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Abstract 

The Rock-Art Database (RADB) is a non-for profit online project at PERAHU, 

Griffith University in Australia. It seeks to improve theory and practice in the digital 

curation of rock-art data through building a centralized global rock-art heritage hub. 

Through the use of new technologies the database explores new ways to look at rock-art 

information and explores the potential within its digital curation. The system can be 

accessed on the World Wide Web at http://www.rockartdatabase.com. 

Australia alone features over 100,000 rock art sites, important heritage places for 

Indigenous and non-Indigenous peoples and a testament to over 10,000 years of human 

activity, including interactions with other peoples and the environment. Many of these 

sites have not been documented or recorded and are threatened by natural and cultural 

agents. It is becoming increasingly important to develop conservation models for the 

protection and preservation of sites. Indigenous cultural heritage in particular is difficult 

to manage on a local government level due to complex human / time / environment 

relationships and the importance of intangible cultural heritage. 

Currently no centralized Australian or global database system exists to curate, 

present and promote rock-art. This project aims to fill this gap by exploring the potential 

of collaborative approaches, information structure and visualization of semantic and rich-

media formats using Australian rock-art heritage as examples for a centralized global 

platform. 
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1. Background 

The Rock-Art Database (RADB) is a rock-art heritage project at the Place, 

Evolution and Rock Art Heritage Unit (PERAHU), School of Humanities, Languages and 

Social Science, Griffith University and forms part of a PhD project begun in 2012. The 

project aims to bring members of the global rock-art community together in one 

centralized online platform to share and discuss rock-art information. The deployed 

RADB Management System offers a tool to a wide range of users to collect, manage and 

disseminate rock-art data through specialized functionalities in rich digital media formats. 

In 2011, the Director of PERAHU, Prof. Paul Taçon, called for the need to 

establish a National Australian Rock Art Register in order to document and preserve 

rock-art sites around the country. Currently no such system exists nationally or 

internationally. The aim of this research project is to assess this ‘need’ and to provide an 

understanding of whether it is necessary to have such a system and, if yes, how it should 

work and what it should encompass? This introductory chapter provides background 

information and past efforts that lead up to the RADB project. 

1.1 Project Background 

The idea for the RADB project developed in three stages. Working on rock-art 

assignments as part of my Masters degree in 2009 I continuously struggled to find usable 

online sources for rock-art information. While rock-art data exists in hundreds or 

probably thousands of Web presences it seemed difficult to find reliable and informative 
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data amongst all the private blogs, tourism and art centre websites that mainly offer 

photographs or merchandise but little to no information on rock-art heritage. Another 

issue searching for sites was the choice of the search term ‘rock art’, something that also 

brought up hundreds of music related results. It was difficult to find a way to filter 

through these websites and optimize search requests in order to obtain the data I needed. 

Working on my assignments I ended up putting together a small database of websites that 

seemed of value to me at the time, which helped me structure the information I needed 

for my assessments. 

In 2011, two years after I had finished my studies, I came across an article on the 

ABC News website (Mark, 2011) in which Prof. Paul Taçon announced the need for a 

national rock-art database in Australia, which triggered my interest. This call seemed to 

make perfect sense considering the difficulties I had a few years earlier as a student 

finding information on Australian rock-art. I got in touch with Prof. Taçon and we started 

talking about his latest project the Protect Australia’s Spirit campaign (Taçon, 2011), 

which is concerned with documenting, conserving and managing Australia’s Indigenous 

rock-art. Through our discussions I developed a greater interest in the complexity 

involved in rock-art heritage management and learned about the urgency of documenting 

sites, as more and more sites are lost due to cultural and natural impacts. I got particularly 

interested in the technological side of rock-art recording, which seemed to be in its 

infancy while yet also using incredibly advanced remote sensing technologies for rock-art 

documentation. While initially focusing on recording technologies from paper based to 

virtual environments, the idea for a global rock-art database was yet to take shape. 
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In 2012, I embarked on my PhD under Prof. Taçon’s supervision and obtained 

Ethical Clearance approval for the project from the Human Research Ethics Committee, 

Griffith University (see Appendix A), which was maintained and updated through Annual 

Ethics Reports as the project progressed. The original aim of the research was to look into 

the use of new technologies within a variety of Australian rock-art projects as part of a 

comparative study. The project’s research data was once again managed in its own 

purpose built repository as I had done in my earlier studies in 2009. The system was 

designed to allow for the management and presentation of a wide variety of digital media 

formats. As more and more data was accumulated the system needed to be redesigned to 

accommodate for a larger amount of data. This development eventually led to the idea for 

designing the global rock-art database, a system that would not only allow me to deposit 

my own data but allow others to contribute and share as well. The focus of the original 

research shifted from an individual project approach towards a global integrated approach 

using Australian rock-art projects as an example for the design of a global rock-art 

database (see Figure 1-1). 

A proof of concept model with limited functions was first deployed in 2013 and 

access was restricted to developers only. In January 2014 the RADB was made available 

to the public for browsing but content contributions were still limited to developers. In 

August 2015 a fully functional proof of concept model was made available to a limited 

group of test users. The system is currently still in its proof of concept stage but is already 

experiencing increasing usage from rock-art enthusiasts and professionals from around 

the world. With over 245 Collection entries to date the site receives up to 800 unique 

visitors a month. Considering the niche that the RADB project represents within the 
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greater heritage sector the amount of frequent visitors to the site to date presents quiet an 

exciting development. 

 

Figure 1-1: First System used for Masters degree in 2009 (top-left), Second System used to store 
rock-art data in 2012 (bottom-left), global Rock-Art Database as of 2015 displaying rich-media 
content and tools (right) 

1.2 Past Efforts to Centralize Rock-Art Data 

The idea of centralizing heritage data is not new. Worldwide collaborative 

networks exist that aim to bring together heritage data from a variety of projects each 

with their respective aims and objectives. International cutting edge projects include 

UNESCO’s World Heritage List, Google’s - Maps, - Earth and - Cultural Institute or the 

recent Europeana project, which aims to bring together European heritage data, to name 

just a few. While all these projects focus on different forms of data centralization, data 

management or data presentation, rock-art related information is scarce and the little 
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information that does exist is often difficult to find. Rock-art is often invisible and a 

system that focuses on identifying and highlighting rock-art related information is still 

missing (Whitley, 2011, pp. 11-15). 

In 1997, the journal Rock Art Research published an article addressing these 

issues by proposing the development of such a missing international rock-art database 

(Walt, David, Brayer, & Musello, 1997). The article outlined the basic concept of what 

such a system could look like but no publicly available system was ever deployed and the 

state of the project remains unclear. 

More than a decade later, in 2010, experts again picked up on the idea and 

proposed the development of a UNESCO World Rock Art Archive (UNESCO World 

Heritage Centre, 2010). The aim was to establish a digital archive to conserve sites on a 

global scale. But yet again no such system was ever implemented. 

Rock-art researchers around the world have been asking for centralized systems 

for the last few decades. While a number of systems such as the Trust for African Rock 

Art (TARA, 2015) and its recently established British Museum African Rock Art Image 

Project (The British Museum, 2015) or the South African Rock Art Digital Archive 

(SARADA, 2015) have been developed for individual rock-art regions and needs, a 

system that encompasses Australian or international sites making national and global 

rock-art more accessible and more visible, is still missing. 

The following chapters discuss the development of a proof of concept model for a 

centralized global rock-art database using Australian rock-art as a test model for an 

international platform. The research aims to improve the accessibility and visibility of 

rock-art through offering a global centralized hub that allows to plan, collect, manage and 
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disseminate rock-art information. The research identifies gaps and trends within current 

theory and practice in international and national heritage and rock-art curation and 

develops a framework for the RADB project to address these findings. The project 

develops three conceptual rock-art specific models addressing issues in (a) collaboration, 

(b) information structure and (c) visualization within international and national heritage 

and rock-art data management. The models are then further developed for practical 

implementation in a free to use Content Management System (CMS) using an Open 

Source approach. The results of the proof of concept model are presented within an Agile 

Development Approach and discussed looking at the review of international and national 

heritage and rock-art theory and practice and how trends and gaps have been addressed 

within this new approach within the RADB. 

Chapter 1 provides background on the original research idea. Chapter 2 places the 

research idea into a theoretical framework within the greater information communication 

technology and heritage sector. Chapter 3 reviews heritage and rock-art management and 

technologies in support of the framework presented in Chapter 2. Chapter 4 uses the 

framework to envision a proof of concept model, which aims to fill the gaps identified 

within the heritage and rock-art review. Chapter 5 provides a methodology for the 

research and development of a proof of concept model. Chapters 6 – 8 look in more detail 

at the proposed framework discussed in Chapter 2. Chapter 9 implements the findings 

from Chapter 1-8 in a deployed Open Source application to test theory in practice. 

Chapter 10 presents the conclusion and summarizes the findings discussing future 

implications for heritage, rock-art and the RADB. 
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2. Framework 

The first issue to confront is what such a rock-art database system could actually 

look like. This chapter offers a framework within which such a system could operate. It 

looks at digital curation approaches for rock-art and heritage information to inform a 

deployment platform, towards an integrated Digital Earth type model as envisioned by 

Al Gore (1998). It investigates the relationship between data collection, management, 

presentation and dissemination by looking at the role of information structures and data 

visualization from crowd sourcing towards a Semantic Web approach. The resulting 

framework is used for the development of a proof of concept model in order to assist with 

improving accessibility and visibility within rock-art and heritage conservation and 

preservation theory and practice. Australian rock-art examples are used for 

conceptualizing the framework of the rock-art database within a global Digital Earth type 

model. 

2.1 Rock-Art 

But first of all, what exactly is rock-art? Rock-art is a repository of memory and a 

testament to over 40,000 years of human activity including interactions with peoples and 

the environment (Aubert, et al., 2014). These interactions are depicted in and on stone in 

the forms of pictographs (paintings, drawings, stencils, prints), petroglyphs (engravings, 

bas-relief) and beeswax figures. 
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While rock-art has previously predominantly been neglected in comparison to 

other more established fields of classical archaeological studies, the field has gained more 

and more momentum over the last two decades. Today rock-art is looked at to develop 

“understanding of symbolic and religious systems, gender relations in society, identifying 

cultural boundaries, cultural change […]” or “studying the origins of art and beliefs” 

(Whitley, 2011, pp. 1-15). Rock-art is also still highly valued by many Indigenous 

peoples around the world forming an important part of their cultural heritage in past, 

present and future (Whitley, 2011; Taçon, 2011). 

2.1.1 What are the Main Preservation Issues in Rock-Art? 

Rock-Art and Indigenous heritage is often difficult to manage due to its complex 

human - environment - time relationships, which is reflected in, for example, the 

understanding of Dreamtime in Indigenous Australian heritage (Department of the 

Environment, 2011). The importance of interrelated tangible and intangible cultural 

heritage, such as the physical and spiritual properties of a site, further builds onto this 

idea. But difficulties in recording rock-art information only form one part of the issue. 

Rock-art sites are also amongst the most vulnerable due to the impact of climate change, 

expansion of urban areas but also vandalism (UNESCO World Heritage Centre, 2010). 

While these problems exist within many sites around the world, I would like to illustrate 

a whole array of these issues on the example of the rock-art on the Burrup Peninsula in 

Western Australia. 

The Burrup Peninsula contains up to one million engraved images, one of the 

largest concentrations of petroglyphs in the world, including some of the oldest known 

depictions of human faces (Bednarik, 2002; Pillans & Fifield, 2013). Industrial activities 
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in the 1960’s connected the original Dampier Island to the mainland, extending the 

Burrup Peninsula. Changes to the geography and industrial activities damaged rock-art 

sites on the peninsula in the following years. 

In 2007, the area was finally heritage listed, placing 90% of the remaining rock-

art on the National Heritage List under the Dampier Archipelago listing (Department of 

the Environment, 2015). Despite its heritage listing, the site appeared again in 2008 on 

the World Monuments Fund’s list of the 100 most endangered places in the world largely 

because 20% of petroglyphs had been destroyed by industrial growth and construction in 

previous years (WMF Watch, 2014). 

In 2010, three years after being on the National Heritage List, rock blasting at a 

nearby quarry extended into the heritage area, significantly damaging three sites (Arup, 

2010). Four years later, in 2014, further damage was revealed in the form of vandalism, 

including graffiti and visitors climbing over sites (Spriggs, 2014). But the story does not 

end here as in 2015 a deregistration of sacred sites in Western Australia under the Section 

5 (b) of the state of the Aboriginal Heritage Act is now affecting the protection of Burrup 

Peninsula rock art. All of this, along with overall mismanagement, has led to new 

challenges along with pre-existing cultural and natural threats (Zarandona, 2011; Laurie, 

2012; Collins, 2015; McQuire, 2015; Taçon, 2014; Adelman, 2011). 

But the Burrup Peninsula is just one of many examples. Similar problems can be 

found in other parts of the country. In 1998, a piece of rock-art had been cut off at the 

Mutawintji Site in New South Wales but was recovered by rangers as the perpetrators 

were trying to get away with it (NSW Department of Education and Training Sites and 

Scenes, 1999; Wilson, 2006). In 2009, eleven rock-art sites in the greater Sydney area 
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were damaged through mining activities (Small, 2010). In other parts of New South 

Wales natural events have damaged paintings over the last few decades at Quiera and 

Dithol Creek in Morton National Park by dry lichen growth over the art work, paintings 

near Cobar at Mt Grenfell have been impacted and partially cut by water damage, art 

work near Inverell at Back Creek has been damaged by minerals, salt weathering is 

affecting sites at Pilliga Nature Reserve at Coonabarrabran and insects and birds have 

damaged rock-art near Cobar at Wuttagoona - to name just a few (Lambert, 2007; Taçon 

& Marshall, 2014; Marshall & Taçon, 2014; Agnew, Deacon, Hall, Little, Sullivan, & 

Taçon, 2015). 

All these examples illustrate the multiple problems rock-art faces today. And we 

have barely explored rock-art’s value within tangible and intangible Indigenous heritage. 

One can only imagine the wealth of information that is lost due to sites being neglected, 

damaged, destroyed and finally lost forever. If the destruction of books or deleting all 

digital data on the World Wide Web would widely be seen as heavily affecting the legacy 

of human kind, then why do we care so little about the destruction of the oldest still 

existing repositories of memory and human activity – rock-art? 

Many rock-art projects now make it their priority to document sites at fast speeds 

to at least preserve sites in text and image before they might be lost forever. It is 

becoming increasingly important to develop effective conservation and preservation 

methods as more and more rock-art sites are being lost due to these cultural and natural 

threats (see Figure 2-1). By highlighting, promoting and educating people about the value 

of rock-art we might be able to make a change to this destructive trend. But we need to 
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develop new methods to improve existing systems and focus on making data more 

accessible and more visible in order to help highlight, promote and educate. 

 

Figure 2-1: Graffiti damage (top-left), urban and industrial development (bottom-left), flaking (top-
right), water damage (bottom-right) (Photographs: Taçon, 2015) 

2.2 Finding a Framework for Rock-Art Management 

There is a strong need to find new ways to look at rock-art and its management 

related issues. New systems should:  

 

 Improve understanding of the importance of rock-art within an Indigenous and 

Non-Indigenous context 

 Improve understanding of human – environment – time related issues 

 Improve understanding of tangible and intangible heritage related issues 

 Improve understanding of cultural and natural threats 
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 Improve understanding of the impact of collection, management and 

dissemination methods on preservation and conservation methods 

 Improvement of accessibility and visibility of rock-art related issues 

 Support an interdisciplinary and international framework that allows sharing 

and comparing of data on a local, national and international scale 

 Allow for fast pace data collection supported by the use of new digital 

technology, considering the urgency of preserving certain sites 

 

In the following section a three-step approach is taken to look at digital rock-art 

curation. The findings are then placed within a Digital Earth type model to explore a 

possible framework for improving accessibility and visibility of rock-art related issues in 

a big data context. Exploring the role of people, computer technology and the 

visualization of data aims to assist with improving current conservation and preservation 

methods in collecting, managing and presenting rock-art information and forms the basis 

for conceptualizing the framework for the global Rock-Art Database. 

 

Key questions that frame this are: 

 

o Data Collection 

o How is data collection planned? 

o How is data collected? 

o Data Management (Accessibility and Visibility) 

o How is the collected data managed, stored and accessed? 
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o How do people impact data management? 

o How do computers impact data management? 

o How does visualization impact data management? 

 Frameworks and Platforms 

o What framework exists that we can operate within?  

o What technological platforms exist that we can use? 

2.3 Data Collection: Rock-Art Data and Collaborative Platforms 

To improve the accessibility and visibility of digital data management for rock-art 

we need to look at two related data collection approaches. In the first approach scholars, 

members of the community or enthusiasts collect primary information about rock-art 

typically within the field, while the second approach looks at the collection of this 

primary data within a global collaborative network on the Web. 

Looking at rock-art data collection and Web data collection methods will help to 

develop an understanding of the interrelation of the two approaches each within their 

respective domain. While online data collection will differ from primary data collection 

we will explore how the two can complement and support each other to maximize the 

primary data’s potential within a much larger interdisciplinary global Web context. 

2.3.1 Rock-Art Research Data Collection 

It is difficult to find well-defined rock-art data collection methods for tangible and 

intangible heritage as past research predominantly applied general archaeological 

approaches. Over the last two decades these approaches have been examined and 

improved to better suit specific rock-art needs. Whitely (2011, pp. 71-107) summarizes 
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different methods and describes Scientific Method, developing a hypothesis and 

comparison of competing ideas, as the most common approach. Chippindale and Taçon 

(1998, pp. 1-10) break this down further into Informed Methods and Formal Methods. 

While the Informed Methods relate to the cautious use of ethnological and ethnographic 

data Formal Methods use quantitative, scientific and location data that might be more 

suitable for tangible data concerned with, for example, social functions rather than 

symbolic meanings of rock-art. Informed and Formal Methods can both be broken down 

further to suit more specific research question and needs, which will be discussed in more 

detail later in this thesis. 

The collected data is then generally stored in custom-built databases in text, 

image or rich-media formats. While these databases are usually designed to address 

particular research questions within the Informed or Formal Methods approach, data is 

often locked up in closed systems and is not made accessible for the public. In some 

cases this might be due to access privileges related to sacred or secret data, but it is 

actually often simply related to not being able to find an appropriate storage or 

management platform for sharing data on the Web (Christen, Anderson, & Brown, 2012; 

Christen, 2008). While the management of secret and sacred data is an issue worth 

discussing, this project will predominantly focus on the latter issue of providing a 

platform for publicly accessible data. The little data that does end up on the Web is often 

difficult to find which, in turn affects, for example, the processes of improving 

conservation and preservation methods or policymaking. 

Why is heritage data being overlooked and how can we make this data more 

accessible and more visible? The obvious answer would be to collect and share data 
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within a collaborative system that is accessible and visible to a large number of people. 

The system would need to allow people to contribute and be able to highlight particular 

issues such as damage to sites or policymaking. The more data that can be seen by 

people, the more likely that this data will be accessed, which in turn will have an effect 

on the frequency of the data’s usage, again making data more visible. But the 

collaborative system and the rock-art data collections themselves would need to 

complement and support each other within their respective domains maintaining the 

integrity of rock-art research data and approaches. 

2.3.2 Online Data Collection: A Radical Collaborative Approach 

Looking at the Web, an abundance of resources in the form of archives, websites, 

blogs or community forums exist that contain a wealth of information on a variety of 

topics. Searching for “rock-art’ in Google Search currently returns over 256 million 

results. But what kind of information do all these millions of websites actually contain 

and how can we bring this information together in order to make sense of it all? 

If we consider Scientific Method (Garland, 2015; Newton, 1999) and the 

comparison of competing hypothesis, we should find a framework that supports the 

collection and interdisciplinary exploration of all this data acknowledging an Informed 

and Formal Methods approach in order to maximize the individual data’s potential. 

Swartz discusses such an approach on the example of Wikipedia (2006). The idea 

of the system is to invite the world to contribute to knowledge instead of assigning tasks 

to individuals and let people contribute whatever and whenever they want (Wikipedia, 

2015). While stepping away from scholars organizing this task people are now in charge 

of sorting things within a Radical Collaborative Approach. With over 73,000 editors and 
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over 34 million articles (approx. five million in the English language) written to date, 

Wikipedia is designed as a global interdisciplinary and collaborative encyclopedia linking 

millions of resources from books to digital data in one location (see Figure 2-2). The 

system currently forms the world’s largest collaborative knowledge platform on the Web. 

Other popular data collection platforms with millions of users and billions of data entries 

can be found in YouTube, Instagram or the communication platform Twitter (see Table 

2-1). But how do these platforms complement our data collection and research methods? 

How useful are their approaches and how useful is this data going to be? 

The usefulness of such online platforms is of increasing interest within a variety 

of fields from computer sciences to social sciences. Recent studies within the heritage 

sector included YouTube, Instagram and Flickr as a means to crowd-source data from the 

public to expand heritage and museum collections (Bak, 2012; Weilenmann, Jungselius, 

& Hillman, 2013; Stuedahl & Smordal, 2012; Raiciulescu, 2012). While heritage 

collections traditionally present information filtered by scholars, this new technique 

allows linking data to external sources so that the public can contribute from their own 

private collections whenever and from wherever they want. This new approach opens up 

new ways for accessing a wealth of information that would otherwise sit within not 

utilized repositories or private archives and is further explored in heritage projects such 

as Europeana’s LoCloud data aggregator (Gavrilis, Ioannides, & Theofanous, 2015). 

But this Radical Collaborative Approach also presents new challenges. What is 

the collaborative data good for? What rules apply? How can we bring all this data 

together and how can we make sense of it all? What kind of applications should we use? 
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It does not look for more system installations but rather a system that supports such 

collaborative work (Swartz, 2006). 

 

Figure 2-2: Wikipedia article entries in English language from 2001 to 2005 (Source: Wikipedia: 
About) 

 Total Data Total Active 
Community 
 

Usage 

YouTube Approx. 300 hours 
of video uploaded 
per minute 

Over 1 billion users Over 4 billion videos 
views per day 

Twitter Over 500 million 
tweets per day 

Over 316 million 
users 

Over 500 million 
tweets per day 
 

Instagram  Over 1 billion 
images 

Over 300 million 
users 

N/A 

Wikipedia 34 million articles 
(approx. 5 million in 
English language) 

73,000 Contributors 439 million visitors 
a month 

Table 2-1: Data Usage in Popular Online Platforms (Huberman, Romero, & Wu, 2008; Cheng, 
Caverlee, & Lee, 2010; Hannon, Bennett, & Smyth, 2010; Twitter, 2015; YouTube, 2015; 
Oreskovic, 2012) 
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2.4 Data Management 

We need to find new ways for filtering through the abundance of information 

available to us from all these global platforms – from Wikipedia and YouTube to millions 

of individual websites and blogs. 

The first and easiest approach is using the computing power of people to filter 

through information. While the process has its limitations with regards to the amount of 

data that an individual can handle, it dramatically increases within a collaborative 

approach through for example Wikipedia, YouTube, Instagram or Twitter. Within these 

platforms millions of individuals frequently add and filter information by editing, tagging 

or categorizing documents. While this filtering method would take individuals years of 

work, collaborative data manipulation as a form of crowd-sourcing technique can help 

with speeding up filtering processes for content but also content classifications. Crowd- 

sourcing as a filtering approach can further produce new data such as new categories or 

previously unseen links and relationships, opening up new potential for data to be used in 

new areas of research. 

To place this into a rock-art heritage context, we should picture a collaborative 

network of users tagging news feeds and images in categories relevant to rock-art 

research. Just like tagging friends in pictures on Facebook, members of the greater rock-

art community could tag images using categories from flaking and water damage to 

damages caused by mining incidents. While controlling the categories of available tags 

could assist with specific rock-art research approaches for statistical evaluation, more 

open approaches could allow users to come up with their own categories or comments. 
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But human-based computation filtering purely relies on the judgment of 

individuals within this Radical Collaborative Approach. This can have its upsides, such 

as the emergence of previously unseen data but also its downsides, such as 

misunderstanding of information or contributions from malevolent users. While peer-

reviewed type approaches within such collaborative system can assist with improving the 

quality of the data, the system’s efficiency still heavily relies on the quality of the 

contribution by individuals. 

Another element that impacts on the success and failure of this approach is the 

visibility of data, as users need to be able to filter through the files visually. How can we 

improve visibility in order to assist with the human-based computation approach? Is there 

other data that could assist us with our filtration process? What if we could optimize the 

human-based computation approach by allowing computers to help us sort through 

documents on an invisible data level? 

2.4.1 The Problem of Information Structure and the Semantic Web 

As already mentioned, typing “rock-art” into Google’s search mask returns a total 

of over 265 million results. Assuming that the majority of all these websites have already 

been optimized to some degree through basic human-based filtering, such as editing the 

websites’ content, the returned results are still too high for any individual to go through. 

A search can be further optimized by using, for example, quotation marks as a search tool 

to limit the results to the exact spelling of “rock-art”. Using this method we still get just 

over five million results. Narrowing down the search even further with regards to a more 

specific question we could try “Burrup Peninsula”+“rock art”, which still returns a 

staggering 14,600 results. Are there really that many websites discussing the rock-art on 
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the Burrup Peninsula? Why do we still have conservation and preservation issues if we 

apparently have so much information available? But what kind of information do these 

sources actually provide? Do they actually have the information we need? Looking for 

"Burrup Peninsula"+"rock-art"+"conservation" still returns 5650 results and "Burrup 

Peninsula"+"rock-art"+"damage” returns 3120 results. 

The high number of results relates to how data is actually being managed and 

searched on the Web. While information is looked for as it is entered within the hypertext 

of websites (the visible part of a website), every single piece of information including the 

terms “rock” or “art” gets picked up and now clutters our search results. 

Berners-Lee (2009) addressed this very issue in his 2009 TED Talk. Using a 

similar example in medical research he describes a new model, which optimized a search 

for a particular protein relevant to a specific area of research. The new approach was able 

to bring Web search results down from an initial 21,000 results to only 31 results, which 

provided the exact answers to the proposed search question. But how did this work? How 

can we filter information on the Web in a more targeted approach, finding our way 

through the maze of millions of pieces of information? The answer might lie with the so-

called ‘linked data’ approach. 

Berners-Lee explains linked data through a botanical analogy. If we look at a 

flower, the plant consists of two parts (a) the visible flower and (b) the roots of the 

flower, which are hidden deep in the soil (see Figure 2-3). Websites are like the flower 

and form the visible data on the Web. But more of the data that makes up the flower lies 

hidden underneath, just like the roots of the plant, as invisible machine-readable data. 

Currently all we do on the Web is look at the flowers. But what if we would change our 
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approach by making use of hidden data? We could use this information to optimize our 

understanding of the flower as a whole and start to understand the bigger picture, 

therefore improving our search results. To make this idea feasible we need to make more 

invisible data available in newly defined frameworks and rethink how information is 

currently managed on the Web. 

 

Figure 2-3: Visible and Invisible Data and the Need to develop a standard for linked data (Source: 
Berners-Lee, 2009) 

The concept of this model is not new and dates back to the 1960’s when cognitive 

and linguistics researchers Collins and Quillian (1969) and Loftus (Collins & Loftus, 

1975) looked into a semantically structured presentation of knowledge. The idea of this 

semantic structure is reflected in the linked data approach and defined in the concept of 

the Semantic Web. The Semantic Web aims to extend the concept of readable (the visible 

part) Web pages that are linked through hyperlinks by adding machine-readable (non-
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visible) metadata about content and relationships of pages to enhance already existing 

search functions as described in the previous search optimization examples. 

Going back to our rock-art example on the Burrup Peninsula, let’s put this into 

practice by looking at the rock-art damaged during the rock-blasting event in 2010 and 

the amendments of the Heritage Act in 2015. Using a metadata approach these events can 

now all be linked not only through human-based filtering but also semantically. We 

should try to conceptualize a system where, through the magic of computer networks, 

these events would show up every time we search for similar heritage and rock-art events 

in a defined search. But the results are not only showing a list of documents but visualize 

how these documents actually relate to each other through the use of metadata (see Figure 

2-4). Such an approach could not only link to other similar events around the world but 

could also automatically be integrated within educational institutions, heritage authorities 

or government bodies using an interdisciplinary collaborative compatible network. Every 

time we would look for "Burrup Peninsula"+"rock-art"+"conservation" we wouldn’t get 

over 5000 results but instead see the damaging event from 2010, and Section 5 (b) of the 

State of Aboriginal Heritage Act not only listed but within a model that is showing the 

relations and relevance of information depending on the specific search question. The 

query could also be made in reverse by looking at the Heritage Act that would now 

automatically show all the relations to events and sites relevant to the act including the 

Burrup Peninsula. 

The implementation of such a tool could have a big impact on education and 

policy making where data would become a lot more visible and clearer and could assist 

with improving our understanding of things. Instead of cluttering the screen with millions 
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of messy search results we could get clearer answers to our questions by looking at 

relationships of data improving our understanding of our search results. 

One might think that such systems are utopia and non-achievable but with 

advances towards integrated reference models such as NASA’s Digital Earth Reference 

Model, DBpedia, Linked Open Data (LOD) or RelFinder (see Figure 2-4), projects that 

are concerned with optimizing and standardizing global data, we might just be closer than 

we think (Heim, Lohmann, & Stegemann, 2010; Lohmann, Heim, Stegemann, & Ziegler, 

2010; Heim, Hellmann, Lehmann, Lohmann, & Stegemann, 2009; Lehman, Schueppel, 

& Auer, 2007). 

 

Figure 2-4: Screenshot of the RelFinder showing semantic relations between Burrup Peninsula 
and Dampier Archipelago in an optimized search approach using data from DBpedia and LOD 
(Source: http://www.visualdataweb.org/relfinder.php) 

http://www.visualdataweb.org/relfinder.php
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In 2006, a reference model towards such an integrated approach for cultural 

heritage data was put together by the International Council of Museums (ICOM) under 

the International Committee for Documentation (CIDOC) and released by the 

International Standards Organization as ISO 21127: 2006 (current version ISO 21127: 

2014). The resulting CIDOC Conceptual Reference Model (CRM) provides an ontology 

as a guide towards standardizing heritage information and assisting with optimizing 

compatibility across interdisciplinary fields of study towards a linked data approach. The 

ontology names and defines types, properties and interrelationships that exist within the 

wider interdisciplinary cultural heritage domain and provides variables needed for 

computational tasks. But the CIDOC CRM is still widely unknown and unused within 

heritage applications, specifically within Australia and rock-art and needs to be further 

promoted and explored, particularly within the field of Indigenous studies, rock-art, 

tangible and intangible data (Haubt, 2015). 

We are now able to conceptualize a system that explores new ways of looking at 

rock-art preservation and conservation through a Radical Collaborative Approach using 

human-based computation, crowd-sourcing and a Semantic Web approach to make data 

more accessible and more visible. The approach further contextualizes rock-art research 

and Scientific Method through bringing together and filtering millions of sources from 

the Web towards finding more specific answers to more targeted research questions. 

But how can we now organize this data visually on the computer screen? And 

how can the way we visualize this data further contribute to making data more accessible 

and more visible? 
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2.4.2 Data Visualization to assist with Access and Search Optimization 

Tufte (1995) discusses the issue of invisible and visible information within a 

micro / macro design approach. He examines the relationship between smaller problems 

placed within a larger context and provides visual examples within the design of maps. 

The following example will contextualize such a micro / macro map approach within the 

previously mentioned rock-art examples. 

But before we go any further we have to take a step back and move away from 

thinking about any issue as “small”. What is small? Could small actually be important? 

And if small is important, isn’t small actually big? A single rock painting being damaged 

on the Burrup Peninsula by a mining company in a remote part of Australia might be a 

small ‘micro’ issue. But it suddenly becomes a big issue when we are talking about 

hundreds of sites being destroyed across the country by the same industry. The issue 

becomes even bigger - ‘macro’ - once we start seeing the effects of what it does to our 

national cultural understanding, when governments start changing heritage protection 

plans in favour of industrial expansion and urban development that could potentially 

destroy sites across the state and the country. Do we know what we are destroying? What 

about the impact this might have on potential future scientific discoveries? While mass 

destruction of sites across the country is a macro problem what about the micro problem 

of the rock art on the Burrup Peninsula? Maybe it was this very motif that could have 

provided the solution to an important future scientific discovery – but now we will never 

find out. 

