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ABSTRACT

Inspired by the Do-It-Yourself (DIY) movement, the Do-ItTogether (DIT)
collaborative approach was successfully trialed in 2018, hence opening the
door to the application of User Driven Innovation for realizing product indi-
vidualization. In the meantime, other megatrends like digitization, social
media, sustainability, the circular economy, and collaborative consump-
tion have pushed toward a renewed DIT approach for tackling social and
societal issues. This article reports on an exploratory study dedicated to the
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identification of challenges and enabling technologies to implement the DIT
approach, as well as its benefits and drawbacks. This study is based on an
extensive literature review that allowed us to identify 162 articles resulting
in 38 most relevant selected articles and seven Product Life-Cycle (PLC)
stages. Based on these PLC stages, all identified DIT challenges, benefits
and drawbacks were collected from previous empirical work described in
the selected articles. In terms of findings, relevant DIT challenges, benefits
and drawbacks are consolidated in distinct tables with proper references.
Regarding the enabling technologies for DIT implementation, only immer-
sive technologies at the earlier PLC stage are addressed. The implementation
analysis within other PLC stages and enabling technologies like Additive
Manufacturing, Big Data, Artificial Intelligence and IoT have to be carried
out in order to identify their particular benefits and drawbacks; however, this
analysis is left to future work. This study has also revealed a lack of empirical
studies addressing negative impacts while there is a plethora of published
studies focusing solely on positive impacts.

KEYWORDS: Do-It-Yourself (DIY), Do-It-Together (DIT), User Driven Innovation (UDI),
Social Media, New Product Development (NPD), Social Product Development (SPD), Social
Manufacturing (SM), Circular Economy, Sharing Economy, Immersive Design, Immersive
eXperience (IX), eXperience Design (XD)

JEL CODE: L16

Industrial organizations, especially Small and Medium-sized Enterprises
(SMEs), are currently facing several challenges, namely: (i) the fourth indus-
trial revolution known as “Industry 4.0” (14.0); (ii) an open innovation para-
digm shift; (iii) digitization; (iv) collaborative consumption; (v) the new
product individualization trend. According to Lecossier and Pallot (2017),
the survival strategy of mature industrial companies, through their con-
ventional incremental innovation and traditional organizational structure
for preserving their market share, is no longer adequate to fulfil the ever
changing customer demand. On the one hand, consumers feel much more
concern about societal issues like sustainability (Sikhwal, Childs, 2018) and
individualized products based on cultural and gender differences, as well
as other societal considerations (Kumar, 2007; Koren et al., 2015; Sikhwal,
Childs, 2019). On the other hand, businesses are moving toward a more col-
laborative and responsible attitude regarding both social and societal issues.
Inspired by the DIY movement and DIT collaborative culture (Hirscher et al.,
2018) promoted by the Web 2.0 (e.g., User Content Creation, crowdsourcing),
we elaborate on renewing the DIT approach according to the social media
impact on New Product Development (NPD). Such a new DIT approach
combines several socially extended concepts including Social Ideation
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(Schleich, Prell, 2015), Co-creation (Ramaswamy, Gouillart, 2010), Social
Product Development (SPD) (Piller et al., 2011) and Social Manufacturing
(SM) (Jiang et al., 2016) in the context of User Driven Innovation (Pallot,
2009; Fiizi, 2013). This is an opportunity for industrial organizations, espe-
cially SMEs, independent experts, such as: designers, architects, and makers,
and consumers, to overcome these above-mentioned challenges in imple-
menting this renewed DIT approach thanks to enabling technologies like
Additive Manufacturing (AM), eXtended Reality (XR), Big Data (BD) and
Artificial Intelligence (Al).

