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Abstract

Purpose – The purpose of this paper is to identify issues that are critical to developing complex,
business-to-business products and discuss implications for vendor firms.
Design/methodology/approach – This paper employs the critical review approach to current
complex product literature and draws from relevant literature streams in engineering, management,
and marketing to propose a conceptual framework.
Findings – The critical review of the complex products research reveals the following as critical
issues for research and practice in the development of complex products: definition, internal and
external complexity, product and process complexity, standardized to customized complex products
continuum, component and process modularity, and operant resources.
Research limitations/implications – This paper identifies six specific operant resources that are
critical to the development of complex products and proposes a conceptual framework. Clearly, more
needs to be done in terms of theoretical and empirical research with reference to the development of
complex, business-to-business products. For example, researchers could empirically test the proposed
framework; identify other relevant operant resources; and critique the proposed framework and
develop a new, more comprehensive framework.
Practical implications – Firms that develop complex products could focus on developing the six
operant resources that can help them become competent in developing complex products; and
developing organizational structures and policies and providing an organizational environment that
is conducive to developing robust internal and external social capital.
Originality/value – The proposed conceptual framework provides a theoretical foundation for
practitioners and researchers to build on.

Keywords Product development, Product management, Resources, Critical thinking,
Business-to-business marketing

Paper type Conceptual paper

Introduction
In business-to-business markets, some market offerings (products, services, or
combinations of products and services) are considered to be highly complex. Accordingly,
in this article, we use market offerings and products interchangeably. Examples of
business-to-business firms dealing with such products include those who market
industrial machinery, electronics, transportation equipment, engineering services, and
consulting services (Ghosh et al., 2006; Kratochvil and Carson, 2005). For client firms,
complex products have the potential to improve performance through increased efficiency
and/or effectiveness. Specifically, complex products like business information networks,
mainframe computers, super-server networks, telecommunication network management
systems can provide client firms with competitive advantages. For supplier firms, such
highly complex products can have great profit potential and, therefore, constantly require



them to look for potential sources of competitive advantage. Consequently, firms that are
better able to develop complex products according to the specific needs of their client
organizations have a competitive advantage in the marketplace.

However, what kinds of products are considered to be complex? The word
‘‘complex’’ is derived from Latin, wherein plexus means braided or entwined, from
which complexus, meaning braided or entwined together, is derived (Mittleton-Kelly,
2003). Therefore, a complex market offering is conceptualized as a market offering that
requires the entwinement of several components and, for development, involves a
coordinated effort on the part of the firm’s employees. Over the years, researchers in the
field of marketing, management, and engineering have attempted to investigate issues
that are relevant to developing complex products. However, there is a great disconnect
among the efforts of the three research silos.

In marketing, except for the works of a few researchers who focused on complexity of
products (e.g. Brossard, 1998; Fisher, 1976; Ghosh et al., 2006; Lilien and Wong, 1984; Puri
and Sashi, 1994; Shaw et al., 1989; Webster, 1978; Wuyts et al., 2004), research on complex
market offerings remains relatively unexplored. Also, most research seems to approach
complexity of products from the buying firms’ perspective. However, there has been a
fair amount of research on complex market offerings in other fields like engineering (e.g.
Gann and Salter, 2000; Gil, 2007; Grote et al., 2007; Hobday, 1998, 2000; Hofer and
Halman, 2005; Wang and Zhang, 2008) and management (e.g. Braha and Bar-Yam, 2007;
Danilovic and Browning, 2007; Ethiraj, 2007; Marshall and Brady, 2001; Mitchell and
Singh, 1996; Novak and Eppinger, 2001; Oshri, Newell, and Pan, 2007; Paajanen, 2001;
Singh 1997) that focuses on complex market offerings from the suppliers’ perspective.

Furthermore, although there are certain communalities between management and
engineering research streams, they remain in their silos and address product development
from their respective perspectives. That is, where as most engineering research focuses
on technical knowledge, subcomponents of complex products, and process tools for
engineering design, management research focuses on managing the product
development, organizational structure, policies, processes, and managerial decision tools.
Therefore, the purpose of this article is to integrate these three research streams through
a critical review to explore why some supplier firms are better than others in developing
complex market offerings for client firms. In doing so, this article develops a conceptual
framework and proposes several empirically testable research propositions.