Small micro information often creates invisible data which unless someone 

specifically looks for it will be lost in the archives forever. As data is being overlooked 
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we keep making the same mistakes over and over again. Small projects might generate 

important findings but the question now is how to make this information visible to the 

masses and to help inform systems on a ‘macro’ scale. If you do not hear, read or see 

anything about it, it means you and everybody else most likely do not even know 

anything about it. Not being able to find information makes information invisible and we 

all stop caring about it. How can we turn micro data into macro data? How big should we 

think when we say “big”? And even more so, how can we ensure that data is not just 

“big” but placed within a network of related data that can assist us with improving and 

learning more about the already existing information within a bigger framework, moving 

away from an individual towards an integrated approach where data frequently gets used 

and does not sit for months or years hidden in dusty archives? We have already explored 

this through human-based computation and the Semantic Web approach, but how can this 

now also be done visually to even further assist with making data more accessible and 

more visible? 

Let’s think big, think macro, think about Google Maps and envision an example 

much closer to home. Looking for a place to eat tonight I type ‘Italian restaurant’ into the 

global macro Google Maps search mask. The search engine ties my metadata geolocation 

in with my search term and presents me with a micro scale map showing me the desired 

restaurant, the directions to the location as well as the greater surrounding area. Next I get 

to visually explore more micro attractions that pop up on the map around my 

geographical location such as a cinema and a newly opened bowling alley. Not only did I 

just learn how to navigate my way from my current location to the Italian restaurant, but I 

am now also contemplating ending the evening at the movies or the bowling alley, which 
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I previously did not even know existed in this area. With a single click on the cinema 

icon I decide to watch the movie on offer at 10pm and with another click on the map I 

book the restaurant for 7:30pm. This will give me enough time to eat and walk the 7 

minutes to the movie theatre, which Google so kindly already calculated for me (see 

Figure 2-5). 

 

Figure 2-5: Google Maps visualizing surrounding area (left), Detailed Pop-Up Window of Cinema 
(top-right), Calculated Walking Distance (bottom-right) 

I just used Google’s macro system that shows me a map of the entire planet earth 

to plan my micro event in my neighborhood. Not only did I find my restaurant on the 

map, but I also tied it in with getting to know my surrounding area better, finding detailed 

information on locations around me that would have otherwise been invisible to me. 

 A micro / macro system for rock-art would allow us to visually explore maps to 

find detailed information within a greater network. A network that provides us with 
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information on how data is linked to other data the same way I learned about the 

restaurant, the directions, the cinema and the evening movie. All this data is visually 

contextualized within the proximity of the restaurant and tied in with spatiotemporal 

metadata of various other sources.  

By using a macro system while looking for micro data, users will visually stumble 

upon more related micro data and make use of this otherwise unused information, such as 

the cinema or the bowling alley. Within this network of information micro data can then 

even be layered in further steps and linked back to other pieces of information not 

necessarily visible on the map through metadata and linked data, such as the movie 

schedule in the example, which is not part of the map but the cinema’s own external 

movie database, making their own invisible data visible. 

To summarize, we have identified another way to assist with filtering data 

through a micro / macro data visualization approach, making data more accessible and 

more visible. The approach should further be explored in support of human-based 

computation, the Semantic Web and Scientific Method to help improve rock-art 

conservation and preservations methods. 

2.5 Exploring a suitable Framework and Deployment Platforms 

2.5.1 The Digital Earth 

The Digital Earth concept provides a framework for managing micro/macro data, 

something envisioned by Al Gore (1998) in his speech at the California Science Centre in 

Los Angeles. Gore’s idea was a digital future in which the world can learn from 

interactive computer simulated environments about scientific and cultural knowledge. 
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The system would allow us to access information in new ways and help us to develop a 

greater understanding of the world and our role within it. 

Such systems have since partially been realized in Google’s – Maps and – Earth 

platforms and are further explored in other virtual systems such as the Open Web Globe 

(see Figure 2-6) or the NASA World Wind virtual globe model. But the Digital Earth 

model is not only concerned with data collection and visualization. It also explores the 

advances in the use of Geobrowsers and Spatial Data Infrastructure (SDI) to assist global 

systems towards map service standardization within a linked data approach (Nativi & 

Domenico, 2009). NASA has also addressed this idea of standardization through the 

Digital Earth Reference Model (DERM) and NASA’s Digital Earth Workbench (NASA, 

2015), which aims to help improve compatibility between the vast amount of information 

such global knowledge systems generate. 

Apart from technological developments, new communities have also emerged 

such as the International Society for Digital Earth and the International Journal of Digital 

Earth that look at Digital Earth related ideas within inter-disciplinary fields. 

The idea of the Digital Earth concept can also be found in other smaller 

applications such as the travel website Findery, the heritage application Historic Places 

LA by Arches or government portals like the New Zealand Transport Agency. The latter 

uses a GIS system in conjunction with comprehensive guides and site assessments to 

assist with the protection of natural and cultural heritage in the expenditure of New 

Zealand’s road systems and construction work (Buhring, 2013). 
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Figure 2-6: Screenshot of Open Web Globe / Web GL Digital Earth type model (Source: 
https://en.wikipedia.org/wiki/File:Openwebglobe_swiss3d_screenshot_February_9_2012.jpg) 

One thing all of these systems have in common is the idea of using GIS in virtual 

globes and maps to visualize data to develop a better understanding of the world. Tying 

together linked data / metadata such as user location (whether selected by the user or 

based on the user’s actual location) with user searches can be a powerful tool to develop a 

deeper understanding of, for example, specific areas. Geo-locations can assist with 

optimizing searches but can also tie together information from different sources as 

described earlier in the restaurant and cinema example. But how could we build such a 

Digital Earth type platform for rock-art? 
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2.5.2 Open Source Content Management Systems 

The answer to the question of a suitable content management system (CMS) for 

rock-art that allows for a collaborative, linked data and information visualization 

approach within a Digital Earth type model might lie within the Open Source 

communities. Free CMS such as Wikis, Drupal or Wordpress have been developed on the 

Web and form the bulk of data management platforms on the Internet today. But what are 

the pros and cons and how feasible are these Open Source systems when it comes to 

assisting rock-art heritage management with regards to (a) collaborative data collection, 

crowd-sourcing and human-based computation (b) information structure and a Semantic 

Web approach and (c) data visualization within a Digital Earth type model? 

2.5.2.1 The Wiki 

The first system to consider is a Wiki. A Wiki presents a great platform to create 

collaborative networks as it allows users to modify, add and/or delete content within the 

system (Leuf & Cunningham, 2001). Wikis are generally very lightweight in terms of 

maintenance and functionality and only use simple markup-language or rich-text editors 

to modify content, often within very basic flat-file databases (Encyclopedia Britannica, 

2007; Scott, 2007). Simple editors as well as very little predefined structures within the 

system make a Wiki highly flexible and it can therefore easily be adjusted to user needs. 

There are currently thousands of Wikis deployed on the Web ranging from fan pages for 

film and television shows to companies using Wikis for publishing and maintaining their 

files and documents. Wikipedia is by far the most popular Wiki on the Web with 

currently just under five million articles in the English language and over 34 million 

articles in total. Over 73,000 regular editors who range from scholars to readers maintain 
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these articles. The website currently attracts up to 439 million unique visitors a month 

(Wikipedia, 2015) making it one of the world’s top ten most popular websites on the 

World Wide Web. As a possible candidate for rock-art heritage management, Wikis 

unfortunately generally lack Digital Earth type visual interfaces using micro / macro type 

maps or GIS environments for navigation. Wikis are generally designed as encyclopedia 

type databases that predominantly rely on text and 2D images. But even though Wikis 

currently largely lack these visual design functionalities they have become of increasing 

interest in recent years to the Semantic Web community. Current cutting edge research 

makes use of the vast amount of information generated and linked in Wikipedia. The 

latest Wiki projects range from Artificial Intelligence in Question and Answering systems 

such as WikiQA.de using DBpedia and Linked Open Data, to data visualization 

applications such as RelFinder that aims to improve data visibility through a Semantic 

Web approach. 

2.5.2.2 Drupal 

Drupal as a second possible candidate for rock-art management provides a 

different type of CMS. The free platform is written in PHP using a MySQL database 

which provides the Drupal core system that contains the main CMS features. The system 

can be modified and extended through the use of add-on type modules to improve 

functionalities and interface design. Since Drupal started in 2001 over 30,000 modules 

have been contributed by over 30,000 developers, assisting the Drupal community with 

over one million users to further develop and improve the free online system. Drupal 

currently provides the back-end framework for at least 2.1% of all global websites and up 

to 14% of all CMS on the Web (W3Techs, 2015; BuiltWith, 2015). The system is used in 
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a range of applications from blogs to government websites with its most famous 

deployment in the online presence of the MIT List Visual Arts Centre, the previous 

University of Oxford website and weather.com with up to 100 million visitors per month 

(Drupal, 2013). The framework has also been discussed within the heritage community in 

recent years and systems like the South African Heritage Resource Information System 

(SAHRIS), the national South African heritage CMS, or Mukurtu, a popular free heritage 

application developed in Australia and the USA, have made use of the Open Source 

platform. Both, SAHRIS and Murkurtu are developed with assistance from the Drupal 

community and more than 1200 Murkurtu implementations of Drupal have been used 

across the US and Australia (Christen, 2013; Mlungwana, 2015). While Wikis focus 

more on text and image presentation, Drupal allows for the storage and management of 

rich-media formats integrating GIS systems that would allow for a micro / macro Digital 

Earth data visualization approach. This has made Drupal a popular framework for storing 

media files from sound to video files as used in the SAHRIS and Murkurtu. But Drupal 

does not only offer rich-media and Digital Earth type visualization tools. The system has 

also been a subject for discussion within the Semantic Web community looking into a 

range of implementation possibilities from Drupal core modifications to modular 

Semantic Web integration (Drupal Groups, 2015; data.semanticweb.org, 2011; Semantic 

Web Company, 2015). 

2.5.2.3 Wordpress 

A last system to consider is the Web’s most popular blogging and CMS platform, 

Wordpress. Similar to Drupal the system uses PHP and a MySQL database at the core of 

the CMS. While initially mainly used for blogging, Wordpress has gained momentum as 
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a fully-grown CMS in recent years. Similar to Drupal, Wordpress allows users to change 

the system’s look, feel and functionalities through add-on type extension called themes 

and plugins. While themes predominantly change the look of the system, plugins allow 

for adding and extending technical functions. Apart from its over 39,000 plugins, the 

system is also designed to be search-engine friendly and supports tagging, trackback and 

pingback functionalities for displaying links to other sites and further includes basic 

functions towards a Semantic Web approach through, for example, RSS feeds and XML 

sitemaps. Wordpress is currently estimated to make up 24.2% of all global websites and 

up to 48% of all CMS on the Web. With currently around 72.4 million Wordpress 

websites, the top deployments can be seen in the New Yorker, BBC America, Variety, 

Sony Music, Reuters Blogs or Google Ventures. Apart from mainstream websites, 

Wordpress has also been found to be one of the most popular formats for heritage and 

rock-art websites (see Chapter 3; Appendix B). Just as with Drupal, Wordpress also 

allows for the management and display of rich-media formats through the integration of 

Digital Earth type micro / macro visualization tools. And just like Wikis and Drupal, 

Wordpress has also become of interest to the Semantic Web community. Approaches 

have been made for integrating more Semantic Web type functions in Wordpress through 

updating the core system but also themes and plugins (Bojars, Breslin, & Decker, 2008; 

Breslin, Bojars, Passant, Fernández, & Decker, 2009; Bojars, DERI, Breslin, Peristeras, 

& Tummarello, 2008; Breslin, Decker, Harth, & Bojars, 2006; Limpens, Edelweiss, 

Gandon, & Buffa, 2008; Schwab, 2013; 3kbo, 2015). 
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2.5.2.4 Suitable Open Source CMS for the RADB 

All three platforms provide exciting opportunities with regards to collaborative 

Open Source rock-art content management, micro / macro visualization, Digital Earth 

type models and a Semantic Web approach. Wikis excel in the field of collaboration and 

crowd-sourcing and use of the Semantic Web while generally lacking advanced 

visualization tools. Because Drupal and Wordpress both provide Digital Earth type model 

integration along with a large community of developers providing a wide array of tools 

and extensions, such as Semantic Web functionalities and GIS, we will narrow down our 

focus on these two systems as a possible platform for rock-art management. Wordpress 

being the most popular CMS covering up to 24.2% percent of the Web’s online presences 

including many rock-art blogs suggests it would suit a greater audience and might be a 

more suitable platform for the RADB. Through the development of plugins, the 

Wordpress system can be extended and plugins can later be converted into, for example, 

modules for other systems like Drupal or tools for Wikis. 

2.6 Summary 

In summary, rock-art is a repository of memory important to cultures past and 

present and is studied by scientific communities to find answers about cultures and 

society but also the origins of art and belief systems. Rock-art is disappearing at a fast 

rate and threatened by natural and cultural agents from dry lichen and water damage to 

urban expansion, industrialization and policy making. Rock-art related issues are largely 

not visible and a need to improve conservation and preservation methods has been 

identified. Improving the accessibility and visibility of rock-art information could assist 
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with improving our understanding of rock-art conservation and preservation methods 

through contributions from scholars and the public alike. A new tool needs to be explored 

that looks at how improving accessibility and visibility of rock-art data can help improve 

conservation and preservation in theory and practice. 

The chapter identified a possible Digital Earth type framework for improving 

accessibility and visibility of rock-art data within (a) collaborative approach (b) improved 

information structures and better understanding of (c) the use of visualization tools in 

heritage applications within (d) an Open Source model. The collaborative approach can 

assist with the collection and filtering of information through contributions from scholars 

and the public alike through the use of crowd-sourcing and human-based computation, 

while an interdisciplinary and international ontology approach based on the CIDOC 

CRM model could improve information structure within global rock-art projects 

improving Web searches based on the Semantic Web idea. New visualization tools need 

to explore bringing together metadata and rich-media data to improve our understanding 

of complex big data sets to make data more visible and more accessible for scholars and 

enthusiasts alike. The Open Source communities offer Digital Earth type content 

management systems within free to use platforms such as Wordpress that allow to work 

together in collaborative networks developing tools that help with improving information 

structures and visualization tools for cultural heritage management systems. These 

systems can assist with improving our understanding of the world and our place within it 

as envisioned by Gore within an international and interdisciplinary approach. 

In order to develop a deeper understanding of the field we should now ask what 

everybody else does within the wider heritage sector? For instance, what does UNESCO, 
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the Australian Government or individual States and Parks do? What do universities, 

researchers and Indigenous organizations do? What does the general public do? What 

type of collaborative approaches, information structures and visualization technologies 

are available? And how does all of this affect our understanding of rock-art? 
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3. A Review of Organizations, Networks and 

Technologies in International and Australian 

Heritage and Rock-Art Practice 

In the previous chapter a Digital Earth type framework as envisioned by Al Gore 

(1998) was identified to help address conservation and preservation of rock-art heritage 

issues through making data more accessible and more visible. Within this framework 

three key areas of interest were explored: 

 

 Rock-Art 

o Rock-Art issues 

 Cultural and Natural Threats 

 Management of Heritage Data 

 Need for tools to allow for fast recording of information 

 Need to explore tools to improve accessibility and visibility 

o Rock Art Research Approaches 

 Scientific Method (Whitley, 2011); Informed and Formal Methods 

Approach (Chippindale & Taçon, 1998) 

 

 Data Management 

o Collaborative Approach (Swartz, 2006) 

 crowd-sourcing and human-based computation for collecting and 

filtering data (Dawkins, 1986; Sims, 1991; Cunningham & Leuf, 

2001; Salem, 2008; Mehta, Hofmann, & Nejdl, 2007) 

o Information Structure 

 Linked Data / Semantic Web (Berners-Lee, 2009) 

o Information Visualization 

 micro/macro approach (Tufte, 1995) 

 Digital Earth type model using GIS and rich-media formats (Gore, 

1998) 

 

 Open Source 

o Content Management System (CMS) in Wiki, Drupal and Wordpress 
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In order to develop a more thorough understanding of these three key areas within 

heritage management the following chapter produces a comparative review to allow to 

benchmark current trends and developments in the greater international, national and 

rock-art specific heritage sector. The chapter was presented at the 2013 ICOMOS 

International Committee for Documentation of Cultural Heritage (CIPA) Symposium and 

published in the ISPRS Archives (Haubt, 2013). It investigates the success and failures of 

relevant projects and addresses the use of new technologies within the digital curation of 

rock-art. 

The approach aims to highlight the need to improve conservation and preservation 

methods through investigating data collection, data management and deployed platforms 

towards a Digital Earth type framework. The review is used to inform the design of the 

Rock-Art Database (RADB) proof of concept model and breaks each section down into 

two steps: 

Step 1: Identify leading organizations and networks 

Step 2: Identify trends in applied technologies 

 

The following questions will be asked to further inform the Digital Earth type 

framework for developing a rock-art database model: 

 

1. What issues exist with organizations and networks and the use of technology?  

2. How do organizations, networks and technologies impact cultural heritage and 

rock-art?  

3. What can we learn from the success and failure of these projects? 

4. How does this apply within the rock-art context? 
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3.1 The Greater Cultural Heritage Sector 

Technological developments have changed the way we see the world, with 

organizations striving towards integrated, digital systems for documenting and preserving 

cultural heritage. As envisioned by Gore’s (1998) Digital Earth model such a process 

could provide improving a collective understanding of the place of people within their 

natural and cultural environment. The following section takes a top-down approach and 

examines international, national, governmental and non-governmental heritage bodies 

looking at organizational structures and deployed technologies within selected projects. 

Due to the nature of fast developing technological advancements as well as changing 

governmental structures, this review is only seen as a snapshot of the current state of the 

examined systems which are likely to change within a short period of time. The future 

proofing of such systems is of great interest to this project and will be addressed in more 

depth in the following chapters concerned with reference and domain models. This initial 

review is meant to provide examples of existing systems and develop oversight of 

relations between existing organizations, their applications and applied technologies to 

provide a literature review for the RADB development. 

3.1.1 International Heritage Organizations 

A collaborative network of heritage organizations exists within, for example, 

UNESCO, Google, CyArk or the Global Heritage Fund (GHN), providing management 

and technical support for cultural and natural heritage projects. While most organizations 

focus on their respective fields of interest, the United Nations aims to create centralized 

knowledge networks. 
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UNESCO’s World Heritage List currently includes 962 sites with most sites 

managed by local, self-regulating authorities that report back to UNESCO (UNESCO, 

1972; UNESCO, 2008; UNESCO World Heritage Centre, 2010; IUCN & UNEP-

WCMC, 2012). Through UNITAR (UNITAR, 2012), UNESCO offers local authorities 

necessary management and training support but does not supply technological tools. 

Organizations such as Google, CyArk or the Global Heritage Fund fill this gap, offering 

state of the art technological solutions for documentation, management and monitoring of 

sites. While each organization focuses on its own specialized field, information is shared 

within a greater online network and made publicly available. 

3.1.1.1 Google Cultural Heritage Institute 

Google, for example, offers search engines and the geolocation tools Google 

Maps and Google Earth to organizations around the world and is deployed in a variety of 

systems. But Google also runs its own projects within the cultural heritage sector (see 

Figure 3-1). The Google Cultural Institute’s Art Project provides a network of over 250 

institutions from around the world with several thousand works of art from over 6,000 

artists (Google, 2015). The project uses the latest in spherical imaging technologies to 

visualize exhibitions from museums, art galleries and rock-art sites using immersive and 

interactive formats, allowing users to explore sites via their digital devices and making 

galleries accessible to the public. While big museums handle about 2.8 million visitors at 

MoMA (Google Art Project, 2016; Boroff, 2012) or up to 9 million visitors at the Louvre 

a year (Louvre Museum, 2016), virtual online exhibitions such as Google’s Art Project 

offer institutes new ways to collaborate and showcase their data, attracting visitors from 
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around the world in a convenient, cheap, fast, interactive and more accessible and more 

visible way, whenever and from wherever. 

 

Figure 3-1: Screenshot of Google Art Project, Australian Rock Art, Griffith University (Source: 
Google Art Project) 

3.1.1.2 CyArk 

Another company providing heritage data visualization services is CyArk. 

CyArk’s mission differs to Google’s and mainly aims to capture heritage sites in high 

quality 3D reconstructions (CyArk, 2012). The project features its own browser 

integrated 3D viewer application for high definition point cloud displays and develops 

new technologies for capturing and displaying high quality images in 3D (see Figure 

3-2). The resulting models are shared within the greater heritage network and showcased 

in, for example, Google’s and UNESCO’s heritage projects as high-resolution 3D models 

that allow the viewers to immerse themselves in stunning photo realistic virtual 

environments. 
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Figure 3-2: Screenshot of CyArk, Chichen Itza, Ancient Mayan Wonder of the World (Source: 
www.CyArk.com) 

3.1.1.3 The Global Heritage Network 

A third international company that provides cutting edge technological services is 

the Global Heritage Fund (GHF). GHF started its new project the Global Heritage 

Network (GHN) in 2010. The project aims to provide a comprehensive conservation 

monitoring tool for heritage sites around the world (GHN, 2013). While the project 

features its own Web portal, integrated heritage site information is obtained from other 

heritage projects around the world. GHN’s centralized platform makes this information 

more accessible and more visible through a virtual online experience bringing together 

different media formats such as text documents, satellite imagery, 3D models and GIS 

data in its own centralized platform. 

http://www.cyark.com/
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Figure 3-3: Screenshot of Global Heritage Network (GHN), Rock Art Sites of Tadrart Acacus, 
Libya (Source: www.ghn.globalheritagefund.org) 

3.1.1.4 Collaboration and Information Sharing 

While not all World Heritage sites are part of these cutting edge projects, Google 

currently lists 250 galleries and museums, CyArk lists 33 high definition 3D 

reconstructions and GHN monitors over 650 heritage sites. With expanding networks and 

a collaborative approach UNESCO, Google, CyArk and GHN are one step closer towards 

a Digital Earth (CyArk, 2012; GHN, 2013; Google, 2012; UNESCO, 2012). 

But while these big organizations lead the way, the process of such collaborations 

between cultural heritage departments and information and communication industries is 

also of interest in many other archaeological, anthropological, historical and museum 

studies (Arya & Prieto, 2012; Bak, 2012; Forte, 2010; Raiciulescu, 2012; Stuedahl & 

Smordal, 2012; Muschio, Jeppson, & Levin, 2012; Hazan, Cameron, & Kenderdine, 

2007; Cameron & Kenderdine, 2007; Gavan, Cameron, & Kenderdine, 2007; GIM-

International, 2012; Poehler, 2012; Loesch, 2012). 

http://www.ghn.globalheritagefund.org/
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As collaborations between heritage organizations such as UNESCO and 

companies in the information and communication industry such as Google or CyArk 

expand, issues arise in the curation, presentation and promotion of cultural heritage. New 

methods are required to bring together interdisciplinary information ranging from 

incompatible digital formats to issues with domain specific languages. While 

specialization allows organizations to excel within their particular field of expertise, 

oversight is needed to integrate this information within a centralized platform. 

 Attempts to standardize formats have been undertaken through for example the 

International Council of Museums (ICOM) by developing the CIDOC CRM, a reference 

model that allows the mapping of inter-disciplinary information packages 

(ICOM/CIDOC Document Standards Group, CIDOC CRM Special Interest Group, 

2015). The CIDOC CRM was introduced in 1994 but the conceptual reference model was 

not completed until 2006 when it was accepted as ISO standard 21127: 2006 (current 

version 21127: 2014). Even though the CIDOC CRM has been an available tool for the 

last decade only few heritage applications have implemented the model to date and it is 

still largely unused within Australian heritage and more specifically within rock-art 

heritage management. 

Another example for efforts towards standardization is the domain specific 

language approach in the Museum Dictionary project organized through the CIDOC task 

group. The aim of the dictionary for museum studies is to establish a framework that 

allows for the use of a domain specific language in multiple languages that defines 

heritage specific terms.  
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Even though current projects through ICOM and the CIDOC task group address 

standardization in interdisciplinary heritage, information and communication networks, 

only little outcome has been reported to date. Currently no single centralized system 

exists that provides access and manages all aspects of heritage on a global scale 

(UNESCO, 1972; UNESCO, 2008; IUCN & UNEP-WCMC, 2012).  

The RADB considers exploration of the usefulness of a radical collaborative and a 

centralized system approach for cultural heritage information, expanding on the idea of 

UNESCO’s network, Google’s Art Project or GHN. The system proposes to address 

interdisciplinary information sharing on a local, national and international level through a 

linked data approach such as explored in the CIDOC CRM and further considers use of 

new technology such as 3D by CyArk to improve accessibility and visibility of data. 

3.1.2 International Heritage and Applied Technologies 

UNESCO recently announced its own new Geolocation Content Management 

System (GeoCMS), the Cultural Heritage Resource Information System 

(CHRIS)(UNESCO, 2012). CHRIS was developed to provide a tool that allows for the 

collection of information necessary for World Heritage nomination. Based on the world 

heritage guidelines CHRIS is currently implemented in UNESCO’s Silk Road Project 

gathering data from different participating Central-Asian countries in rich-media formats. 

Engaging local communities from different countries, the project currently faces 

problems within the use of multiple languages, secret and sacred data exchange and 

computer literacy. Some of these issues are addressed through implementation of access 

level restrictions for, for example, privileged data, and addressing computer literacy and 

language problems by making data more accessible to the general public through data 
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visualization (Vileikis, Dumont, Serruys, Van Balen, Tigny, & De Maeyer, 2013; 

Vileikis, et al, 2012). 

Google and Cyark have a predominantly visual approach. Google Street View and 

the Google Art Project allow the visitors to immerse themselves in virtual, spherical and 

panoramic tours based on high definition photographs. This spherical and panoramic 

approach is also implemented in a range of heritage projects. The use of such 

visualization technologies is the subject of ongoing discussion within heritage 

communities (Grau, 2003; Koehl, 2012; Vanvolsem, 2011). While Google is taking a 

two-dimensional panoramic approach, CyArk is taking a three dimensional approach for 

visual representation. Originating in the remote sensing industry, CyArk currently offers 

five different ways to explore heritage sites: 

 

1. text 

2. photographs 

3. 3D point cloud models 

4. maps  

5. virtual tours 

 

Research into the use of three-dimensional models in cultural heritage is ongoing 

and has been summarized by Forte, Lock and Cameron (Forte & Alberto, 1997; Forte, 

2010; Lock, 1987; Lock, 2003; Cameron & Kenderdine, 2007). While some projects 

focus on the accuracy of three dimensional models (Brabec, 2012; Frischer & Dakouri-

Hild, 2008; Gooding, 2010; Jacobson, 2012; Michon & Antably, 2012; Moser, Hye, 



A Review of Organizations, Networks and Technologies in International and Australian Heritage and Rock-Art Practice 

 

48 
 

Goldenberg, Hanke, & Kovacs, 2010; Strange-Walker, 2012; Santos, 2012; Abdel-

Wahab, Wenzel, & Fritsch, 2012; Wenzel, Abdel-Wahab, Cefalu, & Fritsch, 2012) others 

raise concerns questioning the usefulness of such digital reconstructions in cultural 

heritage (Bleisch, 2012; Forward, 2012; Huggins, 2005; Jacobson, 2012; Koller, Frischer, 

& Humphreys, 2009; Koziol, 2012; Michon & Antably, 2012; McLuhan, 1964; Nakata, 

2002; Sylaiou, 2004). 

GHN is taking a different approach by focusing on conservation monitoring using 

the latest in photogrammetric, remote sensing and Geographic Information System (GIS) 

technologies. GHN combines textual, 2D image, satellite image, photogrammetric, 3D 

model and GIS data using the Google Earth interface. The intuitive design allows for 

easy data access through textual and visual search functions using a map. But while GHN 

offers these state of the art technologies, research into the usefulness of data visualization 

in cultural heritage continues (Acar, 2012; Koehl, 2012; France & Toth, 2012; Parcak, 

2012; Poehler, 2012). 

Sophisticated networks of cultural heritage organizations and publically 

accessible applications have been launched by UNESCO and related heritage 

organizations. Working together, each organization excels within their respective areas of 

expertise and focuses on particular fields of interest, applying the latest state of the art 

technologies. While technologies develop fast, questions have been raised about the 

appropriateness and purpose of new technologies within cultural heritage applications 

and a need for further research has been identified. 

The RADB framework addresses this issue by exploring visualization in 

information design through contextualizing tools with heritage research methods. This 
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approach will help to develop a better understanding of their functions within existing 

conservation and preservation problems. 

3.1.3 Australian Public Heritage Sector Organizations 

While UNESCO is managing World Heritage sites through an international 

network of partners, little evidence of such organized networks can be found in Australia. 

The Australian heritage system is highly decentralized, officially listing a total of 49 

heritage bodies - 36 government and 13 non-government organizations (Department of 

the Environment, 2011). Each state is running its own heritage system complying with its 

own state regulations highly disconnected from the national heritage body, the 

Department of the Environment (see Appendix C). A lack of nationally standardized 

naming conventions for all of these departments and also departments frequently being 

renamed, closed or new ones opened, makes it very difficult to evaluate Australian 

heritage organizations within such a decentralized system that seems to be in constant 

change (see Appendix D). Not surprisingly, the latest government reports revealed a lack 

of structure within its heritage system, which is reflected in management and heritage 

protection particularly with regards to Australian Indigenous Heritage (Department of the 

Environment, 2011). 

The national heritage body, the Department of the Environment, as well as each 

state, frequently assess the overall performance of their respective heritage management 

systems through the State of the Environment (SoE) reports. While the reports must 

comply with a (roughly) outlined national guide, each state provides its very own Key 

Performance Indicators (KPI) within their respective SoE reports. This makes direct 

comparison and evaluation on a national level extremely difficult as each SoE focuses on 
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different KPI. While, for example, South Australia focuses on general compliance within 

their own systems, states like the Australian Capital Territory (ACT) focus on building 

general reporting mechanisms. The last national SoE report predominantly focused on the 

appropriateness of documentation tools and highlighted five key performance areas 

within the national Indigenous Cultural Heritage management systems: 

1. Identifying Indigenous heritage 

2. Managing Indigenous heritage 

3. Protecting Indigenous heritage 

4. Leadership in Indigenous heritage 

5. Celebration of Indigenous heritage 

 

The report identified poor performance within key areas 1, 2, 3 and 4 to a point 

where sections of the report were even left blank due to a complete lack of information 

(see Figure 3-4). The low performance was largely contributed to a lack of understanding 

Indigenous heritage and inadequate tools and resources. While these five key 

performance areas seem to provide a good starting point to look at heritage management 

systems, little has been done to date to improve these issues. After the 2011 report was 

released, the government turned to the public asking for collaborative feedback and 

recommendations on the issues but no further updates have been published to date 

(Department of the Environment, 2011). With ongoing political discussions on mining 

and deforestation affecting Indigenous communities around Australia, the outlook for 

improving the current situation looks anything but promising. 
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Figure 3-4: State of the Environment Report showing issues within identifying, managing, 
protecting and leadership in Indigenous Cultural Heritage management (trends labeled red, 
negative, to green, positive with arrows indicating downward, stable or upward trends). (Source: 
Department of the Environment, 2011) 

Similar results are found within individual state based SoE reports. If we take the 

five key performance areas used to benchmark the latest respective state reports, not one 

report contains comprehensive information on identifying, managing and protecting 

Indigenous heritage. But instead all reports identify inadequate knowledge about 

Indigenous culture, tangible and intangible heritage and people-environment-time 

relationships (EPA WA, 2007; EPA NSW, 2012; EPA NT, 2013; TPC, 2009; CES VIC, 

2013; Department of the Environment, 2011; OCSE, 2012; EPA SA, 2008; Department 

of Environment and Heritage Protection QLD, 2011). While the latest report from South 

Australia shows that most Indigenous heritage sites and heritage knowledge is currently 

discovered through research related to mining projects, other reports question the 
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appropriateness of currently applied tools for monitoring and reporting on the condition 

of heritage sites. 

If we take the SoE’s five key performance areas as a national measuring tool for 

heritage systems, a huge gap can be found within identifying, managing, protecting and 

leadership in Indigenous heritage management within a highly decentralized and 

constantly changing system, questioning the appropriateness of applied conservation and 

preservation methods on both national and state levels. 

