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Abstract. Additively manufactured products offer extensive variety to consumers than many forms of
production. Additive manufacturing (AM) production system allows consumer involvement, which has created
a huge but largely untappedmarket. However, there is a gap between production and themarket. Therefore, AM
towards product production which focuses on the Commercialization of Additive Manufactured Products
(CAMPs) is imperative. Despite the importance of CAMP, specific focus of research on the commercialization of
additively manufactured products are scanty. There is also a lack of knowledge about the conceptual structure,
intellectual structure, research trends, and the thematic structure of CAMP research. To contribute to this
stream of research, this study takes an exploratory dimension by conducting a bibliometric analysis of
publications on the CAMP. The R package and its associated biblioshiny were the software used. The study
reveals that studies on CAMP started in 2007 with renewed interest starting from 2012. Importantly, it was
found that the most cited articles focused on the economic potential of AM products in the home and specific
industries. Also, there is an increasing focus on the business models that are necessary for the commercialisation
of AM products. Generally, there is a shift in focus from the firm to the market. However, this is a niche area and
requires more attention. Themes such as commercialization are just emerging, and researchers need to devote
more time and effort to the consumer side of the commercialization of AM products.

Keywords:Commercialization / 3D printing / additivemanufacturing / bibliometrics / intellectual structure /
conceptual structure / content analysis / market
1 Introduction

Additive manufacturing towards product production is the
commercialization of Additive manufactured products.
Additive manufacturing (AM) which is generally referred
to as 3D printing belongs to a group of technologies that use
a computer-generated model to create a three-dimensional
(3D) object based on the information provided by a
computerized program [1]. It is a paradigm shift from the
conventional subtractive methods (casting, forging, sheet
forming, extrusion, etc.) of manufacturing [2]. Additive
manufacturing joined materials together layer-by-layer
monolithically as opposed to subtractive manufacturing
approach of the conventional methods [3]. AM builds
hydzo@yahoo.fr
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components from different ranges of metals, plastics and
ceramics with intricated geometries for tailored engineer-
ing or biological applications [4]. These materials are made
available in powder form, liquid form, sheets, filaments or
ribbons. Over the years, the application of AM has shifted
from a rapid prototyping technology to a manufacturing
technology for end-user production [5]. Since then, it has
demonstrated remarkable success in manufacturing 3D
objects with intricate structures with ease in a variety of
industries, including aerospace, automotive, education and
pharmaceutical [6]. In the medical and pharmaceutical
industries, for instance, AM processes were used to create
complex structures such as scaffolds, and patient-specific
implants with tailored geometrical configurations [7].

Since the inception of AM technology over three
decades ago, the market for AM technology has continu-
ously evolved and gained popularity [8]. It is reported that
monsAttribution License (https://creativecommons.org/licenses/by/4.0),
in any medium, provided the original work is properly cited.

https://orcid.org/0000-0002-8070-7940
https://orcid.org/0000-0001-7728-1427
https://orcid.org/
https://orcid.org/0000-0002-1693-1200
https://orcid.org/
mailto:thydzo@yahoo.fr
https://www.edpsciences.org
https://doi.org/10.1051/mfreview/2021032
https://mfr.edp-open.org
https://creativecommons.org/licenses/by/4.0


2 T.C. Dzogbewu et al.: Manufacturing Rev. 9, 1 (2022)
the total global revenues from AM products surpasses $6
billion in 2016, a rise of 17.4 percent in the industry [9]. In
2020 the AMmarket was globally estimated at 13.78 billion
dollars. From 2021 to 2028, the worldwide AM market is
predicted to develop at a compound yearly growth rate of
21% [10]. It is also forecasted that the shipment of AM
machines across the globe will rise in units of about 15.3
million from the 2.1million units that was recorded in 2020.
The expansion of the AM market was fueled by the
aggressive research and development in AM technology, as
well as the rising demand for AM technology in many
sectors of the economy. According to Gerstle et al. [8], half
of all globally manufactured products will be produced
using AM technology by 2060 if the current investment in
AM technology continues.

