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Guest Editorial:
Resource-Constrained Innovation and Frugal

Engineering

I. INTRODUCTION

MODELS of innovation development usually do not incor-
porate scarcity of resources as a determinant of the inno-

vation design. Instead, they assume that the necessary resources
can be acquired so that a new product or service can be optimally
fitted to market preferences. An article by Ray and Ray published
in the IEEE TRANSACTIONS ON ENGINEERING MANAGEMENT

(IEEE-TEM) in 2010 raised the issue of resource constraints in
innovation and how these constraints shape innovation processes
and the innovation design [item 1) of the Appendix]. Their article
describes the development of an indigenous digital telephone
switching system in India, which was developed at a fraction
of the research and development (R&D) costs that comparable
systems from developed countries required. Around the same
time, the terms frugal innovation and frugal engineering were
coined for these kinds of resource-constrained innovations [item
2) of the Appendix], [item 3) of the Appendix]. About ten years
later, we attempt to look back and ask what progress has been
made in the emerging field of frugal engineering management
during the previous decade.

The interest in frugal engineering has been boosted dra-
matically in the last decade with the emergence of the large
economies in China and India as burgeoning centers of low-cost
innovation. Many innovations in these emerging markets have
been described as frugal: being created in a resource-scarce en-
vironment and targeted toward an immensely large low-income
segment. Some of the now widely known examples from India
include the small commercial vehicle, Tata Ace [item 4) of
the Appendix], the passenger car Renault Kwid [item 5) of
the Appendix], or the electrocardiogram device MACi from the
General Electric (GE) stable [item 6) of the Appendix]. In China,
GE developed Vscan, a portable ultrasound device [item 7) of
the Appendix].

Frugal engineering also occurs in system design and on large
scale. M-Pesa, a mobile banking application, was developed in
cooperation with Vodafone in Kenya and is now widely used
[item 8) of the Appendix]. India recently launched its first
unmanned mission to Mars, which was successful on its first
attempt [item 9) of the Appendix]. The budget available for this
was considerably smaller than that of Mars missions already
carried out by the USA, Japan, and Russia and in many cases
with less success. The costs incurred in the Indian space mission
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amounted to approximately the production cost of a Boeing
aircraft, a fraction of the usual costs for any of the other mars
missions.

Radical low-cost innovations have always been a crucial
driver in the history of engineering. Ford’s Model T, the tran-
sistor, and lean manufacturing have radically changed their
markets, product architecture, and manufacturing processes. Be-
sides, companies in developed markets, such as Japan have tra-
ditionally covered a frugal product segment with target costing
[item 10) of the Appendix]. These frugal models, however, are
much less visible, as no marketing budget is allocated to them.
They do not wear the label “frugal innovation.” In developed
countries, frugality in engineering and innovation has been pri-
marily attributed to small companies [item 11) of the Appendix]
and universities [item 12) of the Appendix] that mostly operate
with small development budgets. Still, the emergence of frugal
engineering in emerging economies has raised anew the prospect
of frugal innovation playing a much more important role in mass
markets around the world.

In order to explicate and appraise the prospects of frugality
in innovation processes, the essence of frugal engineering needs
to be fleshed out, conceptualized, and empirically evaluated.
Despite the rising interest in frugal innovation both in research
and business practice and notable recent effort [item 13) of the
Appendix]–[item 16) of the Appendix], our knowledge about
methods, approaches, or procedures that specifically support
the systematic development of frugal innovations continues to
be insufficient for broader application. It is crucial to identify
best practices that achieve development objectives with fewer
resources. These best practices are often expected to emerge
in developing countries as well as in small companies in de-
veloped countries, though large resource-rich companies also
target customer segments with high price sensitivity. Cases of
frugal innovations offer limited theoretical insights and path-
ways to theoretically approach the relationships between frugal
modes of innovation development and performance and product
competitiveness beyond low cost.

We need to widen the theories underlying frugality and open
it for cross-thematic appeal. Hence, it seems promising to ex-
plore frugal engineering under the more general framework
of resource-constrained innovation. On a conceptually more
general level, frugal innovation is the outcome of resource and
demand constraints. While innovation is rarely created with-
out any constraints, frugal engineering is about operating with
much fewer resources than under normal conditions because the
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resources are not available to the innovator or are deliberately
set to meet extreme cost restrictions in the market. Low-income
markets, financial limits, undeveloped skill sets, and technical
boundaries frame innovation and engineering activities. These
constraints influence innovation design. The question of how
constraints affect innovation design has only been partially but
not systematically assessed.