The remainder of the article is organized as follows. First, we critically review the
engineering, management, and marketing literature streams on complex products and
identify and discuss issues that are fundamental to complex product development.
Second, drawing from and integrating the three research streams, we propose a new
conceptual framework that provides rationale for why some firms are better than
others at developing complex products. Third, we conclude with the discussion of our
article’s implications for theory and practice.

Critical review of research on complex products in engineering,
management, and marketing
The purpose of a critical review is to conduct an extensive review, identify lacunae,
identify important themes and issues, synthesize concepts, revise relevant concepts,
develop new concepts and conceptual frameworks, and/or develop a robust research
agenda (Madhavaram, 2009). Lane et al. (2006) provide an example for using critical
review to advance theory development. They conduct a detailed analysis of 289 papers
on absorptive capacity from 14 journals to assess how the construct is utilized, identify



five critical assumptions that drive absorptive capacity research, and propose a model
of absorptive capacity processes, antecedents, and outcomes. In this paper, we conduct
a critical review for similar purposes, that is, we conduct thematic analyses to identify
significant issues and propose a conceptual framework with empirically testable
research propositions.

In conducting the critical review, we focused on literature that is relevant to complex
product development and followed the following steps. First, using EBSCOhost
Research Databases (both Academic Source Complete and Business Source Complete),
we searched for articles with complex products in their titles. Second, we searched for
articles using different combinations of keywords ‘‘complex products,’’ ‘‘product
development,’’ and ‘‘customization.’’ Third, we critically reviewed the resulting articles
for issues that are important to developing complex products. During the critical
review, we followed a chronological approach. That is, if two or more articles tackle the
same issue, we discarded the later article(s) from our article database. In addition, any
article that did not address either significant issues with reference to complex products
or the development of complex products was discarded from the article database.
Fourth, drawing from and researching further, some of the issues that were identified
in our critical review, we developed a conceptual framework that addresses why some
firms are better than others in developing complex products.

Our critical review of complex product research in engineering, management, and
marketing literature streams reveals the following issues as being critical to the
development and management of complex products: definition, internal and external
complexity, product and process complexity, standardized to customized complex
products continuum, component and process modularity, and operant resources. We
summarize exemplars of significant research on complex products in engineering,
management, and marketing research in Tables I-III.

Definition
Often, the definition of a concept provides foundation for subsequent conceptualization,
theory development, and empirical testing. Therefore, the way researchers define
complex products can significantly influence their research. There are multiple
definitions of complex market offerings that are available in the literature. Drawing
from the works of Weaver (1947), Simon (1969), Perrow (1984), and Scurcini (1988), the
works of Mitchell and Singh (1996, p. 170) and Singh (1997, p. 340) define a complex
product as ‘‘an applied system whose components have multiple interactions and
constitute a nondecomposable whole.’’ Singh (1997) further adds that three
characteristics that are each necessary but insufficient can be extracted from the
definition: complex products are systemic, have multiple interactions, and are
nondecomposable. Singh (1997) elaborates on all three characteristics:

(1) the systemic characteristic means that a complex product comprises elemental
units or components, usually organized in hierarchies of subsystems;

(2) the hierarchical structure causes the performance of each subsystem to be
dependent on the performance of its components, while itself influencing and
being dependent on the performance of higher-order systems, leading to
multiple interactions; and

(3) the network of interactions leads to the nondecomposability characteristic of
complex products, as a complex product cannot be separated into its
components without seriously degrading its capabilities or performance.



In the context of engineering, Hobday (1998):

. draws from research on military systems (Walker, Graham, and Harbor, 1988),
the measurement of complexity of systems (Kline, 1990), large technical systems
(Hughes, 1983), project management (Shenhar, 1994), and industrial organization
(Woodward, 1958); and

. defines complex products under the rubric of ‘‘Complex Products and Systems’’
as high cost, engineering-intensive products, systems, networks, and constructs.