The AM technology permits the manufacturing of 3D
conceptualised objects in one manufacturing cycle directly,
from digital data resulting in a reduction in time for
completing product development cycles [2]. The AM
technology is considered as a renaissance of themanufactur-
ing industry, and it has the capability to produce 3D objects
monolithically with complex geometries which is almost
impossible to produce using the conventional methods of
manufacturing [3]. There are different types of AM
manufacturing technologies that are used to print different
materials (metals, polymers, ceramics, composites, foods,
textiles, etc. [11] The American Society for Testing and
Materials (ASTM) international committee F42 on AM
technologies classified the AM manufacturing technology
into seven categories, namely: powder bed fusion, directed
energy deposition, sheet lamination, photopolymer vat,
material extrusion, material jetting, and binder jetting [12].
Each of these technologies has its unique application/s and
can print different material/s with different printing
mechanisms [2,11,13–15] and with a certain degree of
geometrical accuracy [2]. For example, powder bed fusion,
directed energy deposition, and sheet lamination canbeused
to printmetallic feedstocks (powder particles, sheets, wires).
However, powder bed fusion manufacturing systems are
typically employed toproduce intricate geometries requiring
high resolution and rigorous build accuracy, while directed
energy deposition systems are commonly applied to repair
and refurbish metal parts and for large-scale manufacturing
[16]. Sheet lamination systems have the capability of joining
dissimilar metals to produce components with some specific
properties [15]. Material extrusion, material jetting, and
binder jetting can be used to print ceramics, polymers and
composites [11]. It is worthmentioning that, AMtechnology
isapowerful tool that iscurrentlyusedtoprovidecustomized
medical equipment to fight the covid-19 pandemic [17]. Due
to its freedomofdesign, it isusedto improvisedmanymedical
devices as covid-19 has disrupted the supply chain around
the globe [18]. Using 3D printing technology currently to
provide tailored medical equipment for specific clinical
applications has demonstrated the superior manufacturing
capabilities of AM technology as compared to the conven-
tional methods of manufacturing.
The versatility demonstrated by AM technologies of
producing 3D objects with near-net-shape resulting in a
weight reduction, improve performance and efficiency has
brought about significant evolutions and transformations
in the manufacturing sector [19]. The AM methods
are considered to have a competitive advantage over the
traditional methods since they are perceived to enhance
productivity vis a vis ensuring the sustainability of
the environment [4]. Due to the above mentioned unique
characteristics of the AM process, there is a progressive
ongoing research of gaining in-depth understanding of
the AMprocesses [20]. This is because, AMprocess involves
various guidelines from CAD design, machine set-up,
material sections, process parameters determination etc.
Spears andGold reported [21] that there are over 50 process
parameters that govern the AM process which needs to be
understood to obtain 3D objects with optimummechanical
properties. The complexities and technicalities of each
stage differ based on the specific additive manufacturing
process and the type of material involved [22]. The attempt
to solve these problems have shifted the attention of the
research community to the engineering aspect of the
technology neglecting its commercialization dimensions
[4]. Liu and Rong [23] reported that the 3D printing sector
is yet to have any strategic and profitable entrepreneurship
models, supportive ecosystems and stakeholders to en-
hance its commercialization. Other researchers stated that,
although 3D printing technology has a competitive
advantage over traditional manufacturing due to its
greater flexibility and customization, its main challenge
is research on its commercialization [24,25]. As a result,
there are numerous publications on additive manufactured
products however, specific research that focuses on the
commercialization of AM products are scanty. Unfortu-
nately, the conceptual structure, intellectual structure,
research trends, and thematic structure of the field has seen
little or no exploration yet. To offer an understanding of the
nature of commercialization of additive manufactured
products (CAMPs) research, this study conducts a
bibliometric analysis of publications on CAMP. This is
done to examine what has already been done and also
provide direction for future studies.

Pritchard [26] defines bibliometrics as “the mathemati-
cal and statistical analysis of bibliographic records”. It
includes a variety of techniques that are usually categorised
as citation or co-citation analysis. Hoffman and Holbrook
[27] provide a helpful overview and discussion of these
variousmethods. The direct counts of referencesmade to or
received from other documents are used in citation
analysis. Co-citation analysis, on the other hand, uses
paired citations as a measure of association between
documents or groups of documents. Bibliographic cou-
pling, document co-citation analysis, author co-citation
analysis, and co-word analysis are some of the methods
used in co-citation analysis [28].

The discovery of intellectual linkages among (scholarly)
communications and the creation of science maps are two
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of its most important applications. Document co-citation
links documents based on the number of identical citing
articles, whereas bibliographic coupling links documents
that share identical references. Small [29] popularised the
co-citation approach and advocated for its use to study the
“specialty structure of science” in one of his early works.
Since then, co-citation analysis has become widely used in a
variety of disciplines. While bibliometric analysis has been
shown to be useful in a variety of fields, it is hard to come by
any bibliometric studies on CAMP. Even though CAMP
has been studied for more than a decade, there are many
unanswered questions about its domain and scope. The
current research draws on the body of academic literature
to uncover the field’s hidden structure. It also provides
information on some of the major publishing houses, as well
as a benchmark for further research into trends and
emerging paradigms in CAMP.

Objective 1: To identify the number of publications on
commercialization of additive manufactured products,
including an analysis of the authors, institutions, and
nations that publish the most articles on the commerciali-
zation of additive manufactured products.

Objective 2: To analyse the thematic network of studies
on the commercialization of additive manufactured
products.

Objective 3: To analyse the conceptual map of studies
on the commercialization of additive manufactured
products.

Objective 4: To examine the intellectual structure of
studies on the commercialization of additive manufactured
products.

2 Materials and methods

To answer the research questions and provide an accurate
representation of the state of the literature on commerciali-
zation of additive manufactured products (CAMP) and
collaborative activities in the process of CAMP research, a
two-tier analysis that included bibliometric analysis of
articles collected from the Web of Science and Scopus
databases, as well as cluster analysis, were conducted.