The DIT approach is intended to be generic enough to be applied within
any business sector where consumers are engaged in the innovation process.
The furnishing business sector is a perfect example, combining the furniture
sector and interior design personalization. In fact, home owners are increas-
ingly looking for opportunities to contribute to individualization in terms of
furnishing their house or apartment while decorating and providing it with
furniture and fittings. In fact, this is not restricted to furniture and inte-
rior design as it could also include furnishing smartification, while taking
into account sustainability principles described in the report FURN360
(2018). This exploratory study is intended to identify DIT implementation
challenges to be tackled, induced benefits, and eventual drawbacks, while
anticipating to what extent enabling technologies would contribute to over-
coming these challenges. In this study, a particular focus is given to immer-
sive eXtended Reality (XR) in the context of social ideation and co-design,
named “Immersive Design” (Dietrich et al., 2019). Our motivation comes from
the willingness to obtain more knowledge and comprehensiveness about the
implementation of this renewed DIT approach into a twin digital and phys-
ical platform. This twin DIT platform will be trialed in the furnishing busi-
ness sector and interior design including smartification. The furniture sector
is a rather good example of a traditional market that could evolve toward an
Immersive Design ecosystem; especially for home owners that increasingly
wish to be engaged in the design and production of personalized furniture
according to their interior design requirements and the emergence of appli-
ances and other electronic means, driven by the Internet of Things (IoT).

The DIT approach disrupts the traditional industrial setup in which
designers are highly valued employees whose bursts of inspiration must be
jealously kept within the brand walls. In our vision, designers and interior
architects are freelancers while customers are both producers and consumers.
This dual role of customers, which was already identified in 1980 by Toffler
through the name “prosumers”, leverages the DIT platform in proposing
their personalized concepts while getting feedback from other customers.

pre-published - Journal of Innovation Economics & Management 2022 11



Marc Pallot et al.

They could even contribute by enhancing customers’ ideas and interacting
with potential suppliers (e.g., manufacturing SMEs or FabLab makers) so that
the new product design grows faster and much closer to the actual expecta-
tions of its future users. Makers and prosumers possess the fabrication knowl-
edge related to the specific production machines they regularly use (e.g., 3D
printers, computer numerical control — CNC). Hence, their role is more
about prototyping designed parts that can, once validated, eventually be
transferred to a local production site like a FabLab or an SME manufacturer
for a higher quality production, depending on the amount to be produced.
However, prosumers could be more interested in a one-of-a-kind manufac-
turing approach that perfectly fits with FabLab self-production through
3D printers. Additionally, the DIT approach establishes regional industrial
innovation hubs that are meant to let customers and professionals (e.g., free-
lancers), involved in the finalization of a new design, get their hands on
all the selected elements (materials, shapes, technical solutions) in experi-
menting with the virtual (XR technologies) or physical (e.g., 3D printing)
prototyping and manufacturing process. It relies on a distributed network of
qualified makers and small local producers making their production capabili-
ties available to the ecosystem; thus, at the same time, creating new business
opportunities for them and establishing a virtual and dynamic production
system that can locally produce individualized products according to each
consumer’s specific context and expectations.

The overall DIT-enabled ecosystem also achieves a seamless adoption
into each factory operation, thanks to standardization of the product’s blue-
prints and of their processing into production instructions that are compat-
ible with a broad set of working machines. The DIT approach, in terms of
objectives and targeted value elements, is visually represented as a vision to
attain (Figure 1). These objectives are operatively pursued in developing the
following elements: (i) Co-creation digital platform, establishing a digital
melting pot where a market-aware designer’s creativity and talent closely
interact with customers while being influenced by their ideas and needs;
(ii) Compatibility layer, translating the co-created smart-object design into
machine production instructions toward shortening the time-to-market
of new concepts; (iii) Industrial production network, offering close-to-the-
customer local production capabilities and technical know-how for flexible,
sustainable and open smart-object manufacturing, even in small lots or in
one-of-a-kind; (iv) Industrial innovation hubs, acting as the front-end of the
whole system where gaps between digital design and hard manufacturing
techniques are filled by providing hands-on experience and a value network
cross-fertilization of know-how.
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We draw on the work of Hamaéldinen et al. (2018) to overcome barriers to
sustainability toward personal fabrication and the emerging concept of social
manufacturing. These provided a summary table describing 13 concepts,
from distributed manufacturing to the platform economy, related to personal
fabrication and distributed production. Among these concepts, between
mass customization and peer production, there is the concept of personaliza-
tion represented by the following trio: “design, choose & buy”. Here, we sug-
gest including the concept of individualization (Koren et al., 2015; Sikhwal,
Childs, 2018, 2019); that is, going one step further as it represents prosumers
co-creating value, through ideation, design and fabrication, while obtaining
the expected resulting experience. In our vision, we interpret the individu-
alization concept as another trio: “experience, produce & adopt”. Certainly,
there is no need to necessarily “choose” between different options as it is
designed to fit in with the particular customer’s expectations. Then, “buy”
is more intended to acquire a product on a shelf rather than to pay for a co-
creation experience, which includes ideation and design iterations, leading to
the expected solution.

