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ABSTRACT
Knowledge begins life as a public good available to all (non-rival and non-excludable), and as an input into the
generation of additional knowledge is made, it subsequently becomes artificially scarce as countries grants
intellectual property rights to stimulate investment in the production of private knowledge goods (Maskus and
Reichman, 2004). However, patent policy has strongly sought to protect intellectual property rights and
investment made by innovation rather than by strengthening the tradability of R&D inventions in a market thereby
ensuring economic growth (Troy, 2012). Changes in the external and internal business environment may induce
a redirection of company strategy, which can result in the destruction of a company’s valuable intellectual assets
(people and knowledge), generated through formal R&D investment. These intellectual assets may be of value to
both the company and society, and their termination of projects as a consequence of the re-shaping of company
R&D portfolios may result in the destruction of knowledge useful to society.
The objective of this research is to establish the extent to which uncertain business environment induce changes
in R&D portfolios, and as a consequence destroy shareholder value. Develop an R&D PPM methodology which
can be used to mitigate the risk of the destruction of valuable intellectual assets as a consequence of changes in
business strategy. This research study investigates four important aspects: 1) What is the likelihood of a change
in business strategy that will impact negatively on an R&D project portfolio value? 2) What is the extent of the
impact of changing business strategy on R&D portfolio value (this is equivalent to the benefit that will be gained
by ensuring that R&D portfolio value is not reduced by changes in business strategy)?, 3) What steps are being
taken by companies to avoid destruction of shareholder value and maximize social return on investment in the
event of R&D portfolio changes, and; 4) What portfolio management methodology can be used to mitigate the
risk of portfolio value destruction as identified in questions above?
The population was drawn from South African R&D intensive manufacturing companies, this population
includes medium-sized enterprises as well as large organisations listed on the Johannesburg stock exchange. Data
was collected using an online instrument and telephone interviews during this study phase while the questionnaire
was developed for Phase one of the study and to be further developed and refined of item wording and structure
for use in Phase two and three.
The analysis of the findings of the Phase 1 of this study show manufacturing companies are affected by changes
in business strategy. Private R&D outputs can be divided into those that lead to new company innovation (new
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products, processes and services), those that have value but are discontinued due to change in company strategy
or lack of funds, and those that have no immediate value. Many companies are sitting on huge reservoirs of new
knowledge which is never revealed. This knowledge has intrinsic value. It should be possible to create an
alternative means of publication which will allow public access. The ultimate argument is that the overall return
on private R&D could be improved if these outcomes are freely available, especially if there is a change in
strategy and the projects are discontinued for non-technical reasons. Uncertain business environment and
consequent changes in company strategy have a negative influence on R&D portfolio value.
Keywords: Project portfolio management, business strategy, research and development projects, dynamic
capabilities, innovation, uncertainty, spillovers and social return on investment.
INTRODUCTION
According to Cooper, Edgett and Kleinschmidt (2002), project portfolio management (PPM) is a dynamic
decision process, whereby a business’ list of active projects is constantly revised and updated. In this series of
actions, new projects are assessed, carefully chosen and ranked; current projects may be expedited, aborted or
de-prioritized and resources are allotted and re-allotted to active projects. The portfolio decision process is
characterized by uncertain and dynamic business environment, changing information, dynamic opportunities,
multiple goals and strategic fit considerations, interdependence among projects, and multiple decision makers
and locations (Cooper et al., 2002). The portfolio decision process comprises of a number of decision making
processes within the business, including periodic reviews of the total portfolio of all projects (looking at all
projects holistically, and against each other); It also makes Go/Kill decisions on individual projects on an ongoing basis, and develops a new business strategy, complete with strategic resources allocation decisions (Cooper
et al., 2002).
Generally organizations are aiming for self-sustaining success while allotting limited resources to costly R&D
activities; the probable consequence is extended patent portfolios (Wang, Vanhaverbeke and Roijakkers, 2012).
According to Chesbrough and Vanhaverbeke (2011) survey, approximately eighty five per cent of large
company’s patents are by no means used in any of the holders’ businesses, or are used to deter potential
competitors and most innovations and intellectual property (IP) sit on the shelf unexploited; from a public goods
perspective, unexploited patents represent a large unexploited source of knowledge that could be used to construct
new companies and economic growth if there were an efficient approach to ‘activate’ these unexploited patents
in other companies.
A Japanese Patent Office survey conducted in 2007 found that almost 50% of Japanese patents were unused,
with a global R&D annual spend of $1.6 trillion in 2014, this means that at least $800 billion of knowledge never
enters the public domain. This waste of scarce corporate resources is significant; from society’s perspective, the
loss is even worse; if organizations irrefutably do not use various technologies they are creating, or license-out
these technologies to other organizations for the purpose of commercialization, then the knowledge covered by
the temporary monopoly are not ever brought to market. Thus, society never gets to experience the use of these
new inventions, and policy-makers also endow organizations to impede anyone else from using the technology
until the patents expire; More importantly, considerable effort has to be put into commercializing the unexploited
technology/knowledge through spin-offs or through licensing to other companies in other markets (Wang et al.,
2012).
By tradition, patent policy has strongly sought to protect IP rights and investment by innovation rather than by
strengthening the tradability of R&D inventions in a market; Courts and regulators, including even governments,
have mainly been involved in generally expanding and strengthening the ownership of novel and useful
knowledge (Troy, 2012). According to Troy (2012) the increase of IP licensing activities and the increasing
alertness of the commercial potential of IP rights and technologies, indicate that patents more and more become
a source of profit for businesses and institutions of higher education. Patents are not only exchanged to prevent
costly litigations and conflicts from overlapping patent rights, but, it is recognized that patent trades allow for
revenues from royalties and a decline in costs of R&D endeavours when companies acquire and exploit
technologies outside the firm (Chesbrough, 2006).
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According to Wang et al. (2012), for the open innovation process, allocation of resources will shift from the
focal corporation to the developer community and external partners, such as joint ventures and university
research. In this way, scarce portfolio resource allocation efficiency will be gained at two levels. At the firm level,
innovating firms, using an open innovation model, can manage the innovation community successfully over
different time horizons by leveraging internal and external innovators (Grand, von Grogh, Dorothy and Swap,
2004). Active R&D resource sharing mostly widens firms' R&D reach and greatly lessens needless duplication.
From the society’s perspective, open innovation provides greater scope for jointly configuring and re-configuring
the best ideas and business model, while presenting the most suitable business models for commercialization
(Chesbrough, 2006; Backer, 2008). The efficiency of PPM, in dynamic environments, could be valued by
estimating the degree to which the portfolio fulfils its objectives: strategic alignment/fit, balance across projects,
and value maximization (Martinsuo and Lehtonen, 2007). In this study, PPM efficiency concerns organizational
members’ estimate of the degree to which the projects together, as a portfolio, thrive in accomplishing the
portfolio objectives. This efficiency should include extracting value from those projects which have been aborted,
and yet have value embedded in them.
RESEARCH PROBLEM
Changes in the external and internal business environment may induce a redirection of company strategy, which
can result in the destruction of a company’s valuable intellectual assets (people and knowledge), generated
through formal R&D investment. These intellectual assets may be of value to both the company and society, and
their termination of projects as a consequence of the reshaping of company R&D portfolios may result in the
destruction of knowledge useful to society.
RESEARCH OBJECTIVES
The objective of this research will be to establish the extent to which uncertain business environment induce
changes in R&D portfolios, and as a consequence destroy shareholder value. Develop an R&D PPM methodology
which can be used to mitigate the risk of the destruction of valuable intellectual assets as a consequence of changes
in business strategy.
RESEARCH QUESTIONS
1)
2)
3)
4)