2.1 Selection of citation index

Following Bartolini et al. [30] and Zhang et al. [31], this
review was undertaken using data from two databases:
Clarivate Analytics’ Web of Science (WoS) and Elsevier’s
Scopus. It was critical to consider more than one database,
regardless of the scope of effect and coverage of a single
database, because this broadens the scope of the study and
increases the reliability of the outcome. Zhu and Liu [32]
describe the two databases as the “two world-leading and
competing databases”. Web of Science, an independent
global citation database, is regarded as the world’s most
reputable publisher [33]. While Scopus is considered as the
world’s largest database of peer-reviewed literature, it also
includes novels, scientific journals, and conference proceed-
ings. Scopus provides a comprehensive and insightful
overview of the world’s scientific research output, encom-
passing subjects such as science, technology, medicine,
social sciences, and the arts and humanities [34]. Both
databases are interdisciplinary in nature.
2.2 Selection of keywords

Keywords are required to identify all relevant papers in
databases [35]. Conducting a keyword search on
peer-reviewed journal publications related to the issue
in question is one way to solve the problem of narrowing
down to the specific literature required. The authors
considered the various synonyms for the key terms
‘additive manufacturing’ and ‘commercialization’ before
deciding on the keywords. It was discovered that the
British rendition ‘commercialisation’ is used instead of
‘commercialization’ in most British English-based jour-
nals. It was also noted that in some journals, words like
“sales,” “marketing,” and “business model” were used
instead of “commercialization,” but the idea was the same.
Hence the decision to add the three terminologies as
keywords for the search. The use of the asterisk (*) in
search expanded the search net to include terms that were
similar but had different endings. The asterisk is a common
wildcard symbol that allows you to broaden your search by
looking for words that start with the same letters. It can be
used to quickly find variants of a term when using unique
word stems [36]. As a result, a term like’ manufact*’ would
include words like’ manufacturing,” manufacture,’ and’
manufactured.’ Furthermore, while some publications used
the term “3D printing,” others used the term “additive
manufacturing,” necessitating the use of both terminologies
in the search, as well as variations and synonyms of the term
“commercialization.”Thesamekeywordswereused to search
in both databases to ensure synchronicity. The following
search string was used to gather data from WoS:
“commercializ*”AND “3d print*” (Title) or “commercializ*”
AND “additive manufact*” (Title) or “sale*” AND “3d
print*” (Title) or “sale*” AND “additive manufact*” (Title)
or “market*” AND “3d print*” (Title) or “market*” AND
“additive manufact*” (Title) or “business model*” AND “3d
print*” (Title) or “business model*” AND “additive manu-
fact*” (Title)

Whilst the following was used for the search on Scopus
(TITLE (“commercializ*”AND “3d print*”) ORTITLE

(“commercializ*” AND “additive manufact*”) OR TITLE
(“sale*” AND “3d print*”) OR TITLE (“sale*” AND
“additive manufact*”) OR TITLE ( “market*” AND “3d
print*”) OR TITLE (“market*” AND “additive manu-
fact*”) OR TITLE (“business model*” AND “3d print*”)
OR TITLE (“business model*” AND “additive
manufact*”))

2.3 Data collection and processing

Due to the limited number of publications related to the
commercialization of additive manufactured products, no
restrictions were set to the year range. However, the search



Table 1. Data synthesis.

Description Results

Main information about data
Timespan 2007:2021
Sources (Journals, Books, etc.) 42
Documents 54
Average years from publication 2.69
Average citations per documents 1.074
Average citations per year per doc 0.2299
References 613
Document contents
Keywords plus (ID) 0
Author’s keywords (DE) 325
Authors
Authors 144
Author appearances 156
Authors of single-authored documents 8
Authors of multi-authored documents 136
Authors collaboration
Single-authored documents 9
Documents per author 0.375
Authors per document 2.67
Co-authors per documents 2.89
Collaboration index 3.02
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was restricted to articles and review papers and papers
written in the English language. To emphasise, no time
constraints were indicated because the reviewwasmeant to
be as exploratory as possible and to examine the trends
from the beginning of research on CAMP to date. However,
to ensure specificity, only document titles were analysed.
As a result, a total of 54 articles were obtained after
duplicates were removed in the R package. Initially, 39
articles were obtained from WoS whilst 43 were realised
from Scopus totalling 82 publications. 28 were removed as
they were duplicated in both databases.

2.4 Analysis process

To gain insight into CAMP, a two-phase procedure was
adopted. The study focused on two types of bibliometric
indicators, (1) traditional bibliographical data such as
authors, affiliations, sources (e.g., journal names), and
publication year; and (2) terms (e.g., words and phrases)
extracted from the titles and abstracts of research
articles using natural language processing techniques.
The R was used in both phases of the analysis. Clusters
were also discovered at the second stage, which
contributed to the selection of articles for the review’s
second phase. This was done to understand what the
conceptual, social, and intellectual structure of the
studies in the subject was like.
2.5 Bibliometric analysis and software package

The software bibliometrix R-package was utilised. The R
package is an open-source software that includes several
tools for conducting quantitative bibliometrics research.
The R-package was produced by Aria and Cuccurullo and
is written in the R programming language [37]. It includes
the most essential statistical and scientific mapping
algorithms. The web interface app (Biblioshiny) was
added to recent versions of the bibliometrix R-package
(i.e., 2.0 upwards) to assist users without the ability to code
in the R language to develop output for bibliometric
analyses. The Biblioshiny interface allows users to import
data from Scopus or Web of Science databases in BibTex,
CSV, or Plain Text format. Filtering data is also possible
using Biblioshiny. The combinedWoS and Scopus datasets
were imported from the R package using the characteristics
of biblioshiny for bibliometrix. The study’s analysis is
further described in the results section.
3 Results

3.1 Data synthesis

In this study, CAMPresearchwas investigated by analysing
the documents produced on the topic over the last one and a
half decades [starting in 2007] and answering the following



Fig. 1. Annual scientific production.