Furthermore, co-creation also means that all stakeholders, including users
and suppliers, share knowledge and contribute to creating new knowledge
(Ramaswamy, Gouillart, 2010; Pallot, Pawar, 2012). Nowadays, there are
mobile apps allowing people to easily capture a 3D representation of their
rooms directly from their smartphone camera. Then, there are immersive
technologies, especially XR, which include Virtual Reality (VR), Augmented
Reality (AR) and Mixed Reality (MR) devices, enabling people to create and
concurrently experience alternative solutions. The eXperience Design (XD)
iterative process is particularly appropriate for this kind of immersive design
where stakeholders are immersed into a virtual 3D representation in order
to live a close to real experience of their living environment (Dietrich et al.,
2019). According to iSMA (2014), social marketing originates from com-
mercial marketing and seeks to create marketing concepts and techniques
influencing behaviors that benefit both individuals and society. Sikhwal and
Childs (2018) consider the concept of Mass Individualization (MI) as a new
product design paradigm. They present individualization as a product that
is highly personalized reflecting usage requirements and ensuring a longer
product life cycle. They argue that this new product design paradigm serves
product adaptability, upgradability, and sustainability, while meeting usage
requirements.

Besides introducing the background, motivation and purpose of this
exploratory study toward the implementation of a renewed DIT approach
enhanced by social media impacts on the NPD, the extensive literature
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review is presented before unveiling the findings through several tables dedi-
cated to DIT challenges, benefits, and drawbacks. Finally, we conclude in
discussing the limitations of this study and future work while summarizing
its main contribution.

Methodology

In the current body of knowledge and besides the “NPD and social media”
research stream, we have identified two other research streams that would
mainly match the DIT approach, namely: “Social Product Development”
and “Social Manufacturing”. The first one contributes to the study of the
social media impact on NPD within the Open Innovation paradigm, while
the second one contributes to the study of the social media impact on manu-
facturing within the 4.0 smart and individualized manufacturing paradigm.
Therefore, it would make sense to bring common knowledge about the chal-
lenges facing DIT implementation, as well as potential benefits and eventual
drawbacks. The goal is also to better understand how enabling technologies
could fit with the implementation of the DIT approach. Second, sometimes
it appears that concepts are awkwardly defined while the use of synonyms
brings even more confusion. Furthermore, there is a lack of empirical studies
on the assessment of NPD with social media, SPD, and SM in terms of imple-
mentation challenges, induced potential benefits, and eventual drawbacks. It
also appears that very few studies related to the DIT research domain inves-
tigate potential negative impacts (e.g., drawbacks, disadvantages, shortcom-
ings) while there are plenty of publications which rather present the positive
impacts (e.g,, benefits, advantages) as reported in Table 1. The main goal of
this study is to deliver a comprehensive picture of DIT implementation in
terms of challenges to be overcome by enabling technologies, induced ben-
efits, and drawbacks. This is intended to lead to a better understanding of
individualized product business both in terms of opportunities and risks for
prosumers, designers, interior architects, makers, and SMEs operating in the
furnishing sector. This could then be adapted to other business sectors facing
a similar growing demand of individualized products.

