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such as rituals and togetherness. The results show that short-
term use of the VR prototype enables novice participants to 
learn essential aspects of community ICH and the beer-brewing 
practice. Furthermore, we emphasise the importance of 
evaluating the dissemination potential of safeguarding solutions 
by assessing their transfer back to everyday life. For this reason, 
this study also captures and successfully demonstrates an 
evaluation in which the participants re-enact what they recall 
from the VR playthrough using real lo-fi props used for brewing.

Keywords
traditional craftsmanship, virtual reality, beer brewing, South 
Africa, re-enactment, evaluation, immersion, embodied learning

ABSTRACT
Maintaining unique traditions and cultures is becoming 
increasingly difficult due to the effects of globalisation, combined 
with the fleeting nature of intangible cultural heritage (ICH). 
The continuation of ICH traditions relies on the awareness 
and interest of young people, as it is passed from generation 
to generation. This study aims to protect knowledge and skills 
– specifically traditional craftsmanship (TC), in the use case of 
South African beer (umqombothi) brewing – by exploring how 
to digitally represent and disseminate ICH using virtual reality 
(VR). In the beer-brewing prototype, participants become fully 
immersed in a digital South African community to learn the 
practice of brewing and experience the ICH contextual elements 

Craftsmanship in virtual reality: digital 
development and evaluation of traditional 
South African beer brewing
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Introduction
The legacy of our cultural past is defined by UNESCO 

(2003b) as our cultural heritage. Cultural heritage includes 
concepts known as tangible cultural heritage (TCH) 
and intangible cultural heritage (ICH). TCH is primarily 
oriented to physical artefacts and sites, whereas ICH 
reflects the non-physical elements of cultural heritage. 
Although seemingly different concepts, they are often 
complementary. Kurin (2004) describes this balancing 
act intertwined with the concepts as follows: ‘Tools are 
tangible, but plans, if thought are not, but if drawn are’. 
One of the categories that falls under ICH is traditional 
craftsmanship (TC), defined by UNESCO (2003c) as 
‘perhaps the most “tangible” manifestation of ICH’. The 
focus on tangible craft products can lead to the disregard 
of the craft process itself and of an essential aspect of TC 
for many communities – the contexts in which TC becomes 
manifested.

The performance of TC and its passage from generation 
to generation supplies communities with a sense of 
identity and continuity while also encouraging respect 
for cultural diversity and human creativity. Today, there 
are several conditions endangering the survival of TC as 
we know it. One of them is globalisation, which supports 
mass production and thus poses a threat because of the 
availability of low-cost alternatives and fast production 
requirements.

Another major problem is the migration of young 
people to bigger cities and the rising disinterest in 
community traditions. For example, South Africa battles 
with the effects of rural–urban migration as it becomes 
increasingly frequent (Mlambo 2018). This migration is not 
only caused by the marginalisation and stigmatisation of 
many Indigenous communities (Ossai 2010) but also the 
fact that, for many young people, mastering crafts is too 
demanding compared to other alternatives. Consequently, 
they seek work in factories or the service industry, where 
the work is less challenging and the pay is often better 
(UNESCO 2003c), breaking the line of passage and 
increasing the risk of extinction for these crafts (Kennedy 
2010; UNESCO 2003c).

For TC to be protected, it needs to be practised 
(UNESCO 2003a). Thus, the goal of safeguarding is to 
ensure that the knowledge and skills linked with TC are 
passed on to future generations, particularly through 
formal and informal education (UNESCO 2003b, 2003c). 

Moreover, it is also important to include the cultural, 
religious, creative and social context when presenting the 
process of the crafts (Donkin 2001).

Currently, there exist several safeguarding solutions, 
such as workshops, written media, exhibitions, databases 
or inventories and conferences, with the living museum 
as perhaps the closest experience to the real TC practice. 
Some of these ways of dissemination benefit from the 
direct inclusion of craftspeople, but they are also often 
disadvantaged by being place-specific, time-restricted, 
resource-inefficient or because they do not provide any 
essential hands-on experience (for a recent review, see 
Rossau et al. 2019).

Challenges of digital safeguarding of 
traditional craftsmanship

Many of these disadvantages of TC transfer have been 
approached from a technological perspective. Recent 
advances have been made with computing applications 
(Isa et al. 2019; Partarakis, Patsiouras et al. 2020; Karuzaki 
et al. 2021), mixed reality (Carre et al. 2022), mobile 
applications (Ringas et al. 2022), motion capture (Ringas 
et al. 2022) and virtual reality (VR) (Rossau et al. 2019; 
Karuzaki et al. 2021) – all of which have been explored as 
options for safeguarding TC.