Fig. 2. Average citations per year.
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Fig. 3. Most relevant sources.

Fig. 4. Source growth.
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Fig. 5. Country specific production.

Fig. 6. Country collaboration map.
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questions: Who are the major contributors to CAMP
research (e.g., research institutes and universities, countries
and regions, and research communities)? What is CAMP
research’s intellectual, conceptual and social structure?
What has changed in CAMP research over time?
Table 1 showsthesynthesisedbibliometricanalysisdata.
It offers a descriptive overview of the CAMP research. For
the cluster analysis, the literature was thoroughly read, and
the content was analysed by uncovering the connections
between publications in the clusters.



Fig. 7. Three-field plot of Journals, authors, and abstract keywords.

Fig. 8. Word cloud.
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Fig. 9. Word growth.
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3.2 Trends in the number of articles published per
year

Figure 1 depicts the distribution of documents by
publication year for papers created and developed during a
fourteen-year period [2007–2021]. The overall trend of
CAMP-related article publication shows that 2021 was the
most active year, with thirteen (13) documents produced,
closely followed by twelve (12) articles published in 2020.
However, it is worth mentioning that the 2021 figure are
publications done over a nine (9) month period therefore, by
the end of the year, the number of publications is expected to
increase. CAMP research is attracting a lot of attention.
There was however a sharp decline of publications in 2019.
This shows that even though cumulatively publications in the
area is increasing, research interest is quite unstable. The
annual growth rate of publications on CAMP is 32.98%.
Figure 2 also represents the number of average citations per
year.Whilstcitationsare increasing, theyarenotconsistent in
the growth.

3.3 Most relevant sources

The most relevant sources for CAMP publications were
also investigated. Figure 3 shows that the top 5 journals
combined published 29.62% of all publications.
The journals that published most of the CAMP
publications were Technological Forecasting and
Social Change, Additive Manufacturing, International
Journal ofProductionEconomics, Journal ofManufacturing
TechnologyManagement, andSustainability (Switzerland).
These journals are mostly concerned with themes
of technology and business. The sources also emphasise
the need for commercialization of technology related
products.

3.4 Source growth

The contributions of journals to CAMP research depending
on the number of publications per year is presented in
Figure 4. Each journal is represented by a unique colour
code in the line chart. The limit was set to the top five
journals because of their unique contributions. It may be
noted that the journal which has seen consistent and the
highest growth is the technological forecasting and social
change journal. It is also clear from the figure that
publications in this journal on CAM started in 2016 and the
number increased by one each year after 2015. Additive
manufacturing journal produced the first paper on CAMP
in 2015 and grew until 2019. The rest of the journals have
contributed marginally from 2017.
3.5 Country specific production and collaborations

Global production of publications in CAMP distribution
is shown in Figure 5. The country data (Fig. 5) and
collaboration structure (Fig. 6) show that generally, few
cross-continent collaborative relations exist. Mainly, col-
laborations between the United States of America (USA)
and the United Kingdom (UK) � Europe. Specific country
collaborations are concentrated in Europe, Ireland and
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Fig. 10. Keywords co-occurrence network.

12 T.C. Dzogbewu et al.: Manufacturing Rev. 9, 1 (2022)
Netherlands, Ireland and Spain, Netherlands and Spain, UK
and France, UK and Italy, UK and Sweden. Other country
collaborations include;USAand Iran, andUSAandSweden.
The analysis shows evidence of no collaboration between
Africa,Australia,Asia andthe rest of theworld.Thecountry
specific production shows the least production of paper on
CAMP fromAfrica, Australia andAsia. Even though China
has produced publications in CAMP, the research is
concentrated in the country with less collaborations.

3.6 Three-field plot of Journals, authors, and abstract
keywords

The three-field plot (Fig. 7) shown below depicts three
elements: a list of journal names, authors, and keywords
from the abstracts of the articles. Abstracts were used
instead of keyword or keyword plus because the abstracts
contained much information that would project the key
issues in a broader sense. The three elements are
connected with grey lines in the figure. The three-field
plot shows how the authors are connected to the major
keywords in the abstracts and which journal they publish
in. The number of papers associated with each element is
indicated by the size of each rectangle in each listing
category hence the longer the bar, the more prominent
that specific issue is in the literature. The journal is the
first element on the left. The top journals that published
the most papers on the topic of CAMP were the Journal of
manufacturing technology management, Journal of tech-
nology forecasting and social change, International
journal of production economics, Sustainability
(Switzerland), Electrospinning, 3D printing, and Auto-
mation in construction. The Journal of manufacturing
technology management which is depicted by the mauve
colour is connected to several authors, namely Holzman P,
Breiteecker R, and Schwarz E.