The RADB explores a Radical Collaborative Approach within a centralized 

system to address the five key performance areas. As currently information on 

Indigenous cultural heritage exists in a large number of private, local, state and national 

archives within a highly decentralized system, the approach could create a pool of new 

valuable information sourced and organized by the public from private archives to global 

research platforms. Making more data accessible and visible could be a first collaborative 

step towards improving general knowledge gaps by sharing information within 

Indigenous Australian Cultural Heritage private, local, state and national heritage 

organizations. To help organize the data, the implementation of a linked data approach 

could assist with bringing data together for reporting and statistical purposes. While 

linked data could also provide a better understanding of relationships of the collected 

data, a standardized reference model approach, such as the CIDOC CRM, is needed to 

help overcome the problem of constantly changing systems by making data more 

compatible. Currently, old and newly emerging heritage departments often create 

incompatible sets of data. This dynamic change is even further complicated through the 

decentralization of heritage systems within each respective state. While changing 
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departments might be related to governmental and political change, with each opened and 

closed department they can be the cause for disappearing, incompatible and invisible 

data. By setting a standard for linked data we could help overcome the issue by making 

data more accessible and visible for all departments. Government and non-government 

bodies could now share or pass on old data to new departments by simply complying 

with universal standards. 

3.1.4 Australian Public Heritage Sector and Applied Technologies 

The SoE reports reveal little information on the representation of data, collected 

data, applied technologies or used methods. But taking a closer look at Australian 

heritage archives a big gap between individual state based and national archives can be 

found. While, for example, the national Australian Heritage Database (Department of the 

Environment, 2016; also see Figure 3-5) appears comprehensive at first glance, the 

Australian Capital Territory’s and Tasmania’s heritage archives are managed in basic 

Excel spreadsheets (see Figure 3-6). 

Without any further detailed analysis of the six column downloadable 

spreadsheet, that seems to provide little more than the name and address of the heritage 

site locations, we turn back to the more comprehensive national Australian Heritage 

Database (see Figure 3-5). The system provides a comprehensive archive with over 

22,300 entries, listing World Heritage as well as National Heritage listed sites. This 

heritage database interface offers the user two search options using statistical and key 

word search as well as a visual interface using an interactive map. Similar to UNESCO’s 

or GHN’s system, all other state registers also provide textual and map search functions 
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but generally with less detailed features than the Australian Heritage Database 

(Department of the Environment, 2016). 

 

Figure 3-5: Screenshot example of a rock-art location entry in the Australian Heritage Database 

 

Figure 3-6: Tasmanian Heritage Register in .pdf format (Source: www.heritage.tas.gov.au) 

http://www.heritage.tas.gov.au/
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However, running a basic key word search in all Australian heritage registers 

using the terms (a) “Indigenous Heritage”, (b) “Aboriginal Heritage” and (c) “rock-art” 

reveals surprising results. While the Australian Heritage Database still provides 1097 

results for “Indigenous Heritage” and 44 for “rock-art” most other databases do not allow 

for specific Indigenous Heritage searches and hardly list any rock-art sites (see Table 

3-1). Considering that Australia has over 300 Indigenous language groups and an 

estimated 100,000 plus rock art sites, this result confirms once more the state of public 

Australian heritage archives with regards to Indigenous heritage as described in the 2011 

Department of the Environment SoE. As a variable in favour of the system, access 

restrictions might apply to certain sites such as AHIMS and ACHRIS. While most 

international systems, such as those of UNESCO or GHN, still list restricted sites but 

limit access to content, it is surprising that no mention of restricted heritage seems to be 

available whatsoever. 

 Total 
Entries 

Aboriginal / 
Indigenous Heritage 

Rock Art 

Australian Heritage Database 
(Historical Register) 

22.313 
 

1097 44 

NSW Environment and Heritage  
(Historical Register) 

Unknown unknown Unknown 

NSW AHIMS (Indigenous 
Heritage) 

(access restricted) 

1650 items 1650 100+ 

VIC Heritage Victoria 
(Historical Register) 

200 9 1 

VIC ACHRIS (Indigenous 
Heritage)  

(access restricted) 

36000+ 
places and 

objects 

36000 100+ 

QLD Environment and Heritage 
Protection 

(Historical Register) 

Unknown unknown 0 

SA Department of Planning, 
Transport and Infrastructure 

(Historical Register) 

21280 unknown Unknown 

WA State Heritage Office 
(Historical Register) 

24594 unknown 0 

Table 3-1: Key Word search results for State and National Australian Heritage Registers 
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These results further demonstrate that public state registers are clearly focusing on 

Eurocentric heritage management with plenty of heritage data available on buildings and 

architecture but little on Indigenous heritage. While addressing the focus of heritage 

systems on Eurocentric data, I should, at this stage, also acknowledge the existence of the 

specialized Australian Aboriginal Heritage Information Management System (AHIMS) 

managed by the Office of Environment and Heritage (OEH). While data in AHIMS 

seems to be plentiful, information is generally very hard to find within a non-intuitive and 

complicated user interface (Logan, 2013; Haubt, 2015; Aboriginal Land Council, 2010). 

Access is further complicated as users need to sign up to browse the database and fee 

charges apply for more comprehensive and targeted searches. This goes against a general 

presumption that cultural heritage information is supposed to be free. And why do users 

need to sign up to access data if accessibility and visibility are key issues within the 

promotion and celebration of cultural heritage? 

Looking in more detail at entry forms and data structures of state registers and 

data structures it becomes clear that the designs of the systems do little to accommodate 

for Indigenous heritage as even basic elements such as story-telling tools or often even 

simple visual tools are very limited (see Appendix D). Most forms only provide basic 

textual data, photographs and geolocation data (ranging from address to geo coordinates). 

The systems show poor use of multimedia and even if, for example, photographs are 

used, they are simply attached to the records without any further descriptions or 

metadata. 

Apart from the limitations for Indigenous heritage management tools within the 

data entry fields and the lack of state of the art use of multimedia applications no 
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standardized format can be found across public state and national registers as each state 

uses different heritage register forms. 

The need to improve Indigenous archives and the importance of investigating new 

technologies for heritage documentation has been addressed not only by the SoE reports 

and confirmed by simple website search tests, but is also looked at by the Australian 

Institute of Aboriginal and Torres Strait Islander Studies (AIATSIS) (Davis, 2012) and 

independent reports such as the Aboriginal Land Council (Aboriginal Land Council, 

2010). The latter showed within their latest report, which included assessments from 

Indigenous elders on state based archives (see Figure 3-7), that current tools are not 

appropriate and new ways of looking at Indigenous heritage need to be investigated. 

 

Figure 3-7: Traditional Owner commenting on the state of the Department of Environment and 
Resource Management cultural heritage database (Aboriginal Land Council, 2010, p. 49) 

A gap has been identified within Australian heritage management, identifying, 

managing and protecting Indigenous heritage. The need for adequate databases and 

exploration of new technologies has been addressed through State and independent 

reports. 

The RADB addresses this gap within a greater global cultural heritage context 

looking at international practices by, for example, UNESCO, Google or CyArk. Making 

data more accessible and visible through exploration of data visualization tools and 
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heritage research methods it aims to improve existing conservation and preservation 

methods. 

3.1.5 Australian Private Heritage Sector Organizations 

Due to the highly decentralized Australian heritage system it is difficult to assess 

the state of non-government heritage organizations and their role in cultural heritage. 

While many government organizations collaborate with universities, research institutions, 

communities and private organizations no comprehensive list of current projects exists 

within government archives. The Department of the Environment currently only lists 13 

non-government organizations but looking into the individual state based SoE reports 

alone, the list of involved organizations grows fast and it is difficult to keep track of all 

these organizations (EPA WA, 2007; EPA NSW, 2012; EPA NT, 2013; TPC, 2009; CES 

VIC, 2013; Department of the Environment, 2011; OCSE, 2012; EPA SA, 2008; 

Department of Environment and Heritage Protection QLD, 2011). 

To address and improve issues in Australian archaeological practices a campaign 

was recently launched to combine efforts towards developing new and improved research 

tools. The Federated Archaeological Information Management System (FAIMS) offers 

new tools for collecting and managing archaeological information in collaboration with 

the international data repository and sharing platform the Digital Archaeological Record 

(tDAR), which brings data together in one centralized system using the FAIMS data 

collector (FAIMS, 2012). 

Many other projects and collaborations exist within Australian universities, 

private heritage organizations and Indigenous communities aiming to find new ways to 

manage Indigenous heritage information in Australia. Organizations such as 
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Environmental Systems Solutions (ESS) and Mukurtu specialize in building 

comprehensive archives for archaeological and cultural data collection through 

consultation with researchers and Indigenous communities. While ESS provides custom-

built database services, Mukurtu aims to develop a free to use application through using 

the Open Source application Drupal within a collaborative content management system 

development approach. 

Little research has been conducted on custom-built versus Open Source heritage 

content management system contributions and there is a need for further investigation of 

existing studies (Christen, 2013; Christen, Anderson, & Brown, 2012; Christen & Craig, 

2008; Christen, 2008; Gibson, 2009; Lende, 2011; Lee & McConvell, 2008; Bidwell, 

Radoll, & Turner, 2007).  

Other projects like Sahul Time or Virtual Warrane II specialize in the use of 

spatial and temporal data visualization in geolocation systems and game engines. Sahul 

Time focuses on representation of collaborative archaeological studies (Coller, 2009). It 

uses data visualization techniques to make complex data sets more accessible to the 

general public and researchers alike. It animates a map of Australia to illustrate changes 

in falling and rising sea levels over the last 40,000 years of human settlement of the 

continent. 

In contrast Virtual Warrane II explores the use of game engines within Indigenous 

heritage and knowledge management (see Figure 3-8). It uses interactive and immersive 

techniques to visualize human-environment-time relationships in Indigenous and non-

Indigenous heritage. The project explores the sites of the Sydney harbor and Brisbane 

city areas and allows users to navigate cultural landscapes and stories in 1788 and, within 
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a click of a button, jump in time to 2015 (Bradley, Chandler, & Kearney, 2008; Gibbons, 

Wyeld, Leavy, & Hills, 2006; Leavy, 2007; Leavy, Wyeld, Gibbons, Ledwich, & Hills, 

2007; Nakata, 2002; Pumpa, Wyeld, & Adkins, 2006; Wyeld, Crogen, & Leavy, 2007). 

Similar to ESS and Murkurtu, little research has been conducted on the usefulness of 

simulated environments in Australian heritage and there is a need for further investigation 

into their usefulness towards improving current practices. 

 

Figure 3-8: Screenshot of rock-art showcased in Virtual Warrane II 

The decentralization of heritage limits the exchange of heritage information 

between projects. While information is shared within smaller collaborative networks such 
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as Murkurtu or Sahul Time, no centralized system or tool to assist with the exchange of 

standardized data exists. 

The RADB fills this gap by exploring a Radical Collaborative Approach to bring 

pieces of information together in a centralized network, using a linked data approach to 

improve compatibility, accessibility and visibility of data multiplicities between 

individual projects. We could bring together cutting edge systems like Virtual Warrane II 

or Sahul Time with more conventional systems such as the Australian Heritage Database 

or even link to Tasmania’s Excel spreadsheet, through a linked data approach. 

3.1.6 Australian Private Heritage Sector and Applied Technologies 

Comparing ESS, Mukurtu, Sahul Time and Virtual Warrane II a vast range of 

state of the art technologies can be identified. Technologies range from basic textual to 

GIS, remote sensing and interactive and immersive virtual environments, making use of 

collaborative work, the latest data visualization tools and Open Source platforms. 

ESS and Mukurtu currently run multiple projects across Australia but focus on 

different technologies. While ESS specializes in GIS, Mukurtu aims to build a freely 

available Open Source (Drupal) cultural heritage CMS, developed through online user 

communities across the world. Sahul Time and Virtual Warrane II both explore spatial 

reconstructions of landscapes over time (Acar, 2012; Hurley, Gerteis, & Van Bakergem, 

2012). But while Sahul Time has a clear archaeological focus, Virtual Warrane II aims to 

develop a toolkit for Indigenous knowledge through exploring the potential of game 

engines in an Indigenous Heritage context. All four projects utilize the latest in 

multimedia, remote sensing and GIS technologies. 
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Once again little research has been conducted on the relationship between 

research methods and the applicability of applied technologies and a need for further 

investigation within a cultural heritage context has been identified. While individual 

projects provide exciting new developments within visualization of data in rich-media 

formats the RADB explores the usefulness of a linked data approach, and the extraction 

of metadata from such cutting edge rich-media projects, to enable data integration within 

collaborative networks. This metadata could further be used for logically structuring 

information through the use of semantic data models, for example within data ontology 

such as the CIDOC CRM, and be cross-referenced to inform theory and practice in 

information management. 

3.1.7 Cultural Heritage Summary 

Looking at a selection of current Australian heritage applications a big difference 

can be found within the use of technologies in international, government and non-

government systems. International heritage organizations work in global collaborative 

networks exploring the use of new technologies but Australian government and non-

government organizations lack such a centralized approach. While GIS, remote sensing 

and game engine technologies have been applied within a few non-government projects, 

government archives make little use of such new technologies. A need for further 

exploration of new technologies within Australian heritage management systems has 

been identified. 

The RADB explores a Radical Collaborative Approach to improve existing 

heritage data collection methods. It further tests current heritage research methods using 

human-based computation, linked data approach and data visualization techniques to 
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improve existing conservation and preservation methods and applied technologies with 

Australia cultural heritage management. 

3.2 Rock-Art Heritage 

3.2.1 International Rock-Art Organizations 

While international heritage organizations like UNESCO are working on 

collaborative networks bringing together heritage and information and communication 

technologies from around the world, little has been done within the management of rock-

art. Based on previous research by McNeil and Taçon (2011) a Global Rock Art Website 

List (see Appendix B) has been created to evaluate the state of international rock-art 

online representations. The list has been updated and evaluated for this review to help 

identify rock-art organizations, networks and applied technologies. Little collaborative 

work and information exchange has been found within these databases other than through 

conferences or research publications. 

The UNESCO World Heritage List contains several rock-art sites and in recent 

news announced the creation of a separate dedicated World Rock Art Archive (UNESCO 

World Heritage Centre, 2010). This exciting development has brought experts from 

around the world together and three meetings took place between 2010 and 2012, but so 

far no outcome has been published. 

Further efforts have been undertaken by the International Federation of World 

Rock Art Organisations (IFRAO) and the Australian Rock Art Research Association 

(AURA) starting international discourse through organizing global rock-art conferences 

(IFRAO, 2012; AURA, 2012). But while these conferences and associated websites 
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contribute to sharing of information within individual case studies no global archive has 

been established (also see Chapter 1). 

A basic evaluation of the Global Rock Art Website List found that most websites 

focus on their own specific projects collaborating only in smaller networks. Websites 

such as the Bradshaw Foundation and Preistorica provide comprehensive lists of 

projects but no management tools such as seen in CHRIS, CyArk or GHN. 

Comprehensive rock-art research paper archives are also found within Universities such 

as UC Berkley or the University of Arizona but again fail to provide more than just a 

platform for research papers. 

Little has been done towards the standardization of rock-art data making rock-art 

data sets less compatible and accessible across interdisciplinary fields of study and often 

even incompatible within rock-art research projects themselves. The complexity of 

tangible and intangible heritage, human – environment – time relationships (that can be 

seen within for example the understanding of the ‘Dreamtime’ in Indigenous Australian 

rock-art) but also the difficulty of dating, extracting and contextualizing rock-art data 

with other available heritage data such as for example archaeological data, has been a 

contributing factor (Whitley, 2011). While individual projects have developed their own 

guides for rock-art collection, such as the American Rock Art Association (ARAA, 2007), 

Dorn, Whitley, Gordon, Allen and Gutbbrod (2008), Whitley (2011), Chippindale and 

Taçon (1998), McDonald and Veth (2012) have worked on more general standardized 

approaches through international comparative research method publications, data 

collection and recording guides such as the Rock Art Stability Index (RASI) which 

provides a fast pace recording guide to measure the stability of sites and panels (see 
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Appendix E). While this work has contributed towards standardization, a well-defined 

reference guide or ontology that would assist with improving interdisciplinary and global 

data compatibility and accessibility, such as the CIDOC CRM, is still missing. 

Within the scope of this review no central database and only limited collaborative 

networks have been identified within international rock-art projects. While some 

platforms provide comprehensive lists of rock-art research most databases focus on 

individual project agendas. Furthermore, no reference guide or ontology has been 

developed to date that would allow standardizing rock-art data across projects or other 

disciplines. Such a tool could help improve rock-art data management and also further 

assist with bringing other fields of study, such as archaeology or information technology, 

closer together through an integrated data approach. A gap has been identified within 

providing a centralized database or ontology for international rock-art data collection. 

The RADB fills this gap by bringing together international rock-art projects 

through exploring a centralized system using a collaborative, linked data and information 

visualization approach. 

3.2.2 International Rock-Art and Applied Technologies 

While most rock-art websites use basic html designs displaying textual 

information and photographs it is difficult to assess the exact content of all projects. Most 

websites provide links and references to pdf and word versions of research papers 

containing more detailed information about applied methods and technologies. But this 

information is mostly not available within the front end of the website (see Appendix B). 

Using McNeil’s and Taçon’s (2011) method of website evaluation three main 

website categories have been identified. 
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 Category 1 Basic Website: using text, 2D images, photographs, 

references, lists 

 Category 2 Intermediate Website: using text, 2D images, photographs, 

references, lists, maps, panoramic images 

 Category 3 Advanced Website: using various forms of multimedia, 

3D models, virtual tours or animation 

 

Category 1 websites are often simple in design but contain valuable references to 

research papers and photographs, for example, the Nubian Rock Art Virtual Archive 

(Casties, Kleinitz, & Wintergün, 2013). Category 2 websites are often designed for 

general interest or tourism using virtual tours to immerse the visitor into the landscape, 

for example, the Northumberland Rock Art Virtual Tour (Ayestaran, 2004). None of 

these websites however explore the use of panoramic images for research purposes. 

Within category 3 only one single website, the Lascaux Cave website, stood out using the 

latest in multimedia technologies to display rock-art in an immersive and educational 

way. The Lascaux Cave website uses animated three dimensional virtual tours to 

immerse the visitor and researcher into guided or self guided tours (see Figure 3-9). 

But while new technologies such as virtual tours, 3D models, photogrammetry 

and laser scanning are already widely used within other cultural heritage documentation 

such as the Google Art Project, GHN or CyArk, little research has been undertaken 

exploring the use of new technologies within rock-art. While rock-art researchers still 

greatly rely on text descriptions, sketches, drawings and photographs (Fryer, Chandler, & 

El-Hakim, 2005; Chandler & Fryer, 2005; Whitley, 2011) a need for further research into 



A Review of Organizations, Networks and Technologies in International and Australian Heritage and Rock-Art Practice 

 

67 
 

two and three dimensional rock-art documentation has been advocated (Duarte & Von 

Altrock, 2005; Herzog, Nelson, & Ciuffo, 2010; Hanke, 2000; Rivett, 1980; Domingo, 

Villaverde, López-Montalvo, Lerma, & Cabrelles, 2013). 

 

Figure 3-9: Ministry of Culture and Communication, virtual tour of the Lascaux Cave (www. 
Lascaux.culture.fr) 

A gap has been identified within the use of new technologies within rock-art 

research and management. While new visualization technologies in photography, 

photogrammetry, laser scanning and other remote sensing technologies have been widely 

applied within other heritage applications little research has been conducted within rock-

art. 

The RADB investigates the relationship between visualization tools and research 

methods in order to improve existing practices. It further looks at the usefulness of a 

linked data approach to extract metadata from rich-media applications for integration 
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within a collaborative network. Extraction of metadata could assist with the improvement 

of rich-media tools while also making complex data more accessible and more visible. 

Further exploration of geographic data visualization tools using maps, such as used by 

UNESCO, GHN and Google, could assist with making individual projects more 

accessible and visible. 

3.2.3 Australian Government Organizations and Rock-Art 

Very little information on rock-art can be found within the national and state 

heritage registers (see Table 3-1). The Australian Heritage Database provides some basic 

information about areas that contain rock-art, such as Kakadu National Park, but does not 

provide any further information on rock-art, other than its existence within the park (see 

Figure 3-5). The database provides little information on rock-art within national parks in 

general and images that are included are not labeled or referenced. Altogether, 44 rock-

art entries can be found in the national Australian Heritage Database but most entries 

only make reference or acknowledge the presence of rock-art within a site without giving 

further detailed information. As mentioned above, Australian heritage registers are 

difficult to assess and provide little in the way of tools that assist with the evaluation of 

Indigenous heritage or rock-art management. As the search functions are limited it is 

difficult to find any further information on rock-art within these systems. It is important 

to acknowledge that much Indigenous heritage data in Australia is not publicly 

discoverable or available due to access restrictions of sacred and secret information. Such 

data is often managed in systems such as ACHRIS or AHIMS, which require special 

access privileges by the custodians of the information.  
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A gap has been identified within government archives, managing and protecting 

rock-art sites. Little public information exists on location and condition of sites and no 

new technologies (such as seen in international cultural heritage applications) have been 

implemented. This research fills the gap, providing new ways to curate, present and 

promote rock-art information, exploring new technologies and data visualization tools. 

The RADB further complies with existing systems and KPI, such as set by national 

Australian Indigenous Cultural Heritage KPI, in order to contribute to national and state 

heritage archive programs. 

3.2.4 Australian Non-Government Organizations and Rock-Art 

Within Australia’s decentralized heritage system various types of rock-art 

organizations and projects can be found from research to tourism. While some work on 

spreading awareness of rock-art related issues, the majority of projects are run 

individually, often with limited resources and limited collaborative work. It is difficult to 

assess how many rock-art archives and projects currently exist due to a lack of records 

within national and state archives. 

AURA and PERAHU are working on spreading awareness of rock-art related 

issues and promote networking across Australia. But their websites currently do not 

provide comprehensive lists of Australian rock-art sites and projects. Organizations such 

as the Bradshaw Foundation and the Kimberley Foundation offer a more comprehensive 

and accessible list of sites but focus mainly on their own individual projects. Since 2009, 

three rock-art research centers have been established within Australian Universities: 1. 

the Rock Art Research Centre (RARC) at the Australian National University 2. the 

Centre for Rock Art Research and Management (CRAR+M) at the University of Western 
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Australia and 3. the Place, Evolution and Rock Art Heritage Unit (PERAHU) at Griffith 

University. All three centers engage in national rock-art research but little information is 

shared within the University portals as most information lies within separate project 

databases often maintained and run by researchers and / or Indigenous communities. 

One such database is developed and maintained by the Mirarr people, RARC, 

PERAHU and Environmental Systems Solutions (ESS) Pty Ltd (Mirarr Rock Art Project, 

2012; ESS, 2012). The database is designed for research, planning, surveying, managing 

and conservation monitoring of rock-art using three forms for data recording: 

 

1. Basic Site Recording Form (used by Kakadu National Park)  

2. Site Detail Recording  Form (used by local community and researchers)  

3. Motif Recording Form (high detail recording form used by local community and 

researchers) 

 

ESS currently offers one of the most advanced heritage recording systems in 

Australia and caters to national heritage bodies as well as parks, research and community 

needs, using a three recording form approach, incorporating mobile recording and GIS 

technologies (Bidwell, Radoll, & Turner, 2007; Gibson, 2009; Department of the 

Environment, 2011). Little research has been published to date on the use of these 

databases and technologies within these rock-art projects. 

No centralized rock-art database currently exists in Australia complicating rock-

art management and exchange of rock-art information. Contextualizing the issue within 
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national and state Indigenous heritage management no system exists to manage specific 

elements of Indigenous heritage such as rock-art. 

While no comprehensive studies have been conducted evaluating the 

representation and use of new technologies in Australian rock-art, the need for further 

investigation has been addressed by rock-art researchers around the country. 

Looking into ESS’s database, the Mirarr Rock Art project is currently setting new 

trends using the latest in GIS, photography, panoramic photography and communication 

technologies but because it is a restricted database system little has been published to 

date. Other previous research programs mainly focused on textual and 2D documentation 

of rock-art while photogrammetry, laser scanning and other virtual forms of 

representation have been greatly neglected (Rivett, 1980; Chandler & Fryer, 2005; Fryer, 

Chandler, & El-Hakim, 2005). 

A gap has been identified within the use of new technologies in rock-art 

recording. With ESS introducing GIS and mobile recording technology in rock-art 

research as recently as 2012, and Fryer, Chandler and El-Hakim (2005) addressing the 

need to explore point cloud systems and photogrammetry, there is a need for further 

exploration into the usefulness of these new technologies. 

3.2.5 Rock-Art Summary 

The rock-art heritage sector shows similar issues with regards to organizations, 

networking and data management as the Australian Heritage sector. While international 

heritage bodies and projects by UNESCO, ICOM, Google or Europeana are working on 

global centralized integrated collaborative networks towards standardization of data 

through, for example, the CIDOC CRM, international rock-art and Australian heritage 
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bodies seem to be highly decentralized, which is affecting accessibility and visibility of 

data and in turn affects conservation and preservation of heritage information. 

While individual projects within rock-art research make use of cutting edge 

technologies such as remote sensing and photogrammetry, little research is available on 

the usability and effectiveness of such applications. Similar to Australian heritage 

findings, a need has been identified, to further explore the appropriateness of such tools 

with regards to rock-art research methods and ontologies. 

3.3 Summary 

Taçon’s 2011 call for a national Australian rock-art database seems to have come 

at a critical turning point where the need to take action has reached a level of urgency. 

Looking at the state of international and national rock-art archives, as well as Australian 

heritage archives, big issues within organizational structures, networks and applied 

technologies can be found. Decentralization and mismanagement have left current 

systems in a non-compliant, non-compatible and overall poor state. This is evident in the 

latest SoE, where generating basic reports on the state of Indigenous heritage even 

concluded with data entry fields being left blank due to a lack of information. This should 

be an alarming sign. 

The review has identified global heritage networks that work together towards 

making data more accessible and visible such as UNESCO’s World Heritage List, GHN, 

CyArk, Europeana or the Google Art Project. To improve compatibility and 

communication of information ICOM has developed the CIDOC CRM, a reference 

model which helps with the standardization of interdisciplinary data towards a Digital 
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Earth type model. While internationally projects are already making use of this ontology, 

the highly decentralized Australian Heritage community is largely running behind, 

lacking the implementation of such a tool. This is reflected in the latest State of the 

Environment report’s KPI and has affected predominantly Indigenous heritage 

information across the country.  

A similar decentralization of organizations and projects can be found within the 

international and national structure of rock-art organizations. While individual 

authoritative bodies like IFRAO or AURA exist, little has been done with regards to 

bringing projects and project data together within a global collaborative approach such as 

seen in, for example, UNESCO’S CHRIS, GHN or Europeana,.  

A missing rock-art specific ontology further contributes to difficulties of sharing 

data through a lack of compatibility and accessibility. To address the decentralization 

issue of heritage bodies in Australia and international rock-art projects the RADB 

explores a Radical Collaborative Approach. The approach could help with Scientific 

Method providing a centralized platform for sharing and comparing international rock-art 

information, while also assisting Australian heritage bodies and global rock-art research 

through implementing a standardized linked data approach making use of an 

interdisciplinary ontology such as the CIDOC CRM. The CRM assists with 

standardization and structure and supports compatibility within international heritage 

projects and can further help to address the Australian Indigenous Cultural Heritage KPI. 

It further has potential to bring rock-art closer together with related interdisciplinary 

fields of study such as archaeology and information technology through an integrated 

data approach such as the Semantic Web. 
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The review has further found a gap in understanding the relationship between 

conservation and preservation methods, research methods and applied technologies that 

was, for example, expressed in the latest SoEs and the ALC reports. While cutting edge 

tools for data collection and presentation, such as remote sensing, photogrammetry, GIS 

or the use of game engines, have been deployed in international and national systems, 

little work is done towards understanding the usefulness and appropriateness of these 

tools with regards to heritage management and research method. While Australian 

heritage government bodies only make little use of cutting edge technologies, to a point 

where heritage is even managed in simple spreadsheets such as seen in Tasmania and the 

Australian Capital Territory, smaller individual research projects within cultural heritage, 

Indigenous heritage and rock-art such as Sahul-Time, Vitrual Warrane II or the ESS 

database, seem to be at the forefront of innovation.  

The RADB develops better understanding of applied technologies by exploring 

the relation between visualization techniques and heritage and rock-art research methods. 

Through a linked data and information visualization approach within the application, 

metadata from rich-media content can be extracted and made available within a 

collaborative approach. This further maximizes the use of data by making data more 

accessible and more visible through rich-media metadata integration within a 

standardized ontology such as the CIDOC CRM. 

Based on the findings, the RADB investigates the development of a much-needed 

centralized international rock-art database using Australian heritage and rock-art as an 

example for an integrated global system. The resulting proof of concept model helps to 

find new ways to look at rock-art by exploring the usefulness of a Radical Collaborative 
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Approach, structured data and data visualization using Open Source applications, to 

improve existing conservation and preservation methods by making data more accessible 

and more visible. 
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4. The Proof of Concept Model: Using Australian 

Heritage Examples for a Centralized Global Rock-

Art Database 

This chapter proposes the development of a proof of concept model for a global 

Rock-Art Database (RADB). It summarizes findings and gaps regarding a missing and 

streamlined global rock-art database and related heritage management problems using 

Australian heritage and rock-art as a test model (see Chapters 2 and 3) and contextualizes 

these with the proposed framework (see Chapter 2). The framework is used to develop a 

model for a collaborative, structured data and information visualization approach and 

proposes the use of Open Source applications to test data planning, data collection, data 

management and data dissemination addressing interdisciplinary, international and 

Australian Cultural and Indigenous Heritage issues. The RADB looks at new ways for 

improving accessibility and visibility of international rock art information based on 

Australian rock-art examples. Preliminary findings of the deployed RADB are presented 

and discussed under consideration of the applied method. 

4.1 Proposing a Proof of Concept Model 

Based on the findings in the background to the research, the framework and the 

review of heritage archives (see Chapters 1, 2 and 3) this chapter proposes the 

development of a deployed world first global Rock-Art Database (RADB). While 
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international rock-art databases have been conceptualized in the past no centralized 

global rock-art platform has ever been deployed to test theory in practice (Whitley, 2011; 

Walt, David, Brayer, & Musello, 1997; UNESCO World Heritage Centre, 2010; Mark, 

2011; Haubt, 2015). 

The new system aims to bring together rock-art information from around the 

world in one centralized platform allowing users to share and discuss rock-art 

information. The system aims to offer scholars and enthusiasts a new tool to make rock-

art information more accessible and more visible through the use of a centralized 

collaborative approach, a new information structure design and exploration of new 

visualization tools in rich-media formats (Coller, 2009; Pumpa, Wyeld, & Adkins, 2006; 

Leavy, Wyeld, Gibbons, Ledwich, & Hills, 2007; Lee & McConvell, 2008; Davis, 2012; 

Wyeld, Crogen, & Leavy, 2007). The platform explores new ways of looking at rock-art 

by rethinking current theory and practice in information management and the use of new 

technologies (see Chapter 2). 

Considering a standard Database Life Cycle the project looks at four steps within 

the proposed Global Rock-Art Database (Oppel, 2010, pp. 129-140): 

 
1. Planning for Data 

2. Data Collection 

3. Data Management 

4. Data Dissemination 

 
 
The proposed model aims to tie each step of the cycle in with the proposed 

framework and asks how can a (a) collaborative, (b) streamlined information structure, 

(c) information visualization and (d) Open Source approach help with data planning, data 
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collection, data management and data dissemination to help find new ways for looking at 

rock-art, making data more accessible and more visible. 

4.1.1 Collaboration 

As discussed in the previous chapters, collaborative approaches are widely used in 

online platforms such as Wikipedia, Twitter, YouTube or Instagram and can be 

implemented to help with data collection through users contributing new information 

from wherever and whenever (see Chapter 2). Heritage organizations started exploring 

the use of public contributions to expand their data collections through users contributing 

files in text, image or video in projects such as Europeana (Gavrilis, Ioannides, & 

Theofanous, 2015), Europe’s biggest heritage database, or the Power House Museum in 

Sydney (Bak, 2012) while other heritage projects investigated museum visitor 

experiences (Weilenmann, Jungselius, & Hillman, 2013) or reconstruction of artifacts 

(Stuedahl & Smordal, 2012) through public contributions. 

