
This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.

IEEE TRANSACTIONS ON ENGINEERING MANAGEMENT 1

A Bibliometric Map of Intellectual Communities
in Frugal Innovation Literature

Viviana D’Angelo and Mats Magnusson

Abstract—Frugal innovation is the process of innovating to re-
spond to severe resource constraints with products that have cost
advantages compared with existing solutions. The philosophy be-
hind frugal innovation can be applied to both products and services
from different sectors, as shown by academia and managerial ap-
plications. In this article, the purpose is to examine the intellectual
structure of the developing domain of frugal-innovation research
in order to identify the most active and influential communities,
as well as the most seminal works and the most active scholars.
Therefore, we conducted a bibliometric analysis of the literature
on frugal innovation. The outcomes of our analysis allow us to
offer an objective and scientific mapping of the development of
this field. Four distinct intellectual communities have been iden-
tified: strategic challenges, inclusive development, sustainability,
and industrial application. We, herein, provide insights into the
commonalities between these distinct communities and into the
intellectual structure of the domain, as well as indications for future
studies. The results dig into the evolution of the topic and instigate
further research explorations toward the industrial applications of
frugal innovation, addressing whether and how this approach could
deliver benefits to companies in terms of product development,
industrial systems, and logistics.

Index Terms—Bibliometric analysis, frugal innovation (FI),
intellectual community, research collaboration, scientific mapping.

I. INTRODUCTION

THE CONCEPT of frugal innovation (FI) dates back to 2006
when Renault-Nissan CEO Carlos Ghosn coined the term

“frugal engineering,” inspired by the Indian engineers’ ability
to innovate “cost effectively and quickly under severe resource
constraints” [1]. A few years later, the term appeared in an article
of The Economist [2], which introduced the idea of a frugal
approach to innovation in the Indian healthcare system. In this
article, the logic of FI was explained as follows: “[u]nlike the
hidebound health systems of the rich world … ‘in [a] patient-
centric health system you must innovate.’ This does not mean
adopting every fancy new piece of equipment. Over the years he
[interviewed doctor] has rejected surgical robots and ‘keyhole
surgery’ kit because the costs did not justify the benefits. Instead,
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he has looked for tools and techniques that spare resources and
improve outcomes” [2].

FI has been defined as designing low-cost products, systems,
and services by removing the sophisticated technology with-
out losing technical functionalities, which, thus, makes them
affordable for low-income customers either in low-, middle-, or
high-income countries [3]. One of the most prominent examples
is the General Electric (GE) portable diagnostic ultrasound
machine, developed for China’s rural areas [4], [5], and based
on an old and low-cost ultrasound technology device that can be
connected to any laptop. This device differs from its “traditional”
counterpart for its ease of use (due to a simplified user interface),
lower price (80% lower than conventional prices), portability,
and battery endurance.

The FI approach is becoming increasingly popular among
companies as a different way to innovate and design creative and
innovative solutions [1], [4]. This approach is clearly attractive to
companies thanks to its beneficial and appealing consequences,
such as squeezing costs, enlarging the consumer base, and
exploiting existing resources. Another reason behind the appeal
of the topic relates to a major change in the consumer’s behavior,
which is arguably moving from “ever bigger and better” solu-
tions toward a growing demand for reduction “in the needless
complexity layered on the technology-based products” [6]. This
trend is furthermore reflected in the phenomenon of “innovation
overload” [7], defined as a consumer’s response to the increas-
ing pace of innovations, information, and knowledge. In other
words, this phenomenon refers to the fact that consumers are
suffering from the so-called overengineering syndrome, thereby
they are no longer willing to pay for features they perceive as
not valuable, whereas they might be interested in simpler but
still valuable products.

Although FI was created and developed in a practitioner con-
text [1], it has also captured an increasing interest in academia.
After a few years of “incubation,” various scholars have been
attracted by the novelty of the topic, and FI has become an
academic field of research. In the academic sphere, the major
scholars debate the overlap of FI with multiple similar terms,
such as jugaad, frugal engineering, constraint-based innovation,
Gandhian innovation, catalytic innovation, grassroots innova-
tion, indigenous innovation, and reverse innovation [8]. In fact,
other terms describing similar concepts have become popular
among both practitioners and scholars, which makes the bound-
aries of FI blurred.

It is, thus, hardly surprising that previous research on FI has in-
cluded the systematic literature reviews for several purposes: to
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TABLE I
OVERVIEW OF THE PREVIOUS LITERATURE REVIEWS

SLR = Systematic literature review.

define the differences between the FI and related terms [8]–[10];
to provide a definition of the concept [11]–[13]; to summarize
the key findings of extant research [12], [14]; and to map the
scientific domain [9], [15]. Although the systematic literature
reviews allow us to assess the state of a research domain, it
encompasses weaknesses, which may skew the results: First, the
need to find a metric to evaluate and summarize the findings may
miss out relevant contributions; and second, the nonreplicability
of the analysis, which is due to the qualitative dimension of the
systematic literature reviews, as researchers may report only the
literature that is relevant to and consistent with their bias.

The purpose of the article is to examine and classify the
literature on FI by relying on a quantitative approach in order
to provide a deeper understanding of the current state of the re-
search and to outline directions for future research. To overcome
the aforementioned limitations, we conducted a bibliometric
analysis of the literature. Notably, bibliometrics is a quantitative
method for conducting a literature review, which combines the
classification and visualization methods of analysis of aggre-
gated bibliographic data produced by scientists of a research
domain [16]. Our data set, which consists of 67 articles covering
the period 1985–2018, was obtained using the Web of Science
Social Science Citation Index (SSCI) database, which includes
journals with impact factor and refers only to business and
management, as the data source, through a search by topic using
the keyword “FI.”