The names of the authors appear in the second element
in the middle. Previous elements are linked to authors who
published articles in recognised journals, such as Schwarz
E, who is linked to two of the journals (Journal of
manufacturing technology management and technology
forecasting and social change journal) that were linked to
the keywords and sources. However, some others, such as
Addo Tenkorang R, Anderson P and Na N, did not publish
in indexed journals and thus have no affiliation with any of
the journals listed. On the right, each of the authors is
linked to a list of frequently used keywords in the abstracts.
This plot includes a list of the top fourteen (14) authors.
The size of the rectangle indicates how many papers each
author has written. Holzman P, Breiteecker R, and



Fig. 11. Thematic map.
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Schwarz E had the largest rectangles in this plot (of equal
size) followed by Ribeiro I and Altparmak S. These were
the top 5 most published authors.

The third element contains the most frequently used
keywords in the abstracts of papers. Each keyword is linked
to authors who have written extensively on the subject.
Fifteen (15) keyword topics are listed, with “Business”
appearing the most frequently, as evidenced by the size of
the light green rectangle, which dominated the other
rectangles. It also appeared that almost all the registered
authors used either manufacturing or business-related
topics, which is consistent with the focus of this study on
scientific papers related to CAMP. This graph also shows
several other commonly used keywords, such as “model(s)”,
which mostly relate to business model(s) and “printing,”
which also relates to 3-dimensional printing. Other
prominent words include ‘technology’, ‘manufacturing’,
‘research’, ‘industry and market’.

3.7 Most cited papers in CAMP

Table 2 presents a detail of the most cited papers on
CAMP. The most cited paper was authored by Petersen
et al. [38]. The paper has been cited 21 times in refereed
journals. The number of citations per paper is relatively
low for an important area of research like this. This
demonstrates that the CAMP research is quite young and
requires more attention. The total citations cumulatively
are 58. There remain several unexplored areas that require
much attention. The most cited paper by Petersen et al.
[38], is focused on the potential economic impact of 3D
technology. Based on an understanding of the commercial
impact of additive manufactured products, a case for the
commercialization of such products is made evident. The
paper focuses on the economic value of 3D printed products
to the consumer.Whereas most papers lament the financial
intensity of 3D production. This paper, therefore, sets the
pace for a shift to analysing consumer benefits.

3.8 Word cloud and word growth

Figure 8 shows a visual representation of the words that
featured most frequently in the articles on the subject of
CAMP. To take a longitudinal look at the growth of
keywords in CAMP research, the word cloud analysis was
examined from two time periods, 2007–2019 and 2020–
2021. A critical look at Figure 1 which shows the global
production of papers on CAMP reveals a renewed and
sustained interest in the area after 2019. The evidence
shows that papers published after 2019 contribute 46.3% to
the total publications. Hence it was considered important
to examine the two time periods. The magnitude of the
words in the word cloud is determined by how many times
they appear. The word placement is random, but the most
important words are in the middle to make them more
noticeable due to their enormous size.



Fig. 12. Conceptual structure map.

Fig. 13. Topic dendrogram.
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Fig. 14. Intellectual structure (co-citation network).
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Studies on CAMP have consistently focused on “Print-
ing” and “business”which are similarwords in theword cloud
in the two time periods. The two time periods, however,
diverge in that the second set of years places a greater
emphasisonmodel (businessmodel).Acloser examinationof
the word clouds reveals that the term “business” appears
more frequently in recent publications than in previous
publications.This supports thefindings of the thematicmap
(Fig. 11) as one of the clusters being studied by scholars. In
recent research, the term business model has gained
significance, implying that more emphasis is being devoted
to the ways to enhance the commercialization of additive
manufactured products. Which attest to the fact that the
pioneers of the CAMP research focus on the engineering
dimensions of AM to enhance the production efficiency,
optimum process parameters, CAD models, mechanical
properties etc., without paying much attention to the
business (commercialisation) dimension of the CAMP
research [23]. This negligence might have also contributed
to the low adoption of AM technology despite its enormous
competitive advantage over the conventional methods of
manufacturing [36,39].
3.9 Word growth

Word growth assessment offers insight into the usage of
keywords inthe literaturewhichenhances theunderstanding
of how new terms evolve in the literature. Figure 9 describes
themajor keywords in theCAMP literature and provides an
understanding of the periods they were introduced into the
literature and possibly, their effect on the dynamics of the
literature. The oldest keywords are Printing, Business
Models, and technology. The word ‘market’ was introduced
into the literature in 2013 and ‘model’ in 2016.

3.10 Keywords co-occurrence network

In addition, the keywords co-occurrence network (KCN)
was investigated in order to gain a better understanding of
the trends in the field of CAMP. The KCN analysis shows
how keywords in literature are linked, providing insight
into the field’s knowledge structure [40]. As a result, the
findings show that, in addition to identifying common
keywords (as shown in Fig. 8), KCN also revealed
connections between them (see Fig. 10). Some keywords
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appear to have a greater impact on a network. A close
examination of these keywords based on their colour codes,
for example, suggests that a larger keyword represented by
their sizes is cohesively connected to smaller keywords.
Business, for example, is linked to models, technologies,
sustainable and printer.
3.11 Thematic map

A thematic map based on density and centrality was also
developed, which was separated into four topological zones
(Fig. 11). This result was produced using a semi-automated
method that examined the titles of all the references
included in this study, as well as extra relevant keywords
(other than the author’s keywords) to capture deeper
variations. The thematic analysis revealed eight (8)
significant clusters: analysis, manufacturers, potential,
growing, business, printing, commercialization, and
manufacturing. These eight clusters organise the articles
in a logical manner. Common terms were recorded for each
cluster.