What is the likelihood of a change in business strategy that will impact negatively on an R&D project
portfolio value?
What is the extent of the impact of changing business strategy on R&D portfolio value (this is equivalent
to the benefit that will be gained by ensuring that R&D portfolio value is not reduced by changes in
business strategy)?
What steps are being taken by companies to avoid destruction of shareholder value and maximize social
return on investment in the event of R&D portfolio changes?
What project portfolio management methodology can be used to mitigate the risk of portfolio value
destruction as identified in questions above?

Hypotheses:
H1: Uncertain business environment and consequent changes in company strategy have a negative influence on
R&D portfolio value.
H2: Economic output can be increased by releasing the inherent value in unpublished and unexploited research
results/knowledge.
According to Miller (2002) the consequences of inefficient PPM are a higher level of project failures,
voluminous projects for available resources, and the inability to reject them. Not all rejected projects have no
value, hence the 2nd hypothesis. Rejection of projects may be caused by a changing strategic direction/fit, portfolio
balance, limited resources, and new opportunities. Therefore, this leads to an argument which states that, for a
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truly efficient project portfolio management in an uncertain and dynamic framework, value has to be extracted
from aborted projects, as not all of them have no value.
R&D projects investment is huge, estimated for 2014 to be more than $1.6 trillion; the United States, China,
and European Union remain the most committed regions to R&D, with a combine total of nearly 92% of all global
spending (Battelle, R&D magazine, 2014). Much of public R&D is published, while most of private R&D is not
published due to companies protecting their interests, which is not in the interests of public good. According to
Walwyn (2010), South Africa sits with extensively used gauge to mirror the research intensity within a national
economy of 0.9 which is gross domestic expenditure on research and development (GERD), expressed usually
as a percentage of gross domestic product (GDP), which is not competitive enough to transition the country to
knowledge economy. Since the world credit crisis started, the economic output has been taking strain and private
companies are sitting with unexploited research results, to the detriment of economic growth.
Private R&D outputs can be divided into those that lead to new company innovation (new products, processes
and services), those that have value but are discontinued due to change in company strategy or lack of funds, and
those that have no immediate value. Many companies are sitting on huge reservoirs of new knowledge which is
never revealed. This knowledge has intrinsic value (all knowledge has value). It should be possible to create an
alternative means of publication which will allow public access. Companies could be incentivised to reveal this
knowledge or a legal framework could facilitate this process. This would create massive additional economic
value at little additional cost. Creating economic value from R&D project research results requires a value chain
from R&D to a final product or service in the hands of a customer.
RESEARCH AND DEVELOPMENT MANAGEMENT
The significance of R&D for the future competitiveness of a firm is well accepted and also frequently mentioned
in connection with the development of industrial nations (Gupta and Wilemon, 1996). The constant support of
R&D activities, as well as the continuous improvement of processes within NPD, is widely recognised as a vital
prerequisite for a company’s future success (Bartezzaghi et al, 1997; Caffyn, 1997; Wheelwright and Clark,
1992). Nowadays, successful R&D depends not only on the development of technologically superior products,
but also on the improvement of management processes and procedures which might turn into the true new core
dynamic capabilities of R&D-intensive companies. It is therefore essential to foster the capability of learning
from each and every single R&D project. One way of encouraging such learning in R&D is to conduct postproject reviews of aborted R&D projects. If such knowledge is lost, future projects can suffer from past mistakes
being repeated. It is also argued that post-project reviews can have a positive impact on the learning capacity of
R&D units, as they have the potential to contribute to the development and continuous improvement of R&D
management processes (Abel-Hamid, 1990; Huber, 1996).
The term R&D comprises not only activities in scientific research, but also the development of new products.
In other words, research provides the fundamental knowledge, whereas development tries to turn such knowledge
into new and innovative products (Dumbleton, 1986; von Zedtwitz, 1999).
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Table 1: Global R&D spending forecast.
2012 R&D
2012
2012
GERD PPP 2013
2013
R&D
R&D as % Billions
R&D
R&D as %
Spending of GDP
U.S. $
Spending of GDP
Americas
34.5%
2.5%
$485
34.0%
2.4%
U.S.
32.0%
2.8%
$447
31.4%
2.8%
Asia
37.0%
1.8%
$561
38.3%
1.9%
Japan
10.5%
3.4%
$160
10.5%
3.4%
China
15.3%
1.8%
$232
16.5%
1.9%
India
2.7%
0.9%
$41
2.7%
0.9%
Europe
23.1%
1.9%
$350
22.4%
1.9%
Rest of World
5.4%
0.9%
$81
5.3%
0.9%
Total
100%
1.8%
$1 517
100%
1.8%
GERD=Gross Expenditures on R&D, PPP=Purchasing Power Parity