The topic of how to digitally capture, represent and 
disseminate TC through technological solutions has been 
discussed in many papers (Rodil and Rehm 2015; Zabulis 
et al. 2022; Partarakis, Zabulis et al. 2020), yet there exists 
little research on how to evaluate these solutions.

The current evaluations have mostly focused on the 
technologies themselves – for instance, usability and user 
experience (Carre et al. 2022; Karuzaki et al. 2021; Ringas 
et al. 2022; Rossau et al. 2019) – but also more promising 
examples of exploring the knowledge gain. A trend, 
however, is that these attempts have mostly been through 
questionnaires (Selmanovic et al. 2020), while some 
completely omit any evaluation on expanding knowledge 
from the view of the participants (Partarakis, Patsiouras 
et al. 2020; Schofield et al. 2018; Skovfoged et al. 2018; Isa 
et al. 2019).

These types of evaluations unfortunately tell us little 
to nothing about how well the craft skills and knowledge 
learned can be replicated and performed in real life. As 



130 

we have reported before in this journal, human skills 
and human values must be rightfully embedded into 
any technology responsible for making human culture a 
digital representation (Rodil and Rehm 2015; Rodil and 
Winschiers-Theophilus 2018). Afterall, TC is not only 
the process and knowledge of how to perform it but 
also the underlying cultural values and world views that 
have shaped and continuously shape TC in the minds of 
performers. We would claim that one should not assess 
the theoretical, digital knowledge transfer in isolation, 
but seek ways to understand more holistically how a 
mind-body performance transfers meaningfully from the 
TC practice through a digital medium and back into the 
physical world. Any safeguarding technology in this case 
is a means to bypass disadvantages previously mentioned 
– not to remove their end manifestation in the physical 
world.

In the following section, we place emphasis on the 
opportunities of VR as the technology responsible for this 
transfer.

VR as a technology to facilitate situated learning
In recent years, the general interest and use of VR has 

greatly increased (XRToday 2022), also in education and 
skills training. This is most likely because the majority 
of research in this field has shown that VR has major 
advantages compared to traditional learning methods 
(Dede 2009; Allcoat and Muhlenen 2018; Christou 2010; 
Kavanagh et al. 2017; Durlach, Mavor and Newby 1996).

These advantages include the ability of VR to produce 
a highly immersive and embodied experience by allowing 
for multisensory interaction and active learning. This 
supports students’ ability to retain information and 
transfer the learned skill and knowledge to different 
contexts (Dede 2009; Allcoat and Muhlenen 2018; Christou 
2010; Kavanagh et al. 2017; Durlach, Mavor and Newby 
1996; Johnson-Glenberg 2018). Furthermore, requiring 
interaction and encouraging active participation rather 
than passivity improves user engagement (Dede 2009; 
Allcoat and Muhlenen 2018) and motivation (Kavanagh 
et al. 2017); VR education has also been shown to induce 
positive emotions and decrease negative emotions (Allcoat 
and Muhlenen 2018; Kavanagh et al. 2017).

Additionally, transfer is also improved by enabling 
situated learning, the digital mimicking of authentic 
contexts and activities, which provides a tight coupling 

between symbolic and experiential information (Dede 
2009; Bowman et al. 1999; Durlach, Mavor and Newby 
1996; Mei and Sheng 2011).

VR can be an efficient learning tool, as it is a 
commercially viable and a safe alternative to situations 
that would be hard, if not impossible, to stage in the real 
world (Christou 2010). Furthermore, the use of VR often 
saves resources, such as money, time and materials, 
since the experience can be repeated any number of times 
without much additional cost. These advantages have 
resulted in the increasing popularity of VR in classroom 
education (Christou 2010).

Overall, VR is a promising tool for representing and 
disseminating TC. Not only does it provide the option 
for embodiment and immersion (Dede 2009; Johnson-
Glenberg 2018), it can enable situated learning which 
leads to better transfer of skills to real life (Dede 2009; 
Durlach, Mavor and Newby 1996; Mei and Sheng 2011).

Invigorating the South African STEM 
curriculum with intangible cultural 
heritage

Zooming in from this broader discourse, the following 
sections will report from a larger international project on 
how safeguarding ICH can invigorate formal disciplines, 
helping ICH, TC and science, technology, engineering and 
mathematics (STEM) education enable one another.

