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ABSTRACT

Immersive technologies have created a paradigm shift in the realm of traditional crafts,
offering unprecedented avenues for digitization and knowledge transfer. This scoping
review explores the integration of immersive technologies within the traditional crafts
domain, focusing on their utilization for digitization and their impact on knowledge
transfer processes. Through a systematic analysis of available literature, this review aims
to map the existing landscape of immersive technology applications in tradi- tional
craftsmanship, dissecting the modalities and influence on knowledge transfer.
Emphasizing the use of virtual reality (VR), augmented reality (AR), and mixed real- ity
(MR), this study endeavours to identify trends, gaps, and prospects for leveraging
immersive technologies in the preservation, transmission, and enhancement of tradi- tional
craft knowledge. As set of results will be presented, namely a positioning map of existing
solutions within immersive technology and their activeness in assistance. An overview of
topics occurrences, visualized in a Venn diagram. An identification of the perspectives
throughout the literature articles, a used methods overview and lastly a set of
fundamental elements providing a set of tendencies to include when dealing with
knowledge transfer of immersive technologies in crafts. It becomes clear from literature that
existing studies focus rather on very specific test setups due to the unique nature of each
craft or craft process. This leaves opportunity for generaliza- tion and creation of a
structured repository. There is a trend towards usage of virtual avatars in studies that
make use of immersive virtual elements in their experiment setups. There is a clear
motive across the literature to combine the flexibility of the vir- tual with the familiarity of
physical work environments. Therefore, mixed reality could form a possible solution,
combining virtual and real-world components.
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INTRODUCTION

The interest in crafts has seen a decline due to the rise of technology in soci- ety.
Laborious creation processes are demotivating when automatization can
outperform it. However, scarcity in materials and manufacturing capacity
require us to rethink contemporary production processes - to revive crafts and
making, in alignment with current practices in fablabs and maker spaces. Many
facets of craftmanship are studied in literature. These range from business
(Christiansen et al., 2022; Latilla et al., 2018) social impact (De
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Munck, 2019), cultural influences (Kreijns et al., 2011; Lee et al., 2016), cus-
tomization, and personalization (Zoran et al., 2014) to psychological benefits
(Gamble, 2001), technological tool advancements (Acke et al., 2021; Latilla et
al., 2018; Weigert et al., 2019), assistive techniques (Peng et al., 2015; Van
Goethem et al., 2020) and knowledge performance (Latilla et al., 2018). There is
an importance of the integration of contemporary approaches within traditional
craft knowledge that carries throughout in society. E.g., modern materials,
technologies, and design principles ensure the relevance and via- bility of crafts
in contemporary contexts. Traditional crafts should be seen as cultural heritage
and treated as economic assets and knowledge. Thus, the preservation of craft
diversity and cultural identity are key for sustainable local economies and,
thereby, craft preservation (Zabulis et al., 2023). Craft has many definitions, here
specifically we analyse traditional crafts, prac- ticed directly by hand and
through operation on natural materials. The aim of this study is to find anchor
points for revitalisation of craft practices. Not only in its traditional form, but also
exploring assistive technology and their opportunities within this field. Analysing
the current work field and common practices allows us to define the potential
interventions for said technology.

Immersive technology has a multitude of subjects to consider. To narrow this
scope, we defined the most relevant direction with two arguments. The firstis the
feasibility and availability, secondly is the added value to apprentice education.
Therefore, we focus on visual guidance which will be of interest for the craft
process in general, as well as for tools and virtual object references.

The integration of immersive technology with traditional crafts can pro- vide
solutions to bridge generational gaps, enhance the preservation of cultural
heritage, and empower both master craftsmen and apprentices. The potential of
immersive technology with usage of visual guidance is depicted in Figure 1.
Combined with cultural heritage it can elevate the crafts making experience
through augmented instrument development.
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Figure 1: Ingredients of knowledge in crafts.
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Visual guidance is essentially the collection of virtual elements displayable in
immersive technology which can be deployed as static 3D imagery or
animation, usable as visualisation of a craft process step for example.

For knowledge transfer approaches it opens a way of additional visualisa- tion
in 3D. The intersection of the three areas within (in) tangible knowledge
encompasses active learning, provided through the user of immersive tech-
nology when tailoring a management system to the crafts practice (Watanuki
& Kojima, 2007).