We uncovered the presence of four communities of scholars
active in the field as well as the strength of the connections and
similarities between their different contributions. Our analysis
provides a scientific mapping of the research domain based on

the similarities between the pieces of existing research. Our
contribution to the literature on FI is twofold: first, we unveil
the subareas of the research domain and the key insights offered
by the scholars thereof; second, we discover the potential weak-
nesses of the current research, suggesting how future research
may address those gaps.

The rest of this article is organized as follows. In Section II,
we “review the reviews” of FI. Section III explains the biblio-
metric approach and the methodology. Section IV presents and
discusses the results. Finally, Section V concludes this article.

II. OVERVIEW OF THE LITERATURE

Over the past years, various authors have contributed to
defining and reviewing the FI field of research, as summarized in
Table I. Brem and Wolfram [8] included FI in the more general
category of innovation in emerging markets. Similarly, Zeschky
et al. [10] clustered the innovation approaches to emerging mar-
kets into three groups according to the attributes of market nov-
elty and technical novelty, with FI being one of the three clusters
besides cost innovation and good-enough innovation. Agarwal
et al. [9] focused on the innovation under scarcity, synthetizing
the extant research to organize the fragmented literature and the
terminological confusion. Although the systematic literature re-
view carried out by these authors identified the progress of extant
research and future directions, providing a clusterization of the
extant research domain, it included FI and other terms under the
umbrella of resource-constrained innovation. Therefore, these
results span much broader boundaries and do not provide helpful
insights into the FI domain. Hossain [17] addressed this gap,
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providing a map of the FI phenomenon based on the country of
origin of the researchers and the journals publishing the studies.
Later on, Pisoni et al. [12] assessed and reviewed the key findings
of the FI literature through an in-depth systematic literature
review. Based on the qualitative-content analysis, these authors
provided multiple classifications of the contributions based on
the different metrics, thus resulting in a very complete frame-
work of the research which, however, may also appear overly
elaborate and difficult to summarize. A bibliometric analysis had
been previously conducted by Tiwari and Kalogerakis [18] with
the aim to investigate the theoretical base and the antecedents
of FI in the scholarly discourse. However, their study considers
a broader definition of FI, including also related topics, such
as “reverse innovation,” “jugaad,” and “low-cost innovation.”
Accordingly, their results offer a comprehensive overview of
state of the art, the relevant articles, and the most active authors.
Nonetheless, these authors do not consider the different shades
of the terms employed to perform the search of the articles. In
this respect, although the previous studies offer a comprehensive
overview of the existing terms and provide various keys to draw
the boundaries between these terms, a more focused quantitative
analysis of the overall state of the art in the FI literature is still
lacking. Understanding the fields of interest of FI, based on its
“strict” definition, may also clarify the definition itself and the
difference with similar terms.

III. METHODOLOGY

We conducted a bibliometric analysis to construct a scientific
map of the scientific domain of FI. A bibliometric analysis is
a quantitative methodology that analyzes the bibliographic data
to identify the strongest interconnections among articles and
research topics by analyzing the citation relations, cocitation
relations, and co-occurrence of the keywords [19]. This method-
ology enriches the findings obtained through the traditional
methods of review studies, notably the qualitative approach of
the systematic literature review and the quantitative approach of
metaanalysis [20], [21]. In fact, it combines an initial quantitative
analysis and a second subjective analysis of the results through
coding procedures, thus providing a more complete understand-
ing of how the authors and articles are related to one another and
also producing visual representations [20], [22]. A bibliometric
analysis is based on the assumption that any scientific area results
from a cumulative research tradition occurring over time, which
can be captured through a pattern of citations [23]. By analyzing
these patterns of citations, it is possible to scrutinize the rela-
tionships among documents contributing to the development of
a research area [24].

A. Analytical Approach

The unit of analysis is constituted by a single article. In
line with previous scholarly studies [23], [25], we relied on
bibliographic-coupling strength to detect scholarly research
communities [25]–[27]. The bibliographic-coupling strength (or
frequency) between two documents is defined as the number
of items these two documents share in their reference lists.
Two documents are bibliographically coupled if they both cite

one or more documents in common; the higher the number
of documents cited by the two documents, the higher the
bibliographic-coupling strength. The rationale behind the mea-
sure is that the documents that share the same references are
likely to be similar, and this similarity is higher as the extent of
the shared bibliography increases. We choose the bibliographic
coupling as the similarity measure to map the scientific domain
[26], since it has been recognized by the literature as the most
accurate for representing a research front [27] and it is not
affected by the cumulative amount of a citation, unlike other
similarity measures [28]. Over the past years, the accuracy of the
bibliographic-coupling measure to study the academic fields has
been compared with the another method of analysis of scientific
publications, namely the cocitation technique, i.e., the frequency
with which two documents are cited together (small, 1973). The
object of the comparison was the suitability of each method
to cluster the academic fields of research as well as whether
the literature on bibliometrics agreed on the higher accuracy of
bibliographic-coupling techniques as compared with cocitation
techniques [27], [29]–[31].

