.

The physical asset architecture tracks physical assets and maximises their use.

The enterprise architecture, with its sub-architectures, is impacted by various external influences
such as competitors, technological change, legislation and regulations, and the socio-economic
environment. It also interacts with external suppliers, clients/customers, and alliances and partners.
All of these external interactions are important considerations when designing or re-designing the
enterprise architecture.

External Influences
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Figure 2: Enterprise architecture framework (modified from Adaptive’s enterprise model)

Among the various enterprise architecture frameworks available in the literature, this architecture
framework was selected for the following reasons:

The simplicity of the framework: it is easy to understand and apply.

The comprehensiveness of the framework: it incorporates the different sub-architectures and
therefore the different views within an enterprise.

It incorporates the business model view of an enterprise, which describes the design or
architecture of the value creation, delivery, and capture mechanisms an enterprise employs
[85], [67].

This architecture framework described was then used to structure and map the innovation capability
requirements, as extracted from the literature, against the different sub-architectures within a
generic enterprise. This was useful for two reasons:
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Ensuring the comprehensiveness of the capability requirements. By mapping the identified
innovation capability requirements collected from the literature against the various enterprise
sub-architectures, it could be evaluated whether the capability requirements adequately
covers the different architectural elements of an enterprise. It therefore indicates whether
the core requirements for innovation capability were aligned with the fundamental aspects of
the organisation, thus ensuring the elimination of content-related gaps and overlaps.
Structuring the innovation capability requirements, based on the different enterprise sub-
architectures, enables the development of design principles tyo guide the design of the various
enterprise sub-architectures, thereby creating an enterprise architecture and sub-
architectures that are capable of sustainable innovation.

The final consolidated innovation capability requirements, as extracted from the literature and
organised within an enterprise architecture framework, are presented in Table 1.

Table 1: Innovation capability requirements structured within
an enterprise architecture framework

Related enterprise sub- Consolidated innovation capability requirements from the
architecture literature
Strategic intent architecture Establishing a knowledge, competency, & technology development &

acquisition strategy.

Developing & conveying / communicating an innovation strategy &
objectives.

Defining an innovation model with associated processes, practices,
tools, etc.

58

Value chain &process architecture | Involving customers at various stages throughout the innovation

process.

Involving suppliers at various stages throughout the innovation
process.
Procedures for developing and elaborating concepts.

Using appropriate project management techniques for the type of
innovation (incremental vs radical, sustaining vs disruptive).

Procedures for developing & acquiring the required innovation
process competencies.

Procedures for ensuring supplier competency & technology supports
innovation requirements.

Practices to network and facilitate collaboration with external
parties (formal & informal external networking & collaboration).

Procedures for periodically probing and understanding the market.

Pro-active initiatives for identifying opportunities.

Procedures to manage and substantiate ideas.

Testing, screening & prioritising opportunities & concepts.

Concepts are quickly made tangible in the form of prototypes.

Focused practices and procedures for developing and implementing
concepts.

Procedures to reduce project uncertainty and identify, manage, and
mitigate risk,

Practices for exploring existing and new fields of research.

Practices to network and facilitate collaboration between internal
teams.




Related enterprise sub-
architecture

Consolidated innovation capability requirements from the
literature

Involving other stakeholders (partners, alliances, etc.) in the
innovation process.

Procedures for scanning & exploring for latent opportunities.

Opportunities and concepts are coordinated and viewed in context
with required technology, competencies, processes, systems, etc.

Managing and balancing the innovation portfolio.

Managing intellectual property.

Information architecture

Procedures and tools for identifying, summarising, highlighting,
and/or extracting relevant information.

Procedures and frameworks for contextualising, categorising, and
capturing, and tools for storing and retrieving data and information.

Core information competencies are identified, managed, and
maintained to ensure that innovation project and operational needs
are continuously fulfilled.

Core information technologies, systems, and tools enabling
innovation processes are identified, managed, and maintained.

Communication & the flow of information - mechanisms and tools to
facilitate the flow of information have been identified and
implemented.

Human resources architecture

Allocating resources appropriately to innovation - based on
prioritisation, and in balance with operational requirements.
Resources appropriately dedicated to innovation are provided,
ensuring sufficient ‘slack’ for activities. Needs are continuously
monitored and gaps filled.

Core innovation-related competencies are identified, acquired,
developed, managed, and maintained.

Organisational values & policies - values and policies create an
environment that encourages individuals to communicate openly and
bring ideas forward. Time is allocated for learning, exploring, and
building relationships.

Change management procedures have been defined and deployed.

Initiatives for motivating, rewarding, & celebrating success.

Procedures to hire the ‘right’ people with needed skills, and align
existing personnel’s skills with their role.

Championing & encouraging innovation.

Creating cross-functional & multidisciplinary teams.

Managing tacit knowledge.

Physical asset architecture

Physical resources are allocated to the portfolio of projects, based
on prioritisation and in balance with operational requirements.