In a recent review in this journal, Labrador (2022) 
distinguishes how the current landscape of heritage 
in education has been integrated into STEM learning 
and how ‘teaching through heritage has increased, as 
educators turn toward non-didactic methods in a broader 
epistemological context that positions culture as an 
undercurrent flowing through all subjects’ (23). Labrador’s 
notion of ‘education through heritage’ accurately captures 
our approach in a bidirectional sense, whereby young 
South African learners find relevance in both the heritage 
and STEM content.

The lack of culturally relevant resources for STEM 
learning means school learners in South Africa and other 
African countries are disadvantaged in their learning 
experiences (Ramnarain 2021). The use of VR simulations 
that are anchored in local culture can support cultural 
diversity and preserve the traditional knowledge of 
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Indigenous peoples through place-based learning that 
immerses learning experiences in local cultures. The 
application of such culturally anchored simulations adopts 
an embodied, situated, distributed cognition perspective 
to learning (Hardy-Vallee and Payette 2008) that affords 
learners an experience that is socioculturally situated 
in indigenous cultural practices and physiologically 
embodied in VR experiences.

Young South African learners struggle to see the 
relevance in periodic tables, laws of physics and so on. 
Therefore, the premise of the project is how to transfer 
ICH from remote rural communities to the urban young 
population and make learners aware that ICH has 
application in most STEM fields. TC is not some romantic 
past – it has been performed, tuned and validated through 
generations, also nowadays, and whether the focus is on 
the community practices of leather tanning or the Xhosa 
tradition of beer brewing, it has an explanation and place, 
also in the STEM fields.

An Umqombothi beer-brewing VR prototype
For the sake of both explaining the TC and the technical 

and graphic details of the VR prototype, the following 
text will describe how the TC was embedded into the VR 
prototype. For this article, we leave out the STEM elements, 
but it is important to note that the TC relates to the ICH 
of brewing and the STEM element is the beer brewing as 
a formal understanding of the chemical processes. One 
literally dives into the beer in VR and becomes embedded 
in chemical bonds. The overarching vision is to show how 
cultural practices and beliefs are viewable from a natural 
science or STEM perspective as well as to show that no 
explanation triumphs over the other – as both perspectives 
have a place in understanding the subject.

The sources of information for mapping out and 
designing the TC experience were gathered through 
South African collaborators, literature and community 
interactions. This section focuses on how an example of 
TC, specifically umqombothi beer brewing, was brought 
to digital life and subsequently evaluated from the 
perspective of participants in a physical re-enactment 
set-up.

Umqombothi is a traditional Xhosa craft beer. In the 
past, the beer was traditionally brewed by older women, 
though mostly consumed by men. These crafters used an 

age-old method of beer brewing, with diverse techniques 
handed down by their forebears; sometimes they were self-
taught (Konfo et al. 2021; Lues et al. 2009). The beer plays 
an important role in cultural, social and spiritual events 
– such as contacting ancestors (amadlozi) and celebrating 
the homecoming of young men (known in Xhosa culture 
as abakwetha) after initiation and circumcision rituals – 
as well as in funerals, traditional meetings, weddings and 
other life celebrations (Hlangwani et al. 2020; Lyumugabe 
et al. 2012).

Beer brewing itself is a craft, as it requires a special 
skill in the brewing techniques used and a lot of patience. 
Unlike cooking, this brewing process does not just require 
a recipe but needs an understanding of the fermentation 
processes, colour changes, brew consistencies, catalysts, 
dealing residues, hygiene and time frames for process 
completion. In fact, it is believed to be a craft as it is not 
only a hand but also a process skill.

The brewing of home-made sorghum beer is practised 
throughout the continent of Africa, but the VR prototype 
discussed here specifically portrays the Xhosa community 
in South Africa. This was reflected in the environment 
building, the architecture, voice lines uttered by animated 
characters and the clothing of the community.

The VR application development has been based on 
the real context and processes of brewing umqombothi 
beer for the occasion of the harvest. The brewing process 
is split up into four days, where the user is supplied with 
the equipment needed on each day. The 3D equipment 
was modelled after the equipment traditionally used 
during umqombothi brewing; see Figure 1 showing all the 
models and their real-life reference.

Besides educating the users about the TC, the goal 
was also to provide the users with the context, which is 
essential for the community. By showing the TC and context 
through the use of a narrative, the users would get a better 
understanding of the life and customs of the community 
and emphasise its relevance, instead of reducing the TC 
to a sequential process alone. The experience is split into 
two parts: the outside brewing scene taking place in the 
community and the inside scene, where the user takes 
part in the drinking ritual in the hut.