Source
Nature of
research Context Specific contributions

Webster
(1978)

Conceptual Macro Discussion of product complexity,
functional interdependence, buyer-
seller interdependence, and buying
process complexity
Application of management science
techniques to business-to-business
marketing

Shaw et al.
(1989)

Empirical Main-frame computer products Results indicate that buyers of
complex, technical products value
intangible attributes more highly
than functional product features
Discussion of the preferences of
client firms

Puri and
Sashi (1994)

Conceptual Computer integrated
manufacturing

Discussion on understanding buyer
behavior of complex products
Discussion on facilitating buyer-
seller interaction

Brossard
(1998)

Empirical Macro (nonprobablistic sample of
197 companies set up in Belgium,
France, Ireland, and Switzerland)

Information sources used by firms
in making decision about buying
complex products
Discussion on implications for
supplier firms’ promotion strategies

Wuyts et al.
(2004)

Empirical Vendors of integrated computer
networks and manufacturers of
hardware and software in the
computer network market

Importance of relationships
among buyers, intermediary
vendors, and suppliers of complex
products
Strong ties facilitate the
mobilization of support and the
transfer of complex knowledge and
weak ties facilitate the gathering of
intelligence and the monitoring of
new developments

Ghosh et al.
(2006)

Empirical Industrial machinery and
equipment, electrical and
electronic equipment,
transportation equipment, and
instruments and related products

Importance of customization to
composing complex products
Customization when the modularity
is low and technological complexity
is high
Conclusion that the extent of
vendor control over customization
is a strategic choice

Source: Madhavaram (2009)

Table I.
Research exemplars in
marketing on complex
products



Hobday (1998) notes that there are at least three significant differences between
complex products and mass produced goods:

(1) complex products are comprised of many customized, interconnected elements
that are organized in a hierarchical manner and tailored for specific customers
and/or markets;

(2) complex products exhibit emergent properties during production, as
unpredictable and unexpected events and interactions often occur during
design and engineering; and

(3) complex products tend to be produced in projects or in smaller batches to allow
for a high degree of direct user involvement.

Source
Nature of
research Context Specific contributions

Mitchell and Empirical Hospital software Definition of complex products
Singh (1996) systems Interfirm development-oriented

and marketing oriented collaborative
relationships are useful for
businesses producing complex
products

Singh (1997) Empirical Hospital software
systems

Firms require multiple competencies in
commercializing complex products
Alliances moderate failure risks in
commercializing complex products

Novak and
Eppinger (2001)

Empirical Firms in auto
industry in Japan,
Europe, and the USA

Product complexity and vertical
integration of supply chain provide
complimentary benefits to firms
Facilitation of buyer-seller interaction

Paajanen (2001) Conceptual Macro Defining complex products in terms of
internal and external complexity
Discussion of the importance of
competence and knowledge
management for developing complex
products

Braha and
Bar-Yam (2007)

Empirical Large-scale firms in
the USA and England

The importance of organizational
network structures for complex
product development
The importance of organizational
network in providing insight into
improving strategic and operational
decision making

Ethiraj (2007) Empirical Personal computer
component industry

Interactions between components in a
product systems condition the R&D
incentives of firms
Conclusion that modular design
architectures, while contributing to
accelerating the pace of technical
change, also tend to limit the
economic benefits of firm’s component
R&D efforts

Source: Madhavaram (2009)

Table II.
Research exemplars in

management on complex
products



Although Hobday’s (1998) conceptualization of complex product is similar to that of
Singh’s (1997), Hobday (1998) explicitly introduces the notion of customization into his
conceptualization. The notion of customization can provide fresh perspectives to firms
that look for potential sources of competitive advantages in developing complex
products. Drawing from:

Source
Nature of
research Context Specific contributions

Hobday (1998) Conceptual Macro Definition of complex products
Discussion of dimensions of product
complexity involving number of
components, the degree of
customization of both system and
components, the number of design
choices, elaborateness of system
architectures, the range, and depth of
knowledge and skill inputs required,
and the variety of materials and
information inputs

Hobday (2000) Case study Industrial
equipment

Discussion on the strengths and
weaknesses of project-based
organization (PBO) and functional
matrix organization

Gann and
Salter (2000)

Case
studies

Design, engineering,
and construction
firms

Discussion on the importance of
knowledge of customer organizations,
competences in specialized
technical areas, and cross-sectional
learning
Discussion on how the integration of
project and business processes
makes firms more effective in
developing complex products

Hofer and
Halman (2005)

Case
studies

Technology-driven
firms

Recommendation that the
employment of layout platforms,
through the imposition of a
dominant design on a product family,
can lead to substantial complexity
reduction and resultant competitive
advantages

Sosa et al. (2007a) Empirical Aircraft engineering The importance of coordination of
technical interdependencies for the
successful development of complex
products
The finding that component
modularity and communication
network structure are critical to the
capabilities of teams developing
complex products

Gil (2007) Case
studies

Airport terminal
construction

Discussion on the importance and of
project safeguards for highly
modular, complex products

Source: Madhavaram (2009)

Table III.
Research exemplars in
engineering on complex
products



. the roots of the word complex (Mittleton-Kelly, 2003);

. the complex product literature; and

. the conceptualization of market offering (Hunt, 2000).

