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Executive summary 

Executive summary 

This deliverable reports on the three Mingei Pilots which regard the digitalization, preservation 
and presentation of the crafts of silk weaving, mastic cultivation and glass blowing respectively. 
Firstly, an overview of the overall methodology adopted will be provided. As the readers will find 
out, the adopted methodology can be parted into six steps:  

1. Craft Understanding. It entails exhaustive ethnographic and archival research, as well as 
interviews with people (which we call ‘Living Treasures’). This means that the researchers will 
dive into dusty archives to collect textual, photographic and audio documentation, perform 
interviews to collect oral testimonies, and organize and study them all to extract knowledge. 
The aim is to deeply understand the process followed in each craft, the actions taken in each 
step of the process and the conditions before, and the expected result after each process step.  

2. Data collection is the recording of physical objects and the human actions leading to the 
transformation of materials into articles of craft. The collected data are acquired from media 
objects, which is an abstraction for digital recordings such as images, video, 3D scanners, and 
Motion Capture (MoCap) and their technical meta-data. In the case of the Mastic pilot, drones 
have also been used to photograph mastic villages, so that their 3D reconstruction was made 
possible.  

3. Craft representation refers to the definition of semantic meta-data, or basic knowledge 
elements. These are the tools and affordances used in the crafting process, as well as the 
related objects, places, events, and materials. Also, motion capture is segmented, tagged and 
retargeted into virtual humans in this step. All the semantic data, the links among the entities 
and the links to external entities are stored in the MOP, essentially creating a craft 
representation in the digital world.  

4. Process Representation. This step refers to the representation of the crafting process in terms 
of steps and interrelating conditions between them that prescribe the crafting process. To this 
end, UML activity diagrams are used to formally represent the craft processes schemas, which 
are then encoded in the MOP. To represent the relationships among the process schema 
steps, the UML transition types Transition, Fork, Merge, Join, and Branch are adopted. Both 
processed schemas and process instances are modelled and inter-correlated.  

5. Craft presentation and preservation refers to the experience built on top of this rich semantic 
representation, with the represented knowledge network made available through the WWW 
and the MOP in hypertext format. Semantic links are provided in the form of URI for external 
resources for digital items curated in MOP, while knowledge elements are linked to media 
objects of relevance. In this way, users can experience a rich interlinked knowledge network, 
in which they can easily discover much information on the underlying heritage crafts and their 
practising. For locations, embedded, dynamic maps are provided through OpenStreetMap, 
while timeline and calendar views can be dynamically created for the represented events. In 
this way, MOP visitors can explore all the desired dimensions of a craft and, by following the 
hyperlinks they are interested in, learn about everything they truly want to know, without 
being lost. Finally, documentation pages have been created which contain links to digital 
assets, textual presentation of metadata, and previews of the associated digital assets. For 
locations and events, specific UI modules are provided, and timeline and calendar views are 
automatically created. 
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6. Exploitation. The digitization of the crafts paved the way for creating engaging cultural 
experiences, that have the potential to have an impact on interest growth and tourism, which 
can support Heritage Crafts communities and institutions. Also, the pilot outcomes will attract 
new apprentices through training and demonstrations that guarantee long-term preservation. 
In this step of the proposed methodology, we present how each pilot’s results are exploited 
to promote the craft and ensure its publicity and preservation over time.  

After the overall methodology is explained, a detailed report on the work of each pilot follows, 
showing how each methodology step was applied to it. The pilots chosen are: 

Pilot 1: Silk weaving. 

In this pilot, silk weaving is demonstrated in the context of textile manufacturing as practised by 
the Community of the Haus der Seidenkultur, a former silk factory that was turned museum 
where the traditional craft of jacquard weaving is still practised. To deeply understand the craft, 
Mingei collected knowledge from multiple sources such as archives, books, audiovisual material, 
digital representations, documentaries, interviews with craft practitioners, as well as pertinent 
essays that were provided by the HdS museum collaborators and personnel. We specifically 
studied the ‘Jacquard’ type of loom, being a loom featuring a special attachment, that, based on 
a “chain of cards” can automatically decide which coloured yarn should be chosen at any point 
throughout the weaving process for the desired pattern to be woven. This way, the ‘Jacquard’ 
attachment automates the weaving process and allows for complex patterns to be woven easily 
and without mistakes in massive. It is considered the first form of programming, and a 
predecessor of computers. We also paid attention to how these patterns were transferred from 
paper designs to actual punched cards fed to the ‘Jacquard’ attachment and to the symbols those 
patterns contain, as they usually unveil interesting stories, myths and legends.  

The outcomes of this pilot can be summarized as:  

a) Applications that enhance the museum visit experience include the presentation of socio-
historic context through narratives. More specifically, a museum tour guide has been 
developed on top of ten hot spots in the museum each one connected to relevant narrations 
and audio visual presentations that unveiled the hidden treasures of the craft of textile 
manufacturing. The application guides visitors through the chosen hot spots in the museum 
and presents audio-visual content, based on Silk Narratives that were also produced in the 
context of this pilot. Narrations by VHs enhance the presentation of narratives and contribute 
to the suspension of disbelief. In addition, scannable items and artefacts in the museum allow 
the user to access more information that is not included in the museum application per se. In 
addition to the museum tour guide, two visualizations were considered for presenting 
digitization outcomes and visualizing the socio-historic context. The first one regards the 
projection of digitization outcomes in interactive form, while the second regards the provision 
of information on the socio-historic context of the museum through interactive timelines. 
Both visualizations have currently been installed at FORTH premises. 

b) Applications and concepts that are inspired by traditional crafts to create new products and 
services. In this context, a handbag inspired by traditional crafts has been crafted, featuring 
cloth pieces of common motifs used by the Haus der Seidenkultur. Each motif has its history 
– a series of symbols that evolved in time and were artistically woven together to form 
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traditional ecclesiastical fabrics. The bag followed a minimal design approach based on the 
abstract style of Piet Mondrian was, and features a solid big base to ensure that it stands when 
placed on a surface and a long strap to be worn on the women’s shoulder. An AR application 
has been built that can recognize the motifs on the bag and augment the virtual space around 
the bag with a canvas to present the stories behind those motifs. These stories relate to the 
history of Europe and the social and historic dimension of textile weaving. The bag is also a 
portal to a web of information provided through the MOP, as users can be transferred to the 
corresponding MOP web page through a virtual button entitled “view more info” on the 
virtual canvas. The crafted handbag serves one of the most important goals of HdS which is to 
raise awareness regarding the unique CH possessed by the museum and at the same time 
connect its legacy with European history and tradition.  

c) Innovative means for Web-based access to information and content for learning, education, 
and training. First of all, a dedicated web page delivered in three variations (for the public, 
researchers, and kids), summarizes all the key accomplishments of this pilot. The page is 
initiated through a page index that guides visitors to the main results delivered online, 
including rich audio-visual information supported by multimodal narratives. The MOP also 
provides access to historic narratives, which can be accessed in alternative means by studying 
(a) the narration text, (b) the key events presented in the narrative, (c) the main human 
participants, (d) the locations of events, and (e) the chronologic sequence of events. Secondly, 
a virtual museum application has been built that displays 3D reconstructions of historic Silk 
ecclesiastical garments in an image gallery carousel, where users can navigate and read the 
annotated information for each one of them. Thirdly, an interactive timeline visualization is 
delivered, which presents silk fabulae regarding historical and social events related to the craft 
of Silk in Krefeld. As the presented content is streamed directly from the MOP, it gets 
automatically generated with minimal technical effort. Finally, two games specifically 
designed to explain both the design of a pattern for a Jacquard loom and how the punching 
card is created from the paper design have been created.  

Pilot 2: Mastic cultivation and chicle production. 

This pilot regards the representation of the mastic cultivation and chicle production handicrafts. 
Its main goal is to enable craft training and demonstration in the environment of an ethnographic 
heritage museum. To understand the craft, Mingei conducted extensive research, including: 

a) Archival research, which focused on the archive that Piraeus Bank Group Cultural Foundation 
(PIOP) acquired by Chios Mastic Growers Association,  

b) Photographic research, including photographs from fifteen categories, indicatively 
mentioning the Chios Mastic Growers Association, geographical and geological maps and 
diagrams, photographs of women at work, historical depictions of Chios and its mastic villages, 
mastic cultivation and processing (for market and chicle production), machines, objects and 
tools used, photographs related to customs and traditions and others  

c) Audiovisual material studied includes documentaries produced by television channels and 
cinematographers, documentation videos of history researchers and ethnographers, 
including interviews with mastic producers, men, and women that used to work at the Chios 
Mastic Growers Association and advertisement clips of the ELMA chewing gum. Finally, we 
studied 
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d) (d). Audio material, including interviews with former employers at the Chios Mastic Growers 
Association, radio advertisements of the ELMA chewing gum and recordings of traditional 
songs regarding mastic cultivation and songs sung during traditional feasts were studied.  

In the Mastic Pilot, stories are exploited as the primary means of transferring knowledge in the 
museum context. In this vain, the craft understanding activity gave birth to eight personas, the 
profiles and stories of which are an assortment of the material studied. Their stories (narratives) 
are intended to be narrated by the museum to its visitors to transmit the rich tradition of mastic, 
making visitors part of the social establishment of the craft. Virtual avatars incarnating those 
personas have been created using references from the ethnographic research, using a VH creation 
software and 3D modelling software for clothes and accessories to attain a high level of realism. 
The natural human movement was recorded using a motion-capturing suite, and voice recordings 
were used for the narrations rather than automatically generated voices. The result was high-
quality virtual narrators whose outfit resembles that of workers in the mastic factory and that 
look, move and sound natural.  

Moreover, in the context of the Mastic pilot, many reconstructions have taken place, including 
the mastic villages of Chios, which were reconstructed from aerial images acquired via a drone, 
the mastic factory machines that were used in the production of the mastic chicle, the mastic oil, 
and the mastic resign drops for the market. For reconstructing the mastic machines and the tools 
used in mastic cultivation, the actual machines and tools exhibited at the Chios Mastic Museum 
were scanned and photographed, turned into 3D models and were further post-processed to 
produce high-quality realistic 3D models. All the reconstructions have been stored in the MOP in 
the context of craft representation and preservation, along with the documentation, audio, 
audiovisual and photographic material collected. 

The processes of mastic cultivation and chewing gum production, along with the processes 
performed by mastic growers and by the Chios Gum Mastic Growers Association have been 
modelled, and their semantic representation has been published to the MOP.  

Specifically, for the mastic cultivation processes, the pilot has also modelled the cultivation 
activities. For the latter, individual motions have been captured using a motion capturing suite, 
both in the fields and indoors. The moves were further processed to correct occlusions and errors, 
stored in .bvh format and retargeted to a virtual human avatar that can demonstrate the craft in 
a virtual field.  

Like all the pilots, the digital assets produced in the Mastic pilot are hosted in the MOP repository 
and are provided online in conventional and open formats. Also, the represented knowledge 
network is available through the WWW and the MOP in hypertext format. Semantic links are 
implemented as hyperlinks that lead to the pages of cited entities, essentially building a 
knowledge network for visitors to dive in. The craft of mastic cultivation is demonstrated in a 
virtual environment depicting a mastic tree field where a virtual worker replicates the moves 
captured during the craft documentation process. The virtual worker also manipulates virtual 
tools that were reconstructed, or whose 3D models have been built in the context of this pilot. 
The processed gestural know-how of the captured craft practitioner is used not only for 
replicating the movements of the practitioner but also for setting digitized craft tools in motion 
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using a technical approach for attaching tools to VHs and inferring tool motion from human 
motion.  

To present the craft, the following applications have been built: 

a) A virtual mastic factory, that hosts all the 3D models of the mastic machines used for the chicle 
production, along with virtual storytellers that stand in front of the machines and are capable 
of narrating their story to the visitors. Users can navigate through the virtual space of the 
factory, discover the mastic machines and hear the narrator’s stories about their personal and 
work lives, their duties in the factory, their education etc, as well as learn about the operation 
of the machines, and how each process was performed without them in the past. In this way, 
visitors can virtually travel back in time to that era and learn how people lived and worked.  

b) A virtual mastic field is a virtual environment resembling a mastic field, where a virtual farmer 
demonstrates the mastic cultivation and mastic collection processes, and the tools needed in 
each of these processes.  

c) Airborne, which is an immersive flight simulator installed both in an immersive projection 
room at FORTH premises and also in the multimedia room of the museum, consisting of three 
touch-enabled walls, supports people tracking, and body-based interactions. In this room, 
users can virtually fly over various mastic villages of Chios, stopping at each village and 
retrieving multimedia and text information related to it. The application is also built for 
standard PCs. 

d) An AR application that augments the mastic factory exhibition at the Chios Mastic Museum 
with narrations by Virtual Humans. The installation is comprised of four tablet devices each of 
them covering a specific area of the museum containing several hot spots. By selecting a 
hotspot, a virtual storyteller appears in the factory through the tablet camera, ready to 
narrate their life story, their daily life and work at the factory and provide information about 
the task performed in each hotspot (space or machine). 

e) A craft training application for mastic harvesting was created and installed in the museum’s 
multimedia space. The application enables users to come in touch with the mastic harvesting 
process in the fields, by encouraging them to mimic the craft actions given as on-screen 
instructions. 

f) Finally, an AR application has been built for visitors to experience mastic cultivation in the 
field through their mobile devices, in the rural space outside the museum. The application 
facilitates an AR-capable device to recognize metallic sculptures that exist in the rural space 
of the museum. Through the camera, these sculptures become alive to present typical 
cultivation activities.  

Pilot 3: Glass blowing. 

This pilot presents the process of producing a glass carafe, and specifically a copy of a glass carafe 
dated in 1842, made by Georges Bontemps. To deeply understand the craft of glass blowing, a 
thorough study on literature resources was conducted, along with background research that 
allowed the comprehension of basic vocabulary and notions. The ethnographic research involved 
audiovisual recordings and interviews with the practitioners and fieldwork observation to dive 
deep into the individualities of the crafting process and understand the intricate interweaving of 
local traditions and individual lives in cultural transmission. This pilot has an extra requirement 
concerning the other pilots, (but relevant to other crafts as well), being the viscous nature of hot 
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glass. In other words, the glass state (hot/cold) prohibits the pause of the crafting process during 
some sequences of tasks, meaning that more specific conditions are needed to model the glass 
blowing process. In line with the other pilots, a lot of data was collected, digitally recorded, post-
processed, and curated in the Mingei Online Platform (MOP). Such data include objects and 
actions, audiovisual recordings, photographic documentation and 3D reconstructions of tools, 
products, and workspaces and captured (with the use of a full-body motion capturing suite) 
practitioner and apprentice crafting actions. To study and capture the process of recreating the 
studied artefact, fourteen carafes were crafted at the premises of CERFAV (Centre européen de 
recherches et de formation aux arts verriers). The process was documented using audiovisual and 
photographic material, and the craftsmen's moves were captured using a full-body motion 
capturing suite. The documentation of the process lead to activity diagrams that describe the 
process of carafe making step by step, which our team also semantically represented in the MOP. 
After the process schema modelling, the pilot also modelled one process of creating a carafe 
according to this schema. The process is modelled as a series of events that have a chronological 
order, and each event, i.e. each step of the process is linked to one or more documentation 
material of the specific event, such as photographs or audiovisual recordings.  

To digitally preserve the craft knowledge, this pilot has modelled the tools and the machines used 
throughout the carafe creation process as well as the craftsmen's moves. The tools were mostly 
metallic, which means their 3D documentation was challenging. Also, the pilot has modelled all 
the machinery used in the glass blowing process. Especially for the creation of 3D models of 
machinery, the acquired audiovisual documentation acquired during the ethnographic research 
was used and the machines were created from scratch. Virtual Humans were also created in the 
context of this pilot using a combination of software.  

In the context of presenting the craft of glass blowing, three applications were implemented and 
interconnected to present synchronized content. The main application is a simulation of the 
crafting process for creating a glass carafe and combines the knowledge of the crafting process 
with the modelling of the workshop, the tools, and the machines. It features a realistic virtual 
workshop that hosts all the machinery modelled along with the virtual humans and the tools. VHs 
essentially demonstrate the craft by manipulating the tools and performing the animations of the 
craftsmen’s moves that were recorded during the ethnographic fieldwork at CERFAV. The 
presentation is made in such a way that the user feels like they stand next to real craftsmen during 
a carafe production and can explore the 3D scene as they wish. The second application presents 
close-up views of the gestures of the glassblowing VH to enhance the understanding of the 
audience regarding specific crafting gestures used in the making process. Finally, the third 
application presents the tools used in each step of the process to enhance the understanding 
between craftsmanship, gestures, and tools. To experience glassblowing gestures, an interactive 
installation was created as well at which the user can watch a video of an expert performing the 
gestures and then try to imitate his moves.  

The results of this pilot including the aforementioned applications were deployed in the context 
of a periodic exhibition at the premises of the museum of CNAM in a dedicated space.  
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1. Introduction 

Mingei is implementing the tools and thus, creating the necessary conditions to preserve and 
support the transmission of HCs and associated CH knowledge, as well as, to support research in 
this domain of CH. These tools are stemming from the following Mingei Activities: 

● An HC representation protocol: Mingei is implementing a representation protocol that will 
allow the gathering, annotating, and semantically organising digital assets and derived 
knowledge (reported in D1.3). Non-digitised essential components of HCs such as skills and 
actions are being captured by mature technological components. Abstract crafts values, 
such as contextual information, are described using vocabularies and the CrO that is being 
implemented for this purpose.  

● Mingei is implementing technologies to offer access to HC representations and tools for 
querying, storytelling, and experiencing HCs through preserved knowledge. These tools are 
co-designed with stakeholders.  

● Mingei is exploring the potential of contributions to specific use cases in different learning 
contexts: informal education and leisure, formal education and HC-oriented, and Cultural 
Tourism. Pilots are covering diverse HCs, present multiple tangible and intangible HC 
dimensions, and exhibit complementarity. This complementarity regards the characteristic 
attributes, values and dimensions that define HCs. The pilots address a wide thematic 
range: materials, HC products, handicraft skills and use of tools or machinery, endangered 
and indigenous crafts, traditional, artisan and industrialized crafts, indoors and outdoors 
practice, gender and age roles, intergenerational learning, societal and economic impact, 
cultural and regional identity, as well as, tradition and personal creativity.  

At the same time, Mingei has as a primary stakeholder the general public as the preserved CH 
belongs to all people. The individual benefit of stakeholders reinforces the benefit of the primary, 
as stakeholder gains are co-related; i.e. HC research can provide new content for museums, while 
increased visitation funds HC research. Stakeholders include: 

● HC communities benefit from documentation, preservation, growth of interest, and 
educational tools. 

● Museums, CHIs, and CCIs will obtain novel content and attractive ways to present it. 
● CH researchers and professionals will obtain knowledge repositories and tools that support 

new research. 
● Cultural tourism and associated businesses will obtain new content, stories, and marketing 

capabilities. 

Also, reviving or reenacting processes, locations, places and traditions connected with crafts may 
provide new dimensions and enhance the museum visit experience.  

In this deliverable, an extensive report on the three Mingei pilots namely ‘Silk Weaving’, ‘Mastic 
Cultivation & Gum Production’ and ‘Glass Making’, is provided. In the following sections, the 
deliverable will firstly provide the background and discuss the related work on preserving cultural 
heritage and on the technologies used, and then it will analyse the overall methodology adopted 
for understanding, documenting and preserving the three crafts chosen for the Mingei pilots. 
Afterwards, a detailed report will take place on each pilot, which will present pilot-specific 
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information on craft understanding, data collection, craft representation, process representation, 
craft presentation and preservation as well as the results of each pilot, how are they exploited to 
demonstrate the craft and attract more people to it. 

 



 

 

This project has received funding from the European Union’s Horizon 2020 research and innovation 
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2. Background and Related Work  
2.1 Digital representation of Traditional Crafts 

A staggering amount of research on the digitization of artefacts and archives has taken place in the 
last two decades [1, 2, 3, 4]. This enormous effort has led to sophisticated digitization techniques of 
artefacts and documents, as well as, guides of good practice for digitization streamlining [5]. 
Moreover, efforts in the preservation of digital assets have produced standards in digitization 
formats and enabled the production of knowledge bases open to the public for general knowledge 
or application development, i.e. Europeana. More recently, the CH community has an advanced 
interest in capturing, modelling, and digitally preserving intangible aspects of CH.  

HCs are recognized as a form of CH by prominent organizations. In 2003, UNESCO adopted a 
Convention for the Safeguarding of Intangible Cultural Heritage (ICH), and in its authoritative text 
[6] it enumerates traditional craftsmanship as an independent category of Intangible ICH. HCs 
comprise a scientifically challenging domain of CH because it includes both tangible and intangible 
faces qualifying HCs as “the most tangible manifestation of intangible cultural heritage” [6]. HCs 
exhibit a wide thematic range of CH topics of historical, societal, anthropological, and ethnographic 
interest.  

To date, research efforts on HCs have been scattered through materials and places of production 
and very few have treated the topic of HCs as a source of renovation and innovation of knowledge. 
Despite its importance in the mid-19th century, scientific literature on the preservation and curation 
of HCs started to emerge recently; only a few studies are treating the topic in an integrated manner, 
given its multifaceted nature. Efforts toward appropriate treatment have emerged, through the 
collaboration of a wide range of experts by UNESCO [6], providing a theoretical basis for this effort. 
Besides case studies, there has been no effort devoted to the representation of all HC dimensions 
and the curation of the corresponding digital assets. 

The multifaceted nature of HCs has provided a range of definitions that are explored in seminal 
attempts to define theoretically the notions and contexts of HCs [7, 8]. Though a crisp definition is 
elusive it is conceded that HCs are characterized, as a minimum, by (a) traditional materials and 
technologies of their manipulation, (b) a certain type of product (c) dextrous use of tools and or 
hand-operated machinery to make or repair useful things and (d) a type of making that involves 
knowledge and application of traditional designs. 

HCs have both tangible and intangible dimensions. Tangible dimensions regard artefacts & buildings, 
clothing, tools and machinery, documents & archives, as well as the materials and the physical 
environment of practice. Their digitization has been addressed by past digitization projects and 
breadth of methods and best practice guides are now available. Intangible Dimensions of HCs have 
also multiple faces that include the required skills, the learning process, as well as the cultural, 
religious, social, economic, and creative faces [8].  

There exists a theoretical and technological gap that calls for: (a) a formalized process for the 
representation of HCs coping with challenges that stem from the representation of the 
multidimensional nature of HC and the diverse range of experts involved and (b) a technological 

http://www.mingei-project.eu/
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infrastructure that supports these goals, copes with the large data volume and avails collaboration 
between these experts. 

2.2 Interactive technologies for CH  

Cultural Heritage Institutions seek new ways to attract and engage new visitors. One of the ways to 
obtain competitive advantage is the investment and implementation of interactive experiences on-
site [55]. Over the years, several technologies have emerged each of which provides forms of 
interaction and various levels of immersion but also poses requirements in terms of space, setup, 
and deployment. In this sub-section of the deliverable, the most prominent of these technologies 
are presented.  

2.2.1 Augmented Reality  

AR has a significant influence on visitor experience [58], and exhibit the potential of providing craft 
experiences to museum visitors. The conventional use of AR is to interactively visualize digital assets 
in place with physical exhibits [56]. Museum visits can also be enhanced via the inclusion of Virtual 
Humans (VHs) [57] in the augmented content, as demonstrators and narrators. This enhancement 
is significant because AR offers more advantages to museum visitors considering that information 
can be overlaid upon video frames captured by a camera. AR has been applied to make it possible 
to visualize incomplete or broken real objects as they were in their original state by the 
superimposition of the missing parts [87]. The ARCO system [88], [89] provides customized tools for 
Virtual Museum (VM) environments, ranging from the digitization of museum collections to the 
tangible visualization of both museum galleries and artworks. In [90], Virtual Humans (VHs) are used 
in an AR setting to present narratives on the everyday life of workers in a mastic factory narrated by 
the workers themselves appearing virtually within the exhibition. 

AR has also been reinforced by advances in mobile computing and display technologies [59, 60]. 
Today, commercial applications are developed in a wide range of disciplines that include physical, 
industrial, and handicraft interaction [61, 62]. AR systems use the display of the device to implement 
a transparency metaphor, in which the live feed from the camera is used as if the device is 
transparent and the user is looking through the screen’s glass. In this illusion, the system realistically 
augments the feed with objects and events that are not present in the physical environment. In this 
task, the estimation of the location and orientation, of the device, is crucial and is largely based on 
the visual input from the camera. Robustness is supported by markers, which provide spatial 
references [63]. The proliferation of unique key point features largely alleviated the requirements 
for markers or increased the flexibility in the appearance of markers to match the aesthetic needs 
of the installations [64]. More immersive experiences are provided by untethered AR headsets.  

A common denominator in the degree of immersion is the compatibility of the appearance of the 
displayed content with the physical environment, True AR describes the condition of an AR 
experience that is not distinguishable from reality due to the high level of realism [65, 66]. Several 
True AR examples can be found in [68, 69, 70, 71]. In True AR, Visual realism requires, at least, the 
treatment of geometric and photometric consistency. Geometric consistency requires that the 
virtual objects and VHs must be spatially registered in the environment to give the impression that 
is part of it. It is thus required that occlusions are treated when augmenting virtual objects in the 
video feed and, thus, a 3D model of the environment facilitates the solution of this problem [72, 



 

D6.5 – Report on Mingei pilots 
 

 

Mingei, D6.5           29/166 

73]. Photometric consistency dictates that the virtual content must be lit as if immersed in the light 
of the real environment. To solve this problem, highlights, shadows, and brightness are rendered in 
consistency with the physical environment [74]. AR systems also facilitate the implementation of 
virtual museums [75]. Many AR approaches emerged, each one focusing on individual aspects of 
augmenting physical exhibits with digital content [76]. In [78, 80] the importance of immersion for 
CH applications is underscored. In [77], a pipeline for highly realistic digital asserts, suitable for AR 
applications, is proposed. In [81], antiquities were showcased through tours of the archaeological 
site using Meta AR glasses. Components for the development of AR applications for CH are proposed 
in [79]. 