The prototype was implemented in Unity, using two 
VR packages: OVR and Unity XR. The application was 



132 

developed for the Oculus Quest 2 headset. The majority of 
the 3D models were created in Blender or Maya and from 
freely available packages on the Unity asset store.

The brewing of Umqombothi made interactive
The first scene takes place in the community in open 

air. The reference for the buildings, vegetation and other 
landscape features represents a real Xhosa community. 
Additionally, the environment was brought to life through 
the inclusion of virtual community members. They were 
present in the application both visually and through 
animation, as well as from an audio perspective. During 
the brewing, the player can see and hear members of 
the Xhosa community of all ages going about their daily 
lives: conversing with each other in Xhosa, working in the 
fields, playing or just relaxing in front of their huts. The 
environment hints at the reason behind the celebration 
– the end of the harvest season – by including the field 
workers harvesting the sorghum crops. Each day more 
crops are gathered and more collection baskets are visible 
in the scene to give a sense of progression; see Figure 2 

showing the outside scene view.

Besides the life in the background, direct interactions 
with the community are also implemented. As the user 
is brewing, two members of the community visit the 
player. In the first case, a local woman comes and brings 
ingredients, which she gives to the player, along with 
wishes of good luck. This experience provides the users 

Figure 1
The figure shows a side-by-side comparison of the reference objects and the produced 3D objects.

Figure 2
The figure shows an outside scene from the prototype.
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with a sense of community and accurately represents the 
fact that, during the communal brewing, neighbours often 
encourage and aid the brewer (McAllister 2003). The user 
continues to brew beer over a period of four days, aided 
by signifiers, such as a semi-transparent ladle scooping 
water and pouring it into a bucket, that show each step of 
the process. The whole brewing process can be seen in 
Figure 3.

After the beer is made, the user interacts with another 
member of the community. This time, an Elder  comes to 
collect the beer after it has been brewed. He offers thanks 
to the player and moves to the hut to start the ceremony, 
then the second scene begins.

The second scene takes place inside of the hut and 
represents the ceremony itself. This scene was added 
to portray the Xhosa beer-brewing customs accurately 
and further increase the feeling of community as well 

as explain the occasion of the ceremony. As the scene 
starts, the user is situated inside of the hut, sitting in a 
circle alongside other male members of the community, 
as per tradition. The elder makes a short speech about the 
event and gives thanks to the ancestors (McAllister 2004). 
He then drinks from an ukhamba, a traditional drinking 
container, and proceeds to pass it to his right. Each man 
takes a sip of the beer and passes it on. The player waits 
until they receive the ukhamba from the man sitting to the 
left. The player takes a sip and puts down the ukhamba on 
a table, ending the playthrough; see Figure 4 showing the 
inside scene.

Evaluation of VR prototype
An evaluation of the prototype was conducted to ensure 

transferability of the TC into a digital, experiential context 
and explore users’ impressions, attitudes and insights 
after the VR experience in isolation. More specifically, the 
goal was to achieve a deeper level of understanding of the 
contextual aspects of the community, its members, the 
rituals and habits surrounding the brewing process. This 
evaluation is labelled below as ‘Day one’.

The day after this evaluation, we gathered the 
participants again to investigate to what degree they could 
re-enact in real life what might have been transferred 
from the VR playthrough. This evaluation is labelled below 
as ‘Day two’.

In an effort to increase readability, both evaluations are 
treated independently, complete with results, rationales 
and supplementary details. The set of participants was 

Figure 3
The figure visualizes the brewing process.

Figure 4
The figure shows the second scene with the drinking ritual inside the hut.
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consistent throughout.

Before the evaluation was realised, usability and 
technical testing were performed to remove potential 
errors.

Participants
A total of 10 participants, five women and five men in 

their 20s, were invited to the evaluation. Seven out of 10 
participants had previous experience with VR. However, 
their experience was usually very little, and most of them 
mentioned trying VR only one time before this test. The 
participants were all students of Aalborg University in 
Denmark, some from the Architecture and Design and the 
Urban Design studies programmes, with the purpose of 
gathering participants with little to no VR experience and 
no knowledge of the TC.

The reason for not evaluating South African learners 
yet, although these learners would also originate from a 
range of different cultural settings, was to get as unbiased 
data as possible to better unravel to what degree VR 
contributed to a potential improved understanding of both 
the community ICH and brewing practice.

