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Abstract

This paper examines holistically how the competitive dynamics of the market
invites and stimulates manufacturing firms to take innovative actions and
which of the nearly twenty environmental factors empirically identified in the
literature actually dominates the firms’ innovation. After developing a general
definition of innovation in the manufacturing sector, two main results are es-
tablished with the thinking logic of systems science and the rigor of game
theory. One result is on when the market signals its invitation for innovation;
and the second result is about why innovation is the only way for firms’ sur-
vival. By using these results and the systemic yoyo model, we identify four
dominating environmental determinants on innovation of manufacturing
firms—demand growth, proximity, networking, and government and public
sector policies. Our results allow us to offer both theoretical and practical im-
plications for managers and policy makers.

Keywords

Consumer Loyalty, Market Invitation, Nash Equilibrium, Systems Thinking,
Yoyo Model

1. Introduction

This paper addresses two important questions concerning manufacturing and
innovation. First, what does innovation in the manufacturing sector mean?
Second, what environmental determinants and market conditions exert domi-
nating effects on innovation in manufacturing firms? These problems have been
important in practice for managers, intriguing in theory for scholars, and chal-

lenging in economic development for policy makers, because the business world
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has been evolving faster and faster than ever before so that decision makers have
less time to analyze what is happening [1]. Hence, they have to focus their atten-
tion on the dominating determinants, which tend to be only a few instead of
many that are generally beyond the human ability to comprehend holistically, in
order to introduce appropriate action plans within a limited amount of time.

As early as in 1776, Adam Smith recognized in his monumental work, 7he
Wealth of Nations, the importance of innovation as a crucial economic activity
that fosters wealth. However, the topic of innovation had not been systematically
studied until the beginning of the 20" century when Joseph Schumpeter [2] pub-
lished his book, entitled “The Theory of Economic Development”, where he
claims that innovation represents the driving force of economic development.
The two questions raised earlier are of increasing importance considering the era
of transient competitive advantages the current business world is in and intense
global competition [1]. Innovation, be it about products, managerial operations
or production processes, represents a fundamental principle under each and
every competitive advantage. This explains why innovation is now inescapable
for firms and business organizations that desire to successfully ride waves of
transient competitive advantages, expand their existing territories, and gain en-
try into new markets [3] [4] [5] [6].

Because of its theoretical and practical importance, innovation has gained a
tremendous amount of scholarly attention in recent decades. However, the ma-
jority of published studies that examined innovation took an empirical approach
using various methods of data mining and presenting mixed conclusions, rang-
ing from positive correlations between the various sets of determinants of inno-
vation and the innovativeness of manufacturing firms, to neutral and to nega-
tive. That makes it difficult for innovation to be prescribed in practice [7] [8].
Additionally, in testing various explanatory variables for their effects on innova-
tion in the manufacturing sector, extant studies found that these variables are
correlated with innovation in varying degrees [9] [10] [11]. While the findings
from the past studies are illuminating for our understanding of innovation, they
are piecemeal in nature. More specifically, most of these empirical studies fo-
cused on a few variables but ignored others because of the limitations in their
research design. Further, past research mostly offered us an understanding of
innovation based on empirical observations which have not assisted scholars in
prescribing practical applications, making our knowledge of innovation incom-
plete and unsystematic [12]. To fill this void, there emerges a need to address
and investigate innovation from a systemic perspective.

Considering where we are in the understanding of innovation and what chal-
lenges exist in this area of research, this paper aims to develop a sound theory
based on the essence of systems science and game theory on innovations in the
manufacturing sector. The purpose of this paper is to identify the dominating
environmental determinants on innovation among a set of nearly twenty va-
riables recognized by various scholars in the last three some decades from the

angle of the dynamics of market competition. Our aim is to contribute to the
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current conversation by examining innovation in the manufacturing sector and
what key environmental factors exert forces on innovative activities and
processes in manufacturing firms.

Another important contribution of this work is the introduction and applica-
tion of symbolic reasoning, systems science (especially, the systemic yoyo mod-
el), and game theory to the study of innovation. Although methods of data min-
ing help uncover potential facts, the literature [7] [13] shows that for the most
part these methods only lead to mixed results. That is, more advanced methods
of expression and reasoning need to be mobilized in order to unify the pre-
viously established results, although mostly mixed, into an organic whole that is
capable of producing specifiable, predictable, and repeatable recommendations
for practical purposes.

The rest of this paper is organized as follows. Section 2 provides a brief sum-
mary of the rapidly growing literature on innovation in manufacturing sector.
Section 3 establishes a general concept of innovation in manufacturing sector.
Section 4 presents the main results of this work: following an introduction to the
basics of systems science, the section shows how the market could signal its in-
vitation for innovation and how the market could stimulate innovation. With
these main results in place Section 5 analyzes holistically all the environmental
determinants of innovation, as studied by various scholars in the past, and iden-
tify those determinants that actually dominate the occurrence of innovation in
the manufacturing sector. Section 6 concludes the paper with managerial and

policy decision making implications and open questions for future research.

2. Innovation in Manufacturing Sector: An Active Field of
Study

The importance of innovation has been recognized since at least the time of
Adam Smith [14] when he states that innovation is a crucial economic activity to
fostering wealth. The topic of innovation in the manufacturing sector represents
a traditional field of study [15] with innovativeness closely related to the pros-
perity of manufacturing firms [16] as well as a critical factor for the firms’ sur-
vival and growth [17] [18]. In practice, innovation is mainly materialized
through introducing original products and processes [7] that enable manufac-
turing firms to competitively enter or create new markets [19].

Many scholars have treated innovation as one major factor of long-term suc-
cess [20]. This part of the literature investigates administrative innovations and
organizational processes accompanying technical developments [21] [22], the
innovation of products and processes [23] and incremental and radical innova-
tions [24] [25].

In the manufacturing sector, Veugelers and Cassiman [26] examine innova-
tion strategies. They find that high perceived risks and costs and low appropria-
tion do not discourage innovation, but rather determines how the innovation
sourcing strategy is chosen. Their results suggest that small firms are more likely

to restrict their innovation strategy to an exclusive make or buy strategy, while
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large firms are more likely to combine both internal and external knowledge ac-
quisition in their innovation strategy. Amara and Landry [27] study how sources
of information play a role on the novelty of innovation by considering four cat-
egories of sources of information—internal sources, market sources, research
sources, and generally available sources—which firms use to develop or improve
their products or manufacturing processes. They find that manufacturing firms
prefer to use a large variety of research sources to develop or improve their
products or processes so that the novelty of innovation could be increased in
encouraging connections between firms, government laboratories and universi-
ties.