We define a complex market offering as a ‘‘hierarchical, nondecomposable set of highly
entwined entities that are composed of complex bundles of attributes, which may be
tangible and/or intangible, objective and/or subjective, and which may be viewed by
customer(s) or client organization(s) as a want-satisfier.’’

Internal and external complexity
Recently, Paajanen (2001) noted that complex products often have two aspects to them:
internal complexity and external complexity. While internal complexity refers to
several interconnected systems that functionally depend on each other, external
complexity refers to various configurable entities that provide options for
customization. In the context of business-to-consumer complex products, given that
there are huge gaps between knowledge levels of suppliers and consumers, firms could
focus on external configurability in terms of simplification and customization as a
strategy. That is, firms can simplify the external complexity and provide
customization options. For example, the iPhone is a business-to-consumer complex
product that is internally complex with fewer external, customizable options like color,
cover, and accessories.

In the context of business-to-business complex products, client firms are often as
knowledgeable as the supplier firms, if not more. For example, consider a firm that is
involved in selling network solutions to software development firms. In this case, given
that the knowledge levels of such suppliers and their vendors are similar, suppliers will
have to focus equally on internal and external complexities and on customization. As
Paajanen (2001) notes, as number of customers with reference to single, complex
product, go from high to low, suppliers of business-to-business complex products will
have to focus more and more on customization capabilities. That is, from a supplier’s
perspective, as the client firms’ requirements become specific, suppliers should focus
on pure customization and pay equal attention to internal and external complexities.

Product and process complexity
The complexity in the context of development is not limited to the product. It also
involves the processes that are required for the development of complex products. The
product itself is complex because, as Singh (1997) notes, complex product comprises
elemental units or components, usually organized in hierarchies of subsystems and the
hierarchical structure causes the performance of each subsystem to be dependent on
the performance of its components, while itself influencing and being dependent on the
performance of higher-order systems, leading to multiple interactions. The processes
involved in the development of complex products are also complex because, as Hobday
(1998) notes, complex products are comprised of many customized, interconnected
elements that are tailored for specific customers and/or markets and complex products
exhibit emergent properties during production, as unpredictable and unexpected
events and interactions often occur during design and engineering. Therefore, firms
focusing on reducing process complexity in developing complex products can
potentially develop competitive advantages.



Standardized to customized complex product continuum
Not all complex market offerings in business-to-business markets need customization.
For example, products such as high capacity computers, software packages such as
SAS, though are complex, can be and are sold in a standardized form. However, there
are certain business-to-business, complex market offerings that need customization
because of the unique needs of buying firms. In the business-to-business marketplace,
there are a number of complex market offerings that require customization. For
example, business information networks, mainframe computers, super-server
networks, telecommunication network management systems, business consulting
services, custom marketing research, advertising campaigns, and so on. These market
offerings are complex because of critical dimensions of the market offering, breadth of
knowledge and skills required, and the degree of new knowledge involved in
production. From the client’s perspective, these market offerings might be important
for a variety of reasons. By aiding in production and process requirement of client
firms, strategic decisions, providing competitive analysis, or improving effectiveness,
these market offerings may lead to clients’ competitive advantages in the marketplace.
Lampel and Mintzberg (1996) suggest that standardization and (pure)customization are
not two alternative models of strategic action but, rather, are two ends of a continuum
of strategies with segmented standardization, customized standardization, and tailored
customization in the middle. Therefore, depending on where on the continuum the
offerings of the suppliers fall, suppliers need to develop appropriate capabilities for
developing complex products.

Component and process modularity
The concept of modularity is now informing complex products research (e.g.
Kratochvil and Carson, 2005; Persson and Ahlstrom, 2006; Sosa et al., 2004). For
Sanchez (1999), an organization’s knowledge architecture includes four essential and
distinct kinds of knowledge:

(1) knowledge of how a given functionality may be decomposed into specific
product and process functions;

(2) knowledge of how product and process components function;

(3) knowledge of how its product and process components interact in product and
process architectures; and

(4) knowledge of how each component in its product architecture interacts with
each process component in its process architecture as the organization creates
and realizes products.