Day one: VR playthrough and experience sharing 
(evaluating contextual experiences)

Procedure
On the first day of the evaluation, the participants 

were asked to perform a VR playthrough of the prototype. 
Following the playthrough, we interviewed the participants 
on their new TC experience and organised a paired 
collaborative review. This was done to get insights into 
how participants perceived their experience and what kind 
of impact it had.

After the participants gave consent, the procedure 
of the experiment was explained to the participants, 
and they were handed the VR headset and controllers 
and were directed to a specific part of the room. The 
application was started and they were taken inside of 
the virtual environment. No further instructions were 
given to the participants unless a problem occurred that 
prevented them from continuing the playthrough. During 
the VR playthrough the participants’ interactions were 
videorecorded inside and outside of the simulation. See 
Figure 5 showing recordings from outside and inside VR.

After finishing the playthrough, the participants were 
asked to sit down and participate in a semi-structured 
interview, which was videorecorded. The participants were 
presented with questions regarding their contextual and 
emotional experience as well as their perception of the 
narrative.

Following the interview, a collaborative review was 
conducted to allow participants to more easily share 
and brainstorm their experiences with their friends or 
colleagues who had also participated. After the participants 
were gathered into pairs, they were given a list of topics on 

Figure 5
The figure shows; left: the video recording of a participants interacting in the prototype, and the right side shows the in-game recording synchronized.
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different aspects of the VR experience to talk about with 
each other while being videorecorded. If the researcher 
noticed any interesting comments, they further prompted 
the participants for an improved understanding.

Data analysis
The qualitative data was analysed using a thematic 

analysis approach, described by Braun and Clarke (2006, 
79) as a method for ‘identifying, analysing and reporting 
patterns (themes) within data’. These themes present 
important findings in regard to the research question 
by showing a patterned response or meaning within the 
data. Thematic analysis goes beyond the surface meaning 
of the data, recognising and examining underlying ideas 
and assumptions. This method was used to analyse and 
code interview data on a deeper level as well as to extract 
relevant information and hidden meanings.

Results
In general, all participants were able to complete the 

playthrough without need for assistance. The completion 
times per participant are visible in Figure 6 below, showing 
that the playthrough lasted an average of eight and a half 
minutes and with no major outliers.

In the following section, quotes are used to support 
our findings and show insight into participants’ personal 
experience. Each quote belong to a specific participant 
(P1–P10) and is taken either from their post-interview 
(denoted by a ‘-p’) or their collaborative review (denoted 
by a ‘-c’). For example, (P2-p) is a quote from the second 
participant’s post-interview, whereas (P2-c) is a quote 
from the same participant’s collaborative review.

Interaction with VR
Despite participants’ absence of experience with 

VR gameplay and lack of knowledge on the topic of this 
specific ICH, participants had no issue progressing through 
the playthrough on their own. During the playthrough, 
participants understood the tasks and quickly picked up 
the affordances of VR and the application.

I have never brewed beer and I’ve never tried VR 

before, and I was confused as to what I had to do […] 

But then eventually I saw the green lights [signifiers], 

and then I was like, that’s what’s going on […] Once 

you get the hang of it, it’s actually quite easy. (P1-p)

The interactions during the beer brewing highly 
engaged the participants, resulting in deeper immersion 
and embodiment:

My favourite scene [was] the brewing beer part 

because you have to interact with all these kinds of 

materials and you have to understand, okay, what am 

I doing next? (P3-c)

On the other hand, having high engagement during the 
outside scene resulted in a lack of focus on details within 
the environment, where participants could not recall their 
surroundings while brewing:

When I got the hang of it, I was so immersed; 

everything around me was blurred. […] I wanted to 

spend more time taking it in but also I was curious 

what would happen when I finished the task. (P8-c)

Experiences of community and ICH
In general, participants expressed a positive attitude 

towards the experience as a whole. The environment was 
associated with positive emotions, such as peace and 
calmness:

I liked the outside the most, children playing, it was 

very peaceful and you felt calm. (P7-c)

The participants enjoyed the brief interactions with the 
community so much that they often wanted more of them, 
expressing the need for a brewing companion:

Felt kinda on my own; also, in real life I would like 

someone to guide me, have the experience with me. 

(P10-p)

Figure 6
The figure shows the simulation completion times per participant.
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The inside scene provided the sought-after interactions 
with the community, which in turn made the participants 
feel a stronger connection to the community:

Drinking with, I suppose, the elders of the community. 