2.2.2 Virtual Humans  

VHs are able on simulating verbal and nonverbal communication. This type of interface is made 
possible with the help of multimodal dialogue systems, which extend common speech dialogue 
systems with additional modalities just like in human-human interaction [82]. The visual 
representation of a character including its perceivable behaviour, from a decoding perspective, such 
as facial expressions and gestures, belongs to the domain of Computer Graphics and likewise 
implicates many open issues concerning natural communication. However, employing virtual 
characters as personal and believable dialogue partners in multimodal dialogues entails several 
challenges, because this requires not only a reliable and consistent motion and dialogue behaviour 
but also nonverbal communication and affective components. Besides modelling the “mind” and 
creating intelligent communication behaviour on the encoding side, which is an active field of 
research in artificial intelligence [83], the visual representation of a character including its 
perceivable behaviour, from a decoding perspective, such as facial expressions and gestures [84], 
belongs to the domain of computer graphics and likewise implicates many open issues concerning 
natural communication [85, 86]. Concluding, building realistic VHs was traditionally a great 
challenge requiring a professional motion capturing studio and heavy resources in 3D animation and 
design. Lately, workflows for the implementation of VHs have been proposed, based on current 
technological trends in wearable mocap systems and advancements in software technology for their 
implementation, animation, and visualization [14]. 

2.2.3 Mixed reality  

MR relies on a combination of VR, AR, and the real environment. It essentially refers to the merging 
of real and virtual worlds to produce new environments and visualizations where physical and digital 
objects co-exist and interact in real time. According to Milgram and Kishino’s virtuality-continuum, 
real-world and virtual world objects are presented together on a single display (e.g. the screen of a 
mobile phone) [15] that displays the visual representation of both the real and the virtual space 
[16]. An example of the use of MR techniques in a museum environment is the Situating Hybrid 
Assemblies in Public Environments (SHAPE) project [17] which uses hybrid reality technology to 
enhance users’ social experience and learning in the museum and other exhibition environments, 
concerning cultural artworks and to their related contexts. Several studies demonstrate that the use 
of new and combined media enhances how culture is experienced. In this regard, CH uses such 
technologies for different purposes, including education, exhibition enhancement, exploration, 
reconstruction, and virtual museums. Among the multiple manifestations of MR for cultural 
Heritage most relevant to this work is the usage of augmented artefacts to access and interact with 
information and artefacts [e.g. 91]. Previous approaches include multimodal interfaces to augment 
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physical CH artefacts with information [92, 93], CH inspired games that employ physical items and 
digitizations of physical items and sites [94, 95, 96], informative art displays [97, 98, 99, 100] and 
immersive mixed reality environments for CH [101].  

2.2.4 X-Reality 

AR, VR, and MR applications when coexisting in a physical context are referred to as X-Reality 
(Extended Reality) or XR applications [18]. The use of such technologies has the potential to enrich 
the information of cultural heritage artefacts and museum exhibits and turn passive visitors into 
active participants engaged in an interactive and immersive blend of physical and virtual as if it was 
a single, unified world [19]. 

2.3 Importance of Intangible Cultural Heritage for sustainable tourism  

The wealth and variety of expressions and forms of ICH are steadily becoming a principal motivation 
for travel around the world. Many forms of ICH tourism are associated with a longer duration of stay 
than tangible CH sites (i.e. archaeological sites), which is required for appreciating and experiencing 
ICH [20]. The UN-World Tourism Organization (UNWTO) recognizes that an important challenge lies 
in identifying, protecting and safeguarding ICH by investing in sustainable tourism development, in 
consultation with local communities and other stakeholders [21]. In this context, community 
participation and engagement through inclusive co-design, and co-curation activities will increase 
the acceptance and participation of local communities, which are central to the success of tourism 
services. As recommended, stakeholders will “enjoy the benefits of tourism development” and 
“establish projects with communities” [21]. Trends in the Cultural and Creative Industries [22] show 
that availing content electronically, on-site and via the WWW, increases interest and financial 
impact. In line with the Faro Convention, technical approaches for ICH should demonstrate the value 
of HCs in “sustainable development, cultural diversity and contemporary creativity”[23], meaning 
that profits contribute to and motivate the preservation of HCs. By providing the ways HC 
representations and competitive, educational, and compelling tourism experiences, it is possible to 
increase the visibility of HCs and preserve this form of ICH as a “shared source of remembrance, 
understanding, identity, cohesion and creativity”[23]. These properties follow the UNWTO 
recommendation to actively support “initiatives that follow international best practice for 
documentation, the use of information technologies and the communication of ICH values”[21]. 
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3. The methodology adopted in the Mingei pilots 

An articulated approach to the documentation and representation of crafts is proposed in [39, 40 
and 41]. The methodology adopted stems from the application of the Mingei Protocol for craft 
digitisation as presented in the Mingei deliverable D1.3. The technical implementation of the 
approach for the formal and digital representation of the crafting process is supported by the Mingei 
Online Platform (MOP) [35], where digital assets and semantic meta-data are organized in a formal 
representation compatible with contemporary digital preservation standards. The proposed 
approach is articulated in a sequence of phases, as illustrated in Figure 1. Following this 
methodology, the representation maintained by the MOP includes knowledge that is represented 
in (conceptual) layers that correspond to representation tasks as outlined in the next subsections. 

 

Figure 1: Proposed methodology 

3.1 Craft understanding  

Craft understanding identifies the workflow of the crafting processes, the location of practice, the 
involved objects, and its actors. It begins with the collection of existing knowledge of the following 
categories: 

• Basic knowledge including (a) curated text, (b) curated material, and (c) formal 
representation 

• Existing content includes (a) archives, (b) bibliographic research outcomes, (c) audiovisual 
material, and (d) digital representations 

• Contextual information (1) brief description of the craft (2) geographical location and 
range of the craft, (3) selected and representative communities concerning the craft, (4) 
craft workers / skilled workers / handicrafts education, (5) gender roles, (6) equipment, 
(7) craft products, (8) craft traditions incuding oral tradition / story telling / work songs / 
myths & legends, (9) social practices / social dimension, (10) economic dimension, (11) 
design dimension, (l2) artistic dimension, (13) rituals, (14) festive events, (15) religious 
dimension, (16) learning / education / transmission of knowledge, (17) geography of 
workshops, (18) emic (inside) Presentation 

• Narrative interviews with craft practitioners  

The digital assets hosted in the MOP repository are provided online in conventional and open 
formats. Each asset has a unique IRI to be directly integrated by third parties. Our knowledge is 
available to the Semantic Web via the MOP and the SPARQL endpoint exposed. Furthermore, to 
ensure compatibility with online knowledge sources, definitions of terms are imported to MOP 
through linking to terms from the Getty Arts and Architecture thesaurus and the UNESCO thesaurus. 
For further exploitation of semantic knowledge encoded in MOP an EDM export facility has been 
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also been implemented allowing (a) export of data in semantic compatible to EDM format and (b) 
formulate SPARQL queries to the MOP SPARQL endpoint to receive EDM formatted results. 

3.2 Data collection  

In this step, the components of the crafting process are digitally recorded, post-processed, and 
curated on an online platform. The collection of data was a timely process involving various scientific 
disciplines and technical tools including photographic documentation, 3D digitization, video 
documentation of craft practitioners, MoCap of craft processes and narrators, etc. 

These digital assets record objects and actions, acquired from documenting photographically and in 
3D materials, tools, products, and workspaces and recording practitioner crafting actions, in 
recording sessions. The organization of these sessions is facilitated by the vocabulary and 
storyboard, in identifying the objects, sites, and practitioner actions to be digitized. Moreover, some 
of the photographic and video assets may be recorded in combination with ethnographic fieldwork. 

A requirement relevant to the glasswork, but also relevant to other crafts, is that the viscous nature 
of hot glass prohibits the pause of the crafting process during some sequences of tasks. As such, 
motion files may contain multiple process steps and actions 

3.2.1 Audiovisual recordings  

Pertinent assets regard conventional audiovisual data acquired from the ethnography such as audio 
and video interviews photographic documentation, as well as documentation to be used for craft 
representation including photographs and video documentation of objects, spaces, and 
demonstrations.  

Audiovisual recordings of the crafting process are important for overview and ethnographic study, 
as well as for documenting significant aspects of the process with a local spatial expression, such as 
tool gripping postures, detailed and minute manipulations, and so on. Moreover, multiple and/or 
wide-angle bird view cameras can be employed to capture the motion of multiple practitioners and 
their movement within.  

3.2.2 Documentation of tools, machinery, and workspaces 

The documentation of tools, machinery, and workspaces is both photographic and in 3D. We refer 
to [117] for the photographic documentation of static artefacts and scenes, and to [118] for their 
3D documentation. The 3D documentation of metallic tools and glassware can be challenging. We 
distinguish between the potential historic significance of an object and its utility as a tool, wherein 
the latter solely their geometrical structure can be sufficient. In some cases, the 3D model of tools 
can be easily modelled or even provided by the manufacturer. The use of synthetic models can 
simplify the digitization tasks and significantly reduce scanning costs. 

3.2.3 Motion capture 

The applicability of Motion Capture (MoCap) and video modalities depends on the type of 
environment. Inertial MoCap [103] is more suitable than optical [104] in the cluttered space of 
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workshops, due to reduced installation requirements and independence to occlusions. 
Nevertheless, inertial MoCap is not sufficiently sensitive to minute motions. A practical issue was 
that it was difficult for the practitioner to manipulate objects with the gloves of the suit. To solve 
that, latex gloves were worn on top of the suit’s gloves to add friction. Markerless methods exhibit 
the least accuracy [33, 34], but require only a camera. We found markerless motion recording 
suitable mainly in obtaining key hand postures and body gestures.  

3.3 Craft representation 

In this step, semantic meta-data are defined, and new knowledge elements are extracted. For 
example, appropriate fragments from the raw data are chosen to be processed, and then those 
fragments are fed to specialized computer algorithms and software tools to generate higher-level 
results (e.g. motion files from raw video sources). Motion capture is segmented, tagged and 
retargeted into virtual humans to be used for demonstrating the craft (as a whole or in steps) and 
as storytellers. To associate frames and segments from motion recordings with postures and 
gestures respectively, the AnimIO annotation editor is employed, which facilitates body-member 
specific annotation of motion recordings. To represent tool and machine usage, motion recordings 
and 3D models are combined. The objects and actions of the crafts are semantically represented 
and linked to semantic metadata and digital assets such as locations, tools, persons etc. Also, 
reference postures and gestures are identified from motion recordings. All the semantic data, the 
links among the entities and the links to external entities are stored in the MOP, essentially creating 
a craft representation in the digital world 

3.4 Process representation 

In this step, UML activity diagrams are used to formally represent the craft processes schemas, 
which are then encoded in the MOP. Activity diagrams were chosen first because they can be refined 
hierarchically, allowing the increase of representation detail at later stages, and secondly because 
their visual nature was found to support the collaboration with practitioners. The representation of 
the crafting process was made in terms of steps and interrelating conditions between them, 
essentially forming a set of “instructions”, i.e. steps and relations between them. To represent the 
relationships among the process schema steps, the UML transition types Transition, Fork, Merge, 
Join, and Branch are adopted in the ontology. More specifically, the progression of sequential steps 
is modelled by a Transition link. Forks are used to represent the initiation of two parallel tasks. In 
Merge transition, two or more control paths unite and Join connecting steps that should be 
completed before the transition to the next step. Merge and Join transitions are structurally similar, 
but a join is a synchronization across a set of parallel flows, while in a merge only a single flow is 
active. Finally, Branch transitions connect a step with a decision step that accepts tokens on one 
incoming edge and selects one outgoing alternative. Branch nodes control the flow of a process by 
selecting one of several alternatives, based on the outcome of a condition evaluation. Two kinds of 
processes are modelled: Processed schemas and process instances. Process Schemas are generic 
instructions on how to perform the craft – such as food recipes or generic instructions. Process 
instances model the exact steps followed by a craftsperson at a specific time, such as a specific 
execution of a recipe made by a specific chef and at a specific point in time. The MOP UI enables the 
instantiation of processes schemas, via the entry and chronological ordering of events, accompanied 
by the recordings that document them (such as photos, videos etc)  
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3.5 Craft presentation and preservation  

The represented knowledge network is available through the WWW and the MOP in hypertext 
format. Semantic links are implemented as hyperlinks that lead to the pages of cited entities. 
Contents are also organized and presented thematically, per class type. A keyword-based search is 
also provided. Documentation pages contain links to digital assets, textual presentation of 
metadata, and previews of the associated digital assets. For locations and events, specific UI 
modules are provided. For locations, embedded, dynamic maps are provided through 
OpenStreetMap [38]. Time-line and calendar views are available for events. 

The vocabularies formulated in the first step of the craft representation are provided as illustrated 
vocabularies of tools, which bring together verbal descriptions and visual recordings. In the same 
way, the steps where a specific tool is used can be retrieved, along with video recordings of such 
actions; and similarly, for the tools and materials required for a certain process.  

Processes s are presented containing links to the recordings of the knowledge elements for the tools 
and materials involving the participating practitioners, the date, the tools employed, and the 
location of the recording. If the process follows a process schema, a link to that schema and its 
preview are also provided. The hierarchy of process steps is presented using insets, each one 
presenting textual information and previews of the available digital assets. To present step 
organization, insets are dynamically unfolded to any depth of the process hierarchy, associated with 
image previews and embedded videos. Variations include images and textural descriptions.  

3.6 Exploitation 

The multifacet representation achieved from the proposed methodology is explored in a plethora 
of interactive presentations and demonstrations. In this step, we present how each pilot’s results 
are exploited to promote the craft and ensure its publicity and preservation over time. These may 
include games and applications in various installations or virtual worlds, museum exhibits and virtual 
museum installations, creating augmented art objects etc. Through these, people all over the world 
can get in touch with the craft, be taught by virtual avatars, learn about its origins and history and 
deeply understand its value. This step is essentially the touch point of Mingei with the people, 
aspiring to, attract cultural tourism, promote the cultural crafts and preserve them through time, 
inspiring the next generations. 
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4. Pilot 1: Silk weaving 

Pure silk, one of the oldest known natural fibres, is still highly fashionable even after thousands of 
years. The history of Krefeld is closely linked to this magical material. Today there is a small museum, 
called Haus der Seidenkultur, which shows how the history of silk has shaped the development of 
the town over the past three centuries. At the beginning of the 17th century, Krefeld came under 
the rule of the Netherlands, and the town became an island of religious tolerance. Consequently, in 
a period in which the denomination of the population was determined by the denomination of the 
ruler, Mennonites from near and far came to Krefeld and settled there. This immigration had far-
reaching consequences that have shaped the profile of the town right up to the present day.  

The religious refugees brought with them linen processing skills and as they were also mostly 
successful businessmen they laid the foundation stone for economic growth and prosperity. The 
von der Leyen family, immigrants from Radevormwald, also contributed significantly to the 
development of the “Town like Silk and Velvet”. Originally linen weavers, they increasingly changed 
the emphasis of their business to silk weaving. 

In 1702 Krefeld became Prussian and silk weaving became the most important economic factor with 
sales to the Prussian court in Berlin flourishing. In this period the silk weavers were out-workers who 
received orders to weaver fabrics from merchants and traders. The looms were set up in front of 
the light window in the typical small cottages, some of which still exist today. The head of the 
household was normally the weaver and other family members helped with tasks such as reeling 
the thread onto the bobbins for the shuttle. On one of the main avenues of the town, there is a 
monument to the weavers “Meister Ponzelaar”. He wears a frock coat (his Sunday best) in the local 
dialect “Laakesserock”, a high-necked waistcoat, a small collar with a silk scarf, and a “Jraduutkapp” 
(a black cap). At the end of the week, he takes the finished fabric on the beam to the merchant’s 
office together with a bag containing any thread leftover. There he was paid and received a new 
prepared warp beam and thread for the week ahead. Such weavers were a typical sight in the town 
until the beginning of the 19th century. Their craft required rapid comprehension and rhythmic 
movement of hand and foot.  

In 1785 Edward Cartwright invented his first mechanical loom and continued to make improvements 
to it. The enhanced looms then went on sale in 1820. With the advent of mechanization, the silk 
entrepreneurs started to build factories where all the machines were powered by one source of 
energy and the workers were responsible for more than one loom. 

4.1 Craft understanding  
4.1.1 Knowledge collection and literature review 

Craft understanding is initiated with the collection of existing knowledge in the following categories: 

• Basic knowledge including (a) curated text, (b) curated material, and (c) formal 
representation 

• Existing content includes (a) archives, (b) bibliographic research outcomes, (c) audiovisual 
material, and (d) digital representations 

• Contextual information (1) brief description of the craft (2) geographical location and 
range of the craft, (3) selected and representative communities concerning the craft, (4) 
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craft workers / skilled workers / handicrafts education, (5) gender roles, (6) equipment, 
(7) craft products, (8) craft traditions incuding oral tradition / story telling / work songs / 
myths & legends, (9) social practices / social dimension, (10) economic dimension, (11) 
design dimension, (l2) artistic dimension, (13) rituals, (14) festive events, (15) religious 
dimension, (16) learning / education / transmission of knowledge, (17) geography of 
workshops, (18) emic (inside) Presentation 

• Narrative interviews with craft practitioners  

In the case of textile manufacturing, the literature was studied including the curated text of the 
museum, and pertinent essays from museum collaborators and personnel were provided by HdS. 
The original texts were in German, some published and some from the museum’s records, and 
translated by HdS in the context of the project. In almost all cases, both the English and German 
texts are provided. Furthermore, three documentaries were studied that are productions of HdS. 
The two documentaries contain demonstrations of the weaving process, performed by the 
community of volunteers of HdS. The third is a guided walkthrough in the city of Krefeld at places of 
relevance to the silk workshops of Krefeld. 

4.1.2 Understanding silk weaving 

Weaving is a way to fasten multiple parallel threads that are extended by tension with a 
perpendicular, interweaved and much longer thread. Most types of weaving require a minimum of 
equipment. Machinery introduced over time aims to ease and accelerate the process of weaving.  

The yarn that comes from the spinning mill is rewound onto the warp beam of the loom before 
being used for weaving. In warping, the warp threads from the warping creel that have been sorted 
by the gathering reed are wound onto the warping drum. After warping, the spooled warp threads 
are wound onto a large metal roll, the warp beam of the loom.  

A loom is any device that holds the warp threads at a reasonable tension and facilitates the 
interlacement of yarn. A shed is the area formed when some, but not all, of the warp threads, are 
lifted. When the weft thread is passed through the shed, it is over some threads and under the rest. 
The basic mechanism that forms this shed is the heddle. A heddle is a hole that the warp threads 
pass through. When the heddle goes up, the warp thread associated with that heddle also does.  

Passing a string through a heddle is a task similar to passing a string through a needle. Thus, setting 
up the threads through the heddles is a tedious and time-consuming task. It is thus important to 
perform it as scarcely as possible. Estimation of thread quantities is an important part of loom 
preparation. The weaver must be able to repair a broken thread so that passing the string through 
the heddle is avoided.  

Depending on the way of creating tension for the warp threads, different kinds and types of looms 
have been invented, i.e. the blackstrap loom, the drawloom, or the conventional handloom where 
bars are attached to each thread to create tension. 

Up to the invention of the heald, individual warps were lifted by fingers, to insert perpendicularly 
the weft. The heddle mechanized the lifting of warps. The upper heald frames are connected by a 
cord passing over a roller, and the lower heald frames are connected to treadles. By depressing one 
treadle, one heald frame is raised and the other lowered, separating the warp threads. This 
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separation creates an opening, or the shed, that facilitates the insertion of the weft. Depending on 
which heddles are lifted in each warps different structures, or weaves, can be woven. 

A way to introduce the weft thread was by hand. The weft is wound around a rod that is called pirn 
and, while it is interwoven through the warp, it is unravelled from the pirn. The idea of winding the 
weft yarn onto a stick that could carry it faster through the shed from side to side led to the 
development of shuttles. Pressing the weft into place, firmly and evenly, across the width of the 
fabric is not easy to be performed by hand. This tool is required to be: 

• flat to be entered into an open shed, 
• smooth to glide easily along the warp threads, 
• firm so as not to bend under pressure, 
• long to reach across the warp and beyond to be held, and  
• bladelike and blunt on one side to reach deeply into the angle of the opened shed.  

These requirements led to the beater-in or batten, which for a sword-like appearance is called the 
“weavers sword” [42]. Weaving is summarized as a repetition of these three actions: 

• Shedding: warp threads are separated by raising or lowering healds to form a clear space 
where the weft should pass. 

• Picking: weft is passed across the loom. This is implemented by hand, shuttle, air-jet, or 
rapier. 

• Beating-up or battening: the weft is pushed up against the fell of the cloth by the beater. 

In Figure 2, the three stages of weaving are illustrated. 
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Figure 2. The three stages of weaving. 

4.1.3 Weaving jacquard patterned fabrics 

The Jacquard attachment is a device fitted to a loom that simplifies the process of manufacturing 
textiles with complex patterns. The machine was controlled by a “chain of cards"; that is some 
punched cards laced together into a continuous sequence. Multiple rows of holes were punched on 
each card, with one complete card corresponding to one row of the design. An example of a loom 
with a Jacquard attachment is presented in Figure 3. Loom with Jacquard attachment. 

 

Figure 3. Loom with Jacquard attachment. 

To create patterned fabrics using a Jacquard loom, the fabric design is first sketched and transferred 
to squared paper (see Figure 4).  
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Figure 4. Transfer of a pattern to squared paper. 

A skilled worker translates the design into punched cards, using a machine for punching cards, as 
shown in. Each complete card represents one row of the weft pattern. The holes created in the cards 
encode the selection of threads to be lifted when the shuttle passes for that particular row, for the 
implementation of the pattern. Technically, the holes allow the hooks to pass through which, in 
turn, trigger the heddles to be lifted. Cards are laced together in a chain and introduced to the loom.  

 

Figure 5. Translating the design into punched cards. 
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In Figure 6, punched designs for the Jacquard attachment are shown. The act of lifting some of the 
warp threads so that the weft passes only below those can be better understood when looking at a 
woven fabric, from both sides. 

 

Figure 6. Punched cards for the Jacquard attachment. 

4.1.4 Silk loom preparation 

Extensive instructions are provided in the HdS, Film Project, “Einrichten des Golwebstuhles”, 
(“Setting up the Gold Loom”) where the preparation of the silk or gold loom is presented. In this 
documentary, visual documentation of the required tasks was studied. In the HdS, Film Project, 
”Stadtspaziergang auf Seiden Pfaden” (“Hanging by a thread”), 2018, guidelines were studied 
relevant to the estimation of the amount of thread required depending on the size of the fabric to 
be manufactured (see Figure 7).  

   

Figure 7. Silk loom preparation. 

4.1.5 Formulation of historic narratives 

The major outcome of the craft understanding activities is the creation of text-based narratives 
produced as the result of the rationalization of knowledge. Rationalization has been useful for 
identifying several topics of interest. For each of these topics, a text-based narrative has been 
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created. The narratives include technical and contextual knowledge — historic, economic, societal, 
traditional, gender roles, teaching methods, etc. — relative to the textile manufacturing at Krefeld. 
Narratives transmit craft knowledge through stories that contain both tangible and intangible 
dimensions of a craft, along with the information that highlights its historical and societal 
significance in conjunction with the major historical events. Overall the following narratives have 
been defined: 

• From Jacquard weaving to computer science 
• History of haus der seidenkultur: construction of the building 
• Krefeld from Its Origins to Town Like Silk and Velvet 
• Hubert Gotzes Weaving Workshop 
• About the name Krefeld 
• History of the Family Hubert Gotzes jr. 
• The story of the Jacquard invention 
• Silk pilot Context 
• Vocational Training in Krefeld 
• History of the company Hubert Gotzes Inc. in Chicago 
• The story of the cloth in the shrine of Charlemagne and its motif 
• Ecclesiastical Fabric Weaving in Krefeld 
• Ecclesiastical textiles 
• Chronicle of the Casaretto Family 
• Founding of the association of friends  
• In the house with tricky nooks and crannies 
• Origins of the “Crown Prince District” 
• A foundation for 100 years 

The objective of the creation of these narratives regards the identification of information (Persons, 
Events, Locations) represented and linked to the acquired digital documentation. Ultimately this 
process leads to the formulation of a semantic representation of these narratives. Pertinent data 
collection activities relevant to the use case under consideration are presented in section 4.2. 

4.2 Data collection  

The collection of data was a timely process involving various scientific disciplines and technical tools 
including photographic documentation, 3D digitization, video documentation of craft practitioners, 
MoCap of craft processes and narrators, etc. The following sections provide a summary of these 
activities. 

4.2.1 Photographic documentation  

Photographic documentation focused on museum exhibits that have unique historical value. More 
specifically, we took photos of patterns in books, paintings, manuscripts, garments, and fabrics as 
well as close-up photos of the various parts of the looms. The photographs collected comprise about 
20 textile manufacturing documents with instructions, 110 overview photographs of looms and HdS 
workshops, 80 loom detail photographs, 10 photographs of silk threads, 50 photographs of plants 
used in the manufacturing of colour pigments, and 5 sets of photographs of detailed ecclesiastical 
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garments (about 800 photographs). In addition, photo sets of reputed artefacts of HdS regard 
ecclesiastical garments (Figure 8). 