This paper is part of the European project “Tracks4Crafts” which aims to
revive and reframe crafts from historical, economic, and product develop- ment
perspectives. By exploring the integration of immersive technology into
traditional crafts, the project aims to bridge generational gaps, enhance the
preservation of cultural heritage, and empower both master craftsmen and
apprentices. For the overall purpose definition of this paper, and to stream- line
with the goals of the European project, the following research questions are
proposed:

What is considered transferable knowledge within crafts, specifically in
existing literature?

What is the landscape of immersive technology and transfer craft knowl- edge
(TCK) assistance?

What are the existing fundamentals that align with immersive technology to
enhance the effectiveness of knowledge transfer in crafts?

METHOD

The scoping review method was employed as a strategic approach to com-
prehensively explore and map the diverse applications of knowledge transfer and
immersive technologies within the realm of traditional craftsmanship. This
methodological choice involved a systematic examination of a wide range of
literature, studies, and resources, allowing for a broad and inclusive overview of
the field. The review facilitates identification and compilation of various uses,
practices, and emerging trends regarding the integration of immersive
technologies in knowledge transfer within traditional craftsman- ship. The
scoping review process was structured to survey and synthesize existing
knowledge, thus enabling a comprehensive understanding of the landscape,
highlighting gaps, patterns, and opportunities, while laying the groundwork for
further in-depth investigations. The study adopts a system- atic approach for
analysing the literature using the SCM-TBFO framework devised for holistic
literature review, which consists of: School of thought (S), Contexts (C),
Methodologies (M), Triggers (T), Barriers (B), Facilitators (F) and Outcomes (O)
(Singh and Dhir, 2023).

Suitable literature has been selected based on three main keyword com-
binations. These are: immersive AND craft; craft AND knowledge AND
transfer; immersive AND knowledge AND transfer.

Further on, the study employed the Preferred Reporting Items for System- atic
Reviews and Meta-Analyses (PRISMA) approach to refine and extract pertinent
information for an in-depth examination of relevant literature (Tricco et al.,
2018). This method facilitated the selection of key papers
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and studies essential for a deeper investigation within the domain of knowl- edge
transfer and immersive technologies in traditional craftsmanship. The
application of PRISMA in Figure 2 allows for the identification of scholarly
contributions most aligned with the research objectives.

Identification of studies via databases and registers

)

Records identified from
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Screening

Studies included in review
(n=35)

[ Included ] [

Figure 2: PRISMA flow diagram.

1115 publications were identified through the scoping search across three data
bases, of which 52 were subjected to full-text review. 17 publications were
excluded for reasons mentioned in Figure 2. A total of 35 publications were
finally included in the scoping review.

To elaborate findings, a couple of visualisation techniques are utilized. The
first one is a quantitative positioning map of existing studies considering
technology for assistance of the craft process. There exist two axes, defined
respectively through technology complexity/fidelity and amount of activeness in
assistance. For technology fidelity it is important to analyse the usage of the
specific technology and the extent of usage in said study. High-complex tech-
nology is seen as the most novel/most expensive (specialized labs, companies).
Low-complex technology is approachable and accessible by the public. The
positioning along the technology complexity axis is determined by a quantita- tive
rating through the following indicators: cost, development, conventional or
innovative elements and required expert for setup and/or usage. To deter- mine
the activeness position in assistance, besides considering the use case, two
extremes were defined. On the left we have completely passive assistance, meaning
that the practitioner had to do everything themselves. And on the right, we have
completely active, meaning that a physical instructor guides the practitioner
during the process and can even intervene.

Categorizing perspectives in the literature is a challenging task due to the
nuanced intentions of authors. A perspective can be described as the direction
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to which research domain the author wants to contribute towards. To elab- orate
this categorization, a set of three indicators are defined. Indicator 1: a trend
analysis of keywords and context throughout the papers. Indicator 2: Subject of
experiment and tools used for data analysis. Indicator 3: The type of results and
what kind of data is presented. The set of predefined perspec- tives are based on
grounds in psychology (Lloyd, 2017) and can be seen on the x-axis in Figure 4.

RESULTS

Results will mainly be depicted in positioning maps and Venn diagrams.
Showcasing the frequency and context of the different papers as subject of this
study. The visual representations provide a combination of qualitative and
guantitative information regarding the immersive knowledge transfer in
traditional crafts and will support the answers to the research questions. Due to the
qualitative intention of this paper and the nature of a scoping review, less
emphasis has been placed on defining amount-specific results. Therefore, in
multiple visualisations only the article title is mentioned.