Product and process innovation also plays fundamental roles in manufactur-
ing firms. Becheikh et al [7] demonstrate that these two types of innovations are
closely associated to the manufacturing environment with product innovation
receiving more attention from scholars and managers. As for innovation for
competition, Nieto and Santamaria [28] investigate the critical factors behind
novel product innovations by stressing the role of diverse types of collaborative
networks in reaching product innovations and their degree of novelty. They
show that strong collaborations with suppliers, clients, and research organiza-
tions have a positive impact on the novelty of innovation, while collaboration
with competitors has a negative impact. This logic also extends to family firms.
De Massis et al. [29] show that family businesses are different from nonfamily
firms in product innovation strategies and the organization of innovation
processes. In particular, they find that manufacturing family firms focus on in-
cremental product innovations by using more external sources, while nonfamily
firms more on breakthrough and radical innovation through a predominantly
closed approach. And, family firms are more risk-averse in their decisions about
product innovation, while nonfamily organizations tend to embrace major risk
taking.

Innovation and organizational learning are closely related. For example, Alegre
and Chiva [30] study how organizational learning capability affects product inno-
vation performance by developing a model of 5-dimensions—experimentation,
risk taking, interaction with the external environment, dialogue, and participa-
tive decision making. Considering the emerging market demand, Lin ef al [31]
explore the increasing importance of green products and if and how green
product innovation can affect firm performance. They show that market de-
mand is positively correlated to both green product innovation and firm per-
formance, and leads manufacturing firms to a better performance through a
continuous innovation process.

With the recent economic globalization and the advent of internet-based
technologies, the environment of manufacturing has changed drastically; manu-
facturing firms have experienced increasing pressures to be more competitive
and innovative than ever before [32] [33] [34]. That has led to the emergence of
new manufacturing philosophies, such as remote manufacturing, comput-

er-integrated manufacturing systems, Internet-based manufacturing and more
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[32] [35]. These new philosophies have redefined the concept of manufacturing
and innovation in the manufacturing field [36] [37]. The most famous ones are
Industry 4.0 and China’s manufacturing 2025, where cyber-physical systems are
employed to monitor and synchronize physical factory and cyber computational
space [38] [39].

3. The Concept of Innovation in Manufacturing Sector

Schumpeter [2] claims that innovation represents the driving force of economic
development. It also represents one of the main factors underlying countries’ in-
ternational competitiveness and their productivity, output and employment
performance [40] [41]. More specifically, Schumpeter [2] discusses the concept
of innovation within the context of a firm by delineating its extent as product,
process, and business model, by focusing on the role of economic factors in
technical advancement and by recognizing that economic development is a “cre-
ative destruction” that is characterized by quick turnovers of established mono-
polies by catching-up newcomers. Later, Schumpeter [42] referenced the concept
of innovation processes without providing any explanation for how innovations
come about. The importance of Schumpeter’s works is manifested by the emer-
gence of an extensive literature of empirical evidence on innovation [43] [44]
[45]. Such literature provides an important source of information for companies
that either desire to develop a competitive advantage or gain entry into new
markets [3] [4] [46].

The concept of innovation (in the manufacturing field) can be formulated by
looking at diverse aspects of invention, such as its necessity and sufficiency [47],
intentionality [48], beneficial nature [49], practical implementation [50], and its
diffusion [51]. Considering the fact that innovation is a wide-ranging, multifa-
ceted phenomenon, several definitions of innovation are introduced in the lite-
rature. For example, OEDC [4]maintains that:

Innovation is an activity that encompasses all the scientific, technological, or-
ganizational, financial, and commercial activities essential to the creation, im-
plementation, and marketing of new or improved products or processes.

Becheikh et al. [7] define an innovation as (Having) implemented technologi-
cally new products and processes and (produced) significant technological im-
provements in products and processes, where these authors only focus on such
technological innovations that are related to products and processes, a technolo-
gically new product/process or a product/process that has undergone a signifi-
cant technological improvement, and that it has been implemented, introduced
into the market (product innovations) or used in a production process (process
innovations). And, Crossman and Apaydin ([52] p. 1155) define the concept of
innovation as.

The production or adoption, assimilation, and exploitation of a value-added
novelty in economic and social spheres; renewal and enlargement of products,
services, and markets; development of new methods of production; and estab-

lishment of new management systems.
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For our purpose of this paper, all the listed versions of the definition of inno-
vation seem to be too narrowly stated in one way or another, because as Industry
4.0 and China’s manufacturing 2025 unfold in front of our very eyes, newer par-
ticulars will most likely need to be added and stressed. Hence, let us define in-
novation in manufacturing sector as follows with an attempt of capturing all the
vital essences of the concept:

Innovation in the manufacturing sector is such a set of activities—which could
be just one particular activity or several—that leads to exceptionally added value
to the company when compared to other activities that take place in the same
sector.

Implicitly, because of its abstraction and emphasis on the comparatively add-
ed value, this definition of innovation implies many facets of the concept. For
example, the generation of exceptionally added value implies that 1) an extraor-
dinary level and/or quality of creativity has to be involved over time; 2) the crea-
tivity has to be both internally conceived, driven either by the current needs or
forecasted future demands, and externally adopted, such as market acceptance;
3) relevant new processes have to be designed and introduced in order to devel-
op and push products onto the market to realize the said value; 4) intended ben-
efits are materialized; 5) other than inventions this definition also emphasizes on
the translation of inventions into marketable new or improved products or
processes; 6) the definition leaves open the possibility of relative newness; and 7)
although not particularly mentioned, the definition includes potential roles of
relevant processes and outcomes.

Note that this definition excludes those activities or innovations that only
keep the companies afloat when compared to others in the same industries. In
other words, the urge for a manufacturing firm to innovate is mainly from
within the organization instead of purely from pressures of the needs of survival
and fending off competitions. As a matter of fact, such an urge needs to be ex-
pressed in the mission statement of the company [53]. For example, in the riva-
Iry between Eastman Kodak and Fuji Films, Kodak identified and invested in
resources and capabilities and took actions against what Fuji Films was doing in
order to fence off the competition of the latter. However, its efforts of innovation
led Kodak to a wrong direction. That explains why Kodak has since become a
company no longer relevant in the market place [1], and why our condition of
exceptionally added value is important in defining what innovation in manufac-
turing sector is.