A research process, based on a systematic literature review, was intended
to identify: (i) the DIT-relevant publication streams and databases; (ii) chal-
lenges, enabling technologies, potential benefits and eventual drawbacks for
implementing the DIT approach on the basis of social media applied to NPD
in the context of the circular economy and the sharing economy. A multi-
keyword search derived from the application of social media within the dif-
ferent product life-cycle stages was carried out among different publication
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databases (IEEE Xplore, JSTOR, Blackwell, Emerald, Springer, science-
direct, worldscientific). In the meantime, through the use of an advanced
search, “Social Product Development” and “Social Manufacturing” were
emerging as relevant publication streams. A search for relevant previous
work was based on the combination of specific keywords, namely: “New
Product Development” and “social media” or “Social Product Development”
or “Social Manufacturing”. Other complementary keywords: “challenges”,
“benefits” and “drawbacks”, which represent the most important elements of
the topic under scrutiny, were included in this search for previous work and
were mapped against a Search, Appraisal, Synthesis and Analysis framework
(Grant, Booth, 2009). This literature review was intended to bring the nec-
essary elements for answering the following research questions: (RQ1) What
are the DIT implementation challenges to be overcome in the context of
the circular economy and the sharing economy? (RQ2) What are the poten-
tial benefits induced by DIT implementation? (RQ3) What are the potential
drawbacks induced by DIT implementation? (RQ4) What are the enabling

technologies for overcoming the DIT implementation challenges?

The search process was executed on the main keywords (NPD and social
media, SPD, SM) appearing in the title that gave the following number of
articles for each of the publication streams: “NPD”: 32, “SPD”: 32, “SM”: 98,
which represented overall 162 articles. Having the search done through key-
words appearing in the title resulted in a limited, but extremely relevant,
number of articles. All selected articles were scrutinized for collecting evi-
dence leading to the identification of challenges, induced benefits and draw-
backs, or synonyms like advantages or disadvantages or shortcomings.
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Table T - Characteristics of selected articles

N
S8 S| | S
Sl=|gls|5|5]|3 : g
Authors Year E a % > % S § Enabling Techno §
e S|%|4 3
23]
Abhari et al 2020 X | X X [ X S
Ahmed et al. 2020 X X | X VR
Ahmed et al. 2019 X X [ X IoT
Alcacer & Cruz-Machado 2019 X X [ X AM, AR, BD, IoT, 4.0
Bharati ef al. 2020 X X X X
Bressanelli ef al. 2017 X X X X |IoT, AM C,Se
Calabrese et al. 2020 X X [ X | X |AM, AR, VR, BD, IoT, 4.0 D,S
Cheng & Krumwiede 2018 X X| X | X |VR
Cheung & To 2020 X X [ X
Corona et al. 2019 X X X X C
Ford & Despeisse 2016 X| X | X AM
Giannakis ef al. 2020 X X X X |BD, AI
Gordo Lopezet al. 2021 X X | X C,P,S
Guo & Jiang 2019 X[ X ]| X
Haleem & Javaid 2019 X X X AM, VR, AR, BD, AL IoT, K4.0
Hamalainen & Karjalamen 2017 X| X | X | X |AM S
Hamalainen ez al. 2018 X | X[ X AM P, S
Hirscher et al. 2018| X X| X | X
Jiang et al. 2016 X X | X | X | X |AM AR, BD, Al
Koren et al. 2015 X M| X | X | X A
Koren et al. 2013 X M| X | X | X [VRAR
Lanz & Jarvenpaa 2019|DIY| X X | X| X ]| X |AM IC,0,S
Liu & Kop 2015 X X X X
Mahajan ef al. 2021 X X | X | X |loT
Mobhajeri et al. 2014 X X| X | X AM, VR
Naghshmeh e al. 2021 X| X | X AM €
Pallot et al. 2017 X X X X |XR
Pereira Pessoa 2020 X X X AM, AR, BD, Al, loT, 14.0
Rautela et al. 2020 X X X VR
Rautela et al. 2019 X X X AR, BD
Roberts et al. 2014 X X X
Sikhwal & Childs 2018 X Mi X X X C
Tsengetal. 2010 X X X XR E
Wangetal. 2021 X X X X C
Yin et al. 2020 X X X loT, Al c
Zhan etal. 2021 X X X |VR,BD, Al D,S
Zhanetal. 2020 X X X X BD
Zhan etal. 2018 X X X X |VR,BD, Al

A App economy; C: circular economy; D: Digital economy, E: Experience economy, P: Platform

economy, S: Sharing economy; Se: Service economy.

pre-published - Journal of Innovation Economics & Management 2022



Marc Pallot et al.