With this special issue, we attempt to advance the discussion
of frugal innovation and engineering. In order to make progress
in this field, frugal innovation needs to be embedded in a
theoretically precise but also more encompassing framework.
The broader term of resource-constrained innovation offers
interconnections to other innovation and R&D management
domains, such as skill scarcity and training, target costing, credit
rationing, time-to-market and even constraints on the market
side, and research productivity. The main research question in
the field is how constraints affect the innovation design and what
are the contingency conditions under which the innovativeness
and competitiveness of constraint-induced innovation designs
are increased. Within the framework of resource-constrained
innovation, we can identify two macro questions: What innova-
tion processes and models fit resource-constrained environments
and emerging market needs? What can firms in resource-rich
developed economies learn from frugal engineering processes?
Or, more specifically, can resource constraints be leveraged in
innovation management? We first delve further into defining the
issues surrounding resource-constrained innovation.

II. INNOVATION UNDER CONSTRAINTS

Innovation processes usually face a variety of constraints with
varying degrees of severity. Constraints are restrictions on the
amount or type of inputs (investment, materials, and time) or
specific limits of the outputs (cost, exhaust gases, and noise).
We define resource constraints very broadly as financial (cash
reserves and access to financial markets), physical (tools, raw
materials, equipment), human (skills, knowledge, and expertise
of individual employees and teams, including their innovative
and entrepreneurial skills), informational (such as knowledge
about technology, consumer needs, market segments, and com-
petitors), relational (such as relationships between individuals,
teams, competitors, suppliers, and consumers), legal (patents,
trademarks, and licensees) and organizational (such as controls,
routines, and cultures), along with any other resources the firm
or the individual has access to [item 17) of the Appendix].

In contrast, resources that are “in excess of the minimum
necessary to produce a given level of organizational output” are
often referred to as slack resources [item 18) of the Appendix].
While one strand of literature asserts that resource slack is ben-
eficial for innovation, e.g., [item 18) of the Appendix], another
strand claims that resource scarcity does not necessarily hamper
the innovation outcome but can positively affect the innovation
process and lead to distinct innovative solutions. Stokes defines
constraints on the innovation process as innovation tools that
preclude the search for a design solution in some parts of the
design space and steer it to other parts [item 19) of the Ap-
pendix]. Basing their arguments on works by Ward [item 20) of
the Appendix] and Ward and Dodds [item 21) of the Appendix],

TABLE I
CONSTRAINTS AND PROPOSED IMPACT ON INNOVATION PROCESS AND DESIGN

the conceptual idea of resource-constrained solutions has been
explained by Weiss et al. [item 22) of the Appendix, p. 199] as
follows:

“[ …]when facing a problem, the default approach of people is
to implement the first solution that comes to mind [ …which] is
typically based on analogies to a previous solution and therefore
fits comfortably with the new problem. Straying from this path of
least resistance, however, demands more cognitive effort and creates
a higher level of uncertainty in the outcome. Thus, people will stay
on the path of least resistance, unless they cannot afford the first
solution that comes to mind [ …].”

Hence, resource constrains pressure developers to deviate
from established routines and technologies and raise the likeli-
hood to discover radical or disruptive solutions [item 23) of the
Appendix]. Resource scarcity is a varying and dynamic state. It
describes a continuum between “insignificant shortage” and “un-
fulfilled acute need.” A slight shortage will not necessarily lead
to behavioral changes or radical innovation, but acute distress is
comparable to a state of shock that requires immediate action.
Severe constraints shape the innovation process as well as the
solution or technical design. The term “necessity is the mother of
invention” probably belongs to more severe states on the scarcity
continuum. But there are surely limits at which constraints are
simply discouraging. This relates to the functional form of the
relationship between constraints and creativity. In the words of
the proponents of slack resources, “there is an inverse U-shaped
relationship between slack and innovation in organizations: both
too much and too little slack may be detrimental to innovation”
[item 18) of the Appendix].