Analysis, and marketing are among the keywords in the
first cluster (analysis). The second cluster was made up of
one keyword, ‘manufacturers’. The third cluster also
consisted of one keyword which is ‘potential’. Similarly,
the fourth cluster had one keyword which is ‘growing’. The
fifth cluster consisted of keywords such as ‘business’,
‘models’. The sixth cluster also consisted of ‘printing’,
‘model’. The seventh cluster had one keyword, ‘commer-
cialization’ Finally, the eight-cluster consisted of
‘manufacturing’, ‘additive’.

The thematic map shows the main themes emerging
from the literature. Themes in the upper right quadrant
(analysis, marketing and potential) are well-developed,
important for the organisation of the research field, and
externally related to concepts applicable to other themes.
These themes are known as motor or driving themes. They
have high density and centrality and are described as very
important for future research [41]. Hence, themes such as
analysis, marketing and potential should be given much
focus in future studies since they are likely to drive future
research in the field of CAMP.

Specialized themes in the upper left quadrant
maintain well-developed internal but not external
relationships. Themes in this quadrant are known as
niche themes. They are under-represented topics but are
areas of rapid development as they are indicated by high
centrality but low density [42]. The theme ‘manufactures’
lies in the border of the two quadrants on the top.
Manufacturers as a theme may thence be described as
having high centrality and moderate density. This theme
is central to the research area but requires more focus.
This seems to mean that the theme must be looked at in a
different light.

Because of their low density and centrality in the
network, themes in the lower left quadrant (‘commerciali-
zation’ and ‘growing’) are considered developing or
declining [43]. They have not received much attention in
the literature and therefore must be looked at.
Themes in the lower right quadrant group are basic,
general, and transversal themes [41]. They are indicated by
high density but low centrality. Major themes in this
quadrant are ‘printing’, ‘manufacturing’, and ‘business’.
The number of documents corresponding to each keyword
in a theme is proportional to the size of the sphere
associated with that theme. The name of the most
important word associated with the theme is used to label
each thematic network (usually identified as the most
central word in the theme).

There is a greater need for a specific concentration on
commercialization because it falls in the quadrant of
emerging themes. The position of the theme ‘commerciali-
zation’ on the thematic map clearly confirmed that research
on commercialisation of AM products might have been
neglected and only now that research interest on commerci-
alisation ofAMproducts begins to develop.However, itmay
be seen that ‘businessmodel’which is a synonymous concept
lies in the domain of basic themes. This suggests that
commercialization is both an emerging and basic concept
that iscentral tothe studiesonadditivemanufacturing.That
notwithstanding, marketing which is a major concept in
commercialization is identified by the thematic map as a
motor theme which is very important in CAMP.
3.12 Conceptual map and topic dendrogram

A conceptual structure map was generated, encompassing
a visualization of the contextual structure of each word
that appeared often in the articles on CAMP by mapping
the relationship between one word and another through
regional mapping (Fig. 12) also shown in the topic
dendrogram (Fig. 13). Each word is placed based on the
values of Dim 1 and Dim 2, Dim being a specific term in
bibliometric science, resulting in mapping between words
whose values did not differ significantly.

This map is divided into two sections: a red area and a
blue area, both of which contain words that are related to
one another. The red area, which contained the top five (5)
words that appeared most frequently (‘business’,
‘manufacturing’, ‘model’, ‘additive’ and ‘printing’) (see
Figs. 9 and 10), contained a large number and variety of
words, indicating that many research papers presented
connections between the words listed in this region, which
contained the top five words that appeared most
frequently. The blue network represents a different cluster.
This cluster contains two connected words ‘market’ and
‘provide’. The market represents a customer focus. This
suggests that a new niche of concentration of research in
the area is on the market.

Analysing the two clusters, a distinction is drawn
between a focus on the firm and a focus on the market. The
larger cluster examines the business models that are
appropriate for additive manufacturing (AM) and howAM
firms can ensure that they are profitable whereas the
smaller cluster focuses perhaps on the adoption of AM
products by the consumers. This confirms the findings from
the thematic map which shows that commercialisation is
an emerging theme.
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3.13 Intellectual structure (co-citation network)

Document co-citation analysis (DCA) is a type of computa-
tional analysis that is based on the frequency of citations [29].
The DCA is widely used to evaluate the network or degree of
links between texts based on citations that they share [29].
According to Ramos-Rodrguez and Ruz-Navarro [44],
periodical publications with peer review have demonstrated
their validity after a thorough evaluation, affirming the
significance of document co-citation. Small [29] developed
document co-citation analysis as a measure of the degree of
relationship between articles as evaluated by the citing
authors. Each document expresses its own notions, method-
ologies, or concepts that are generally found in the citing
documents, according to Small and Griffith [45]. As a result,
these co-citation analyses are presented as a “field’s view”
representation.Adocument co-citationpair occurswhen two
papers are jointly cited in the same citing document [29].As a
result, the more co-citations two documents acquire, the
stronger their co-citation strength is and the more probable
they are bibliographically related. In other words, it is
thought that these two cited publications are more
comparable than others.