But heritage information collection is not the only way to use collaborative 

approaches. For instance, projects such as Murkurtu or the CIDOC CRM use crowd-

sourcing and human-based computation to assist with software development for heritage 

projects by making technical data public and allowing scholars and enthusiasts to 

contribute to the development process conceptually, by discussing and providing new 

ideas, or through deployed contributions such as developing code (ICOM/CIDOC 

Document Standards Group, CIDOC CRM Special Interest Group, 2015; Christen, 2013; 

Christen & Craig, 2008; Christen, Anderson, & Brown, 2012; Christen, 2008). 

Collaborative approaches within data management can also be found in 

Wikipedia, where users are able to edit information in a Radical Collaborative Approach 



The Proof of Concept Model: Using Australian Heritage Examples for a Centralized Global Rock-Art Database 

 

79 
 

(Swartz, 2006; also see Chapter 2) or at the Modern Museum of Art (MOMA) where a 

new platform allows staff from interdisciplinary departments to share and manage data 

together (Raiciulescu, 2012). 

While all these approaches can help with planning, collecting and managing of 

information, the use of collaborative social media platforms can assist with the 

dissemination of data to further assist with accessibility and visibility by sharing 

information. 

Similar approaches to the above have been summarized and defined by 

Cunningham and Leuf (2001) whereby data collection, adding new information, editing 

and maintaining existing information and dissemination of information falls under 

categories of human-based computation 

Little research has been done within collaborative and human-based computation 

approaches in rock-art. The proof of concept model therefore explores the use of a 

collaborative approach, and human-based computation, by examining its usefulness 

within the planning, collection, management and dissemination of rock-art information to 

assist with improving its accessibility and visibility. 

4.1.2 Information Structure 

The review of heritage archives (see Chapter 3) identified a need to improve 

information structures in heritage and rock-art application on international, national and 

interdisciplinary levels (Haubt, 2013). The lack of standardized structures often results in 

data incompatibility, misunderstanding through, for example, naming conventions or 

relational misinterpretations of data. To address this issue online communities are 

working on developing conceptual models such as (a) a common thesauri and (b) 
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encyclopedia to define naming conventions and (c) find a common ontology to better 

understand entities and their relationships within information systems but also (d) 

metadata formats, to improve our understanding and management of data within 

information systems. 

The heritage community is currently looking at this problem through the CIDOC 

CRM that provides an ontology and reference model to improve interdisciplinary heritage 

information structures. In a recent announcement the CIDOC task group is now also 

looking into developing a dictionary for the CIDOC CRM, which is currently still 

missing (ICOM/CIDOC Document Standards Group, CIDOC CRM Special Interest 

Group, 2015).  

The CIDOC CRM has not been fully utilized by the global heritage community 

and is still largely unknown within Australian heritage and rock-art communities, which 

was confirmed in a 2015 questionnaire conducted by the RADB project (see Appendix 

F). But a few international projects such as Europeana or the Digital Library (DL) have 

designed interdisciplinary and collaborative frameworks and used the CRM. The Digital 

Library, in particular, offers a comprehensive framework of its project. It takes under 

consideration not only the implementation of the CRM but also offers a global and 

interdisciplinary project development approach for managing resources within a 

collaborative online system (European Commission Information Society and Media, 

2011). 

On a national Australian level, the problem is also raised within the latest State of 

the Environment (SoE) reports, which flag the need to develop better tools for collecting 

and managing information in order to develop a better understanding of Indigenous 
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heritage (EPA WA, 2007; EPA NSW, 2012; EPA NT, 2013; TPC, 2009; CES VIC, 2013; 

Department of the Environment, 2011; OCSE, 2012; EPA SA, 2008; Department of 

Environment and Heritage Protection QLD, 2011). Currently no common national or 

state based heritage thesaurus, encyclopedia, ontology, or metadata approach exists 

within national archives (see Appendix F; also see Chapter 3 and 7). 

Within the specialized field of rock-art a similar picture emerges where very little 

work has been done to standardize and streamline information structures using an 

international and interdisciplinary approach (Haubt, 2013; Haubt, 2015; Hannus, Herrala, 

Gronhagen, Molsa, & Nyman, 2010). 

A need has emerged to improve our understanding of information structures by 

bringing together data fields from a range of existing international and interdisciplinary 

projects within a streamlined metadata approach using a common thesaurus, ontology and 

metadata approach. Using a common thesaurus, encyclopedia and ontology assists with 

improving our conceptual understanding of particular entities and entity relations within 

an international and interdisciplinary system by looking at, for example, the use of a 

particular word within a particular context. The metadata approach will then help to 

implement the ontology and provide the tools for linking of information within a 

deployed system. Developing a better understanding of the connection of data ontology 

and deployed metadata can help to ask more target questions in search functions, as 

described by Berners-Lee (2009), and improve the understanding of the abundance of 

information available to us on the World Wide Web. 

 The proof of concept model develops a better understanding of data planning, 

data collection, data management and data dissemination by exploring the use of a 
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common thesaurus, encyclopedia, ontology and metadata standards. As little information 

exists on a complete approach for a global, collaborative and interdisciplinary system, the 

project makes use of the currently deployed framework offered by the Digital Library 

(DL) as a starting point. 

4.1.3 Visualization of Information 

How can improving the visualization of abstract information, such as metadata, 

and rich-media data, such as 3D models or GIS, further help us to understand the bigger 

picture of the abundance of heritage information available on the Web? How can it 

contribute to knowledge within rock-art research and assist with improving the accessibly 

and visibility of information under consideration of interdisciplinary, international and 

Australian Cultural and Indigenous Heritage models? 

The heritage review revealed a need for further exploration of the use of new 

technologies and visualization tools (see Chapter 3). While new technologies within the 

greater heritage field emerge on a daily basis, ranging from digital text, image, video, 

sound application to more complex spatiotemporal tools such as 3D and GIS, the 

usefulness of such applications for research is often questioned or left unclear. With 

applications being developed faster than they can be deployed it is becoming more and 

more important to develop a framework to test these models to understand their 

usefulness within a given field of research. Such a framework should consider (a) the 

field of research and its research theory and practices (b) information visualization design 

concepts and (c) the type of available rich-media formats used in new technologies. 

While Chippindale and Taçon (1998) provide an approach for rock-art research 

practices within the Informed and Formal Methods approach, Tufte (1995) discusses 
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information visualization design concepts within micro / macro (see Chapter 2) but also 

layering, small multiples, color and information and narrative space and time approaches. 

The proof of concept model brings together Chippindale and Taçon’s rock-art 

approaches with Tufte’s information visualization design concepts and test the two within 

a range of new technologies in rich-media formats. This approach is designed to help 

develop an understanding of the usefulness of new technologies in rock-art research 

within a domain specific information visualization design framework. This framework 

could further assist with understanding accessibility and visibility and help improve data 

planning, data collection, data management and data dissemination. 

4.1.4 Deployed Platform using Open Source Applications 

So far we have looked at collaborative efforts to bring information together in one 

centralized platform and explored how this data can be structured and visually presented. 

The next question would be how this conceptual collaborative, structured data and 

visualization model can be deployed in an online platform. 

Looking at the framework (see Chapter 2), Open Source platforms offer a 

collaborative way of building databases while also exploring standardized data structures 

and new information visualization technologies. The two most popular content 

management systems (CMS) within Open Source applications are Wordpress and Drupal, 

both based on MySQL, with millions of contributors from across the globe. Both systems 

have been deployed within a range of projects from personal websites, social networks 

and news forums to research platforms used by universities and government agencies. 

While Drupal offers a more sophisticated and flexible framework, Wordpress is 
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expanding at a faster rate than Drupal and has the highest number of deployed websites in 

the world as well as significantly more plugins and active contributors than Drupal. 

Considering a deployment for testing purposes the project uses Wordpress for its 

proof of concept model as it is more likely to offer new deployed technologies through a 

vast range of plugins and allow for faster development of new tools through a 

collaborative approach with a larger user community. The deployed Open Source 

platform explores its usefulness improving accessibility and visibility of information as 

well as its usefulness within rock-art research, data planning, data collection, data 

management and data dissemination under consideration of interdisciplinary, 

international and Australian cultural and Indigenous heritage. 

4.2 The Proposed Model 

4.2.1 Mission Statement 

The global Rock-Art Database (RADB) promotes excellence in developing a 

centralized free non-for-profit tool for rock-art scholars and enthusiasts. The RADB 

assists with better understanding of rock-art through improving accessibility and visibility 

by bringing together global research and public information. The project explores the 

curation, presentation and promotion of rock-art to assist with education, conservation 

and preservation in theory and practice. Using Australian heritage and rock-art examples 

for the development of a global platform, the RADB explores new ways to look at rock-

art and raises awareness about rock-art related natural, cultural and Indigenous heritage 

issues. 
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4.2.2 Aims 

The Global Rock-Art Database aims to improve the accessibility and visibility of 

rock-art through offering a centralized hub that allows to plan, collect, manage and 

disseminate rock-art information by: 

 

 Offering a Collaborative Approach 

o Allowing for a diversity of communities from scholars, Indigenous 

communities to enthusiasts to contribute to planning, collecting, 

managing and disseminating information  

o Giving community control over content 

o Consulting with community over design and methods 

 

 Developing an Information Structure 

o Complying with relevant interdisciplinary data models 

o Complying with relevant international data models 

o Complying with international, national and local heritage models 

o Complying with international, national and local rock-art research 

models 

 

 Exploring the use of Information Visualization 

o Developing understanding of the usefulness of information 

visualization tools for heritage theory and practice 

o Developing understanding of the usefulness of information 

visualization tools for rock-art theory and practice 

o Making complex data more visible and accessible 

 

 Deploying a proof of concept model using Open Source Applications 

o Offering a centralized free non-for-profit online application 

o Allowing for data to be planned, collected, managed and disseminated 

internally (CMS) 

o Allowing for data to be planned, collected, managed and disseminated 

externally (API or GDS approach) 

o Developing understanding of the usefulness of a collaborative 

approach 

o Developing understanding of the usefulness of information structure 

o Developing understanding of the usefulness of information 

visualization 

 



The Proof of Concept Model: Using Australian Heritage Examples for a Centralized Global Rock-Art Database 

 

86 
 

4.2.3 Envisioning the RADB Management System Design 

The RADB Management System (deployed CMS) brings together the information 

structure explored within the RADB System (conceptual reference model) and the visual 

design explored within the information visualization approach. The RADB Management 

System is the platform that allows users to plan, collect, manage, disseminate and share 

information within a collaborative approach. The platform is broken down into four main 

functional categories that are further addressed in the RADB Universe (see 5.2.2): (a) 

General Functions, (b) Social Functions, (c) RADB Collection and (d) the Platform for 

Developers. 

4.2.3.1 General Functions 

This category provides general information about the platform’s purpose, use and 

policies. The aim of the General Functions is to promote and raise interest in scholars and 

enthusiasts to engage in rock-art. It raises awareness about rock-art and heritage related 

issues and provides visitors an overview of the purpose and functionalities of the 

platform outlining the context and policies governing this project. 

 
 i) About 

The About page informs visitors about the project providing examples about basic 

functionalities, links to featured projects and background information. It outlines 

the Mission Statement  and Aims and provides links to related conference talks 

and publications (see http://www.rockartdatabase.com/v2/). 

  

 ii) Help 

The Help page is a Wiki that provides a basic manual about functionalities and 

use of the RADB Management system in text, image and video tutorials (see 

https://github.com/rhaubt/Rock-Art-Database-RADB-/wiki/1.-Wiki-Home-|-

Help). 
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iii) Sign-Up 

The Sign-Up page allows visitors to create a user account for the RADB 

Management System (see http://www.rockartdatabase.com/v2/sign-up/). 

Note: The project is still in its proof of concept stage and sign-up is limited to a 

selected group of users. 

 

iv) Terms of Use 

The Terms of Use page is an adaptation of Wikipedia’s Terms of Use under the 

Creative Commons license. It outlines roles and responsibilities and informs users 

about policies governing the platform (see 

http://www.rockartdatabase.com/v2/terms-of-use/). 

 

4.2.3.2 Social Functions 

The Social Functions allow visitors to interact with other users and engage in 

information exchange through comments, likes and feeds. The aim of the social functions 

is to help with planning, collecting, managing and disseminating rock art information for 

education, conservation and preservation by encouraging users to engage in discourse. It 

provides a tool that allows sharing user’s work and interests and encourages interaction 

with contributions from other members to help build community (also see Chapter 6). 

 
i) User Profile 

The User Profile page showcases the user’s details, social interactions with other 

users and any contributions of the user to the RADB. The user can provide 

personal information and professional affiliation details to their profile by, for 

example, adding biographical information or links to LinkedIn, ResearchGate or 

Academia. Visitors to the profile page can then browse the details and interact 

with a summary of the users latest feeds, comments, likes and other RADB 

collection contributions (see Figure 4-5). 

 

ii) Find Members 

The Find Members page features a list of current RADB team members such as 

Project Leader, Lead Developers, Collaborators and Contributors. The page 

allows visitors to browse a complete user catalogue that provides links to user 

profiles. 

  

iii) Comments 

Users can enable comments to allow other users to engage with their contributions 

by leaving replies in text and image (see Figure 4-5). 
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iv) Likes 

Likes allow users to engage with user contributions by liking their work and 

comments (see Figure 4-5). 

 

v) Feed 

Feeds allow users to subscribe and follow selected topics and receive updates 

about any new contributions (see Figure 4-5). 

 

4.2.3.3 RADB Collection 

The RADB Collection forms the centre of the platform and provides detailed 

rock-art content including News, Resources, Projects, Places, Sites, Items and a Library 

catalogue, including literature and conference details. The aim of the RADB Collection is 

to provide a tool for scholars and enthusiasts to plan, collect, manage and disseminate 

information and engage in rock-art through interactive rich-media content in a world first 

centralized platform. Users need to register to contribute content. 

 

i) News 

Users can post News that will be featured on the News Feed and User Profile 

page for all visitors to see (see Figure 6-5; 

http://www.rockartdatabase.com/v2/news/). 

 

ii) Resources 

Resources is a collection of rock-art Projects, Place and Site Web presences 

identified by IFRAO, the Rock-Art Resources Web Kit and can be added by 

special request from RADB contributors (McNeil & Taçon, 2011; IFRAO, 2015). 

Resources is managed by the RADB Management System Administrator and new 

information can only be added by request (see 

http://www.rockartdatabase.com/v2/search/). 

 

iii) Wikipedia 

Wikipedia is a collection of rock-art Places and Sites on Wikipedia. Wikipedia is 

managed by the RADB Management System Administrator and new information 

can only be added by request (http://www.rockartdatabase.com/v2/search/). 

 

iv) Projects 

Projects is used to describe rock-art related work. A Project is typically 

undertaken by a Government Agency, University, private entity or community 
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and investigates a particular aspect of rock-art. Projects can contain records of 

rock-art and heritage Places, Sites and Items. 

Users can add multiple Projects to their account, for example, a researcher at 

Griffith University might be part of a University department such as PERAHU 

through his employment at Griffith University but can also be a member of the 

Kakadu Rock-Art Project, Lascaux Rock-Art Project and the Rock-Art of South 

America Project at the same time.  

While the User Profile manages his professional affiliation and appointments, 

Projects lists rock-art projects by his or other departments. This way, if a 

researcher changes his employment and/or affiliation with a research institute, he 

can make this change in his User Profile but keep his Projects in his RADB 

Collection (see Figure 4-1). 

 

v) Places 

Places are heritage places defined by international, national, regional and local 

heritage and government bodies. A place typically describes a larger jurisdiction, 

region or area such as, for example, Kakadu National Park or Yellowstone 

National Park. A Place can be part of Projects and may contain Sites and Items 

(see Figure 4-1). 

 

vi) Sites 

Sites are typically smaller, well defined locations within a Place. For example a 

particular rock-art Site within the Place Kakadu National Park. Sites can be part 

of Projects and Places and may contain Items (see Figure 4-1). 

 

vii) Items 

Items typically describe tangible and intangible detail recordings of specific 

aspects of heritage. An Item can, for example, describe an object, rock-art motif 

or a particular story. Items can be part of Projects, Places and Sites (see Figure 

4-1). 

 

viii) Search Map 

The Search Map is a GIS visual search tool using Google maps, Google Earth and 

Open Globe. The tool allows visitors to visually search for rock-art information 

from around the globe highlighted by location markers on the map. 

 

ix) News Feed 

The News Feed shows the latest News and RADB Collection contributions and 

updates from all users. 

 

ix) Library 

The Library page features rock-art literature in two categories: (a) references 

including journal articles, books, web and video and (b) newsletters and other 

frequent publications. The literature is automatically added to the library once a 

user adds a reference or a newsletter to their News, Projects, Places, Sites or 

Items. 
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x) Conferences 

The Conference page features past, present and future conferences and promotes 

calls for papers. Conference entries are added once a user adds a conference 

reference to their Projects. 

 

 

Figure 4-1: A User Profile’s RADB Collection example that contains four Projects. One of the 
Projects contains four Places. One of the Places contains four Sites. One of the Sites contains 
two Items. 

4.2.3.4 RADB Developers 

i) Wiki / GitHub 

The RADB Developers page shows an embedded version of the RADB Wiki and 

GitHub page.  

The Wiki provides a collaborative technical manual for the RADB System and 

RADB Management System and allows members of the community to contribute 

to the conceptual design of the platform.  

The GitHub page allows the user to add, edit or download code for the RADB 

Management System. 

 

ii) Credits 

The Credits page acknowledges contributions and provides links to conceptual 

and practical files. 
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4.3 Presentation of Results and Discussion 

The RADB was originally deployed as an access restricted proof of concept 

model in July 2013. In July 2014, after one year of development, it was officially 

launched as a proof of concept beta version enabling visitors to browse the platform, but 

full access allowing contributions was still limited to developers only. In July 2015 a new 

interface and improved information structure was released under proof of concept version 

2.0 opening up full access for registered users (see Figure 4-2). 

 

Figure 4-2: RADB Collection Search Map showing over 245 UNESCO, Resources, Projects, 
Places, Sites and Items 

4.3.1 The centralized approach 

The RADB helped to bring together rock-art scholars and enthusiasts in one 

centralized platform. The platform enables user to engage with the RADB online 

community and explore rock-art data through textual and rich-media functions. The 
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project gives  users the option to store information within the RADB CMS or 

alternatively only link their external data through a hub like function without the need to 

upload data to the CMS, for example, RADB Collections can actually store minimal data 

within the CMS. External data, such as rich-media files, can be displayed within the 

RADB through links and API functions only (see Figure 4-3). 

 

Figure 4-3: RADB Resource example for Interactive Virtual Tour of Prehistoric Caves of 
Cantabria by Consejería de Educación, Cultura y Deporte. Gobierno de Cantabria displayed on 
map using link function to original source on http://cuevas.culturadecantabria.com/en/. 

The linking approach further assisted with optimizing searches for data within the 

RADB and also optimized searches in, for example, Google Search. Search engines do 

not only look for content in websites but also understand links that can help make logical 

connections between sources, hence optimizing search results for more targeted 

questions. Bringing together rock-art information in one centralized system assists with 

this process and links relevant sources together optimizing search results towards more 
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targeted questions. This is illustrated in the Google Search result for “Australian rock 

art””+”lack of conservation”+”vandalism” which now returns seven search results 

linking an article from (1) The Conversation back to (2) a relevant professional affiliation 

Web page at Griffith University also featuring the article (3) the RADB News which 

provides a link to article and (5) the RADB User Profile (author of the original article) 

and (see Figure 4-4). The RADB system can link back to an author’s profile page where 

users can then find more information and research on a particular linked topic (see Figure 

4-5). 

 

Figure 4-4: Google Search result showing online article in the conversation and related links to 
RADB and author profile in RADB 
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4.3.2 User Data 

Since the launch of the beta version 158 people have agreed for their rock-art 

information to be displayed under Resources (approval was confirmed via email request 

by the RADB administrator). Since the release of RADB version 2.0 14 people have 

requested for their rock-art data to be added to Resources but did not sign up for full 

registration, while another 14 people have signed up for full registration (see Figure 4-5). 

 

Figure 4-5: User Profile example (including, bio, professional affiliation and relevant links, RADB 
Collection, feeds, likes, comments) 

4.3.3 RADB Collection 

The RADB currently features over 245 public Collection entries (UNESCO, 

Resources, Projects, Sites and Places). Resources and Projects can cover multiple 

locations and the complete RADB Collection currently lists 323 locations, including 49 

entries for Africa, 38 entries for Asia, 70 entries for Europe, 67 entries for North 
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America, 32 entries for South America, 42 entries for Oceania and 25 entries with 

unknown or undefined locations (see Figure 4-2). 

The RADB Collection consist of 178 Resources (175 public; three access 

restricted), 31 UNESCO World Heritage Sites; 14 Projects (seven public; seven access 

restricted), seven Places (six public; one access restricted), six Sites (five public; one 

access restricted) and no Items (see Figure 4-6). 

 

Figure 4-6: RADB Project example featuring media gallery (left) including images and videos as 
well as links to RADB User Profile / Author (top) and affiliated Web, Facebook and Twitter links 
(in blue above like button) 
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The RADB Library further provides links to 43 frequent rock-art Newsletters, 

Periodicals and Journals, 137 publications within RADB Collection entries, 24 

conference links and 20 News articles. 

In total the RADB features over 500 rich-media files in image, video and 3D 

formats. 29 Collections make use of video, 12 Collections make use of virtual reality (see 

Figure 4-3), eight Collections make use of 3D photogrammetry files (seven public, one 

access restricted), seven Collections make use of 3D laser scans, three Collections make 

use of 123D-Catch Autodesk (one public, two access restricted) and 17 Collections 

include other forms of 3D visualization. 200 Collections make use of photographs with 

16 Collections including panoramic imagery. 

Looking at the use of social media 33 Collections use Facebook, ten Collections 

use Twitter, four Collections use Instagram, two Collections use Pinterest and one 

Collection uses flickr. 

4.4 Summary 

The proof of concept model has been successfully deployed and tested since its 

initial launch in 2013. It has successfully brought people and rock-art information in rich-

media formats together in one centralized deployed platform spreading rock-art heritage 

awareness. The project has assisted with making rock-art information more accessible 

and more visible by addressing the RADB’s Mission Statement and Aims. 

Rock-Art scholars and enthusiasts have come together from around the world in 

the RADB and used the platform to browse, store and showcase their Profiles, Resources, 

Projects, Places and Sites. The collaborative and centralized RADB platform allows users 
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to find contact details for rock-art scholars and enthusiasts, newsletters, journals and 

other publications as well as Web presences of international and national projects in rich-

media formats. The centralized approach enables users to find and compare rock-art 

information within an international context in one single platform that provides links to 

internal and external sources. The approach further helps to optimize and therefore 

accelerate the speed of finding targeted information within the RADB but also within 

external searches as seen in the Google Search example. 

More data needs to be collected regarding the usefulness of collaboration, 

information structure and visualization functions through theoretical data triangulation 

and user testing. The following chapters discuss the project methodology and detailed 

collaborative approach, information structure, data visualization and deployment process 

of the Open Source platform. 
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5. Developing a Methodology for the RADB 

This chapter develops a methodology for the conceptual and practical 

development of the Rock-Art Database (RADB) based on the Digital Library (DL) 

Universe model. A version of this chapter was presented  in a special session on Scale 

and Granularity in Archaeological Data Management at the Australian Archaeological 

Association (AAA) conference in 2013 that has been archived in the Federated 

Archaeological Information Management System (FAIMS) YoutTube Channel (FAIMS, 

2013). The project presents results within the RADB Universe, RADB Framework and 

RADB KPI using an Agile Development Approach within a PIMRI Quality Assurance 

cycle.  

It summarizes the findings from Chapter 1 – 4 and identifies a suitable framework 

and Key Performance Indicators (KPI) that are used to inform the RADB project. The 

research further looks at project and software development practices for implementation 

of the conceptual model and the development and deployment of the proof of concept 

model. 

The project presents results for conceptual and practical approaches within the 

RADB Universe. The conceptual approach is addressed within a RADB specific 

framework and RADB specific KPI. The practical approach uses a standard System 

Development Life Cycle (SDLC) within an Agile Development Approach and the PIMRI 

Cycle for Quality Assurance. 

The results are discussed under consideration of the RADB KPI to inform theory 

and practice within the RADB project. 
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5.1 Developing a Method for the Conceptual and Practical Approach 

In order to develop a method for the development of the RADB project this 

chapter looks at both the conceptual and practical development approach. Separating the 

conceptual and the practical approach is adapted from the DL Universe model (European 

Commission Information Society and Media, 2011) and allows for the separation of tasks 

and related outputs for more detailed analysis of individual project requirements within 

the role of people, conceptual models and deployed models. 

5.1.1 A Conceptual Approach for Interdisciplinary and International 

Heritage and Rock-Art Management within the RADB 

The following section summarizes findings presented within the framework and 

the heritage and rock-art review (see Chapter 1 and 3) to develop a method for the 

conceptual RADB model. The conceptual model looks at developing a RADB specific 

framework that informs the system’s design. The RADB framework addresses issues, 

gaps and trends in current interdisciplinary and international heritage and rock-art theory 

and practice. 

The conceptual approach further identifies a set of standards and guides that allow 

assessing the RADB against a set of interdisciplinary and international heritage and rock-

art KPI that form the RADB KPI. 

5.1.1.1 Heritage Data and New Technologies 

Much progress has been made within the last 18 years, since the international 

rock-art database was first proposed by Walt et al. (1997). New collaborative approaches 

using crowd-sourcing or human-based computation have emerged through, for example, 



Developing a Methodology for the RADB 

 

100 
 

Wikipedia but also new visual technologies in 3D visualization or 3D scanning are now 

more widely used. Walt et al. (1997) does make mention of computer based technologies 

and project collaborations but does not provide a concrete framework or detailed 

approach of how these elements could be used within the system.  

The Fondazione Bruno Kessler (FBK), a European heritage initiative, embraces 

such international and interdisciplinary approaches by bringing together various fields of 

study within an interdisciplinary context looking at the use of technology within the 

humanities (Fondazione Bruno Kessler, 2014). The foundation looks at five key areas: 1) 

management and language complexity and readability; 2) content analysis of cultural 

data; 3) crowd-sourcing and human-based computation as a new trend; 4) data 

visualization as a crucial tool to analyze data; and 5) temporal and spatial content 

tracking given the increased interest of the humanities community in the potential of GIS. 

The RADB takes a very similar approach by exploring new ways to look at rock-

art in four key areas with the aim to make information more accessible and more visible 

(see Chapter 2). The first approach looks into collaboration within online applications as 

discussed by Swartz (2006). This includes but is not limited to crowd-sourcing and 

human based computation. The second approach looks into developing a better 

understanding of information structure. It explores the use of the interdisciplinary and 

international CIDOC CRM for heritage data exchange and considers a Semantic Web 

approach as proposed by Berners-Lee’s (2009). The third approach looks into 

visualization as an analytical tool through combining collaboration, information structure, 

visual design concepts, new information visualization tools such as 3D or GIS and rock-

art research practices. The fourth approach brings collaborative, information structure and 
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information visualization together in a deployed centralized data model on the Web using 

an Open Source approach based on the Digital Earth model (Gore, 1998). All four 

approaches aim to make rock-art data more visible and more accessible to scholars and 

enthusiasts alike within a centralized deployed Web platform. 

While the above framework seems to fit well with current practices within 

heritage and technological research, such as discussed by the FBK, a framework for such 

a global and interdisciplinary project, bringing these ideas together in one centralized 

platform, is still missing. 

5.1.1.2 Centralizing Rock-Art Heritage Data 

While ICOM, Euopeana, Google or GHN work on centralizing international 

heritage systems (see Chapter 3), little literature exists on methodologies for globally 

centralizing rock-art information. Walt et al. discuss this issue in 1997 and offer a first 

approach towards an international rock-art database by looking at things that should be 

considered for such a development. However, the work does not deliver a detailed 

methodology for the actual development process (Walt, David, Brayer, & Musello, 

1997). The paper proposes the use of Australian and North American rock-art research 

projects as leading examples to base the international database on. It further explores 

basic information standardization, the use of computer technology and media and various 

processes for organizing data but again does not provide a concrete example of what a 

deployed system could look like or how these elements could be put together. While the 

paper provides a first approach towards an international rock-art database it does not 

define any processes on the use of technologies or a detailed development method for the 

database itself. No publicly available model was ever deployed. 



Developing a Methodology for the RADB 

 

102 
 

5.1.1.3 Finding Suitable Key Performance Indicators 

The heritage and rock-art review (see Chapter 3) identified interdisciplinary, 

international and national heritage and rock-art guides and standards in theory and 

practice. These guides and standards are used for assessing the performance of various 

heritage and rock-art systems or research approaches and can be used for developing a set 

of KPI for the RADB. 

The CIDOC CRM, for example, provides a data ontology for interdisciplinary and 

international heritage information exchange. By using a given set of Entities ‘E’ and 

Properties ‘P’ that are mapped against data collections in, for example, heritage and rock-

art archives, the CIDOC CRM can help with improving data compatibility and 

understanding of semantic information in different disciplines making it a useful guide 

for heritage information exchange. 

On a national level, the Department of the Environment, the Australian national 

heritage authority, as well as other Australian state based government departments do not 

provide such a common shared ontology, which was confirmed through an online 

questionnaire with relevant departments in 2015 (see Appendix F). The Department of 

the Environment instead uses a set of KPI to assess the state of heritage management 

systems in Australia. These KPI are mapped against theory and practice within the 

identification, management, protection, leadership and celebration of cultural and 

Indigenous heritage. 

Lastly, the Informed and Formal Methods described by Whitley (2011) and 

Chippindale and Taçon (1998) provide a guide towards theory and practice within rock-

art research. The methods do not provide an ontology, such as described in the CIDOC 
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CRM, or a set of KPI, as described in the Australian Cultural and Indigenous Heritage 

KPI, that provide a tool for mapping against a given set of values, but rather provide a 

guide towards best practice that can be built and expanded on. 

A set of interdisciplinary, international and national heritage and rock-art KPI is 

still missing within global rock-art heritage management. In order to build a centralized 

database for rock-art that assists with theory and practice in interdisciplinary, 

international and national heritage and rock-art information management, the RADB uses 

the CIDOC CRM, Australian Cultural Heritage KPI and Informed and Formal Methods 

to inform a set of KPI for the RADB project based on Australian rock-art examples 

within a global context. 

5.1.1.4 Summary of the Conceptual Approach 

The RADB identified a gap within a missing standardized framework for 

management of heritage data. The project adapts the approach by FBK and explores 

collaboration, information structure and visualization using Open Source tools for the 

development of the Rock-Art Database platform. 

The RADB identified a gap within a missing approach for developing a 

centralized global rock-art database. The RADB project uses a similar approach to Walt 

et al. (1997) but looks in more detail at the use of new technologies and methods in 

theory and practice and provides a framework within collaborative approaches, 

information structure and visualization. Walt et al.’s (1997) proposal to use North 

American and Australian rock-art examples as a base for an international database system 

is adapted in the RADB. However, the samples are limited to Australian rock-art and are 

placed within the greater interdisciplinary international, national, regional and local 
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heritage sector to contextualize findings within the given KPI. The highly decentralized 

Australian heritage system, including rock-art, showcases a large array of problems (see 

Chapter 3) making it useful for testing the flexibility of the database. This will assist with 

better understanding of Australian heritage and rock-art systems through the given set of 

KPI and is likely to also address issues in international systems due to the similarity of 

the wide range of Australian problems within cultural and Indigenous heritage. 

The RADB identified a set of KPI for interdisciplinary, international and national 

heritage and rock-art data management within compliance with the CIDOC CRM, 

addressing the Australian Cultural and Indigenous Heritage KPI and assisting with 

Informed and Formal Methods for rock-art research. These KPI can be used to inform the 

development of the RADB project. 

5.1.2 The Practical Development Approach 

The following section looks at a practical development approach to find a suitable 

method for the implementation of the conceptual models in the deployed RADB Content 

Management System (CMS). It looks at Layers of Data Abstraction to implement the 

conceptual framework for the RADB in the CMS and considers rigid and dynamic 

processes within the development of the platform. It further looks at data collection 

methods within the deployed system to inform a Quality Assurance Cycle within the 

chosen development approach. 