The bibliographic-coupling strength assumes that articles
sharing the same references are similar, and that the higher the
amount of shared references, the higher the similarity between
the articles. In this view, the bibliographic-coupling analysis
applied to the references allows, through the similarity analysis,
the identification of the main clusters of scholars working on
subtopics. For the purpose of our study, we performed a content
analysis of the clusters identified by the software algorithm,
and each cluster was manually screened and labeled through a
coding procedure [32]. The VOSviewer software (version 11.4)
generates maps [33] using the visualization of similarities (VOS)
mapping and VOS clustering techniques [34]. These are novel
techniques, alternative to the multidimensional scaling (MDS)
approach [35], to some extent resembling the latter as they both
locate items in a low-dimensional space, in such a way that
the distance between any two items reflects the similarity or
relatedness of the items as accurately as possible [35]. How-
ever, in contrast to MDS, which is based on the calculation of
similarity measures, such as the Cosine and the Jaccard indexes,
VOS adopts a different procedure for normalizing co-occurrence
frequencies [33], [36], namely, the association strength (1).
Specifically, the association strength is calculated as follows:

aij =
mcij
ciicjj

(1)

where m represents the total number of abstracts, cij indicates
the number of times concept i and concept j occur together in the
abstracts, and cii and cjj indicate the number of times concept
i and concept j occur together in the abstracts. To compute the
similarity of two documents, a two-step approach is taken. In the
first step, for each pair of items, the number of bibliographic-
coupling links is calculated. In the second step, the association
strength formula is used to normalize the bibliographic-coupling
strengths. The normalization corrects for the fact that some items
(e.g., some documents, authors, or journals) may have many
more references than others and may, therefore, also have more
bibliographic-coupling links.
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Fig. 1. Total publications and citations per year.

B. Data

We collected our dataset from the SSCI at the Web of Science
Core Collection.1 By selecting the SSCI, we ensured that we
would filter out any bibliographic data from less reputable jour-
nals, and we, therefore, obtained a dataset made of the articles
published in the best peer-reviewed journals in social science. In
order to detect the first occurrence of FI in academia, we did not
set any date restriction for the search, which was preset by default
to the interval 1985–2018. The data set was obtained by running
a “search by topic” with the keyword “FI,” which resulted in
67 articles (56 articles, 7 reviews, and 4 editorial materials).
We screened the data set to filter out any incompatible article,
thus, resulting in a final data set consisting of 65 units in total.
Out of the final data set, seven items were not connected and
have, therefore, been omitted from the cluster representation and
analysis, which eventually resulted in a final set of 58 articles.
Although the literature has reported differences between the con-
cept of FI and its established synonyms (Gandhian innovation,
Jugaad, frugal engineering) [9], there are still some taxonomical
issues, which may alter our results. To account for this potential
distortion, we verified the gap between our sample (keyword
“FI”) and the samples obtained by searching the other terms
(Gandhian innovation, Jugaad, frugal engineering). The results
show an overlapping of 45% with the keyword “Jugaad,” 33%

1Our results refer to articles available in the Web of Science database in
October 2018.

with the keyword “Gandhian Innovation,” and 18% with the
keyword “frugal engineering.”

IV. RESULTS

A. FI as an Emerging Field

The analysis of the descriptive statistics provides a first over-
all understanding of the research field. Fig. 1 shows that the
first academic publication appeared in 2011. In addition, the
observation period can be divided into two different phases: an
initial phase of less intense activity from 2011 to 2014, with
four publications on average per year, and a “take-off phase”
between 2015 and 2018, which was the most prolific year with
21 publications.

The observation of the cumulative citations that occurred over
the years shows a significant increase during the take-off phase,
with a peak of 191 citations in 2018, as shown in Fig. 1, and a
total number of 519 citations over the entire period.

The geographical distribution of the publications shows
that the most prolific country is the U.S. followed—not
surprisingly—by India and Germany, as shown in Fig. 2.

B. Scholarly Communities

Following van der Have and Rubalcaba [25], we created a
network of scientific articles on FI based on the bibliographic-
coupling data [26], as displayed in Fig. 3. Articles are
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Fig. 2. Number of publications per country.

Fig. 3. Bibliographic-coupling map.
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bibliographically coupled when different authors cite one or
more articles in common. In other words, if two or more authors
cite the same article, the authors are connected. The higher the
number of citations the articles share with other documents, the
higher the strength of their similarities.

Fig. 3 reports our bibliographic-coupling map, covering 59
items out of 66 in total, i.e., 92% of the entire dataset. The
bibliographic-coupling map provides a visual representation of
the network of articles belonging to a research domain, where
each node represents a scientific article and each tie represents a
bibliographic-coupling relation. The size of the nodes represents
the number of citations the article has received over time, while
the distance between nodes represents the similarity between
the nodes (as measured by bibliographic coupling). The colors
of the nodes represent the different clusters of articles. The
bibliographic-coupling map shows 58 out of 65 total articles
of the initial dataset, since the seven remaining articles were
not connected with any other and have, therefore, been dropped
from the map.