Using document co-citations to analyse the intellectual
structure of various scientific disciplines has been demon-
strated tobea valid strategy innumerous research [46,47]. In
recent years, related co-citation analysis has become more
widely used in research [47,48]. To summarise, document co-
citation analysis is a helpful method for determining the
intellectual structure of papers from the same discipline in
the CAMP literature. It is also important to use document
co-citation analysis to understand howCAMP studies relate
to one another and to express the CAMP field’s perspective.

Figure 14 shows the co-citation network of publications
on CAMP. There are 41 isolated nodes indicating publica-
tions that have not been co-cited in the CAMP research.
The connected nodes are seen at the upper right of the circle
(Fig. 14). The lines connect the nodes to form a cluster of
co-cited references. There are three identified clusters.
The most prominent cluster (cluster 1) is seen with green
lines connecting the nodes. The next cluster (cluster 2) are
nodes linked with a brown line and the last cluster (cluster 3)
are twopublications linkedwithanash line.Table3showsthe
details of the articles that form the clusters.

4 Discussions

Using bibliometric analysis, this study attempted to provide
a comprehensive review of scientific publications in the field
of CAMP over time. The study looked into the themes of
CAMP in publications, recognized influential scholars and
their contributions, looked into social networks and
collaborations across institutions, countries, and regions
over time, and presented a thematic analysis of the field of
CAMP, including its current state and future prospects.
4.1 Demographics

This work contributes to the body of knowledge in several
ways. First, the study discovered that the first paper on
CAMP was published in 2007 but the actual growth of
publications started in 2012, indicating that the field of
CAMP is still young. This research identified relevant
publishing outlets. “Technological forecasting and social
change” is the most prominent of the study’s publishing
sources. This finding is useful for scholars in determining
which publishing outlet is best for their research papers and
the focus of CAMP research. Furthermore, a review of
relevant articles found that Petersen et al. [38]’s work
stands out; these authors’ work primarily focused on the
impact of Do-It-Yourself (DIY) Home Manufacturing with
3DPrinting on the Toy andGameMarket. Their workmay
pave the way for future discussions about the features and
characteristics of CAMP from a technological, market and
pedagogical standpoint. Similarly, the findings show that
the United States has produced the most scientific works in
the field of CAMP over time. As a result, the United States
appears to have remained the most relevant country in the
field of CAMP.

4.2 Growth of CAMP research

Furthermore, the study found that the field of CAMP is
rapidly evolving, with terms like “Business”, “marketing”,
“printing”, and “model” emerging and growing. The results
of the thematic analysis show that new themes like
‘commercialization’ are emerging and are linked to CAMP.
The study also revealed that “additives” will continue to be
themost popular topic in 2021. These findings highlight the
importance of conducting more research in the market for
AM products. From the analysis, it recommended that
research units establish more extensive research collabo-
rations between scholars and institutions, which will result
in a greater global impact on the potential of CAMP to
improve learning outcomes.

4.3 Major focus areas from the intellectual structure

The document co-citation (intellectual structure) reveals
three major historical areas where CAMP research has
been concentrated. The co-citation network displays the
most frequently cited sources in recent studies. The first
cluster examines how AM has transformed businesses, the
second examines business models that prepare AM firms
for commercialization, and the third examines co-creation
and the economic impact of AM. Clearly, the three clusters
have focused on business evolution, business operations,
and customers, in that order.

AM has transformed businesses by allowing companies
to produce unique variants of products at a lower cost, as
well as prototypes and critical products like dental crowns,
artificial limbs, and bridge manufacturing [49]. The papers
that rely on citations from the first cluster emphasise the
importance of AM in its application. In addition, this
cluster contains citations to works on AM’s disruptive
competencies and their applications. This disruption has
impacted entire value chains, resulting in new business
models [50].

In terms of business models, the majority of publica-
tions relied on publications by Teece [51] and Johnson [52].
These articles are about how to change business models and



Table 3. Clusters of intellectual structure.

Node Cluster Title of Node (article) Main contribution

Berman, B. (2012) 1 3-D printing: The new industrial
revolution

This article examines the characteristics
and applications of 3-D printing, as well as
how it compares to other manufacturing
processes such as mass customization and
other forms of customization. Using the
argument that 3-D printing allows to
produce small quantities of customised
goods at a relatively low cost. Even though
it is currently used primarily for the
production of prototypes and mock-ups,
there are a number of promising
applications in the production of
replacement parts, dental crowns, artificial
limbs, and bridge manufacturing.

Kietzmann, J.,
Pitt, L., &
Berthon, P. (2015)

1 Disruptions, decisions, and
destinations: Enter the age of
3-D printing and additive
manufacturing

The authors provided an overview of the
fundamentals of 3-D printing for managers,
as well as some of the decisions that they
will need to make. The paper discusses the
potential disruptions that technology may
cause, as well as the implications of these
disruptions for businesses and consumers.
Aside from that, the authors brought
attention to the legal and ethical issues
that the technology will present to
policymakers in the future. While the
authors have begun to speculate about the
possible directions that 3-D printing
technology will take in the future, astute
managers in almost every industry will
want to keep a closer eye on the technology
as it continues to develop and evolve.

Laplume, A. O.,
Petersen, B., &
Pearce, J. M.
(2016)

1 Global value chains from a 3D
printing perspective

The authors raise concerns about the
impact of open-source additive
manufacturing technologies on GVC
configuration in the future. Suggestion that
the adoption of 3D printing technology in a
particular industry is linked to a shift
toward shorter, more scattered global value
chains. As a result, in some industries, new
manufacturing technology is expected to
push manufacturing value chains closer to
end-users and more localised.