5.1.2.1 Layers of Data Abstraction 

Looking at the conceptual framework discussed earlier in this chapter we now 

have to look at how this conceptual approach can be implemented in the development of 
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a deployed platform. Such an approach is described within the Layers of Data 

Abstraction, which assist with breaking down elements within the database system into 

smaller manageable packages. The breakdown of how data is stored, accessed and 

managed into Layers of Data Abstraction was introduced by ANSI/SPARC the American 

National Standards Planning and Requirements Committee (ANSI/X3/SPARC, 1975). It 

brings flexibility to the design of a system where each layer can be looked at 

independently. The widely popular research and database development model breaks 

down the architecture of a system into three layers while a fourth layer ‘0’, in form of a 

Reference Model, can be introduced to inform the conceptual system development 

(Oppel, 2010, pp. 1-10). This reference model can incorporate a conceptual framework or 

ontology as discussed in the previous section with regards to collaboration, information 

structure and visualization model. The next layer is the first layer of data abstraction, the 

Physical Layer, which contains the actual data files stored within the Database 

Management System (DBMS). The second layer is the Logical Layer, which only exists 

as a conceptual layer and gives the Physical Layer structure through describing the 

interconnections within the stored files which can be informed through, for example, the 

information structure model. The third layer is the External Layer, which describes the 

content representation and connects the user with the database through interaction which 

can be informed through, for example, the visualization model. All layers are connected 

through the Physical and Logical Data Independence that describes the ability to make 

changes in one layer within affecting existing processes and users. 
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The RADB uses the Layers of Data Abstractions to implement and test the 

conceptual models within information structure and visualization of heritage and rock-art 

data within a deployed DBMS. 

Having found a model to implement theory in practice how can the project 

management approach further assist with the development of the RADB. 

5.1.2.2 Rigid Approach 

A rigid approach is a standard project management approach that describes the 

planning of a project from start to finish. The System Development Life Cycle (SDLC) is 

such a standard rigid approach used in software development. It describes various stages 

of development from conceptual design to practical implementation and evaluation (see 

Figure 5-3). It looks at data requirements, development processes and quality assurance 

within the system from initiating, planning and designing a system to implementation, 

testing and disposition (Oppel, 2010, pp. 129-140; Taylor, 2004, pp. 38-45; DOJ, 2015). 

The advantage of using a rigid SDLC approach within software development is that a 

clear set of requirements developed from the conceptual designs can be used to inform a 

step-by-step plan to achieve the end goal of deploying a usable application. The 

disadvantage of a rigid approach is that it does not pay much attention to the role of the 

client or user who only provides input at the beginning and end of the project but has 

little to no input during the development process. Considering a rigid approach for the 

RADB would mean that all the planning would need to happen at the start and all the 

analysis at the end of the project. But as more and more client information from, for 

example, project collaborators comes in during the development stages, this information 

could not be used within the process. The project therefore looks at a more dynamic 
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development approach that would allow changes during the development of the 

application. 

5.1.2.3 Agile Development Approach 

The Agile Approach describes a dynamic development approach for software 

development that can use, for example, the stages of the SDLC but follows a continuous 

development cycle rather than following a linear approach with a set start and finish as 

seen in the rigid SDLC approach. The development cycle produces new concepts and 

results in each iteration, in contrast to a linear approach where concepts and results are 

only presented at the start and at the end of the process (Wambler, 2013; Muschio, 

Jeppson, & Levin, 2012; Hermon & Niccolucci, 2007; Shore & Warden, 2007; Martin, 

2003; Cohen, Lindvall, & Costa; CMS, 2005). Agile development frequently reviews 

outcomes allowing rethinking of models by proposing changes that can be implemented 

in the next iteration. This allows for a more dynamic and flexible approach within system 

development. The main four characteristics of Agile Development are described as 

(Abrahamsson, Salo, Ronkainen, & Warsta, 2002, pp. 11-12; 75-80; Williams & 

Cockburn, 2003): 

 

1. Individuals and Interactions over Processes and Tools: It emphasizes the 

relationship of developers and humans within the development process rather than 

an institutionalized process. Through the dynamic approach a team of developers 

needs to frequently meet allowing for the interchange of ideas while further 

boosting team spirit making it a particularly interesting approach for this project 
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looking at a collaborative approach within the heritage, rock-art and open source 

community. 

 

2. Working Software over Comprehensive Documentation: Due to frequent 

iterations that can take place on a monthly, fortnightly or sometimes even hourly 

development cycles, developers need to keep code simple, flexible, 

straightforward and technically advanced while also keeping documentation at an 

appropriate manageable level. This makes the Agile approach particularly 

interesting with regards to development within the Open Source community 

where simple code with little documentation is more likely to produce fast returns 

than complex code. It works well in conjunction with platforms such as 

Wordpress where contributors develop flexible and simple plugins or themes 

while complying with a set framework to minimize documentation. 

 

3. Customer Collaboration over Contract Negotiation: Due to its frequent 

iterations the relationship between the researcher or client and the developers is 

given preference over prescribed outcomes, meaning the system can focus and 

adapt more to user needs than in a non-dynamic approach.  

 

4. Responding to Change over Following a Plan: An Agile Approach delivers 

instant value for the client while future adjustments need to be considered. 

Communication between developer’s and client’s needs to be well-informed to 
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consider possible adjustments during the life cycle. Negotiations between clients 

and developers need to take this under consideration. 

 

Highsmith and Cockburn summarize these findings by defining the Agile 

approach not through its applied practices but: 

 

“… the recognition of people as the primary drivers of the project success, coupled with 

intense focus on effectiveness and maneuverability.”  

(Highsmith & Cockburn, 2001, pp. 120-122) 

 

This flexible, people focused approach makes Agile Development particularly 

interesting within a dynamic, collaborative, interdisciplinary and international cultural 

heritage context. 

5.1.2.4 Quality Assurance 

How can a process like the Agile Development Approach assist with quality 

assurance and lead to identification of project issues and knowledge gaps? If we use the 

SDLC within an Agile Development Approach the System undergoes frequent planning, 

implementation and improvement stages. This is similar to standard practice within the 

Plan, Implement, Monitor, Review and Improve (PIMRI) Quality Assurance cycle that is 

used to frequently review theory and practice within the life cycle of a project (SCU, 

2012). The planning stage produces a conceptual model that is then practically 

implemented and monitored based on a set of KPI. The data obtained is then evaluated 

based on the KPI and reviewed to make improvements for the next iteration of the PIMRI 

cycle. This process ensures that the project is frequently reviewed within a dynamic 
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approach and gives room for improvements addressing issues within the last iteration, 

similar to the Agile Development approach. 

5.1.2.5 Data Collection Approaches 

Having looked at suitable development processes within the SDLC, Agile 

Development process under consideration of a Quality Assurance framework such as the 

PIMRI cycle, how is data monitored and collected within such an approach to inform the 

next iteration of the cycle? Considering a collaborative approach, the RADB monitors 

and collects data from the deployed database but considers further input from outside the 

platform within an Agile people focused development approach. Three approaches to 

maximize the validity of information within the data collection can be found within (a) 

data triangulation that looks at defining participants within participant categories (b) 

method triangulation that looks at qualitative and (c) quantitative data collection methods 

and theoretical triangulation that explores theoretical input from diverse cultural and 

interdisciplinary contexts. 

5.1.2.6 Summary of the Practical Approach 

The practical approach review provides examples for rigid and dynamic 

development approaches. While the rigid approach provides a step-by-step plan within 

the SDLC, the Agile Development allows for a more dynamic approach by revisiting 

planning stages. The Agile approach further offers to focus on the input that people have 

on project development rather than focusing on technology, which makes it an interesting 

approach considering an interdisciplinary, international, collaborative cultural heritage 

approach for a centralized global RADB. The Agile Development approach further uses a 
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similar approach to a standard Quality Assurance cycle that provides a basic framework 

for monitoring and improving projects through the PIMRI management approach. Lastly 

the practical approach looks at how data collection can inform the monitoring and 

planning stages of the development cycles through data, method and theoretical 

triangulation. 

5.2 Results 

The findings of the conceptual and practical development approaches are 

implemented in the RADB development methodology within the RADB Universe and 

development procedures. 

5.2.1 The Aims and Outcomes 

The Global Rock-Art Database aims to improve the accessibility and visibility of 

rock-art through offering a centralized platform that looks at planning, collecting, 

managing and disseminating rock-art information by: 

 
Offering a Collaborative Approach 

 Allowing for a diversity of communities from scholars, Indigenous 

communities to enthusiasts to contribute to planning, collecting, managing 

and disseminating information  

 Giving community control over content 

 Consulting with community over design and methods 

 

Developing an Information Structure 

 Complying with general international data models 

 Complying with general interdisciplinary data models 

 Complying with international, national and local heritage data models 

 Complying with rock-art research models 

 

 

Exploring the use of Information Visualization Design and Technology 
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 Developing understanding of visual interface design concepts for rock-art 

research approaches 

 Making complex data more visible and accessible 

 

Deploying a proof of concept model using Open Source Applications 

 Offering a centralized free non-for-profit online application 

 Allowing for data to be planned, collected, managed and disseminated 

internally (CMS) 

 Allowing for data to be planned, collected, managed and disseminated 

externally (API or GDS approach) 

 Developing understanding of the collaborative approach 

 Developing understanding of Information Structure 

 Developing understanding of Information Visualization 

 

5.2.2 RADB Universe 

The Rock-Art Database as an organization exists on multiple levels, each 

producing different outputs within different tiers of the project. These tiers are described 

within the RADB Universe. The Universe model has been adapted from the DL Universe 

model and allows for the separation of tasks and related outputs for more detailed 

analysis of individual project requirements within the role of people, conceptual models 

and deployed models (European Commission Information Society and Media, 2011). 

There are three tiers: 

 

Tier 1: RADB (as an organization) 

Tier 2: RADB System (conceptual model) 

Tier 3: RADB Management System (deployed model) 

 

Tier 1: The RADB 

The Rock-Art Database (RADB) is a virtual organization that aims to bring 

together scholars, Indigenous custodians and enthusiasts to plan, collect, manage, 

disseminate and discuss rock-art through a centralized platform. The RADB 

liaises with stakeholders and aims to create a community of scholars, Indigenous 
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custodians and enthusiasts to curate, present and promote rock-art. The RADB is 

a non-for profit organization and as such handles operational aspects of the 

project with assigned roles of community participants. 

 

 

 

Tier 2: The RADB System 

The RADB System produces a conceptual model that assists with bringing 

together existing interdisciplinary research and helps to develop a construct 

through collective imagination. This conceptual model provides the basis for a 

deployed model by delivering a much-needed framework that the Database 

Management System can operate within. The conceptual approach provides a 

more flexible model than the deployed database, as it is more adaptable within a 

dynamic cultural context. As new research emerges conceptual models can be 

easily adjusted and rewritten.  

 

Tier 3: The RADB Management System 

The RADB Management System is the deployed online platform of the RADB 

using the RADB System. The platform allows users to plan, collect, manage, 

disseminate and discuss rock-art information through specialized functionalities 

using rich-media content and communication tools. The model allows testing the 

conceptual model in practice. The practical approach helps to create a hypothesis, 

build trials and judge their success by evaluating outcome through practice 

(Brown & Sorensen, 2009). This assists research by providing tangible outcome 

in the form of useable deployed information such as data structure or code while 

also providing samples of actual user data. This information can be used for 

further testing or be implemented in future systems. 

 

5.2.2.1 The RADB Key Performance Indicators (KPI) 

The RADB KPI addresses the interdisciplinary, international and national heritage 

and rock-art approach within the RADB Universe using Australian rock-art as an 

example for a global platform. 

 

 To ensure optimized interdisciplinary and international exchange of 

heritage information the RADB uses the CIDOC CRM as a conceptual 

guide. 
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 For compliance with the Australian national heritage system the RADB 

addresses the Australian Cultural and Indigenous Heritage KPI in 

identifying, managing, protecting, leadership and celebrating heritage 

 To address rock-art research in theory and practice the RADB assists with 

Informed and Formal Methods 

5.2.2.2 The RADB Framework 

Based on the FBK (Fondazione Bruno Kessler, 2014) example, the RADB 

Framework develops four conceptual and practical models within the RADB Universe 

for the development of the RADB Management System. Each model addresses the RADB 

KPI within an Agile Development approach. 

 
 

Rock-Art Collaboration Model (RACM):  
Explore and develop a method for a Collaborative Approach for the RADB, 

RADB System, and RADB Management System based on Swartz’s vision of a 

Radical Collaborative Approach and human-based computation (2006). 

 

Rock-Art Reference Model (RARM): 
Explore and develop a method for improving Information Structure through a 

rock-art specific Reference Model by looking at the use of thesauri, encyclopedia, 

ontology and metadata approach (Berners-Lee, 2009; ICOM/CIDOC Document 

Standards Group, CIDOC CRM Special Interest Group, 2015; European 

Commission Information Society and Media, 2011). 

 

Rock-Art Visualization Model (RAVM): 

Explore and develop the use of Information Visualization in rock-art applications 

bringing together visual design concepts and rock-art research approaches 

(Chippindale & Taçon, 1998; Tufte, 1995). 

 

Open-Source Model: 

Develop and deploy a proof of concept model and explore the usefulness of Open 

Source Applications for the development of the RADB Database Management 

System in a Digital Earth type model (Gore, 1998). 
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5.2.2.3 Layers of Data Abstraction 

To place the conceptual and practical information within the RADB System and 

RADB Management System into a deployed database the RADB uses four layers of data 

abstraction (see Figure 5-1). 

 
Figure 5-1: Layers of Data Abstraction with Reference Model 

Layer 0: Reference Model 

The reference model provides the conceptual model that operates as a mediator 

between researcher and practitioner, idea and technology and transforms concepts 

into a deployable format. The reference model informs the design of the physical, 

logical and external layer. 

 

Layer 1: Physical Layer 

The physical layer contains the actual data files that can be stored in multiple files 

and locations or drives within the Database Management System (DBMS). This 

layer is solely handled by the system administrator. 
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Layer 2: Logical Layer (Schema) 

While the physical layer exists within actual data files, the logical layer only 

exists as a conceptual data structure model that is based on the information 

contained within the physical layer. The logical layer gives the physical layer 

structure through describing interconnections of the data files. These 

interconnections can be described through entities and attributes within an 

ontology such as the CIDOC CRM. 

 

Layer 3: External Layer (Subschema) 

The final layer of abstraction is the external layer that describes the content 

representation and connects the user with the application. In this layer the user can 

issue queries and interact with the information in the DBMS. User data can be 

temporarily stored and reused until the end of the user session. 

 

Physical and Logical Data Independence 

The Physical and Logical Data Independence describes the ability to make 

changes to one layer without interfering with existing users and processes. Such 

changes may include moving or renaming files or adding and moving new 

database objects. 

 

5.2.2.4 Mapping the RADB Framework and KPI in the RADB Universe 

To inform the method for the development of all tiers within the RADB Universe 

each element of the framework is mapped against the RADB KPI. This approach aims to 

support heritage and rock-art management in theory and practice on an interdisciplinary, 

international, national heritage and rock-art specific scale and is used to inform the 

development of the RADB project (see Figure 5-2). 
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Figure 5-2: Methodology Mapping; KPI and RADB framework 

5.2.3 Procedures 

5.2.3.1 System Development Life Cycle (SDLC) 

The SDLC is applied in each iteration of the Agile Development Approach within 

a PIMRI cycle. The process can be broken down into 10 repeating steps (see Figure 5-3): 

 

Methodology 

RADB Framework 

 

•collaborative approach 
 
•information structure 

 
•information visualization 

 
•Open Source approach 

RADB KPI 

 

1. International & Interdisciplinary  

comply with CIDOC CRM Certificate 

 

2. National 

address Australian Cultural and 
Indigenous Heritage KPI 

 

3. Rock- Art 

assist with Informed & Formal Methods 
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Figure 5-3: The System Development Life Cycle (SDLC) within an Agile Development Approach 

5.2.3.2 Agile Development Approach within the PIMRI Quality Assurance 

Cycle 

The RADB uses the PIMRI Cycle for Quality Assurance purposes within an Agile 

Development Approach in each iteration of the Database Life Cycle (see Figure 5-4). 

Stage one involves the planning of a project by researchers and practitioners and 

Step 1 

• Initiation 
•identifies need and idea 

Step 2 

• System Concept Development 
•defines cope, boundaries and concept 

Step 3 

• Planning 
•develops a project management plan and provides the basis for acquiring resources 

Step 4 

• Requirement Analysis 
•analysis user needs and developers requirements 

Step 5  

• Design 
•Transforms detailed requirements into complete detailed system design document 

Step 6 

• Development 
•converts design into complete information system 

Step 7 

• Integration and Test 
•Demonstrates that developed system conforms to requirements (Quality Assurance) 

Step 8 

• Implementation 
•provides resolution for problem identified in integration and testing 

Step 9 

• Operations, Maintainance and Monitoring 
•describes tasks to operate and maintain information 

Step 10 

• Review 
•produces a review of monitored data for the next iteration 
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produces a conceptual model. The conceptual model is then implemented and monitored 

by practitioners. The data obtained is then reviewed by both parties and leads to a 

document that outlines the previous operations and makes suggestions about future 

improvements. The resulting document in turn informs the planning stage of the next 

cycle and the entire process is repeated. The model assumes a dynamic people over 

technology focused development approach. 

 

Figure 5-4: PIMRI Cycle 

5.2.3.3 Data Collection within and outside the RADB Universe 

The proof of concept model produces internal data, data produced within the 

RADB deployed platform, as well as external data, data collected outside of the RADB 

platform through, for example publications, conferences or conversations. The data is 

collected and reviewed within the Agile Development process using the PIMIR cycle. 

Data collection is broken down into three main approaches: 

Plan 

Implement 

Monitor Review 

Improve 
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Data Triangulation  

Defining participants including Traditional Owners and custodians, scholars, 

research partners, students, enthusiasts and other participants where applicable. 

 

Method Triangulation  

Data Collection through qualitative methods including naturalistic observations, 

naturally occurring conversations, semi structure Focus Group Interviews 

(purposive sampling), media recordings of planed events, online data, social 

networks and online forums and the researcher’s and practitioner’s reflective 

journal.  

Data Collection through quantitative methods includes building and testing 

deployed database management system and statistical analysis tools. 

 

Theoretical Triangulation 

The study is meant to be flexible and dynamic without sole focus on traditional 

work and develops insight by integrating sources from diverse cultural and 

interdisciplinary contexts including but not limited to theoretical scholarly work, 

research, practices, conferences and conventions and discussion forums. 

 

Behavior New vs Returning, Frequency (count of visit) and Recency (day since last 

visit), Engagement (page views) 

Geo Data Language, Location 

Technology Operating System, Device, Network 

Mobile Device Information 

Acquisition Channels (for example referrals) 

Table 5-1: Google Analytics tracking Data 

Qualitative samples are taken through formalized approaches such as 

questionnaires or recorded feedback from conferences and publications. The research 

also collects samples such as user feedback, user comments and contributions within the 

RADB Management System and Open Source community (for example comments, 

issues in Wordpress, GitHub). 
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Quantitative data is provided through the use of Google Analytics, tracking user 

behavior, geo data, used technologies, mobile usage and channels for data acquisition 

(see Table 5-1). 

5.3 Discussion 

The conceptual and practical approach based on the DL Universe was 

implemented in the RADB project and used to develop the RADB as an organization, the 

conceptual RADB System and the deployed RADB Management System. 

Using a proof of concept model allowed for the dynamic deployment of the 

world’s first centralized global Rock-Art Database in multiple iterations. It attracted 

scholars and enthusiasts from around the world and allowed them to actively participate 

in the Agile development.  

As a more engaging interactive medium than a conceptual model, the RADB 

Management System allowed for the testing of functionalities of the system and 

showcasing user test data while the RADB System provided the theoretical framework 

that was presented at ten conferences and published in four peer-review journals (also see 

Chapter 10). 

5.3.1 The RADB Universe 

The RADB Universe allowed for the separation and breaking down of the role of 

people, conceptual models and practical models in more detail within their respective 

functions in the project. While the RADB as an organization is mainly concerned with 

the role of people within, for example, exploring collaborative networks and 

contributions to the project, the RADB System provided flexible conceptual models that 
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could be used and implemented in a variety of projects within and outside of the RADB, 

from implementation in the RADB Management System to producing papers for 

conferences and publications. In contrast the RADB Management System provided 

tangible examples for interaction and visualization of the conceptual rock-art models 

within the deployed proof of concept model. The RADB Management System produced 

code that could further be shared within Open Source communities and in turn assisted 

with testing and improving the conceptual models in the RADB System within an Agile 

Development approach. 

5.3.2 The RADB Framework 

The RADB Framework looked at collaboration, information structure and 

visualization within an Open Source approach and provided conceptual and practical 

models that have been implemented in the RADB Management System. The framework 

allowed for the exploration of not only the individual models but how collaboration, 

information structure and visualization affect each other within a deployed platform (also 

see Chapters 6, 7 & 8). 

5.3.3 The RADB KPI 

The RADB KPI assisted with providing a set of guides and standards within 

which the RADB System and RADB Management System can operate. It further 

provided the tool needed for testing the deployed functions in the practical platform and 

allowed for mapping rock-art information against a national, international and 

interdisciplinary model. The KPI provided the focus that was needed within the RADB 

Universe to keep the project on track and further support the argument of a world first 
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system for rock-art that aims to comply with an interdisciplinary, international and 

national heritage and rock-art model based on Australian heritage examples. 

The KPI are flexible and are exchangeable, for example, the Australian Heritage 

KPI can be replaced with other national heritage KPI from around the world while still 

using the CIDOC CRM and rock-art practice to guide the project. 

5.3.4 The Agile Development Approach using the SDLC and PIMRI 

The Agile Development approach allowed for a level of flexibility within the 

development process and was further supported within the RADB Universe, which 

allowed separating conceptual ideas from deployed models within the RADB System and 

RADB Management System. Each iteration of the Agile approach produced first 

changing models within the RADB System and then implemented models within the 

RADB Management System and allowed for validating conceptual and practical findings 

within each iteration of the process. 

Issues within the Agile Development approach related to time spent on 

developing code that was later removed due to a lack of planning for better code but at 

the same time allowed for a great deal of flexibility to experiment with new technologies. 

The RADB KPI helped to focus within the Agile Development approach and bring 

development back on track. Future development processes should always priorities and 

ask the question of the relevance within the RADB KPI. 
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5.3.5 Data Collection Process Within and Outside of the RADB 

Management System  

Data was collected within and outside of the RADB Management System. 

External data included feedback from conferences and publications as well as comments 

within Open Source forums on the technical development of the system. 

Internal data was collected within Google Analytics and implemented social 

networking tools such as likes, comments, issues and feedback sections with the RADB 

Management System. Further data was collected through an online questionnaire on 

collaboration, information structure and visualization within heritage archives, which was 

made available through the RADB Management System Home page (see Appendix F). 

All data was monitored and review within the Agile Development process and 

recorded on GitHub within the system’s development log. 

5.4 Summary 

The methodology used within the RADB Universe allowed for providing 

guidance within the conceptual and practical approach for the project. The RADB 

Universe further allowed to separate the role of people, conceptual and practical models 

within the project and developed models for collaboration, information structure and 

visualization within an Open Source approach under the RADB Framework. 

The conceptual method further produced a set of KPI specific to the RADB 

Universe considering an interdisciplinary, international and national heritage and rock-art 

approach. The KPI provided a focus for the project while also complying with a set of 

standards within a world first global database for rock-art. 
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The practical development approach followed an Agile approach which allowed 

for flexibility within the development process while providing a focus on people’s role 

within the project development rather than focusing on technology. This allowed for the 

incorporation of more ideas within a flexible RADB Management System and the 

exploration of a variety of conceptual models within each iteration of the development 

process. 

The method developed in this chapter has proven useful for the RADB project 

and is further explored within the individual models for collaboration, information 

structure and visualization in the following chapters. 
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6. The Rock-Art Collaborative Model (RACM): 

Learning Theory, Human-Based Computation and 

Participant Motivation 

This chapter explores a Radical Collaborative Approach in the RADB Universe to 

find new ways to look at rock-art by making global information more accessible and 

more visible through public contributions. The model has been accepted for publication 

in the ISPRS Annals of the Photogrammetry, Remote Sensing and Spatial Information 

Sciences and is presented at the ISPRS congress in Prague 2016 (Haubt, in press). The 

Rock-Art Collaboration Model (RACM) looks at rock-art through the RADB KPI using a 

practice-led approach. The project develops a conceptual collaborative model that is 

deployed within the RADB Management System. Exploring learning theory, human-

based computation and participant motivation the chapter develops a procedure for 

deploying collaborative functions within the interface design of the RADB Management 

System. The chapter presents the results of the collaborative model implementation and 

discusses considerations for the next iteration of the RADB Universe within an Agile 

Development Approach. 

6.1 Developing a Methodology for a Collaborative Approach 

The following section provides a review of collaborative approaches within Web, 

heritage and rock-art applications. The review informs a conceptual model, the Rock-Art 
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Collaboration Model (RACM), and the implementation of a collaborative approach in the 

Rock-Art Database (RADB) project. To develop a basic understanding of the usefulness 

of collaborative approaches the project asks five questions: 

1. How are collaborative approaches used? 

2. What type of approaches exist? 

3. How can collaborative approaches help generate meaningful data? 

4. How can we motivate participants to engage in collaborations? 

5. What can we learn from the success and failure of existing collaborative 

projects? 

 

6.1.1 Collaborative Web Application Observations 

When we think about collaborative approaches on the Web, Open Source 

applications come to mind. Platforms such as GitHub, Drupal or Wordpress allow 

developers to build applications with the help of an online community by controlling, 

managing and sharing conceptual ideas and code.  

GitHub currently boasts over 11 million users and hosts over 29 million 

repositories making it the largest host for source code on the Web (Gousios, Vasilescu, 

Serebrenik, & Zaidman, 2014). The platform offers contributions for all kinds of projects 

while other platforms like Drupal and Wordpress focus on development for their own 

frameworks. The Drupal network currently has over 30,000 contributors who have 

developed over 30,000 modules for over one million Drupal users (W3Techs, 2015; 

BuiltWith, 2015). Technical contributions are even higher within Wordpress, where over 

39,000 plugins have been developed and are deployed in over 72 million websites, 

making it the most used platform on the Web (Bojars, Breslin, & Decker, 2008; Bojars, 

DERI, Breslin, Peristeras, & Tummarello, 2008; Breslin, Bojars, Passant, Fernández, & 
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Decker, 2009; Breslin, Decker, Harth, & Bojars, 2006; Limpens, Edelweiss, Gandon, & 

Buffa, 2008; Schwab, 2013). 

But besides online communities for developers, collaborative approaches have 

also been used in content creation for Wikipedia, Reddit or Digg. Each application makes 

use of different kinds of participant contributions and includes collaborative writing of 

formalized articles, informed discussion forums and using humans to help filter vast 

amounts of information on the Web. 

Wikipedia is the world’s largest online encyclopedia and is accessed every day by 

over 439 million people from across the globe. The platform currently features over 34 

million articles (five million in the English language) that have been added and edited by 

over 73,000 contributors (Wikipedia, 2015). Wikipedia makes use of a markup format 

allowing users to add, edit and evaluate information and offer a formalized form for 

article contribution entry. 

Reddit on the other hand does not feature articles but instead offers the public to 

contribute to forum discussions on various topics. In Reddit, contributors can interact 

with each other and get informed by asking questions, answering questions or sharing 

ideas by joining discussions. According to the official Reddit website the platform has 

over 202 million visitors per month with more than 850,000 topic entries (called 

subreddits) added by over 36 million registered users. 

With an abundance of information available on the Web, it is becoming 

increasingly difficult to make sense of things. Digg is looking into the organization of 

information and has taken a completely different approach by using the power of the 

masses to filter out popular news and articles. The platform allows users to “digg” 
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articles on the Web and if an article has enough “diggs” it is promoted to the websites 

homepage generating and identifying trends. 

Another kind of collaborative social platform has emerged in the last few years 

and is attracting the attention of professionals and scholars by allowing showcasing 

online portfolios. Websites such as LinkedIn (launched in 2003), Academia.edu 

(launched in 2008) and ResearchGate (launched in 2008) offer users the opportunity to 

promote their profiles and their work with the ability to discuss and share information 

within a network of colleagues and likeminded participants. As of December 2015, 

LinkedIn has over 400 million, Academia.edu over 27 million and ResearchGate over 8 

million users (Awan, 2015; Academia.edu, 2015; ResearchGate, 2015). While 

Academia.edu officially lists over seven million uploaded research papers, ResearchGate 

does not provide an official number but a quick internal system search for all papers, lists 

just over 2.5 million texts. We could place our findings so far into the following 

categories: 

 Development of Technology 

 Information Collection through articles (formalized) 

 Information Collection through discussions (informed) 

 Filtering information through likes, tags (“diggs”) 

 Filtering information through social groups 

 

GitHub, Drupal and Wordpress use collaborations to develop conceptual and 

deployed technology online, while Wikipedia and Reddit look into collecting knowledge 

and ideas. Wikipedia takes a more formalized approach by providing templates to format 
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and present articles while Reddit’s discussion forums are often raw and unfiltered and are 

rather informed than formalized. Digg, LinkedIn, Academia and ReseachGate all help to 

filter data by different means. While Digg encourages users to highlight articles to 

discover current news trends, LinkedIn, Academia and ResearchGate filter out 

professionals and their work by creating a community of likeminded users within a social 

network type platform. 

6.1.2 Collaborative Heritage Application Observations 

Similar collaborative approaches exist in the development of heritage applications 

and collection and filtering of heritage data. 

A number of conceptual and practical models for the implementation of cultural 

heritage reference models are currently shared on GitHub. These models are developed 

through projects such as X3ML Engine, Karma or Linked Ancient World Data (LAWD) 

and are followed and contributed  to  by up to 20 participants (also see Chapter 7). While 

these projects are currently fairly limited in the number of contributions, they do provide 

an important interdisciplinary approach towards conceptualizing data sharing in 

international heritage data models towards a Semantic Web and inform projects such as 

the CIDOC CRM (ICOM/CIDOC Document Standards Group, CIDOC CRM Special 

Interest Group, 2015). 

A much larger heritage project is being developed using the Open Source 

platform, Drupal. Mukurtu is a Content Management System (CMS) initially developed 

by a small team of researchers for a heritage project in Australia. Since its initial 

development, Murkurtu has been shared and improved by the Drupal community and is 

now used in over 1200 heritage management systems across the globe (Christen, 2013; 



The Rock-Art Collaborative Model (RACM): Learning Theory, Human-Based Computation and Participant Motivation 

 

131 
 

Christen & Craig, 2008; Christen, Anderson, & Brown, 2012; Christen, 2008). Mukurtu 

embraces the Open Source community and has been further extended to incorporate 

Creative Commons and other legal services for its system design. The use of Drupal 

modules for the CMS and integration of Creative Commons makes Murkurtu one of the 

most versatile Open Source heritage projects on the Web. 

While Murkurtu uses the public to help develop concepts and technology within 

Open Source communities, other projects such as Europeana, the Norwegian University 

of Life Sciences or the Power House Museum in Sydney, look at information collection 

through public contributions.  

Europeana was launched in 2008 and functions as a centralized European meta-

aggregator and display space for digitized heritage items. The project is supported by 

over 2,000 institutions from across Europe and currently features a collection of over 36 

million heritage items. Europeana recently launched a new campaign called LoCloud. 

LoCloud is a crowdsourcing application that allows the public to contribute data to 

Europeana using a virtual account in the cloud. The idea behind the system is to engage 

the public in contributing hidden information, locked up in private archives at home, to 

expand Europe’s heritage collection and help inform research through new contributions 

from the public (Gavrilis, Ioannides, & Theofanous, 2015). 

Similar to Europeana’s LoCloud, Stuedahl and Smordal (2012) experiment with 

engaging the public with Cultural Heritage through the Web. At the Norwegian 

University of Life Sciences they explore the use of an online blog and YouTube to 

inform the reconstruction of an ancient boat. The experiment experienced large 

contributions from scholars and professional including carpenters and enthusiasts. 
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Through public collaboration the project was able to retrieve ancient building methods 

that allowed for a better understanding of the heritage object. 

Similar experiments have been conducted using Instagram and flickr to expand 

and inform heritage collections. Flickr was used at the Power House Museum in Sydney 

to assist with a collection of photographs, allowing the public to tag and link images 

(Bak, 2012; Weilenmann, Jungselius, & Hillman, 2013). 

Collaborative approaches are used in heritage applications to develop conceptual 

models or develop new platforms such as Murkurtu. Heritage collections, at Europeana or 

the Power House Museum, expand through public contributions and integrate popular 

platforms such as flickr or Instagram to assist with the collaborative process. But public 

contributions can also inform research and research method as presented by Stuedahl and 

Smordal (2012).  