The articles that are not connected do not share any common
citations with other articles in the dataset. A deeper analysis of
the abstracts of those articles explains why they are disconnected
from the map: those articles are scientific works about sophis-
ticated technical applications of FIs to surgery procedures [37],
[38] or technical applications of FI to solar energy [39], and
they apparently belong to different fields of research and refer
to different literature bodies. The final network is made up by
four main clusters. After an analysis of each title and abstract
therein, we came up with the following cluster labels based on
their main content:

1) strategic challenges (green);
2) inclusive development (blue);
3) sustainability (yellow);
4) industrial application (red).
Table II summarizes the results and the key findings of the

cluster analysis.
1) Green Cluster (Cluster 1): Strategic Challenges: The

green cluster comprises the most cited articles—as shown by
the size of the nodes—thus implicating a potential dominant
position of this cluster over the others in terms of popularity of
the research focus. The analysis shows that the cluster addresses
the strategic challenges of FI in terms of how organizational
structures interplay with FI [40], [41], how to reconfigure the
organization in terms of dynamic capabilities, innovation strate-
gies, and resource allocation [42]–[45], and the new product
development strategies necessary to meet the requirements of FI
[46]–[48]. The main rationale for this community is that both for
western firms and emerging market firms, an FI activity requires
reconsidering the philosophy behind the traditional innovation
strategy and adopting a different view and mindset in order
to configure the value chain and to adapt the organizational
structure to guide this new challenge. Besides the attention to the
strategic and organizational themes and to possible recipes for
companies to tackle FI strategies, a subgroup of authors address-
ing the “frugal” product development strategy emerges [40],
[48], [49]. These authors cross the external layer of the strategic-
challenge themes and seek to “get their hands dirty” with more

technical issues. Indeed, they observe the phenomenon from a
product performance perspective exploring the product architec-
ture implications of FI in terms of product design. This subarea,
although immature, constitutes a promising avenue for future
research, as it may disentangle the relation between the FI and
the product design and provide findings about the performance of
FI products, which in turn may encourage companies to embrace
FI strategies.

2) Blue Cluster (Cluster 2): Inclusive Development: The
second cluster deals with the theme of inclusiveness promoted by
FI. Scholars focus on how FI can pursue the social goals of reduc-
ing poverty and inequalities and promote an improvement of the
quality of life by ensuring employment and providing adequate
public services delivery to remote rural areas [50]–[56]. This
research community is characterized by a two-folded trend: on
the one hand, the specificity of the setting of the studies thereof,
which is mainly contextualized in Africa [52]–[55], [57] and, in
line with the topic of the cluster, in emerging markets as a whole
[58]; on the other hand, the idea that FI for inclusiveness is a
matter of global politics and development economics and would
be better addressed from a macroeconomic perspective [50],
[53]–[57]. In fact, the role of the local institutional environment
and the local governments is crucial to promote an FI model.
As such, a global-policy perspective could address the issue
by prompting the participation of western incubators and firms
facilitators, as well as non governmental organizations (NGOs)
and western funds to provide both financial support and the
transfer of technical knowledge [59], [60]. These ingredients
are determinant to avoid small, localized, and grassroot private
initiatives, which would not survive the market effects.

A further issue, which is properly addressed by the literature,
is the threats of potential socioeconomic inequalities driven by
the diffusion of FI models [54], [55] or the increase of capitalist
exploitation and inequality [61]. Future research is encouraged
to address these issues to find new solutions that would enable
“win–win” situations, in which companies could earn profits
while alleviating poverty and ensuring equal possibilities for
the whole population of potential consumers [54].

A potential response to address the challenges posed by in-
come inequalities could be offered by intertwining the impact of
FI on inclusiveness with the idea of democracy as an innovation
enabler [62]. In this respect, the political system is a critical
factor, which can serve as an innovation incubator under certain
conditions, which are above all those of a “highly qualified”
democracy. Indeed, a functioning democracy is arguably a
prerequisite for the development and adoption of an effective
innovation system, as it promotes an extensive coverage and
ensures social welfare.

The current literature considers FI as an essential ingredient
for an onward development trajectory of the low-income areas of
the world, assuming that there is only one possible development
trajectory to which the whole society aspires. This is true because
people from lower segments of the social pyramid seek a lifestyle
improvement close to that of western consumers [63].

3) Yellow Cluster (Cluster 3): Sustainability: The yellow
cluster is the “least popular” of the research domains with only
seven items, thus revealing a limited interest of practitioners
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TABLE II
FI RESEARCH STATUS.
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toward the themes of sustainability and environment. The arti-
cles focus on how innovating under resource scarcity principles
and the reduction of nonessential characteristics may address
environmental and resource consumption issues [64]–[66]. The
idea that FI has the potential to achieve sustainable-development
goals reconciles the community of scholars of Cluster 3; in
fact, they all agree on the latent capability of FI to tackle
pressing sustainability issues, thanks to its default attributes of
less resources and optimized performance [11].

In this respect, FI blends with the broader literature on sustain-
ability issues and commitment toward the environment as a part
of the sustainable development goals promoted by the United
Nations [67]. Accordingly, FI enables us to simultaneously
address the aim of “eradicating poverty” and the goals “to protect
the planet from degradation, including through sustainable con-
sumption and production” and to “ensure that all human beings
can fulfil their potential in dignity and equality and in a healthy
environment,” thanks to its applicability also in disadvantaged
settings. Given the growing interest for sustainability themes,
we encourage research in FI to address these issues through an
empirical investigation of the ability of FI to fulfill multiple goals
at the same time.

4) Red Cluster (Cluster 4): Industrial Applications: The red
cluster comprises the industrial applications of FI and is consid-
ered to be the largest cluster with its 24 articles. This community
is characterized by the presence of a small group of scholars
from industrial engineering and environmental science, who
have been working on the industrial applications of FI.

The first level of analysis shows that the contents of the articles
are diverse and span across different case studies analyzing var-
ious applications of FI. Popular applications appear to concern
the water supply system [68], [69] and the energy sector [69], the
Indian mobile phone industry [70], the supply chain [71], and
the general applications of FI to foster green technologies [72],
[73]. However, the most popular application among scholars
appears to be the one regarding the healthcare sector [74]–[77],
possibly to honor the tradition of FI originated in the healthcare
setting [78].