 

Figure 8. Photographic documentation of ecclesiastical garments of HdS. 

4.2.2 Ultra-high resolution surface scanner  

For the acquisition of ultra-high-resolution scans of textiles, a contactless scanner and its software 
were designed and implemented. The scanner regards the photographic digitization of planar and 
approximately planar surfaces and is proposed as a cost-efficient alternative to off-the-shelf 
solutions. The result is 19.8 Kppi, micrometre scans. Accurate surface mosaics are obtained based 
on novel image acquisition and image registration approach that actively seeks registration cues by 
acquiring auxiliary images and fusing proprioceptive data in the correspondence and registration 
tasks [43]. Results can be seen in Figure 9. 

 
  

(a) Original fabric (b) Scanned portion (c) Close-up 

Figure 9. Ultra-high-resolution scan of silk fabrics. 

4.2.3 3D digitization of ecclesiastical vestments 

Reputed artefacts of HdS were digitized such as ecclesiastical garments. In figure Figure 10 (a) the 
acquired photographic documentation is presented while Figure 10 (b) presents the 3D digitization 
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results on this dataset. Furthermore, Figure 10 (c) presents four more examples of garments 
digitized and hyperlinked to the YouTube channel of the Mingei project. 

   
(a)  (b)  

    

(c) 

Figure 10. (a) Original images of an ecclesiastical vestment made from silk and gold brocade and (b) 
photogrammetric 3D reconstruction, (c) online videos showing 3D garment reconstructions.  

4.2.4 Video documentation of craft practitioners  

Recording by a human expert was performed during silk weaving. More specifically, the expert was 
recorded as he went through the different stages of the loom and silk preparation as well as the 
weaving process itself. For acquiring video documentation, in terms of equipment, we used three 
cameras for data acquisition. One digital camera (Nikon J1) with a 10-30mm lens that captured 
single images of resolution 3872 x 2592 as well as full HD (1920 x 1080) video at 60fps and two 
GoPro cameras with an ultra-wide lens capable of 2.7K (2704 x 1520) video footage at 70fps (see 
Figure 11, a). To ensure that the footage is free of motion blur, we captured the scene at a high 
frame rate and additionally used tripods and a gimbal.  

The data we collected can be used without much further processing as a standalone audio/visual 
material depicting the expert performing the actions and commenting on his thought process as he 
is executing them. More importantly, we captured videos of high resolution at a high frame rate 
from various viewpoints to ensure an unobstructed view of the expert that can be used to perform 
human hand and body pose estimation and extract the motion patterns of the expert. The latter 
type of data acquisition posed several challenges. Due to the physically tiring process of operating 
a heavy loom by a single expert, only a few repetitions of each task in the weaving process could be 
performed and recorded. This is not a limitation for the video footage but it makes motion 
reconstruction harder since more repetitions of motions generally mean more robust 
reconstruction. A second challenge was the size and positioning of the looms. State-of-art 3D human 
pose estimation algorithms from visual data are typically trained using frontal full views of human 

https://www.youtube.com/watch?v=IhlKlM4BxXw
https://www.youtube.com/watch?v=WXAw5xw3CzQ
https://www.youtube.com/watch?v=q1XK_DyMDTg
https://www.youtube.com/watch?v=6k7ApOogwTY
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bodies where major identifying features of the body (face, arms, fingers) are visible and self-
occlusions are limited. For instance, having two different frontal views of the body during the 
weaving process would have been ideal. In the case of the weaving room at Krefeld, all of the 
machines have several moving parts, are positioned and mounted on walls, and occlude the front 
side of the expert making it impossible to capture frontal views of the body. We ended up recording 
the expert using back views of his body from specific angles to be able to simultaneously capture 
his body and his feet that play an active part in the operation of the looms pushing against pedals 
and levers (see Figure 11, b). 

The capturing procedure resulted in a dataset of approximately 100GB of pictures and videos where 
we recorded the artistic procedures of painting and selecting the tiling patterns, punching cards 
compatible with the Jacquard looms, and the preparation (winding and unwinding) of silk, and the 
final weaving procedure. 

   
(a) (b) 

Figure 11. (a) All of the recording cameras in action, (b) Representative frames of the weaving process 
along with the estimated 3D skeletal (body/hands) pose of the expert. 

4.2.5 MoCap of craft practitioners 

MoCap of Craft practitioners took place between April 2nd and 4th, 2019 at the HdS Museum, Krefeld, 
Germany. During that time, one expert was recorded performing the following tasks related to silk 
weaving: the creation of the punch cards, wrapping of the beam, preparation of the beam, and 
jacquard weaving with looms of different sizes (small, medium, and large). These are illustrated in 
Figure 12.  

Creation of the punch cards Wrapping of the beam Preparation of the beam 

   
Small size loom Medium size loom Large size loom 
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Figure 12. Examples of tasks of textile manufacturing. 

4.2.6 MoCap of narrators  

MoCap of narrators is used to provide realistic animations of Virtual Humans acting as museum 
storytellers. To this end, the narration is captured as performed by a human and the acquired 
motion is retargeted to the VH as presented later on in this paper. To do so the Rokoko equipment 
and software were used. For the narration moves to be more realistic, the stories during the 
recordings were also narrated, and used the voice was synchronously recorded. In this way, the 
synchronization of voice and movement in the narrations was a lot easier, and it also guaranteed a 
more natural narration.  

4.3 Craft representation 

Data recorded using the aforementioned technical equipment and methodologies generated a large 
dataset to be post-processed. Post-processing in this context is considered the process of selecting 
the appropriate fragments from the raw data to be processed and then feeding these fragments to 
specialized computer algorithms and software tools to generate higher-level results (e.g. motion 
files from video sources). The outcomes are then represented in MOP. 

4.3.1 Visual tracking from audiovisual craft documentation  

For visual tracking, the OpenPose [54] library and the MocapNET [45] body tracking software was 
used. On the Krefeld datasets we observe that, when all limbs are visible, motions tend to translate 
well into the armature. On the other hand, failure frames mostly consist of several limbs being 
occluded and not visible in the camera observations. Invisible joints lead to missing 2D joint 
estimations and missing 2D estimations, in turn, mean empty lines and columns in the NSDM 
matrices of MocapNET and not enough structural information for a clearly defined solution. This is 
particularly evident in datasets during the punching cards where despite the positioning of the 
cameras feet often are occluded going out of the field of view. This particular case could be 
remedied with specialized classes that handle joint estimation without feet. It should also be noted 
that both OpenPose, as well as MocapNET, handle input as standalone frames and that means that 
no temporal information is leveraged to mask possibly noisy input.  

To further improve results despite the integration of newer improved versions of the 2D and 3D 
pose estimation software, motion interpolation could smooth 2D and 3D output. Finally, the curator 
could add missing points to reduce motion artefacts. Visual tracking examples are presented in 
Figure 13. 
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An instance of occlusions of the right foot that can negatively affect tracking. 

  
Body Tracking frames from the weaving machine process. Note that hands at this step are 
considered always to be open palms and are visualized because they are a part of the final 
model. 

  
Frames from the thread winding process. 

  
Frames from the drawing and preparation of the punched cards for the looms. 
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Frames from thread separation and loom preparations. 

Figure 13. Visual tracking examples.  

4.3.2 Visual tracking from audiovisual archives  

The audiovisual archives post-processed with visual tracking algorithms included the set of 
documentaries created by HdS showcasing the silk weaving process to the public. The 
documentaries include interviews of members of HdS describing the whole process as well as 
demonstrations of preparing and operating the looms. Given that the focus of these documentaries 
has been to provide broad knowledge regarding silk weaving and be an immersive experience for 
the viewer, recording experts' weaving is only part of the storytelling. For instance, the recording of 
experts is interleaved with historical data about silk weaving or only a small area of the body of the 
expert is visible during weaving to showcase the loom. To handle effectively these data, clips of the 
original videos that depict only the operation of the looms need to be selected and potentially be 
enhanced with information from the accompanying audio regarding the semantics of the recorded 
motion.  

To track the 3D motion of the expert from videos, we use a python/C++ implementation of tracking 
algorithms [46, 47] that make use of a GPU for estimating the locations of the hand joints on the 
image as well as the 3D skeletal pose of the hand. In our experiments, we have used an NVIDIA 
GeForce GTX 1080 GPU. We then import the estimated 3D skeletons in the Open Source modelling 
software Blender and use the internal functionality to output the data in .bvh format. In Figure 14, 
we see representative clips of the weaving process as described in the documentaries. 

   
Sequence 1   
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Sequence 2   

   
Sequence 3   

   
Sequence 4   

   
Sequence 5   

   

Sequence 6   
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Sequence 7   

  
Sequence 8 

Figure 14. Representative sequences of tracking a single or both hands of an expert during the weaving 
process as described in HdS at Krefeld documentaries. 

4.3.3 MoCap segmentation  

After the correction and noise removal from the MoCap data, the data was segmented by gestures. 
The recordings initially were done by tasks, being one recording a whole task, these recordings were 
afterwards segmented by gestures. One task could have only one gesture that is repeated several 
times or might have more gestures that are repeated throughout the task. For example, jacquard 
weaving consisted of the sequential repetition of three gestures. Table 1 illustrates the number of 
gestures extracted from each task, how many repetitions were recorded from each, and its mean 
duration. In general, the goal was to collect a minimum of three repetitions per gesture.  

Task Gestures Repetitions Mean 

duration 

Creating a card Gesture 1 110  5.55 

Beam preparation 

Gesture 1 3 34.14 

Gesture 2 2 58.39 

Gesture 3 4 79.25 

Gesture 4 3 8.97 

Gesture 5 3 323.03 

Wrapping the beam Gesture 1 124 4.89 

Weaving  

(small size loom) 

Gesture 1 11 2.38 

Gesture 2 11 5.33 

Gesture 3 11 4.04 

Weaving  

(medium size loom) 

Gesture 1 35 1.16 

Gesture 2 35 2.07 

Gesture 3 35 2.20 

Weaving  

(large size loom) 

Gesture 1 16 0.75 

Gesture 2 16 1.18 

Gesture 3 15 2.37 

Table 1. Repetitions and mean durations of gestures extracted from the tasks recorded at HdS. 

4.3.4 Motion retargeting 

The processing of MoCap input was initiated with the selection of the most accurate of the available 
sequences. To this end, each sequence was reviewed and a selection has been made based on the 
accuracy and quality of the motion, avoiding, when possible, noises and sliding. In total, 16 files 
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were selected. Figure 15 presents the Silk pilot animation files. The process is segmented into 6 sub-
processes and in total, 16 sequences were used. 

 
Beam preparation. 

 
Beam wrapping and card punching. 

 
Weaving Large size loom 

 
Weaving medium size loom 

 
Weaving small size loom 

Figure 15. Animation sequences. 
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The next step has been done on Autodesk MotionBuilder software [48] is dedicated to animation 
and the direct integration of motion capture technologies. The process requires different steps (see 
Figure 16) : 

• Creation of an "actor" in MotionBuilder with skeleton definition corresponding to the BVH 
hierarchy. 

• Transposition of the received animations (.bvh files) on the actor 
• Synchronization of the avatar with the actor by adjusting the 2 models so that the 

measurements match and the animations are correctly reproduced (retargeting). 

  
(a) (b) 

Figure 16. (a) Importing the mocap file into MotionBuilder., (b) Matching the avatar with the actor. 

4.4 Process representation 

Artefact creation is considered a process that is based on a schema. This process schema is 
conceptual and can be demonstrated or verbally described, i.e. as instructions. When a practitioner 
follows this archetype, we say that the executed process followed this schema. To refer to individual 
stages of creation, we say that process schemas and processes are comprised of step schemas and 
steps, respectively. Step schemas and steps are decomposed into smaller step schemas and steps, 
respectively. This decomposition leads to a hierarchy that starts from a coarse description down to 
a finer analysis of its steps. 

An activity diagram is a flow chart that models workflows and can depict sequential and concurrent 
activities. Activity diagrams and notations are borrowed from the specification [49]. In this work, 
they are used with a slightly different meaning: while in the UML, the basic actions of an activity 
diagram are computational actions performed by a machine, in the present context the basic actions 
of an activity diagram are actions performed by humans or natural phenomena. Consequently, we 
use the following transition types Transition, Fork, Merge, Join, and Branch, and denote them as in 
UML. 

The representation of the Craft of Silk weaving in MOP is presented in Figure 17. 
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Figure 17. Process schema representation in MOP. 

4.5 Craft presentation and preservation 
4.5.1 Digital preservation 

As explained in the previous sections, all knowledge elements are created through form-filling 
operations using the MOP. Each type of element has a dedicated Webform, where meta-data is 
edited. Furthermore, facilities to create links with other knowledge elements are provided. Links are 
provided in the form of URI for external resources or in the form of semantic links for digital items 
curated in MOP. Moreover, knowledge elements are linked to media objects of relevance. Examples 
of represented knowledge items are shown in Figure 18. 
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Figure 18: Screenshot of the MOP. 

The digital assets hosted in the MOP repository are provided online in conventional and open 
formats. Each asset has a unique IRI to be directly integrated by third parties. Our knowledge is 
available to the Semantic Web via the MOP and the SPARQL endpoint exposed. Furthermore, to 
ensure compatibility with online knowledge sources, definitions of terms are imported to MOP 
through linking to terms from the Getty Arts and Architecture thesaurus [50] and the UNESCO 
thesaurus [51]. For further exploitation of semantic knowledge encoded in MOP a Europeana Data 
Model (EDM)[52] export facility has been also been implemented allowing (a) export of data in 
semantic compatible to EDM format and (b) formulate SPARQL queries [53] to the MOP SPARQL 
endpoint to receive EDM formatted results. 

4.5.2 Craft documentation  
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The represented knowledge network is available through the WWW and the MOP [36] in hypertext 
format. Semantic links are implemented as hyperlinks that lead to the pages of cited entities. 
Contents are also organized and presented thematically, per class type. A keyword-based search is 
also provided. Documentation pages contain links to digital assets, textual presentation of 
metadata, and previews of the associated digital assets. For locations and events, specific UI 
modules are provided. For locations, embedded, dynamic maps are provided through 
OpenStreetMap [38]. Time-line and calendar views are available for events. 

Process presentations are presented containing links to the recordings of the knowledge elements 
for the tools and materials involving the participating practitioners, the date, the tools employed, 
and the location of the recording. If the process follows a process schema, a link to that schema and 
its preview are also provided. The hierarchy of process steps is presented using insets, each one 
presenting textual information and previews of the available digital assets. To present step 
organization, insets are dynamically unfolded to any depth of the process hierarchy, associated with 
image previews and embedded videos. Variations include images and textural descriptions. 

4.5.3 Craft demonstration 
4.5.3.1 Presentation of craft actions  

Figure 19 presents examples of the animated avatars created for silk weaving. Videos of the results 
can be also found at the following link: http://miralab.com/mingei_preliminary-results. 

 

 

Figure 19. Examples of the animated virtual avatar for the silk pilot. 

http://miralab.com/mingei_preliminary-results
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4.5.3.2 Implementation of virtual humans & animation 

The virtual human bodies and clothes are created to obtain one unified and optimized model, 
enhancing the visual impact of the characters with texture mapping and material editing. The 3D 
generation of the virtual bodies has also to take into consideration the total number of polygons 
used to create the meshes to keep a balance between the 3D real-time simulation restrictions and 
the skin deformation accuracy of the models 

Avatars are created with a combination of different software: Adobe Fuse CC/Mixamo [30] is used 
for creating the body character, the clothes, the hair, and the rigging. The generated model is then 
imported into Autodesk 3DS max [29] for mesh geometry optimization. Manual methods, by using 
the editable poly tools are preferred since it allows keeping the regularity of the topology while the 
automatic methods generate a mess geometry which is not suitable for skin deformation nor a 
regular UV texture map generation.  

4.6 Exploitation  

The multifacet representation achieved from the proposed methodology is explored in a plethora 
of interactive presentations and demonstrations. These are categorized in this pilot as follows: (a) 
applications that enhance the museum visit experience including the presentation of socio-historic 
context through narratives, (b) applications and concepts that are inspired by traditional crafts to 
create new products and services, and (c) innovative means for Web-based access to information 
and content for learning, education, and training. 

4.6.1 Enhancing the museum visit experience 
4.6.1.1 Museum tour guide – Narratives in the museum 

A dedicated museum tour guide application has been built that presents narrations regarding the 
socio-historic context of the museum exhibitions while guiding visitors in the museum (see Figure 
20). The application is built on top of ten hot spots in the museum each one connected to relevant 
narrations and audio-visual presentations that unveiled the hidden treasures of the craft of textile 
manufacturing. The structure of the museum tour guide application follows that of the actual 
museum tour conducted by a live person guide. Thus, it includes 10 stations in the museum, each 
corresponding to a physical area in the museum. The content is formulated based on the MOP Silk 
Narratives and other digitized material curated by HdS.  

The narrations of the VH tour guide are recorded in two languages, German and English and they 
are accompanied by subtitling in the respective language. To enhance the suspension of disbelief, 
the VH’s animations were custom-made using the MoCap suit and recording the movements of a 
real person while narrating each narration individually in both languages. Furthermore, all audio-
visual content is narrated and subtitled in both languages.  

A comprehensive user-based evaluation of the Museum Tour Guide was planned and carried out as 
part of T6.5 activities to assess its overall usability and user experience. The evaluation involved the 
participation of public visitors at the HdS museum, who provided their feedback after using the 
Museum Tour Guide application during their visit to the museum via post-interaction 
questionnaires. The results of this evaluation are reported in paragraphs 6 and 7.1.  
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Figure 20. Excerpt from the Museum tour guide application for the HdS museum. 

4.6.1.2 Digital information visualization in the museum  

Two visualizations were considered for presenting digitization outcomes and visualizing the socio-
historic context. The first visualization (Figure 21) regards the projection of digitization outcomes in 
interactive form while the second regards the provision of information on the socio-historic context 
of the museum through interactive timelines (see Figure 22). 

  

Figure 21. Physical installation of Discover the ecclesiastical garments of Krefeld – Photo was taken 
from installation at FORTH premises. 
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Figure 22. Interactive Timeline – projected information on multiple adjacent walls (left) and projected 
annotation of a selected element (right) – Photo taken from installation at FORTH premises. 

4.6.2 A handbag inspired by traditional crafts 

The idea of creating a contemporary accessory was born by studying the historical patterns and 
transforming them into text-based narratives. This was in line with one of the most important goals 
of HdS which is to raise awareness regarding the unique CH possessed by the museum and at the 
same time connect its legacy with European history and tradition. The design of the handbag was a 
challenging task. By closely studying the HdS patterns, the following issues were encountered that 
needed a careful design approach: (a) the patterns are almost monochromatic, (b) patterns are 
woven in bright yet intense colour variations that require careful combinations, (c) due to the 
intense iconographic elements of the patterns the risk of creating a cluttered visual result is high. 

Taking into account the above issues, a careful study of visual aesthetics was needed to decide upon 
the design approach to be followed. Initially, taking into account that the handbag should contain 
several patterns the size of the bag was decided to be approximately forty centimetres to thirty-five 
centimetres. For the bag, a minimal design approach was followed with a solid big base to ensure 
that it stands when placed on a surface and a long strap to be worn on the women’s shoulder but 
still be visible. The patterns were constrained into a strict geometric approach with some form of 
separator between the patterns. A black stripe for example could provide a good separator between 
colourful patterns. Negative space (visually empty space) was also employed. The final design was 
based on geometric abstraction as manifested in the art creation of the 20th century could and more 
specifically on the abstract style of Piet Mondrian.  

Crafting the handbag was by itself an interesting process considering the identified requirements 
and concepts. One of the major challenges was the selection of the appropriate material for the 
handbag. From the outer side, a neutral material that can be easily hand-painted and provides a 
mental connection to art artefacts was preferred. To, this end it was decided that unpainted cotton 
canvas would be used. Cotton canvas is a strong fabric used in painting and can be painted in various 
media. At the same time is a material that can support the overlaying of delicate textile fabrics like 
the ones provided by HdS. 

The interior of the handbag should provide stiff support to the exterior so as for the bag to “stand 
by its own” when placed on a surface and provide a smooth surface to the exterior to eliminate 
possible deformations of the patterns. It is important that the patterns remain visible and with 
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limited deformation to support the recognition algorithms. Another, requirement for the interior is 
to be waterproof. This is a practical provision to support the actual usage of the artefact as a 
handbag. For the interior, a stiff, waterproof synthetic material was used. The same combination of 
canvas and stiff waterproof synthetic material was used for the handbag straps to give the same 
feeling as the rest of the handbag. 

The selection of patterns was made to create maximum visual contrast. The rationale for the 
selection of pattern placement is twofold. First, we were interested in visual stimuli thus placement 
should produce stimulus input to the eye of the viewer and this is done through contrast variations. 
In the case of patterns with limited contrast to each other negative space is integrated to support 
the visual differentiation of patterns. Second, we are interested in the visual contrast of the 
greyscale representation of patterns. Such visual contrast is needed to assist the image processing 
algorithms in differentiating patterns that are not separated through negative space and thus could 
coexist in the visual field of an application.  

Each motif has its history – a series of symbols that evolved in time and were artistically woven 
together to form traditional ecclesiastical fabrics. A few years ago some of these motifs were still 
being manually woven on wooden Jacquard hand-looms which were up to two hundred years old. 
Our AR application is providing three layers of pattern recognition. The first layer regards the bag 
which has its own story, its creation. The second layer regards multiple patterns which reveal the 
story of textile weaving in Krefeld. The third layer is the stories of the patterns have a story of their 
own (see Figure 23).  

The AR app is augmenting the virtual space with a canvas to present those stories. Furthermore, as 
these stories relate to the history of Europe and the social and historic dimension of textile weaving 
the bag is also a portal to a web of information provided through the MOP. To reach this information 
a button entitled “view more info” navigates the user to the respective webpage of the MOP and 
from where the journey to European History may begin.  

  

Figure 23. The AR app is presenting information on the recognized pattern. 

4.6.3 Web-based access to immersive visualizations 

Web-based access is supported through a dedicated web page that summarizes all the key 
accomplishments of the proposed methodology for the use case of textile manufacturing. This page 
is structured using a modern long page approach initiated through a page index that guides visitors 



 

D6.5 – Report on Mingei pilots 
 

 

Mingei, D6.5           59/166 

to the main results delivered online. These include rich audio-visual information supported by 
multimodal narratives available online. The web page can be seen in Figure. 24.  

To address the needs of the widest possible user population the Web page has three variations: (a) 
for the general public, (b) for researchers and academics, and (c) for kids. Further to the 
aforementioned Web-based information, more details on the available web-based visualization are 
presented in the following sections. 

  

Figure. 24 Web-based dissemination of results. 
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4.6.3.1 Historic narratives 

Access to Historic narratives is provided through the MOP where the text-based narratives 
formulated are semantically represented and connected to the represented socio-historic 
information as presented in Figure 25. The narrative can be accessed in alternative means by 
studying (a) the narration text, (b) the key events presented in the narrative, (c) the main human 
participants, (d) the locations of events, and (e) the chronologic sequence of events.  
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Figure 25. A presentation of a socio-historic narrative in MOP.  
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4.6.3.2 Virtual Museum – Discover the ecclesiastical garments of Krefeld 

This visualization application exploits the digitization of historic Silk ecclesiastical garments as shown 
in Figure 26. The visualization displays the 3D reconstructions of these garments in an image gallery 
carousel. With the provided navigational arrows (Figure 26 left side), the user can move through the 
five garments and read the annotated information for each one of them (Figure 26 right side).  

  

Figure 26. Screenshots of Virtual Museum application UIs – Image gallery of 3D reconstructions of 
vestments (left) and annotated information of selected vestment (right). 

4.6.3.3 Interactive Timeline  

This visualization is an interactive streaming gallery of Silk fabulae presenting historical and social 
events related to the craft of Silk in Krefeld in a timeline format. The presented content is exported 
from MOP in.JSON format and imported to the timeline. The .JSON file contains all the necessary 
Fabula and event meta-data. This way the content of the interactive timeline gets automatically 
generated with minimal technical effort.  

Interaction with this visualization initiates by selecting one of the available timelines. Upon selection 
of a timeline, the system displays various images that have been semantically linked to the Events 
of the represented Fabula. Each image links to information about the related Event while the order 
of appearance follows the chronologic order of events of the Fabula. A screenshot of the interactive 
timeline application can be seen in Figure 27. 

 

Figure 27. Annotated information of selected events drawn from the MOP. 
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4.6.3.4 Craft games  

Two games specifically designed to explain both the design of a pattern for a Jacquard loom and 
how the punching card is created based on that paper design have been developed. Figure 28 
contains three screenshots of these games. In particular, the (a) part of the figure contains 
screenshots of the Jacquard loom pattern construction game, while the (b) part contains game 
screenshots from the creation of a punch card based on the pattern designed in (a). 

(a) 

 

(b) 

 

Figure 28 – (a) Design Pattern Game, (b) Punch card game. 
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5. Pilot 2: Mastic cultivation & chicle Production 

In this pilot, we explore an indigenous craft, practised in the south of the island of Chios in Greece, 
where a single type of tree has shaped local trade, culture, and built environment. The resin 
harvested from the mastic tree (pistacia lentiscus, var. chia) is used for a wide range of products, 
mainly culinary but also including skincare and medicinal. The solidified resin is called mastic or 
mastic and its liquid drops are metaphorically called ‘tears’. This practice takes place in a cluster of 
nearby villages called Mastichochoria (Mastic Villages). At these places, relevant traditions were 
formed. The know-how of mastic cultivation, on the Island of Chios, is inscribed on the 
Representative List of Intangible Cultural Heritage of Humanity of UNSECO [120]. The inscription, 
presents social and traditional elements, such as the family nature of cultivation in which men, 
women, children, and elders participate on equal terms but share different roles. The culture of 
mastic represents a comprehensive social event of the community which considers mastic as part 
of its identity. Less represented are the practical processes included in mastic cultivation, as well as 
its post-processing for the creation of traditional mastic chicle. 