The filtering is based on secondary keywords: challenges, benefits, draw-
backs or synonyms like advantages or disadvantages resulted in 38 selected
articles that are presented with their characteristics in Table 1. Another
search was executed on the remaining selected articles in order to identify
the enabling technologies and economy types also shown as characteristics
in the same table. The advanced search of relevant articles was executed
in the 2010-2021 time range, as these concepts are pretty recent as they are
linked to the use of social media within the different Product Life-Cycle
(PLC) stages as they are described in the next section (FFE, co-design, open
manufacturing, co-marketing, field testing, green logistic, social reuse). The
grouping of identified challenges, induced benefits, and possible drawbacks is
based on their location within PLC stages.

Findings

DIT Stages

The social dimension of the DIT approach reflects the effort to engage
external participants, through the use of social media, with different exper-
tise along the product life-cycle, such as independent designers, interior
architects, makers, suppliers and especially customers or prosumers. There are
several stages that make up this DIT-related PLC as presented in the selected
articles. On the DIT economical dimension, there are the digital economy -
including the platform economy, experience economy, and sharing economy
— the knowledge economy, and the circular economy, which impact the DIT
NPD process. Each of the seven identified PLC stages is briefly described in
Table 2.

Co-creation or social ideation reflects the early stage of PLC, which
is known as the Fuzzy Front-End (FFE) stage (Lecossier et al., 2019; Kim,
Wilemon, 2002), in which all stakeholders, including customers, co-create
ideas that bring value. The second PLC stage is named co-design; however,
nowadays it partly overlaps with co-creation for the rapid conceptualization
of ideas and usage scenarios including virtual prototyping through the use
of an iterative XD process (Pallot et al., 2020); and manufacturing for issuing
physical prototypes in order to validate the concepts and start the industri-
alization phase. The third PLC stage is open manufacturing, in which indi-
viduals (e.g,, makers, prosumers) can by themselves produce a one-of-a-kind
through the use of additive manufacturing (e.g, 3D printers), as is done, in
fact, for physical prototyping, or in using small CNC robotized production
units. The fourth PLC stage, co-marketing or social marketing, is about the
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marketing communication mix including Word-of-Mouth (WoM) and influ-
encer marketing, where social media play an important role. Social com-
mercialization, the 5th PLC stage, is more about field testing to make the
new product error-free and launching it. This stage also includes the valida-
tion of the positioning and marketing mix while collecting feedback from
customers about product performance, degree of usability, experience and
level of satisfaction, as well as remaining issues. Then, the green collaborative
logistics, 6™ PLC stage, represents crowdsourced activities such as product
maintenance (e.g., regular upgrades) and repairing (e.g., makers) for a longer
life cycle that could require producing parts locally on demand through 3D
printing; as well as the reverse logistics for taking care of retired products.
Finally, there is the 7th PLC stage, named “social reuse”, for ensuring the
lowest possible level of product waste, through crowdsourced activities like
refurbishing, repurposing, and possibly upcycling.

Table 2 - Description of product life-cycle stages

N° | Stage Description

(*) in co-creation in order to facilitate the emergence
. of new ideas, their evaluation and validation through
Co-creation . . . g
S1 (Social Ideation) the use of diversity and appropriate creativity tools
and methods. Better insight into the needs of the
consumers. Knowledge Sharing.

(*) in co-designing different alternatives of potential
solutions, exploring and experimenting their usage
scenarios through the co-evaluation of mock-up and
prototype. This includes the need for rich designs

in individualization and high-quality local materials
for sustainability, repair, reuse, remanufacture and
recycling.

(*) in making sure that everyone, especially makers
and prosumers, can access and feed, with digital
design (e.g., CAD drawings), autonomous production
machines (e.g., 3D printers, robotized production
units) and assembling the instructions and necessary
tools & equipment for quality control. Recycling
production waste to make new production resources.

Co-design Open

S2 Design

Open

S3 Manufacturing
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N° | Stage Description

(*) in contributing to the co-creation of value

and anticipated UX including the marketing
communication mix (customer feedback to firms and
to other customers) through perceived performance
and word-of-mouth as well as customer motivational
orientation and influencer marketing toward
Co-Marketing customer satisfaction. Relating social media to the
(Social marketing) |seven Cs (content, community, conversation, capital
[social], culture, collaboration, and conversion).
Originating from commercial marketing, social
marketing seeks to “develop and apply marketing
concepts and techniques to influence and support
behaviours that benefit individuals and society”
(ISMA, 2014).