2013 R&D
GERD PPP
2014 R&D
Billions U.S. 2014 R&D as % of
$
Spending
GDP
$489
33.9%
2.5%
$450
31.1%
2.8%
$596
39.1%
1.9%
$163
10.2%
3.4%
$258
17.5%
2.0%
$42
2.7%
0.9%
$349
21.7%
1.8%
$92
5.3%
0.9%
$1 559
100%
1.8%

2014 R&D
GERD PPP
Billions
U.S. $
$504
$465
$633
$165
$284
$44
$351
$87
$1 618

Source: Battelle, R&D Magazine (2014)

In the beginning of its life knowledge is as a public good accessible to all and as an input into the generation of
further knowledge is made, it then becomes artificially scarce as countries grants IP rights to fuel investment in
the production of private knowledge goods (Maskus and Reichman, 2004). R&D knowledge production problems
are admittedly not necessarily causally connected to its “global” character, the global nature of the production
process certainly further limits the level of control regulatory agencies, professional organizations and other
bodies are able to exercise; while the globalization of communication practices has repercussions for the
development of knowledge governance; enforcing standards becomes even more challenging, particularly due to
absence of accountable transnational structures (Lemmens, 2013). Scholars like Lemmens (2013) have argued
that R&D pharmaceutical knowledge is a human rights issue being created by access to information as a right to
health and right to life a societal issue. The regulation of knowledge goods in general markets impinges on the
provision of other public goods like, education, scientific research, health and the environment (Maskus and
Reichman, 2004). The developed countries tendency of traditionally urging unrestricted competition on the rest
of other countries, to demand strong legal monopolies to safeguard private knowledge goods in international
trade, and the predisposition of developing countries to want unrestrained competition with respect to these same
knowledge goods, most of which are manufactured at great cost in the technology exporting countries complicates
matters (Reichman, 1989).
R&D SPILLOVERS AND THE SOCIAL RETURNS TO R&D
R&D research outputs spur new knowledge about materials, processes, and ways of recombining them to
produce new goods and services; in reality, such benefits are impossible to be fully internalized within a business,
industry or even a country (Hall, Mairesse and Mohnen, 2010). The R&D executed in an organization can shake
the productivity performance of other organizations operating in the same business sector or in other industries,
locally and even abroad. An innovation in one firm, business sector, industry or country can trigger new avenues
of research, instigate new research projects, or find new uses in other firms, sectors or countries (Hall et al.,
2010). R&D varies from other forms of investments in numerous respects; the main distinguishing factor is that
payoffs from R&D are not restricted to the original investors, but also accrue to other firms, competitors,
suppliers, customers and society at large (Sveikauskas, 2007).
Griliches (1992) differentiates between two spillover types; rent spillovers and knowledge spillovers. The rent
spillovers ensue when a company or purchaser buys R&D incorporated merchandises or services at charges that
do not reveal their user value. This is because of imperfect price discrimination due to asymmetric information
and transaction costs, imperfect appropriability and imitation, or mismeasurement of the true value of the
transaction due to the lack of hedonic prices. The knowledge spillovers occur when an R&D project produces
knowledge that can be useful to another firm in doing its own research. Knowledge is rival and only partiallyexcludable good. Because of incomplete or weak patent protection, inability to keep innovations undisclosed,
reverse engineering and imitation, some of the knowledge and benefits from R&D are not kept within the firm
(Hall et al., 2010). Various forms of knowledge are useful to other organizations (and so have a social return)
even if they no longer pay off to the organization that initiated the research (no longer have a private return).
Consumers obtain better or cheaper products (benefit from social returns) even if the private return to businesses
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turns out to be small (Sveikauskas, 2007). The notion of knowledge spillovers is very pertinent for growth and
development, because it lays the underpinning for further knowledge creation and diffusion. It is imperative at
this juncture to distinguish between technology transfer and spillovers. Technology transfer is about trade in
technology, which occurs when an agent sale a piece of technology with a price attached to the transaction (Hall
et al., 2010).
Social returns to R&D are meticulously entangled with that of R&D spillovers; spillovers can be derived from
R&D carried out by (1) other firms in the sector, (2) firms in other industries, (3) universities, public research
laboratories, and even (4) firms, laboratories, and governments in other nations of the world. Spillovers generate
what is called a social return on investment, which is shown to be at least 30% higher than the private return
(Sveikauskas, 1981; Goto-Suzuki, 1989; Terleckyj, 1974; Mohnen, 1996). In other words, there is considerable
benefit in promoting the dissemination of R&D results outside of the private company. The argument is that the
overall return on private R&D could be improved if these outcomes are freely available, especially if there is a
change in strategy and the projects are discontinued for non-technical reasons. According to Martinsuo (2012)
PPM literature articles can be divided into two categories: 1) Dominantly deliberating the practice of PPM
through portfolio managers’ activities, and 2) Those dominantly deliberating the context in which such activity
takes place. The second part is to be the focus of this research. The relationship between PPM practise and
context is obvious in several recent articles (e.g. Martinsuo, 2012; Biedenbach and Müller, 2012; Petit, 2012;
Blichfeldt and Eskerod, 2008; and Christiansen and Varnes, 2008).
This research challenges certain assumptions in PPM rationale which have a key impact on how PPM has been
studied and executed in organizations; 1) Projects are obedient servants to fulfil business’s strategy (Artto and
Dietrich, 2004). Nevertheless, innovation projects are frequently used to interrogate the existing business strategy
and no longer necessarily limited to one company’s strategic interests only (Martinsuo, 2012). This can result in
a change of business strategy; hence the “emergent strategy” concept (Srivannaboon, 2006); 2) Most PPM
frameworks assume that projects compete for the same limited resources and that all relevant resources are known
and controlled by the parent company. However, an increasing number of companies collaborate with external
partners in research and development projects (Martinsuo and Lehtonen, 2009), borrowing from open innovation
literature; and, 3) Most frameworks assume that companies are completely aware of all internal and external
factors swaying project portfolios. Many previous research studies delimit their attention to project portfolios that