A deeper analysis shows that some of the articles belonging
to Cluster 4 could be included in other clusters: for example, the
industrial application of FIs encompasses also themes related to
the product development issues (Cluster 1), although Cluster
4 focuses on process rather than product design. The theme
of FI applied to industrial processes and utilities suffers from
a narrow focus on its application in low-income settings and
emerging economies [68], [70], [72], [79], which hinders a
more comprehensive view of the effects of the application of FI
to the industrial systems of more advanced economies. Future
research should address the issue by providing the missing link
between the FI and the industrial-process application in the
advanced economies. In addition, future research is encouraged
to concentrate more on the FI process and product development,
in view of a possible increase in the adoption of FI practices and
to equip practitioners with a “user manual.” Moreover, future
research may investigate the relation between the industrial
applications and the patent activity issues, for example, with
respect to how many FIs would turn into patent applications and

granted patents, or which technological fields have the highest
patent application rate. To the best of our knowledge, a little
attention has been devoted to the analysis of FI production in
relation to patent activities [52], [80]. The promises of eventual
future revenues from FI patenting activities could encourage
innovation efforts in such direction, resulting in advantages for
both companies as innovation generators and society.

C. Sensitivity Analysis

The resolution parameter γ of the clusters determines the level
of detail provided by the software technique; the higher the
value of the parameter, the higher the number of clusters that
will be obtained and the smaller the clusters. We set a resolution
parameter of 0.75, resulting in four clusters. Following Waltman
et al. [34], we experimented with several different values for the
resolution parameter. Accordingly, there is no general optimum
value of γ, which should be based on the most purposeful results
depending on the specific needs. In addition, the exploratory
nature of the analysis justifies the testing of different values.
After some experimenting, we decided to set this parameter
equal to 0.75. This resulted in a clusterization with a satisfactory
level of detail for the purpose of our research, that is, to detect
the most influential communities in the research field. Indeed,
on the one hand, a higher resolution parameter would result in
a higher number of clusters, with a higher level of detail and a
more accurate detection of the content of the clusters. On the
other hand, however, this would be pointless for the purpose
of this specific research, since it would result in a multitude of
small clusters.

To assess the goodness of the resolution parameter, we con-
ducted a sensitivity analysis to determine how changing the
parameter would affect the variation in the results.

By setting a resolution parameter γ = 0.5, the clusterization
algorithm detects two clusters.

1) Cluster 1∗: Industrial applications, inclusiveness, and sus-
tainability.

2) Cluster 2∗: Strategic implication of FI /creating value with
FI.

Cluster 1∗ comprises Cluster 2, Cluster 3, and Cluster 4,
including the works that focus on the case studies on FI and
on how this approach can address social purposes. Cluster 2∗
reflects Cluster 1 in the main analysis, as it addresses the strategic
challenges posed by the adoption of FI strategies and how this
approach can contribute to value creation, thus showing that a
lower resolution parameter results in a merging of the clusters
identified in the main analysis into two macrocategories.

By setting a resolution parameter γ = 1, the resulting network
shows six clusters.

1) Cluster 1^: Case studies and applications.
2) Cluster 2^: Inclusiveness and social development
3) Cluster 3^: Strategic implications.
4) Cluster 4^: Sustainability.
5) Cluster 5^: Development of FI capabilities.
6) Cluster 6^: Applications in utilities sector.
The higher resolution parameter results in a higher number

of clusters. A deeper analysis shows that a higher parameter
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leads to the decomposition of the clusters identified in the main
analysis: Cluster 1^ and Cluster 6^ are subunits of Cluster 3,
Cluster 2^ overlaps with Cluster 2, Cluster 3^ and Cluster 5^
are subunits of Cluster 1, and, finally, Cluster 4^ overlaps with
Cluster 4 in the main analysis.

The results of the sensitivity analysis show how, by setting a
higher or lower resolution parameter, the clustering configura-
tions result in macrogroups in the case of a lower resolution
parameter, and subgroups in the case of a higher resolution
parameter, confirming the goodness of the resolution parameter
selected for our analysis.

D. Popular Theoretical Lenses

The qualitative analysis of the clusters shows some recurring
patterns among the different clusters, for example, the theoret-
ical lenses employed by scholars to observe the phenomenon.
In particular, we observed that 17% of scholars pertaining to
Cluster 1 (strategic challenges) relied on disruptive innovation
as the theoretical perspective applied to observe the phenomenon
of FI, whereas 45% of scholars pertaining to Cluster 2 (inclusive
development) relied on bottom-of-pyramid (BoP) as the theo-
retical setting used to observe the phenomenon.