Based on the rich archive material on social dimensions and new ethnographic research on mastic 
cultivation and production processes, this pilot creates a craft representation that captures tangible 
and intangible craft dimensions. This representation includes audiovisual and 3D recordings of craft 
practice as well as semantic descriptions of their explanation. In addition, these descriptions extend 
to cultural dimensions, through the inclusion of narratives that contextualize physical assets and 
places. 

5.1 Craft understanding  

To understand the craft of Mastic cultivation and chicle production, in the context of the Mastic 
pilot several archives, including textual, photographic and audio-visual material were studied, and 
interviews were conducted. More specifically, archival research focused on the archive that Piraeus 
Bank Group Cultural Foundation (PIOP) acquired by Chios Mastic Growers Association and holds on 
mastic, its cultivation, production processes of mastic products, historical, social material and 
financial data. Furthermore, literature regarding the mastic tree, mastic production, and historical, 
and social facts were acquired through essays developed by curators of the Chios Mastic Museum 
and the bibliography available in Korais Central Public Library of Chios was employed. Research on 
photographic material included a collection of (1) photographs from the Chios Mastic Growers 
Association, (2) photographs of mastic shops and merchants, (3) geographical and geological maps 
and diagrams, (3) photographs of women at work, (4) historical depictions of Chios, emblems of 
Genoan rule, as well as photographs of a Genoan galley from the Genoa Maritime Museum, (5) 
photographs and diagrams of houses from the mastic villages, (6) photographs and sketches of the 
mastic tree, (7) pharmacological announcements related to the mastic, (8) portraits, (9) 
photographs and sketches of the mastic villages, (10) photographs depicting the mastic processing 
(i.e. plowing, embroidering, collecting, sifting and cleaning, cleaning with water, and pinching), (11) 
product packages and advertisements, (12) photographs of machines, objects and tools, (13) 
religious-related depictions, (14) photographs and diagrams of the settlements, and (15) 
photographs related to customs and traditions. Audiovisual material studied include: (a) 
documentaries produced by television channels and cinematographers, (b) documentation videos 
of history researchers and ethnographers that cooperated with PIOP for the production and 
collection of material for the Chios Mastic Museum (videos include interviews with mastic 
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producers, men, and women that used to work at the Chios Mastic Growers Association) and (c) 
advertisement clips of the ELMA chewing gum. Finally, the audio material studied included: (a) 
interviews with former employers at the Chios Mastic Growers Association and topics including 
chewing gum production, distillation, and description of the factory and the machines, and (b) radio 
advertisements of the ELMA chewing gum, (c) women singing traditional songs regarding mastic 
cultivation, and (d) recordings from the traditional feast of Agha. 

5.1.1 Creation of personal stories of mastic factory workers 

The profiles and stories of the factory workers are an assortment of the material in the oral 
testimonies. Eight personas have been created in total. The stories represent how life in the villages 
was, how the worker grew up in the village (i.e., education, agricultural life, leisure time, 
adolescence, and married life), and what led them to seek work at the Association in Chora of Chios, 
how their working life in the Association was, and in which process(es) they worked at. This 
information is divided into sections according to (a) family background and early and adult years of 
life, (b) work-life in the Association, and (c) explanation of the processes.  

5.1.2 Analysis of the industrial production of mastic chicle  

Part of the ethnographic work regarded the analysis of the mastic chicle production line and 
machines. The sifting machine is the first one met in the production line and is used for separating 
mastic drops according to their size. Blending is the first task of the production of chicle. Workers 
must add all the necessary ingredients to the cauldron. As the success of chewing gum lies in the 
mixing of the ingredients, not only weighting is important but also adding and mixing each 
ingredient at the correct temperature. The output of this process is the final chicle mixture. When 
the mixture is ready, the workers pull out the created dough with big wooden spatulas and place it 
on a marble counter to cool. After the chicle mixture is complete and cooled on marble counters, 
workers knead it with their hands to shape loaves and let them cool further. After the loaves have 
reached the desired temperature, the workers put them in the cutting machine. The latter consists 
first of flat cylinders and at the end of cylinders with cubes. The loaf passes through these cylinders, 
first, to make it a uniform “pie” in width and thickness, and second, to engrave the uniform ‘pie’ in 
gum dragées of equal size. It is important that workers put the correct distance on the knives of the 
machine which can measure up to millimetres, and their cutting speed. Dragées that do not have 
the proper size would not fit into the specific pockets during the packaging process. After engraving, 
the pies are placed again on wooden shelves to dry. The candy machine consists of reclining 
cauldrons that revolve. In the beginning, the cauldrons were heated with gas but later it was 
replaced with steam. Fresh air is channelled in the cauldron through a nozzle. The workers place the 
good-looking gum dragées inside the cauldron, and gradually add syrup with a ladle in the revolving 
cauldron. Because the cauldron revolves, the channelled air helps the water from the syrup to 
evaporate. In that way, the sugar stays with the gum dragées and coats them. The process aims to 
make the gum dragées white and shiny. Because of their hollow surface, they were very hard to be 
scanned and the photogrammetry results were disappointing. However, we have managed to 
reconstruct them and bring the 3D model into a realistic form by merging multiple scans and 
modelling new and conformal meshes alongside it. After coating the gum dragées in the candy 
machines, the workers place them again on wooden shelves to cool down and then they load them 
in the revolving cylinder along with stearin and talc. The cylinder revolves around them for about 
fifteen minutes and in that way, the gum dragées are polished. 
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5.1.3 Narratives 

The rich tradition and culture of mastic are transferred from one generation to another through 
training, social traditions and stories. In this vain, the value of stories as a means of transferring 
knowledge in the museum context was decided to have a primary role in the provided experiences. 
As such one of the outcomes of the craft understanding phase is the creation of narratives that are 
intended to be narrated by the museum to its visitor to transmit the rich tradition of mastic and 
thus make visitors part of the social establishment of the craft. The created narratives are presented 
in Annex A of this research work. 

5.2 Data collection: endurant entities 

The collection and representation of knowledge on mastic TCs was a timely process involving various 
scientific disciplines and technical tools. The following sub-sections provide a summary of the key 
assets acquired. 

5.2.1 Reconstruction of mastic villages 

For the reconstruction of the mastic villages of Chios, aerial images were acquired via a drone 
overlooking the Pyrgi, Mesta, Olympoi and Elata villages in Chios, Greece. The subjects were large 
building complexes that pose several challenges due to the complex, medieval city planning and 
fortification (see Figure 29). 

 

   

  

Figure 29: Village reconstruction using aerial images acquired by a drone. 

5.2.2 Reconstruction of mastic factory machines  

For building the 3D models of the machines that would inhabit a virtual model of the mastic chicle 
production factory, the actual machines exhibited at the Chios Mastic Museum were scanned using 
a handheld tri-optical scanner and photographic documentation was acquired. The scanned models 
were post-processed, using the Blender 3D software [24], to deal with known scanning issues 
relevant to metallic reflective materials, glass parts, etc.  

The photographic documentation (Original), reconstruction results (Scanned) and post-processing 
outcomes (Processed scan) are shown in Figure 30.  



 

D6.5 – Report on Mingei pilots 
 

 

Mingei, D6.5           67/166 

 

Figure 30. Photographic documentation of chicle production machines together with 
photogrammetric reconstruction results and post-processing in Blender 3D [24]. 

5.2.3 Modelling of mastic cultivation tools 

Mastic cultivation tools were modelled in 3D in Blender 3D [24] (see Figure 31). 

Sifting machine Blending machine 

Original Scanned Processed scan Original Scanned Processed scan 

  

Cutting Machine 

Original Scanned Processed scan 

 

Candy Machine 

Original Scanned Processed scan 

 

Printing Machine Revolving Cylinder 

Original Scanned Processed scan Original Scanned Processed scan 

  
 1 
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Figure 31. Renderings of 3D models of mastic cultivation tools in Blender 3D [24]. 

5.2.4 Modelling the mastic factory  

The virtual space for the industrial production of mastic chicle was created in the Unity 3D game 
engine [25] and the High-Definition Render Pipeline (HDRP) [26] and is shown in Figure 32.  

    
Kentitiri (variants) Baltadaki Timitiri (variants) Saw 

       
Rake Amia Shovel Tsatali Pruning hook Axe Pickaxe 

  
Sieve (variants) Dramoni 

 1 
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Figure 32. Mastic factory using HDRP in Unity. 

5.2.5 Virtual factory workers  

The preparation of the 3D virtual humans, with their corresponding garments and accessories, has 
been carried out based on cultural and historical information and sources. Eight VHs were created 
using references from the ethnographic research; examples of the archive material and the VH are 
shown in Figure 33. 

 

 

Figure 33. Creating the look of the virtual workers. 

For the definition of the 3D meshes and the design of the skin surfaces a customized [27, 28, 29, 30] 
toolchain was employed that combines automatic generation methods, with manual editing and 
refining. The approach utilizes VH creation software and 3D modelling software for clothes and 
accessories. The final model inherits and encapsulates the required structural components, such as 
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bone and skin attachment data. This allows the VH to be dynamically animated and to exhibit real-
time animation capabilities. 

Another important aspect for attaining a high level of realism is the motion, behaviour, and natural 
interaction of the VH with users, to avoid the “uncanny valley” effect [31, 32]. The VH must have 
the ability for verbal as well as nonverbal communication skills, be intelligent, have natural 
communication with the users, perceive information from the user, and physically react with them. 
The deformation of the skinned characters during their movements must be realistic, smooth, and 
not contain any discontinuities. The VH that supports all these capabilities will be an intuitive craft 
master acting effectively as an elderly companion and assistant for elder people. 

Garment design was also considered during the implementation of avatars in this reporting period. 
In this context, depending on the complexity of the garments, two methods were used:  

• Producing models by modifying from an existing 3D garments library require editing 
manually the 3D mesh to obtain the desired shape.  

• Creating our 3D clothing in an external modelling software (3DS Max [29] in our case), 
importing the model in FBX format into CC3 [28], and applying it to fully rigged character 
bases.  

The clothes can be then conformed to any body type. For hard-to-fix issues, manual mesh editing 
ability is used. after the conforming step, posable functionalities are used to test the skinning values 
and the collision between the body and the garment or accessory. The process is presented in Figure 
34. 

 

(a) 
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(b) 

 

(c) 

Figure 34. (a) Placing & conforming an imported 3D mesh of a dress, (b) Posable functionalities to test 
the skinning values, (c) Testing the skinning values and the collision between the body and the 
garment or accessory. 

To ensure appropriate rigging, since the generated models are automatically rigged either by 
Mixamo [30] for the VH which do not require facial animation, or by CC3 [28] for the VH that require 
facial animation (storytellers’ avatars), an additional checking was performed to ensure that the rig 
is applied correctly, and the bones are well adjusted to the 3D body (see Figure 35). 

 

(a) 
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(b) 

Figure 35. (a) Checking bone positions., (b) Rigged model assuming poses. 

5.3 Data collection: perdurant entities 

In this section, the digitization of craft actions and narrations are presented. Craft action with be 
employed for craft representation and demonstration by VH while narrations will be retargeted to 
VH acting as museum storytellers. 

5.3.1 MoCap of mastic cultivation activities 

The cultivation of mastic was recorded in three days, from September 11th to 13th 2019, in Chios, 
Greece. The recordings of the first and second day were done outside in front of a mastic tree. The 
recordings of the last day were simulated inside a room. Due to the nature of the cultivation process, 
each motion was split into different recordings. The tasks related to the cultivation of mastic are 
illustrated in Table 2. This resulted in separate motion files for each part of the process. In general, 
the cultivation of mastic was recorded realistically. However, in the actual cultivation and harvesting 
process, all tasks are days or weeks apart and usually take hours to be completed. As such, the 
expert had to perform a brief example of the gestures while still being realistic. Recordings that 
required kneeling/sitting on the ground had errors on the legs' joint angles. This probably happened 
because the sensors were interfering with each other. The motion files were corrected offline. 
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Table 2. Recordings of mastic cultivation activities with a MoCap suit.  

5.3.2 MoCap of narrations from factory workers 

Using the Rokoko equipment and software, we put on the suit and the gloves and recorded unique 
animations for each narration. For the narration moves to be more realistic, we also narrated the 
stories during the recordings and used a voice recording program to capture our voice. In this way, 
the synchronization of voice and movement in the narration was a lot easier, and it guaranteed a 
more natural narration. Moreover, to further enhance the realism of the animation we used male 
and female narrators for this process according to the narration scenario and the gender of the 
persona (see Figure 36). 

     
Scrapping new tool Scrapping old tool Sweeping Dusting Gathering 

     
Harvesting Wiping Embroidery A Embroidery B Embroidery with ax 

   
Shifting A (kneeling) Shifting B (at home) Cleaning (using the wind) 

 1 
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(a) 

 

(b) 

Figure 36. Recording narrations with the help of (a) a Female narrator, and (b) a male narrator. 

Once the narration animations were recorded, we segmented them [70] and exported them to 
create a series of bones, body joints, and muscles, and define their rotations in the 3D space over 
time. 

5.4 Craft representation 

The objects and actions of the craft of mastic cultivation are semantically represented, in this step. 
The representation employs a few classes from the Mingei Crafts Ontology, called basic knowledge 
elements, which contain links to semantic metadata provided by the user and links to the digital 
assets formed in the previous step. 

From motion recordings, reference postures and gestures are identified using, the AnimIO 
annotation editor [40], which facilitates body-member specific annotation of motion recordings. 
The recording segments are combined under the context of the Event knowledge entity, which 
contains links to the representations of the Location, Participants, Tools, Materials, and 
(intermediate) Products pertinent to the event. Conceptually, events align with the steps of the 
process and, both can be hierarchically analyzed in sub-events and sub-steps. 

Using the MOP, all knowledge elements are created through form-filling operations, as shown in 
Figure 37 and Figure 38. Each type of element has a dedicated Web form, where meta-data is edited. 
Furthermore, facilities to create links with other knowledge elements are provided. Links are 
provided in the form of URI for external resources or in the form of semantic links for digital items 
curated in MOP. Moreover, knowledge elements are linked to media objects of relevance. 
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(a) 

 

(b) 

Figure 37. Presentation of (a) 3D objects and (b) 3D reconstructions, in MOP. 
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(a) 
 

(b) 

 

(c) 

Figure 38. Representation in MOP of (a) Events, (b) Persons, and (c) Locations. 

5.5 Process representation 

We adopted [105] to formally represent the annual process of mastic cultivation. Accordingly, we 
created an activity diagram for the cultivation process, in UML [49] and then encoded the process 
schema in the MOP. This diagram is shown in Figure 39. 
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Figure 39. UML diagram of the cultivation process. 

The annual process is carried out by two types of practitioners, cultivators, and members of the 
Chios Mastic Growers Association, and can be found below. 

5.5.1 Processes performed by mastic growers 

Cultivation of new trees: The cultivation of new trees takes place during the winter, from the 
beginning of January until mid-February. The producers cut branches from a male tree of good 
quality and plant them at the depth of 40 to 60 centimetres. It is rather easy for a plant to be 
successful and it does not need special care in the beginning.  

Pruning, cleaning, fertilization, and irrigation: Pruning of a tree begins in its third year and then takes 
place every year during the winter, from the beginning of January until mid-February. The dry 
branches are removed so that the tree can become stronger and facilitate air and sun supply for the 
trees. The wounds from the cut branches are covered with a substance (Katrami) to protect them 
from microorganisms. Fertilization of the field takes place in January or February and the producers 
use ammonium sulfate when the soil is poor and potassium nitrate or calcium ammonium nitrate 
for red soil. An ecological fertilizer is beans (Vicia faba) which are planted in October. When they 
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reach the time to bloom they are ploughed to stop their growth. Because of the bacteria staying in 
the nearly bloomed beans, the soil becomes rich in nitrogen which is essential for the growth of the 
mastic trees. Young trees do not need water. Irrigation starts after the first year of the tree and it 
takes place two, three, or four times per day depending on the weather conditions. The older trees 
are resistant to drought. It is important to note that persistent humidity can damage the trees to 
the point of drying and become sensitive to infections. 

Cleaning the soil: From the end of June until the beginning of July, producers clean, level, and press 
the soil under the trees. Then the soil is covered with white clay so that the mastic resin that will fall 
will stay clean. 

Kendima (embroidering): Kendima (as it is called in Greek; embroidering) takes place in July and 
August. The producers create vertical or linear incisions on the bark of the tree. The incisions are 4 
to 5 centimetres deep and 10 to 15 centimetres long. The number of incisions depends on the size 
of the tree. Vertical wounds heal faster. After Kendima, the resin is left for 10 to 20 days to dry. 

Collecting: Collection of the dried mastic resin takes place from mid-August till mid-October. Usually, 
big mastic pieces of resin fall on the soil while mastic “tears” remain and dry on the bark and the 
branches. 

Sifting and cleaning: Sifting helps to separate mastic gum from gathered dirt and leaves.  

Cleaning with water: After sifting the producers clean the gum with soap and plenty of water. 
Producers that live in a village near the sea prefer to go to the seaside to clean the gum. It is easier 
in that way to separate them because the salty water keeps the dirt and leaves on the surface of 
the water while the mastic gum stays at the bottom of the basin. 

Tsimbima (pinching): Tsimbima (as it is called in Greek; pinching) is the cleaning of the mastic gum 
with special knives in order any last dirt attached to the gum. It is performed by women. 

Classification: Producers make a first classification of the mastic gum that is collected according to 
the following types: 

• Pitta: flattened round pieces of 3-7 cm, they are created when many mastic drops fall on 
top of one another. 

• Fliskari or kandilera: smaller than pitta, more translucent, they hang from the incision. 
• Dachtilopetra: smaller than fliskari, their name means “rock of a finger-ring" 
• Tear: smaller than dachtilopetra, it takes its name because it is hanging from the tree like 

a “tear". 
• Kiliasto or psilo: very small pieces in a round shape that dry fast, they fall and roll on the 

ground. 
• Anapinada or neropinada: of lower quality because while drying it has absorbed water or 

dirt and therefore its economic value is lost. 
• Volarida or apovoliariki: mastic gum has gathered together and became a lump. That 

happens when the mastic is gathered before getting dry. Its economic value is diminished. 
• Dust: residues of processing. 

After the classification, mastic gum is sent to the Chios Mastic Growers Association in November. 
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5.5.2 Processes performed by the Chios Gum Mastic Growers Association 

General processing upon arrival of mastic: When the Association receives mastic gum from the 
producers, further classification takes place according to the size of the gum. In general, they 
separate the pittas (usually large, round pieces), chondri (fat pieces), and psili (thin pieces). In this 
way, they store the gum and gradually process it further depending on the demand. Sifting, cleaning 
with water, drying, weighting, tsimbima (pinching) take place. 

Chewing gum production: For the production of mastic chewing gum, first, the mixture is prepared 
which is made out of mastic, sugar, butter, corn flour, and water. The ingredients are placed in the 
blending machine to produce the mixture. After 15 minutes the mixture is taken out of the blending 
machine and it is placed on a marble counter. Then it is formed into pieces of maximum height of 3 
centimetres and left to cool. After cooling the pieces are transferred to the press and engraving 
machine where they are pressed and gum pieces are formed. In the end, the pieces are cut and put 
in the candy machine to create a coating made out of syrup. 

Mastic oil production: Mastic oil is produced through distillation. 

5.6 Craft presentation and preservation 
5.6.1 Digital preservation 

The digital assets hosted in the MOP repository are provided online in conventional and open 
formats. Each asset has a unique IRI to be directly integrated by third parties. Our knowledge is 
available to the Semantic Web via the MOP and the SPARQL endpoint exposed. Furthermore, to 
ensure compatibility with online knowledge sources, definitions of terms are imported to MOP 
through linking to terms from the Getty Arts and Architecture thesaurus [50] and the UNESCO 
thesaurus [51]. For further exploitation of semantic knowledge encoded in MOP a Europeana Data 
Model (EDM)[52] export facility has been also been implemented allowing (a) export of data in 
semantic compatible to EDM format and (b) formulate SPARQL queries [53] to the MOP SPARQL 
endpoint to receive EDM formatted results. 

5.6.2 Craft documentation  

The represented knowledge network is available through the WWW and the MOP [36] in hypertext 
format. Semantic links are implemented as hyperlinks that lead to the pages of cited entities. 
Contents are also organized and presented thematically, per class type. A keyword-based search is 
also provided. Documentation pages contain links to digital assets, textual presentation of 
metadata, and previews of the associated digital assets. For locations and events, specific UI 
modules are provided. For locations, embedded, dynamic maps are provided through 
OpenStreetMap [38]. Time-line and calendar views are available for events. 

Process presentations are presented containing links to the recordings of the knowledge elements 
for the tools and materials involving the participating practitioners, the date, the tools employed, 
and the location of the recording. If the process follows a process schema, a link to that schema and 
its preview are also provided. The hierarchy of process steps is presented using insets, each one 
presenting textual information and previews of the available digital assets. To present step 
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organization, insets are dynamically unfolded to any depth of the process hierarchy, associated with 
image previews and embedded videos. Variations include images and textural descriptions. 

5.6.3 Presentation of craft actions  

The processing of the files has been done on Autodesk MotionBuilder software [48] which is 
dedicated to animation and the direct integration of motion capture technologies. The process 
requires different steps: 

• Creation of an "actor" in MotionBuilder with skeleton definition corresponding to the BVH 
hierarchy. 

• Transposition of the received animations on the actor 
• Synchronization of the avatar with the actor by adjusting the 2 models so that the 

measurements match and the animations are correctly reproduced (retargeting). 

Figure 40 below presents examples of the animated avatars created. 

   

Figure 40. Examples of animating a VH using BVH input from MoCap recordings. 

5.6.4 Presentation of craft actions in virtual environments  

Processed animations were used for the implementation of a 3D representation of the mastic 
cultivation activities in a virtual environment depicting a mastic tree field as shown in Figure 41. In 
this example, the processed gestural know-how of the captured craft practitioner is used not only 
for replicating the movements of the practitioner but also for setting digitized craft tools in motion 
using a technical approach for attaching tools to VHs [106] and inferring tool motion from human 
motion [107]. 
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Figure 41: Demonstration of the mastic cultivation activities by a VH 

5.7 Exploitation  

In this section, we present how the pilot results are exploited to promote the craft and ensure its 
publicity and preservation over time. Several applications have been developed to reach a wider 
audience and promote the craft, which are presented in the following sections. 

5.7.1 Geographical context presentation  

Information on geographical location and context shows environmental aspects affecting craft 
practice and development. We developed Airborne an immersive flight simulator running in an 
immersive projection room, consisting of three touch-enabled walls, support people tracking, and 
body-based interactions (see Figure 42 ).  

In the developed installation, users can fly over various mastic villages of Chios. During the flyover, 
users can stop at each village and retrieve multimedia and text information related to those villages. 
When a user enters the room and approaches the central wall, he starts flying to the first village, 
upon reaching the designated checkpoint the camera rotates accordingly to present the village from 
a convenient angle to allow the user to have a better view from the current perspective. In addition, 
window insets appear that present the information from which the user can interact by touching 
the wall. 
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Figure 42. Airborne deployed in an immersive projection room. 

Airborne has also been implemented as a standalone version accessed through a standard pc setting 
as shown in Figure 43. 

  

  
  

Figure 43. Airborne is accessed in its standalone version through a desktop PC. 

5.7.2 Virtual storytellers 

An AR application has been built to augment exhibits of the Chios Mastic Museum with VHs. Viewing 
the machines through the museum’s tablets, the visitors see VHs standing next to them, ready to 



 

D6.5 – Report on Mingei pilots 
 

 

Mingei, D6.5           83/166 

share their stories and explain the functionality of the respective machines. The exact VH’s location 
is defined by a museum’s curator. Visitors select the story they are interested in by selecting it from 
the left part of the tablet’s screen. 

Furthermore, a virtual tour has been created to provide users with a high-quality experience in 
which they would virtually travel back in time and interact with actual workers in the factory. Visitors 
are free to explore the virtual space and the machines and interact with avatars that represent 
association workers. To this end, VHs are placed in front of each machine, who are willing to share 
their stories with the visitors. The stories are about their work-life in the association and the 
functionality of the machine they stand in front of. On the factory floor, a virtual “carpet” 
encourages visitors to visit the machines displayed in the same order as met in the chicle production 
line. When the visitor approaches a machine, the narrator will introduce themselves and present 
the available narratives (personal life, work-life, or machine functionality). The virtual factory and 
the ideal visitor itinerary are shown in the left part of Figure 44.  

 

(a)  

(b) 

Figure 44. (a) Virtual factory with machines, (b) Examples of narrator VHs is the virtual factory. 

A craft training application (“Mastic gestures”) for the mastic harvesting pilot was created. Hidden 
Markov Models were used again for performing gesture recognition, and each one of the gestures 
was mapped to an abstract sound that was directly connected to it. An instance of the main screen 
of the mastic harvesting installation is shown in Figure 5. Since the movement of the expert does 
not have details concerning a dexterous movement of the fingers, the video of the expert mastic 
cultivator has been placed on the top left of the screen, while in a bigger panel in the middle of the 
screen, there is the real-time video of the video with the skeleton extracted from the OpenPose 
framework. The operator can perform any of the three mastic harvesting gestures available in the 
installation in any order. The recognition engine within the installation can recognize the changes 
from one gesture to the other and adapt accordingly to the video of the expert. An instance of the 
instructions section of the installation is shown in Figure 45. The user can pick there any of the three 
mastic harvesting gestures, before starting the experimentation.  