are well defined and whose environments are stable and well known, even if less well-defined projects are being
found in portfolios (Martinsuo, 2012; Blichfeldt and Eskerod, 2008). Many portfolio environments are dynamic,
uncertain and poorly known (Petit and Hobbs, 2010; and Petit, 2012).
This study will offer a theoretical framework to maximize project portfolio efficiency or return on investment
within dynamic environments. In other words, business strategy can change and hence strategic alignment cannot
be guaranteed. Given that this is characteristic of business in dynamic environments, what can we do to avoid the
inevitable destruction of stakeholder value as a consequence of changes in business strategy? Mostly, this will
translate into reducing the impact of short-term losses whilst maximizing the longer term ones.
The shortfalls in current efficient PPM frameworks are mainly caused by the lack of research undertaken on the
rapidly-changing and uncertain business environment in which project portfolios manoeuvre. The checklist and
behavioural techniques are characterized by partial gaps, while financial and optimization techniques are
perceived to have a definite shortfall. This never provides a comprehensive PPM overview. The interface between
projects and the business’s strategy may be both "deliberate”, and "emergent" (when they are executed, they
create new environments that, in turn, impact and shape the planned strategy) (Milosevic and Srivannaboon,
2006). Scholars have begun researching the projects strategic alignment in further detail (Artto and Dietrich,
2004; Morris and Jamieson, 2005; Srivannaboon and Milosevic, 2004; Shenhar et al., 2007; and Smith et al.,
2007). Jamieson and Morris (2004) suggested that most of the components which include organisational
structures, strategic planning process internal analysis and control systems, have robust associations with projects
processes and activities.
Uncertainty can arise from both internal and external sources in a dynamic project portfolio environment. It has
been usually documented that the traditional way of project managing focuses more on monitoring, planning, and
control (Atkinson, Crawford and Ward, 2006; and Perminova et al, 2008). Productivity PPM practices can be
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considered as effective and efficient in a climate of uncertainty management by clearly defining objectives, plans
and allocating resources. However, this planning is only effective if the project is operating in a stable
environment and no unforeseen deviations occur. Nevertheless, in reality, portfolios are affected by multiple
factors which change or require adaptation of plans in order to achieve the goals and objectives. At times, the
goals and objectives might change during the portfolio life cycle, consequently affecting all the initial planning
and effort already undertaken. Accordingly there is an element of dynamism and uncertainty in projects which
directly affects the project portfolio and/or its environment.
DYNAMIC CAPABILITIES
Criticism of the resource-based view is derived from practical applicability limitations in the dynamic and
uncertain environments (Petit, 2012). The core features are the capability to renew competencies due to a
changing and dynamic business environment and the crucial role of strategic management in adapting, integrating
and reconfiguring internal and external organizations’ resources, skills and functional competencies to tie-up with
the requirements of a dynamic and uncertain environment. Dynamic capabilities theory contends that, to develop
unique resources or capabilities is no longer enough (as proposed initially by the resource based view) to achieve
competitive advantage, but these capabilities and resources must continuously be re-allocated and re-optimized
to adapt to dynamic environments (Teece, 2009).
This definition is proposed by Teece (2009:87-88):
“…dynamic capabilities refer to the particular capacity business enterprises possess to shape, reshape,
configure, and reconfigure assets so as to respond to changing technologies and markets and escape the
zero-profit condition. Dynamic capabilities relate to the enterprise’s ability to sense, seize, and adapt in
order to generate and exploit internal and external enterprise-specific competences, and to address the
enterprise’s changing environment.”
However, this is what managing a project in dynamic and uncertain environments encompasses (Petit, 2012).
The literature has criticized the resource-based view and its practical relevance to organizational research is in
question; identifying definitions as a challenge and indicating that the path-dependent nature of the resourcebased view, which is evolutionary by nature, is more suitable to relatively unchanging environments. It requires
both internal organizational steadiness and external environmental steadiness to be applicable in reality (Killen,
Jugdev, Drouin and Petit, 2012). Dynamic capabilities as an extension to the resource based view have taken
steps to remedy the identified shortcomings, and have been identified as enabling the organizations/companies to
respond to the rapid changes in dynamic and uncertain environments in which companies compete (Teece, 2007).
Dynamic capabilities enhance value by re-configuring the present resource base, while the relative ease with
which they may be developed or copied restricts their capacity to provide a lasting value independently
(Eisenhardt and Martin, 2000). Consequently, the existence of both fundamental resource-based advantages, as
well as dynamic capabilities, is essential for an extended term of competitive advantage in dynamic environments
(Teece, 2007; and Teece, 2010).
The dynamic capabilities of an organization comprise of tangible and intangible assets, and the knowledge and
the processes needed for recognizing new business opportunities and orchestrating its resource portfolio in
uncertain and dynamic business conditions (Zahra and George, 2002; Ellonen, Wikstrom and Jantunen, 2009).
Project portfolio management is central for most organizations, where the R&D process is crucial for successfully
developing innovative products. These industries are embedded in a rapidly-changing environment and
characterized as being hypercompetitive (D’Aveni, 1994; D’Aveni, 1998; Wang, 1997; and Liebeskind, Oliver,
Zucker and Brewer, 1996). In such uncertain environments, projects serve as powerful vehicles for creating the
required flexibility, supported by appropriate dynamic capabilities and structures to allow controllability
(Biedenbach and Soderholm, 2008). Existing literature emphasizes that organizations utilize dynamic
capabilities to gain competitive advantage (Eisenhardt and Martin, 2000; and Teece et al, 1997).
Wang and Ahmed (2007) identified three components of dynamic capabilities namely absorptive, innovative
and adaptive. Absorptive capabilities are critical for organizations involved in R&D to apply the latest external
knowledge through learning processes (Lane, Koka and Pathak, 2006). Innovative capabilities are essential for
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developing products to refine or replace existing products (Subramaniam and Youndt, 2005). Adaptive