In that way I felt connected. (P3-p)

This community aspect also increased their interest:

In the end there was a closer reference to how they 

perceive life and I suppose religion too and that was 

thought provoking. (P8-p)

This connection was also further strengthened when 
the participants identified as part of the community, taking 
on specific roles in the community, such as brewer or new 
tribe member:

I was a part of a tribe […] It made me feel special that I 

was part of something bigger for the community. (P7-p)

By taking on this role and contributing to the 
community, the participants felt special and that their 
actions meaningful:

I definitely felt like I was contributing to something. 

Taking part in a tradition. (P1-p).

It seemed the participants grasped the importance 
of safeguarding ICH and supported it, without being 
introduced to it beforehand:

So, you’re doing this really important thing for your 

community [brewing beer] to keep the tradition going 

[…] It seemed like something that they had been doing 

for hundreds of years, and now you got to be a part of 

it. And that was really special, I guess you, you were 

chosen to do this. (P2-p)

In general, participants associated positive emotions 
with the community members, leading them to perceive 
the community as friendly and supportive:

They all seem friendly. There was a good atmosphere. 

(P3-c)

I just got to this village. I didn’t have a home, but they 

were kind enough to welcome me in the village. (P5-p)

This led to participants’ increased interest in the 
community and encouraged them to explore further:

I wanted to explore more, look around more, [see] 

what they did on the field, the ox, the kids playing. (P8-p)

Without receiving any explicit explanations, participants 
correctly perceived a hierarchy during the inside scene, 
from the seating arrangements and order of drinking.

I think maybe a feeling of mutual respect. If the man 

who took the first sip of the beer is more important 

than the others […] because he took the first sip […] 

and then I was the last person. (P1-c)

Furthermore, the participants got a deeper 
understanding of the culture, as they correctly perceived 
the hut as a privileged location and the ceremony itself 
as a sacred or special event. The participants accredited 
this to the presence of only a few, male, members of 
the community and the separation from the rest of the 
community, as well as sharing the drink. Two participants 
assessed this hierarchy:

Maybe also celebration, which you said, but maybe 

only the higher-ups actually. ’Cause we were only 

what? Six people. (P4-c)

And we all drank from the same cup, yeah. We 

weren’t drinking from different cups. So it was 

obviously something of a ritual. (P3-c)

Reflections on the collaborative review
During the collaborative review, participants felt 

nervous at first, but after a while, a productive conversation 
began. Participants expressed their opinions more freely 
and could compare and discuss their different points of 
view. They were often surprised by the difference in their 
interpretations of the experience and proceeded to explain 
their stance to their partner. Participants were also not 
afraid to agree with each other and helped each other  
reach conclusions. The collaborative review gave 
participants reassurance and understanding to express 
themselves fully and connect over their experience. 
Multiple opinions were uncovered during the reviews 
that the participants did not mention during the individual 
interviews.
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Day two: evaluating processual learning 
transfer through a physical re-enactment 
of beer brewing

The following day the participants were asked to re-
create their VR experience in real life, which we term 
‘re-enactment’. The participants were unaware of this 
succeeding evaluation day so that it would not influence 
them to place emphasis on the processual aspects. We 
were fortunate to recruit all the same participants again.

We were inspired by a study by Lohre et al. (2020), 
who studied how a VR surgical simulator was compared 
to a traditional learning method by having participants 
complete the surgical task in real life. During this process, 
the skill-transfer success was measured by a developed 
laboratory metric, verbal answers and time of task 
completion. We also clearly were inspired by the works 
on developing hands-on master–apprentice workshops by 
Karakul (2015), in which the author states that

the aim of conservation is to sustain both the physical 

and intangible aspects of historical buildings and to 

transfer them to the future […] Unfortunately, they 

have not hitherto been able to find an appropriate 

forum for the transmission of their skills to the 

current generation. (141)

Therefore, the method of re-enactment was chosen to 

evaluate the skill transfer of the VR application to a real-
life scenario.

Re-enactment method and procedure
In our context, we are mostly interested in the 

qualitative outcomes of the re-enactment; it was not 
expected that users would memorise the procedure 
completely after one playthrough. Therefore, the overall 
comprehension of the process was more important, and in 
learning settings the playthrough can always be repeated, 
if needed. This meant asking the participants to use the 
‘thinking-out-loud’ method to get a better understanding 
of their thought process. The thinking-out-loud method 
is where the participant is asked to explain the thought 
process behind their actions while performing them. 
The participants were observed and prompted to explain 
their actions in case they did not provide enough verbal 
information.