Sanchez (1999) claims that:

. modular architecture can be used as a flexible platform for leveraging a
potentially large number of variations on a product concept; and

. mixing and matching modular components to leverage product variations also is
used in processes for mass customization of products.

That is, modular architectures for products suggest the decomposability of products so
that various combinations can be put together according to the needs and preferences
of various customers. Further, modular architectures can support the configuration of
customized combinations of component variations for individual customers, though
not necessarily the customization of individual components for individual customers.



In sum, it is being suggested that developing process and product modularities can
help firms in developing complex, business-to-business products. In fact, Sosa et al.
(2004) show how process modularity can impact interdependencies across
organizational and functional boundaries in the context of complex product
development. However, as Ghosh et al. (2006) note, developing complex, customized
products when modularity is low is difficult and resource intensive. That is, when the
constituent subparts (components) of the product are not standardized and/or cannot
be easily configured, it is difficult to develop such products modularly. In such cases,
process modularity takes precedence over product modularity.

Social capital
As noted earlier, the nature of complex products requires the employees of the firm to
work together in order to successfully develop complex products. As Ulrich and
Eppinger (2008) and Clark and Fujimoto (1991) note, as products become more
complex, the number of employees required for product development increases and
relationships among employees become critical. In engineering literature, researchers
(e.g. Hobday, 2000; Sosa et al., 2007a, b) focus on the importance of relationships among
the employees developing complex products. That is, internal social capital is critical to
complex product development. Furthermore, according to Levitt (1981, 1983),
relationships become critical when products are complex and are specific to customer
needs. Ruyter et al. (2001) claim that the level of complexity with high technology
products demands buyer-seller relationships based on long-term commitment and
trust. Levitt (1983) also suggests that communication and ongoing relationship are
essential in the context of technologically complex products. In fact, Maier et al. (2008)
explored concurrent engineering in five empirical studies in the aerospace, automotive,
and IT industries and concluded that coordination among many participants is critical
to designing complex products.

In marketing literature on complex products, researchers (e.g. Puri and Sashi, 1994;
Webster, 1978) have focused on external relations, that is, relationships between the
firms developing complex products and external entities like buyers. In management
literature, researchers (e.g. Mitchell and Singh, 1996; Singh, 1997) note that external
relationships, with reference to suppliers and other alliance partners, are beneficial to
firms developing complex products. Therefore, consistent with the premise that social
capital can result in positive outcomes for firms (e.g. Szeto et al., 2006), both internal
and external social capital can contribute to the successful development of complex
products.

Operant resources
In a recent, seminal article in marketing, Vargo and Lusch (2004) differentiated between
operand resources (those on which an act or operation is performed) and operant
resources (those that act on other resources), and recommended that firms should focus
on specialized skills and knowledge as operant resources that provide competitive
advantages. This view has its parallels in management’s intellectual capital concept
(e.g. Nahapiet and Ghoshal, 1998; Subramanium and Youndt, 2005). For Nahapiet and
Ghoshal (1998), intellectual capital refers to the knowledge and knowing capability of a
social collectivity, such as an organization, intellectual community, or professional
practice, and represents a capability for action based in knowledge and knowing.
Consistent with this view, several researchers in complex product literature (e.g.
Hobday, 1998; Gann and Salter, 2000; Hofer and Halman, 2005; Paajanen, 2001; Singh,



1997) discuss the importance of knowledge, capabilities, and competences. Because of
how Constantin and Lusch (1994) initially conceptualized operant resources, concepts
such as competences, capabilities, and dynamic capabilities can be viewed as operant
resources. Overall, given that operant resources can give potential competitive
advantages, firms should actively seek, develop, and manage their operant resources.
Therefore, it is important to identify operant resources that are relevant to the
development of complex products.

A conceptual framework for developing complex, business-to-business
products
In this section, we integrate the complex product research streams in engineering,
management, and marketing and draw from research on social capital, intellectual
capital, and operant resources to develop a conceptual framework for developing
complex, business-to-business market offerings. Research suggests that complex
market offerings require collaboration efforts (Hobday, 1998; Moretti, 2003). In the
context of developing complex market offerings, collaboration involves complex
internal exchanges within the organization and complex external exchanges with
entities external to the firm. Complex exchanges refer to a system of mutual
relationships among at least three entities and the entire system may be organized by
an interconnective web of relationships (Bagozzi, 1975; Lusch et al., 1992). Hence, for
collaboration, and therefore effective development of complex market offerings to take
place in a firm, a firm needs a set of social resources embedded in internal relations (i.e.
internal social capital) and external relations (i.e. external social capital). The
conceptual framework (see Figure 1) is based on two premises:

(1) intellectual capital as captured in operant resources positively influences
complex product development and firm performance; and

(2) internal social capital and external social capital positively influence firm’s
intellectual capital (operant resources).