Table I summarizes innovation constraints and their effect on
the innovation process and innovation design according to extant
literature. We include here both supply as well as demand-side
constraints and constraints set by the innovation ecosystem such
as government regulation. Most innovation processes certainly
operate under at least some financial constraints. Consequently,
much attention in recent times has been drawn to the impact
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of financial constraints on innovation output [item 24) of the
Appendix], [item 25) of the Appendix]. Knowledge constraints
are genuinely part of all innovation processes since innovation
means to discover new knowledge. The role of external informa-
tion search, recombination of knowledge in different fields, and
risk capital has been extensively emphasized in the innovation
literature. Jugaad and bricolage are common terms in the frugal
innovation field. These constraints affect how innovation designs
are wrought. Time constraints can also fundamentally alter
the direction of technical progress. When the U.S. President
Kennedy announced the plan to send astronauts to the moon
“within this decade,” he set a time constraint, while more or
less giving the National Aeronautics and Space Administration
(NASA) virtually unlimited technical resources. NASA realized
that in order to fulfill the time constraint, its long-term plan of
establishing a space station from which to venture stepwise into
outer space needed to be abolished for a more direct route to
the moon via a single rocket design [item 26) of the Appendix].
Many design decisions were subsequently derived to fit the bold
time constraint. Frugal innovation is predominantly discussed as
the outcome of demand restrictions, in particular, low purchasing
power, but also skill inadequacy on the user side [ item 27)
of the Appendix]. Environmental regulations have an explicitly
desired effect on innovation design, in that they are aimed
at inducing eco-friendlier designs. In a notable article in the
Harvard Business Review, Porter and van der Linde proposed in
1995 that certain environmental regulations can also stimulate
innovation designs that are more competitive in the market than
those that would be developed absent the regulation [item 28)
of the Appendix]. A plethora of studies have investigated the
Porter hypothesis with contradictory evidence [item 29) of the
Appendix].

As mentioned above, the general effect of resource constraints
on innovation is also still controversially discussed in the liter-
ature [item 18) of the Appendix]. Conventional wisdom and
the resource-based view of the firm suggest that resources are
essential for innovation and, thus, any constraints on resources
reduce innovativeness by restricting research and creative output
and restraining would-be innovators. The key contention of
the resource-based view is that a firm’s innovation process is
based essentially on internal resources for managing creativity
and on appropriating its knowledge assets. Resource constraints
hamper or delay innovation processes and render a constraint-
laden innovation design inferior to the design of resource-rich
organizations. There is a long tradition in the literature to discuss
resource constraints as barriers to innovation [item 24) of the
Appendix].

To empirically identify barriers to innovation has, however,
proved difficult. Statistical tests based on survey data often find
that companies that perceive high levels of barriers to innovation
are also more innovative than others [item 24) of the Appendix].
However, this covariance does not imply a causal effect of
resource constraints on innovation. The more innovative a com-
pany is, the easier they simply run into resource constraints.
Furthermore, it has been suggested that resource constraints do
not deter companies from innovating altogether but only slow the
innovation projects down [item 30) of the Appendix]. One strand
of literature maintains that, on the contrary, constraints can spur

innovations, at least under certain circumstances. Gibbert and
Scranton opine that constraints in the innovation process have
been one-sidedly framed as barriers to innovation and that this
view fails to appreciate their enabling dimension [item 31) of the
Appendix]. Instead, they encourage us to study how past inno-
vations were shaped by constraints. Based on historical studies,
we might learn what organizational and behavioral responses
various constraints have triggered in the innovation process and
what innovation designs and characteristics they have evoked.
Gibbert and Scranton illustrate the impact of constraints on the
innovation design through several vignettes of the engineering
history of jet propulsion engines. The lack of advanced alloys,
which could gradually push the limits of heat resistance, led to a
more radical and discontinuous solution, the development of an
efficient cooling system that eventually progresses to become the
dominant design. Emerging environmental constraints triggered
radical redesign innovations [item 31) of the Appendix].