(™ in having customers provide their first-hand
feedback on product usability, product performance,
potential problems concerning the prototype,

Social and the positioning and marketing mix of the new
Commercialization | product. Customer’s reactions to these areas help
firms to make new products error-free, to improve
product positioning and the marketing mix of the new
product.

(™) in third-party (crowdsourced) logistics provides
the solution to innovate the fulfilment process.
Customers also provide feedback for the platform
services that can be used to improve or innovate its
services. An e-commerce platform provides instant
maintenance, repair, and delivery services that closes
the gap between the producer and the customer.

(*) in ensuring the lowest level of product

waste through reusing, repairing, refurbishing,
remanufacturing, or recycling. A circular business
Social Reuse, model entails a reverse logistics that is able to return
S7 | Refurbishment, products from users to producers, involving the
Repurposing above-mentioned activities. Reuse is preferable to
recycling, since much of the value still remains with
the components. Easier disassembling for makers and
prosumers.

S4

S5

Green logistics,

S6 Reverse logistics

() Engage external participants - through the use of social media - such as: independent
designers, interior architects, makers and especially prosumers

S1: Rautela et al., 2020, Abhari et al., 2020; Cascini et al., 2020; Zhan et al., 2020, Lanz,
Jarvenpdad, 2019; Zhu et al., 2017; Roberts et al., 2016, Mukhat et al., 2012.

S2: Rautela et al., 2020; Lanz, Jarvenpas, 2019, Aral, Walker, 2011; Zhu et al., 2017, Roberts
et al, 2016, Govindaraju, 2020, Bressanelli et al., 2017.;

S3:Lanz, Jarvenpdd, 2019, Ahmed et al., 2020, Hirscher et al., 2018; Jiang et al., 2016, Gogineni
et al., 2020, Govindaraju, 2020; Bressanelli et al., 2017; Yin et al., 2020; Naghshineh et al., 2021.
S4: Dougherty, 2012; Ertz et al., 2016; Umezawa et al., 2017 Dietrich et al., 2019, Cheung, To,
2020, Rautela, Singhal, 2020.

S5: Glessner, 2012, Roberts, Candi, 2014; Wang et al., 2020, Chang, 2019, Pienaar et al., 2019,
Yang et al., 2019, Rautela et al., 2020, Liu, Kop, 2015, Cheung, To, 2020.

S6. Santoso et al., 2020, Gogineni et al., 2020; Cheng, Krumwiede, 2018, Wang et al., 202].
S7: Bressanelli et al., 2017 Hirscher et al., 2018, Govindaraju, 2020, Corona et al., 2019, Wang
et al, 2021, Ford, Despeisse, 2016; Gordo Lopez et al., 202].
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Identified DIT Challenges and Benefits

In the context of the DIT approach, each PLC stage has different chal-
lenges to be overcome leading to potential benefits and possible drawbacks
as presented in the following tables. However, it should be noted that all
the benefits and drawbacks mentioned are the ones identified during the
literature review. A first statement about this particular literature review is
that there are far more published studies presenting induced benefits rather
than drawbacks. It explains the breakdown of the presentation of all identi-
fied challenges and benefits into several tables while there is only one table
about drawbacks. Besides the obvious DIT platform (implementation of the
DIT approach) of the overall benefit of democratizing co-creation, design
and manufacturing (Hirscher et al., 2018), people face numerous issues/chal-
lenges to implement an effective distributed innovation and collaboration
mode. Individualized products and on-demand production partly characterize
social manufacturing, which encourage open innovation through social col-
laboration and intellectual resource sharing (Jiang et al., 2016). The DIT
platform is based on the sharing economy principle of borrowing or renting
assets (e.g, 3D printers for prototyping, head-mounted-displays for immersive
design) owned by someone else (Lanz, Jarvenpad, 2019), which represents
other major benefits not only from easier access to shared resources and lower
usage cost but also from shared knowledge and skills.