capabilities are needed for identification and assessment of emerging market opportunities (Wang and Ahmed,
2007). Certain scholars believe that dynamic capabilities are the key to competitive advantage (Ambrosini and
Bowman, 2009; Helfat and Peteraf, 2009; Teece et al., 1997; Teece, 2007; and Teece, 2010), while certain others
argue that dynamic capabilities do not manifest the characteristics of heterogeneity, thus cannot be a source of
competitive advantage (Eisenhardt and Martin, 2000; Li and Liu, 2012). Some believe the role of dynamic
capabilities is limited and indirect (Wang and Ahmed, 2007); while others believe that environmental dynamism
is a-key-driving force of dynamic capabilities (Teece, 2007). Earlier studies in this area focused mainly on firms
operating in developed markets, and little had been learnt about what dynamic capability was and its relationship
with competitive edge in developing economies. Since there is much dissimilarity between developed markets
and transition economies, this narrow focus limits theoretical completeness and creates a gap in the dynamic
capabilities literature.
OPEN INNOVATION
In an uncertain business environment where knowledge is widely dispersed, the innovation process has become
more complex and there has been a gradual shift from a closed to an open model of innovation. A closed
innovation strategy implies that the process of developing new products is undertaken by the firm’s internal R&D
department (Chesbrough, 2003a). In contrast, an open innovation model refers to a ‘…paradigm that assumes
that firms can and should use external ideas as well as internal ideas and external paths to market’ (Chesbrough,
2003a). The open innovation model has two dimensions: inbound and outbound (Chesbrough, 2003a). Inbound
open innovation refers to leveraging the research and development of external agents and acquiring external
knowledge resources from a network in order to develop new products. In contrast, outbound open innovation
refers to the commercialisation of internal research and development outputs to external organisations (i.e.
licensing, joint ventures, spin-offs).
The modern knowledge societies are characterized by the growing importance of intellectual property (IP) and
knowledge-based technologies which contribute to economic growth and corporate competitiveness. In a
"knowledge economy", knowledge has become a significant productive factor, an asset and commodity in its own
right through the creation of knowledge-based technologies, as well as the emergence of new markets for
technologies, and organizational exchanges (Drucker, 1993; Stehr, 2001). Knowledge “…is economically
relevant if it is utilizable and if it contributes to the value-add of companies and enhances their competitive
advantages to ensure the efficient allocation of resources” (Hayek, 1980: 78). This holds particularly true for
technological inventions characterized by novelty and “useful” knowledge (Mokyr, 2002: 1-27). This type of
innovative knowledge, which includes instructions and techniques usually stored in technical artefacts, is
institutionally protected by patents.
Apart from leveraging external knowledge, the logic of innovation has undergone an additional transformation
as firms are opening their boundaries to other partners and are giving access to their intellectual properties
portfolio (i.e. outbound open innovation). The need to manage project portfolios well, and to learn from one
project to the next, including aborted projects, is of vital importance, as the world becomes more project based
and the business environment more dynamic and uncertain (Williams, 2007). In practise, private firms’ aborted
projects are not reviewed and published at all for various reasons. If they are reviewed, the methods don’t account
for complexity or try to explain causality, so there is no understanding about what went wrong (or right) and why;
while the review process does not include reasons for whether or not to publish, and why, including selling the
project knowledge for the purpose of recouping spent capital costs in aborted projects (Williams, 2007).
Organizations must be prepared to invest in the development of an uncertainty culture which supports the
application of tools and processes, especially knowledge management that makes the uncertainty management
effective (Karlsen, 2011). While PPM capabilities often have common elements, they cannot be transferred or
acquired easily, and must be developed over time along maturity paths (Killen and Hunt, 2009).
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CONCEPTUAL FRAMEWORK
Management research has increasingly contributed to theory building with respect to business strategy, project
portfolio management, innovation and dynamic capabilities ensuring sustainable competitive advantage.
Through new business models, companies create and deliver value for customers, and then convert payments
received to profits (Eisenhardt and Martin, 2000; Teece, 2010). This research study, is focused on the approaches
that help organizations efficiently manage their research and development investment project portfolio in
uncertain business environments. Exploring the efficiency of portfolio approaches requires some context for what
is considered to be “efficient”. This requires examining the results of the portfolio management or the portfolio
performance in terms of value maximization, business strategy alignment and portfolio balance.
A conceptual framework is a technique of structuring experiences and providing coherent ways of discerning
about relationships, both of which are necessary in the creation of new knowledge (Brennan and Dooley, 2005).
Conceptual frameworks are potentially valuable for problem solving in domains that are overly multifaceted and
complex (Goodman and Lawless, 1994). They are also necessary in the formation of a world-view. “Everyone
has a different world-view; we all have different constructs of reality, our perceptions, connotations, associations,
sensations and languages” (Rhodes, 1991). Our interpretation of our world-view is based on our unique perceptual
combination of internal (i.e. attitude, personality, etc.); communication and sharing of explicit and tacit
knowledge is an important part of the creative process and the generation of creative and innovative ideas, thereby
jumping from one conceptual space to the other, thus expanding our world-view (Brennan and Dooley, 2005).
Due to rapid changes in research and development projects in the industrial markets (emerging technologies,
changing customer needs, emerging and shrinking markets, and accelerating competition), deploying and
understanding dynamic capabilities are key portfolio managerial concerns.
Despite the increasing awareness of patent exploitation, “they are kept on the shelf by the corporation throughout
the patent’s legal life” (Chesbrough, 2006a:3). Topical literature casts light on reasons for unused patents
(“sleeping patents”). The number of patents is also used to signal innovativeness because it improves the
technological image of companies (Gambardella, Harhoff and Verspagen, 2006). As intangible assets, patents
can enhance the value of inventing companies and serves to establish "reputation motive" (Blind et al., 2006;