In management literature, social capital has mostly been conceptualized as a
multidimensional construct. The works of Nahapiet and Ghoshal (1998) and Tsai and
Ghoshal (1998) conceptualize social capital as a multidimensional construct that can
facilitate the development of intellectual capital. In the context of exploring the role of
social capital in the creation of intellectual capital as having three facets: the structural,
the relational, and the cognitive dimensions. Hence, it is proposed that social capital, as
conceptualized by its three dimensions, is an antecedent to intellectual capital.

Figure 1.
A conceptual framework
for developing complex,
business-to-business
products



Structural dimension
Drawing on Granovetter’s (1992) discussion of structural and relational embeddedness,
Nahapiet and Ghoshal (1998) note that structural embeddedness concerns the
properties of the social system and of the whole network of relations. For Nahapiet and
Ghoshal (1998), the structural dimension of social capital refers to the overall pattern of
connections among actors. The structural dimension of social capital involves
examination of the extent to which individuals in an organization are connected,
description of the patterns of connections among employees, and the examination of
the usefulness of such connections.

Relational dimension
For Nahapiet and Ghoshal (1998), the term ‘‘relational embeddedness’’ describes the
kind of relationships people have developed with each other through a history of
interactions (Granovetter, 1992). Therefore, the long-term relationships that people
have with each other may prove beneficial as resources can be created and leveraged
through relationships (Nahapiet and Ghoshal, 1998).

Cognitive dimension
According to Nahapiet and Ghoshal’s (1998) conceptualization, the cognitive dimension
of social capital refers to those resources providing shared representations,
interpretations, and systems of meaning among parties (Cicourel, 1973). Noting that
mainstream social capital literature has not yet addressed the cognitive dimension,
Nahapiet and Ghoshal (1998) claim that the cognitive dimension is particularly
important in the context of the creation of intellectual capital. Furthermore, for
Nahapiet and Ghoshal (1998), mutual understanding among employees is achieved
through the existence of a shared language. Therefore, the cognitive dimension of
social capital concerns the degree to which employees possess a common language and
share narratives.

Social capital theory suggests social capital to be a precursor to intellectual capital
(e.g. Atuahene-Gima, 2002; Nahapiet and Ghoshal, 1998; Tsai and Ghoshal, 1998).
Nahapiet and Ghoshal (1998, p. 245) use the term ‘‘intellectual capital’’ to refer to the
knowledge and knowing capability of a social collectivity, such as an organization, an
intellectual community, or a professional practice. Specifically, Tsai and Ghoshal (1998)
suggest that social capital is a precursor to resource combinations (i.e. intellectual
capital). As noted earlier, the intellectual capital view is similar to the operant resources
concept. Therefore, internal social capital and external social capital that facilitate such
resource combinations may help organizations develop operant resources that may in
turn lead to competitive advantages. For example, Atuahene-Gima (2002) discusses
firm’s internal and external social capital as precursors to inter-firm market learning
capability. For Atuahene-Gima (2002, p. 7), inter-firm market learning capability
reflects a set of organizational routines or processes for acquiring, integrating, and
exploiting inter-firm market knowledge. Atuahene-Gima’s (2002) inter-firm market
learning capability seems to be a specific form of intellectual capital (operant resource)
that involves the ability of a social collectivity. As Hafeez and Essmail (2007) note,
firms should focus on developing operant resources (competences) in order to achieve
competitive advantages through innovative solutions. However, what specific operant
resources are relevant to developing complex products? Our critical review revealed the
following operant resources as being crucial to the development of complex products.



Market sensing capability
The first of the capabilities addressed is the firm’s market sensing capability, the
knowledge and skills associated with systematically gathering, interpreting, and using
market information quicker and more effectively than competitors (Day, 1994). In the
context of complex products development, most complex products combine
components that draw from different knowledge bases. Gann and Salter (2000) note
that complex products often require detailed knowledge about customer firms. In
addition, firms also need knowledge of suppliers, competitors, and technological
advances from the market (Wuyts et al., 2004). Building on the internal social capital
and external social capital issues discussed above, the most important influencer of
market sensing capability is networking.