Regarding social ideation, Zhan et al. (2020)’s findings show that while
social media facilitates information search and knowledge acquisition, the
degree of product ideation success mainly relies on the capacity to seek
inspiring and reliable knowledge. This knowledge relies on both internal and
external resources and information that are crucial for the innovativeness
and success of NPD. They are pretty prolific in terms of identifying the key
benefits grouped within three NPD stages, as shown in their Table 1. All
the discussed benefits within PLC stages S1 to S3 that contribute to the
overall benefit of the democratization of co-creation, design and manufac-
turing were included in Table 3. Regarding the other PLC stages from S4
marketing to S7 re-use, one of the major benefits is to avoid the traditional
end-of-life leading to the continuous increase of waste. According to Lanz
and Jarvenpii (2019), “the circular economy aims at reducing solid waste, land-
fill, and emissions through activities such as reuse, remanufacturing, andfor recy-
cling”. Other significant benefits about S4 social marketing include stronger
customer engagement through participation to co-creation activities (Pallot,
Pawar, 2012) and emotional attachment to co-designed products (Hirscher
etal., 2018). As for social collaborative commercialization, Zhan et al. (2020)’s
findings show that social media platforms bring a significant benefit as they
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facilitate reflective learning and knowledge transformation within all PLC
stages and especially during the product testing and launch process. As for
the PLC stage S6 Social Logistic, Bressanelli et al. (2017) argue that reverse
supply chain and second-hand markets are not sufficiently developed yet for
the circular economy to have a chance to succeed (Table 4).

Identified DIT Challenges and Drawbacks

In terms of drawbacks, as explained earlier, it appears that there is a cer-
tain scarcity of scholars studying the negative impacts of social media on
NPD from social ideation to social manufacturing.

Nonetheless, Lanz and Jarvenpid (2019) seem to be the most prolific
scholars to have identified social design and manufacturing drawbacks, espe-
cially in terms of product quality, mainly due to the lack of verified quality
assurance. They also discussed other aspects such as respect for safety regu-
lations, customer rights, and care about potential product defects, and con-
formity to IPRs in relating the fact that prosumers rarely perceive reverse
engineering as a violation of patented products. They also criticize the lack of
concern about environmental sustainability in production, especially in the
case of additive manufacturing (3D printing), arguing that the impact in eco-
nomic terms on sustainability as described in circular economy frameworks is
rarely considered in the literature. Finally, they have identified another draw-
back considering respect for occupational safety regulations, especially in the
case of locally distributed manufacturing. As shown in Table 5, there was a
lack of identified drawbacks in the selected articles regarding stages S4, social
marketing, and S5, social commercialization. Roberts et al. (2016) pointed out
that using social media to engage customers in product ideation and design
could result in imitative and unimaginative products due to mismatching
technology readiness and development strategies that are unaligned to cur-
rent customer requirements. There are other transverse drawbacks due to
digitization, such as knowledge leakages (Alberti, Pizzurno, 2017).
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Identified Co-creation Challenges and
XR Implementation Benefits

Regarding the enabling technologies, the analysis of selected articles
focuses on immersive technologies, especially XR (Table 6), leaving analysis
of the remaining identified enabling technologies like AM, BD, Al and IoT
to future work.

It appears, as was the case some decades ago with CAD/CAM technolo-
gies facilitating the industrial design of products, that XR technologies greatly
facilitate the immersive design of compelling experiences (Pallot, Richir,
2016). However, social immersion and distributed collaboration are emerging
trends in the Immersive Virtual Environment (IVE) research context that
have actually turned out to be hot research topics toward an Immersive
Collaborative Environment (ICE) platform in which all stakeholders can be
immersed. Empirical studies on the use of XR technologies have highlighted
the positive impact of the use of IVE (VR/AR/MR) for stimulating imagina-
tion and creativity (Fleury et al., 2020; Mille et al., 2020; Gorisse et al., 2020)
leading to an increase of fluency and originality of produced ideas. Other
empirical studies have demonstrated the power of virtual prototyping within
the ICE (Pallot et al., 2017; Dupont et al., 2018) and transverse drawbacks like
cybersickness phenomena induced by immersive environments, as well as the
fact that XR devices currently remain expansive.