 

D6.5 – Report on Mingei pilots 
 

 

Mingei, D6.5           84/166 

 
 

Figure 45. An instance of the main screen of the interactive installation.  

5.7.3 The exhibition at the Chios Mastic Museum  

The deployment of the aforementioned technologies took place at the Chios Mastic Museum, from 
November 8 until November 12 to enhance the experience and educational value of the museum 
visitors through the integration of targeted interactive presentations that focus on (a) enhancing 
the visit to the exterior of the museum, (b) increasing visitor interest for the mastic factory area of 
the museum located on a different floor from the main exhibition, (c) enhancing educational 
applications available at the multimedia space of the museum.  

5.7.4 Training on the gestural know-how of mastic cultivation  

The craft training application, “Mastic gestures”, was installed on the ground floor of the museum 
in the multimedia space. The installation is comprised of a personal computer and a monitor 
together with a depth sensor for tracking the user's actions. The user stands in front of the 
installation and follows the instructions provided on the screen to mimic craft actions. An example 
of this process is presented in Figure 46.  
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Figure 46. Craft training through replication of the gestural know-how of the mastic cultivator.  

5.7.5 Augmenting the mastic factory exhibition with narrations by Virtual Humans  

The AR installation, “Mastic narrations”, is installed in the factory area exhibit space of the Chios 
Mastic Museum where the machinery regarding the industrial processing of mastic that the 
Association first used during the 1950s and 1960s is showcased. The AR application is installed on 
four tablet devices which are mounted on floor bases, one for each of the designated machine areas 
of the factory exhibit space. Through the camera of the tablet, each physical area is augmented with 
3D avatars of factory workers. The number and position of the avatars in each area are depicted by 
red pins on the tablet screen (Figure 47), which the visitor can select by clicking. Upon selection of 
a pin, the respective avatar appears positioned next to the physical machinery it represents along 
with a menu with options for each of the avatar's narration topics (Figure 48). The narrations 
represent stories about how life in the village was (i.e. agricultural life, education, leisure time, 
adolescence, etc.), about the working conditions at the Chios Mastic Gum Association in Chora of 
Chios, and about various factory processes. The avatars’ narrations are created based on oral 
testimonies of former and present-day workers of the Association, from the PIOP archive. The 
personas and the stories of the avatars are created by mixing and matching the material retrieved 
from the oral testimonies. The narrations of the avatars are recorded in two languages, Greek and 
English and they are accompanied by subtitling in the respective language. To make the avatars look 
and feel natural, their animations were custom-made using the MoCap suit and recording the 
movements of a real person while narrating each narration individually in both languages.  

 

 

Figure 47. A view of the available hot spots for a specific area of the museum.  
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Figure 48. A VH appears through AR on the screen showing the available narrations.  

5.7.6 Presentation of geographic context  

Airborne was installed in the multimedia room of the museum as a standalone application named 
“Mastic landscapes”. The setup was very simple and straightforward as it involved a desktop 
computer set. There are two options available (a) automated tour and (b) flight simulator. The 
automated tour targets users that wish to explore the mastic villages in a movie-like way while the 
flight simulator is more gameplay-oriented since users have control of the virtual drone flying on 
Chios sky and are free to explore information in any way they like. In the future, the setup will be 
updated with a large touch-enabled screen to enhance the gameplay of the installation. 
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Figure 49. An instance of the main screen of the interactive installation.  

5.7.7 Augmentation of the mastic field using mobile devices 

One of the requirements of presenting the craft was to display its seasonality. Very often visitors do 
not understand the complete process of mastic cultivation. Another necessity for the museum was 
the exploitation of the external spaces and the beautiful mastic tree field which is often overlooked 
by the visitors. It became also evident that this “guided” tour (it is a simple and straight path through 
the phases of mastic cultivation, harvesting, and cleaning) is a perfect example of the yearlong 
process. 

Visitors of the rural space outside the museum can experience mastic cultivation in the field through 
their mobile devices. The application facilitates an AR-capable device to recognize metallic 
sculptures that exist in the rural space of the museum. Through the camera, these sculptures 
become alive to present typical cultivation activities. Figure 50 presents an example of app screens 
with an emphasis in the middle on the AR augmentation of the sculpts that are part of the mastic 
field with animations of the cultivation process. 

 

Figure 50. Mobile app navigation example. 

5.7.8 Preliminary evaluation of the Mastic Pilot 

After the installation, a small preliminary evaluation was conducted with the approach of user 
observation. A user experience evaluator was observing the interaction of users with the various 
installations at the museum to record any usability issues encountered during the interaction. 
Identified issues were documented to produce an evaluation report to be used for the improvement 
of the interactive applications. The preliminary evaluation conducted targets to fine-tune the 
installations before the final user-based evaluation to ensure that basic issues are identified and 
resolved before the evaluation and thus more targeted feedback can be received.  

A comprehensive user-based evaluation for the Mastic pilot applications (Mastic narrations, Mastic 
landscapes, and Mastic gestures), which were installed at the Chios Mastic Museum was planned 
and carried out as part of T6.5 activities to assess their overall usability and user experience. The 
evaluation involved the participation of public visitors, who provided their feedback after their 
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interaction with the applications during their museum visit via post-interaction questionnaires. The 
results of this evaluation are reported in paragraphs 7 and 7.2.Pilot 3: Glass Making  

This pilot focuses on a unique item in the collection of the museum of the Conservatoire des arts et 
métiers, a glass carafe (Figure 51). This work entails a challenge which was the reconstruction and 
representation of the process of its creation through an experimentation approach similar to 
experimental archaeology. Fourteen carafes were crafted at the premises of CERFAV (Centre 
européen de recherches et de formation aux arts verriers) in the process of studying and capturing 
the process of recreating the studied artefact.  

With origins dating back to 1794 and the French revolutionary period, the Conservatoire des arts et 
métiers has a long and complex history. It was very clearly established as a place of emulation, 
where a repository of objects, a library, and a draughtsman office would be open to the public so 
that innovation would be encouraged by all means. It inherited from prestigious collections, such as 
the royal cabinets (including Vaucanson’s cabinet at the Hotel de Mortagne), the repository of the 
Academy of science as well as objects seized from the émigrés and soon started collecting models, 
tools and objects. With the ambition of serving the mechanical arts, it was also a place for applied 
science. In 1819, three chairs were established: industrial economics, chemistry applied to the arts 
and mechanics. Soon others would be created to cater to the need of the developing industry. 
Workers or small entrepreneurs willing to improve their trade were the intended public as all 
courses were free and lectured after working hours. The emphasis was on applied science and 
practical knowledge. Professor Eugène Péligot [108], a chemist with a keen interest in glass 
manufacturing asked one of the most prominent glassmakers of the day, Georges Bontemps when 
it came to selecting objects for the galleries regarding his lessons on glassmaking. In 1842, Bontemps 
delivered more than fifty pieces, both tools (moulds, and blowing apparatus) and finished objects. 
A collection of glassblowing tools displayed at the museum of CNAM is illustrated in Figure 52. All 
pieces were dated from 1842 and originated from the Choisy-le-Roy glassworks. In 1868, Bontemps 
will make a further donation, in his name, objects relating to his famous Guide du Verrier, published 
that same year. Among them are two sets of objects, revealing the process in a sort of «frozen 
state», a pattern much favoured in pedagogical dimension at the Musée des Arts et Métiers.  

The aim of selecting the carafe, in this work, was to document each manufacturing step, as 
exemplified by the «frozen» glass artefacts: the rough out foot and the finished one, the handle, 
etc. with a recording of the corresponding gestures and bring to life the objects. Furthermore, it was 
interesting to compare and document the historical tools with those still in use today. To this end, 
Some research was needed in the archives as little was known of the actual teaching of Péligot, 
although he published two books [109] on the subject. 
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Figure 51. The carafe is on display at the museum of CNAM.  

 

Figure 52. A collection of glassblowing tools at the museum of CNAM.  

To date, little work has been done regarding the effects of direct and indirect experiences on 
presenting cultural context. This fact is nowadays more urgent to be discussed as CH is 
complemented by novel digital means and the COVID pandemic has resulted in great pressure on 
CHIs to create online digital encounters. To this end, CHIs made an effort to enhance their online 
presence and online activity became the main way of approaching the public [110].  

In broader context research has studied the effects of direct and indirect experience on the 
production of affective and cognitive responses. In these studies, it is hypothesized that direct 
experience with an object would tend to produce more affective reactions than indirect experience 
with the object. Alternatively, indirect experience produces more cognitive reactions [111, 112]. 
Furthermore, the effect of such experiences in learning has been studied in the context of team 
creativity by examining the effects of task experience acquired directly and task experience acquired 
vicariously from others on the team. The studies result that direct task experience leads to higher 
levels of team creativity and more divergent products than indirect task experience [113]. Similarly, 
learning research findings suggest that the direct experiences catalyzed learning outcomes into a 
stronger motivating force than they had been during the indirect learning experiences [114]. 

Nowadays exposure to virtual experiences is becoming common in various contexts. In some cases, 
these precede both indirect and direct experiences. Research outcomes support that virtual 
experiences from 3D product visualizations are more similar to direct experience than to indirect 
experience [115]. 
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A more complex study was done on the combination of experiences of sequential combinations of 
consumer experiences. Four kinds of sequential combinations of consumer experiences were 
designed with the results indicating that Virtual Experience followed by a Direct Experience 
produces the highest product knowledge and brand attitude [116]. Taking into account the 
aforementioned qualities of experience in this work we follow a mixed approach where virtual 
experiencing of the craft is followed by user participation in hands-on training experiences. 

Despite their cultural significance efforts for HC representation and preservation are scattered 
geographically and thematically. In the context of the Glass pilot, the Mingei project envisions 
establishing HC representations based on digital assets, semantics, existing literature and 
repositories, as well as, mature digitisation and representation technologies to capture and 
preserve tangible and intangible dimensions of the traditional craft of glassmaking.  

In the case of glassblowing, central to craftsmanship is the skill and its transmission from master to 
apprentice. To preserve and illustrate skill and tool manipulation the motion and tool usage of 
glassblowers is captured. The represented knowledge is availed through compelling experiential 
presentations, using storytelling and educational applications and based on MR.  

6. Pilot 3: Glass Making  
6.1 Craft understanding 

Craft understanding follows ethnographic principles and includes background research of secondary 
sources. We start through a study on literature resources, as background research before the 
ethnography increases its efficacy, saving time from the comprehension of basic vocabulary and 
notions. 

The ethnographic work involved interviews with the practitioners and fieldwork observation to dive 
deep into the individualities of the crafting process. This understanding is supported by audiovisual 
recordings and documentation of interviews and demonstrations. The detailed ethnography 
enables understanding and supports documentation of gestures, techniques, and steps of a crafting 
process. 

Following [105] a craft understanding has two outputs. The first is a vocabulary of terms with verbal 
definitions and visual descriptions of the involved objects (nouns) and actions or activities (verbs). 
The second is a thick description that enables the study of the activity beyond the content of a visual 
demonstration. 

6.2 Data collection 

In this step, the components of the crafting process are digitally recorded, post-processed, and 
curated on an online platform.  

These digital assets record objects and actions, acquired from documenting photographically and in 
3D materials, tools, products, and workspaces and recording practitioner crafting actions, in 
recording sessions. The organization of these sessions is facilitated by the vocabulary and 
storyboard, in identifying the objects, sites, and practitioner actions to be digitized. Moreover, some 
of the photographic and video assets may be recorded in combination with ethnographic fieldwork. 
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A requirement relevant to the glasswork, but also relevant to other crafts, is that the viscous nature 
of hot glass prohibits the pause of the crafting process during some sequences of tasks. As such, 
motion files may contain multiple process steps and actions 

6.2.1 Audiovisual recordings  

Pertinent assets regard conventional audiovisual data acquired from the ethnography such as audio 
and video interviews photographic documentation, as well as documentation to be used for craft 
representation including photographs and video documentation of objects, spaces, and 
demonstrations.  

Audiovisual recordings of the crafting process are important for overview and ethnographic study, 
as well as for documenting significant aspects of the process with a local spatial expression, such as 
tool gripping postures, detailed and minute manipulations, and so on. Moreover, multiple and/or 
wide-angle bird view cameras can be employed to capture the motion of multiple practitioners and 
their movement within. In the case of glass workshops, the latter is particularly important because 
glass workshops are shared by multiple practitioners and because the arrangement of workshop 
machinery is such that the practitioners have to walk from one locus to another during the crafting 
process. 

6.2.2 Documentation of tools, machinery, and workspaces 

The documentation of tools, machinery, and workspaces is both photographic and in 3D. We refer 
to [117] for the photographic documentation of static artefacts and scenes, and to [118] for their 
3D documentation. The 3D documentation of metallic tools and glassware can be challenging. We 
distinguish between the potential historic significance of an object and its utility as a tool, wherein 
the latter solely their geometrical structure can be sufficient. In some cases, the 3D model of tools 
can be easily modelled or even provided by the manufacturer. The use of synthetic models can 
simplify the digitization tasks and significantly reduce scanning costs. The collection of tools for 
glasswork was developed in [18] and is summarized in Figure 53.  
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Figure 53. 3D models of glass workshop tools. 

Similarly, for the creation of 3D models of machinery, the acquired audiovisual documentation 
acquired during the ethnographic research was used and the machines were created from scratch 
using 3D modelling software. The outcomes of the modelling process are presented in Figure 54. 

 

Figure 54. 3D models of glass workshop machines. 
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The digitization of transparent objects is still an open problem in 3D digitization. As such for those, 
we rely on photographic documentation and conventional measurement and technical drawing. 

6.2.3 Motion capture 

The applicability of Motion Capture (MoCap) and video modalities depends on the type of 
environment. Inertial MoCap [19] is more suitable than optical [119] in the cluttered space of 
workshops, due to reduced installation requirements and independence to occlusions. 
Nevertheless, inertial MoCap is not sufficiently sensitive to minute motions. A practical issue was 
that it was difficult for the practitioner to manipulate objects with the gloves of the suit. To solve 
that, latex gloves were worn on top of the suit’s gloves to add friction. Markerless methods exhibit 
the least accuracy but require only a camera. We found markerless motion recording suitable mainly 
in obtaining key hand postures and body gestures. In the context of this pilot, Motion Capture 
occurred during the ethnographic fieldwork at CERFAV, in September and October 2019. During this, 
fourteen carafes were produced in the workshop to observe and capture social and body 
interactions that take place during glasswork. Apart from the audiovisual documentation acquired 
the process was recorded using MoCap equipment and, in particular, the Nansense MoCap suit and 
Gloves. Table 3 illustrates the tasks that were recorded for glassblowing. 

Table 3. Tasks recorded at CERFAV.  

 

6.2.4 Data curation  
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The activities presented in the previous subsection create a large amount of data that should be 
rationalized, post-processed, and curated to be exploitable for future research. In this context, 
photographic documentation, video recording of the creation process, 3D objects, and 3D 
reconstructions are uploaded to the Mingei repository and documented in MOP. Motion recordings 
are also stored in the repository and documented in MOP to formulate Motion Vocabulary. All 
digital assets receive unique IRIs for semantic interoperability. 

Photographic, audiovisual, and 3D assets that are ingested in the MOP can be browsed by file 
properties and by thumbnail preview, as shown in Figure 55.  

 

Figure 55. Digital assets.  

6.3 Craft representation 

The objects and actions of the crafting process are semantically represented, in this step. The 
representation uses a few classes, called basic knowledge elements, which contain links to semantic 
metadata provided by the user and links to the digital assets formed in the previous step. 

From motion recordings, reference postures and gestures are identified, by the user. To associate 
frames and segments from motion recordings with postures and gestures respectively, the AnimIO 
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annotation editor [121] was employed, which facilitates body-member specific annotation of 
motion recordings. To represent tool and machine usage, motion recordings and 3D models are 
combined. The recorded gripping postures come into use, in this task. 

The recordings are combined under the context of the Event knowledge entity, which contains links 
to the representations of the Location, Participants, Tools, Materials, and (intermediate) Products 
pertinent to the event. Conceptually, events align with the steps of the process and, both can be 
hierarchically analyzed in sub-events and sub-steps. 

In MOP [22, 23] all knowledge elements are created through simple form filling operations. Each 
type of element has a dedicated Web form where the relevant meta-data are edited. Furthermore, 
facilities to identify links with other knowledge elements are provided. Links may be provided in the 
form of a Universal Resource Identifier for external resources or in the form of semantic links for 
digital items curated in MOP. Such elements could be for example the linked media objects that are 
relevant to the knowledge element. 

6.4 Process representation 

To encode craft understanding, activity diagrams are borrowed from Unified Modeling Language 
(UML) [37] and used in the following sense. While UML represents computational actions that 
transform data, in this work, physical actions that transform materials are represented. The 
transition types Transition, Fork, Merge, Join, and Branch are adopted and denoted as in UML. 

Activity diagrams can be defined hierarchically, allowing the increase of representation detail at 
later stages. Moreover, their visual nature was found to support the collaboration with 
practitioners. Activity diagrams are essential in representing transitions between process steps, in 
which distinct tools are employed and actions take place. and, in particular, decision points and 
parallel tasks in the process. 

The progression of sequential steps is modelled by a Transition link. Forks are used to represent the 
initiation of two parallel tasks. In Merge transition, two or more control paths unite and Join 
connecting steps that should be completed before the transition to the next step. Merge and Join 
transitions are structurally similar, but a join is a synchronization across a set of parallel flows, while 
in a merge only a single flow is active. Finally, Branch transitions connect a step with a decision step 
that accepts tokens on one incoming edge and selects one outgoing alternative. Branch nodes 
control the flow of a process by selecting one of several alternatives, based on the outcome of a 
condition evaluation.  

6.4.1 Process schema representation 

In this step, the activity diagram is transcribed into a transition graph. The MOP UI facilitates the 
structure and enables the instantiation of process schemas and their steps. Data fields are used to 
enter appellations, informal descriptions, and step order. Transitions are instantiated via dynamic 
UI components that adapt to transition type. An example of a represented process schema is 
presented in Figure 57. 
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Figure 56. Process schema representation in MOP. 

6.4.2 Specific process representation 

Process representations account for the events that took place during the execution of a process 
schema. Intuitively, a process is an individual flow of events, out of those possible in the activity 
diagram. The MOP UI enables the instantiation of process representation, via the entry and 
chronological ordering of events, accompanied by the recordings that document them. An example 
of a process representation in MOP is presented in Figure 57. 
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Figure 57. Process representation in MOP. 

6.5 Craft presentation and preservation 
6.5.1 Digital preservation for glassblowing 

The digital assets hosted in the MOP repository are provided online in conventional and open 
formats. Each asset has a unique IRI to be directly integrated by third parties. Our knowledge is 
available to the Semantic Web via the MOP and the SPARQL endpoint exposed. Furthermore, to 
ensure compatibility with online knowledge sources, definitions of terms are imported to MOP 
through linking to terms from the Getty Arts and Architecture thesaurus [50] and the UNESCO 
thesaurus [51]. For further exploitation of semantic knowledge encoded in MOP an EDM export 
facility has been also been implemented allowing (a) export of data in semantic compatible to EDM 
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format and (b) formulate SPARQL queries to the MOP SPARQL endpoint to receive EDM formatted 
results. 

6.5.2 Glassblowing documentation  

The represented knowledge network is available through the WWW and the MOP in hypertext 
format. Semantic links are implemented as hyperlinks that lead to the pages of cited entities. 
Contents are also organized and presented thematically, per class type. A keyword-based search is 
also provided. Documentation pages contain links to digital assets, textual presentation of 
metadata, and previews of the associated digital assets. For locations and events, specific UI 
modules are provided. For locations, embedded, dynamic maps are provided through 
OpenStreetMap [38]. Time-line and calendar views are available for events. 

The vocabularies formulated in the first step of the craft representation are provided as illustrated 
vocabularies of tools, which bring together verbal descriptions and visual recordings. In the same 
way, the steps where a specific tool is used can be retrieved, along with video recordings of such 
actions; and similarly, for the tools and materials required for a certain process.  

Processes s are presented containing links to the recordings of the knowledge elements for the tools 
and materials involving the participating practitioners, the date, the tools employed, and the 
location of the recording. If the process follows a process schema, a link to that schema and its 
preview are also provided. The hierarchy of process steps is presented using insets, each one 
presenting textual information and previews of the available digital assets. To present step 
organization, insets are dynamically unfolded to any depth of the process hierarchy, associated with 
image previews and embedded videos. Variations include images and textural descriptions.  

In some cases, through the post-processing of the original digital assets, we can provide simplified 
visualizations for illustrative purposes. Such visualizations reduce the information provided for 
example by a video recording of the essential parts of the craft to be presented. A collection of 
enhanced iconic abstractions of tool usage gestures is presented in Figure 58. For example, in the 
first row of Figure 58, the picking up of hot glass material is presented in the first two figures while 
the other two present the creation of form using a hand-held tool. Using the same rationale several 
steps are also visualized in this figure in a form of abstraction that presents only the tools and their 
interaction with matter. 
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Figure 58. Computer-aided, VR presentation of glassblowing processes. Top: marvering. Middle: 
shaping. Bottom: illustration of the glass deformation during glassblowing. 

6.5.3 Craft demonstration 
6.5.3.1 Workshop implementation in 3D 

For the implementation of the workshop in 3D, the High Definition Rendering Pipeline (HDPR) 
offered by Unity3D [26] game engine was used. HDPR offers various features that contribute heavily 
to how realistic a scene can look, like physically accurate lighting, and multiple out-of-the-box 
material types (Subsurface Scattering, Anisotropy, Iridescence, Specular Colour, and Translucency), 
and several post-processing effects (Ambient Occlusion, Auto-exposure, and Screen Space 
Reflections). Lighting in HDRP is physically accurate and uses lighting units such as lumens, lux, and 
candela. The environment was set up to use an HDRI Sky for the skybox and the ambient lighting. 
The fog was also added to give some density to the atmosphere and interact with the sunlight within 
the workshop. Machinery modelled as presented above was also imported and instantiated in the 
scene based on reference photographic material. The lighting plan is using lightmaps for all static 
geometry with the use of Mixed Lights, which provide real-time direct lighting but its indirect is 
baked. For dynamic geometry, e.g., characters, Light Probes will be used in the next iteration. Extra 
care was put into creating semi-transparent materials. Reflections were also added to the scene 
with the use of Reflection Probes. The overall artificial lighting of the 3D workshop is shown in Figure 
59.  

    

    

    

    

 1 
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Figure 59. Artificial lighting. 

6.5.3.2 Implementation of Virtual Humans & animation  

The virtual human bodies and clothes are created to obtain one unified and optimized model, 
enhancing the visual impact of the characters with texture mapping and material editing. The 3D 
generation of the virtual bodies has also to take into consideration the total number of polygons 
used to create the meshes to keep a balance between the 3D real-time simulation restrictions and 
the skin deformation accuracy of the models 

Avatars are created with a combination of different software: Adobe Fuse CC/Mixamo [30] is used 
for creating the body character, the clothes, the hair, and the rigging. The generated model is then 
imported into Autodesk 3DS max [29] for mesh geometry optimization. Manual methods, by using 
the editable poly tools are preferred since it allows keeping the regularity of the topology while the 
automatic methods generate a mess geometry which is not suitable for skin deformation nor a 
regular UV texture map generation.  

The processing of the files has been done on Autodesk MotionBuilder software [48] which is 
dedicated to animation and the direct integration of motion capture technologies. The process 
requires the following steps: 

• Creation of an "actor" in MotionBuilder with skeleton definition corresponding to the 
Biovision Hierarchy (BVH). 

• Transposition of the received animations (.bvh files) on the actor 
• Synchronization of the avatar with the actor by adjusting the 2 models so that the 

measurements match and the animations are correctly reproduced (retargeting). 

Screenshots from the procedure of animating a virtual actor are presented in Figure 60. 
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Figure 60. Animating the Virtual Human. 

6.5.3.3 Tool usage  

Tool Handling during animations is implemented using animation rigging, which enables users to 
animate a mesh with the use of a skeleton, as well as other use cases like runtime rigging. Runtime 
rigging is when a skeletal animation is modified during gameplay using constraints as a post-process. 
Useful scenarios include attaching hands to props or aiming the head in reaction to a gameplay 
event like a character passing by. Rig Constraints are also used to affect objects in reaction to the 
skeleton’s motion. 

6.5.3.4 Workshop demonstration  

For craft presentation and to facilitate the installation presented in the next section three 
applications were implemented. These applications present synchronized content and thus they 
integrate a software mechanism for their interconnection. The main application (see Figure 61) is a 
simulation of the crafting process for creating a glass carafe as modelled in the previous sections 
and combines the knowledge of the crafting process with the modelling of the workshop, the tools, 
and the machines. Furthermore, it integrates the implemented VHs and their animations as 
recorded during the ethnographic fieldwork at CERFAV.  
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Figure 61. Main application screen. 

The second application (see Figure 62) presents close-up views of the gestures of the glassblowing 
VH to enhance the understanding of the audience regarding specific crafting gestures used in the 
making process.  

The third application presents the tools used in each step of the process to enhance the 
understanding between craftsmanship, gestures, and tools. For example, as shown in Figure 63 for 
the shaping and glassblowing process steps a blowpipe, newspaper, and a block are used. The tools 
are presented on the top of the application’s screen while the abstraction of the process is 
presented in section 4.3.3. is presented on the bottom side of the screen.  
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Figure 62. Close-up views of the glassblowing process. 

 

Figure 63. Overview of the tools used in each step. 

