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ABSTRACT: How can collection objects be shared with as many interest groups 

as possible in a creative, sustainable and effective way? Based on an example from 

the Museum für Naturkunde Berlin, we show how a collection object was used to 

develop a responsive tactile model. To increase the outreach and diversify the user 

experience, the model is now being transferred to the digital realm through a web-

based application. This article gives an overview of the evolution of the analogue 

tactile model and then focuses on the methods and development steps leading to the 

digital twin.  
 

1. INTRODUCTION 

The Museum für Naturkunde Berlin (MfN) has 

a scientific collection with more than 30 million 

objects. The MfN's Future Plan intends to de-

velop the collection, digitise it, open it up for 

innovative applications and make it more acces-

sible in general [1]. Two of the MfN's internal 

units are directly linked to these Future Plan 

projects:   

 Mediasphere For Nature – the lab for digital 

media (Mediasphere)  

 Data Portal – the publicly available access 

to the digitised collection objects 

  

While the Mediasphere focuses on the reuse of 

digital media in the context of innovative coop-

eration projects, the data portal not only dis-

plays the MfN's digital media but also contrib-

utes to the contextualisation of the media with 

elements such as a blog, an audio section and a 

story section. 

  

Both units pursue the goal of using new tech-

nologies to realise pioneering projects relating 

to the MfN's digital media. In doing so, they of-

ten venture into new territory, but it is precisely 

this experimental way of working that is neces-

sary for an institution like the MfN to be able to 

succeed in the digital environment in the future 

[2]. 

The project presented in this article began as a 

co-operative development of a demonstration 

model by Mediasphere and led to the further de-

velopment of a digital online experience by the 

data portal team. The project focuses on a dor 

beetle (Anoplotrupes stercorosus) from the 

MfN's entomological collection, and the 3D 

scan created from the specimen. 

2. DEVELOPMENT RESPONSIVE TAC-

TILE MODEL  

In autumn 2021, a mass digitisation project be-

gan at the MfN with the aim of making the in-

house insect collection accessible using state-

of-the-art technologies [3]. In parallel, the Me-

diasphere team was in dialogue with the educa-

tion department, which showed interest in a 

true-to-scale insect model to complement the in-

house tactile experience tours for blind and vis-

ually impaired people.  
 

Inspired by these two concepts, Mediasphere 

launched a new cooperation project with the 

Berlin model-making company werk5 GmbH at 

the end of September 2021. The aim of the pro-

ject was to develop a demonstration model: a 

highly scaled insect model that is equipped with 

audio content and can be operated inde-

pendently by blind and visually impaired people 

using technical resources. The goal was not only 

to develop a tactile model, but rather an intelli-

gent learning object that combines tactile and 

auditory information and is easy to operate.  

The following key questions had to be investi-

gated during the realisation of the project: 
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 How can 3D data, audio data and scientific 

information be transferred into an exhibit, 

that can be operated completely inde-

pendently by visually impaired people?  

 Which materials are best suited to offer an 

exciting tactile experience and at the same 

time optimise the functionality of the tech-

nology/sensory system? 

 How can navigation over the tactile model 

be made as simple and intuitive as possible? 

Figure 1: Dor beetle 3D scan; scan: Kristin Mahlow, 

Eva-Maria Unglaube, Eva Patzschke, all MfN 

 

The starting point for the project was the 3D 

scan of a dor beetle created in the museum's Mi-

cro-CT laboratory (Figure 1). Some details had 

to be added to this original 3D model, for in-

stance, high-resolution photos of the original 

beetle from the collection were needed to accu-

rately reproduce the surface texture. These cus-

tom images were taken by the MfN digitisation 

team.  

 

Before the refined, digitally processed 3D bee-

tle model could go into physical production, 

various materials were tested. These materials 

not only had to be robust but also resemble the 

surface texture and feel of the original and ena-

ble the use of internal sensor technology.  

Figure 2: Prototype being tested by blind test per-

son; photo: Ellen Schweizer 

While working on the digital 3D beetle model, 

an initial, simple prototype of the tactile model 

was created (Figure 2). Using this prototype, the 

modelling and technical team went through sev-

eral iteration loops in which the gesture control, 

the size of the model, initial audio content and 

general navigation across the model were 

tested. During the entire development process, 

the team was supported by a focus group of 

blind and visually impaired people, who regu-

larly tested the progress and gave feedback and 

optimisation ideas.  

 

In total, the beetle body was divided into five 

audio areas. Two further subject areas, which 

are not directly related to specific body regions, 

can be activated via additional sensory points on 

the touch surface below the beetle (Figure 3).  

 

After testing various gestures, it was identified 

that a simple double tap is the most intuitive 

gesture for triggering audio content for a spe-

cific area by touching the surface. The use of 

other gestures, e.g., circular or swiping move-

ments, was discarded as the test participants 

found them too complicated. As a result, the en-

tire navigation of the model is carried out using 

only the double-tap activation and the start but-

ton. The start button also functions as a stop or 

reset button. Another navigation aid for operat-

ing the model is volume control. If a person ac-

tivates the audio content for a specific area and 

then moves their hands away from this area, the 

sound becomes quieter. As soon as at least one 

hand touches the area of the activated sound 

again, the sound becomes louder again.    

 

Different departments of the museum contrib-

uted their help in creating the audio content. At 

the very beginning of the activation of the 

model, an introductory text is played for all us-

ers, providing background information on the 

model and explaining how it works. After the 

introduction, all further content is freely se-

lectable. It is not necessary to follow a specific 

order when activating the sections. 