Our definition of innovation in the manufacturing sector assists in drawing a
parallelism between the study of disaster predictions and that of innovation. The
reason why an event becomes a disaster is because the occurrence of the event is
unexpected and causes major losses [13]. Similarly, an innovation creates excep-
tional added value because the particular innovation is not expected to be signif-
icant by the participants of the market [54].

In the rest of this paper, any innovation addressed will be that defined lastly

above for manufacturing sector.
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4. The Main Results

A large body of literature on technological product and process innovations has
looked at what economic factors or forces would lead to innovation in the man-
ufacturing sector from various angles that are either internal or external to the
companies of concern [7]. In this section, we analyze the environmental forces
identified in the literature from the height of systems science in order to sort out
what the main environmental determinants are driving innovations in the man-

ufacturing sector.

4.1. Relevant Basics of Systems Science

To make this paper self-contained, this subsection briefly introduces the relevant
basics of systems research. Because scholars in the research area of innovation
are quite familiar with game theory, all the related details are omitted.

System exists everywhere, especially in the investigations of economic issues
and business decision making. For example, each person is a complex biological
system, made up of many smaller systems. At the same time, she is also a mem-
ber of many social and economic systems, such as a family, neighborhoods,
communities, etc. And each day she interacts with a range of various systems,
such as a car, an ATM machine, retail stores, the company she works for, etc.
These systems interact with each other constantly. Hence, other than using
numbers and variables to investigate problems and issues of business and eco-
nomics, which is what is mostly done in the literature in these areas, there is a
need for us to employ the concept of systems and relevant methods to study
economic phenomena in order to obtain new understandings and conclusions.

Historically, the concept of systems has been directly or indirectly introduced
by scholars from different disciplines. For example, in the area of economics
Rostow [55] wrote in 1960 that: The classical theory of production is formulated
under essentially static assumptions... to merge classical production theory with
Keynesian income analysis... introduced the dynamic variables: population,
technology, entrepreneurship, etc. But... do so in forms so rigid and general that
their models cannot grip the essential phenomena of growth... We require a
dynamic theory... which isolates not only the distribution of income between
consumption, savings, and investment (and the balance of production between
consumers and capital goods) but which focuses directly and in some detail on
the composition of investment and on developments within particular sectors of
the economy. In the area of biology von Bertalanffy in 1924 [56] points out that
because the fundamental character of living things is their organization, the
customary investigation of individual parts and processes cannot provide a
complete explanation of the phenomenon of life. And many others, such as Por-
ter [57], Klir [58], Lin [59], etc., also demonstrate how powerful holistic way of
thinking and relevant methodology could be in terms of producing conclusions
that are realistically reliable and practically usable regarding organizations. That

is, business entities, economies, and markets interact with each other. As a mat-
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ter of fact, since the 1920s [56], such a holistic view of nature, organizations, and
social events has permeated the entire spectrum of knowledge, see [59] and ref-
erences found there for details on how specific areas of learning have benefitted.

Numbers and systems are abstracted out of the physical world from two dif-
ferent angles. When an organization is seen as a collection of unrelated people
and properties, numbers come into play, such as n employees, m copy machines,
etc. When the organization is seen holistically, the concept of systems emerges,
where such elements as employees, capital, properties, etc., form an organic
whole through various relationships, without which the organization does not
exist. In other words, all studies in business related disciplines are essentially
about relationships of one kind or another (or systems), be they firms, markets,
industries, or economies. The major differences between numbers and systems
include: 1) the former is a small scale local concept, while the latter a large-scale
organizational concept [60] [61]; and 2) numbers exist only post existence, while
systems emerge at the same time when physical or intellectual existence comes
into being [59]. That is the reason why systems methodology is a more appro-
priate tool than all theories developed on numbers and variables for the investi-
gation of economic entities when their internal structures are concerned with
and why the Wall Street still cannot successfully make advanced predictions for
imminent economic disasters, for more in-depth explanation see [13].

By systems science, it means the totality of all studies of various kinds of sys-
tems. In the past 90 some years, the methods of systems science have been wide-
ly employed in different disciplines [62]. Similar to how the Cartesian coordinate
system—consisting of the crossing of two or more number lines—plays its role
in the development of the traditional science [63], in systems science the role is
played by the systemic yoyo model [64]shown in Figure 1.

Specifically, on the basis of the blown-up theory [65], a general theory of de-
velopment, and the discussion on whether or not the world can be seen from the
viewpoint of systems [60] [66], the concepts of black holes, big bangs, and con-
verging and diverging eddy motions are coined together in the model shown in
Figure 1 for each object and every system imaginable. That is, each system is a
multi-dimensional entity that spins about its axis. If we fathom such a spinning
entity in our 3-dimensional space, we have such a structure as artistically shown
in Figure 1(a). The black hole side pulls in things, such as materials, informa-
tion, investment, profit, etc. After funneling through the “neck”, things are spit
out in the form of a big bang. Some of the materials, spit out from the end of big
bang, never return to the other side and some will (Figure 1(b)). Due to its gen-
eral shape, such a structure is referred to as a yoyo.

What this systemic model says is that each physical or intellectual entity in the
universe, be it a tangible or intangible object, a living being, an organization, a
market, an economy, etc., can all be seen as a kind of realization of a certain
multi-dimensional spinning yoyo with an eddy and meridian field around. It
stays in a spinning motion as depicted in Figure 1(a). If it does stop its spinning,
it will no longer exist as an identifiable system. What Figure 1(c) shows is that
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Figure 1. (a) Eddy motion model of the general system; (b) The meridian field of the yoyo model; (c) The typical trajectory of how

matters return

due to the interaction between the eddy field, which spins perpendicularly to the
axis of spin, of the model, and the meridian field, which rotates parallel to axis of
spin, all the materials that are either new to the yoyo body or returning to the

black-hole side travel along a spiral trajectory.

4.1.1. The Systemic Structure of the Firm

In this subsection we see how the firm can be seen systemically as an abstract
spinning yoyo. In management science, it is well known that each firm has its
own particular organizational culture. Differences in organizational cultures lead
to varied levels of productivity. Now, the basic components of an organizational
culture change over time, where some components are removed while certain
others are introduced. These changes constitute the evolution of the firm and are
caused by both inventing and importing ideas from other organizations and
consequently modifying or eliminating some of the existing ones.