Disruptive innovation [81] describes a situation where exist-
ing companies are focused on satisfying the needs of the high
end of the market (where the profitability is high), while ignoring
the low end of the market, which demands less sophisticated and
less performing products. In such situations, new firms can enter
the market serving the low-end consumers, who have lower ex-
pectations and requirements. As these innovations improve over
time, they overtake the existing technologies by satisfying the
current market needs [82]. The metrics of disruptive innovation
show many similarities with FI, e.g., the unserved consumer
groups and low-income markets, which are potential targets for
FIs [49], [83], and the features of disruptive innovations, which
are typically simpler, more convenient, and more affordable [84].
Since there has thus far not been any empirical evidence of FIs
that have displaced their “traditional version,” as the definition
of disruptive innovation would require, the association between
the FIs and the disruptive innovations is incomplete and mostly
theoretical. Disruption is a process and not an event [85], and
the evolution of the healthcare industry in developed markets,
as well as other factors, will most certainly play a role in this
disruption process. The articles that have relied on disruptive
innovation to observe the FI phenomenon [10], [45], [47], [86],
[87] belong, not surprisingly, to the strategic challenge cluster
(Cluster 1). The researchers in this cluster aim to disentangle all
the possible strategic challenges that firms are dealing with FI
may encounter, since the potential disruptiveness of FI may be
significant. In addition, these scholars try to address the bridge
between the FI and the disruptive innovation, broadening the
spectrum of what can result as disruptive for the existing incum-
bents and what threats the existing companies may face from
“unsuspected” entities. The scholars belonging to the strategic
challenge cluster should reinforce the relationship between the
disruptive and FI, as the latter is a subclass of the former, and
address how companies could foster the potential disruptiveness
of FIs.

The second theoretical perspective assumes a demand-based
view and looks at FI from the potential targeted market side.
The characteristics of FI, i.e., low cost, ease of use, and valuable
performance, can target the low-income segment of the popu-
lation. For this reason, a part of the FI literature has connected
FI with the concept of BoP [88]. BoP refers to the largest but
poorest socioeconomic group, i.e., the four billion people living
with less than $2 per day, a group that has traditionally been
ignored by large companies. Despite its low purchasing power,
this group constitutes a large potential market to serve. Serving
BoP markets entails the idea of producing specific products for
those disadvantaged consumers in the rural areas of the poor
and emerging economies, with the double purpose of making
businesses enlarge their markets while at the same time creating
social value by improving the quality of life of less wealthy
people.

In this perspective, FI stands beside the innovation approach
to low-income markets. The results section provides an in-depth
analysis of the literature output in this area [8], [9], [89], [90].

V. DISCUSSION AND CONCLUSION

In this article, based on a bibliometric analysis integrated with
a qualitative assessment, a scientific map of the literature on
FI was provided. The existence of FI has been documented by
scholars for many years; however, the attention of scholars and
practitioners has increased during the past decade. Yet, research
has been criticized for being fragmented and inconsistent as a
multitude of definitions, perspectives, and misleading terms have
emerged. Therefore, we had circumscribed the analysis to the
FI domain to assess the scope of the domain and its intellectual
structure. The result of the analysis is beneficial for scholars who
want to contribute to the further advancement of the field and to
foster a homogeneous and consistent knowledge accumulation.

We identified four main clusters in the research domain: strate-
gic challenges, inclusive development, sustainability, industrial
applications. A more detailed summary of the findings of the
study and the cluster analysis, in particular key insights and
future research directions, were provided in Table II.

Compared with a previous bibliometric analysis [18], which
identified four clusters concerning themes of innovation for
emerging markets, this study had identified a more diversified
cluster composition, despite the narrower search. The difference
may be due to the choice of FI as the sole research keyword,
which has allowed to focus on a more specific research domain
and to better capture the nuances of the phenomenon, thus
distinguishing it from other similar terms in use. In this respect,
FI presents strong connections with the technical aspects of
innovation and the issue as to how the approach can be translated
into industrial applications, as well as its potential weaknesses
and bottlenecks. FI seems to transcend the issue of inclusive-
ness, by reducing inequality and promoting the development of
rural areas, to embrace a more “concrete,” technical value (as
demonstrated by Cluster 1 and Cluster 4).

However, the results showed that the intellectual communities
are characterized by a variety of multidisciplinary approaches
within each one of them, spanning from industrial engineers to
management scholars, although some common patterns emerge
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in the cases of Cluster 1 and Cluster 2. In fact, a significant
portion of Cluster 1 adopted a common approach and considered
FI as a variety of disruptive innovation, and a significant portion
of Cluster 2 assumed a mere consumer perspective to observe
FI as capable of serving BoP consumers. Apart from this, the
results showed that the majority of the studies did not rely on
existing theoretical constructs in an attempt to incorporate FI
into one coherent and consistent body of existing knowledge
but rather work on building their own distinct theory for FI.
For this reason, we believe that a smooth communication and
cooperation between the different communities is crucial to
enhance a consistent and cohesive work, where each theoretical
block is based on the same validated and shared fundamental
body of knowledge.

All in all, despite the novelty of the phenomenon, which
results in a rapidly emerging area of research, FI constitutes in
itself a research field with a specific research community, whose
premises are auspicious. In addition, the current scenario showed
a new arrangement of the innovation systems, with consumers
becoming increasingly aware of the issues of sustainability [91]
and deprivation [92], while at the same time being sensitive to
technology and every experience connected to it. Therefore, it is
of utmost importance to integrate FI with these themes, where
possible, detecting new potential applications and assessing
how this approach can find its own place in the forthcoming
innovation systems.

This article provided a replicable assessment of the state-of-
the-art of FI. While an in-depth discussion and synthesis of the
previous research findings are beyond the scope of our goals,
our results are primarily of interest to scholars who want to
contribute to the further advancement of the FI field of research.
In this respect, the theoretical contribution of this bibliometric
review is indirect. In fact, it did not provide a theoretical block to
understand the FI phenomenon, but it represented an auxiliary
tool to identify the existing theoretical framework and the areas
in need of clear theoretical contributions. Understanding the
clusterization of the field may help improve the researchers’
ability to identify and formulate adequate conceptual building
blocks.