Resource scarcity translates into higher prices. The theory
of induced innovation, originally suggested by John Hicks in
1932 [item 32) of the Appendix], suggests that innovations are
a response to relative increases in factor prices. Changes in
factor price relations elicit innovators to invent workarounds.
Resources that have become more expensive relative to other in-
puts have to be reduced or substituted. This substitution process
is often impossible without considerable creative changes in the
design or the technology used [item 33) of the Appendix]. Since
price relations can vary from country to country, innovations
often emerge in those countries where resource scarcities emerge
first. Historical examples exhibit the importance of factor prices
for country-specific technical change [item 34) of the Appendix,
p. 199]. For instance, the chemical industry in Germany was
induced by the demand for artificial materials to substitute
natural resources, since Germany lacked access to raw mate-
rials available to competitors from the U.K., the Netherlands,
and France in overseas colonies [item 35) of the Appendix,
pp. 36–44].

In organizational theory, it has been conjectured that resource-
abundant established firms are using more resources than neces-
sary or inappropriate resources because staff feels obliged to use
them [item 36) of the Appendix]. Another reproach is that they
follow only familiar technological trajectories instead of more
creative search paths [item 37) of the Appendix]. The common
case for this contention is the remarkable innovativeness of
many new firms. Despite being severely resource-constrained
on several levels, new firms often dominate radical innovations
and constitute an important element in technological revolu-
tions. The “entrepreneurship view” of innovativeness suggests
that resource constraints trigger entrepreneurial attitudes in de-
velopment teams that seek novel opportunities to recombine
existing knowledge and create fundamentally new solutions
[item 37) of the Appendix]. New small firms are especially
innovative in highly competitive environments, in small or
demand-constrained markets where resource constraints are the
only economic mode to innovate.

The assertions of an association of resource constraints and
innovativeness raise the question of applicability in practice. Can
managers harness resource constraints to spur innovativeness
in their organization and use scarcity as managerial levers to
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control innovation performance? Artificially constraining re-
sources for innovation projects despite ample company re-
sources and profits can be expected to yield resentments and
maybe creative ways to draw added resources to the project
[item 25) of the Appendix]. Much more needs to be known about
the contextual relationships between constraints and creativity
to leverage resource-constrained innovation models for optimal
resource allocation in innovation projects. It has to be deter-
mined under which conditions resource constraints facilitate
innovations, hamper or delay them [item 31) of the Appendix].
Resource constraints can be expected to have different effects
under different conditions and in different cultures and industries
and concerning different outcome objectives [item 23) of the
Appendix]. Weiss et al. [item 23) of the Appendix] propose that
material constraints raise product novelty but reduce product
quality and market outcomes. When radical solutions are sought,
constraints spur creativity of innovation staff to conserve scarce
resources and search for novel ways to overcome the challenges
posed by scarce resources.

Thus, it seems like an overly optimistic outlook to expect
resource constraints to automatically lead to superior solutions
across the board. This presumption neglects the fact that scarcity
of resources can easily discourage employees and elicit nega-
tive attitudes toward the work environment and management.
Even Asakawa et al. [item 33) of the Appendix] admit that “it
requires a particular mindset of seeing external constraints as
opportunities that may not be valid for all firms.” This raises the
question of whether specific corporate and national cultures are
conducive to frugal innovation processes, as well as the issue of
mindsets in frugal engineering.

It should make an important difference whether resources
are arbitrarily constrained by management or whether the con-
straints are forced by external conditions. Artificial resource
constraints can lead the staff to question the management’s mo-
tives or judgment and “fight for more resources” while external
adverse conditions can boost motivation and rally the team [item
25) of the Appendix]. An illustrative case for this proposition is
provided by Maira’s account of how a highly motivated team
at India’s Tata Motors in the mid-1980s developed its first
indigenous and highly successful light commercial vehicle, the
Tata 407, in the face of existence-threatening regulatory changes
dismantling the then-prevailing protection from competition on
the one hand, and the restriction on the use of foreign exchange
on the other hand [item 38) of the Appendix]. A fitting question
to ask, therefore, is what technology management can do under
resource constraints to motivate and guide the development
team. Weiss et al. [item 22) of the Appendix] highlight the im-
portant role of setting the right climate and support system with
development teams as contingency variable of constraint-laden
innovation:

“[U]nder resource-scarce conditions, it is important that an atmo-
sphere of psychological safety and tolerance of mistakes prevails
and that creative thinking is encouraged and supported by providing
necessary information and space, not only to cope with financial
resource scarcity but to profit from its stimulating effects”

Also, Ray and Ray [item 1) of the Appendix] find that en-
trepreneurial leadership is a critical success factor for frugal

innovation. In this special issue, Pati and Garud look at how
organizations can support engineering staff to use the resources
at hand [item 39) of the Appendix].