Market relating capability
Day (1999) identifies orientation, knowledge and skills, and integration and alignment
of processes as the three elements of a market-relating capability. These three elements
interact and reinforce each other. Therefore, firms can relate to the market better, if:

(1) a relationship orientation pervades the mindset, values, and norms of the
organization;

(2) a firm continually deepens its knowledge of the customers and puts it to work
throughout the organization; and

(3) the key processes are internally integrated and externally aligned with the
corresponding processes of the firm’s customers.

As Shaw et al. (1989) suggest, firms should be able to relate to the needs and
preferences of client firms in order to be successful in the development of complex
products. For Mitchell and Singh (1996), social capital reflected in collaborative
relationships is paramount for suppliers to be product development-oriented and
marketing-oriented with reference to client firms.

Market response capability
In the context of developing complex products, one particularly important operant
resource is the firm’s ability to respond to what they find in the market, such as the
development of new market offerings by competitor firms, or a shift in the positioning
of competitor firms, or a change in the competitor firms’ market communications
strategies. Furthermore, developing technical expertise and better understanding of
the clients helps to add value to the development of complex market offerings. In
responding to the competitors’ actions, changing customer preferences, and new
technological developments, firms can initiate the development of new capabilities and
new marketing strategies. For example, if buyers of complex, technical products value
intangible attributes more highly than functional product features (Shaw et al., 1989),
firms can use this knowledge and respond to the client firms through specific
marketing strategies. In fact, as Low et al. (2007) suggest, responding to the market can
prove synergistic with reference to firm’s innovation activities.

Product development capability
Product development is at the heart of the firms that offer complex market offerings,
their raison d’être. Drawing from Danneels (2002), product development capability
requires the firm to have capabilities relating to technology and relating to customers.



While customer capability gives the firm the ability to serve certain customers,
technological capability gives the firm the ability to design and manufacture complex
market offerings. As complex product development is a process of linking firm’s
technology and customers, it requires bringing together the capabilities related to
technology and customers. Furthermore, as noted earlier, firms focusing on reducing
process complexity in developing complex products can potentially develop
competitive advantages. Consequently, firms developing complex products should
start focusing on modularizing design architectures (Ethiraj, 2007), developing
appropriate organizational network structures (Braha and Bar-Yam, 2007), using
project-based organization (Hobday, 2000), and developing the capabilities of relevant
teams involved complex product development.

Customization capability
For Hobday (1998) the term ‘‘complex’’ is used to reflect the number of customized
components, the breadth of knowledge and skills required, the degree of new knowledge
involved, and the manner in which components are integrated together. Indeed, complex
products are comprised of many customized, interconnected elements that are organized
in a hierarchical manner and tailored for specific customers and/or markets. With
reference to complex engineering products, Hayes and Wheelwright (1984) and Mowery
and Rosenberg (1982) suggest that complex market offerings often need to be customized
for specific customers. Accordingly, as Bayraktar et al. (2007) note, embracing
customization as an organization-wide philosophy may prove beneficial. As Ghosh et al.
(2006) note, customization becomes critical and complex when the modularity of complex
products is low and technological complexity is high. Therefore, firms should start
focusing on developing customization capabilities that make them more efficient and/or
effective in customizing their complex market offerings.

Co-creation capability
Vargo and Lusch (2004) introduce the notion that firms are beginning to compete in an
environment where the customer is always considered a co-creator. Therefore, if a firm is
truly market oriented, then, it should develop a co-creation capability. In the context of
developing complex products, given the issues with product complexity, functional
interdependence, buyer-seller interdependence, and buying process complexity (Webster,
1978), developing co-creation capabilities could be a potential strategic option. As Hobday
(1998) notes, user involvement in complex product innovation is high and suppliers and
clients work together in developing complex products. Furthermore, as complex products
are often costly, have the potential to increase the profitability and competitive
advantages of client firms, specific to the needs and preferences of client firms, require
resource intensive efforts from suppliers, co-creation could potentially reduce the burden
of suppliers and clients and make the process of developing complex products more
efficient and/or effective. Also, this potentially can help supplier firms in their innovation
efforts. Consistent with this view, recently firms such as GE HealthCare have even
encouraged users to alter their products so that they can be made better (Kroll, 2006).