Our analysis highlighted several research areas, which may
address new potential future research avenues. First, an addi-
tional perspective from economists and researchers in the field
of global and development studies would be useful in order to
obtain a broader view of the potential impact of a more compre-
hensive adoption of FI. In particular, further research should
attend to the consequences of FI in low-income economies
as it may potentially generate further inequalities and income
gaps [93]. Notably, the lack of a solid legal and institutional
framework hampers the attempts to promote inclusiveness and
may exacerbate the income gap to the advantage of the “few”
[94]. The role of policy makers is essential to create a local
network, including western firms, incubators, NGOs, and finan-
cial intermediates, in order to provide the infrastructural system
that is lacking today. In addition, most of FIs are created in a
local context from “grassroot” innovators at a bricolage level,
generated by the spur of the moment and lacking any structured

innovation project. A proper network may also support the trans-
ferability of knowledge and the exploitation of creative ideas, as
well as the creativity and the idea generation of the grassroot
innovators [40]. In addition, we encourage future researchers to
broaden the spectrum by observing the FI phenomenon through
additional theoretical frameworks. To date, the most popular
theoretical framework is the BoP lens. We argue that the strong
contextualization of FI in low-resource settings or BoP markets
[51], [54], [93], low-income environments, India [47], [58],
and Africa [52], [53], [55], [57], may result in a misleading
consideration of FI. In fact, this approach may create a bias
in the minds of managers and practitioners in general, thereby
reducing the sphere and the attractiveness of FI [95].

Our analysis had identified the lack of a study of the most
suitable fields for the application of FI. Thorough research would
help firms and practitioners to understand the most promising
and suitable applications of FI, supporting their technological-
exploration strategy and potential cost savings and fostering
the adoption of an FI approach in firms’ strategy. Furthermore,
from a product development perspective, we encourage future
researchers to address the issues of compliance with safety
standards and compliance with legal frameworks. In addition,
a stronger focus on the FI process was also recommended [58]
in order to identify similarities and differences compared with
other innovation processes. Moreover, further work investigat-
ing the differences between the frugal-product innovations and
the frugal-business model innovations stands out as a potentially
fruitful research focus.

As final remarks, we acknowledged the limitations of our
study, which leaves room for further refinements. First, our
dataset was extracted only from the Web of Science SSCI.
A combination with other databases would provide additional
and arguably more comprehensive insights into the scientific
domain. Second, by relying on bibliographic coupling as the
measure of similarity, we relied on the assumption that docu-
ments that share parts of their bibliographies are similar. Finally,
the clusterization conducted by the software had been conducted
through a content analysis on the title, abstract, and keywords,
excluding articles not containing the keyword in their title or
abstract.

The limitations of the article offered interesting and inspiring
ideas to address future research efforts. In fact, adding a temporal
dimension to the analysis would provide additional insights into
how the network structure of the field has evolved over time.
Moreover, the qualitative analysis of the clusters may suffer from
the subjectivity inherent in the coding procedures, which may
affect the consistence of the results.

The assessment of the research field leads toward an unso-
licited question: what are the next steps? The FI approach has
recognized strengths that make it an interesting advancement of
the innovation concept, such as the focus on core functionalities,
cost reduction, complexity reduction, optimized performance,
simple user-centric design, and lean tools and techniques. All
these attributes endow FI with the power to face the difficulties
imposed by several current major social and societal challenges:
natural resource degradation, climate change, poverty reduction,
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and the need for sustainable solutions to slow the deterioration
of the planet. In response to all these threats, a frugal approach
[95] to business and economics and to the entire way of life,
appears to be one of the most effective paradigms to achieve the
sustainable development goals set by the United Nations [67]. In
this scenario, the role of institutions and policy makers is crucial
in terms of promoting interdisciplinary and collaborative efforts
among the different stakeholders, to encourage an FI approach
among companies, in conjunction with the attempts to educate
people to a more “frugal” lifestyle.

APPENDIX

A. Visualization Algorithm

The research has been conducted using software designed for
the construction and visualization of bibliometric maps and the
graphical representation of such maps, VOSviewer. VOSviewer
is a powerful tool to construct and visualize maps based on large
data. It can be used, for instance, to construct maps of authors
or journals based on the cocitation data or to construct maps
of keywords based on the co-occurrence data. To construct a
map, VOSviewer uses a mapping technique developed for the
VOSviewer software called the VOS mapping technique [33],
where VOS stands for visualization of similarities.

The construction of the map starts from the construction
of a co-occurrence matrix. After that, the software creates a
similarity matrix based on the co-occurrence matrix. The simi-
larity measure used to build the co-occurrence matrix is called
association strength [36], and it is calculated between objects
through the content analysis of the dataset. The association
strength aij of the objects (nodes) i and j is defined in a general
form as follows:

aij =
mcij
ciicjj

(1)

where m indicates the total number of abstract, cij indicates
the number of abstract, where concept i and concept j occur
together, and cii and cjj indicate the number of abstracts in
which, respectively, concept i and concept j occur.

Using the association strength, the similarity sij between two
items i and j is calculated as follows:

sij =
cij

wiwj
(2)

where cij denotes the number of co-occurrences of items i
and j and where wi and wj denote either the total number of
occurrences of items i and j or the total number of co-occurrences
of these items.