III. FRUGAL INNOVATION DESIGN

Frugal innovations have predominantly referred to solutions
targeted at price-sensitive customers that include but are not
limited to the low-income population in emerging markets.
High price sensitivity essentially means that the development
of frugal innovation is resource constrained because low target
costs limit the project budget. Frugal design is understood as a
response to this lack of the “affluent” customer [item 40) of
the Appendix]. Market-derived resource constraints are thus
included in our definition of constrained-based engineering.
Demand constraints are derived not only from a low-income
target population, but can also emanate from low benefits of a
problem solution that translates into a low willingness-to-pay.
Conventionally developed innovations that solve a low-priority
problem have often been described as overengineered or victims
of the “better mousetrap fallacy” [item 41) of the Appendix].
Frugal engineering can be the solution for this common problem.

The extant literature on frugal innovation has produced some
additional hypotheses on the effect of resource constraints on the
innovation process and the innovation design. Far from being just
stripped-down versions of their high-cost counterparts, frugal in-
novations have been generally characterized as innovative robust
designs, even radical or disruptive innovations, that are built on
architectural novelties [item 4) of the Appendix], [item 13) of
the Appendix], [item 42) of the Appendix]. However, cases of
frugal innovation also emphasize simplification as an essential
characteristic, with reduced functionalities, limited features and
a general “no-frills” character [item 43) of the Appendix]. This,
however, at times appears in contradiction to the need to address
consumer aspirations in emerging economies [item 44) of the
Appendix], [item 45) of the Appendix]. While a cost-effective,
no-frills car, such as the Tata Nano, has failed commercially in
India [item 46) of the Appendix], the Renault Kwid, a frugal car,
with some bells and whistles (e.g., a stereo receiver) has been
more successful in the same market [item 5) of the Appendix].
There are several examples in India’s healthcare sector, where
functionalities have been rather bundled into a frugal product
to reduce total cost of ownership while enabling a greater level
of services/functionalities, see, for example, Forus Health [item
47) of the Appendix]. Recently, it has been proposed that an
overemphasis on “reduced functionalities” may be counterpro-
ductive for the diffusion of frugal innovations. Instead, total cost
of ownership in conjunction with perceived utility may be a more
important feature of frugal solutions [item 48) of the Appendix].

Asakawa et al. assume that frugal innovation processes and
products are more self-reliant and more independent from the in-
frastructure since emerging markets mostly lack many elements
of a sophisticated infrastructure [item 33) of the Appendix].
According to Ray and Ray, frugal designs are mostly modular
designs [item 1) of the Appendix]. By the end of this decade,
however, it became clear that the idea of frugal innovation as
a large-scale shift of the cost-performance frontier often calls
for an integral design, which requires substantial re-engineering
and R&D inputs [item 49) of the Appendix]. Lim and Fujimoto
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find that in the car industry, frugal innovation requires value
engineering of components or materials and “drastic architec-
tural changes from scratch to dramatically reduce all production
costs” [item 49) of the Appendix].

Resource and demand constraints are largely a compound.
Whereas resource-rich firms tailor innovations for the most de-
manding customers [item 1) of the Appendix], firms in emerging
and developing economies face both resource constraints as well
as severe budget restrictions of the mass markets. Ray and Ray
characterized the context of emerging markets as high in capital
cost and low in labor cost, rending the indigenous innovation
processes as labor-intensive and capital-sensitive. For instance,
in their study, frugal engineering relied on more manual work in-
stead of automation and software programming, manual testing
instead of test equipment, and on repairing of malfunctioning
components. While these observations remain valid, more re-
cent studies have shown that successful frugal innovations can
emerge from the interplay of digital transformation with unmet
customer needs. Studies by Ahuja and Chan [item 50) of the
Appendix], Agarwal et al. [item 51) of the Appendix], and Tiwari
and Kalogerakis [item 52) of the Appendix] have suggested
that companies are using digital technologies to circumvent
resource constraints and create products that can meet the criteria
of “affordable green excellence” to define frugal innovation.
Multinational firms can leverage their presence in the emerging
economies to tap into local sources of innovation, which seem to
be more open to treading unchartered pathways of innovation,
motivated by resource constraints.