At the Museum of Modern Art (MOMA) such collaborative and interdisciplinary 

approaches have been recognized and implemented in the design of the new museum’s 

database management system (Raiciulescu, 2012). The system brings together 

interdisciplinary departments to share knowledge and improve communication across 

different fields. 

Few results have been published to date by MOMA on the new interdisciplinary 

system but the previous examples illustrate how working together can help with a range 

of data collection and research tasks and improve our understanding of the world. 

6.1.3 Collaborative Australian Cultural Heritage Application Observations 

Looking at the national and state based Australian heritage bodies such 

collaborative approaches seem to be missing. More than 49 heritage bodies have 
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deployed over 49 websites in a highly decentralized system but no collaborative structure 

between these systems can be found (see Appendix C and D). 

The State of the Environment Report looks at a set of Key Performance Indicators 

(KPI) to assess the state of heritage in Australia. The last report revealed a gap in 

identifying, managing, protecting, leadership and celebrating Cultural Heritage and in 

particular Indigenous Heritage and sections of the report are even left blank (Department 

of the Environment, 2011). The report links these gaps to a lack of available information 

to the departments. How can 49 heritage bodies not have enough information? Two 

possible options come to mind: 

 

a) Information sharing between agencies is inefficient  

b) Data acquisition by agencies is inadequate for the subject matter 

 

Both options have been addressed within the State of the Environment Report 

with no proposed solution to date. 

6.1.4 Collaborative Rock-Art Application Observations 

Rock-Art research is highly interdisciplinary and collaborative, bringing together 

researchers from social sciences and the arts with the natural sciences. While social 

sciences and arts researchers investigate, for example, the origins of art and human 

diaspora, researchers in the natural sciences support findings through empirical research 

in, for example, biological sampling or carbon dating. 

Even though rock-art is an interdisciplinary and collaborative field of research, it 

is difficult to find information about collaborative work on the Web besides information 
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published in academic papers. Much data is locked away in decentralized, access 

restricted or private archives (see Chapter 3).  

The biggest collaboration within the specialized field is arguably achieved 

through the International Federation of Rock-Art Organizations (IFRAO) and the 

Australian Rock-Art Association (AURA). Both organizations arrange frequent 

conferences bringing together hundreds of scholars and enthusiasts from around the 

world. Even though the organizations help to bring people together in person, no online 

system has been implemented to help form a virtual online community for rock-art as 

seen at MOMA, Europeana, Wikipedia or Reddit. 

Instead, rock-art is often discussed in hard to find smaller forums such as private 

blogs or within social networks such as Facebook, LinkedIn, Academia.edu or 

ResearchGate. Groups such as the Students of World Rock Art on LinkedIn, with 31 

participants, are hidden away and only show little contributions to the greater community 

with entries only occurring every few months. 

Tagging and following functions in Academia, however, seem to reach larger 

audiences. As of December 2015 the tag “Rock Art (Archaeology)” has 8345 followers, 

“Rock Art” has 4260 followers, “Prehistoric Rock Art” has 2826 followers and “Rock 

Art research” has 368 followers. Even though tagging and following allows users to filter 

through the available content, the inconsistent use of the term rock art causes problems 

finding targeted information. It is interesting to note that the keyword “rock art” itself has 

fewer followers than “rock art (Archaeology)”. This might be a reflection of messy 

categories in Academia.edu and shows how users try to eliminate confusion with the use 

of the term, by adding more defining attributes. 
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ResearchGate also allows tagging and following key words. “Rock Art” in 

ResearchGate has 500 followers, one discussion forum with 12 entries (84 entry 

followers), 200 posted questions and over 4,400 papers. But a closer look at individual 

papers reveals that many have little to no actual connection to rock-art research but rather 

make use of the term in some other context. No additional attributes, as seen in 

Academia.edu, are used in ReseachGate to further filter this data. 

It is interesting to note that considering rock-art research methods, such as 

Informed and Formal Methods discussed by Chippindale and Taçon (1998), collaborative 

approaches such as witnessed in Wikipedia, Reddit or Digg, have not been greatly 

explored within the specialized field. Formalizing articles through public collaboration or 

informing the public through discussions forums, both show potential in exploring 

competing ideas in Scientific Method or the collection of ethnographic data through user 

comments, tags and links. 

6.1.5 Observations Summary 

Little collaborative online networks within rock-art have been found since the 

start of this research project in 2012. This RADB investigates the use of collaborative 

approaches in all levels of its system design, from developing conceptual models and 

technology to content collection, management and data dissemination. Looking at the 

specialized field of rock-art within an Australian Heritage context, the model should 

consider Informed and Formal Methods for rock-art research and address the RADB KPI 

(see Chapter 5). 



The Rock-Art Collaborative Model (RACM): Learning Theory, Human-Based Computation and Participant Motivation 

 

136 
 

6.2 Results 

6.2.1 Needs, Aims and Outcomes 

The project investigates the use of Collaborative Approaches in theory and 

practice within the RADB project to help address gaps within Australian Cultural and 

Indigenous Heritage Management and rock-art. The Collaborative Approach aims to 

address the Australian Cultural and Indigenous Heritage KPI and Informed and Formal 

Methods for rock-art research within the RADB KPI to explore new ways for looking at 

rock-art by making information more accessible and more visible. The RADB project 

addresses four key questions regarding the usefulness of a Collaborative Approach: 

 

1. How can a Collaborative Approach assist with finding new ways to look at 

rock-art information by making information more accessible and more 

visible?  

2. How can a Collaborative Approach address the Australian Cultural and 

Indigenous Heritage KPI (Department of the Environment, 2015)? 

3. How can a Collaborative Approach help with Informed and Formal 

Methods in rock-art (Chippindale & Taçon, 1998)? 

4. How can the Radical Collaborative Approach be used in theory and 

practice in the RADB Universe? 

 

6.2.2 A Collaborative Approach within the RADB Universe 

To address these aims the project develops an approach by drawing from the 

findings in the previous section and explores them in more details within three categories: 

 

i. Building a Community of Participants (Organization) 

ii. Exploring Functions of Collaborative Approaches (Conceptual Model) 

iii. Developing Tools in Support of Collaborative Approaches (Deployed 

Model) 
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These three categories are reflected within the RADB Universe. The RADB 

Universe describes the entire RADB project on multiple levels, where each level 

generates different outputs. The Universe is based on the DL model (European 

Commission Information Society and Media, 2011) and is broken down into three 

interrelated tiers (see Chapter 5): 

Tier 1: RADB (as an organization) 

Tier 2: RADB System (conceptual model) 

Tier 3: RADB Management System (the deployed model) 

 

To contextualize the three categories in the RADB Universe tiers, the project 

considers a Radical Collaborative Approach, envisioning how all aspects of system 

design and application usage can be collaborative. Further, the research looks at how 

meaningful data can be generated, through considering the use of Learning Theory that 

could help with educating visitors but also improve user contributions towards creating 

new knowledge. To develop a better understanding of the role of people within the 

system, the research explores functions in Human-Based Computation and how 

motivation of participants can help build a community of users. The last step brings 

together the RADB Universe, the Radical Collaborative Approach, Learning Theory, 

Human-Based Computation and Participant Motivation by looking at the conceptual and 

deployed Interface Design and implemented procedures. 

6.2.3 A Radical Collaborative Approach 

Swartz (2006) has identified collaboration on the Web as a vital factor to 

contributions to knowledge and proposes to explore new systems through a Radical 

Collaborative Approach. The idea is to explore all elements of applications, including 
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system design and system usage through contributions from the public, based on the 

Wikipedia experience. His model is moving away from traditional organizational 

structures, allowing contributions from whomever, wherever and whenever. Swartz 

proposes to focus on exploring new Radical Collaborative system designs rather than 

deploying more platforms. To develop such new approaches he makes the following 

statement and asks 5 questions: 

 

“We don’t need more system installations but rather a system that supports such a 

collaborative approach!” (Swartz, 2006, p. Raw Thoughts) 

 

 

 What is data good for? 

 What rules apply? 

 How can we bring data together? 

 How can we make sense of it all? 

 What kind of application should we use? 

 

To contextualize Swartz’s questions with our previous findings, the project 

proposes to explore 4 key aspects within a Radical Collaborative Approach: 

 

1. Generating Knowledge 

How can we generate knowledge through a Radical Collaborative 

Approach to explore what data is good for? 

2. Conceptual Model 

What functions and rules can we apply to a Radical Collaborative 

Approach to help bring data together and allow us to filter and make 

sense of it all? 

3. Deployed Tools 

What technical functions support a Radical Collaborative Approach? 

4. Participant Motivation 

How can we motivate the public to participate and bring information 

together in one centralized system? 
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6.2.4 Generating Meaningful Data Through Learning Theory  

 "To promote higher-order thinking on the Web, online learning must create 

challenging activities that enable learners to link new information to old, acquire 

meaningful knowledge, and use their metacognitive abilities; hence, it is the instructional 

strategy and not the technology that influences the quality of learning." (Bonk & 

Reynolds, 1997, pp. 167-178) 

 

 
In order to support participants and create more meaningful data, the RADB 

includes learning theory within the Radical Collaborative Approach. Similar to Swartz, 

Bonk and Reynolds (1997) propose that it is not the technology but the strategy that 

influences the quality of the outcome. The implementation of learning theory could assist 

with participant collaboration for a specific problem and help with the collection of 

meaningful information and generating knowledge (Gafni & Geri, 2010; Du, Durrington, 

& Mathews, 2007; Knowledge Forum, 2012; MA, 2008). 

Constructivist Theory and Constructionist Theory support such collaborative 

learning approaches in online environments (Alzaghoul, 2013; Bruckman, 2004). 

Constructivist Learning argues that knowledge and meaning is generated through the 

interaction between experience and ideas (Savery & Duffy; Campos, 2004; Roschelle, 

1992; Bonk & Cunningham, 1998; Piaget, 1967; Pack & Goicoechea, 2000; Bruner, 

1961). Recent work on Communal Constructivism in the European School Net Project 

showed how students can construct knowledge in peer to peer learning environments 

without the classic social construct of learner and teacher learning (Leask & Younie, 

2001; Wood, 1998; Tangney, FitzGibbon, Savage, Mehan, & Holmes, 2001; Girvan & 

Savage, 2010). 

Constructionist Theory further supports the idea of Constructivist Learning 

through collaborative approaches but takes it a step further and argues that learning is 
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most effective if learning is experienced through the construction of a meaningful product 

(Sabelli, 2008; Papert & Harel, 1991). An online system must facilitate communal 

learning experiences that produce meaningful outputs for the participants to be motivated 

to engage in generating knowledge. 

This type of learning not only supports the idea of developing knowledge through, 

for example, informed approaches such as discussion forums in Reddit, or through 

formalized collective editing such as in Wikipedia, but  also shows the importance of 

leaving the learner with a sense of having an impact through their contribution (Forte & 

Bruckman, 2007; Yueh, Huang, & Chang, 2015). 

If we combine the idea of collaborative knowledge generation through Communal 

Constructivism and Constructionist Learning Theory in collaborative approaches, we 

could find use for Scientific Method of competing ideas and the Informed Methods for 

rock-art research (Garland, 2015; Newton, 1999; Chippindale & Taçon, 1998). 

Ethnographic data can be collected through public contributions in informed discussion 

forums while competing ideas can be explored through discussion and deployed 

formalized empirical models. 

The research looks at Constructivist and Constructionist Theory within a Radical 

Collaborative Approach to generate meaningful data and knowledge within Informed and 

Formal Methods addressing the Australian Cultural and Indigenous Heritage KPI. 

6.2.5 Human-Based Computation 

Having established a learning theory approach to generate meaningful data and 

knowledge, and not just more data, the next question is what type of functions we can use 

within a Radical Collaborative Approach. As explored within Web, heritage and rock-art 
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applications, we can find 3 ways of how humans can help with computational tasks to 

make more sense of data on the Web. 

6.2.5.1 Crawler 

One of the biggest problems is finding data in the Deep Web, which is addressed 

in Digg. The Deep Web describes data that is not as visible as other data on the Web, 

predominantly websites that are whether not listed in search engine results or are so far 

down the list that we cannot easily find them. A common use of human-based 

computation is for people to function as a crawler. Rather than search engines doing the 

work, people can tag or link back to data in the Deep Web in a much more informed way, 

bringing hidden data to the surface (Khattab, Fouad, & Rawash, 2009). 

6.2.5.2 Filtering 

A second way to use human-based computation is through allowing people to 

evaluate available data and selecting the fittest contributions to promote within a ranked 

list. This type of human-based computation is often called Collaborative Filtering and is 

explored in platforms such as Digg but also LinkedIn, Academia.edu or ResearchGate, 

where users promote and filter papers, projects or user profiles. 

6.2.5.3 Add, Edit and Evaluate 

The last type of human-based computation addressed in this project, is modeled 

on the Wiki experience. Wikis allow users to contribute to projects through adding and 

editing its content but also include version control, allowing to evaluate edits and revert 

back to previous versions of an entry (Cunningham & Leuf, 2001). This is described in 

three basic functions: 
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 Add Content 

 Edit Content 

 Evaluate / Filter Content 

 

6.2.6 Participant Motivation 

"If instructional strategies are not grounded in an understanding of how learning occurs, 

they are unproductive and do little to affect learner persistence" (Bonk & Reynolds, 1997, 

pp. 167-178) 

 

 
As discussed by Bonk and Reynolds (1997) and reflected in Constructionist 

Learning, participants are driven by meaningful outcomes. But what exactly constitutes a 

meaningful outcome and motivates users to participate? Development platforms such as 

GitHub or Wordpress might have a more practical use for participants as they generate 

tangible output in forms of conceptual models or code. Money is seldom exchanged for 

contributions and instead users reciprocate by sharing their own work in exchange for 

help. A similar effect can be seen in Academia or ResearchGate where users might 

upload and share papers in direct or indirect exchange for accessing other people’s work. 

The platform further allows users to build a reputation by showcasing their profiles or 

uploaded data and in turn receive endorsements by other users for their contributions. 

Wightman (2010) looks into motivation in crowd-sourcing and human-based 

computational tasks and defines four categories within two factors and two types of user 

motivation. The categories are (a) direct and competitive, (b) direct and non-competitive, 

(c) indirect and competitive and (d) indirect and non-competitive. Building on 

Wightman’s categories our observations and results are presented as follows: 

 
Direct and Competitive: 

 Receiving a share of the result 

 Build and increase online recognition and reputation 
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Indirect and Competitive: 

 Reciprocity 

 Desire to test ideas and innovations 

 Desire to impact the system 

 Entertainment in Competitive Gaming Environment 

 

Direct and Non-Competitive 

 Curiosity 

 Volunteer to support a cause 

 Desire to share knowledge 

 Fun 

 

Indirect and Non-Competitive 

 Entertainment in Communal Gaming Environment 

 

6.2.7 The Agile Development Approach using the PIMRI Cycle 

The research in this project uses a practice-led approach to develop a conceptual 

and deployed model for implementing a Radical Collaborative Approach in the RADB 

project. The approach follows an Agile Development Cycle rather than a linear approach. 

The Agile Approach allows for revisiting findings and making changes to the conceptual 

and the deployed model within each iteration of the cycle (see Chapter 5). 

The practice-led research follows PIMRI (plan, implement, monitor, review, 

improve) for quality assurance purposes and helps to inform the conceptual model and 

the practitioner deployed model within the Agile Development Approach. 

The following section breaks down the conceptual mapping process, the deployed 

functions and outlines the procedures within the practice-led research approach using an 

Agile Development Approach and PIMRI cycle. 
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6.2.8 Conceptual Model Mapping for a Radical Collaborative Approach 

within the RADB Universe 

The Radical Collaborative Approach is mapped against the Australian Cultural 

and Indigenous Heritage KPI and rock-art research methods within the RADB KPI to 

explore new ways to make rock-art more accessible and more visible (see Figure 6-1 and 

6-2). The mapped model addresses all three tiers with the RADB Universe including (a) 

the RADB as an organization and the role of people, (b) the RADB System as a 

conceptual model and (c) the RADB Management System with its deployed functions. 

 

Figure 6-1: Collaborative Model Mapping 

i) The Australian Cultural and Indigenous Heritage KPI identified within the State 

of the Environment Report (Department of the Environment, 2011): 

 

 Identify 

 Manage 

 Protect 

 Leadership 

 Celebrate 

Radical Collabortive 
Approach 

Australian Cultural 
& Indigenous 
Heritage KPI 

Rock-Art Scientific-, 
Formal & Informed 

Methods 
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ii) Rock-Art Research Methods (Chippindale & Taçon, 1998) 

 

• Formal Methods 

• Informed Methods 

 

iii) A Radical Collaborative Approach (Swartz, 2006) 

 Learning Theory and Virtual Environments 

o Communal Constructivist 

o Constructionist Theory 

 Human-Based Computation 

o Crawler 

o Filtering 

o Adding, Editing and Evaluating 

 Participant Motivation  

o direct, indirect 

o competitive and non-competitive 

 

 

 

 

Radical 
Collaborative 

Approach 

Learning Theory 

•Communcal 
Constuctivist 

•Constructionist 

Human-Based 
Computation 

•Crawler 
•Filter 

•Contribute and Edit 

Participatant 
Motivation 

•Direct and Indirect 
•Competitive & Non- 

Competitive 

Figure 6-2: Interface Design Considerations for a Radical 
Collaborative Approach 
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6.2.9 Deployed Model and Interface Design 

The interface design now needs to bring together the learning theory (cognition), 

human-based computation and participant motivation elements (Rahmanian & Davis, 

2013). The interface needs to allow people to contribute to the organization, conceptual 

and practical development as well as generate content for the RADB Collection. The 

design maps the Radical Collaborative Approach against areas for contributions and 

technical functions in the deployed RADB Management System. 

 

Radical Collaborative Approach 

 Learning Theory 

 Communal Constructivist Theory 

 Constructionist Theory 

 Human-Based Computation 

 Crawler 

 Filtering 

 Adding, Editing and Evaluating 

 Participant Motivation 

 Direct, indirect 

 Competitive, non-competitive 

 

 

Areas Available for Contributions within the RADB Universe 

 Development (available through GitHub and RADB Wiki) 

 Conceptual Development:  

 Thesaurus 

 Encyclopedia 

 Reference Model and ontology 

 Practical Development (available through Wordpress, 

GitHub, RADB Wiki) 

 Code (php, javascript, X3DOM) 

 MySQL 

 XML 

 RDF 

 SKOS 

 RADB Content (available through user registration in RADB 

Management System) 

 Collection 
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 News 

 Projects 

 Places 

 Sites 

 Items 

 Library (references, publications and conferences) 

 User Profile 

 
 

Deployed Functions in Content Management System 

 Hyperlinks <href> 

 Links <link> 

 Social Media Sharing <metadata OG:> 

 iframe Integration for External Media and Social Media (where 

permitted) <iframe> 

 Discussion Forums 

 5 Level Threads 

 Media Uploads 

 Feed Summary 

 Email Alert 

 Comment Sections 

 5 Level Threads 

 Media Uploads 

 Feed Summary 

 Email Alert 

 RSS 

 RDF 

 XML 

 OG 

 Tweed) 

 Follow 

 Email Alert 

 RSS 

 Likes 

 Tagging 
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6.2.10 Procedures 

The procedures follow an Agile Development approach within the PIMRI Quality 

Assurance Cylce (see Chapter 5; see Figure 6-3): 

 

 

Figure 6-3: RACM Procedures 

Step 1 

•Review of Collaborative Systems 
•Web, Heritage and Rock-Art Applications 

Setp 2 

•Develop Conceptual Radical Collaborative Model 
•Cultural & Indigneous Heritage KPI 
•Scientific Method, Formal & Informed Methods 
•Learning Theory (Constructivist & Constructionist) 
•Human-Based Computation Functions (Crawler, Filter, Contribute, Edit, 

Evaluate) 
•Participant Motivation (direct indirect; competitive, non-competitive) 

Step 3 

•Deployed Interface Design 
•Human-Based Computation Functions 
•Areas available for Contribution within the RADB Universe 
•Deployed Functions 

Step 4 

•Monitor / Data Collection 
•Quantitative (Google Analytics) 
•Behavior: New vs Returning, Frequency, Recency, Engagement 
•Geo Data: Location, Language 
•Acquisition 
•Qualitative Data (from deployed functions) 

Step 5 

•Presentation of Results and Discussion 
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6.3 Discussion 

6.3.1 Visitors, Participants and Content Contributions 

The Rock-Art Database Management System has attracted over 4000 visitors 

since its launch in 2014 and numbers have increased since full user registration was made 

available in July 2015. The platform has experienced over 11,000 page views with an 

average session duration of two minutes and 39seconds. The number of returning visitors 

has been fairly steady since the initial launch at 23.9%. The system experiences up to 800 

visitors a month (as of December 2015), actively engaging with the platform. The 

number of visitors has shown to dramatically increase during the time of RADB project 

related talks and publications (see Figure 6-4). Considering the niche this website 

presents the project has so far been successful in bringing people together to experience 

and share rock-art data.  

 

Figure 6-4: Google Analytics showing increase of visitors after conference presentations and 
publications in April 2015 and September 2015 (July 2014 to December 2015) 
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In July 2015 the platform was made available for full contributions from scholars 

and enthusiasts through a user registration process. The database has collected over 245 

projects with contributions from four different continents to date. This was mainly 

achieved through collaborative contributions from the rock-art community through 

requests for their projects to be added to RADB Resources, new user registrations 

contributing their own content and the maintenance of the Website Resource kit 

throughout the research process, where new Resources were added through findings 

within the data collection process.  

Since opening for registration, 14 users from four continents have signed up for 

accounts (see Appendix G). The users to date include ten heritage scholars within 

anthropology and archaeology, one information technology expert and one rock-art 

enthusiast. While new users frequently engage with the site, content contributions have 

been slow with only ten Projects (five public and five private) uploaded to date. Out of 

the five public Projects two have experienced extensive use. SHUMLA, a rock-art project 

in the USA and PERAHU, a rock-art project at Griffith University (where the RADB 

project originates) have used the platform to upload Projects, Places and Sites 

information in text and multimedia formats. 

6.3.2 Implemented Functions 

The RADB Management System implemented discussion forums, comment 

sections, likes, RSS feeds, follow and sharing functions (see Figure 6-5). A summary of 

all user interaction is presented on the User Profile page. While most of the functions 

have only experienced limited use to date, User Profile views have had the most 

engagement with up to 63 visits per Profile since July 2015. Comments, likes and follow 
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functions have experienced insufficient use to date and as a result participant motivation 

will need to be reevaluated in the next Agile Development iteration. 

 

Figure 6-5: Collaborative Functions: Project (left) and User Profile (right) include Feed, Follow, 
RSS, Like, Comment, Thread, Linking and Social Network Functions 

6.3.3 Human-Based Computation and Data Filtering 

Two links within Resources were removed from the RADB after an email request 

from a rock-art community member from Western Australia. The member had identified 

two markers on the GIS map interface, which featured a link to an external Resource with 

possibly restricted content within sacred or secret Indigenous heritage. No data was 

stored on the RADB other than then the link. After consultation with the team leader the 

link was removed and matters passed on to appropriate agencies and communities. While 

this did not actually affect data on the RADB Management System it did help to identify 

a rock-art Web presence with ethical issues and illustrates the importance of having a 
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centralized platform that allows identifying such problems through improving 

accessibility and visibility of rock-art information within a collaborative system. 

 

6.3.4 Development Contributions 

Contributions and feedback for the conceptual model development (RADB 

System) have been plenty within ten conference presentations and four publications over 

the last four years. While most feedback came in responds to conference presentations, 

frequent exchange via email has been established with three Open Source heritage 

organizations in South Africa, North America and Australia, mainly regarding 

information structure and linked data.  

Further, papers and video presentations on the RADB project have been uploaded 

to LinkedIn, Academia.edu and ResearchGate and were linked back to the RADB project 

website. Two papers and five talks have been downloaded 149 times, and two video 

presentations have been downloaded 77 times. Following a video presentation at the 

Society for American Archaeology (SAA) conference in San Francisco in 2015, the 

RADB project was presented as a model for data centralization at the Arizona State 

Museum. The RADB has further been promoted through social media in various rock-art 

blogs, Facebook forums, LinkedIn forums, ResearchGate and Academia.edu. 

The development of the RADB Management System has experienced frequent 

contributions from the GitHub and Wordpress community. Fifty-seven plugins by 35 

developers have been implemented with special GIS support from 2 Wordpress 

developers (see Appendix K). The special support came in exchange for contributions 

from the RADB developer to the GIS plugin and has been continued. Special support also 



The Rock-Art Collaborative Model (RACM): Learning Theory, Human-Based Computation and Participant Motivation 

 

153 
 

came from three GitHub developers working on X3DOM with no request for 

reciprocation but pure interest in supporting the RADB. One developer within Wordpress 

and GitHub provided special all-round support for the RADB Management System, 

contributing code in php and javascript in exchange for being mentioned on the Credits 

site. 

Altogether the RADB project has experienced more contributions to date from IT 

professionals and enthusiasts than from the rock-art or academic community. It is unclear 

why this is the case but it might be linked to multiple factors including the use of existing 

platforms such as GitHub and Wordpress in favor of the IT community but also data 

sensitivity, trust in unknown online software, copyright issues (was addressed by one 

inquiry), suitability of the platform or esthetical presentation of the platform within the 

heritage community. 

6.3.5 General Issues 

While collaborative contributions in GitHub and Wordpress were monitored since 

2013, contributions with the RADB Management System were only made available in 

July 2015 and therefore only limited data could be collected within the last ten months. 

Most qualitative data was collected through email inquiries from rock-art and 

heritage scholars. Most inquirers mentioned their interest in the project and the desire to 

contribute but addressed concerns regarding copyright, ownership over information and 

sensitive data including secret, sacred or politically delicate data. 

Other feedback, mainly from IT professionals, addressed concerns about 

competition that this project could generate. An IT company in Australia proposed that 

the RADB project should purely focus on building a Global Distributions System (GDS) 
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type hub rather than offering a GDS hub with repository functionalities. While the entire 

community could benefit from the hub function, a repository would create direct 

competition for IT companies in heritage and archaeology. It was proposed that 

repositories should be left to IT professionals rather than the Open Source community as 

they have the means to guarantee high quality security standards as well as specialized 

technology skills to satisfy researchers’ special technical requests. 

Another issue within the RADB project has been spamming and filtering out 

valuable from useless information. Over the last ten months the site experienced over 100 

comment entries seemingly related to rock-art content but actually advertising other 

unrelated services on the Web. After five months of allowing open comments the RADB 

now has limited comments to registered users to avoid this issue. 

6.4 Summary 

A Radical Collaborative Approach has been implemented in the RADB Universe 

and assisted within the development of the platform through means of Open Source 

forums such as GitHub and Wordpress. Collaborative contributions within the rock-art 

community have been slow but steady. Considering the niche of the field of rock-art and 

that no major advertising campaign for the system was used, results have been 

satisfactory. 

The theoretical model has demonstrated a collaborative approach for addressing 

Scientific Method, Informed and Formal Methods in rock-art research under the 

Australian Cultural and Indigenous Heritage KPI. While the theoretical model within a 

formal data collection approach such as Add, Edit and Evaluate and an informed 
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approach through discussion forums and human-based filtering, shows potential for 

identifying, managing and protecting heritage, a practical implementation needs further 

testing as results to date are insufficient for any preliminary conclusions. 

While all RADB KPI have been addressed within the conceptual model, the 

RADB Management System has provided leadership and celebrated rock-art heritage 

through engaging more than 4000 visitors and attracting 14 registered users from four 

different continents to participate in the project. The game approach for participant 

motivation should be further explored to encourage more global contributions, allowing 

users to benefit from the system through building their reputation and online recognition 

within the User Profile and RADB Collection. 

The collaborative approach further lead to discovery of ethical issues allowing 

users to find an external database through hyperlinks placed on the centralized GIS map 

interface. 

To engage more visitors and to attract more users to register, the project proposes 

to roll out a global advertising campaign within the next iteration of the Agile 

Development Approach. Due to a possible lack of trust and/or competition issues within 

the IT and heritage community, the next iteration will further consider building more 

personal face-to-face relationships with the greater community through, for example, 

conferences or visits to departments and institutions. 
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7. The Rock-Art Reference Model (RARM): Developing 

an Information Structure Model using the CIDOC 

CRM 

This chapter discusses the design stage of the RADB System and the development 

of a conceptual Rock-Art Reference Model (RARM) that is used to inform the design of 

the RADB Management System. It examines the success and failure of international and 

national systems and uses the Australian heritage sector and Australian rock art as a test 

model to develop a method for the RADB System design. The system aims to help 

improve rock art management by introducing the CIDOC CRM, OWL, Metadata 

Standards and the UNESCO Thesaurus in conjunction with a rock-art domain specific 

model. It seeks to improve data compatibility and data sharing to help with the 

integration of a variety of resources to create the global RADB Management System. 

7.1 Developing a Methodology for Information Structure 

In order to build a system that is flexible enough to allow for integration and 

sharing of data within a variety of international projects the RADB System places and 

tests Australian rock art within a national and global heritage context. 

The heritage sector is no longer limited to classic heritage fields such as museum 

studies, anthropology or archaeology but overlaps with other fields such as computer 

sciences, natural sciences or engineering. New interdisciplinary collaborative networks 
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help to improve our understanding of the world but also pose new challenges. Different 

terminologies, discipline specific languages and methodologies can cause communication 

problems and ultimately interfere with the understanding and interpretation of shared 

data. It is becoming increasingly important to develop standards that allow us to share 

information in a common language and we need to reach for international standards 

through, for example, the International Organisation for Standardization (ISO) or other 

authoritative bodies (Fidler, 1997; Lock, 2003). Complying with such a common 

language would not only mean that data could be understood by professionals in various 

disciplines but it would also assist with establishing quality frameworks, ensuring 

compatibility, integration of larger systems and ultimately assist with a better 

understanding of the world as envisioned in Berners-Lee’s idea of the Semantic Web 

(2009) and Gore’s Digital Earth Model (1998). 

In order to develop a model for the RADB System we need to take a closer look 

at existing systems on a local and international level and ask the following questions. 

 

1. What systems exist?  

2. What systems are being used?  

3. What can we learn from the success and failures of these systems?  

4. How does this apply within the rock art context? 

 

7.1.1 Information Structure Observations in Web Applications 

One of the biggest problems on the Web today is the abundance of information 

that is available to us. While millions of websites exist, how can we make sense of it all 

and find the information that we are looking for. Berners-Lee discusses this problem 

within Linked Data and the Semantic Web and uses an analogy, comparing websites to 
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plants. Currently we only make use of the visible part of the Web, the flower, but much 

more information lays hidden underneath within the root of the plant, the metadata 

(Berners-Lee, 2009). By making more metadata information available, Berners-Lee 

demonstrates within a practical example, how a more targeted Web search could be 

brought down from 21,000 results to only 31 results (see Chapter 2). This new 

information structure idea is further explored through projects such as DBpedia or Linked 

Open Data (LOD) that extract meta information from Wikipedia to be able to ask more 

defined questions (3kbo, 2015; Heim, Hellmann, Lehmann, Lohmann, & Stegemann, 

2009; Heim, Lohmann, & Stegemann, 2010; Lohmann, Heim, Stegemann, & Ziegler, 

2010; Lehman, Schueppel, & Auer, 2007). 

Google also recommends cleaning up data and making more metadata available 

through Schema.org. Schema is a “[…] collaborative community activity with the 

mission to create, maintain and promote schemas for structured data […]” and is 

supported within the Google Structured Data recommendations (Schema, 2015; Google, 

2015). The recommendations mainly address the structure within the use of HTML, 

metadata and sitemaps. 

HTML can help search engines to find structured information on websites through 

tags and metadata tags. If used properly, the Google Search Engine identifies the header, 

heading, subheading, content and temporal data and presents and organizes the results 

accordingly within the Google Searches List. Inaccurate or inconsistent use of these basic 

HTML functions affects the results within the search (see Figure 7-1). 
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Figure 7-1: Optimized Search Presentations: Google Search (left), Twitter (right), Schema.org 
metadata example (bottom) (King, 2013) 

7.1.2 The Use of Metadata on the Web 

The search can further be optimized through the use of HTML metadata tags and 

other metadata standards. While a variety of metadata standards exists in different 

disciplines and for different purposes, Dublin Core has been a recommended standard by 

the World Wide Web Consortium (W3C) and endorsed by ISO Standard 15836-2009 

since it was first conceptualized 1995. Another popular publishing format is Rich Site 

Summary (RSS) that uses a family of W3C specification through the Research 

Description Framework (RDF). Social Media has generated their own formats in Tweed, 

OG: or hatom that are now widely used within Content Management Systems (CMS) for 

sharing social media snippets. Complying with a range of these formats allows making 

data more accessible and more visible for search engines (King, 2013). 
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7.1.3 The Use of Sitemaps 

While HTML and metadata allows us to organize our content, Sitemaps allow 

search engines to not only find data, but also find more comprehensive hierarchical and 

relation structures within the system. Providing Sitemaps in, for example, XML format 

allows search engines to identify categories and sub-categories and can further enhance 

results by providing the user with a relational map of web pages with a domain. 