Lerner, 1994).
The conceptual framework consists of six dynamic capabilities:
1.
Sensing: Processes to sense, filter, shape, and interpret events and uncertainty;
2.
Seizing: Opportunities seized, selection rules, business model used, and decision making protocols;
3.
Transforming and reconfiguring: Characterization of changes to project portfolios;
preserve
competiveness by combining, enhancing, protecting and, where needed, reconfiguring the business’s
tangible and intangible assets;
4.
Absorptive: external knowledge is taken-in;
5.
Innovative: business’s innovativeness to products and markets linked (Wang and Ahmed, 2007); and,
6.
Adaptive: resources and capabilities are aligned (Teece, 2009; Teece, 2010; Petit, 2012; Petit and Hobbs,
2010; Wang and Ahmed, 2007).
The more efficient an organisation is in its PPM of R&D projects, the more efficient will its ability be to pass
on social returns which will benefit society and more inventions are developed by the larger community of
innovators.
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Figure 1: Proposed conceptual framework.
The conceptual framework is also characterized by the following:
 Business environment: the market, economic, technological, political, industry type, the rivalry, legal
aspects and how dynamic the environment is;
 Business strategy: assumes that the strategy for organization, project portfolio and project is already
decided. Will study to understand the vision, mission, and business strategy to assess how dynamic
and uncertain business environment is managed;
 Governance: refers to decision structures which are at corporate, portfolio and project level. The
government/parliament/congress in terms of influence would be greater in R&D projects which are
funded by the state or other government agencies or partners. Rules, directives, organizational control
procedures and guidelines. Governance and structure includes how projects are structured, which
include functional organization, and alliances with external firms, especially where collaboration is at
play;
 Project portfolio management: looks at the characteristics of the portfolio, history and dependencies
between projects, as well as review. Refers to a process of selecting and evaluating new projects into
the portfolio, and removing others;
 Efficiency and business return on investment: estimating the degree to which the portfolio fulfils its
objects; strategic alignment/fit, balance across projects, and value maximization and the return on
investment; and,
 Social return on investment: return on investment accrued to society at large.
RESEARCH DESIGN AND METHODOLOGY
The type of research study being undertaken in this project is a theory/model building study. Mouton (2001:176)
describes such a study as
“….studies aimed at developing new models and theories to explain a particular phenomenon.”
Good theories and models (Mouton, 2001:176): 1) provide causal accounts for the world; 2) allow us to make
predictive claims under certain conditions; 3) bring conceptual coherence to a domain of science; and, 4) simplify
our understanding of the world. Before selecting a research methodology, it is most important that the questions
and data required to answer these questions should match, and this in turn is dependent on the research objectives
and the status of the knowledge on the topic (Punch, 2006).
The objective of many scientific enquiries is to develop theories which can be generalized and can explain
some form of causality of some phenomenon (Kinloch, 1977; Sutton and Staw, 1995; Weick, 1995b). This is
difficult with a case study method only as a main methodology of collecting data. Mixed methodology is pursued
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for this research. The conceptual framework, described above, was used to guide and structure the investigation,
and will be modified with latest understanding as investigations progresses into Phase 2 and 3.
There are different types of Delphis; the three key types are (van Zolingen and Klaassen, 2003): 1) Classical
Delphi; 2) Policy Delphi; and 3) Decision Delphi. The three Delphi types have intersecting characteristics; the
primary difference is an emphasis on research objectives (Nielsen and Thangadurai, 2007). The Classical
Delphi’s main focus is on forecasting significant future developments. The Policy Delphi could be more
accurately referred to as a “Strategic Planning and Public Policy” Delphi, since its main purpose is to generate
alternative strategies and/or policy alternatives to achieve desirable goals and mitigate against undesirable
consequences (Gordon, 2004a). The Decision Delphi engages all categories of relevant decision-makers in
conceptualizing and describing problems associated with certain social developments. The aim is to improve the
quality of decisions used to resolve social problems (van Zolingen and Klaassen, 2003). The Delphi research
method, even though generally ignored by business researchers, has a proven track record in forecasting, public
policy and strategic planning (Gordon, 2004a). Its utility is increased through enhancements, e.g. computermediated communication, cross-impact analysis and trend impact analysis.
The Delphi process is a structured, group-based information sharing method that generally proceeds through
three phases: 1) identification of theses, problems or issues; 2) sharing of perspectives based on experience and
knowledge; and 3) synthesis which may include a summary of the degrees of consensus and divergence among
group members. Experts from the field/s relevant to the study are encouraged to generate ideas and think
creatively as they move through these phases in a collaborative process to expand their horizons, and deepen their
understanding of issues. The Delphi method is well suited to comprehensive investigation of complex
environments characterized by uncertainty (Ziglio, 1996). It is based on a dialectical enquiry that encourages the
sharing and exploring of divergent viewpoints (Nielsen and Thangadurai, 2007). The emphasis is not to secure a
single, universal truth, but the range of quality ideas it generates, not only those around which consensus may
form, since this may be less important to current investigators; according to Gordon (2004a:12)
“…a useful product of the delphi method is crystallization of reasons for dis-sensus.”
A survey strategy is normally associated with the deductive approach and is a common and a popular strategy
in business and management research. It allows for the collection of a large amount of data from a sizeable
population in an economical way, whereby a sample of subjects is drawn from a population and studied to make
inferences about it (Hussey and Hussey, 1997). The word survey normally indicates human respondents and the
basic data is gathered by talking to people, either face to face, by means of telephone, over the internet, or by a
written questionnaire (Jankowicz, 2005).
Table 2: Four worldviews
Postpositivism
 Determination
 Reductionism
 Empirical observation and
measurement
 Theory verification
Advocacy/Participatory
Political
Empowerment issue-oriented
 Collaborative
 Change-oriented
Source: Creswell (2009)