Adoption of Technology in Traditional Craft-Making

We found 23 significant articles that discuss the inclusion of various tech-
nologies, which vary in fidelity and assistance intensity. To understand the
positioning map in Figure 3 we need to clarify the meaning of ‘assis- tance’.
When looking at passive assistance, the instrument or tool does not
interfere/interact with the craft process itself. It is merely used as guidance or
support. Where on the other hand in active assistance it is rather the
interaction with the craft process, the material, the apprentice. For exam- ple,
physically guiding the process or correcting steps while modifying the product.

The positioning visualisation of Figure 3 reveals most of the existing stud- ies
working in the higher fidelity ranges with solutions such as motion capture,
virtual reality (VR) environments and advanced operations such as assistive tools
and transformative operation (Brondi et al., 2016; Carre et al., 2022; Carrozzino
et al., 2016; Cunningham et al., 2021; Edwards et al., 2021; Esmaeili et al.,
2018; Lawrence et al., 2021; Makarova et al., 2023; Okuda, 2007; Paredes &
Vazquez, 2020; Pistola et al., 2021; van Dyck et al., 2023; Zoran et al., 2014). A
major factor is also the high interest to create VR avatars. There are five explicit
studies who use avatars to support the craft making and learning process in the
digital world (Brondi et al., 2016; Carre et al., 2022; Carrozzino et al., 2016;
Esmaeili et al., 2018; Zabulis et al., 2022). The application gap exists in the
lower end of technological fidelity and the higher end of activeness in assistance,
marked with a light-grey oval. In the high-fidelity technology range with active
assistance, we find a set of physical expert workshops with minimal use of
technology and maximum amount of human interaction (Goll et al., 2019; Hsu
& Wu, 2020; Kojima et al., 2014; Lee et al., 2020). Whereas in the low-fidelity
technology with passive assistance, there is more presentation of systems tools
and software
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that do not allow master-student interaction (Aytekin & Rizvanoglu, 2019;
Saxena, 2023; Sun et al., 2023; Zoran et al., 2014; Zoran & Paradiso, 2013).
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Figure 3: Positioning map—adoption to technology.

A variety of different levels of technology integration exist in the realm of
crafts. The lowest tier consists of approaches without the use of any exter- nal
tools, so crafts such as elementary origami, pottery (without wheel) and claying.
Next as a middle tier we have the non-technology tool operated crafts, these
include pottery, woodworking and knitting. The final tier has machinery tools
in the practice of its craft, consisting of welding, tufting, woodworking
(turning), glassblowing and metal sculpting.

The interaction of hand, body, tools and materials is the origin of skilful
craftwork. Within this the following statement is true ‘to become skilful in the use
of a tool is to learn and appreciate directly, without processes of interme- diate
reasoning, the qualities of the materials that we apprehend through the tacit
sensations of the tool in our hand’ (Jarvis, 2007). The material inspires the
artisan, the artisan shapes the material, and the instrument facilitates this
transformative process. It’s a dance of creativity, skill, and responsiveness. This
relationship is not unidirectional; rather, it forms a holistic interconnec- tivity
where each element influences and is influenced by the others (Groth, 2016).
Embodied knowledge consists of tangible and intangible knowledge, these are
the building stones of holistic understanding of crafts and their practice
(Pistola et al., 2021). As an artisan, performing handwork, in com- bination with
having human interaction with a material can be considered a craft. Plenty of
different studies mention some sort of craft/handwork/art- s/heritage
preservation. However, this paper solely focuses on transfer of tangible and
intangible knowledge within this definition. The level of craft must be of
hobbyist or professional level. For example, someone that is doing craftwork just
for one experiment is not sufficient. A common occurrence is the use of crafts as
demonstrator in shops, practices, expositions or museums.
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These will not be included as suitable articles due to their purely informative or
recreative nature.

Knowledge Transfer for Crafts

The perspectives of articles in Figure 4 describe the type of view the author(s) have
towards the subject. Throughout the studied articles the most common
perspectives are ‘Behavioural’, ‘cognitive’, and ‘psychological’, these have
interest in understanding the tacit knowledge and the underlying mechanics of
craft making. Interestingly but not surprisingly is the high frequency of the
ethnographic perspective, which is the study on cultural customs and habits.
Traditional crafts have cultural significance woven into them naturally. Often
specific crafts are location-related due to the nature of its sourced environ-
ment. For example, silk and raw materials exist or are recreated locally and have
historical significance.
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Figure 4: Positioning map — author research perspectives.