6.5.4 Glassblowing training 

To experience glassblowing gestures, an interactive installation was created, with the use of 
MAX/MSP 8, a visual programming framework, in combination with python programming, as well 
as an RGB-D Intel Realsense camera for the real-time tracking and recognition of the gestures of the 
user. The information that was used from both videos from the gesture recognition engine was the 
upper body joints (shoulders, elbows, wrists, neck), as extracted from the OpenPose [54] 
framework. OpenPose is a system for real-time human joint detection, with the use of Deep 
Learning architectures.  

On the screen, a big frame with the video of the expert glassblower appears, while a smaller one 
with the video of the visitor places on the top-left of the screen. The user can either start 
experimenting directly or choose the question mark sign on the top of the installation screen, to see 
the instructions before starting imitating. An instance of this instructions screen is shown in Figure 
64. On that screen, the user can see a video of each one of the gestures, before starting 
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experimenting. When the imitation starts, the grey bar right up the expert’s video starts getting red. 
The speed of this bar getting red concerns how good the gesture recognition results are.  

  

Figure 64. left- An instance of the main screen of the interactive installation, right – instructions.  

6.6 Exploitation  

The results of this pilot were deployed in the context of a periodic exhibition at the premises of the 
museum of CNAM, which is where the worlds of academics and professional activity come together. 
It is the only higher education establishment dedicated to life-long professional training. 

In this context, a dedicated space at the cathedral which is part of the museum was dedicated for 
the exhibition. The space is a chapel of the cathedral located within the main exhibition of the 
museum. The installation is comprised of a special construction capable of hosting three large 
displays created through back projection in thin synthetic fabric. Furthermore, for craft training, a 
bench has been installed in front of the main display together with a glassblowing pipe to be used 
by visitors. The installation has integrated hosting spots for the glass carafes and pieces of the carafe 
created during the ethnographic fieldwork. Special lighting was integrated within to present the 
interaction of glass with light and to create an atmosphere. Figure 65 presents the building of the 
installation structure.  
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Figure 65. Building up the installation at CNAM.  

After the completion of the physical part of the installation, the software was installed in the 
computers hosting each projection and their intercommunication was set up. Furthermore, the 
computers were programmed to communicate with the projectors to open and close automatically 
thus saving resources, and protecting the projection equipment. Figure 66 presents the craft 
presentation applications installed and running within the installation space. 

In the computer hosting the glassblowing presentation, a second application was installed which is 
dedicated to crafting training. This application allows users to mimic craft gestures using the tools 
and the bench. The scenario that was set up was that the presentation application sequence is 
executed first and then the main projection switches to the craft training applications so that users 
test what they learned from the craft presentations. To do so, an application was used to control 
the order of execution of the craft presentation and craft training applications.  

Examples of users interacting with the craft training application are presented in Figure 67. On the 
left side, a back view of the application and user is presented while on the right side we present how 
users are experiencing the interaction. 
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Figure 66. Craft workshop presentation.  

  

Figure 67. left- Craft training screen view, right – craft training – user view.  

6.6.1 Preliminary evaluation 

After the technical validation of the installation, a short preliminary evaluation with end-users 
provided by the museum was conducted. The objective of the preliminary evaluation was to identify 
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whether the educational goals set up by the museum are facilitated through the installation and 
identify possible usability issues.  

The first part of the preliminary evaluation was conducted with users from the education 
department of the museum invited to experience the installation and mimic the craftsperson 
actions using the bench and tools provided. The results of this evaluation resulted in changes to the 
UI of the training application in order (a) to provide real-time help to users to guide them through 
the training process and (b) to enhance the feedback of the system during user operation to enhance 
the understanding of both successful and non-successful interaction. More specifically, an identified 
issue regarded the feedback that should be provided when the user is starting to perform a gesture 
where there was a time frame with no additional information from the system resulting in users 
quitting an operation with the feeling that they were not doing the correct gestures.  

The second part of the evaluation was done through inspection methods on all users. A user 
experience evaluator was monitoring the interaction of the users with the system and recorded 
identified usability issues. More of them were minor details of the UI that were improved. The most 
severe issue identified was a cold start effect resulting from the lack of sufficient information from 
the system when moving from the craft demonstration part to the craft training part. For this 
reason, introductory screens were designed and installed to assist users when the training session 
started. Furthermore, another issue that regarded the time scheduling of the installation regarded 
the occurrence of switches between apps while the users were interacting with the training. This 
was considered a major usability issue and was resolved on-site.  

After the conclusion of this preliminary evaluation and the resolution of the identified issues, the 
installation was inspected by a user-experience expert.  

A comprehensive user-based evaluation of the Glass installation was planned and carried out as part 
of T6.5 activities to assess its overall usability and user experience. The evaluation involved the 
participation of public visitors, who provided their feedback after their interaction with the 
applications via post-interaction questionnaires. The results of this evaluation are reported in 
paragraph 7.3. 
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7. Evaluation of installations at pilot sites 

As mentioned earlier, user-based evaluations of the applications which were installed at the three 
pilot sites were carried out with the participation of museum visitors to assess their overall usability 
and user experience. Specifically, the visitors were asked to provide their feedback in an anonymous 
format via post-interaction questionnaires after spending some time interacting with the 
applications. The applications that were included in these pilot evaluations were the following: 

• Silk pilot: Museum tour guide – mobile application 

• Mastic pilot: Mastic narrations – AR application, Mastic gestures – gestural know-how 
application, and Mastic landscapes (Airborne) – geographical context application 

• Glass pilot: Craft workshop presentation and craft training application 

The post-interaction questionnaires were constructed individually for each one of the above 
installations and according to the specific parameters each application needed to evaluate. The 
questionnaires were divided into parts and included both close and open-ended questions providing 
quantitative and qualitative data.  

The first part of the questionnaire, which was common to all the questionnaires, was based on the 
standardised and well-established questionnaire User Experience Questionnaire (UEQ) [122], which 
measures the user experience of interactive products and applications. The scales included in the 
UEQ cover a comprehensive impression of user experience, including both classical usability aspects 
such as efficiency, perspicuity, and dependability, as well as user experience aspects, such as 
originality and stimulation.  

The questionnaire contains 26 items in the form of semantic differentials, i.e. pairs of opposite 
adjectives, which can be rated on a 7-point Likert scale. The 26 items correspond to the six scales:  

• Attractiveness: Overall impression of the product. Do users like or dislike the product? 

• Perspicuity: Is it easy to get familiar with the product? Is it easy to learn how to use the 
product? 

• Efficiency: Can users solve their tasks without unnecessary effort? 

• Dependability: Does the user feel in control of the interaction? 

• Stimulation: Is it exciting and motivating to use the product? 

• Novelty: Is the product innovative and creative? Does the product catch the interest of 
users? 

However, for the needs of the evaluation of the pilot installations, only the following four of the six 
scales were used: Attractiveness, Perspicuity, Stimulation, and Novelty. This reduced the number of 
items to 18. This decision was made because the efficiency and the dependability scales included 
items that were irrelevant to the functionality included in our applications as they pertain more to 
task-oriented systems. The results of the UEQ were calculated based on the data analysis tool 
provided by the authors [123]. 

The second part and third parts of the questionnaires included ad-hoc questions which differed from 
installation to installation.  
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In the questionnaires for the evaluation of the installations that are examined to remain on the pilot 
sites as long-term fixtures (i.e. the application for the Silk pilot at the Haus der Seidenkultur and the 
installations at the Museum of Mastic in Chios) an additional question was used, that of the Net 
Promoter Score. The Net Promoter Score [124] is a loyalty metric typically used in customer surveys 
that aims to quantify customers’ overall satisfaction with a product or service and the likelihood of 
someone recommending the product, or service to a friend or colleague. The metric comprises of a 
single item question, “How likely are you to recommend this application/installation to a relative or 
a close friend” and it is measured on a scale from 0-10. However, in recent years this single item 
question has been used in the HCI field as a complementary metric to other usability metrics [125].  

The questionnaires were translated into the native language of the pilot site in addition to the 
English version, i.e. in Deutsch for the Silk pilot in Krefeld, Germany, in Greek for the Mastic pilot in 
Chios island, and French for the Glass pilot in CNAM, Paris. 

7.1 Silk pilot evaluation results 

The post-interaction questionnaire for the Museum Tour Guide application comprised of the 
following three parts: 

Part A: This part included the 16 items of the UEQ questionnaire corresponding to the scales of 
attractiveness, perspicuity, stimulation, and novelty. 

Part B: This part included 3 ad-hoc questions answered on a 5-item Likert scale format: Not at all, 
very little, neutral, somewhat, and very much. These questions aimed at measuring the visitors’ 
prior knowledge of the represented craft, their impression on whether the application helped them 
learn about the craft and their impression of whether the museum tour made them want to learn 
more about the craft, respectively. Specifically, these questions were phrased as follows:  

1. Before this museum tour, how knowledgeable were you about the craft of jacquard 
weaving? 

2. How much did this museum tour help you learn more about the craft of jacquard weaving? 
3. How much do you think this museum tour made you want to learn more about the craft of 

jacquard weaving? 

Part C: This part included 5 more ad-hoc questions answered on a 5-item Likert scale format: Very 
unsatisfied, unsatisfied, neutral, satisfied, very satisfied.  

In this part, the visitors were asked to indicate their level of satisfaction with the following technical 
and design aspects of the application: 

4. The overall structure of this Museum Tour application 
5. The ease of using this Museum Tour application 
6. The quality of the content of the videos provided in the Tour 
7. The museum guide (avatar) of the application 
8. The educational value of the Museum Tour 
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NPS question: On a scale from 0 (Not at all likely) to 10 (Extremely likely), how likely are you to 
recommend this Museum Tour application to a friend or a family member visiting the museum? 
Circle the number that corresponds to your score. 

Comments: At the end of the questionnaire, space was allocated for the addition of any other 
comments the visitors would like to make about the Museum Tour Guide application they 
experienced. 

Thirty-four public visitors responded to the post-interaction survey questionnaire after using the 
Museum Tour Guide application. Thirty-two respondents were from Germany and two were from 
other countries, Spain and France. The respondents were all adults and the majority of them (65%) 
were above the age of 45, as it is depicted in Figure 68.  

  

Figure 68: Age distribution of respondents – Virtual Museum Tour application 

7.1.1 UEQ results 

The UEQ does not produce an overall score for the user experience. Rather, it aggregates the results 
per scale used in the questionnaire, i.e. in the case of the pilots, attractiveness, perspicuity, 
stimulation, and novelty. The results of the aggregated means and variance for these four scales for 
the Museum Tour Guide application are depicted in Figure 69, whereas the results per each of the 
semantic differential items are presented in Table 4. 
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Figure 69: Aggregate means and variance per UEQ scale – Museum Tour application  

Item Mean Variance Std. Dev. N Left Right Scale 

1 2,1 0,4 0,6 33 annoying enjoyable Attractiveness 

2 1,7 0,9 0,9 32 not understandable understandable Perspicuity 

3 1,1 1,7 1,3 32 creative dull Novelty 

4 1,2 1,3 1,1 32 easy to learn difficult to learn Perspicuity 

5 1,5 1,4 1,2 33 valuable inferior Stimulation 

6 1,5 1,6 1,3 33 boring exciting Stimulation 

7 2,0 1,2 1,1 33 not interesting interesting Stimulation 

8 0,8 2,1 1,5 32 inventive conventional Novelty 

9 1,8 1,2 1,1 33 good bad Attractiveness 

10 1,3 1,7 1,3 33 complicated easy Perspicuity 

11 1,5 1,8 1,3 31 unlikable pleasing Attractiveness 

12 1,0 1,5 1,2 32 usual leading edge Novelty 

13 1,3 2,2 1,5 32 unpleasant pleasant Attractiveness 

14 1.3 1,1 1,0 31 motivating demotivating Stimulation 

15 1,0 2,1 1,4 32 clear confusing Perspicuity 

16 1,3 1,3 1,1 32 attractive unattractive Attractiveness 

17 1,4 1,9 1,4 32 friendly unfriendly Attractiveness 

18 0,7 1,5 1,2 32 conservative innovative Novelty 

Table 4: UEQ results per item (Mean, variance, std. dev.) – Museum Tour application 

Values between -0,8 and 0,8 represent a more or less neutral evaluation of the corresponding scale, 
values > 0,8 represent a positive evaluation and values <-0,8 represent a negative evaluation. From 
the results presented in the table, we can see that only in one of the items in the novelty scale 
(conservative/innovative) the mean score was just under 0,8, however, the overall novelty scale still 
received a positive result. In fact, all scales measured received scores well above the neutral zone, 
reflecting the positive impression of the respondents in regards to the perceived stimulation, 
attractiveness, perspicuity, and novelty of the application.  
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7.1.2 Ad-hoc questions results 

As mentioned earlier, 8 ad-hoc questions were included in the post-interaction questionnaire for 
the Museum Tour Guide application. The first 3 questions (Q1-Q3) aimed at measuring the visitors’ 
prior knowledge of the subject, whether they think the application helped them learn more about 
it, and whether they think it intrigued them in learning more. These 3 questions were measured on 
a 5 item Likert-scale with the following options: Not at all, a little, neutral, somewhat, and very 
much. The other 5 questions (Q4-Q8) aimed at measuring the visitors’ impression of the structure 
of the virtual tour, its ease of use, the quality of the content, the impression of the Virtual Character 
of the museum tour guide, and the overall educational value of the application. The 5-item Likert 
scale used for these questions had the following scales: Very unsatisfied, unsatisfied, neutral, 
satisfied, and very satisfied. 

As all the ad-hoc questions were scored on a 5 item Likert scale, the data collected was treated as 
ordinal and thus the results are reported in the median, mode, and inter-quartile ranges and 
frequency (%). Respective data is shown in Table 5, Table 6, and Table 7, while the data is shown in 
bar charts in Figure 70, Figure 71, and Figure 72.  

Part B: Questions 1-3 N Median Mode IRQ (Q3-Q1) 

Q1: Before this museum tour, how knowledgeable were you 
about the craft of jacquard weaving? 

33 4 4 1.5 (2.5-4) 

Q2: How much did this museum tour help you learn more 
about the craft of jacquard weaving? 

34 4,5 5 1 (5-4) 

Q3: How much do you think this museum tour made you want 
to learn more about the craft of jacquard weaving? 

32 4 4 1(5-4) 

Part C: Questions 4-8 - level of satisfaction with the following N Median Mode IRQ (Q3-Q1) 

Q4: Overall structure of this Museum Tour application 33 4 4 1.5 (4,5-3) 

Q5: Ease of using this Museum Tour application 34 4 4 1 (4-3) 

Q6: Quality of the content of the videos provided in the Tour 33 4 4 1 (5-4) 

Q7: Museum guide (avatar) of the application 33 4 4 1 (4-3) 

Q8: Educational value of the Museum Tour  34 4 4 1 (5-4) 

Table 5: Median, mode, and inter-quartile ranges for ad-hoc questions – Museum Tour application 

 Q1 Freq. (%) Q2 Freq. (%) Q3 Freq. (%) 

Not at all 3% 3% 3% 

Very little 21% 3% 3% 

Neutral 15% 15% 9% 

Somewhat 52% 29% 44% 

Very much 9% 50% 41% 

Table 6: Frequency of answers for questions Q1-3 – Virtual Museum Tour application 

 Q4 Freq. (%) Q5 Freq. (%) Q6 Freq. (%) Q7 Freq. (%) Q8 Freq. (%) 

Very unsatisfied 3% 3% 0% 0% 0% 

Unsatisfied 6% 12% 0% 12% 0% 

Neutral 24% 21% 12% 27% 3% 

Satisfied 42% 41% 58% 52% 62% 

Very satisfied 24% 24% 30% 9% 35% 
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Table 7: Frequency of answers for questions Q4-8 – Museum Tour application 

 

Figure 70: Frequency for ad-hoc questions 1-3 – Virtual Museum Tour application 

 

Figure 71: Frequencies for ad-hoc questions 4-5 – Virtual Museum Tour application 

 

Figure 72: Frequencies for ad-hoc questions 7-8 – Virtual Museum Tour application 

From the data presented in the tables, it is shown that the central tendency (median) of the 
respondents in Q2 was 4,5 and for Q3-Q8 was 4. Whereas, the most frequent value (mode) in the 
answers was 5 for Q2 and 4 for Q3-8. This means that the majority of the respondents have rated 
positively all aspects of the application. 

Looking at the graphs, it can be seen that even though the majority of the respondents, 61%, were 
people who were somewhat very knowledgeable about the represented craft (Q1), the majority of 
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them, 79%, thought that the application helped them learn more about it (Q2). Moreover, the 
majority of the respondents, 85%, also thought that the application made them want to learn more 
about the craft, which is an indication that the application intrigued the sample of visitors in learning 
more about the craft (Q3). This conclusion is also supported by the answers received about the level 
of satisfaction regarding the educational value of the museum tour application, which was also 
scored very highly by the vast majority of the respondents, 97% (Q8). 

Concerning the level of satisfaction with the ease of use of the application, 65% of the respondents 
answered that they were satisfied or very satisfied with it (Q5), whereas only 17%, which translates 
to 5 out of the 34 respondents to this question scored in the lower range 1 and 2. The respondents 
also seemed to be very satisfied with the quality of the content of the tour (i.e. audio-visual content 
and narrations), with 88% rating their satisfaction as 4 and 5 on the scale (Q6). One of the 
respondents made a comment that best reflects this sentiment “I have never had such complex 
contents presented in such a detailed manner in any other museum”. Furthermore, 66% of the 
respondents also rated high their level of satisfaction with the overall structure of the Tour. Whereas 
regarding the museum guide, although the majority of the respondents, 61%, rated high the avatar 
tour guide, 27% were neutral about it, neither positive nor negative, and only 12% were unsatisfied 
with it, which corresponds to 4 people out of the 33 who answered this question.  

7.1.3 Net Promoter Score (NPS) 

The NPS for the Museum Tour Guide application was calculated after subtracting the percentage of 
detractors (those who gave a score of 6 or less on the 10-item rate scale) from the promoters (those 
who gave a score of 9 or 10 on the rating scale). Based on the global NPS standards, any score above 
0 is considered a “good” score, (50 and above is excellent, while 70 and above is world-class). The 
NPS of the museum tour was 41, which is considered a rather positive score, as it shows that there 
are more advocates (promoters) willing to recommend the virtual tour to others than critics 
(detractors).  

7.1.4 Other comments 

In the last section of the questionnaire, space was provided for the respondents to leave any general 
comments they had about the Museum Tour Guide application. 22 of the visitors who responded to 
the questionnaire wrote comments in this section. The majority of the comments regarded 
suggestions for improvements and minor problems encountered during the operation of the tablet 
and the application. The most representative of these comments and the actions taken to correct 
any reported problems are discussed next.   

Specifically, some of the suggestions had to do with providing physical markers in the museum to 
mark more clearly the path of the tour. As one visitor pointed out it would have been helpful if there 
were clear indications at which point in each station one should stand, while three other visitors 
pointed out that labelling was missing i.e. signs to show where to go next, to mark entrances and 
exits points of stations, etc. One person even suggested for the avatar be incorporated into the map 
of the building to guide the visitors through the map. A digital map of the museum with notations 
on where exactly each station is positioned in the building is provided as a button option at the top 
of the application, but it is possible that some people would have preferred physical labels in 
addition to the digital indication of where each station is at the museum. As adding physical labels 
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in the corridors and the rooms is not an option for the museum, it was decided to include additional 
information about the location of each station in the museum on the Avatar screen in the form of a 
diagram or a picture in the updated version of the application.  

Another aspect of the tour that some of the visitors commented about was that the volume of the 
videos varied making it necessary for the visitors to adjust it from the tablet side buttons. This 
problem has to do with the fact that the recordings of the video narrations and the recordings of 
the Avatar narrations and the after production editing were not done with the same equipment and 
software (i.e. microphones, video compilers, etc.). As a result, there was indeed some variation. To 
alleviate this problem, in the updated version of the application, the Avatar narrations audio files 
were edited in speciality software to match the volume of the video narrations audio files, so that 
the visitors won’t have to adjust the volume during the tour.  

Other minor problems had to do with the video player, which seemed to take a little longer than 
usual to start in some instances. This problem has to do with the allocation of the RAM of the 
Android tablet to background services. In any case, to reduce this effect, compression was applied 
in all the videos to ensure that there will be no delays.  

Overall, the problems reported in the comments section were minor and were addressed in their 
majority in the newer version of the application.  

7.2 Mastic pilot evaluation results 

For the Mastic pilot, evaluations were conducted for the three application installations: Mastic 
narrations, mastic landscapes, and mastic gestures. For each application, a separate questionnaire 
was constructed. The description of each of the questionnaires and the results per application are 
presented next. 

7.2.1 Mastic narrations application 

Part A: This part included the 16 items of the UEQ questionnaire corresponding to the scales of 
attractiveness, perspicuity, stimulation, and novelty that measure user experience and usability. 
Furthermore, in this section, two open-ended questions were added, “List what you liked the most 
about the mastic narrations applications” and “List what you liked the least about the mastic 
narrations applications”.  

Part B: This part included 5 ad-hoc questions answered on a 5-item Likert scale format: Not at all, a 
little, neutral, somewhat, very much. 

These questions aimed at measuring the visitors' prior knowledge about the life of mastic growers, 
their impression on whether the application helped them learn about the life of mastic growers, and 
their impression of whether the application made them want to learn more about the mastic 
growers, their impression on whether the application enhanced their overall museum experience, 
and whether they considered the use of avatars as an appropriate medium to convey the mastic 
growers narrations, respectively. Specifically, the questions were phrased as follows: 
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1. How knowledgeable were you about the life of mastic growers before using this interactive 

application?  

2. How much do you think this interactive application helped you learn more about the life of 

mastic growers? 

3. How much do you think this interactive application made you want to learn more? 

4. How much do you think that this interactive application enhanced your overall museum visit 

experience? 

5. Do you think that the virtual characters (avatars) used in this application were appropriate 

mediums to convey narratives? 

Part C: This part included 5 more ad-hoc questions answered on a 5-item Likert scale format: Very 
unsatisfied, unsatisfied, neutral, satisfied, very satisfied 

In this part, the visitors were asked to indicate their level of satisfaction with various technical and 
design aspects of the application. Specifically, with the following: 

6. Design and animation of virtual characters (avatars) 

7. Quality of the content of the narrations 

8. The educational value of narrations 

9. Authenticity of narrations 

10. Overall satisfaction with this interactive museum application 

NPS question: On a scale from 0 (Not at all likely) to 10 (Extremely likely), how likely are you to 
recommend this interactive application to a friend or a family member visiting the museum? Circle 
the number that corresponds to your score. 

A total of 45 visitors to the Chios museum answered the post-interaction questionnaire. The age 
and country distribution are depicted in Figure 73 and Figure 74 respectively. 
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Figure 73: Age distribution of post-interaction 
questionnaire respondents – Mastic 
narrations 

 

Figure 74: Country of origin distribution of 
post-interaction questionnaire respondents – 
Mastic narrations 

7.2.1.1 UEQ results 

The results of the aggregated means and variance for these four scales are depicted in Figure 75, 
whereas the results per each of the semantic differential items are presented in Table 8. 

 

Figure 75: Aggregate means and variance per UEQ scale – Mastic narrations application 

 Item Mean Variance Std. Dev. No. Left Right Scale 

1 1,6 1,9 1,4 41 annoying enjoyable Attractiveness 

2 2,0 2,0 1,4 42 not understandable understandable Perspicuity 

3 1,8 2,2 1,5 42 creative dull Novelty 
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4 2,3 1,3 1,2 42 easy to learn difficult to learn Perspicuity 

5 1,9 1,7 1,3 41 valuable inferior Stimulation 

6 1,5 1,9 1,4 41 boring exciting Stimulation 

7 2,0 1,8 1,4 40 not interesting interesting Stimulation 

8 1,5 2,7 1,6 41 inventive conventional Novelty 

9 2,2 1,5 1,2 41 good bad Attractiveness 

10 1,6 2,8 1,7 41 complicated easy Perspicuity 

11 2,1 2,1 1,5 42 unlikable pleasing Attractiveness 

12 1,8 2,8 1,7 41 usual leading edge Novelty 

13 2,1 2,2 1,5 41 unpleasant pleasant Attractiveness 

14 2,0 1,7 1,3 41 motivating demotivating Stimulation 

15 2,1 2,0 1,4 42 clear confusing Perspicuity 

16 2,0 2,1 1,5 42 attractive unattractive Attractiveness 

17 2,3 1,7 1,3 41 friendly unfriendly Attractiveness 

18 1,9 2,6 1,6 42 conservative innovative Novelty 

Table 8: UEQ results per item (Mean, variance, std. dev.) – Mastic narrations application 

From the results depicted in the above figure and table, it can be concluded that the visitors that 
responded to the post-interaction questionnaire, rated the Mastic narrations application rather 
positively on all four scales, as the means for all the items were well above 0.8 which is considered 
the middle zone. The highest rating was scored on the attractiveness scale, followed by perspicuity, 
stimulation, and novelty with small differences between them. The overall positive impression 
depicted in the UEQ results is also reflected in the comments respondents wrote in the two open-
ended questions, the analysis of which is presented next.  

7.2.1.2 Open-ended questions 

In this post-interaction questionnaire, two open-ended were provided: 

1. List what you liked the most about this interactive application 

2. List what you liked the lease about this interactive application 

The question “List what you liked the most about the application” received comments from 30 of 
the 45 respondents, with some leaving more than one comment per question. Some comments 
were removed from the analysis as they were not specific to the application, but the entire factory 
area exhibit. The remaining comments were aggregated and then categorised manually. 

Table 9 and Table 10 present the most representative comments per identified category (left 
column) and the number of individual comments received in each category (right column).  