Conclusion and Future Work

This study has several limitations inherited from the fact that previous rel-
evant work might have been missed or wrongly discarded. This is due to the
subjectivity of the selected articles considered as most relevant through the
search keywords. The decision to group the challenges, benefits, and draw-
backs within NPD PLC stages is also an arbitrary decision, even if extremely
useful for avoiding the duplication of benefits. The identification of the NPD
PLC stages is based on previous work; nonetheless, these selected PLC stages
are not recognized as a standard among scholars. Despite the fact that we
have used many keyword synonyms in the search process, some challenges,
benefits, and drawbacks might have been missed as well. Further to this,
despite the fact that we started by using an overall Google Scholar search in
order to identify the most prolific databases, there might be other databases
and potentially relevant articles that we have missed.
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This study investigated the challenges, induced potential benefits, and
possible drawbacks as well as enabling technologies to implement this renewed
DIT approach. Regarding enabling technologies, this study was restricted to
the analysis of challenges overcome by XR technologies and their induced
benefits, as well as transverse drawbacks at the earlier stages of the NPD
PLC. Overall, this study contributes to the required clarification of the DIT
approach and implementation. It also contributes to bringing new knowl-
edge to both scholars and practitioners interested in the democratization of
innovation, design, and manufacturing as well as individualized products.
The results confirm the uniqueness of this DIT approach, which stands at
the crossroads of several phenomena, namely: (i) the 4" industrial revolution
(14.0); (ii) the digitization era; (iii) the consumer trend toward individualized
products; (iv) the democratization of innovation, design, and manufacturing
through the digital economy and its satellites, such as the platform/sharing
economy; (v) and the increased citizens’ concern on sustainability driving
the implementation of the circular economy. They also demonstrate the
long list of challenges to be overcome to implement this DIT approach and
induced benefits as well as possible drawbacks; though this study has revealed
a lack of empirical studies that observe these negative impacts while there is
a plethora of observations on positive impacts.

Last but not least, XD technologies appear to be an appropriate enabler of
DIT implementation, especially at the ideation and design stages, thanks to
the power of virtual prototyping, enabling stakeholders’ ability to: (i) quickly
reach a mutual understanding of an idea, its related concepts and usage sce-
nario; (ii) anticipate the resulting UX; hence, the ability to deduct the degree
of customer satisfaction and a willingness to adopt the represented solution;
(iii) acquire the necessary knowledge by quickly learning by doing without
any risk; (iv) follow a secured step-by-step process to fulfil a task. Finally,
besides a SWOT study on the 14.0 implementation (Calabrese et al., 2020),
we did not find any previous study on the identification of challenges, bene-
fits, and drawbacks covering the same spectrum of implementation platform.
Therefore, we had to identify and collect these within previous studies from
different publication streams such as the more obvious ones within SPD and
SM research communities, as well as less obvious ones within NPD and social
media intersecting the digital economy, platform/sharing economy and 4.0,
as well as immersive technologies.

In terms of drawbacks, besides the fact that there is a scarcity of empirical
studies on negative impacts, we found some significant drawbacks such as the
lack of suitable customer skills for appropriately contributing to design and
manufacturing activities. This could result in imitative and unimaginative
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solutions, and transverse ones such as peoples’ concern about ownership and
respect for regulations (Lanz, Jarvenpid, 2019). The DIT sustainability, indi-
vidualization, and democratization approach looks promising for the fashion
and furnishing business sectors, especially for fulfilling demand from young
digital natives and sustainability-aware customers, as this is currently ongoing
in the tourism sector in order to abandon the unsustainable mass tourism
approach. In terms of future work, it would make sense to carry out sur-
veys about DIT players’ expectations (e.g, manufacturers, makers, designers,
interior architects, marketers, consumers, prosumers) whatever the business
sector. Such surveys would constitute the second step of a holistic appraisal,
as the first step was the literature review that allowed us to identify the most
relevant DIT implementation challenges, induced benefits, and drawbacks.
Then, based on these two steps, a conceptual framework could be developed
in order to obtain a comprehensive picture of DIT implementation, through
enabling technologies (XR, BD, Al), including benefits and drawbacks as
well as a better understanding of business opportunities and risks. Finally, an
analysis of the remaining enabling technologies (AM, BD, Al) needs to be
carried out in order to identify their particular induced benefits and draw-

backs.
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