The concept of “spin” beneath the systemic yoyo structure of the firm comes
from what ideas to invent, which external ideas to import, and which existing
ones to modify or eliminate. For example, assume that idea A will likely make
the firm more prosperous with higher levels of productivity, and that idea B will
likely maintain the firm as it has been. Then these ideas will form a spin in the
organizational culture. Specifically, some members of the firm, such as the jun-
ior members, might like additional productivity so that their individual goals can
be materialized in the process of creating the extra productivity, while some
other members, such as those who are most senior, might like to keep things as
they have been so that what they have achieved, such as income, prestige, social
status, etc., will not be adversely affected. These two groups will generally fight
against each other to push for their respective agendas, making ideas A and B
“spin” around each other. For one moment A is ahead; for the next moment B is
leading. And at yet another moment no side is ahead when the power struggle

might very well return to the initial state of the affair. In such a particular inci-
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dence, the abstract axis of spin is invisible, because no one is willing to openly
admit his underlying purpose for pushing for a specific idea (either A or B or
maybe other ones).

The “black hole” of the abstract systemic body in the firm stands for the in-
puts of the firm; and the outputs of the firm are collectively the “big bang”.
And when the firm is seen from different angles, the meanings of “black hole”
and “big bang” are different. But, together these different “black holes” and
“big bangs” make the firm alive. Without the totality of “black holes” and that
of “big bangs”, the firm cannot be physically standing and conceptually exist-

ing.

4.1.2. Ocean of Eddy Motions
Relating to what we discuss in this paper, each human organization, be it a firm,
a market, or an economy, as a whole is made up of its physical body, internal
structure, and its interactions with the environment. This whole, according to
the systemic yoyo model, is a high dimensional spin field, where the internal
structure and interactions with the outside world affect each other and change
the characteristics of the physical body. Considering the body being the carrier
of all other aspects of the organization, in theory the body is a pool of “fluid” re-
alized through human sensing organs in the three-dimensional space. The word
“fluid” here is an abstract term totalling the flows of information, resources,
profits, investments, etc., circulating within the inside of, going into, and giving
off from the body. So, each firm, each market and each economy represent an
ever-evolving and constantly changing ocean of eddies, which interact with each
other persistently. As a matter of fact, this end is also recognized by the contin-
gency theory and supported by empirical evidence: Each organization is above
all an adaptive system which evolves by reacting to its environment; and indeed,
environment has a determining impact on firm’s strategies, structuring and be-
haviors [67] [68] [69] [70].

We are now ready to look at the main questions this paper addresses in light
of the holistic thinking just described.

4.2. Market Invitation for Competition

To determine how a firm is affected by the market, assume that the firm at-
tempts to enter the market that is occupied by m incumbent firms, m=1,2,---
Assume that these incumbents provide consumers with mutually substitutable
products; each of them has developed its respective share of loyal consumers
who purchase the products from their respective firms only as long as the price
is not more than their reservation price, which is set to be 1. At the same time,
assume that there is a market segment of consumers who switch from the prod-
uct of one firm to another depending on whose price is more competitive. This
situation commonly occurs either when the market is expanding or when nu-
merous new firms enter the market due to the entry barrier being lowered by

new technologies. Hence, the incumbent firms compete over the switchers with
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adjustable prices charged to their consumers. By doing so these firms hope they
could not only protect their existing turfs, but also deter the potential entrance
of new competitions [71].

Assume that the incumbent firms produce their horizontally differentiated
products at constant marginal costs, which are set to zero without loss of gene-
rality. Assume additionally that the managements of these m firms are well
aware of the pricing strategies of the other firms and have established their best
responses by playing the Nash equilibrium through pure self-analyses. In other
words, what is assumed implies that the market is in a state of mutual forbear-
ance, where incumbent firms mitigate rivalry by dividing up the market in pro-
portion to the corresponding firms’ strengths [72]. They cede dominance to
their stronger competitors in those market segments where they are less effi-
cient, while in exchange the latter do the same in segments where the former are
more efficient [73]. Such developed codependence gradually motivates the firms
to de-escalate rivalry [74]. Eventually, the rates of entry and exit in the market
decrease [75], and interfirm hostility declines [76].

This assumed market landscape generally means that the technology involved
and the relevant business operations have been standardized. So, if an entrepre-
neur eyes on such a market for the potential of profitable entry, it is reasonable
to assume that the entrepreneur’s firm has come up with a more efficient tech-
nology and/or operation that can greatly reduce the overall business expenditure.
As a reference, for example, Moeen [77] examines the capability antecedents of
firm entry into nascent industries, where a firm’s technological investments in
nascent industries typically occur before its market entry. Considering the fact
that this new firm does not have any loyal consumer in the target market, it has
to first aim at acquiring as many switchers as possible. To do so, assume that this
firm uniformly randomizes its price P over the interval [0,1] as long as the firm
could make profits on the average, where 0 is assumed to be the constant mar-
ginal costs of this new firm without loss of generality and 1 the reservation price
the loyal consumers of the incumbent firms are willing to pay for their purchases
from their respective firms.

Because the incumbent firms are in a state of forbearance, without loss of ge-
nerality consider the aggregate of the incumbents as one firm, whose proportion
of market occupancy is « . So, f=1-a represents the proportional size of
the market segment of switchers who base their purchase decisions on which
price is lower. Then, the following result holds true:

Theorem 1. As of the afore-described oligopoly market, in the Nash equili-
brium, if the consumer surplus [ is greater than 0, then at least one new firm
would profitably enter the market; and the scale of the entering firm in terms of
its operation in this market will be proportional to the magnitude of /.

Proof. Let o, be a real number so that f=1-a>a,>0 and a="/a,.
Imagine that the aggregate firm is divided into ¢ many identical “firms”,
named 7 i=12,---,¢ . Each of them provides consumers with identical products

and enjoys the market share «, =a/¢ of loyal consumers. These imaginary
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firms compete over the switchers with adjustable prices. Because these imaginary
firms are really equal partitions of the same aggregate firm, they have the same
constant marginal cost, which is set to zero as what is assumed earlier, the ma-
nagements of these firms are fully aware of the pricing strategies used by all the
firms (because the firms are managed by the same administrative unit), and they
establish their best, identical responses by playing the Nash equilibrium through
their unified self-analyses.