7.1.4 The Use of Thesauri to Standardize Language 

While HTML, metadata and sitemaps help with machine-readable information 

structure, defining the use of words through a thesaurus could help with both technical 

information structure and with conceptually identifying individual data objects. The ISO 

offers two thesauri standards, the monolingual [ISO2788] and multilingual [ISO5964] 

standard. While no international thesaurus exists that encompasses all types of 

interdisciplinary digital information, a list of common thesauri for economics, social 

sciences, UNESCO and other disciplines has been compiled by the W3C in the SKOS / 

Dataset (W3C, 2015). 

7.1.5 The Resource Description Framework (RDF) and the Semantic Web 

Having organized machine-readable information in a basic structured format for 

the Web through Schema.org and a common language through the use of a thesaurus, 

these structures can further be organized through reference models including Resource 

Description Framework (RDF) or data ontology. A reference model can assist theory and 

practice by conceptualizing ideas breaking down and mapping entities and relationships 

between objects. In practice such standards are currently mainly used to intellectually 
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inform the building of data structures. Mapping an ontology against data could allow to 

transform data into a compatible central format that could be used to automatically query 

large data environments, which is at this stage is not possible within the RADBs’ 

relational database model. However, reference models can map entities and relationships 

in RDF documents, making statements about resources in the form of subject-predict-

object expressions (triples), for example, woman married to man, describing a 

relationship between a person and a person. The Web Ontology Language (OWL) can 

further add semantics to this schema and allows expressing more than properties and 

classes. OWL can indicate that if woman is married to man it implies that man is married 

to woman and can further indicate higher level relationships. It has the ability to say that 

two things are the same which enables joining data expressed in different schemas. 

While it is difficult to implement these models in databases, the conceptually 

mapped models can be expressed in RDF and OWL by using mapping tools such as 

Protégé or Triplify (Auer, Dietzold, Lehmann, Hellmann, & Aumueller, 2009; Paranhos, 

2015) and be presented in relational data visualization applications such as the RelFinder 

(see Chapter 2) or WebVOWL (see Figure 7-2). These new applications help to visualize 

the complex relationships between entities and illustrate what such conceptual models 

could look like (data.semanticweb.org, 2011; Heim, Hellmann, Lehmann, Lohmann, & 

Stegemann, 2009; Heim, Lohmann, & Stegemann, 2010). 

7.1.6 Information Structure Observations in Heritage Applications 

The International Council of Museums (ICOM) explored such an information 

structure approach for heritage documentation in 1996 under the Documentation 

Standards Working Group. The resulting document was the CIDOC Conceptual 
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Reference Model (CRM) (ICOM/CIDOC Document Standards Group, CIDOC CRM 

Special Interest Group, 2015). The group now consists of professionals from 

multicultural backgrounds in interdisciplinary fields from physicists to archaeologists. 

The Conceptual Reference Model finds applications in a range of fields from libraries to 

heritage archives (Stead, 2008). 

In 2006 the CIDOC CRM became the ISO 21127:2006 standard and has since 

been used in a variety of applications. Recent international projects include The Digital 

Library (DL) (European Commission Information Society and Media, 2011), UNESCO’s 

Silk Road Project (Vileikis, Dumont, Serruys, Van Balen, Tigny, & De Maeyer, 2013; 

Vileikis, 2012), Arches (Arches, 2016; Carlisle, Avramides, Dalgity, & Myers, 2014) but 

further attempts to include the CRM have also been made within, for example, Europeana 

(Doerr, 2011). Each of these projects offers a centralized, interdisciplinary and 

multicultural data management approach. While catering to individual project needs, all 

systems are compatible through the use of the CRM. The CIDOC CRM has further been 

explored in projects such as X3ML Engine (X3ML, 2015; Minadakis, et al., 2015), 

Karma (KARMA, 2014; american art collaborative Linked open Data initative, 2015) and 

Linked Ancient World Data (LAWD) (LAWD, 2015) that provide mapping tools for data 

fields, metadata or thesauri against the CRM. Other mapping projects include a recent 

OWL-DL 1.0 implementation of the CIDOC CRM using Protégé (Erlangen CRM / 

OWL, 2016)  that is also made available on the CIDOC CRM website and shared under 

Creative Commons Attribution-ShareALike 3.0 Unported License (see Figure 7-2). 
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Figure 7-2: Example of OWL-DL 1.0 implementation of the CIDOC CRM (Erlangen CRM / OWL, 
2016) visualized using WebVOWL (visualdataweb.org) in RADB 

7.1.7 Information Structure Observations in Australian Heritage 

Applications 

As the CIDOC CRM is gaining popularity for the use in big international projects 

Australian heritage archives seem to fall behind. It is difficult to assess the Australian 

heritage system with its highly decentralized 36 government and 13 non-government 

heritage bodies (see Appendix C). A survey conducted on information structure with ten 

participating Australian Heritage bodies concluded that no structured data, standard 

metadata format such as Dublin Core or heritage ontology such as the CIDOC CRM is 

used (see Appendix F). While one heritage organisation made use of their own internal 

metadata standard, two heritage bodies use Sitemaps in XML format. Further, the 

Australian Institute for Aboriginal and Torres Strait Islander Studies (AIATSIS) and the 

Australian Museum both produced their own thesaurus but neither has found to have 
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been implemented in other national or state heritage. It is evident through the latest State 

of the Environment Reports that an appropriate tool to manage heritage data is clearly 

missing (Department of the Environment, 2011; OCSE, 2012; TPC, 2009; EPA NSW, 

2012; EPA WA, 2007; EPA NT, 2013; CES VIC, 2013). 

 
Figure 7-3: Tasmanian Heritage Register in Spreadsheet Format 

State specific systems such as the New South Wales Heritage Information 

Management System (AHIMS) or the Queensland Heritage Register that deal with 

cultural, natural and Indigenous heritage data are often too complicated (Logan, 2013). 

Even though these systems deal with a variety of issues including Indigenous land rights 

management or oral history, most are inadequate and disconnected from other national 

systems (Department of the Environment, 2011; NSW Aboriginal Land Council, 2010). 

In extreme cases, such as in the Australian Capital Territory and Tasmania, heritage 

information is even managed in Excel Spreadsheets (see Figure 7-3) without any visible 

framework or use of comprehensive databases (Ballsun-Stanton, 2013; Haubt, 2013). 
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If we dig deeper into the decentralized Australian heritage system we can find 

hundreds or possibly thousands of databases within university, research, parks, 

community and other public and private archives. While no apparent standardized 

structure is evident, no detailed analysis or effort has been taken to date to bring these 

archives together. At the Australian Archaeological Association Conference in 2013 a 

designated session proposed the assigning of a task group to focus on the issue but to date 

no formalized output has been generated (Kirkwood, 2013; Nichols, 2013). 

More recently, national projects such as the Humanities Networked Infrastructure 

(HuNI), Australian Museums Online (AMOL) and the Federated Archaeological 

Information Management System project (FAIMS) have started to integrate the CIDOC 

CRM but little output has been generated to date (Mason, 2012; HuNI, 2015; Verhoeven, 

2013; Iworx Ltd. Greece, 2015; Richards, 2015; Ballsun-Stanton, 2013). 

7.1.8 Information Structure Observations in Rock-Art Applications 

Looking at the specialized field of rock art a similar picture emerges. While 

efforts have been undertaken for best practice research through, for example, the Rock 

Art Stability Index (RASI) or the proposed international rock-art database in 1997, no 

standards have been introduced within the field to date (Walt, David, Brayer, & Musello, 

1997; Whitley, 2011). The International Federation of Rock Art Organizations (IFRAO) 

proposed a glossary for rock art research in 1999 and published the resulting IFRAO 

Rock Art Glossary in 2000, which became the terminology basis for IFRAO-affiliated 

organizations (IFRAO, 2000) but little information about the wider implementation of the 

glossary within database projects has been made available. 
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Hannus et al. explore the use of the CIDOC CRM for rock-art through Ogden-

Richards Saussurean distinction of signifier and signified in the semiotic triangle 

(Hannus, Herrala, Gronhagen, Molsa, & Nyman, 2010). The ontology proposes to use the 

CIDCO CRM E18 Physical Thing using the property P128 that carries the intellectual 

content E73 Information Object. The use of this model allows distinguishing between the 

physical object and the meaning of the object in rock-art research but does not provide 

more detail of how this could be integrated within a bigger system (see Figure 7-4). 

 

 

Figure 7-4: Alignment of the used concepts with Semiotic theory (Hannus, Herrala, Gronhagen, 
Molsa, & Nyman, 2010) 

In 2011 McNeil and Taçon (2011) compiled the Rock Art Website Resource Kit 

with over 100 rock art related websites, databases and archives. An analysis (Haubt, 

2013) showed that a lack of consistency as well as inadequate data storage within these 

online presences made it impossible to share data across platforms (see Figure 7-5). 

 

Interpretation 

Document 
(signifier) 

Referent 
(signified) 
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Figure 7-5: Rock-Art Website Resource Kit (McNeil & Taçon, 2011) 

7.1.9 Information Structure Observation Summary 

While an abundance of information exists on the World Wide Web it is becoming 

increasing difficult to make sense of it all. Berners-Lee proposes to make more Linked 

Data available towards a Semantic Web that would allow us to ask more targeted 

questions. Google’s Structured Data recommendations further assist with such an 

approach in providing technical details on the use of HTML, metadata and sitemaps. The 

use of thesauri, reference models and ontologies can further help us to make more sense 

of things by conceptually defining relationships between entities.  

The CIDOC CRM provides a reference model for heritage documentation and 

provides a range of tools through the use of data ontology, metadata mapping tools and 

thesauri. But the Australian Heritage system is lacking such a structured approach to 

manage data and instead seems to use non-compliant in-house models to manage data 

making it incompatible within an interdisciplinary, national and international system. 

While the CIDOC CRM has been used in rock-art by Hannus et al. (2010), only 

little information exists on its usability within a greater heritage management context. 
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The RADB project considers the Hannus et al. approach and explores the use of 

information structure and the CIDOC CRM for rock-art management. 

7.2 Results 

7.2.1 Needs, Aims and Outcomes 

With no consistent rock art or national Australian heritage model to work with, 

the RADB uses the CIDOC CRM as a reference model to guide the logic within a 

flexible RADB management system.  

The RADB provides both, a conceptual model that informs intellectual data 

structures within rock-art data management through a mapping document, and a deployed 

technical model to explore the feasibility of rock-art data form field mapping against 

metadata and semantic models. 

The CIDOC CRM is used to inform the conceptual design that considers mapping 

of rock-art data form fields against common metadata standards, such as Dublin Core, 

and schema and ontology models, such as RDF and OWL, within an Agile Development 

Approach. 

The deployed model provides concrete data examples collected from a range of 

heritage and rock art projects and explores the use of a common language through the 

UNESCO Thesaurus and Rock-Art Glossary as well as metadata mapping using Dublin 

Core. 

7.2.2 The RADB Universe 

The RADB as an organization exists on multiple levels each producing different 

outputs in different stages. These levels are described in the RADB Universe (see 
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Chapter 5) Tiers 1 – 3 which have been adapted from the DL Universe model (European 

Commission Information Society and Media, 2011): 

 

Tier 1: RADB 

The Rock Art Database (RADB) is a virtual organization that aims to bring 

together professionals and members of the general public to collect, manage, 

disseminate and discuss rock art. 

 

Tier 2: RADB System 

The RADB System as a conceptual model offers a semantic Rock-Art Reference 

Model (RARM) that can be used across a verity of rock-art applications. The 

RARM uses the CIDOC CRM as a guide for international and interdisciplinary 

heritage data exchange, the UNESCO Thesaurus, the Rock-Art Glossary, W3C 

and Schema.org recommended structured data standards, Dublin Core as well as 

RDF and OWL for schema and ontology mapping. 

 

Tier 3: RADB Management System 

The RADB Management System is the deployed online portal of the RADB using 

the RADB System. The portal allows users to collect, manage, disseminate and 

discuss rock art information through specialized functionalities using rich media 

content and communication tools. 

 
 

This chapter focuses on Tier 2: RADB System for the RADB Universe and is 

described in more detail in the following sections. 

7.2.2.1 The RADB System 

The RADB System is the second Tier within the RADB Universe. It describes the 

development phase of the Rock-Art Reference Model document (RARM) that is used to 

inform the RADB System. The RADB System does not produce a physical database but 

rather seeks to inform such systems through the use of a semantic reference model as 

well as providing concrete examples of applied technology. 
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The aim of integrating both semantic and concrete models is to improve 

understanding of the system by providing examples within a theoretical and applied 

context within a practice-led research approach. The examples can then further be used to 

improve and inform a rock art specific reference model through use case and user story 

within a Feature-Driven Development process. The RARM is produced in five stages: 

 

Stage 1: Rock-Art and Heritage Data Form Fields 

Collection of Domain Specific Data Fields from a variety of projects: 

 Rock-Art Stability Index (RASI) as an international rock-art example 

 Australian Heritage Data Forms (see Appendix D) as the Australian 

heritage example 

 PERAHU Rock-Art Recording Forms (see Appendix E) as an Australian 

rock-art example  

 

Stage 2: Thesaurus 

Mapping thesauri against Rock-Art Data Form Fields: 

 UNESCO Thesaurus 

 Rock-Art Glossary 

 

Stage 3: Structured Data and Metadata terms / entities / properties 

Mapping Rock-Art Data Form Fields against Metadata: 

 Dublin Core 

 Og: 

 tweed 

 

Stage 4: Ontology using CIDOC CRM in RDF and OWL 

Conceptual mapping of CIDOC CRM in RDF and OWL: 

 OWL-DL using Protégé for mapping (Erlangen CRM / OWL, 2016) 

 

Stage 5: Mapping the RARM 

Mapping the results of stages 1-4 against each other conceptually and via 

automated processes in the RADB: 

 Conceptual mapping in spreadsheet used to inform RADB design 

 Automated mapping in RADB using Data-Triplify (Paranhos, 2015) to 

produce json-ld / OWL (for example www.rockartdatabase.com/v2/tri/cpt-

01-01) 

o converting OWL to VOWL in owl2vowl implementation in RADB 

o Visualize VOWL in WebVOWL implementation in RADB 

(www.rockartdatabase.com/v2/webvowl) 



The Rock-Art Reference Model (RARM): Developing an Information Structure Model using the CIDOC CRM 

 

171 
 

7.2.3 The Rock Art Reference Model (RARM) 

The Rock Art Reference Model (RARM) provides four documents in the form of 

one conceptual domain model and three applied technical data models for rock art 

documentation and management. The models can be used within a variety of rock-art 

applications across a wide range of platforms. In the RADB project they are used to 

inform the design of the RADB Management System. 

Four Input Documents are used to inform the RARM by exploring 

interdisciplinary and international models and standards including rock-art research, 

heritage management, heritage terminology and metadata. The four Input Documents are 

then mapped against each other and produce four new Output Documents that form the 

RARM (see Figure 7-6). 

 

RARM Input Documents: 

 
The Domain Specific Data Fields provide a collection of data fields that 

are concrete examples for the use of data in a range of relevant existing 

projects. 

 

The CIDOC CRM provides a semantic reference model to allow 

flexibility, compatibility and integration of resources on a global scale 

within the greater heritage sector. 

 

The UNESCO Thesaurus provides an international multilingual and 

monolingual language set in SKOS/ Dataset. 

 

The Metadata Formats provide a collection of W3C standards and other 

popular publishing formats for social media and RSS. 
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Figure 7-6: RARM Mapping Process 
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RARM Output Documents: 

 

The RARM Data Fields provide a set of data fields in XML format that 

can be implemented in the RADB Management System and other rock-art 

management systems. The data fields are based on the Domain Specific 

Data Fields, conceptual CIDOC CRM mapping and use the RARM 

Thesaurus. 

 

The RARM Domain Model is a conceptual rock-art specific ontology 

based on the CIDOC CRM using the RARM Data Fields and the RARM 

Thesaurus and is made available in a spreadsheet, chart and json-ld OWL. 

 

The RARM Thesaurus is a domain specific thesaurus based on the 

UNESCO Thesaurus, Rock-Art Glossary and the RARM Data fields in 

SKOS format. 

 

The RARM Metadata Model is the metadata model for the RARM Data 

Fields, the RARM Domain Model and the RARM Thesaurus in json-ld 

using Dublin Core. 

 

The following section provides more detail about the individual Input and Output 

documents that inform the RARM. 

7.2.3.1 Domain Specific Data Fields 

The Domain Specific Data Fields is a collection of project data fields from 

relevant web applications, international and national heritage forms and rock-art specific 

research forms (see attachments: Heritage Forms; Rock-Art Forms). 

Web 

 Media Documentation Standards 

 Contact Documentation Standards 

 Social Media 

 

Heritage Data Fields 

 International Systems 

o UNESCO Heritage Nomination / Form 

 National Systems 

o Department of the Environment Heritage Register / Form 

o National Heritage List / Form 

o World Heritage List / Form 
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 State based Systems 

o Australian Capital Territory Heritage Register / Form 

o Northern Territory Heritage Register / Form 

o New South Wales Heritage Register / Form 

o Queensland Heritage Register / Form 

o South Australian Heritage Register / Form 

o Tasmanian Heritage Register / Form 

o Victorian Heritage Register / Form 

o Western Australian Heritage Register / Form 

o Other Jurisdictions / Form 

 

Rock-Art Data Fields 

 International 

o Rock-Art Stability Index (RASI) Data Fields 

 Australian Rock-Art Research Examples 

o Djulirri Rock-Art Data Fields (ANU & Griffith University) 

o Malarrak Rock-Art Data Fields (ANU & Griffith University) 

o Mirarr Rock-Art Project Data Fields (ANU & Griffith University) 

o Wollemi Rock-Art Data Fields (ANU & Griffith University) 

7.2.3.2 The CIDOC CRM 

The CIDOC CRM is used as the foundation for the reference model similar to the 

use of the CRM in the Digital Library Reference Model (European Commission 

Information Society and Media, 2011). It provides a semantic framework within which 

the RARM can operate. 

The aim of the use of the reference model is not to tie it to any technologies or 

definite details such as data fields but to supply common semantics that provide a high 

level of flexibility that can be used in a variety of applications. The model describes 

entities and their relationships in order to clarify issues within international, national and 

local heritage documentation. It provides a flexible system that aids the process of finding 

potential solutions for a variety of research questions. The system further allows 

rephrasing research questions in order to be able to explore particular issues from 

different angles (OASIS, 2015). Use of the CIDOC CRM will: 
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 enable the integration of resources in the greater heritage sector on a 

global scale 

 enable the integration of rock art resources on a global scale 

 create standards for objects and relationships within the model 

 assist with identifying needs by breaking down larger problems into 

smaller problems that can be clarified and refined 

 improve communication between professional and disciplines 

 assign roles and responsibilities 

 compare things and enable discourse towards best practices 

 

7.2.3.3 UNESCO Thesaurus and the Rock-Art Glossary 

The UNESCO Thesaurus and the Rock-Art Glossary Thesaurus provides the 

multilingual framework for the naming conventions within the system. The Thesaurus is 

obtained from the W3C SKOS / Datasets and implemented in SKOS format. 

7.2.3.4 Domain Specific Metadata and Linked Data Formats 

The Domain Specific Metadata Formats is a collection of W3C standard metadata 

formats, Google Structured Data recommendations, publishing standards for popular 

Social Media applications and a Linked Data approach towards Semantic Web 

applications. The aim of the Domain Specific Metadata Formats is to assist with making 

invisible data more visible and optimizing search engine functionalities and data sharing 

capabilities. 

W3C Standard 

 Dublin Core 

 

Google Structured Data 

 HTML tags 

 HTML <meta>, <link> 

 HTML metadata 

 XML Sitemap 
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Social Media 

 RDF (RSS) 

 hatom 

 Tweed 

 OG: 

 

Linked / Semantic Data 

 RDF 

  XML 

 OWL 

7.2.3.5 RARM Data Fields 

The RARM Data Fields is a selection of the Domain Specific Data Fields that are 

mapped against the conceptual CIDOC CRM, UNESCO Thesaurus, RARM Thesaurus 

and are defined within the RARM Domain Model. The RARM Data Fields is a list of 

deployed fields for the RADB Management System in XML format. The data fields can 

be downloaded and shared for implementation in other systems to comply with the 

RARM. 

7.2.3.6 The Domain Model 

In contrast to the CIDOC CRM the conceptual Domain Model informs the 

specific needs for the RADB System including data fields, entities and attributes. The 

domain is broken down into constituent domains in which the RADB System seeks to 

operate (see Figure 7-7). For the purpose of the breakdown the model adapts the Digital 

Library domain model (European Commission Information Society and Media, 2011). 

 

Content: The content domain consists of a collection of primary objects and 

metadata of existing projects. The content is broken down into the following 

categories. 

 

Thesaurus: A collection of domain specific terminology from rock-art 

research and heritage bodies including but not limited to UNESCO 

thesaurus and AIATSIS thesaurus in SKOS Datasets. 
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Resources Management Systems: A collection of data fields, metadata 

and relationships from relevant systems including but not limited to W3C, 

library, museum, university archival systems and the Archaeological and 

Architectural Heritage Core Data Standard (CDS). 

 

Heritage Bodies Management Systems: A collection of data fields and 

relationships based on heritage reporting mechanisms from UNESCO 

World Heritage List Application to National and Local Jurisdiction 

requirements. 

 

Rock Art Management Systems: Selected data fields and relationships 

obtain from literature, the rock art website resources kit, relevant 

fieldwork data from selected projects and the Rock Art Stability Index 

(RASI). 

 

Other Public and Private Management Systems: Selected data fields 

and relationships obtained from other relevant online resources. 

 

Communication Systems: For the creation of module packages for 

integration of eg Facebook, Instagram, Flickr, LinkedIn, YouTube but also 

Google Docs and Academia. Data and metadata includes tweed and OG 

formats. 

 

Information and Communication Technology: Integration of technical 

specifications and metadata such as Dublin Core considering text, image, 

video, sound, 3D, GIS but also applied computer technologies, for 

example, scripts, coding et cetera. 

 
Functionality: The function domain consists of system and user defined 

functions. It encompasses relationships between information objects, metadata or 

users and is concerned with data interpretation and dissemination. 

 

Users: The user domain consists of a range of possible functions a user can have 

within the system. It manages user profiles and associated privileges, restrictions 

and groups. 

 

Quality: The quality domain is concerned with evaluating the system in its 

entirety and encompasses content, functionality, users, architecture and policy 

content. 

 

Architecture: The architecture domain is described in the RADB system and 

mapped within the Rock Art Reference Model. 

 

Policy: The policy domain is concerned with the governance of the system. It 

describes set rules, conditions, terms and regulations within the RADB system. 



The Rock-Art Reference Model (RARM): Developing an Information Structure Model using the CIDOC CRM 

 

178 
 

 

 
Figure 7-7: RARM Domain Model 

7.2.3.7 RARM Thesaurus 

The RARM Thesaurus is based on the UNESCO Thesaurus and Rock-Art 

Glossary and provides the terms used within the RARM Data Fields and RARM Domain 

Model. Where applicable the RARM Thesaurus expands on the UNESCO Thesaurus 

providing recommendations for Domain Specific Terms that are presented and 

formalized in each iteration of the RADB’s Agile Development Approach. The RARM 

Thesaurus can be downloaded in SKOS format and shared for implementation in other 

systems to comply with the RARM. 

7.2.3.8 RARM Metadata and Linked Data Model 

The RARM Metadata and Linked Data Model is presented in json-ld using XML, 

Dublin Core (DC), RDF and OWL. The XML provides a machine-readable format for 

search engines, the RADB sitemap, and can be indexed in, for example, Google to 

provide basic site information to the Web search engine.  RARM data fields are mapped 
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against DC terms (Stead, 2008) for common metadata sharing while RDF and OWL 

provide an ontology which can be visualized in the RADB-WebVOWL implementation. 

7.2.3.9 The RARM Mapping Documents 

The process described in Stage 5 of the RADB System (see 7.2.2.1) produces 

three documents: (1) a Spreadsheet (see Figure 7-8) (2) an Automated Mapping 

Document in json-ld using Data-Triplify (in for example Dublin Core, RDF and/or OWL) 

(see Figure 7-9) and (3) a Relational Mapping Chart (see Figure 7-10) using the (2) 

Automated Mapping Document in WebVOWL to visualize the conceptual (for example 

RADB-OWL implementation in CIDOC CRM) or deployed data model (for example 

Dublin Core). 

 
Figure 7-8: RARM Spreadsheet mapping rock-art form fields (see Appendix H) against, 
thesaurus, heritage forms, Dublin Core and CIDOC CRM entities and properties 
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Figure 7-9: RARM mapping document in json-ld using, for example, Dublin Core (left) and 
validation in Google Structured Data (right) 

 
 

 
Figure 7-10: RARM automated mapping showing applied CIDOC CRM entities and properties in 
RADB using json-ld OWL in WebVOWL 
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7.3 Discussion 

The RADB System was used for the RADB Management System design 

development and released as a proof of concept model in June 2014 under the 

www.rockartdatabase.com domain. The system’s use was restricted until July 2015 for 

testing purposes. Users were only able to browse and search existing data but were not 

able to add content to the database; this feature was limited to a group of test users. 

Tests within the last 22 months have primarily focused on the flexibility of the 

RADB System regarding statistical evaluations concerned with the Domain Content, 

Functionalities, Users and Policies. The system currently incorporates over 245 rock art 

projects with varying levels of data integration.  

The development of the RADB System, and more specifically the RARM 

mapping documents, allowed for a better understanding of the RADB Management 

System requirements and relationship models used by heritage professionals and IT 

professionals alike. While the CIDOC CRM provides a conceptual general oversight of 

global heritage problems allowing for the breaking down of larger problems into smaller 

manageable packages, the creation and use of the rock art specific domain model RARM 

and the RARM mapping documents allowed developing a greater understanding of 

individual needs within the specialized field. 

7.3.1 The Mapping Process 

The RADB mapping documents produced 183 rock-art form fields that were 

mapped against eight Australian heritage register forms (see Appendix D) and three rock-

art specific recording forms (see Appendix E). The rock-art form fields were expressed 
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within 26 entities and 11 properties within the CIDOC CRM and 16 Dublin Core terms 

(see Figure 7-11). 

Problems occurred in the mapping process within the spreadsheet document (see 

Figure 7-8) where it was difficult to assign data to an appropriate entity or property 

within the CRM as it was often unclear which entity is best to use for particular issues. A 

similar problem occurred within mapping rock-art form-fields against Dublin Core terms. 

While the CIDOC CRM entities and properties provided too much flexibility making it 

difficult to understand the relational model, Dublin Core provided too little flexibility. 

This issue has also been visualized in the Relational Mapping Chart using json-ld 

in WebVOWL (see Figure 7-10). The visualization of the relational model further 

enabled the identification of issues that would have otherwise been difficult to understand 

conceptually. Issues identified through the Data-Triplify (using OWL) to WebVOWL 

implementation enabled visualizing logical errors within the planning and use of selected 

CIDOC CRM entities and properties in the RADB that resulted in disconnection of 

relationships. The visualization model further showed a lack of semantic use of data in 

the selected CIDOC CRM entities and properties in the RADB, which resulted in a 

mainly hierarchical relationship of information through, for example, subclasses rather 

than use of properties. This issue was not as visible within the other two mapping 

documents. 

7.3.2 Data Sharing and Compatibility 

The RADB is expressed within the three RARM documents which have been 

used to inform the development of the RADB Management System and have partially 

been implemented were applicable (no triplestores, semantic models are only expressed 
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in mapping documents (2) and (3) used to inform the intellectual design of the RADB at 

this stage) within the Relational Database Model (RDBMS) in the RADB.  

Users can currently access and download the RARM expressed in the OWL 

implementation in the CIDOC CRM as json-ld generated using Data-Triplify, which is 

made available on www.rockartdatabase.com/v2/tri/[“RADB Collection ID”]. Users can 

also visually explore this data in the WebVOWL implementation and upload their own 

rock-art OWL documents on www.rockartdatabase.com/v2/webvowl/index.html.  Some 

issues currently still occur within the validation and conversion process of users’ own 

uploaded OWL data within WebVOWL, which has been addressed on GitHub and is 

related to the converter.php and owl2vowl.jar in the WebVOWL application. 

 

Figure 7-11: Example of an RADB Project entry (left) using Dublin Core which can be extracted 
and shared using, for example, the Firefox Dublin Core Metadata plugin (right) 

Users can further download the entire RADB Collection expressed in Dublin Core 

using Data-Triplify in json-ld format on www.rockartdatabase.com/v2/tri/cpt-00-01. 
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While the function has been successfully tested, issues still occur within appropriately 

separating or combining json-ld files using Data-Triplify to express only Dublin Core or 

OWL. Individual RADB Collection entries expressed in Dublin Core can further be 

shared and downloaded using, for example, the Dublin Core Metadata add-on in the 

Firefox Web browser (see Figure 7-11). 

Lastly, the RARM mapping documents and technical specification are made 

available on GitHub via https://github.com/rhaubt/Rock-Art-Database-RADB-/wiki/2.2-

RARM-|-Reference-Model licensed under a Creative Commons Attribution-Share-Alike 

3.0 Unported License allowing users to access, download, share, edit and update files. 

7.3.3 Use of Thesaurus and Glossary 

While the RADB has made use of OWL, the CIDOC CRM and Dublin Core, the 

project has only made little use of the UNESCO Thesaurus and Rock-Art Glossary due to 

a lack of input on usability by professionals and scholars. While, for example, the Rock-

Art Glossary provides a set of terms used within IFRAO affiliated organizations, ongoing 

discussions and sometimes disagreements about terminologies within a range of projects 

have limited its implementation at this stage but will form part of the next iteration within 

the Agile Development Approach of the project. Terms used within the RADB are 

currently based on a combination of Australian Heritage Register Forms (see Appendix 

D), Rock-Art Recording Forms (see Appendix E) and the OWL implementation in the 

CIDOC CRM (Erlangen CRM / OWL, 2016). 
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7.3.4 Development of the RARM 

One of the greatest ongoing challenges to date within this project remains 

obtaining Australian rock art and indigenous heritage specific information from national, 

state, community and local archives. This effected the optimization and streamlining 

process of data for the RADB.  

The development of the RARM has assisted with a better understanding of the 

urgent need to improve existing tools for managing heritage data. As already suggested at 

the Australian Archaeological Conference in 2013, this project proposes the forming of a 

task group to help improve Australian heritage management through the development of 

a national reference model. The project further proposes the forming of a rock-art specific 

task group, similar to UNESCO’s World Rock Art Archive group, with focus on further 

developing the RARM in collaboration with the International Federation of Rock Art 

Organisations (IFRAO), scholars and enthusiasts. 

7.4 Summary 

The rock-art specific reference model RARM has been developed in the RADB 

System and was successfully used within the RADB Management System, which was 

made available on GitHub. While the semantic model has not been technically deployed 

within the RDBMS, the implementation of Data-Triplify and WebVOWL in the RADB 

allowed to visualize these conceptual models to rethink and inform new data structures 

within the current version of the RADB.  

The RARM has addressed gaps within information structure, semantic models, 

the use of the CIDOC CRM, use of Dublin Core and related conceptual mapping 
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processes within a rock-art and heritage management context. The RARM provided a 

model for conceptual mapping and analysis of information structures using the three 

RARM Mapping Documents in text-document, machine-readable and visualized formats 

using spreadsheets, json-ld OWL and WebVOWL. While the json-ld documents provide 

a first step towards linked data usage the spreadsheet and WebVOWL provide a format 

that can be understood by professionals and non-professionals alike, making complex 

abstract rock-art data more accessible and more visible for both machine-readable use 

and people. Making use of metadata, such as Dublin Core, and semantic international and 

interdisciplinary models, such as the CIDOC CRM, the RARM has contributed towards a 

better understanding of rock-art within the context of the Semantic Web and a Digital 

Earth type model. 
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8. The Rock-Art Visualization Model (RAVM): 

Presentation of Abstract Data and Rich-Media 

Formats 

The following chapter builds onto the Collaborative Approach and Information 

Structure idea within the Rock-Art Database (RADB) project (see Chapter 6 & 7) and 

explores new ways of visualizing rock-art information in real world reconstructions and 

abstract data. An edited version of this chapter was co-authored by Prof. Paul Taçon, 

PERAHU, Griffith University, and accepted for publication in a special issue of the 

Journal of Archaeological Science (Haubt & Tacon, in press).  