In conclusion, our conceptual framework rests on two foundational premises:

(1) firm’s intellectual capital (operant resources) can make it better than
competitors in developing complex market offerings; and

(2) internal social capital and external social capital are precursors to the firms’
intellectual capital.



First, specifically, for Hunt (2000), a firm’s comparative advantage in resources enables it
to achieve superior performance through a position of competitive advantage in some
market segment(s). That is, firms that have comparative advantages in intellectual
capital (operant resources) such as market sensing capability, market relating capability,
market response capability, product development capability, customization capability,
and co-creation capability, can outperform competitors in developing complex market
offerings in terms of well-developed complex products and overall, firm performance.
Second, as Tsai and Ghoshal (1998) note, social capital, as captured in the structural,
relational, and cognitive dimensions, is a precursor to intellectual capital. Also, our
critical review establishes the importance of internal social capital and external social
capital, for the development of complex products. Therefore, following our conceptual
framework (see Figure 1), we formally present the following propositions.

P1a-f. There is a positive relationship between the firm’s internal social capital as
captured in the structural, relational, and cognitive dimensions and its operant
resources as characterized in market sensing capability, market relating
capability, market response capability, product development capability,
customization capability, and co-creation capability.

P2a-f. There is a positive relationship between the firm’s external social capital as
captured in the structural, relational, and cognitive dimensions and its operant
resources as characterized in market sensing capability, market relating
capability, market response capability, product development capability,
customization capability, and co-creation capability.

P3a-f. There is a positive relationship between the firm’s operant resources as
characterized in market sensing capability, market relating capability, market
response capability, product development capability, customization capability,
and co-creation capability and complex product development.

P4a-f. There is a positive relationship between the firm’s operant resources as
characterized in market sensing capability, market relating capability, market
response capability, product development capability, customization capability,
and co-creation capability and firm performance.

Discussion
This paper critically reviewed the complex products literature streams in engineering,
management, and marketing; identified and analyzed definition, internal and external
complexity, product and process complexity, standardized to customized complex
products continuum, component and process modularity, and operant resources as
important issues for the development of complex products; identified and discussed
market sensing capability, market relating capability, market response capability,
product development capability, customization capability, and co-creation capability as
essential intellectual capital (operant resources) for developing complex products; and
integrated the complex product research streams in engineering, management, and
marketing and drew from research on social capital, intellectual capital, and operant
resources to develop a conceptual framework. The proposed conceptual framework
rests on the foundational premises that:

. intellectual capital (operant resources) can contribute to the development of
complex products and firm performance; and



. internal and external social capital are precursors to intellectual capital (operant
resources).

Implications for research
As the competition in the context of complex, business-to-business products evolves,
firms should focus on specialized skills and knowledge as operant resources that can
provide competitive advantages. Therefore, reflecting this evolution, research in complex
products should also focus on operant resources. To some extent, there is evidence in the
works of, for example, Hobday (1998), Gann and Salter (2000), Hofer and Halman (2005),
Paajanen (2001), and Singh (1997), that complex product research is moving in the right
direction. However, as noted earlier, often, research silos results in literature confounding
the development of theory. This paper attempts to resolve this issue through a critical
review and the integration of three different research streams. Also, the conceptual
framework proposed in this paper can provide theoretical foundation for further research
in this area. In addition, this paper identifies six specific operant resources that are
critical to the development of complex products. Clearly, more needs to be done in terms
of theoretical and empirical research with reference to the development of complex,
business-to-business products. For example, researchers could:

. empirically test the proposed framework;

. identify other relevant operant resources; and

. critique the proposed framework and develop a new, more comprehensive
framework.

Potential implications for practice
As this paper is conceptual in nature, to the extent that the framework can stand
empirical scrutiny, there can be implications for practice. Therefore, here, we discuss
some potential implications of the proposed framework for practitioners. As our
framework details that:

. intellectual capital (operant resources) influences the development of complex
products and firm performance; and

. internal social capital and external social capital are precursors to intellectual
capital (operant resources).

Firms that develop complex products could focus on:

. developing the six operant resources that can help them become competent in
developing complex products; and

. developing organizational structures and policies and providing an
organizational environment that is conducive to developing robust internal and
external social capital.

In summary, this paper provides a foundation for

. future researchers to investigate the development of complex, business-to-
business products; and

. practitioners to approach the development of complex, business-to-business
products from the perspectives of social capital and intellectual capital (operant
resources).
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