Constructivism





Understanding
Multiple participant meanings
Social and historical construction
Theory generation
Pragmatism











Consequences of actions
Problem-centred
Pluralistic
Real-world practice oriented

To accomplish the research objectives by answering the research questions empirically, three phases of study is
being followed. Phase I deals with answering research question 1 and 2, addressing a likelihood of a change in
business strategy and the impact on R&D portfolio. Phase 2 is dealing with steps taken by companies to avoid
destruction of shareholder value and maximize social return on investment in the event of R&D portfolio changes.
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Phase 3 will deal with the development of a portfolio management methodology and the validation thereof using
a Delphi study.
The study gathered survey data on South African R&D intensive manufacturing companies. Data was collected
using an online instrument during phase 1. The questionnaire was developed by researcher and approved by the
supervisor before being used in Phase one of the study and to be further refined of item wording and structure for
use in Phase 2 and 3. To the extent possible, the questions were based on previous studies of open innovation and
portfolio project management practices. Where scales are not available in literature, they are to be developed for
the purpose of this research. The population was drawn from South African R&D intensive manufacturing
companies, this population includes medium-sized enterprises (SMEs) as well as large organisations listed on the
Johannesburg stock exchange (JSE).
R&D managers are considered the most suitable informants for our survey, because they are the most
knowledgeable about the innovation-related aspects of their companies, which constitute the main focus of
research questions. Nevertheless, in the case of companies devoid of these job titles/functions, the business owner
or general manager was asked to participate. In cases where, only the general company email was obtained, the
questionnaire was distributed internally from this email. Companies were screened out if they have no innovationrelated activities. The online questionnaire resulted in 25000 company e-mails sent to approximately 6000 South
African manufacturing companies, based on a rented data base. After several reminders, a total of 172 responses
were returned. After screening for inconsistent answers, there were 161 usable questionnaires.

Literature-Conceptual Framework:
Efficient PPM in an uncertain business environment
and dynamic strategic framework

Phase 1
Research Question 1&2

Phase 2
Research Question 3

Company Survey
R&D intensive RSA
manufacturing firms

Company Survey
R&D intensive RSA
manufacturing firms
Theory development
Phase 3

Research Question 4
Methodology development

Delphi round 1

Refinement of efficient PPM
Methodology

Delphi round 2

Final: Efficient PPM Methodology

Figure 2: Research design approach and strategy
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RESEARCH RESULTS AND CONCLUSION
A principle conclusion of the Phase 1 of this research is that “internal inventions not being used in a firm's business should be taken outside the company (e.g.
through licensing, joint ventures or spin-offs)”. There is definite benefit in promoting the dissemination of R&D results outside of the private company. The
ultimate argument is that the overall return on private R&D could be improved if these outcomes are freely available, especially if there is a change in strategy
and the projects are discontinued for non-technical reasons. Uncertain business environment and consequent changes in company strategy have a negative
influence on R&D portfolio value. Economic output can be increased by releasing the inherent value in unpublished and unexploited research results/knowledge.
The deduction from the analysis, is that for a truly efficient project portfolio management in an uncertain and dynamic framework, value has to be extracted from
aborted projects, as not all of them have no value.
Table 3: Key drivers of changes in business strategy affecting PPM
Descri pti ve Stati sti cs (Bongi nkosi revi sed codes)
Val i d N
M ean
M edi an
Lower
Upper
Std.Dev.
Confi dence SD Confi dence SD
Vari abl e
Quarti l e
Quarti l e
-95.000%
+95.000%
Non-core i nnovati ons i n the R&D portfol i o
161
3.229814
3.000000 3.000000 4.000000
0.823472
0.742282
0.924760
Changes i n the portfol i o to al i gn wi th busi ness stratergy
161
3.534161
4.000000 3.000000 4.000000
0.774847
0.698452
0.870155
Changes i n executi ve/seni or m anagem ent
161
2.950311
3.000000 2.000000 4.000000
0.906926
0.817509
1.018480
Lack of funds wi thi n the enterpri se for R&D proj ects i n the portfol i o 161
2.881988
3.000000 2.000000 4.000000
0.957724
0.863298
1.075526
Lack of fundi ng from sources outsi de the enterpri se
160
2.956250
3.000000 2.000000 4.000000
1.188768
1.071231
1.335503
R& D costs too hi gh
161
3.211180
3.000000 3.000000 4.000000
0.917946
0.827442
1.030855
Lack of qual i fi ed personnel
161
2.919255
3.000000 2.000000 4.000000
1.006076
0.906883
1.129825
Inform ati on on technol ogy
160
2.875000
3.000000 2.000000 3.500000
0.969666
0.873793
1.089356
Inform ati on on m arkets
161
2.950311
3.000000 2.000000 4.000000
1.071222
0.965605
1.202984
Di ffi cul ty i n fi ndi ng co-operati on partners for i nnovati on
160
2.856250
3.000000 2.000000 3.500000
1.008435
0.908729
1.132912
M arket dom i nated by establ i shed enterpri ses
159
3.440252
4.000000 3.000000 4.000000
0.984636
0.887007
1.106606
Uncertai n dem and for i nnovati ve goods or servi ces
159
3.163522
3.000000 3.000000 4.000000
0.947176
0.853261
1.064505

Table 4: Enterprise’s level of knowledge and experience
Descriptive Statistics (Bonginkosi revised codes)
Valid N
Mean
Median
Lower
Upper
Quartile
Quartile
Variable
Most of the staff in our firm is highly skilled and q ualified
161 3.726708
Our firm invests substantially in training
160 3.837500
Most of the time our firm is ahead of our compet itors in developing and launching new 161 3.596273
Our firm has the ability to adapt other firms technologies
159 3.792453
Our firm innovates as the result of R&D carried out within our own firm
161 3.944099
Our firm innovates as the reult of R& D carried out outside of our own firm
160 3.412500
Our firm innovates as the result of R&D carried out within and also outside our own firm 160 3.818750
Our firm has considerable resources and own knowledge resources for technological development
159 3.817610
Our firm is able to introduce into the market innovations that are completely novel on a worldwide
160 3.675000
scale
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4.000000
4.000000
4.000000
4.000000
4.000000
4.000000
4.000000
4.000000
4.000000

3.000000
3.000000
3.000000
4.000000
4.000000
3.000000
3.500000
3.000000
3.000000

4.000000
4.000000
4.000000
4.000000
4.000000
4.000000
4.000000
4.000000
4.000000

Std.Dev.