Next, these ¢ imaginary firms do not have any symmetric pure strategy
Nash equilibrium (For the setup here, there is no need to consider asymmetric
pure strategy Nash equilibrium, because all these imaginary firms take identical
actions). In fact, for any symmetric pure strategy portfolio (X, X,,--,X, ), where
X =X, for 4, j=12,---,¢, a randomly chosen Firm ( je{l,2,---,€} ) can
slightly lower its price from x; to X to produce additional profits for all the
firms as long as X/ > (Xj = X; )a , which is possible to do by adjusting ] suf-
ficiently close to x;. So, (X, %+, X, ) is not Nash equilibrium. Even so, For-
rest et al. [71] show that these ¢ firms do have symmetric mixed-strategy Nash
equilibrium.

For the rest of this proof, it suffices to show that there is at least one firm that
will be expected to profit by entering this market through uniformly randomiz-
ing its price strategy over the interval [0,1].

Let F;(P)=F(P) be the price distribution of Firm j one of the imaginary
firms of the aggregate firm. The aggregate firm or equivalently each of the ¢
imaginary forms sets its price after taking into account the price of the entering
firm and those of all other imaginary firms. Hence, the profits for Firm jfrom its
loyal consumersis o,P and those from its share of the switchers is
(1-P) P[], [1-F,(P)]=AP(1-P)[1-F(P)] " . Hence, the profits II
Firm j generates when the firm sells its product at price Pare

aP+pP(L-P)[1-F(P)]" (1)

and the expected profits of Firm jfor all possible prices are given by

+o0

E(11) = [ {aP+BP(1-P)[1-F(P)] | dF (P)
= @
_ j{aop + pP(1-P)[1-F (P)]“} dF (P),

where the objective for Firm jis to maximize its expected profits by choosing its
price distribution F(P). The reason why the upper and lower limits of the
integral are changed respectively from 4o and -0 to 1 and 0 is because
when P< 0 or when P> 1, the profits are zero.

The equilibrium indifference condition of Firm /is
ax P+ fxP(1-P)[1-F(P)] " =ayx1 (3)

So, for the ¢ imaginary firms, solving Equation (3) leads to their symmetric

equilibrium pricing strategy as follows:
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F(P):l—(%j“. (4)

From fS>aq,, it follows that «,/f <1. So, for any price P, satisfying
1>P>a,/B, Equation (4) is a well-defined probability distribution. This end
implies that for the ¢ imaginary firms, or equivalently, the aggregate firm, the
lowest allowed priceis «,/f3.

To complete this proof, it suffices to show that the entering firm actually ex-
pects to make profits in this new market. To this end because
lim,_,—F(P)=1-(a,/8 )W_l) #F(1)=1, the cumulative price distribution
function F(P) has ajump discontinuity at the reservation value P =1, where
the amount of jump is (ao/,[)’)w_l). That is, F(P) has a mass point of size
(0{0 / ﬂ)]/(H) at the reservation price P =1. So, the expected profits of the en-

tering firm are the following:

a/B +o0
E(I)= | pPdP+ | gP[1-F(P)] dP
0 /B 5)
ao/P 1 , a /(1) (
= [ ppdP+ [ pP[1-F(P)] dP+ﬂ(?°j
0 ao/B

where the first term in the right-hand side of Equation (5) stands for the ex-
pected profits of the entering firm when it charges the lowest price in the mar-
ketplace and captures the entire segment of the switchers, and the second term is
the entering firm’s expected profits when it is in direct competition with the ¢
incumbent firms.

Because the first and third terms in the right-hand side of Equation (5) are
positive while the second term is >0, it follows that the expected profits
E(IT) of the entering firm is greater than zero. That is, if the consumer surplus
P =1-a >0, there will be at least one small startup that will enter the market to
compete with the incumbent firms.

From Equations (5), it follows that
ao/ﬂ o @/([71)
E(I1)2 jﬂPdP+ﬁ(?‘)) (6)
0

So, the expected profits E(IT) of the entering firm is an increasing function
of a,. Sinceq, satisfies >, >0 and is arbitrary, we conclude that the
scale of the entering firm will be proportional to the magnitude of f, where the
magnitude of the expected profits is used as an indicator of the scale of the en-

tering firm.

4.3. How the Market Stimulates Innovation

In the development of Theorem 1, the market is assumed to be occupied by m
incumbent firms, where m can be any of the natural numbers 1,2, 3, ... If m=1,
the market is monopolized by one incumbent firm. In this case, the systemic

yoyo structure of the market is shown in Figure 2 when seen from either the
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Figure 2. The market structure when m = 1.

black-hole side or the big-pang side. Now, the condition in Theorem 1 that the
consumer surplus [ is greater than 0 means that within the uniform flow of
things in the systemic yoyo field of the market there appear some elements that
do not like to flow with the mass. In other words, the prior uniform movement
of the field starts to break down and some local chaos begins to emerge. In prac-
tice, such situations often appear with monopolized markets because the prod-
ucts, supplied by the monopolist overtime, can no longer satisfy the constantly
evolving desires and tastes of the consumers.

When local chaos appears within the previously uniform flow of things of the
market, Figure 2, Theorem 1 implies that there will be at least one new firm to
profitably enter the market. So, the originally uniform pattern of the market in
Figure 2 will eventually evolve into that in Figure 3, where the number of eddy
leaves (regional spinning pools) depends on how intense the market competition
is becoming. For more details regarding this end, see the dishpan experiment in-
itially observed by Raymond Hide [78] of Cambridge University, England, and
then by Dave Fultz and his colleagues of University of Chicago [79].

If the market is expanding, as that of the personal computers in the 1970s un-
til recent times, then the boundaries of the dishes in Figure 3 swell outwards; if
the market dwindles, then the boundaries implode and the scale of the dishes
gets smaller.

When the market is in a state as described in Figure 3, we have m2>2.
Theorem 1 now indicates that as long as there is a sufficiently large market seg-
ment of switchers, which means that within the spinning pool in Figure 3(a)
and Figure 3(b) there appear some unoccupied areas, there will be firms to grab
the undecided market segment. As a matter of fact, we have the following result
regarding the long-term evolution of the market dynamics:

Theorem 2. For the afore-described market, if the market experiences an in-
creasing number of profitable entrants, then consumer loyalty will diminish
overtime.