List what you liked the most about this interactive application 

Categories Number of individual comments 

Avatars: avatars liven up the history, narration style (not robotic), 
integration of avatars in the physical space, avatar narrates its own 
story, beautiful avatars 

9 

Innovation: innovative, the fact that you can interact with the 
exhibit, the creativity and innovation of it, where the interaction 

9 
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meets the human element, standing next to an avatar that is 
narrating his story, innovative “videos” (narrations), VR aspect, AR 
layer, seeing people interacting with the exhibit 

Ease of use: easy guidance, understandable, simplicity of 
vocabulary used, intuitive application, simple in the description 
(narrations) 

7 

Experience: “homely” personal stories, avatars narrating their own 
personal story (makes it more real), wonderful and authentic 
stories from everyday life, personal stories of the factory workers, 
simple stories that make them feel more familiar 

6 

Learning: the directness of it, learning about the entire process 
from production to consumption, informative about the process 
(mastic), information that cannot be seen/read otherwise, an 
animation showing everything part to part, a good initiative to 
make the process clear for visitors 

6 

Table 9: Categories of comments and number of comments per category for question “List what you 
liked the most” – Mastic narrations application 

The “List what you liked the least about this interactive application”, received comments from 19 of 
the respondents. Three of those comments were removed from the analysis as they were irrelevant 
and two were actually positive comments, i.e nothing to list in this question. There was a total of 14 
comments in this section relevant to the application.  

List what you liked the least about this interactive application 

Categories Number of individual comments 

Technical issues: room for improvement in the rhythm and 
intonation of the narrations, subtitles were not synchronized 
correctly in all the avatars, the stands (mobility), sometimes the 
speech was delayed, bigger fonts on PINs 

7 

Other: missing hint that screen is touchable, “video” avatar may 
take time to listen-can be summarized, would have liked if 3D 
objects appeared next to the avatars, would have liked in avatars 
were moving to show how work was done 

7 

Table 10: Categories of comments and number of comments per category for question “List what you 
liked the least” – Mastic narrations application 

The majority of comments regarding technical issues were collected during the evaluation of the 
first version of this application and were all correct. Specifically, changes in the content of the 
narrations were made to improve the flow of the information, the audio recordings were done anew 
to improve intonation and reflect the changes in the content of the narrations, any problems with 
subtitle synchronization were corrected, and the narration components were compressed to ensure 
that there would be not lagging observed. Furthermore, the stands holding the tablets that host this 
application were made more stable by applying adhesive tape on their bases. Other minor changes 
were made in the UI, such as making the fonts of the PINs larger and adding functionality to show 
the ‘Select language’ UI when the application was idle for a couple of minutes as a hint that the user 
can interact with the tablet. Lastly, significant changes were made in the administrative side of the 
application to facilitate the museum staff in carrying out the steps needed to set up the application 
every morning more easily and effectively. 
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Overall, the comments collected in this section showed that visitors found the application easy and 
simple yet innovative and powerful in conveying personal stories about the factory workers.  

7.2.1.3 Ad-hoc questions 

This section of the post-interaction questionnaire for the Mastic narrations questionnaire included 
10 questions. The first 5 questions (Q1-Q5) aimed at measuring the visitors’ prior knowledge of the 
subject, whether they think the application helped them learn more about it, whether they think it 
intrigued them in learning more, whether it enhanced their overall museum visit, and whether they 
found the use of avatars as storytellers appropriate. These 5 questions were measured on a 5 item 
Likert-scale with the following options: Not at all, a little, neutral, somewhat, and very much. The 
other 5 questions (Q6-Q10) aimed at measuring the visitors’ impression of the ease of use, the 
quality of the 3D representation, the quality of the information about the mastic villages, and their 
overall level of satisfaction with it. The 5-item Likert scale used for these questions had the following 
options: Very unsatisfied, unsatisfied, neutral, satisfied, and very satisfied. 

As all the ad-hoc questions were scored on a 5 item Likert scale, the data collected was treated as 
ordinal and thus the results are reported in the median, mode, and inter-quartile ranges and 
frequency (%). Respective data is shown in Table 11, Table 12, and Table 13 while the data is shown 
in bar charts in Figure 76, Figure 77, Figure 78, and Figure 79.  

Part B: Questions 1-5 N Median Mode IRQ (Q3-Q1) 

Q1: How knowledgeable were you about the life of mastic 
growers before using this interactive application? 

44 2 2,1 2 (3-2) 

Q2: How much do you think this interactive application 
helped you learn more about the life of mastic growers? 

44 5 5 1 (5-4) 

Q3: How much do you think this interactive application 
made you want to learn more? 

44 4 4 2 (5-3) 

Q4: How much do you think that this interactive 
application enhanced your overall museum visit 
experience? 

44 5 5 1 (5-4) 

Q5: Do you think that the virtual characters (avatars) used 
in this application were appropriate mediums to convey 
narratives? 

44 4 5 1,5 (5-3,5) 

Part C Questions 6-10 - level of satisfaction with the 
following: 

N Median Mode IRQ (Q3-Q1) 

Q6: Design and animation of virtual characters (avatars) 44 4 4 1 (5-4) 

Q7: Quality of the content of the narrations 44 5 5 1 (5-4) 

Q8: Educational value of narrations 44 5 5 1 (5-4) 

Q9: Authenticity of narrations 44 4 5 1 (5-4) 

Q10: Overall satisfaction with this interactive museum 
application  

44 5 5 1 (5-4) 

Table 11: Median, mode, and inter-quartile ranges for ad-hoc questions – Mastic narrations 
application 

 Q1 Freq. (%) Q2 Freq. (%) Q3 Freq. (%) Q4 Freq. (%) Q5 Freq. (%) 

Not at all 34% 5% 5% 2% 2% 

Very little 27% 7% 7% 2% 5% 

Neutral 11% 11% 20% 9% 18% 
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Somewhat 14% 25% 39% 32% 32% 

Very much 14% 52% 30% 55% 43% 

Table 12: Frequency of answers for questions Q1-5 – Mastic narrations application 

 Q6 Freq. (%) Q7 Freq. (%) Q8 Freq. (%) Q9 Freq. (%) Q10 Freq. (%) 

Very unsatisfied 2% 2% 2% 0% 2% 

Very little 5% 7% 2% 2% 7% 

Neutral 16% 7% 9% 9% 5% 

Somewhat 43% 30% 32% 41% 30% 

Very much 34% 55% 55% 48% 57% 

Table 13: Frequency of answers for questions Q6-10 – Mastic narrations application 

 

Figure 76: Frequency for ad-hoc questions 1-3 – Mastic narrations application 

 

Figure 77: Frequency for ad-hoc questions 4-6 – Mastic narrations application 
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Figure 78: Graphs displaying frequencies of answers for ad-hoc questions 7-9 – Mastic narrations 
application 

 

Figure 79: Graph displaying frequencies of answers for ad-hoc questions 10 – Mastic narrations 
application 

From the data presented in the tables, it is shown that the central tendency (median) of the 
respondents in Q2, Q4, Q7, Q8, and Q10 was 5 and for the rest of the questions, Q3, Q5, Q6, and 
Q9 it was 4. Whereas the most frequent value (mode) in the answers for Q3 and Q6 was 4, and for 
the rest Q2, Q4, Q5, Q7, Q8, Q9, and Q10 was 5. This means that the majority of the respondents 
rated positively all aspects of the application. 

Looking at the graphs, it can be seen that 61% of the respondents had little or no prior knowledge 
about the life of mastic growers (Q1), however, 77% of the respondents thought that the application 
helped them learn more about the mastic growers (Q2). This result coincides with the sentiment of 
the majority of the respondents, 87%, who rated their level of satisfaction with the educational 
value of the application positively (Q8). Furthermore, 39% of the respondents thought that the 
application made them want to learn more (intrigued learning).  

A high percentage of the respondents, 87%, also thought that the application enhanced their overall 
museum visit experience. 77% of the respondents found the avatars appropriate mediums for 
storytelling, with only 3 people rating them negatively. Interestingly enough the negative ratings on 
the avatars were by respondents in the age group of under 18.   
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All other aspects of the application, such as the quality of the content (Q7), the authenticity of 
narrations (Q9), and the overall satisfaction (Q10), were also rated positively by the vast majority of 
the respondents, 85%, 89%, and 87% respectively.  

7.2.1.4 Net Promoter Score 

The calculated NPS for the Mastic narrations application was calculated 42, which is considered a 
positive score, as it shows that there are more advocates (promoters) willing to recommend the 
virtual tour to others than critics (detractors). Specifically, 60% of the 43 respondents to this 
question answered 9 or 10 on the likeliness to recommend this application to their relatives and 
friends, and 29% answered 6 and below, while the remaining 11% of the respondents answered 
with an 8 or 7, falling in the “passives” category. The NPS score for this application is yet another 
indication that proves that the visitors had a positive user experience with this Mingei installation.  

7.2.2 Mastic landscapes application 

The questionnaire for the Mastic landscapes Mingei installation consisted of the following three 
parts: 

Part A: The first part of this questionnaire included the same 16 items of the UEQ questionnaire 
corresponding to the scales of attractiveness, perspicuity, stimulation, and novelty, as the other 
installation questionnaire. Additionally, this section also included the two open-ended questions 
were “List what you liked the most about the mastic narrations applications” and “List what you 
liked the least about the mastic narrations applications” like the questionnaire of the Mastic 
narrations.  

Part B: This part included 4 ad-hoc questions answered on a 5-item Likert scale format: Very 
unsatisfied, unsatisfied, neutral, satisfied, very satisfied.  

In this part, the visitors were asked to indicate their level of satisfaction with various technical and 
design aspects of the application. Specifically, with the following: 

1. Ease of using this interactive application 

2. Quality of virtual representation of the traditional villages 

3. Quality of content presented in each traditional village 

4. Overall satisfaction with this interactive museum exhibit 

NPS question: On a scale from 0 (Not at all likely) to 10 (Extremely likely), how likely are you to 
recommend this interactive application to a friend or a family member visiting the museum? Circle 
the number that corresponds to your score. 

A total of 30 visitors to the Chios museum answered this post-interaction questionnaire after 
interacting with this application. The age and country distribution are depicted in Figure 80 and 
Figure 81 respectively. 
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Figure 80: Age distribution of respondents – 
Mastic landscapes application  

 

Figure 81: Country of origin distribution of 
respondents – Mastic landscapes application 

7.2.2.1 UEQ results 

The results of the aggregated means and variance for the four UEQ scales are depicted in Figure 82, 
whereas the results per each of the semantic differential items are presented in Table 14. 

 

Figure 82: Aggregate means and variance per UEQ scale-Mastic landscapes application 

Item Mean Variance Std. Dev. No. Left Right Scale 

1 2,1 0,7 0,9 29 annoying enjoyable Attractiveness 

2 2,4 0,7 0,9 29 not understandable understandable Perspicuity 

3 1,5 1,8 1,3 28 creative dull Novelty 
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4 2,0 2,1 1,5 29 easy to learn difficult to learn Perspicuity 

5 2,1 1,6 1,3 28 valuable inferior Stimulation 

6 1,3 1,1 1,1 28 boring exciting Stimulation 

7 1,7 0,8 0,9 29 not interesting interesting Stimulation 

8 1,1 3,0 1,7 28 inventive conventional Novelty 

9 2,2 1,3 1,1 29 good bad Attractiveness 

10 2,1 1,7 1,3 29 complicated easy Perspicuity 

11 2,2 1,4 1,2 29 unlikable pleasing Attractiveness 

12 1,1 3,2 1,8 29 usual leading edge Novelty 

13 2,1 1,2 1,1 28 unpleasant pleasant Attractiveness 

14 1,9 1,4 1,2 28 motivating demotivating Stimulation 

15 2,1 1,9 1,4 29 clear confusing Perspicuity 

16 1,9 1,6 1,3 29 attractive unattractive Attractiveness 

17 2,1 1,3 1,2 29 friendly unfriendly Attractiveness 

18 1,3 3,5 1,9 29 conservative innovative Novelty 

Table 14: UEQ results per item (Mean, variance, std. dev.) – Mastic landscapes application 

The results of the UEQ scales and individual item scores of the Mastic landscapes application 
depicted in the above figure and table respectively show that the visitors that responded to the 
post-interaction questionnaire, rated also rather positively this Mingei installation on all four scales. 
None of the items received a mean of <0.8. The scale with the highest score was stimulation, 
followed by perspicuity, attractiveness, stimulation and novelty.  

7.2.2.2 Open-ended questions 

In this post-interaction questionnaire, two open-ended were provided: 

1. List what you liked the most about this interactive application 

2. List what you liked the lease about this interactive application 

The Mastic landscapes application received comments from 23 respondents in the “List what you 
liked the most about this interactive application” section and from 22 respondents in the “List what 
you liked the least about this application” section.  

The answers to these questions were aggregated and then categorised manually. Some respondents 
left more than one comment. Table 15 and Table 16 present the categories and their most 
representative comments (left column) and the number of comments received per category (right 
column). 

List what you liked the most about this interactive application 

Categories Number of individual comments 

Information: the content of mastic villages, the pictures shown, 
informative app 

7 

3D environment design: the 3D model of the villages, the design 
of the villages, very beautiful design, love the visuals 

7 

Experience: “Super cool!”, very interesting application, that you 
get some connection to the geographical site of the island 

7 
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Interaction: very interactive with the drone, the manual piloting 
over the villages, the way it operated, easy and simple to use 

5 

Other comments: nothing negative to report (transferred from the 
“list what you liked the least” question) 

6 

Table 15: Categories of comments and number of comments per category for question “List what you 
liked the most” – Mastic landscapes application 

From the written comments in the second question, 16 of them regarded elements that the 
respondents didn’t like or suggestions for improvements, while 6 of them were positive comments 
regarding the fact that they had nothing to list as negative. These 6 comments were transferred to 
the list of positive comments and were counted as such. The categories of the comments received 
are presented in the tables below along with the number of individual comments in each category. 
It is important to note, that some of the comments about the manual piloting mode not functioning 
correctly or not being available were collected during the first round of evaluation. At that time, this 
mode was partially functional, as it was added as a feature at the very last moment. In the second 
round of evaluation, this interaction mode was fully functional and no more negative comments 
were received about it.  

List what you liked the least about this interactive application 

Categories Number of individual comments 

Information: the lack of extra information on the 3D map, few POIs 
on the island, quality of the image  

6 

Experience: the lack of free navigation in the 3D environment, 
waiting for the drone to complete the circle around the village 
before moving on 

3 

Interaction: the manual pilot mode was not working, the control of 
the drone was abrupt  

2 

Suggestions: more information about the villages such as a 3600 
picture, perhaps use a different metaphor for the flying instead of 
the drone-like something that is connected to the content of the 
app, additional features like zoom in and out and navigation inside 
the 3D village, add more villages (e.g.: Thymiana, Kallimasia, Nenita, 
etc.), would love to see real drone footage of the towns or street 
views 

5 

Table 16: Categories of comments and number of comments per category for the question “List what 
you liked the least” – Mastic landscapes application 

From the two tables with the positive and the negative comments, it is obvious that the positive 
comments far exceeded the negative ones, which is an indication that the respondents to the 
questionnaire had an overall positive user experience with this application regarding the 
information, the interaction, and the experience provided by it. As far as the negative problems, as 
already mentioned various improvements were made regarding the manual piloting and the 
information presented in each village. Furthermore, various adjustments to the lighting of the 3D 
village scenes and the height of the flight were done to improve the display of the 3D graphics. 
Finally, it was noted by the museum staff that some visitors were not sure how to start with the 
application, so instructions were added to the opening screen of the application, to alleviate this 
problem. 
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7.2.2.3 Ad-hoc questions 

This section of the post-interaction questionnaire for the Mastic landscapes questionnaire included 
4 questions that aimed at measuring the visitors’ impression of the ease of use, the quality of the 
3D representation, the quality of the information about the mastic villages, and their overall level 
of satisfaction with it. The 5-item Likert scale used for these questions had the following options: 
Very unsatisfied, unsatisfied, neutral, satisfied, and very satisfied. 

As all the ad-hoc questions were scored on a 5 item Likert scale, the data collected was treated as 
ordinal and thus the results are reported in the median, mode, and inter-quartile ranges and 
frequency (%). Respective data is shown in Table 17 and Table 18 while the data is shown in bar 
charts in Figure 83 and Figure 84.  

Part B: Questions 1-4 N Median Mode IRQ (Q3-Q1) 

Q1: Ease of using this interactive application 30 4 4 1 (5-4) 

Q2: Quality of virtual representation of the traditional 
villages 

30 4 4 1 (5-4) 

Q3: Quality of content presented in each traditional 
village 

30 4 4 1 (5-4) 

Q4: Overall satisfaction with this interactive museum 
exhibit 

30 5 5 1 (5-4) 

Table 17: Median, mode, and inter-quartile ranges for ad-hoc questions – Mastic landscapes 
application 

 Q1 Freq. (%) Q2 Freq. (%) Q3 Freq. (%) Q4 Freq. (%) 

Very unsatisfied 0% 0% 0% 0% 

Very little 3% 3% 0% 3% 

Neutral 7% 17% 23% 3% 

Somewhat 53% 43% 43% 60% 

Very much 33% 37% 33% 33% 

Table 18: Frequency of answers for questions Q1-4 – Mastic landscapes application 

 

Figure 83: Frequency for ad-hoc questions Q1-3 – Mastic landscapes application 
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Figure 84: Frequency for ad-hoc question Q4 – Mastic landscapes application 

From the data presented in the tables, it is shown that the central tendency (median) and the most 
frequent value (mode) of the respondents in all the questions was 4 in all four questions. This means 
that the majority of the respondents were satisfied with the ease of use of the application, the 
quality of the 3D representation of the represented mastic villages, the quality of content, and the 
overall satisfaction with this interactive application. 

Specifically, looking at the graphs, it can be seen that 88% of the respondents were satisfied with 
the ease of use of the application (Q1), and 80% of the respondents were satisfied with the 3D 
representation of the mastic villages (Q2), and 76% with the quality of the information provided for 
each of the mastic villages (Q3). Lastly, 93% of the respondents rated very high the overall 
satisfaction with this interactive application. 

7.2.2.4 Net Promoter Score 

The NPS for the Mastic landscapes application received a positive score of 38, with 55% of the 29 
respondents to this question answering 9 or 10 on the likeliness to recommend this application to 
their relatives and friends scales, and 17% answering 6 and below, while the remaining 23% of the 
respondents answered with an 8 or 7, falling in the “passives” category. 

7.2.3 Mastic gestures application 

The questionnaire for the Mastic landscapes Mingei installation consisted of the following three 
parts: 

Part A: The first part of this questionnaire included the same 16 items of the UEQ questionnaire 
corresponding to the scales of attractiveness, perspicuity, stimulation, and novelty, as the other 
installations’ questionnaires. Additionally, this section also included the two open-ended questions 
“List what you liked the most about the mastic narrations applications” and “List what you liked the 
least about the mastic narrations applications”.  

Part B: This part included 3 ad-hoc questions answered on a 5-item Likert scale format: Very 
unsatisfied, unsatisfied, neutral, satisfied, very satisfied.  
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In this part, the visitors were asked to indicate their level of satisfaction with various technical and 
design aspects of the application. Specifically, with the following: 

1. Ease of applying the gestures as they were shown by the mastic grower in the video 

2. Ease of understanding whether you performed the gesture correctly or incorrectly 

3. Overall satisfaction with this interactive application 

NPS question: On a scale from 0 (Not at all likely) to 10 (Extremely likely), how likely are you to 
recommend this interactive application to a friend or a family member visiting the museum? Circle 
the number that corresponds to your score. 

A total of 50 visitors to the Chios museum answered this post-interaction questionnaire after 
interacting with this application. The age and country distribution are depicted in Figure 85 and 
Figure 86 respectively. 

 

Figure 85: Age distribution of post-interaction 
questionnaire respondents – Mastic gestures 
application 

 

Figure 86: Country of origin distribution of post-
interaction questionnaire respondents – Mastic 
gestures application 

7.2.3.1 UEQ results 

The results of the aggregated means and variance for the four UEQ scales are depicted in Figure 87, 
whereas the results per each of the semantic differential items are presented in Table 19. 
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Figure 87: Aggregate means and variance per UEQ scale-Mastic gestures application 

Item Mean Variance Std. Dev. No. Left Right Scale 

1 2,0 1,3 1,1 50 annoying enjoyable Attractiveness 

2 2,0 2,0 1,4 50 not understandable understandable Perspicuity 

3 2,0 2,5 1,6 49 creative dull Novelty 

4 2,1 2,0 1,4 50 easy to learn difficult to learn Perspicuity 

5 2,0 1,6 1,2 49 valuable inferior Stimulation 

6 1,7 1,8 1,3 50 boring exciting Stimulation 

7 2,1 1,8 1,3 49 not interesting interesting Stimulation 

8 0,7 5,4 2,3 49 inventive conventional Novelty 

9 2,3 1,3 1,1 49 good bad Attractiveness 

10 1,9 1,5 1,2 50 complicated easy Perspicuity 

11 2,1 1,8 1,3 50 unlikable pleasing Attractiveness 

12 1,7 3,5 1,9 50 usual leading edge Novelty 

13 2,1 2,0 1,4 50 unpleasant pleasant Attractiveness 

14 1,8 1,6 1,3 50 motivating demotivating Stimulation 

15 2,1 1,6 1,3 50 clear confusing Perspicuity 

16 2,0 1,8 1,3 50 attractive unattractive Attractiveness 

17 2,3 2,1 1,5 49 friendly unfriendly Attractiveness 

18 1,2 4,9 2,2 50 conservative innovative Novelty 

Table 19: UEQ results per item (Mean, variance, std. dev.) – Mastic gestures application 

From the results of the UEQ scales and individual items, it can be concluded that the visitors that 
responded to the post-interaction questionnaire, rated also rather positively this Mingei installation 
on all four scales. Only one semantic differential item (inventive/conventional) from the novelty 
scale received a mean of 0,7 which falls in the upper limits of the neutral sentiment zone. 
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Nonetheless, cumulatively the novelty scale received a positive mean of 1,398. The scale with the 
highest score was attractiveness, followed by perspicuity, stimulation, and novelty.  

7.2.3.2 Open-ended questions 

In this post-interaction questionnaire, two open-ended were provided: 

1. List what you liked the most about this interactive application 

2. List what you liked the lease about this interactive application 

The Mastic gestures application received comments from 40 of the 50 respondents in the “List what 
you liked the most about this interactive application” section and from 33 of the 50 respondents in 
the “List what you liked the least about this application” section. Some respondents left more than 
one comment.  

The answers to these questions were aggregated and then categorised manually. Table 20 and Table 
21 present the categories and their representative comments (left column) and the number of 
comments per category received (right column). 

List what you liked the most about this interactive application: 

Categories Number of individual comments 

Experience: an entertaining way (mimicking) to learn about the 
process of mastic gathering, the computer made us workers of 
mastic, the connectivity of the installation with the facts, the 
sounds, very interesting application, clever idea, it was authentic, 
learning the moves, getting a rough feeling of how the procedure 
is done, easy and entertaining depiction of the real cultivation 

18 

Interaction/gestures: the embroidery gesture, the sifting gesture, 
the fast response to the movements, the way the movements were 
explained, being able to collect the mastic out of the soil 

17 

Novelty: the implementation of new technology, resourceful 
application, creative, innovative, very interesting 

6 

Other: Everything was great, “even though I am experienced in the 
field, it was amazing” 

13 

Table 20: Categories of comments and number of comments per category for the question “List what 
you liked the most” – Mastic gestures application 

From the 33 respondents that wrote comments on the second question, 26 of the comments 
regarded elements that the respondents didn’t like or suggestions for improvements, while 16 of 
the comments listed there were actually positive comments regarding the fact that they had nothing 
to list as negative. These 17 positive comments were transferred and analysed in the first question.  

In the table below, the elements that were reported as the least liked by the respondents and the 
suggestions for improvements are presented in categories: 

List what you liked the least about this interactive application 

Categories Number of individual comments 
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Interaction: the video was changing gestures all the time, easily 
mixed my moves (I did the embroidering and the sifting video and 
sound were activated), the sounds, the interaction could have 
been better 

10 

Experience: quality of the video, the colours of the skeleton were 
confusing me, the resolution of the image, having to kneel to do 
the gestures, I would prefer more things concerning the interactive 
education 

9 

Technical issues: camera issues 2 

Suggestions: add more gestures, very nice idea but could have 
been enriched with more content, not having two characters in the 
installation (the user and cultivator) but having the avatar of the 
user as the cultivator, it would have been better having a platform 
for the visitor to sit so that they don’t get dirty 

5 

Table 21: Categories of comments and number of comments per category for the question “List what 
you liked the least” – Mastic gestures application 

From the two tables with the positive and the negative comments, it is obvious that the positive 
comments far exceeded the negative ones, which is an indication that the respondents to the 
questionnaire had an overall positive user experience with this application regarding the 
information, the interaction, and the experience provided by it.  

7.2.3.3 Ad-hoc questions 

This section of the post-interaction questionnaire for the Mastic gestures questionnaire included 3 
questions, that aimed at measuring the visitors’ impression of the ease of applying the gestures, 
ease of understanding when the gestures were performed correctly, and their overall satisfaction 
with the application. As all the ad-hoc questions were scored on a 5 item Likert scale, the data 
collected was treated as ordinal and thus the results are reported in the median, mode, and inter-
quartile ranges and frequency (%). Respective data is shown in Table 22 and Table 23 while the data 
is shown in bar charts in Figure 88.  