Still, frugal innovation does not have to be an exclusive
domain of emerging economies. A frugal device for early and
reliable detection of breast cancer was developed in the United
States in a university setting that operates at a fraction of the costs
of a conventional mammogram and without radiation exposure
[item 53) of the Appendix]. A study of the digital transformation
in the wind energy sector suggests that incumbent multina-
tional firms are successfully engaging in the development of
solutions leading to affordable green energy [item 54) of the
Appendix]. Therefore, firms in developed countries, in spite of
their resource-rich surroundings, might be able to implement
frugal innovation processes. The Corona pandemic exacerbates
financial constraints in developed countries. The resulting finan-
cial distress in the economy might enhance the demand for frugal
solutions around the world [item 55) of the Appendix]. In this
special issue, Walden and Lie present a case of frugal innovation
in a highly developed economy [item 12) of the Appendix].
The development of a low-cost firefighter vest responded to
budget constraints of a mass market of volunteers instead of
the professional market for firefighters. The case shows that
collaborating with universities may be a useful approach to de-
velop frugal innovation. Frugal engineering relies on accessing
external resources and gaining resources from research units that
are intrinsically motivated and thus commit their own resources
to a project. Frugal engineering requires new methods and a form
of organizational bootstrapping by incentivizing organizational
behaviors that are formative of creativity and innovativeness
[item 39) of the Appendix], creating a work environment and
organizational culture that sustain the motivation of engineers
and other project members under severe resource constraints.

IV. METHODS IN FRUGAL ENGINEERING

Information on systematic methods and approaches in frugal
engineering and for developing frugal innovation is still rather
rare. Extant research has recognized the role of value engineering
and target costing in the creation of frugal products, such as the
Tata Ace or Renault Kwid. Innovation methods, for example,
TRIZ and contradiction-oriented innovation strategy, have been
linked with frugal engineering [item 13) of the Appendix], [item
56) of the Appendix]. Lehner and Gausemeier [item 15) of the
Appendix] have proposed transferring solution patterns from
other industrial product or process areas to the development
of frugal designs. We now turn to innovation practices and
processes that have specifically been suggested as part of the
frugal engineering toolbox.

A. Jugaad

Initial literature on frugal innovation often used the Hindi term
“jugaad” as synonymous with frugal innovations, see, e.g., [item
57) of the Appendix]. This term refers to smart, cost-efficient
improvisations that may be used to circumvent given resource
constraints to find an immediate or temporary solution to a
pressing problem. Seeking opportunity in adversity, doing more
with less, thinking and acting flexibly, maintaining simplicity,
including the margins, and following one’s heart have been
described as “six guiding principles” of jugaad [item 57) of the
Appendix]. However, critics have pointed out that jugaad refers
to an inherently nonsystematic improvisation process [item 58)
of the Appendix], [item 59) of the Appendix]. Jugaad can,
therefore, mean taking recourse to inventive analogies from
other industries or nature, but it can also mean circumvent-
ing regulations and norms in order to achieve a (temporary)
workable solution. For this reason, the term is not used or even
accepted by many product developers and firms in the formal
sector, since jugaad solutions in their original use context in
India often refer to substandard quality and as being situated in
a gray regulatory zone [item 58) of the Appendix], [item 59) of
the Appendix].

B. Bricolage

Some scholars have highlighted the usage of bricolage for
creating frugal innovations, see, e.g., [item 40) of the Appendix],
[item 60) of the Appendix], and [item 61) of the Appendix]. The
term bricolage has been borrowed from anthropology, where
it refers to day-to-day practices of dealing with resource con-
straints [item 62) of the Appendix]. Bricolage can be understood
as “[m]aking do with current resources and creating new forms
and order from tools and materials at hand” [item 63) of the Ap-
pendix], and thus has strong connections with the principles of
jugaad. The problems associated with the term jugaad probably
also apply to this term as well, because firms do not wish to
be perceived as offering a “make-do” solution. However, case
studies of frugal innovation have demonstrated that bricolage
offers an essential part of the low-cost development process
[item 12) of the Appendix].
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C. Inventive Analogies

Frugal engineering often takes recourse to proven solutions
and technologies from other knowledge and use domains, such
as other industries or nature [item 64) of the Appendix]. Recom-
bination of existing knowledge applied to solve a new problem
offers strong incentives in the form of reduced technological and
market uncertainty as well as shortened production time. Product
developers are known to have used inventive analogies while
creating some of the best-known examples of frugal innovations,
e.g., Tata Nano, Tata Ace, and GE’s MACi [item 65) of the
Appendix].