Proof. Continuing the reasoning employed in the proof of Theorem 1, this

market does not have any pure strategy Nash equilibrium and nonsymmetrical
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Figure 3. A new field pattern of the market. (a) Only one entrant; (b) Multiple entrants.

mixed strategy Nash equilibrium [71]. Let F (P) be the price distribution of
Firm ie{1,2,---,m}, which compete with each to attract switchers by adjusting
their selling price P. The assumption of an increasing number of entrants im-
plies that the consumer surplus satisfies f=1-ma >0, where ma stands for
the size of loyal consumers of the incumbent firms. Assume that there are n
new firms that enter the market by uniformly randomizing its price P over the
interval [0,1], where their cost basis is also assumed to be constant and set to ze-

ro. Then, the profits of incumbent Firm 7are given by
aP+pP(1-P) ] [1-F,(P)] (7)

and the expected profits of Firm 7is
1
j{aP+/3P (1-P) TT7[1-Fy( )]}dFi(P), 8)
0

where the objective of the firm is to maximize its expected profits through se-
lecting the appropriate price distribution F (P).
The equilibrium indifference condition for incumbent Firm 7is

axP+pxP(1-P)' ], [1-F (P)]=ax1 (9)

J#I

So, the symmetric equilibrium price strategy of each incumbent Firm j
i=12,---,m,is

1

F(P)=F (P)=1- P"ﬁl(l P)ml(%jm—Pm-ll(l P)mlh( ), (10)

1

where h(P)= P (1 p)ii_(%j"”.

For this strategy F(P) to be valid, we must have F(P)=0
F(P)=1, for P>P, and F(P)>0, for P<P<P, where P and
some fixed price levels such that 0<P <P <1.

For such price levels P and P to exist, h(P) must satisfy h(P)>0, for
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P<P<P, where P and P are some fixed price levels such that
0<P<P<1,andthat h(0)<0 and h(1)<0. Since

' _ 1 ﬁ n-1 -1 -1

W(P)=—=P (1—P)m—1[P ~(n-1)(1-P) ] (1)

it can be shown that h(P) reaches its maximum at P =1/n. That is, in order

for the previously mentioned price levels P and P to exist, h(P) must

satisfy h (l) >0, which means
n

n-1 n
ﬂ<l(1_l) :(1_£j Kl_ljl (12)
p n n n n/n

So, when n— o, a/B(1/e)x1x0=0. This end means that the market seg-
ment of loyal consumers of the incumbent firms gradually diminishes with an
increasing number of new firms entering the market.

By combining Theorem 2 with Theorem 1, we can see the following market
force that stimulates innovation in manufacturing firms: If a market is either
emerging or expanding, that is, the boundaries of the dishes in Figure 2 and
Figure 3 are pushing outwards, then all firms, be they startups or incumbents,
have to constantly strive for newer and better products because they cannot de-
pend on the so-called loyal consumers to maintain their business. On the other
hand, if the market is quite stable, then earlier analysis implies that the systemic
yoyo field structure of the market will be depicted like that in Figure 3(b). Now,
if the incumbent firms do not continuously introduce newer and better versions
of their products (sold at prices within comsumers’ budget constraints), then the
consumers’ evolving desire and taste will lead to a growing market segment of
switchers, which in turn will invite new competition from outside the stable
market. In other words, as long as the market is not located within a planned
economy, then the evolution of market activities will naturally stimulate innova-

tion in manufacturing firms.

5. Dominant Environmental Determinants of Innovation

Among the nearly 40 internal and 20 environmental determinants of innovation
studied in the literature since the late 1960s [7], we use the logic of systemic
thinking and Theorems 1 and 2 established in the previous section to pinpoint
out the dominant determinants regarding in the general analysis of innovation.
To that end, we assume that each and every firm in the business world exists for
the purpose of satisfying a particular market niche through generating a positive
cash flow. The positive cash flow can be a result of profits from the marketplace,
or investments from various investors, or both.

Investments generally follow the promising future of the business of concern
even though the business might not be currently making any profits, such as
Tesla, SpaceX, etc., in 2017. Because the purpose of this study is on the topic of

innovation in manufacturing sector, without loss of generality this section will
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only focus on the established manufacturing firmswhere both incremental and
radical innovative changes take place. In other words, this section will not con-
sider business entities established for the only purpose of playing around poten-
tials of a novelty without any market share in an existing market in order to try
their luck with the so-called first-mover advantage [80]. So, our starting point
for this section is the assumption that each and every firm in manufacturing
sector has to make profits to survive, which in terms of the systemic yoyo model
means that the yoyo structure of each firm has to maintain its equilibrium with
the market environment; otherwise the firm will cease to exist.

Based on how the market invites competition and stimulates innovation as
established in the previous discussions and as recognized by the contingency
theory in the literature [67] [68] [69] [70], we examine the dominating environ-
mental determinants of innovation. These environmental determinants are
grouped into six categories by Becheikh et al. [7] as follows:

1) The industry to which the firm belongs;

2) The region where the firm is located;

3) What culture is surrounding the firm;

4) Its networking relations with various actors of the firm’s environment;

5) How the firm acquires knowledge and technologies; and

6) What government and public sector policies the firm is under.

5.1. Industry

The “industry” category consists of such determinants as “technological dynam-

» o«

ism”, “demand growth”, and “industry structure”. In terms of technological dy-
namism, the systemic reason why high-tech industries, such as telecommunica-
tion, aerospace, pharmaceutical, are more innovative than traditional ones, such
as textile, wood, food, as shown by Kam et al [81], Quadros et a/. [82] and Uzun
[83], is because the markets of the former are more dynamic than those of the
latter, indicating that the markets of high-tech industries are more stimulating
and inviting with their boundaries constantly pushed outwards into new territo-
ries. In terms of demand growth, the systemic reason why its effect on innova-
tion is significant, as shown by Baptista and Swann [84], Michie and Sheehan
[85] and Zahra [86], is that there are always new consumers in the market look-
ing for newer and better quality products, which according to Theorem 1, leads
to increasing market competition that in turn stimulates companies to innovate
in order to stay ahead of their business game. In terms of industry structure,
such as those with low technological entry barriers and a high competition level
and those where economies of scale raise entry barriers, the empirical evidence
on its effect on innovation is very mixed, ranging quite evenly among positive
effects, insignificant effects, and negative associations [87] [88] [89] [90].
Although the effect of the determinants in this category on innovation is
widely accepted in the literature [81] [86] [88] [91], the relevant empirical stu-

dies actually produce mixed results, reflecting the uncertain nature of the me-
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thods of data mining. On the other hand, by using the logic of systemic thinking,
we can also identify “demand growth” as the dominating determinant of innova-
tion, where “technological dynamism” is closely related to “demand growth”
through various means, such as the opening up of new markets—a sign of de-
mand growth, introduction of improved products with much improved func-

tionalities—an attraction for a wider population of consumers, etc.