Part B: Questions 1-3 N Median Mode IRQ (Q3-Q1) 

Q1: Ease of applying the gestures as they were shown by 
the mastic grower in the video 

30 4 5 1 (5-4) 

Q2: Ease of understanding whether you performed the 
gesture correctly or incorrectly 

30 4 5 1 (5-4) 

Q3: Overall satisfaction with this interactive application 30 4 4 1 (5-4) 

Table 22: Median, mode, and inter-quartile ranges for ad-hoc questions – Mastic gestures application 

 Q1 Freq. (%) Q2 Freq. (%) Q3 Freq. (%) 

Very unsatisfied 0% 2% 0% 

Very little 2% 2% 2% 

Neutral 11% 17% 13% 

Somewhat 39% 37% 48% 

Very much 48% 41% 37% 

Table 23: Frequency of answers for questions Q1-4 – Mastic landscapes 
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Figure 88: Frequency for ad-hoc questions Q1-3 – Mastic gestures application 

From the data presented in the tables, it is shown that the central tendency (median) was 4 in all 
the questions and the most frequent value (mode) of the respondents was 5 for Q1 and Q2 and 4 
for Q3. This means that the majority of the respondents were satisfied with the ease of use of the 
application, the ease of understanding correctness of performed gestures, and the overall 
satisfaction with this interactive application. 

Specifically, looking at the graphs, it can be seen that 87% of the respondents were satisfied with 
the ease of use of the application (Q1), 78% of the respondents were satisfied with the ease of use 
of the application, the ease of understanding correctness of performed gesture (Q2), and 85% with 
the overall satisfaction (Q3).  

7.2.3.4 Net Promoter Score (NPS) 

The NPS for the Mastic gestures application was calculated at 45, with 61% of the 46 respondents 
to this question answering 9 or 10 on the likeliness to recommend this application to their relatives 
and friends scales, and 16% answering 6 and below, while the remaining 23% of the respondents 
answered with an 8 or 7, falling in the “passives” category.   

7.3 Glass pilot questionnaire results 

The post-interaction questionnaire for the Glass installation consisted of the following three parts: 

Part B: Included 3 ad-hoc questions answered on a 5-item Likert scale format: Not at all, a little, 
neutral, somewhat, very much. 

These questions aimed at measuring the visitors' prior knowledge about the life of mastic growers, 
their impression on whether the application helped them learn about the life of mastic growers, and 
their impression of whether the application made them want to learn more about the mastic 
growers, their impression on whether the application enhanced their overall museum experience, 
and whether they considered the use of avatars as an appropriate medium to convey the mastic 
growers narrations, respectively. Specifically, the questions were phrased as follows: 

1. How knowledgeable were you about the craft of glass blowing before visiting this exhibition? 

2. How much do you think this exhibition helped you learn more about the craft of glass 

blowing? 
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3. How much do you think this exhibition made you want to learn more about the craft of glass 

blowing? 

Part C: Included 5 more ad-hoc questions answered on a 5-item Likert scale format: Very unsatisfied, 
unsatisfied, neutral, satisfied, very satisfied. 

In this part, the visitors were asked to indicate their level of satisfaction with various technical and 
design aspects of the application. Specifically, with the following: 

4. Graphics and animations used in the virtual glass workshop 

5. Ease of applying the gestures shown by the virtual character 

6. Quality of feedback from the application when I performed a gesture correctly or incorrectly 

7. The authenticity of the virtual workshop representation 

8. The educational value of the exhibition 

NPS question: On a scale from 0 (Not at all likely) to 10 (Extremely likely), how likely are you to 
recommend this interactive application to a friend or a family member visiting the museum? Circle 
the number that corresponds to your score. 

A total of 23 visitors to the CNAM museum answered this post-interaction questionnaire after 
interacting with the glass installation application. The age and country distribution are depicted in 
Figure 85 and Figure 86 respectively. 

 

Figure 89: Age distribution of post-interaction 
questionnaire respondents – Glass interactive 
application 

 

Figure 90: Country of origin distribution of 
post-interaction questionnaire respondents – 
Glass interactive application 

7.2.4 UEQ results 

The results of the aggregated means and variance for these four scales are depicted in Figure 91, 
whereas the results per each of the semantic differential items are presented in Table 24. 
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Figure 91: Aggregate means and variance per UEQ scale-Glass interactive application 

Item Mean Variance Std. Dev. No. Left Right Scale 

1 1,0 2,1 1,5 24 annoying enjoyable Attractiveness 

2 1,2 2,6 1,6 24 not understandable understandable Perspicuity 

3 1,3 2,7 1,6 24 creative dull Novelty 

4 0,7 3,1 1,8 23 easy to learn difficult to learn Perspicuity 

5 1,0 3,8 1,9 23 valuable inferior Stimulation 

6 0,8 3,2 1,8 24 boring exciting Stimulation 

7 1,4 2,3 1,5 24 not interesting interesting Stimulation 

8 1,5 3,0 1,7 24 inventive conventional Novelty 

9 1,3 2,8 1,7 24 good bad Attractiveness 

10 0,3 3,2 1,8 24 complicated easy Perspicuity 

11 1,5 1,9 1,4 24 unlikable pleasing Attractiveness 

12 1,3 2,0 1,4 24 usual leading edge Novelty 

13 1,1 1,6 1,3 24 unpleasant pleasant Attractiveness 

14 0,8 3,8 2,0 24 motivating demotivating Stimulation 

15 0,8 2,0 1,4 24 clear confusing Perspicuity 

16 0,9 2,9 1,7 24 attractive unattractive Attractiveness 

17 1,2 2,0 1,4 24 friendly unfriendly Attractiveness 

18 1,3 2,0 1,4 24 conservative innovative Novelty 

Table 24: UEQ results per item (Mean, variance, std. dev) – Glass interactive application 

From the results of the UEQ scales and individual item scores of the Glass interactive application 
depicted on the above figure and table respectively, it can be concluded that the visitors that 
responded to the post-interaction questionnaire, rated positively this Mingei installation on the 
three scales of novelty, attractiveness and stimulation, and rated slightly lower, but still in the 
neutral zone the installation on the perspicuity scale. The novelty scale received the highest marks 
from the respondents who seemed to find the whole concept of trying-out the master glass blower’s 
gestures innovative and impressive, as it is reflected in the written comments of the open-ended 
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section. However, some visitors found it a little difficult to follow the gestures displayed on the 
screen and would have liked more contextual information in order to understand better how to 
execute them. This might have been a factor that affected the rating of these respondents in the 
perspicuity scale.  

7.2.5 Open-ended questions 

In this post-interaction questionnaire, two open-ended were provided: 

1. List what you liked the most about this interactive application 

2. List what you liked the lease about this interactive application 

The Glass installation received comments from 19 of the 24 respondents in the “List what you liked 

the most about this interactive application” section and from 18 of the 24 respondents in the “List 

what you liked the least about this application” section.  

The answers to these questions were aggregated and then categorised manually. Table 25 and 

Table 26 present the categories and their representative comments (left column) and the number 

of comments per category received (right column).  

List what you liked the most about this interactive application 

Categories Number of individual comments 

Interaction: the reproduction of the gestures of the glass master, 
applying the observed gestures and being able to correct them, 
imitating gestures as an apprentice would do, holding a blower’s 
pipe and following the same gestures as a glassblower 

7 

Experience: Following the gestures of a craftsman is a brilliant and 
attractive experience, immersing in the skin of the glass craftsman, 
the sound when a movement was well executed was very 
immersive, beautiful location and nice set-up, great to have the 
real workshop bench and tube 

6 

Information: learning the history of glassmaking, the process of 
glass blowing was impressive and instructive, and the video of the 
glassmaker handling the glass allows visitor to see in detail each 
stage of realization 

3 

Table 25: Categories of comments and number of comments per category for question “List what you 
liked the most” – Glass interactive application 

From the positive comment analysis, the installation element that seemed to have made the 
strongest impression on the visitors was the interactive gestures. This element received the vast 
majority of the comments in the “List what you liked the most about this application” question. This 
sentiment was summarized perfectly by three visitors, who wrote: “Being able to immerse yourself 
in the skin of the glass craftsman in such an immersive way is captivating”, “The idea of offering 
visitors the opportunity to understand this know-how by imitating gestures, as an apprentice would 
do”, “Being in the shoes of the glassmaker and realizing that it is not easy”. 

The question “List what you liked the least about the application” received 26 comments. From 
these comments, some of them were suggestions of what would have enhanced the experience. 
These are listed as a separate category.  
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List what you liked the least about this interactive application 

Categories Number of individual comments 

Interaction: sensor malfunctioning, lack of a way to go to the 
gestures mode right away 

12 

Experience: trying to follow the content on three screens at the 
same time was a bit confusing, absence of sound or music in the 
3D workshop, the 3D scene was a bit slow, exhibition is small 
(little info, objects, not very interactive) 

6 

Information: lack of context regarding the gestures performed, 
instructions had too much text, projection on the canvas was 
blurred (cannot see the finesse of the glassmaker’s gestures) 

3 

Suggestions: more user-controlled actions were needed (to start 
the presentation, how to learn more about the craft, etc.), add 
guidance/introduction to the 3D objects on the screen, additional 
physical tools, i.e. pliers would add to the experience, more 
sound, more filmed images of the workshop and the glass blowing 
to be able to compare with the 3D reconstruction, image of the 
glassmaker at work chaining these gestures 

5 

Table 26: Categories of comments and number of comments per category for question “List what you 
liked the least” – Glass interactive application 

The characteristics of the installation that received the most mentions in the list of things visitors 
liked the least, were the lack of sound or music in the 3D representation scene and the way the 
instructions were provided about the implementation of the gestures, which some visitors found 
them too textual while others found them not detailed enough. Regarding the lack of sound or music 
in the 3D screen, the environment and the set-up of the installation in the CNAM museum did not 
allow for such addition. Another comment that stood out was that visitors would have liked to have 
more footage of the glassmaker doing the demonstrated gestures to have a better context of their 
purpose.  

7.2.6 Ad-hoc questions 

This section of the post-interaction questionnaire for the Glass installation questionnaire included 
8 questions.  

The first 3 questions (Q1-Q3) aimed at measuring the visitors’ prior knowledge of the subject, 
whether they think the application helped them learn more about it, and whether they think it 
intrigued them in learning more. These 3 questions were measured on a 5 item Likert-scale with the 
following options: Not at all, a little, neutral, somewhat, and very much.  

The other 5 questions (Q4-Q8) aimed at measuring the visitors’ impression of the graphics and 
animations used for the 3D representation of the workshop, the ease of applying the gestures of 
the glassmaker, the quality of the information received when they performed the gesture correctly 
or incorrectly, the authenticity of the 3D representation of the workshop, and the overall 
educational value of the installation. The 5-item Likert scale used for these questions had the 
following options: Very unsatisfied, unsatisfied, neutral, satisfied, and very satisfied. 
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As all the ad-hoc questions were scored on a 5 item Likert scale, the data collected was treated as 
ordinal and thus the results are reported in the median, mode, and inter-quartile ranges and 
frequency (%). Respective data is shown in Table 27, Table 28, and Table 29 while the data is shown 
in bar charts in Figure 92, Figure 93, and Figure 94.  

Part B: Questions 1-3 N Median Mode IRQ (Q3-Q1) 

Q1: How knowledgeable were you about the craft of glass 
blowing before visiting this exhibition? 

24 2 2 2 (4-2) 

Q2: How much do you think this exhibition helped you 
learn more about the craft of glass blowing? 

24 4 4 0 (4-4) 

Q3: How much do you think this exhibition made you 
want to learn more about the craft of glass blowing? 

24 4 4 1,5 (5-3,5) 

Part C: Questions 4-8 - level of satisfaction with the 
following 

N Median Mode IRQ (Q3-Q1) 

Q4: Design and animation of virtual characters (avatars) 24 4 4 2,5 (4,5-2) 

Q5: Ease of applying the gestures shown by the virtual 
character 

24 4 4 1 (4-3) 

Q6: Quality of feedback from the application when I 
performed a gesture correctly or incorrectly 

24 4 5,4 2 (5-3) 

Q7: Authenticity of the virtual workshop representation 24 4 5 3 (5-2) 

Q8: Educational value of the exhibition 24 4 4 1 (4,5-3,5) 

Table 27: Median, mode, and inter-quartile ranges for ad-hoc questions – Glass application 

 Q1 Freq. (%) Q2 Freq. (%) Q3 Freq. (%) 

None at all 17% 4% 13% 

Very little 38% 13% 8% 

Neutral 0% 4% 4% 

Somewhat 29% 58% 42% 

Very much 17% 21% 33% 

Table 28: Frequency of answers for questions Q1-3 – Glass application 

 Q4 Freq. (%) Q5Freq. (%) Q6 Freq. (%) Q7 Freq. (%) Q8 Freq. (%) 

Very unsatisfied 4% 0% 0% 4% 0% 

Unsatisfied 25% 21% 21% 25% 13% 

Neutral 8% 13% 21% 17% 50% 

Satisfied 38% 46% 29% 17% 50% 

Very satisfied 25% 21% 29% 38% 25% 

Table 29: Frequency of answers for questions Q4-8 – Glass application 
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Figure 92: Frequency for ad-hoc questions Q1-3 – Glass application 

 

Figure 93: Frequency for ad-hoc questions Q4-6 – Glass application 

 

Figure 94: Frequency for ad-hoc questions Q7-8 – Glass application 

From the data presented in the tables above, from this sample of visitors, 46% of them stated that 
they had some prior knowledge of the craft of glass blowing (Q1), while 55% stated that they had 
little to no prior knowledge. The majority of the respondents said that they thought that the 
application helped them learn more about it (Q2) and made them want to learn more about it (Q3), 
with both questions receiving a median and a mode of 4. This result coincides with the sentiment of 
the majority of the respondents, 75%, who rated their level of satisfaction with the educational 
value of the application positively (Q8). 
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Looking at the results for questions, Q4-Q8, where the respondents were asked to indicate their 
level of satisfaction with various parameters of the application, the calculated median and mode 
were 4. For Q7 (authenticity of the virtual workshop) the mode was 5. Overall, these results show 
that the majority of the respondents have rated positively all aspects of the application. 

Respectively, looking at the graphs, it can be seen that the majority of respondents rated positively 
their level of satisfaction with the measured parameters, as follows: 55% - graphics and animations 
(Q4), 67% - ease of applying the gestures (Q5), 58% - the quality of feedback received regarding the 
correctness of gesture applied (Q6), and 56% - authenticity of the virtual workshop (Q7). Looking at 
the individual comments of those respondents who rated negatively on the above parameters, to 
examine what could have caused their negative reaction, the lack of sound in the virtual workshop, 
the way the instructions on how to do the gestures were presented, and missing more context on 
how the gestures are tied in the whole process of glass blowing seemed to be the factors that 
affected their scores. 

7.3 Discussion of evaluation results 

The user-based evaluation of the installations and applications at the three pilot sites aimed at 
investigating their overall usability and user-experience. To this end, post-interaction questionnaires 
were constructed for each individual application, which included both quantitative and qualitative 
metrics. To ensure the validity and reliability of the quantitative results, the UEQ a well-established 
standardized questionnaire was used, which measures both usability and user experience aspects 
of a system. For the qualitative data, ad-hoc questions in Likert format and open-ended questions 
were utilized. The questionnaires were handed out by cultural partners to visitors of the museum 
that were willing to fill them out after spending some time interacting with the applications. The 
analysis of the results of both the quantitative and qualitative metrics showed that the applications 
were received positively and with enthusiasm by the visitors who answered the questionnaires. All 
five installations received positive UEQ scores, while the feedback received from the ad-hoc and 
open-ended questions supported the calculated user experience scores. At the same time,  
problems that were observed and noted by the respondents of the questionnaires or museum staff 
were addressed and improvements were made in the latest versions of the applications.  
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8. Web-based communication of the pilots  

All of the Mingei pilots have physical installations and an online counterpart, The online components 
are part of the Mingei website [126]. The online pilots were used as a means of communicating both 
the project details and also part of the experiences. Each pilot site page was structured accordingly, 
in a way that users may access information and content based on their interests. The horizontal 
design and analysis of the online pilots are provided in D6.5. In the following, we only discuss the 
parts of the online pilots, relevant to education and training. 

8.1 Glass 

 

Figure 95. A segment of the glass pilot landing page. 

From the glass pilot landing page [129], visitors can access rich audiovisual information and 
contextualisation narratives suitable for general audiences.  

More specifically from the landing page visitors may access: 

• information on the socio-historic context of glassblowing through narratives. 

• Introductions to the main tools and machines used in a glass workshop. 

• Presentation of the glassblowing workshop 

• Abstracted craft action representations  

• Illustrated demonstrations of the carafe making process  

While this info appears on the main page, other pages go deeper into information following the 
interests of each visitor.  

8.1.1 Researchers and Academics 
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For researchers and academics, there is a page where Mingei presents how it applied the Mingei 
protocol to the glassblowing instance presenting step by step the scientific and technical work done 
and linking to the project's publications. As shown in Figure 95 on the left side of the page there is 
a navigation bar presenting the steps of the protocol. The selection of an item from the navigation 
bar results in the presentation of all the activities conducted by the project in the specific step of 
the protocol. 

 

Figure 96. Glass pilot – for researchers and academics. 

8.1.2 craft education and training 

For craft education, the specific page presents the representation of glassblowing schemas and 
processes and their implementation in the context of immersive craft presentations. Visitors are 
introduced to the tools and machines used in the craft and abstracted craft visualisation of specific 
craft actions. Direct links are provided to the MOP to browse and see the vocabularies of tools and 
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actions. In the kid's corner, visitors can browse educational material such as the Mingei comic book 
presenting the process of creating a glass carafe.  

A selection of indicative segments from this page is presented in the following figure: 

 
 

 

 
 

Figure 97. Glass pilot – education and training material. 

8.1.3 Exhibition 

The exhibition page presents information on the exhibition for the period of its operation and sums 
up the outcomes through audio-visual demonstrations that will be available for communication of 
the pilot outcomes after its end. 
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Figure 98. A segment of the CNAM exhibition page. 

Furthermore, from this page, the visitors may experience part of the installation concerning the 
presentation of the glass workshop and tools and the virtual demonstration of the glassblowing 
process for the creation of the Glass Carafe as shown in the following figure. 

 

Figure 99. Online presentation of the virtual glassblowing workshop. 

8.1.4 Kid’s corner 
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In the kid’s corner, little friends of Mingei may learn about the glassblowing craft through an online 
comic book available to download and share! An example of its presentation on the pilot page is 
presented in Figure 100. 

  

Figure 100. Glassblowing comic book. 

8.2 Mastic 

The mastic pilot landing page [128] is structured as follows. It provides information on the socio-
historic context of mastic cultivation through narratives, it introduces part of the Chios Cultural 
Heritage relevant to the cultivation of mastic such as villages, tools, traditional costumes, etc and 
introduces aspects of the pilot site relevant to the industrial production of mastic chicle. 
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Figure 101. A segment of the mastic pilot landing page. 

8.2.1 Researchers and Academics 

For researchers and academics, there is a page where Mingei presents how it applied the Mingei 
protocol to the mastic craft instance presenting step by step the scientific and technical work done 
and linking to the project's publications. An example of this page for step 5 of the Mingei protocol 
for the Mastic cultivation instance is presented in Figure 102. 
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Figure 102. A segment from step 5 on the researchers and academics page. 

 

8.2.2 craft education and training 

For craft education, the specific page presents the representation of mastic cultivation schemas and 
processes and their implementation in the context of immersive craft presentations. Visitors are 
introduced to the tools of cultivation and machines of industrial production. Furthermore, the 
ethnography conducted on craft understanding is presented together with a visualisation of craft 
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activities both isolated and in a virtual mastic field. Some indicative segments of the page are 
presented in Figure 107.  

 
 

Mastic cultivation tools Video documentation 

 

 
Craft motion visualisation Virtual craft demonstrations 
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Industrial production of mastic chicle - machines  

Figure 103. Online craft education for the Mastic cultivation. 

To further enhance the educational dimension, in the mastic pilot, two extra thematic topics were 
added due to the nature of the craft and its rich socio-historic context. The first section regards 
information on the thematic tourism activities provided on the island related to the cultivation of 
mastic (see Figure 104) and the second regards the historical and societal aspects that make the 
craft of mastic cultivation so unique to the European landscape. 
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Figure 104. A segment of the thematic tourism page of the Mastic pilot. 

8.2.3 Exhibition 

The exhibition page presents information on the permanent exhibition at the Mastic Museum of 
Chios. The page starts with useful information on how to reach the installation and the museum in 
general as shown in Figure 105. 
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Figure 105. A segment of the Mastic museum exhibition page. 
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Furthermore, from this page visitors can get a summary of the main attractions available in the 
museum as part of the Mingei interventions as shown in Figure 106. 

  
Virtual Narrations Mobile experiences in the mastic field 

 

 
Craft training Presentation of geographical context 

Figure 106. Presentation of experiences available on site. 

8.3 Silk 

The silk pilot landing page [127] is structured as follows. It starts with a rich collection of socio-
historic narratives that reveal the deep roots of textile tradition in the history and society of the 
European continent and continues with a demonstration of the outcomes of the project through 
audiovisual and interactive presentations. Then, the presentation continues with the hidden 
dimension of textile manufacturing and the processes for preparing a jacquard loom for weaving. 
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Figure 107. A segment of the Silk pilot landing page. 

8.3.1 Researchers and Academics 

For researchers and academics, there is a page where Mingei presents how it applied the Mingei 
protocol to the textile manufacturing craft instance presenting step by step the scientific and 
technical work done and linking to the project's publications. An example of this page for step 3 of 
the Mingei protocol for the Textile production craft instance is presented in Figure 108. 
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Figure 108. A segment from step 3 on the researchers and academics page. 

8.3.2 craft education and training 

For craft training, the specific page introduces the processes and tools used in textile manufacturing 
including aspects of creative design such as drawing and point paper designing. Examples of 
information presented from this page are shown in Figure 109. 
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Textile manufacturing machinery  Point paper design and punch cards 

manufacturing  

Figure 109. Segments from the education and training page. 

8.3.3 Kid’s corner 

In the kid's section, the same aspects are introduced through educational gaming experiences, 
available online to educate on pattern design and punch card generation. The first of the available 
games allows kids to create their own punch cards using a real-time Tetris style game and then use 
the patterns to dress-up manikins.  

The second gaming experience allows kids to see scanned vestments from the museum in 3D and 
learn more information on their history and included patterns.  

A segment of the kid’s corner page is presented in Figure 110. 
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Figure 110. A segment of the kids’ corner page. 

8.3.4 Exhibition 

The exhibition page provides practical information on reaching the museum (see and present 
information on the technology installed as part of the permanent exhibition at the Haus der 
Seidenkultur at Krefeld, Germany. Furthermore, it sums up the outcomes through audio-visual 
demonstrations. 
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Figure 111. A segment of the exhibition page. 
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9. Discussion and lessons learned 

The processes presented in this deliverable are the results of applying the methodology discussed 
over three years to represent and present the TCs of mastic cultivation, silk weaving and 
glassblowing. In this period, lessons learned, apply to a wider scientific context based on the 
collaboration of multiple researchers and scientific disciplines. 

9.1 Methodology structure 

As presented in Section 3 in this work a systematic methodology for the representation and 
presentation of a TC instance is applied. This methodology, summarized in a series of steps, was 
adapted to address the needs of each specific TC. Of course, the linear execution of these steps 
meant that the entirety of digital assets would have been acquired a priori. However, knowledge 
acquired in the second step in some cases referred to non-digitized items, which were only then 
identified, and needed to be digitized as new digital assets in the context of the first step. Moreover, 
more sophisticated digitizations of assets were acquired later on in the timeline of this work, judged 
so by CH professionals. Thus, the main lesson learned was that the linearity in these steps can be 
disrupted by refining iterations when needed. However, the methodology was found to be very 
adaptive to such iterations taking into account that new needs resulted in the application of the 
previous steps only for the acquired assets and their context.  

9.2 Collaboration  

One of the main challenges faced by the application of this methodology was the need for several 
scientific disciplines to work together under a unique methodological framework. This was indeed 
challenging since different scientific approaches, technical tools, and research methods were 
applied. In this challenge, we learned that the MOP as a single point of representation of research 
data greatly enhanced the collaboration of the team as it allowed different scientific disciplines to 
report and document results under a uniform semantic representation. Of course, several 
adaptations in terminology had to be made for the entire team to have a common understanding 
of the represented data. 

9.3 Replicability  

Replicability can be judged even from the application in these three use cases by referring to the 
genericity of the approach. In these use cases, we were able to apply several scientific approaches 
for each step and combine the results in a single representation. This became evident both in the 
craft understanding phase where several approaches to studying social and historic contexts were 
applied and in the data collection step where several scientific methods were used for data 
acquisitions. Regardless of the heterogeneity of the results MOP has been proven sufficient as a 
representation and no surprises were encountered in the representation of processes and 
narratives. Another supportive finding for the replicability of this methodology was that detaching 
the representation from presentation in this work multiple presentation instances were created 
from different technologies. This was achieved by applying the exporting functionality of MOP in 
the representation and leaving it to the developers of the presentation layers to judge the most 
appropriate way of facilitating the representation in their presentation context. Finally included 
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web-based presentation modalities in MOP allowed the direct preview and dissemination of the 
represented knowledge through the Web.  

9.4 Potential improvements 

Regarding future improvements of the presented methodology, several directions can be followed. 
Initially, we acknowledge that the process presented is time and resources demanding considering 
that the objective is a valid representation that could lead to multiple presentations of a craft. As 
such, optimizations in the process can significantly improve the uptake of the proposed 
methodology. To that respect, optimizations could regard the data curatorial platform by simplifying 
and automating parts of the process to minimize the time spent in data curation in conjunction with 
the time spent for the scientific exploitation of data. Additionally, simplification could also regard 
additional actions required for the post-processing of input data by integrating more automated 
tools and data processing wizards. Furthermore, another direction regards the further validation of 
the methodology through new craft instances. The study of new instances and the creation of new 
presentations and visualizations will enhance the value of the representation. Finally, further 
research could concert computer-aided facilities for the semi-automated creation of craft 
representations.  
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