Fundamental Elements

A set of relevant tendencies towards safeguarding of crafts and technol- ogy
implementation  opportunities for knowledge transfer are noticeable
throughout the literature study. The following list describes the coincidental
perspectives and results from these articles.

Training program: case studies, experiments, literature study or field
research results eventually end up in the development of a training of orga-
nized tasks or creates an immersive timeline, providing progress overview.

Technology implementation: several studies imply specific integration.
These take on different shapes, ranging from posture instructors to physical-
digital tool development. Not only on an individual apprentice level but
fostering collaboration by building a platform or having compatible solutions for
digitisation practices.
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Status quo (resemblances with similar fields using current craft structure):
Through VR and video there are new approaches possible for delivering tacit
knowledge. A harmonious fit between data gathering techniques and knowl- edge
holders is crucial. A large reoccurring influence is the ethnographic
perspective.

Demo setup: throughout the studies several physical setups are being made as
demonstrators, these are usually interactive to attract participants and range
from training systems to more installation-style setups as experiment results.

Usage insights: it is important to embrace the realism factor of VR, thus
creating a superior teaching exposure versus traditional video. Also, perfor-
mance increase is noticeable in multiple papers, where operative times are
reduced. Lastly when using immersive environments, the learning interest
increases, and the overall apprentice or practitioner performance improves.

Support system: several systems are being tested and developed; these can
have different goals. For example, the CAMIL system with its immersive
affective model for learning supports tools for interactive collaboration. But there
is also a setup for principles, to provide stability and recognizability for the
preservation of craft. Lastly, repositories are effective safeguarding
mechanisms, preserving specific tacit knowledge in a tailored system.

DISCUSSION

Reflecting on the research questions on this study, some findings are dis-
covered. Transferable knowledge within crafts is not described explicitly in
many experiment or case studies, they are to be found in more theoretical
works. They describe the differences between tangible and intangible knowl- edge
transfer and consider intangible the toughest to quantify. There is not a specific
universal language or way to describe this knowledge. Craftspeo- ple
communicate their thoughts through methods of action, skill, and sense of all the
properties (form, stiffness, colour, smell etc.). In the studied liter- ature, they are
often considered as action models or training programmes such as seminars and
workshops. A focus towards behavioural and cognitive experiments is visible
throughout the perspectives. They try to underline and discover the intrinsic
values of intangible knowledge. Additionally, getting to know how a
craftsperson thinks and tries to communicate their mental process is part of the
major study domain.

The application gap in Figure 3 reveals a potential focus field for follow- ing
studies towards innovation within low-complex technology. However, if wanting
to focus on similar existing solutions, it is better to examine more advanced
technology implementations but with less activeness in assistance. Most literature
uses advanced technology through proprietary equipment or industrial solutions.
This makes the implementation for crafts in general less compatible. However,
the techniques used within this higher fidelity range are deemed interesting
through their potential benefits and simplified setup procedures. For example,
the use of motion capture and the ability to create specific VR environments can
allow interaction in multiple levels of fidelity, not only in the higher levels as the
literature results initially reveal.
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The fundamental elements create opportunity paths within the scope of
immersive assistive technology for crafts. A set of fundamentals allow for
development towards valuable solutions. The usage of training programs and
demo setups show in-context demonstrations of specific knowledge. While
support systems create an interactive environment for assistance and
development of skill beyond the traditional linear training layouts.

CONCLUSION

This study tries to unveil the current state of the art in assistive immersive
technologies for craft knowledge transfer. Unique experimental setups are
reoccurring within case studies, where specific prototypes are tested and/or
reviewed. Knowledge surrounding more generalized implementations are only
mentioned as conclusions or future work in the literature. This find- ing
underlines the necessity for a methodology or structured framework to devise
active assistance in a less technology-complex context, motivated by the
application gap in Figure 3 and corresponds with the characteristics of the
fundamental elements ‘training program’ and ‘support system’.

The emerging solutions are coupled to the available hardware and soft-
ware. There is increased experimentation along virtual reality head mounted
displays (HMD’s) using assistive immersed environments to guide a training
programme or transfer real-world object knowledge through 3D visuali-
sation. A clear trend towards the usage of virtual avatars and immersive
environments is noticeable. However, approaches such as motion capture (of the
artisan movement to recreate a one-on-one representation of the crafting process)
for teaching novices suggests the lack of real-world reference, specif- ically the
perception of realistic materials and interaction with the real-world environment.
Mixed reality presents an opportunity for future work, com- bining both virtual
and real-world components in guidance by fundamental elements ‘demo setups’
and ‘technology implementation’.
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