During this re-enactment evaluation, participants 
were given physical equipment representing the 3D 
objects they interacted with during the simulation. All tools 
were accessible at all times during the re-enactment, as 
opposed to being available depending on the day, as in the 
application. See Figure 7 for an annotated photo from the 
re-enactment set-up.

Furthermore, it was important to focus on whether 

Figure 7
The figure shows the reenactment setup with annotation.
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the learners could transfer the concepts of brewing, 
rather than merely visually recollecting the quantifiable 
procedural steps. For that reason, all objects – besides the 
maize meal, wheat meal and the wooden spoon – differed 
from their VR counterparts and therefore further evaluated 
the participants’ ability to transfer the functionality of the 
equipment from VR to a real setting in the context of the 
TC as a practice.

Consequently, participants had to rely more on an 
understanding gained through the VR experience than 
just remember the order of tool usage. The participants 
were videorecorded as they attempted to re-enact the 
procedure from the day before; they did not receive help 
from the researchers.

Data analysis
The video footage from the re-enactment was viewed 

and analysed by splitting the whole brewing process 
into individual steps and comparing the different phases 
across participants, especially their performance and 
verbal comments.

Results
In terms of the re-enactment of the brewing, the 

participants were performing really well.

Figure 8 shows the completion times for the re-
enactment per participant, which is quite short given the 
many pieces of equipment available and the fact that the 
majority of the participants demonstrated knowing about 
all the actions that needed to be performed.

While some got confused by the order at a certain 
phase, they also in many cases corrected themselves. 
They added the correct ingredients, covered up the mixture 
and filtered it in the end, only sometimes forgetting to stir 
the mixture when necessary, which might be easier to 
remember when working with real-life ingredients.

Furthermore, it must be emphasised that most of 
the participants were novel users of VR, without any 
knowledge of sorghum beer brewing, and they only had 
a single playthrough of the procedure, which lasted on 
average only eight and a half minutes (including the 
hut scene). The participants did not know about the re-
enactment beforehand, meaning they went through the 
experience without focusing on having to re-create it 
the next day. Additionally, during the re-enactment, the 
users had access to all the equipment and ingredients 
at once. This way, the re-enactment was based more on 
what participants remembered – for example, participants 
not noticing the water inside one of the buckets and 
consequently asking for it – instead of them automatically 
using everything accessible to them during each day. 
As some of the equipment had to be reused during the 
brewing process, users had to remember not only 
the correct order of the steps but also what the steps 
consisted of. Often, when participants made a mistake, 
they pondered about the correct step but ultimately opted 
for a different, incorrect one. In this way the method itself 
was useful to isolate gaps of understanding, and reviewing 
the video material made these phases very clear.

During the re-enactment, it was clear that the 
participants drew from the VR experience when re-
creating the brewing steps. This was observed through 
participants’ verbal reflection on the VR playthrough, for 
example, remembering the addition of the ingredients 
through the interaction with the virtual woman or 
describing the events that happened in VR:

The lady came over and gave me two of these 

[ingredients], one wheat and one maize. (P3)

Yesterday I put this [metal sheet] on the ground. (P8)

I remember this part very well from the first step. (P7)

Often, participants stopped and wondered about the 
correct way to proceed, trying to recall their memories of 
the playthrough while also showing genuine care about 

Figure 8
The figure shows the reenactment completion times per participant.
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getting it right:

I will take my time. (P6)

Similarly, one of participant performed hand gestures 
of the steps, with eyes closed, to remember better. This 
also suggests participants learned the procedure through 
the embodied interactions that VR enables.

Transfer was achieved as participants were able to 
map the process learned in VR into a real-life context, often 
adapting their knowledge appropriately – for example, 
boiling the mixture itself instead of adding boiling water or 
grinding the sorghum straight into the bucket instead of 
onto a sheet and then adding it in.

Overall, participants remembered the main principles 
of beer brewing – that is, making sure the mixture is 
boiled, the beer is left to ferment overnight and strained 
before it is served. Therefore, even if the participants did 
not manage to remember the entire procedure correctly, 
they still would have ended up with some kind of beer 
mixture in the end, as they understood the main concepts.