5.2.Region

The “region” category consists of such determinants as geographic “location” of
the firm [92] and “proximity” advantage [93]. The systemic reason for why de-
terminant “location” has significant effects on the firm”s innovative capacity
[94] is that good “locations” generally represent clusters of high demands; with
sufficient demands emerging in one place there will be a sizable market forming
in the location. So, Theorem 1 implies that as soon as a market is in place to help
connect sellers and buyers, the market competition will naturally intensify with
demands. The increasing pressure of competition naturally forces the construc-
tion of new infrastructure and improvement of the existing infrastructure, while
attracting specialized workforces from surrounding areas, as supported by em-
pirical studies of Blind and Grupp [95] and Sternberg and Arndt [92]. Similarly,
determinant “proximity” measures how conveniently the firm can draw into its
yoyo field the inputs it needs to thrive, such as suppliers, consumers, informa-
tion, knowledge, R&D capability, financial institutions, etc. All such conve-
niences help facilitate tacit knowledge transfer, reduce communication costs,
support interpersonal interactions, and develop trust and a social capital be-
tween partners, all of which reduce the risk and uncertainty related to innova-
tion. Therefore, “proximity” bears significant effects on the innovativeness of the
firm, as empirically shown by Romijn and Albaladejo [93], Uzun [83], and oth-
ers.

Considering how internet-based markets have become maturely developed in
recent years, between the two determinants “location” and “proximity” we
would choose the latter as a dominating determinant. It is because market de-
mand is no longer limited by where the firm is physically located, while the spe-
cialized workforce that is directly involved in innovations can be mobilized over

long distances.

5.3. Culture

The category of the “surrounding culture” of the firm consists of such factors as
external financial support [96] [97], power distance, risk avoidance, feminini-
ty-masculinity, collectivism-individualism, and temporal orientation [65] [98]
[99] [100]. Similar to the case of the previous category of “policies”, although the
firm, seen as a spinning yoyo, has its own particular organizational culture, it has
to operate within a larger culture, seen as a spinning pool of many smaller yoyos.

However, the surrounding, large-scale culture generally determines the govern-
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ment and public sector policies [101]. So, there is no need to single out this cat-
egory in the study of environmental determinants on innovation (see [53]) for a
discussion on the culture within the firm), although the specified factors in the
literature should and could be considered as some of the internal determinants.
This systemic conclusion actually explains why the related empirical studies on
this category of the “surrounding culture” are extremely rare, producing varied

and often not significant results.

5.4. Networking

The “networking” category represents interactions with various stakeholders,
such as universities, research centers, industrial and professional associations,
consultants, service providers, suppliers, and consumers [93] [97] [102] [103]
[104]. From the assumption that each and every firm is assumed to exist for the
purpose of satisfying a particular market niche through generating a positive
cash flow, the systemic yoyo model surely indicates that this “networking” cate-
gory bears extremely important impact on innovations of the firm through in-
putting whatever necessary for the firm to make adjustments and to reposition
itself in the marketplace. These interactions help provide the firm with new and
crucial information and knowledge and additional resources, all of which
strengthen the competitiveness of the firm or the intensity of spin of the yoyo
structure of the firm. To a truly theoretical height this systemic conclusion car-
ries the relevant empirical discoveries [10] [93] [94] [96] [104] [105] [106],
which are either positive or non-significant. And in this context, the pattern of
movement in Figure 1(c) indicates that in general the innovation process represents
anonlinear evolution of ideas and related processes on how to implement the
ideas into marketable products, as empirically confirmed by various authors
such as Dosi et al [107], Kaufmann and Todtling [94], Kline and Rosenberg
[108], and Malecki [109].

The category of “how knowledge/technology is acquired” by the firm consists
of both formal and informal acquisitions and takes various forms, such as the
purchase of equipment, licenses, and sponsorship agreements, the attendance of
conferences and specialized fairs, or simply the informal exchanges with various
actors in a firm’s environment [104] [110] [111]. Although the systemic yoyo
model indicates that although the firm could be exposed to different sources of
information and technology and bombarded with all the relevant know-hows, it
does not naturally mean that the firm would consequently absorb what is useful
and beneficial in term of innovative activities. This end is determined by the ex-
isting knowledge structure, strategic orientation, organizational culture, and the
general characteristics of the firm. For example, in 1979 although Tom Whiteley,
the head of Kodak’s Emulsion Research Division, observed presentations of
overhead projector slides generated on Xerox Alto, an early version of a personal
computer, he and his fellow researchers of Kodak somehow did not see the fu-
ture of the new technology. Instead, they were very much engulfed in how
well-entrenched the Kodak technology was. So, Kodak continued to exploit and
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strengthen its long-standing advantages in film, while Fuji Photo moved into a
future without film [1]. Hence, systemically speaking, this category of environ-
mental determinants can be and should be entirely merged with the firm’s in-
ternal determinants of innovation. Empirically, what is concluded here through
employing systemic thinking is well explained by the inconclusive results of data
mining [83] [94] [103] [110] [111] [112].

5.5. Knowledge and Technologies

Knowledge and technologies are fundamentally important because, in practice,
how much a piece of known information and knowledge can be beneficially un-
derstood and converted into marketable products is really determined by the
firm’s absorptive capacity and its unwavering desire to lead the market trends
[104]. Firms that are determined, which in practice leads to the relevant capabil-
ity [1], to assimilate, adapt and transform newly acquired knowledge and tech-
nology have better chance of employing them to innovate than those firms that
are not so determined. In other words, most pieces of information and know-
ledge can be comprehended in many different ways, some of which lead to mar-
ketable products while others might only provide a degree of learning pleasure
without producing any tangle outcomes.

That is, the category of “how knowledge/technology is acquired” by the firm
needs to be merged with the firm’s internal determinants of innovation instead

of being considered as an environmental determinant.