After calculating the similarities, the VOS mapping technique
constructs a map based on the similarity matrix obtained. Let n
denote the number of objects to be mapped. The VOS mapping
algorithm constructs a two-dimensional map in which the items
1 …,n are located in such a way that the distance between any pair
of items i and j reflects the similarity sij as accurately as possible.
Items that have a high similarity should be located close to each
other, while items that have a low similarity should be located
far from each other. The VOS mapping technique minimizes the
weighted sum of the squared Euclidean distances between all

pairs of items. The higher the similarity between the two items,
the higher the weight of their squared distance in the summation.
To avoid situations where the objects are overlapped, a constraint
is imposed in the way that the average distance between two
items must be equal to 1 (in this way, we impose that there cannot
be any overlapping objects having a distance equal to zero). In
mathematical notation, the objective function to be minimized
is given by

V (x1,..., xn) =
∑

i<j

sij ||xi − xj ||2 (3)

where the vector xi = (xi1, xi2) denotes the location of item i
in a two-dimensional map and where ||°|| denotes the Euclidean
norm. The minimization of the objective function is performed
subject to the constraint

2

n (n− 1)

∑

i<j

||xi − xj || = 1. (4)

At this point, we have an optimization problem of minimizing
(3) subject to (4).

The constrained optimization problem of minimizing (3) sub-
ject to (4) is solved numerically in two steps. The constrained
optimization problem is first converted into an unconstrained
optimization problem. The latter problem is then solved using
a so-called majorization algorithm. The majorization algorithm
used by VOSviewer is a variant of the scaling by majorizing
a complicated function (SMACOF) algorithm described in the
MDS literature [96]. To increase the likelihood of finding a
globally optimal solution, the majorization algorithm can be run
multiple times, each time using a different randomly generated
initial solution. In this way, the software generates different
global optima solutions with the same dataset and procedure,
so the replicability of the analysis would not be guaranteed, and
the results would not be consistent.

To overcome the issue, the VOSviewer software applies three
transformations to the global solution.

1) Translation: The solution is centered at the origin.
2) Rotation: The solution is rotated in a way that the variance

on the horizontal axes is maximized (principal component
analysis).

3) Reflection: If the median of x11, …,xn1 is larger than 0,
the solution is reflected in the vertical axis. If the median
of x12, …,xn2 is larger than 0, the solution is reflected in
the horizontal axis.

These three transformations ensure the replicability and the
consistency of the resulting analysis.

An additional action to further increase the goodness of the
results was using the fractional counting method as a normaliza-
tion procedure to assign the same weight to a coauthored article
[97]. Fractional counting means that a coauthored publication is
assigned fractionally to each of the coauthors, with the overall
weight of the publication equal to one (in the full counting
method a coauthored publication is counted with a full weight of
one for each coauthor, which implies that the overall weight of a
publication is equal to the number of authors of the publication).
For example, in the construction of a coauthorship network,
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suppose an author has a publication with the other three authors.
In the full counting method, the author will have three links
with the other authors even if the publication is the same, while
in the fractional counting method, each of the three different
coauthorship links has a weight of 1/3 [36], [98].

Once the software has created the bibliometric network, it
allows to also perform a cluster analysis of the results. The
cluster analysis allows to identify groups of researchers that are
more connected to others. More in general, cluster analysis is
the task of grouping a set of objects in such a way that objects
in the same group (a cluster) are more similar (in some sense or
another) to each other than to those in other groups (clusters).
For this purpose, VOSviewer software has a unified approach
for mapping and clustering [34]. The unified approach implies
that the visual map already shows a clusterization operated by
the software. For the clusterization procedures, the software cal-
culates the similarity matrix (calculated through the association
strength as previously defined). For mapping purposes, for each
node i, there is a vector xi that indicates the spatial location of
i in a p-dimensional map. For clustering, the algorithm imposes
to find for each node i a positive integer that indicates the cluster
to which i belongs. The software algorithm assigns a node to a
specific cluster by solving an optimization problem on the basis
of the minimization (or maximizing, is equivalent [99]) of the
function

V (xi, . . . , xn) =
∑

1<j

sijd
2
ij −

∑

i<j

dij (5)

with respect to x1, . . . , xn. The element dij is the distance
between the nodes i and j and it is determined by the following
condition:

dij =

{
0, xi = xj

1
γ xi �= xj

. (6)

The parameter γ is the resolution parameter (γ > 0), and the
higher the parameter, the higher the number of clusters that will
be obtained.

The first term of the function (4) can be interpreted as a
combined effect of attractive and repulsive forces between the
nodes: the higher the distance and the similarity, the higher the
attractiveness power. The algorithm minimizes the distance and
maximizes the similarity. The overall effect of the two forces is
given by the combined effect of similarity and distance.

VOSviewer uses colors to indicate the cluster to which a node
has been assigned. The clustering technique used by VOSviewer
is discussed by Waltman, Van Eck, and Noyons [34]. The tech-
nique requires an algorithm for solving an optimization problem.
For this purpose, VOSviewer uses the smart local moving algo-
rithm introduced by Waltman and Van Eck [100].To construct the
co-occurrence map of keywords, the software extracts the text
data from title and abstract; VOSviewer also relies on Apache
OpenNLP toolkit to identify noun, verbs, adjectives etc., where
a filter identifies noun phrases (phrases that have a noun at the
head of the phrase and ends with a noun) and eventually converts
the plurals into singular. Some noun phrases are very general
and useless for the analysis, and the VOSviewer software can
detect the general ones by assigning a relevance score to each

noun phrase: the ones that cooccur randomly with other noun
phrases are given a low relevance, while the noun phrases that
occur mainly with a limited set of other noun phrases have a
high relevance. The noun phrases with a low relevance score are
dropped out, and the remaining noun phrases are the keyword
terms that the software analyzes.
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