Discussion
Our results point to users having a high level of 

engagement, which corresponds with the previous findings 
of VR being an engaging medium (Dede 2009; Allcoat 
and Muhlenen 2018). This was caused not only by the VR 
interactions but also the content within the VR experience, 
since the users mentioned enjoying the brewing process 
itself. Participants described the experience as fun, as it 
was embodied and immersive:

It was fun to actually do it.I (P4)

It was a different kind of experience […] not like a 

computer. (P8)

The finding that embodiment and immersion increased 
enjoyment supports the findings from previous studies 
(Allcoat and Muhlenen 2018; Kavanagh et al. 2017).

Surprisingly, albeit being novice users of VR and 
having little to no knowledge about beer brewing in 
general (and none about umqombothi), the participants 
had few problems playing through the prototype. They 
understood the signifiers, which guided them through 

the brewing process, and managed to finish the entire 
playthrough in a relatively short amount of time. This 
suggests the efforts to create a simple, easy-to-
comprehend application that even novel VR users can 
understand was successful.

An increase in positive emotions was observed after 
the playthrough, which corresponds with the current 
findings (Allcoat and Muhlenen 2018; Kavanagh et al. 
2017). Participants described the experience as ‘fun’ 
and the environment as ‘happy’ and ‘peaceful’. During 
the post-interview, the participants seemed excited and 
enthusiastic when talking about their experience. They 
also mentioned perceiving the community members as 
‘helpful’ or ‘friendly’, even describing the drinking ritual as 
‘the equivalent of having a beer with the boys’. This was a 
result of the combination of the use of VR as a medium and 
the virtual environment and the atmosphere of the virtual 
community. These findings suggest users associated the 
positive feelings experienced during the VR playthrough 
with the TC and the community members. Consequently, 
these gratifying emotions connected with the culture 
could lead to thinking more creatively, flexibly and in a 
more integrated way, leading users become more open to 
information, which is beneficial for learning (Fredrickson 
2003).

Sparking an interest in ICH
One of the most interesting findings of our study was 

how much users’ curiosity increased following the VR 
experience. Unlike studies that conducted their research 
on museum visitors (Schofield et al. 2018; Ringas et al. 
2022; Hauser et al. 2022), who came to the experiment 
with the motivation to learn and had a learning 
experience before the VR playthrough, our participants 
were students with little to no previous knowledge and no 
specific interest on the topic. This is why it was surprising 
when the majority of the participants mentioned wanting 
to ‘know more’ when talking about the environment, 
the brewing process, the ceremony and the inhabitants. 
The experience sparked interest in the culture, as 
participants talked about interacting more with the 
community and the desire to know more. When asked 
about experiencing the event in real life, again, most 
participants enthusiastically expressed their desire to do 
so. The increased interest in the process as well as the 
community is a good indicator that the VR experience has 
the potential to safeguard these traditions as suggested 
by UNESCO (b, 2003).
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Conclusion
The study contributes to the research agenda of 

digitally safeguarding ICH and the TC of umqombothi beer 
brewing by designing and implementing a fully functional 
VR prototype as well as evaluating it on inexperienced VR 
users, unfamiliar with the specific ICH. Furthermore, this 
article acknowledges the lack of evaluation methods for 
assessing the transfer from digital TC solutions into the 
physical reality and addresses this issue by proposing a re-
enactment style evaluation, which explores participants’ 
ability to re-create TC practice in real-life context.

TC is a unique category of ICH, as it not only consists of a 
specific procedure but also depends heavily on the context 
and tradition surrounding it. One cannot be without the 
other: if either the craft or the cultural importance would 
be disregarded, we would lose a piece of the heritage. 
Therefore, the evaluation was carefully planned to look 
at not only the cultural understanding of the participants 
(Day 1 of the evaluation) but also the interpretation and 
recollection of the procedure of the TC (Day 2).

Through the evaluation of the contextual experiences, 
we found an increased interest in the community and their 
traditions, a connection established with the community 
members, a positive perception of the craft and the 
experience in general and the desire to undergo the 
experience in real life. The re-enactment evaluation also 
served as evidence for skill transfer from VR to real life, 
as even novice users of VR successfully re-created the 
majority of the beer-brewing procedure correctly after one 
short playthrough.

By designing, implementing and evaluating ICH and 
procedural aspects of TC, specifically umqombothi beer 
brewing, we hope to inspire further research into how 
VR can serve as a strong educational medium for ICH, 
especially TC. In the case of this project, the future holds 
two aspects: how it is received by South African learners, 
and how ICH can promote an interest in – or even an 
‘enrichment’ of – STEM education. 
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