Recently, two new analytical approaches for studying frugal
engineering have been ascertained and exemplified. First, based
on action research, a conflict resolution approach to frugal engi-
neering for developing a technical product in industrial settings
has been conceptualized (see [item 13) of the Appendix] and
[item 66) of the Appendix]). Second, patent analysis of frugal
inventions has given rise to schemas that can be followed in
frugal engineering projects [item 14) of the Appendix]–[item
16) of the Appendix].

V. OVERVIEW OF THE COMPILED ARTICLES

1) The special issue starts with a bibliographic analysis of the
most recent literature on frugal innovation by D’Angelo
and Magnusson. In “A Bibliometric Map of Intellectual
Communities in Frugal Innovation Literature” the authors
look at 65 published journal articles about the concept of
frugal innovation between 2010 and 2018 and identify four
main lenses through which the research community has
looked at frugal innovation. The largest group of articles
focuses on understanding the strategic mindset, product
architecture and design of frugal innovations. Another
research domain approaches the issue from the customer
side and sees frugal innovation as targeting the bottom-of-
the-pyramid and as a means for the alleviation of social
problems in emerging markets. A third cluster is interested
in the pursuit of sustainability goals and a fourth cluster of
articles discussed frugal innovations in specific industries
such as in healthcare. The study thus looks back at what
has been accomplished in the field of frugal design so far
and it reveals that the term frugal innovation has confined
the discussion to several niches but lacked the integration
and broad interconnections to the main research territories
of engineering management. This urgently needs to be the
orientation for future research. For instance, D’Angelo
and Magnusson suggest that frugal innovation should be
connecting with common technology management con-
cepts, such as disruptive innovation.

2) In the paper entitled “Frugal Processes: An Empirical
Investigation of the Operations of Resource-Constrained
Firms,” Knizkov and Arlinghaus attempt to clarify the
current state of operations that can be characterized as
frugal spanning over the whole supply chain. Their review
of the literature and sample of frugal companies serving
the bottom-of-the-pyramid market paints a picture of the
diversity of frugal processes. They point out that there is a
progression of frugality in the production and supply chain

in which lean management is an important milestone. In
their search for the next Fordian revolution of frugal man-
ufacturing, they present a decentralized, flexible, locally
leveraged and engaging procurement, manufacturing and
distribution system as a best practice for frugal processes
in resource-constrained contexts in developing countries.
The article raises the question of whether these principles
of frugality are transferable to developed countries and
many other questions that demonstrate that still much
about frugal processes has to be discovered and clarified.

3) Pati and Garud, in their paper “Role of Feedback on
innovative Outcomes in Resource-Constrained Environ-
ments,” conduct two experiments simulating an innova-
tion project with and without resource constraints. These
experiments highlight the role of organizational support
in resource-constrained environments and, in particular,
the view of “feedback as a resource” of an organization.
Under resource constraints organizations can “bootstrap
resources” by rallying managerial leadership to provide
constructive support of engineers discouraged by the
lack of resources. The experimental findings suggest that
projects under resource constraints profit from encour-
agement and means that increase creativity as well as
from an organizational culture of providing supportive and
constructive feedback. Building an organizational culture
often means incentivizing the behaviors that help others
being innovative. This article is indeed a contribution to
the ongoing quest for best practices in engineering in
resource-scarce environments.

4) There have been few operational guidelines or tools for
frugal engineering or the development of frugal innova-
tions. Weyrauch et al. present such a process approach to
frugal innovation. In “The objective–conflict–resolution
approach: A Novel Approach for Developing Radical and
Frugal Innovation,” they start from the proposition that fru-
gal innovations cannot be found as incremental changes,
but require radical solutions, which can be reached by
focusing on a specific conflict statement among project
objectives and customer needs. Frugal innovations are the
result of the process of resolution of the most important
development objective parameter conflict. The approach
culminates in all ideation techniques focusing on this
one conflict resolution. Weyrauch et al. demonstrate their
approach in a real-life engineering project aimed at radical
cost reductions of torque limiters.