Rayna, T., &
Striukova, L.
(2016)

1 From rapid prototyping to home
fabrication: How 3D printing is
changing business model
innovation

This article demonstrates how 3D printing
technologies have the potential to
revolutionise business model innovation by
enabling adaptable business models and
applying the ‘rapid prototyping’ concept to
the process.

Johnson, M. W.,
Christensen, C.
M., & Kagermann,
H. (2008)

2 Reinventing Your Business
Model

The authors discuss how firms can
successfully change their business models

Teece, D. J. (2010) 2 Business Models, Business
Strategy and Innovation

The author investigates the importance of
business models in relation to company
strategy, innovation management, and
economic theory.
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Table 3. (continued).

Node Cluster Title of Node (article) Main contribution

Rayna, T.,
Striukova, L., &
Darlington, J.
(2015)

3 Co-creation and user innovation:
The role of online 3D printing
platforms

A taxonomy of online 3D printing
platforms was created based on the study’s
22 platforms’ specific offerings. The
taxonomy of 3D printing platforms and the
typology of co-creation were then
integrated to analyse their function in open
innovation with customers. It was found
that, while existing online 3D printing
systems clearly enable cocreation, they do
not necessarily enable companies to
directly utilise user creativity. While
technical advancements are projected to
provide chances for user creativity, many
platforms do not fully utilise current
technologies.

Weller, C., Kleer,
R., & Piller, F. T.
(2015)

3 Economic implications of 3D
printing: Market structure
models in light of additive
manufacturing revisited

The authors opine that under a monopoly,
adopting AM allows a company to
maximise revenues by collecting customer
surplus while providing personalised items
in a flexible manner. Meanwhile, in
competitive markets, competition is
sparked by AM’s capacity to decrease
barriers to market entrance and service
numerous markets at the same time.
Consumers should benefit from decreased
pricing because of this.
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the value of business models. Because of the uniqueness of
AM companies’ processes, the publications that rely on
these citations claim that new business models are
required. Furthermore, Montes et al. [53] argue that AM
may have an impact on the creation of entirely new
businesses and business models.

Finally, the focus of some of the publications has been
on customer participation in the innovation process [54].
This is, in fact, the most recent viewpoint on CAMP.
The importance of customer value in the development of
AMproducts leads to the creation of more personalized and
unique outputs. Aside from that, the majority of recent
CAMP publications have focused on the benefits that
customers would receive, such as lower prices [55].

4.4 Limitations and avenues for future studies

Whilst the study has been robustly undertaken, just as all
other studies, it is plagued with some limitations. First,
even though a large net of keywords were used, there may
be other related issues that have not been addressed.
Secondly, the databases used were Scopus and web of
science which provided a broader scope of studies. That
notwithstanding, there are studies that are outside these
databases that might provide other relevant information to
the study. It is possible that some studies might have been
overlooked by the two databases. Thirdly, the impact
factor of the journals in which the articles were published
was not used as a filter for the papers in the analysis.
Because the peer-review process varies amongst publica-
tions, this might prompt readers to doubt whether it is
acceptable to interpret the conclusions of some articles.
However, as seen in Figure 3 (most relevant sources),
journals that publish CAMP studies are frequently
regarded as top tier journals. Future studies may
contribute by expanding the keywords used and the
databases as well.

Beyond these limitations of this study, there are several
opportunities for scholars to advance the CAMP literature.
The study provides emerging areas that require attention.
Up to this point, scholars have focused mainly on business
models and internal business operations that increases the
propensity for the commercialisation of additive manufac-
tured products. An emerging area from the analysis in this
study is the ‘market’, suggesting that scholars should
consider the needs of the market. By focusing on the needs
of the market, scholars can better investigate which areas
of AM must be focused upon. For instance, there is a
growing demand for AM products by hospitals and the
aerospace industries. In this case, hospitals and the
aviation industry may be considered as the market for
AM products.

It also came to light that, researchersneed todevotemore
timeandeffort to the consumer sideof thecommercialization
ofAMproducts, as this is the future research topic inCAMP
research, according to the findings. Since the studies from
Africa, Asia and Australia are scant, there should be more
studies from those geographic areas to broaden the
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understanding of CAMPs. Also, more collaborative studies
shouldbeconductedbetweenAfrica,Australia,Asia,andthe
rest of the world.
5 Conclusions

This study examined all studies on the commercialization
of additive manufactured products archived by Scopus and
web of science. To summarize, the findings of this study will
help researchers, particularly young scholars in CAMP,
better understand the research landscape and future
research hotspots. Young researchers just starting out in
the field of CAMP, can quickly identify top articles, prolific
authors, and research hotspots. Furthermore, the research
identifies emerging topics in the field of CAMP that needs
to be further developed. The findings of this study provide a
quick overview of the output in this field over the years, as
well as a useful pointer to the field’s future direction.
Importantly, the study shows a shift to more consumer-
focused research. It is worth noting that the number of
article collections studied came exclusively from the two
databases (Scopus and web of science) and were articles
published before 4th October 2021, hence, future changes
and developments are still possible.
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