Confidence Confidence
SD
SD
-95.000%
+95.000%
0.968166
0.872710
1.087252
0.896447
0.807813
1.007099
0.917734
0.827251
1.030617
0.738417
0.665200
0.829886
0.760333
0.685368
0.853855
0.927481
0.835778
1.041964
0.759608
0.684504
0.853370
0.926784
0.834891
1.041587
0.987660
0.890008
1.109571

International Association for Management of Technology
IAMOT 2016 Conference Proceedings

Table 5: Use of other knowledge sources
Descriptive Statistics (Bonginkosi revised codes)
Valid N Mean
Median Lower
Upper Std.Dev. Confidence Confidence
Quartile Quartile
SD
SD
Variable
-95.000%
+95.000%
Employing key scientist s and engineers (including poaching from other organizations)
161 3.068323 3.000000 2.000000 4.0000001.067264
0.962038
1.198540
Acquiring key information at conference and workshops organized by industry associations
161 3.434783 4.000000 3.000000 4.0000001.004879
0.905804
1.128481
Reverse engineering at technological knowledge embedded in products/developed produced by other firms
160 2.831250 3.000000 2.000000 3.0000000.979166
0.882354
1.100029
Knowledge embedded in organisational processes or routines of othe r firms
161 3.068323 3.000000 2.000000 4.0000000.942896
0.849932
1.058874
Publications in technical and scientific papers by other firms
161 3.248447 3.000000 3.000000 4.0000001.060843
0.956250
1.191329

Table 6: External technology acquisition and exploitation
Descriptive Statistics (Bonginkosi revised codes)
Valid N Mean
Median
Lower
Upper
Std.Dev. Confidence Confidence
Quartile Quartile
SD
SD
Variable
-95.000%
+95.000%
Regularly search for external ideas that may create value for us
161 3.944099 4.0000004.000000 4.000000 0.784605 0.707248
0.881113
We have a sound syste m to search for and acquire external technology and intellectual property
161 3.565217 4.0000003.000000 4.000000 0.913664 0.823583
1.026047
We often acquire techn ological knowledge from outside for our use
161 3.583851 4.0000003.000000 4.000000 0.891340 0.803459
1.000977
We tend to build greater ties with external parties and rely on their innovation
161 3.372671 4.0000003.000000 4.000000 0.979923 0.883308
1.100455
We welcome others to purchase and use our technological knowledge or intellectual property
161 2.782609 3.0000002.000000 4.000000 1.170981 1.055529
1.315013
We make it a formal practice to sell technological knowledge or inte llectual property in the market 161 2.416149 2.0000002.000000 3.000000 1.109949 1.000515
1.246475
We have a dedicated u nit (i.e gatekeepers promoters) to commercialize knowledge assets (e.g. selling
161cross-licensing
2.633540 2.0000002.000000
patents or spin offs)
4.000000 1.202546 1.083983
1.350462
We are proactively managing outward knowledge flow
157 3.159236 3.0000002.000000 4.000000 1.118089 1.006591
1.257583

Table 7: Likelihood of a change in business strategy that will impact negatively on R&D project portfolio value?

Descriptive Statistics (Bonginkosi revised codes)
Valid
Mean
Median Lower
Upper
Std.Dev. Confidence Confidenc
N
Quartile Quartile
SD
e SD
-95.000% +95.000%
Variable
Our organisation will keep an R&D project as part of the portfolio even if it is not aligned with business stratergy
161 2.596273 2.000000 2.000000 3.000000 1.153142 1.039449 1.294980
In our organisation it is likely that a change in business strategy will impact negatively on an R&D project portfolio value 161 3.161491 3.000000 2.000000 4.000000 0.986792 0.889500 1.108169
What is the likelihood that an uncertain business environment and conseq uent changes in company strategy have a negative
161 influence
3.403727 on
4.000000
R&D portfolio
3.000000
value?
4.000000 0.989816 0.892226 1.111565
What is the likelihood that changes in the external and internal business environment may induce a redirection of compan
161
y strategy
3.316770
which
4.000000
can result
2.000000
in the 4.000000
destruction1.069009
of a company's
0.963611
valuable
1.200499
intelle
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The spillovers generate the so called social return on investment, which is shown to be at least 30% higher than
that of the private return. In other words, there is considerable benefit in promoting the dissemination of R&D
results outside of the private company. The ultimate argument is that the overall return on private R&D could be
improved if these outcomes are freely available, especially if there is a change in strategy and the projects are
discontinued for non-technical reasons. Uncertain business environment and consequent changes in company
strategy have a negative influence on R&D portfolio value. Economic output can be increased by releasing the
inherent value in unpublished and unexploited research results/knowledge.
Key drivers of changes in business strategy were the strategic alignment drivers and market drivers. Most South
African manufacturing firms are carrying out R&D within and also outside the companies. The organizations that
have some R&D capabilities within seems to benefit more from the absorption innovations form outside. Most
firms in country are acquiring technologies from external sources. Not all rejected projects have no value, hence
the rejection of projects may be caused by a changing strategic direction/fit, portfolio balance, limited resources,
and new opportunities. Therefore, this leads to a deduction which states that, for a truly efficient project portfolio
management in an uncertain and dynamic framework, value has to be extracted from aborted projects, as not all
of them have no value.
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