5.6. Government and Public Sector Policies

The category of the “government and public sector policies”, under which the
firm operates, affects the innovativeness of the firm [113] [114], because the sys-
temic yoyo structure of the firm is surely part of a much larger and more po-
werful yoyo field of the government and the public sector, although locally the
firm could alter its field pattern slightly. For example, the government policy
could favor the development of certain sectors, substitute for imports, promote
environmental management, etc., all of which in turn have a significant positive
effect on innovation of the relevant firms [113] [114] [115]. Similarly, financial
supports granted by governments, professional organizations, and financial in-
stitutions encourage firms to innovate more [93] [96] [97] [112].

Summarizing what is discussed in this section the following are the dominat-
ing environmental determinants on innovation of manufacturing firms: “de-

» <«

mand growth”, “proximity”, “networking”, and “government and public sector

policies”.
6. Recommendations Developed on the Newly Established
Theory

Although each company has its individual characteristics and specificities, the

results of this paper highlight several avenues which will help managers and pol-
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icy makers to better foster innovation and researchers to better channel their ef-
forts in studying the phenomenon of innovation.

Specifically, for managers, encouraging innovation starts with a clear recep-
tion and an inventive understanding of the market signals, be they market invi-
tations or stimulations, and the government and public sector policies. And then
they align their firm’s strategies with the received signal and the particular com-
prehension of the policies through building up the firm’s distinctive competen-
cies and by the willingness to go beyond the existing market territory through
entering new markets—generating demand growth. The structure of the firm
needs to be flexible so that units of the R&D department can be near different
centers of information and knowledge, units of the sales department conve-
niently located near consumers, units of production easily reached by suppliers,
etc. That is, the determinant “proximity” of innovation needs to be effectively
considered and implemented in various ways. When designing the geographic
distribution of various business units, managers must also take into considera-
tion the networking capability of the distribution with stakeholders, such as fi-
nancial institutions, suppliers, universities, research centers, etc. They must take
advantage of such network system to create various cooperative relationships
with all potentially valuable partners.

For policy makers, the most important decision in fostering innovation in the
manufacturing sector is to encourage competition in the marketplace by elimi-
nating as much entry barriers as possible, by preventing the employment of
strategies developed by firms that lead to monopolistic situations in the market-
place, and by setting up institutions that help companies conduct their business
beyond their traditional territories and internationally. When policies are intro-
duced to promote innovation, they need to be communicated clearly about
where things are expected to happen, what needs to be achieved, and what kinds
of financial supports will be available. In particular, policy makers can foster in-
novation by introducing various initiatives and by establishing geographical
clusters of industries and technology centers through constructing specialized
infrastructure and research facilities.

Based on our previous discussions, these recommendations in general (but
not in particular) are expected to work reliably in practice because they are based
on rigorous reasoning instead of conjectures developed on data mining and
anecdotes. That really sets this work apart from the empirical literature, on
which derived recommendations can only be suggestions because all the relevant
studies suffer from major weaknesses that prevent the decision/policy maker
from making generalizations. In particular, the major weaknesses in empirical
studies stem from how various variables are measured and how the collected da-
ta are analyzed, which lead to an additional problem when comparing data
across countries, since the documentation of such data vary widely across na-
tions. The first weakness involves measurement uncertainty [116] while the
second weakness the limitations of the tools of data mining [117]. For example,

the very concept of innovation has been measured with various indicators, while
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none of the indicators really measure the same underlying construct. At the
same time, explanatory variables (or determinants) of innovation have been dif-
ferently operationalized by various authors [7]. The different indicators and
operationalizations are not necessarily correlated, creating similarly worded re-
sults that do not necessarily possess comparable meanings. Such a research chal-
lenge cannot be easily met due to the fact that the methodologies often employed
cannot and should not be standardized—because each methodology has its
strengths and weaknesses, while similar problems exist with the definition and
measurement of variables. Although difficult, future research needs to address
this challenging problem in one way or another; and we submit that a systems
science approach is a beneficial methodology that will, when practically em-

ployed, produce insightful understandings on manufacturing innovation.

7. Conclusions

This work complements recent systemic studies on how a firm needs to prepare
itself internally for the new era of fast evolving markets and transient competi-
tive advantages [53] [118] and brings all the empirical investigations on the en-
vironmental determinants of innovation in manufacturing sector to the height of
sound scientific abstraction. The significance of this paper is that through the
holistic view of systems science and the rigor of game theory we are able to es-
tablish results and conclusions with practical certainty and reliability. That is; a
holistic view and game theory can be useful when utilized toward understanding
innovation, representing a substantially different approach from those already
established in the literature.

The literature of relevant empirical studies collectively shows the complexity
of innovation in manufacturing sector. Nearly twenty environmental variables
that more or less explain innovation in manufacturing firms are identified by
various scholars over a time span of several decades. However, the empirical re-
sults on how effective these identified variables are on innovation have been
mostly mixed with some positive while others negative [7]. So, when managers
need to make their practical decisions based on such mixed results, a lot of un-
certainties appear with what kinds of outcomes would be produced out of their
decided actions. Compared to the theoretical and practical uncertainties extant
in the literature, this work walks in the opposite direction by greatly simplifying
the complexity of innovation through uncovering the market invitation and
stimulation for individual firms to engage in innovative activities and then by
identifying four dominating environmental determinants on innovation. Addi-
tionally, this work shows definitively when the market invites competition and
innovation and how a manufacturing firm will be losing its loyal consumers if it
does not answer proactively the calls of the market.

As for the limitation of this study, all conclusions are derived based on our de-
finition of innovation in the manufacturing sector and a key assumption about
why each and every firm in the business world exists. The former is specified as

an activity or a set of activities that leads to exceptionally added value to the
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company when compared to other activities that take place in the same sector.
And the latter maintains that each and every firm in the business world exists for
the purpose of satisfying a particular market niche through generating a positive
cash flow, which can be a result of profits from the marketplace, or investments
from various investors, or both. In particular, our employed concept of innova-
tion does not include small-scale, incremental improvements that might amount
to major innovative business successes in the long term. However, many impor-
tant disruptive breakthroughs, which have provided exceptionally added value in
the past, appear as accumulated efforts and small-scale incremental progresses
over time [55] [119]. So, our assumption on why firms in the business world ex-
ist does not include situations where firms are established for purposes other
than satisfying a market niche. These limitations of the current paper point to

some important questions that need to be addressed in future research works.
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