 

The audio content included primarily provides 

information on different parts of the body, e.g., 

the head or forewings. At the request of the fo-

cus group, some ‘fun facts’ were also added, 

which, for example, point to surprising findings 

from research projects. A recording of dor bee-

tle stridulatory sounds from the museum's ani-

mal sound archive has also been added. 
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A mix of materials was chosen for the construc-

tion of the model. For most of the surface, we 

chose the solid mineral material Corian®, 

which is rigid and very robust, and was pro-

cessed using an industrial milling machine. Del-

icate body parts, such as the legs, were created 

by 3D printing. After several material tests, the 

decision was made in favour of a very tough yet 

flexible plastic. The flexibility is important to 

avoid the risk of injury from sharp body parts, 

for instance the claws at the end of the feet. If 

you touch these parts of the body, the material 

gives way, and the risk of cuts is averted.  
 

Also, after the final tactile model was created, 

further test loops were carried out to optimise 

the sensors, navigation and audio content. Fi-

nally, the model was tested by the focus group, 

but also with sighted people at public events at 

the museum and at trade fairs (e.g., MUTEC, 

FOCUS). The official handover of the model 

from werk5 to the MfN took place in April 

2023.  
 

The result of the development can be summa-

rised as follows:   

 an upscaled, responsive tactile model of a 

dor beetle, which is lined with sensors on 

the inside and transmits audio content about 

the touched surface area to the user via 

headphones 

 an accessible model whose functionality 

enables especially visually impaired people 

to experience it completely independently 

 a clear and accessible design that appeals 

equally to people with and without disabili-

ties 

 a working model burgeoning on market ma-

turity that demonstrates the development of 

an innovative tactile model concept 

 a project that was positively received by 

both industry professionals and the public 

and received a delina Innovation Award for 

Digital Education at the LEARNTEC trade 

fair in 2023 

 as described by one of the test persons from 

the focus group: “the tactile model offers a 

multi-layered exhibition that is completely 

stowed away in a single object and can be 

experienced comfortably without having to 

move from A to B.” This was perceived as 

a significant advantage. 

Figure 3: final tactile model; photo: werk5 GmbH 

3. THE DIGITAL TWIN EMERGES 

A major disadvantage of the physical tactile 

model is that it can only be used by a small num-

ber of people, i.e., it is only available as a learn-

ing experience to a very limited group of users.  

 

The success of the physical model gave rise to 

the idea of transferring the analogue tactile 

model to the digital world in the form of a web-

based application and thus making it accessible 

to a global user base. Since all materials such as 

transcripts, audio files and 3D models were al-

ready available digitally, the development of the 

first prototype was a logical next step.  

 

The application is freely available on the Inter-

net [4]. The corresponding source code and con-

tent can be viewed on Github [5].  

 

The central element of the application is a con-

trollable 3D model that can be rotated, enlarged 

or reduced in size. Hotspots on the beetle sur-

face enable targeted interaction with the model 

and the available content (Figure 4). 

 

Figure 4: The digital twin with available hotspots 

In contrast to the physical model, the content is 

not only available in spoken form, but also in 

text form (Figure 5).  
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Figure 5: Further information is available after the 

user clicks on a hotspot 
 

As with the original, the user can explore the 

model freely and is not tied to a guided tour. As 

an additional function, the user can display the 

dimensions for the model and the original beetle 

(Figure 6). 

 

Just like the tactile model, the digital twin is ex-

pandable and will be supplemented with sign 

language videos and other language versions in 

the future. 

 

Even if the application attempts to imitate the 

physical model, it can still serve as an independ-

ent learning experience. Learners can decide for 

themselves which mode or combination they 

want to use. They can discover the physical 

model in the museum or immerse themselves in 

the web application from the comfort of their 

own home. In combination, the digital applica-

tion can serve as a follow-up to the museum 

visit. 

 

Figure 6: The user can inspect the size of the physi-

cal model as well as the real beetle 

4. CONCLUSION 

During our journey and countless activities such 

as creating the first sketches, running material 

tests, building prototypes, conducting user tests 

and developing the digital web application, we 

have learned a tremendous amount and here are 

our findings: 

(1) Develop a long-lasting relationship. 

Developing viable business models is not easy, 

especially when public institutions cooperate 

with the private sector. From our point of view, 

the long-term partnership is the foundation for 

the future success of our shared journey. In ad-

dition, successful innovation projects often last 

longer than the usual duration of publicly 

funded projects. Results that fit into high-value 

reports are often only available at a later stage. 

 

(2) If you design something tangible, also 

consider the intangible world. 

In the beginning, we wanted to build something 

that was inclusive. But later we realised that it 

was also exclusive. So, we decided to build a 

digital twin. Although we don't have any empir-

ical results at the time of writing this article, we 

strongly believe that the intangible world will 

have a strong impact on the viability of a poten-

tial business model. A hybrid mindset not only 

helps to increase the number of users but also 

promotes engagement with culturally signifi-

cant artefacts. 

 

(3) Hybrid thinking: there are endless op-

tions. 

When developing the digital twin, we initially 

only tried to replicate the core functions. But as 

a digital application, it offers us new possibili-

ties that are difficult to implement with the 

physical model. The integration of videos with 

explanations in sign language and the use of AI 

for voice control or automatic translation into 

other languages are just two examples. Of 

course, this could also be integrated into the 

physical model, but with the digital twin, a wide 

variety of possibilities can be explored in a pro-

totypical approach and tested for their feasibil-

ity and desirability. 
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