5) In “Linking R&D Inventors, Social Skills and Bricolage
to R&D Performance in Resource-Constrained Environ-
ments in Emerging Markets,” Garud and Prabhu study
the behavioral foundations of R&D personnel working
in resource-constrained environments. Starting with the
crucial role of bricolage in successfully innovating when
few recourses are available, they theorize that the re-
source construction process is essentially an interpersonal
exchange activity. Garud and Prabhu thus discard the
lone genius inventor model and show that innovating
with scarce resources requires a high level of interper-
sonal skills, networking and a “collaborative mindset.” In
particular, Garud and Prabhu argue that effective reuse and
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recombination of existing resources involves inventors to
access knowledge and other resources from their peers, to
negotiate and convince others to exchange resources and
to make new connections outside the core team to access
diverse resource sets that are best fitted for their R&D
projects. Their survey data of 211 R&D personnel confirm
that these various interpersonal skills are positively related
to R&D outcomes.

6) The article “University–Industry Collaboration in Frugal
Innovation through Prototyping: The Case of a Firefighter
Cooling Vest” presents a detailed case study of a frugal
innovation from an industrialized country. Walden and
Lie analyze the real-life project of the development of a
cooling vest for volunteer firefighters in which a university
provided the product design through intensive prototyp-
ing. The authors argue that since university projects are
largely very resource-constrained they offer opportunities
to study efficient frugal design processes. They suggest
that prototyping plays an important role in frugal design
because it combines customer needs, manufacturing, and
cost efficiency in one process. An iterative prototyping
process can serve to concurrently simulate benefits and
costs for users and the manufacturing process. Frugal
prototyping facilitates a cost-efficient learning process by
utilizing bricolage.

7) The last article of the special issue is by Agrawal et al.
and is titled “Constraint-Based Thinking: A Structured
Approach to Develop Frugal Innovations.” It uses two case
studies of frugal innovations to derive the conceptual idea
of constraint-based thinking in the innovation process.
The authors suggest that what can be learned from frugal
innovations in emerging markets is that concentration of
the solution search on any constraints is generally an ad-
vantageous approach in innovation. A deep familiarization
with the situational internal and external constraints is
the key foundation for successful innovations. Based on
identified and anticipated constraints, innovation solutions
are essentially the result of a mapping between the con-
straint problem space and the solution space. While not
spelling out a constraint-based innovation process in de-
tail, constraint-based thinking is a promising road to devel-
oping a more systematic approach to deal with and lever-
age innovation constraints to boost innovation success.

VI. FUTURE CONTRIBUTIONS IN FRUGAL ENGINEERING

The literature on constraint-based engineering has made some
progress in the last decade. Yet, much is still unclear and,
admittedly, we are still far from being able to flesh out a so-
phisticated and theory-driven constraint-based engineering and
innovation process that could successfully dispel the common
view that the creative process must be unconstrained to yield
really new solutions. There is some evidence that resource
constraints increase the creativity of developers and the novelty
of solutions. However, some effects of resource constraints seem
rather detrimental to the innovation process. The main idea of
frugal engineering, that it leads to not only lower costs but also
to a higher innovation performance, has not been unequivocally

explained or empirically demonstrated. Additional research
should be directed to contingency conditions of frugal design,
best practices of frugality in engineering, and detailed manage-
rial decision making in budgeting and leadership. Methodolog-
ically, experimental studies under resource constraints seem to
be especially beneficial because they control for compounding
factors.

Above all, cases of successful frugal innovation demonstrate
the need for a normative approach in innovation and engineering
management where affordability is not defined solely in mone-
tary terms but also includes societal and environmental afford-
ability. For instance, discourses in affordable green excellence
enrich the solution spectrum to fight climate change; frugal inno-
vation in health care and agriculture can be instrumental in fight-
ing poverty and support other millennium development goals.

We hope to have made a modest contribution in this direction
with this special issue. We would like to thank all authors for
their submissions, revisions, and patience. We would also like
to thank all those colleagues, whose submissions could not be
considered for this special issue. Special thanks are due to the
many reviewers, without whose valuable feedback this special
issue would not have been possible. Finally, we would like to
thank the professional support of the team at IEEE-TEM.
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