Core physical technologies are identified, managed, and maintained
to ensure that project and operational needs are continuously
fulfilled.

Procedures for proactively identifying, developing, and/or acquiring
required physical technologies.
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Related enterprise sub-
architecture

Consolidated innovation capability requirements from the
literature

Organisation architecture

Flexible organisational structures that allow sharing/moving people
between projects and functions.

Organisational structures are designed to ensure a networked
relation between entities (departments, teams, and individuals) that
stimulate communication and interaction.

The organisational structure enables quick decision-making.

Performance architecture

Innovation metrics have been identified, defined, and implemented.
Targets are aligned with innovation objectives. Metrics are
monitored to identify process and management improvements.

Benchmarking compares innovation processes, management
practices, and standardised metrics with those of other (successful)
organisations.

Financial architecture

Investment in innovation & sourcing of capital.

Innovation activities are appropriately prioritised and assigned the
necessary financial resources to meet targets and objectives.

Governance architecture

Planning & coordinating the innovation portfolio.

Identifying and planning for key decision points.

Using fundamental principles to guide innovation process & make
decisions.

Innovation governance board or committee in place for governing
innovation activities.

Establishing intellectual property management & sharing policy.

Identifying, documenting, and implementing best-practices for
innovation.

These requirements can be used in future studies to develop more specific design principles to guide
the evaluation and construction of the various sub-architectures of an enterprise.

An example of more detailed design principles for a specific sub-architecture of the enterprise is

presented in

Table 2 (for the performance architecture in this case). This is only an example; additional research
is required to develop and validate such design principles.

Once such design principles have been defined, they can be used within an enterprise reference
architecture to guide the evaluation and design/development of more innovation-capable
enterprises by following an enterprise engineering-based approach. Such an approach for changing
or improving the architecture or sub-architectures of an enterprise is illustrated in Figure 3.
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Table 2 - Example of more detailed design principles for
a specific enterprise sub-architecture

Enterprise sub- Innovation capability requirements

architecture

Design principles

Innovation metrics have been identified,
defined, and implemented. Targets are aligned
with innovation objectives. Metrics are
monitored to identify process and management
improvements.

Performance
architecture

Innovation measures monitor the
innovation inputs, outputs, process,
and outcomes.

Innovation measures are aligned with
the innovation strategy, and adjusted
when necessary.

The innovation measures are ‘rolled-
down’ from innovation strategy to
departmental, team, and individual
metrics to guide the appropriate
behaviour.

Effective systems are used to collect
measures easily and make them visible.

Etc.

Enterprise Reference Architecture
containing Design Principles

—

Guiding evaluation of
current enterprise
sub-architectures

Guiding the conceptual
design of new or
improved enterprise
sub-architectures

Guiding the detail
design of new or

improved enterprise

sub-architectures

=
-Be
= = Definition As-Is J:ng: " Transitiol Detail Implemen \, Measure & »
== [dentificatio analysis P Planning! Design tation Optimise H
- Design %
= Initiation Master Planning Deployment
Enterprise Phase Phase Phase Enterprise
Architecture Architecture
State n State n+1
(As-Is) (To-Be)

The Enterprise Engineering Process

Figure 3: Illustration of where in the enterprise engineering/re-engineering process the
enterprise reference architecture containing design principles can be applied.

6  CONCLUSION

As is evident from the various definitions of innovation, it is more than simply a novel idea: it is the
successful realisation and implementation of that idea. It requires organisations to change.
Innovation should therefore be characterised by a process that bridges the invention-to-innovation
chasm. By definition, a process requires time, resources, capabilities, knowledge, and structure to
be executed and to ensure sound output. Innovation capabilities therefore need to be purposefully
‘built into’ the DNA of an enterprise; and this requires a structured engineering approach. Just
because an organisation has the capability to innovate, this does not imply that it will consistently
do so. Innovation capability is a necessary but not sufficient condition. In other words, an
organisation must have an innovation capability before it can expect to see regular innovative
output; but being capable of innovation does not ensure innovative output. A deep-seated and
organisation-wide will, combined with proactive initiatives to innovate, are the catalytic factors
that will ensure an innovation-capable organisation.

This research makes a significant contribution by providing a comprehensive and consolidated view
from the literature of the requirements for building a more innovation-capable organisation, as well
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as laying the foundation for an enterprise engineering approach to building more innovation-capable
enterprises. This was done by identifying various innovation capability requirements from previous
studies, and structuring and consolidating these requirements within a comprehensive enterprise
architecture framework. This will greatly assist enterprise or business engineers in designing an
enterprise architecture and sub-architectures that are capable of sustainable innovation. The
proposed framework, with its requirements, will be used in future research studies to develop
further generic design principles for the various sub-architectures of an enterprise, thus providing
useful guidelines for architecting the enterprise towards an enhanced innovation capability - that
is, an organisation with an enhanced capability to innovate successfully and consistently for
increased competitiveness. Further research needs to be conducted, however, to validate the
impact of such design principles on innovation performance in organisations.
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