The chapter aims to inform the Australian Heritage Key Performance Indicators 

(KPI) and common rock-art research methods within the RADB KPI (see Chapter 5) 

about the usefulness of multimedia and visualization applications by observing current 

practice in Information and Communication Technology, heritage and rock-art. It 

develops a Rock-Art specific Visualization Model (RAVM) in two documents (a) a 

multimedia ontology and (b) code for visualizing multimedia and abstract data by 

mapping rich-media formats and the Rock-Art Reference Model (RARM) against theory 

and practice in heritage, rock-art and visual and learning models. The RAVM is then 

tested and results are presented and discussed to inform the next iteration of the RADB 

within an Agile Development Approach. The RAVM aims to improve the accessibility 

and visibility of rock-art information for scholars and enthusiasts within a global rock-art 

context using Australian heritage examples as a test model (see Chapter 4 and 5). 
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8.1 Developing a Methodology for Data Visualization 

The Rock-Art Database (RADB) aims to make rock-art data more accessible and 

visible by centralizing global rock-art information in a Digital Earth type platform as 

envisioned by Gore (1998). The RADB uses a Collaborative Approach for international 

data collection within a streamlined semantic ontology approach using the CIDOC CRM 

in the Rock-Art specific reference model, RARM (see Chapter 7), to manage rock-art 

data (Haubt, 2015). The following section looks at how the collected collaborative 

information in rich-media and semantic formats can now be visualized in the global 

RADB Management System. If we look at the collected data we can find two types of 

information a) real world representations (for example photographs, videos or 3D virtual 

reconstructions) and b) abstract data (for example textual, numerical or relational data as 

seen in Chapter 7). The chapter focuses on how we can present this data in a way that it 

supports the collaborative and semantic approach and further helps to improve our 

understanding of heritage and rock-art information. To illustrate such a visual 

presentation approach we will look at two examples from Leonardo da Vinci and 

Christian Weis that demonstrate how visual design can help explore relationships within 

real and abstract information. 

Da Vinci’s design approach looks into new ways of visualizing more details of 

real world physical objects (see Figure 8-1). In the late 1500’s he invented the Exploded 

View, which allowed him to not only present the object spatially but also allowed him to 

visually explore interconnections and relationships within the physical model itself 

(Ferguson, 1992; Walton, 1965). 
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Weis took a different approach to visualize relationships of abstract data 

(Hamilton, 1860). His design approach visualizes how abstract data relates in the way 

that two circles interact with each other. The overlapping of the two circles illustrates the 

relationship between the information represented by each circle (see Figure 8-1). The 

approach was later also used by Leonhard Euler who was given the credit for the method 

which is now known as the Euler Diagram (Hamilton, 1860). 

 

Figure 8-1: Exploded View (left), Euler Diagram (right) 

One design element both da Vinci’s and Weis’s approach have in common is the 

idea of illustrating real and abstract information through comparison and 

contextualization revealing more details by showing relationships. 

But how is this design approach useful in a heritage context? If we consider the 

usefulness of visualization we need to place design into a learning context and look into 

how it can support understanding of information through, for example, Scientific Method. 

If we take Scientific Method (the idea of competing ideas) as an example, the question of 

how we can visualize these competing ideas and understand their relationship in real 

world or abstract data emerges (Garland, 2015; Newton, 1999). Albers offers such a 

relational design approach within 1+1=3. He argues that if two visual elements are 
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brought together, a third element is generated in the form of noise between the elements 

(Tufte, 1995). Understanding this noise can help with visual interpretation and leads to a 

better understanding of the relationship between the original two elements (also see 

Chapter 7). 

 

Figure 8-2: Albers 1+1=3 illustrating the space created between two objects forms new 
informational space (left); Relfinder illustrating relationship between entities extracted from 
Wikipedia 

Tufte (1995) offers such a visual design approach for comparative information 

presentation and describes the following design elements for visualization: 

 

a) layering 

b) small multiples 

c) macro/micro 

d) color 

e) spatiotemporal narrative 
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While not all of these elements need to be used at the same time, they summarize 

how information can be presented visually for improved understanding or analysis. We 

can also find these elements in our previous example of the Exploded View and Euler 

Diagram such as layering and spatial narrative. 

Going back to our semantic information in the RARM, looking at entities and 

properties (relationships), we could now map Tufte’s design approach to entities and 

visually explore their relationships. This could be done through placing entities on layers 

or within spatiotemporal context for comparison. While this approach can be applied to 

real, abstract or a combination of real and abstract data, Relfinder and WebVOWL 

explore such a visualization approach of semantic data (Heim, Hellmann, Lehmann, 

Lohmann, & Stegemann, 2009; Heim, Lohmann, & Stegemann, 2010; Lohmann, Heim, 

Stegemann, & Ziegler, 2010), which has also demonstrated in the use of WebVOWL in 

the RARM (see Chapter 7). The visualization aims to not only show information in the 

ontology but also helps to develop better understanding of logical interconnections 

between entities by illustrating their relational links (see Chapter 7 and Figure 8-2).  

Among other things, this way of visually communicating relational information 

could assist with semiotic analysis, identifying signifier and signified within entities and 

properties within real and abstract data (Hannus, Herrala, Gronhagen, Molsa, & Nyman, 

2010). In this type of model multimedia formats such as image, video or 3D could be 

combined with abstract data such as text, numerical and relational information. This type 

of representation can often be seen within media applications such as superimpositions on 

the TV news and documentaries. If we could now map this abstract data to entities and 

properties of multimedia applications within a multimedia taxonomy or ontology  (for 
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example interaction format, image resolution, layout, design et cetera), we could develop 

a deeper understanding of how, for example, the use of real world images supports 

abstract data within a semiotic context. 

The Multimedia Web Ontology Language (MOWL) is such a proposed ontology 

for Multimedia (Ghosh, Chaudhury, & Mallik, 2013; Mallik, Ghosh, Harit, & Chaudhury, 

2013; Mallik, Chaudhury, & Ghosh, 2011). MOWL is based on MPEG metadata 

standards and breaks down entities and properties of multimedia applications such as user 

data, interaction, spatiotemporal design, image resolution or sample rates. This could 

provide a detailed semantic mapping tool to understand the entities and properties of rich-

media formats to illustrate the relationship between information within the RARM and 

the usefulness of applied multimedia visualization tools. But MOWL is currently only a 

proposed model and is yet to be developed in full. 

Now that we have identified a method for visual design and semantic information 

mapping through, for example, matching RARM entities and properties to MOWL 

entities and properties, how can we further enhance learning experience given a computer 

based visual environment?  

Papert argues in Constructionist Theory that learning best occurs if the learner 

interacts with the subject matter creating a meaningful output (Alzaghoul, 2013; 

Bruckman, 2004; Savery & Duffy; Campos, 2004; Roschelle, 1992; Bonk & 

Cunningham, 1998; Piaget, 1967; Pack & Goicoechea, 2000; Bruner, 1961). Within our 

visualization model this could be done by allowing the user to interact and manipulate the 

layers, macro/micro, small multiples, color or spatiotemporal narrative and simulate 

different comparable outcomes using the information within RARM and MOWL. To 
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demonstrate this within the Exploded View example, learners could manipulate or 

rearrange the entities and properties of the exploded object to develop a better 

understanding of their relationships (see Figure 8-1). 

In our findings so far we have found that we can visualize two types of 

information, real and abstract. Using comparative design approaches, such as discussed 

by Tufte, can allow developing deeper understanding of relationships between entities 

and support Scientific Method or assist with semiotic analysis. To further assist with a 

better understanding of visualization tools we could map entities of real and abstract 

information within the RARM against the entities and properties of multimedia formats 

within the MOWL to understand how multimedia can help with understanding of real and 

abstract information. Lastly, Constructionist Theory can further assist with understanding 

of visual data by allowing the user to interact with the information constructing a 

meaningful output. 

8.1.1 Visualization Observations in Web Applications 

The history of visualization of information goes back 40,000 year from early 

rock-art in Sulawesi, Chauvet and Lascaux to modern virtual representations in computer 

based systems (Aubert, et al., 2014). Grau discusses this development within art history 

and explores illusion and immersion of real and abstract information from rock-art to 

panoramic and virtual models using cyber immersive glasses (2003). The concept of 

illusion and immersion in visual art is also used within the idea of immediacy (real) and 

hyermediacy (hyper-real) in media theory and describes not only how information is 

presented but also how it impacts on our understanding of the world within a semiotic 

context. The merging of real and abstract information in visualization is implemented in 
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applications such as the earlier mentioned TV news superimpositions, film, Websites or 

games and allows contextualizing abstract information with real world representations. 

Combining the two can help with developing a deeper understanding of rich-media 

formats within a semiotic immediacy and hypermediacy context. 

Today we have an abundance of rich-media visualization formats available, which 

are converging within the information and communication technologies ranging from big 

screen installations and desktop computers to portable mobile devices (Fidler, 1997; 

Forte, 2010; Lock, 2003). If we consider a comparative design approach of real and 

abstract information within a global Digital Earth type model that can be used for 

exploration and learning, Google Maps and Google Earth come to mind (Gore, 1998). 

Both systems are freely available on the Internet and use an interactive layering, 

macro/micro, small multiples, color and spatiotemporal narrative approach within, for 

example, satellite and hybrid map views or immersive streetview and timesliders. 

But while Google provides an excellent tool for envisioning a Digital Earth type 

model, another great challenge remains – compatibility. In early computing history each 

system used its own software and hardware and made the exchange of files very difficult. 

The invention of networking technology and the ARPANET, which eventually became 

the modern Internet, contributed to improving compatibility between systems. But it 

wasn’t until Berners-Lee (2009) introduced http and HTML in the late 1980’s that a new 

Web standard was born. Today HTML and CSS form the Web standards and assist with 

layout and design while JavaScript adds the ability for more interaction with the 

displayed information. While HTML is capable of embedding multimedia formats in 

websites, a new version was recently introduced as HTML5, which improved its 
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multimedia embedding capabilities. Multimedia compatibility is still one of the biggest 

challenges for Web Designers today, as browsers and devices often are limited to the type 

of format they can display. Another problem is the display of interactive 3D models in 

HTML websites. X3DOM (x3dom.org, 2015) was recently introduced and changed the 

way users can display and interact with 3D information allowing to not only display the 

model but also interact with it accessing metadata by using JavaScript. Even though 

X3DOM works across multiple platforms and devices only little output has been 

generated within heritage applications to utilize this new tool. 

In summary, considering the presentation of real and abstract data a variety of 

tools are available but one of the biggest challenges remains the compatibility of formats. 

The Internet offers the largest information distribution system in the world today but we 

need to consider how users can access, view and interact with the information complying 

with basic formats such as HTML(5), CSS or JavaScript to display textual, numerical or 

multimedia information. X3DOM offers new capabilities and is a tool worth exploring 

within the presentation of 3D and interactive information. 

8.1.2 Visualization Observations in Heritage Applications 

If we look at visualization in heritage applications we can find a wide range of 

applications from traditional analogue notebook entries and sketches to the use of virtual 

archaeology and cyber archaeology (Forte & Bruckman, 2007; Forte, 2010; Forte & 

Alberto, 1997). While visualization of semantic data seems to be largely neglected within 

heritage applications, Lock discusses the development from early virtual reconstructions 

in the 1960’s and 70’s to the converging of communication and information technology 

in more recent years. He argues that even though new tools are being developed, the 
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understanding of their usefulness in understanding heritage data is questionable and 

needs further exploration (Lock, 2003; Lock, 1987; Fidler, 1997; Bleisch, 2012; Cheng, 

Lowe, & Scaife, 1999; Forward, 2012; Huggins, 2005; Koller, Frischer, & Humphreys, 

2009; Koziol, 2012). Today virtual and cyber archaeology explore these converging 

technologies within, for example, teleimmersive environments or mobile recording 

technologies where state of the art heritage applications make use of text and numerical 

data but also multimedia formats within image, video, sound, animated and interactive 

formats including but not limited to game engine approaches, Oculus Rift and 

Augmented Reality (Brabec, 2012; Frischer & Dakouri-Hild, 2008; Gooding, 2010; 

Jacobson, 2012; Michon & Antably, 2012; Moser, Hye, Goldenberg, Hanke, & Kovacs, 

2010; Strange-Walker, 2012; Santos, 2012). The possibilities seem endless and 

technologies are developing faster than they can be understood and implemented. 

The international heritage projects Google Art Project, Europeana, CyArk or 

GHN use different ways to bring such versatile multimedia applications together in a 

centralized platform (CyArk, 2012; GHN, 2013; Google, 2012; Gavrilis, Ioannides, & 

Theofanous, 2015). The Google Art project and Europeana both showcase internal and 

external heritage data in a variety of multimedia formats from text, image and sound to 

video and 3D. Much of the data is often kept in external systems and Google or 

Europeana simply facilitate the link to these systems including but not limited to 

YouTube or Flickr. Europeana currently incorporates over 1.9 million images, 44,900 

texts, 1,000 videos, 544 sound recordings and 449 3D objects. The Google Art Project 

incorporates 670 collections including over 32,000 high resolution images and 360 

degree virtual tours. Cyark and GHN on the other hand both focus on real world 
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reconstructions and make use of GIS and 3D models. All four incorporate layering, 

macro/micro, small multiples, color and spatiotemporal narrative designs to display 

information and make use of iframes, links and APIs to display external content within 

their own systems. 

A need for understanding the usefulness of new technologies has been identified 

within the heritage sector. In a fast changing environment it is becoming increasingly 

important to develop better methods that help us understand their usefulness for research 

theory and practice. RARM and MOWL could help by allowing for the exploration of 

semantic mapping of specific rich-media entities and properties to specific research 

needs. But while MOWL hasn’t been fully developed yet, we need to look at other ways 

to bring tools together for empirical testing within a centralized platform. Consolidating 

the application in a centralized system would allow for easier visual comparison of 

different multimedia applications to explore their usefulness for specific tasks. In order to 

allow for a variety of formats to be displayed, the centralized system should incorporate 

iframes, links or APIs to allow for the display of external content. 

8.1.3 Visualization Observations in Australian Heritage Applications 

Looking at visualization in Australian heritage applications we need to look at 

two different sectors: (a) the government sector and (b) the non-government sector. The 

Australian government heritage sector is highly decentralized and it is often difficult to 

assess what individual heritage bodies are doing (Haubt, 2013). This would make 

centralizing and visualizing data from individual bodies in one centralized system the 

more important as we could learn from the success and failures of each system through a 

comparative approach. As revealed within the latest State of the Environment reports and 
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independent reports from Indigenous heritage bodies, agencies are using inappropriate 

tools to address the Australian Heritage Key Performance Indicator (KPI) in identifying, 

managing, celebrating and protecting Cultural Heritage (Department of the Environment, 

2011; NSW Aboriginal Land Council, 2010). This is also reflected in the national and 

state heritage registers which predominantly use text and image data and lack the use of 

more sophisticated GIS or spatiotemporal rich-media tools. The Australian Capital 

Territory and Tasmania even manage their heritage information in simple Excel 

spreadsheets. While the Australian government rolled out its latest heritage strategy 

report in late 2015, the plan for the next ten years reveals little more than the 

acknowledgment that something needs to be done (Department of the Environment, 

2015). It does not address any implementation or improvement of specific technical tools 

or plans on how these tools could be developed. 

While the government sector is falling behind in exploring new visualization tools 

for heritage information, the non-government sector is excelling. Systems like Sahul 

Time (Coller, 2009) or Virtual Warrane II make use of the latest multimedia formats and 

create engaging interactive exploration and learning experiences (Leavy, 2007; Leavy, 

Wyeld, Gibbons, Ledwich, & Hills, 2007; Wyeld, Crogen, & Leavy, 2007). If we 

consider Tufte’s design approaches, ontology and Constructionist Learning, Sahul Time 

ticks all the boxes. The application uses archaeological metadata to visualize sea level 

changes over the millennia and visualizes coastal and interior changes within a GIS based 

system. It further allows the user to interact with the spatiotemporal properties of the 

application allowing for interactive simulations and comparison of spatial data over time. 
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Virtual Warrane II takes a game engine approach to simulate the Sydney Harbor 

(Warrane) in 1788, before the time of European arrival and lets the user time travel 

within a click of a button to today’s Sydney with its roads and buildings. Like Sahul 

Time, Virtual Warrane II makes use of comparative design tools but not only within 

visual display. It also layers information within digital storytelling therefore allowing the 

player to peel away layers of stories as he/she progresses through the game. The use of a 

game engine approach opens up new paths for exploring visualization of interactive game 

play and explorations within Constructionist Theory and player interaction. Computer 

games have the potential to not only visually stimulate the player but through interaction 

evoke emotions such as frustration or success by completing tasks.  

In Virtual Warrane II, the players explore traditional stories and activities which 

include, for example, hunting of kangaroo. While this experience is visualized in high 

detail through computer graphics the emotions are triggered through game play and leave 

the player with a more authentic hunting experience.  

While working at the Virtual Warrane II game exhibition in Sydney in 2012, I 

talked to a 17 year old Indigenous student from Sydney who took pride in the game 

which reconstructs his family story and country, showcasing many of the stories he heard 

as a child. The student was so moved by the amount of people from different cultural 

backgrounds and ages emotionally engaging with the game, that he was fighting to keep 

his tears back. Considering the potential of these tools it is exciting to see the non-

government sector taking initiative to explore heritage preservation and visualization on 

new levels. 
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However, the big issue with regards to integrating these applications in larger 

centralized systems is still compatibility. If these innovative applications cannot be 

integrated in larger systems on the Web, chances are that they won’t reach larger 

audiences and will eventually fade away like so many other systems in the past due to a 

lack of usage and compatibility. 

In summary, Australian government heritage bodies show a gap in terms of 

understanding the importance of developing tools for appropriate heritage management of 

cultural information. The latest heritage strategy report did little to improve this fact other 

than to point out that it is an issue. Bringing together heritage bodies could allow for 

comparing and better understanding their individual issues. The non-government sector 

on the other hand excels with innovative new ideas but the issue of data compatibility 

remains. 

8.1.4 Visualization Observations in Rock-Art Applications 

Looking at visualization in rock-art a similar picture emerges. While analogue 

notebooks and sketches are still being used, there is a definite trend towards incorporating 

new technologies (see Figure 8-3). While various rich-media formats are tested within the 

field, an ontology or semantic approach towards understanding the usefulness of 

visualization and multimedia tools is missing. 

Many surveys and rock-art recordings are still conducted in a paper based way 

and kept within simple Excel or Access databases but new technologies are emerging fast 

to aid the recording process (Chippindale & Taçon, 1998; Domingo, Villaverde, López-

Montalvo, Lerma, & Cabrelles, 2013; Duarte & Von Altrock, 2005; Fryer, Chandler, & 

El-Hakim, 2005; Hanke, 2000; Herzog, Nelson, & Ciuffo, 2010). Applications such as 
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Rock Art CARE or 123D Catch allow capturing textual and spatial data building 

searchable databases and photogrammetric models. But many of these records still end up 

in private or inaccessible archives and need to be brought together for comparison in a 

centralized system for others to look at.  

 

Figure 8-3: Sketches of rock-art panel (left); Photogrammetric Model of rock-art panel (right) 

But what technologies are currently popular in rock-art? Looking at the latest 

trending publications in Academia, ResearchGate, Elsevier and other technological 

heritage journals, mobile, cloud computing, GIS, photography, photogrammetry, video, 

mud maps, sketching tools, image manipulation, drones, mobile devices and 3D scanning 

seem to be the new focus of interest. 

The merging of communication and information technologies now integrates 

many of these new applications in mobile devices allowing, for example, surveyors to 

geo tag locations while at the same time using interactive maps to navigate the landscape. 

Other examples include photogrammetric models that can now easily be made using 

integrated cameras and software such as 123D Catch or Structure for iPad. Other 

applications for iPad or Android include sketching and image manipulation software such 

as Photoshop, UPad or iD-Stretch, which allow the researcher to instantly interact with 
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the recorded data. But while all these applications exist, a platform that brings all these 

applications, rich-media outputs and functions together in one centralized system is still 

missing. As a result, the output documents and files are kept within the individual 

applications or archives and are not shared with other scholars or enthusiasts. 

Considering Tufte’s design approach, Scientific Method, ontology and 

Constructionist Theory, a new centralized tool should visualize all these multimedia 

formats in one centralized platform and include interactive manipulation tools that allow 

for the exploration of various forms of data visualization from text and image to animated 

and interactive in real and abstract data. 

It is difficult to assess the usefulness of visualization tools within a wide range of 

rock-art applications. A tool that could bring together various forms of multimedia could 

allow for a comparative analysis of visualization tools. An ontology such as MOWL 

could further contribute to a more detailed conceptual understanding of the usefulness of 

multimedia properties by mapping MOWL against research theory and practice.  

8.1.5 Visualization Observations Summary 

 The review revealed a need to bring together visualization tools in one 

centralized system to allow for a better understanding through comparison of the 

usefulness of available multimedia applications. This system should address the 

Australian Heritage KPI and heritage and rock-art research in theory and practice through 

exploration of the usefulness of information visualization approaches to assist with a 

better understanding of heritage information. The system should allow for the 

visualization of real and abstract data and incorporate a visual design and ontology 

approach, to allow for comparative analysis such as Scientific Method or Informed and 
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Formal rock-art research methods. To further enhance the learning experience users 

should be able to interact with the information creating meaningful output as discussed 

within Constructionist Learning Theory. The system further needs to ensure compatibility 

within a variety of platforms and operating systems using standard Web formats such as 

HTML(5), CSS, JavaScript or X3DOM and allow for the incorporation of a range of 

popular multimedia formats in image, text, video, 3D, animated, GIS, image 

manipulation or sketching tools in interactive and immersive formats. 

8.2 Results 

8.2.1 Needs, Aims and Outcomes 

The RADB aims to make rock-art data more accessible and more visible for 

enthusiasts and scholars alike through developing a better understanding of the usefulness 

of information visualization tools in rich-media formats, addressing the Australian 

Cultural and Indigenous Heritage KPI and rock-art theory and practice within the RADB 

KPI. To assist with this process the RADB develops a Rock-Art Visualization Model 

(RAVM) as an extension of the Rock-Art Reference Model (RARM) within the RADB 

System, to inform the Graphical User Interface (GUI) and Human-Computer Interface 

(HCI) design of the RADB Management System. 

The RAVM brings together rich-media formats in one centralized system to allow 

for better understanding of different visualization applications through comparison. The 

RAVM addresses the following criteria identified in the information visualization review: 
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 Theory and Practice 

o Heritage 

 Australian Cultural and Indigenous Heritage KPI 

 Informed and Formal Rock-Art Research Methods 

o Visual Design 

 GUI Design Approach (Tufte, 1995) 

o Learning Theory 

 Constructionist Theory an HCI Design Approach (Papert & 

Harel, 1991) 

 

 Available Data 

o Text and Numerical Data 

o Multimedia (rich-media) formats 

o Code and Design (Open Source) 

o Compatibility of rich-media formats 

 

 Reference Model 

o Rock-Art Reference Model (RARM) 

o Multimedia Web Ontology Language (MOWL) 

 

8.2.2 The RADB Universe 

To address these aims the project develops an approach by drawing from the 

findings in the visualization review and explores them in more detail within two 

approaches: 

 

 Conceptual Mapping of Theory and Practice and Available Data as an 

extension of the RARM considering Visualization 

 Developing Code based on collaborative Open Source software 

 

These two approaches are reflected within the RADB Universe and are supported 

by the RACM and RARM. The RADB Universe describes the entire RADB project on 

multiple levels, where each level generates different outputs. The Universe is based on 
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the DL model and can be broken down into three interrelated tiers (European 

Commission Information Society and Media, 2011): 

 

Tier 1: RADB (as an organization) 

Tier 2: RADB System (conceptual model) 

Tier 3: RADB Management System (the deployed model) 

 

The conceptual mapping approach is reflected in Tier 2 and the code development 

is reflected in Tier 3. The RAVM as an extension of the RARM therefore provides the 

link between theory and practice by providing both, theoretical and practical outcome 

allowing for testing of conceptual data within the code for the RADB Management 

System. 

8.2.3 The RADB System and RADB Management System 

The RADB System is the second Tier of the RADB Universe and describes the 

conceptual development of the RADB Management System and produces the Rock-Art 

Reference Model (RARM). The RAVM is an extension of the RARM and produces both 

conceptual data and code. The conceptual data provides additional semantic data of 

visualization applications in rich-media formats using MOWL and is mapped against the 

RARM to assist with better understanding of multimedia properties in heritage and rock-

art. 

The RADB Management System is the third Tier of the RADB Universe and 

describes the deployed database model in code. The conceptual RAVM is used to inform 

the RAVM code that is deployed within the RADB Management System. The 
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deployment of the RAVM code allows for information visualization and testing of the 

conceptual RARM and RAVM data through user interaction. 

8.2.4 The Rock-Art Visualization Model (RAVM) 

The Rock-Art Visualization Model (RAVM) produces four documents in the form 

of conceptual and applicable deployed models as an extension of the RARM in (1) a 

RAVM specific Mapping Spreadsheet (see Appendix I) (2) shared RARM and RAVM 

json-ld Document (see RARM) (3) shared RARM and RAVM Mapping Chart (see 

RARM) and (4) code for the implementation of rich-media tools in the RADB 

Management System. The conceptual model and code are developed within a set 

framework using the RARM as a guide within the use of Web standards in HTML, CSS, 

JavaScript and X3DOM in Wordpress themes and plugins for code development. Both 

conceptual model and code can be accessed under a Creative Commons Attribution-

Share-Alike 3.0 Unported License allowing users to download, share, edit and update 

files. The documents are made available on GitHub at https://github.com/rhaubt/Rock-

Art-Database-RADB-/wiki/2.3-RAVM-|-Visualization-Model. While the conceptual 

RAVM can be used to inform the GUI and HCI design of rock-art platforms, the code 

can be downloaded and tested within Wordpress compatible applications. 

The conceptual RAVM consist of three technical input formats and one input 

through user interaction. The RAVM considers the following input formats for mapping 

the RAVM: 
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8.2.4.1 Theory and Practice in Heritage, Rock-Art, Visual Design and 

Learning Theory 

 Heritage 

o Australian Heritage KPI 

 

 Rock-Art 

o Informed and Formal Method (Chippindale & Taçon, 1998) 

o List of Formal Methods (Whitley, 1998: pp.78-110) 

 Examples: 

 Scientific Method 

 Symbolic Analysis 

 Ethnographic Analysis 

 Formal Analysis 

 Genetic Analysis 

 Functional Analysis 

 Neuropsychological Model Analysis 

 Analytical Analysis 

 Landscape Analysis 

 Archaeoastronomy 

 Acoustics 

 

 Visual Design 

o Comparative design approach (Tufte): 

 layering 

 macro/micro 

 small multiples 

 color 

 spatiotemporal narrative 

o Interactive Learning 

 Human-Computer Interaction (HCI) 

 Constructionist Theory (Papert) 

8.2.4.2 Reference Model 

 RARM 

 MOWL 

o As an extension for RARM using Multimedia entities and properties 

 

8.2.4.3 Available Data 

 Textual and Numerical Data 

 Rich-Media Multimedia Formats 

o Examples: 
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o GIS (based on Digital Earth model) 

o real world reconstructions and abstract information display 

o still and animated 

o immersive and interactive 

o image, sketches 

o drawing and annotation tools 

o video, sound 

o 3D model (polygon, mash, laser scan, photogrammetry) 

o 3D laser scan 

o 3D photogrammetry 

o Augment Reality 

o collaborative tools 

 Code and Design developed in Open Source 

o HTML, HTML5 

o CSS 

o JavaScript 

o X3DOM 

o php and MySQL (database) 

 

8.2.4.4 User 

 User input through interaction 

o keyboard 

o mouse 

o touchpad (for example laptop) 

o touchscreen 1 (for example iPad, Android) 

o touchscreen 2 (for example big screen panels or projection system) 

o Augmented Reality (for example iPad, Android) 

 User input through changes to theory and practice 

o Changes to conceptual and code RAVM 

 

8.2.4.5 RAVM Conceptual Mapping Documents 

 RAVM Mapping Spreadsheet as an extension of the RARM Spreadsheet 

 RAVM json-ld Document as an extension of the RARM json-ld (for example 

Dublin Core, RDF, OWL) 

 RAVM Mapping Chart as an extension of the RARM Mapping Chart using 

the json-ld for information visualization 

8.2.4.6 RAVM CODE 

 HTML 

 HTML5 

 CSS 
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 JavaScript 

 X3DOM 

 php, jquery and MySQL for database management 

 

8.2.4.7 Display Outputs 

 Desktop and laptop screen 

 iPad, Android mobile phone and tablet devices 

 Big Screen (Red Zone) 

 

8.2.5 The RAVM Mapping Process 

 

Figure 8-4: RAVM mapping 

The RAVM maps theory and practice through user experience against the RARM, 

and MOWL (entities and properties as a multimedia extension for RARM). The results 

are then used to identify useful code and design formats for information visualization 
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within suitable Web and Wordpress formats and produce the three conceptual mapping 

documents and code. (see Figure 8-4). 

8.2.6 Information Visualization Procedures using an Agile Development 

Approach 

The RADB project takes an Agile Development Approach to allow for flexibility 

and the ability to respond to emerging needs throughout the development of the RADB 

System and the RADB Management System. The Agile Approach describes a dynamic 

development rather than a linear approach and assists with flexibility and improving 

understanding of implemented tools through frequent testing within a quality framework 

(see Chapter 5). The approach is characterized by undergoing frequent development 

cycles in Planning – Implementing – Monitoring – Reviewing – Improving (PIMRI) the 

RAVM, producing new findings within each iteration of the process. The development is 

reflected in the RAVM mapping process and can be broken down into 5 steps: 

 Stage 1: Data Collection in Theory and Practice 

o Computer and Communication Technology in Rich Media Formats 

o Heritage 

o Rock-Art 

 Stage 2: Conceptual RAVM Model Design 

o Results from the data collection are reviewed to inform the Agile 

Development of the RAVM model in each iteration of the process. 

Stage 2 produces the conceptual RAVM that is mapped against the 

RARM and MOWL and provides more detailed understanding of the 
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usefulness of multimedia applications in rich-media formats for 

heritage and rock-art applications. 

 Stage 3: RAVM Code development 

o Stage 3 looks at the conceptual RAVM developed in Stage 2 and maps 

the findings against available code and design formats in the Open 

Source community. The resulting code is then streamlined to suitable 

Web standards based on RAVM and placed into plugin and theme 

packages for Wordpress compliance. 

 Stage 4: Deployment, Testing and Analysis 

o The RAVM code developed in Stage 3 is made available for download 

in GitHub and Wordpress and is uploaded into the RADB 

Management System under consideration of current running plugins 

and themes. The plugins and themes are tested using Google Analytics 

for user interaction monitoring and use qualitative data in form of 

collaborative user feedback (see Chapter 6) to evaluate the usefulness 

of the deployed information visualization tools in heritage and rock-art 

theory and practice. 

 Stage 5: Presentation of Results 

o Results from Stage 4 are formalized and presented and made available 

for review within a collaborative approach. The resulting changes are 

mapped against theory and practice for the next iteration within the 

Agile Development Approach. 
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8.3 Discussion 

The RADB deployed the RAVM within a Digital Earth type model, envisioning 

the visualization of global rock-art information within a GIS based system. The RADB 

Management System makes use of layering, small multiples, macro/micro and 

spatiotemporal narrative for visual design for comparative analysis and allows interaction 

within a Constructionist Theory context to enhance the system exploration within the user 

experience. The management system was mapped against the RARM and a preliminary 

version of MOWL to produce the RAVM and addressed the Australian Heritage KPI and 

rock-art theory and practice within the RADB KIPs. 

8.3.1 The Conceptual RAVM and Abstract Data Visualization 

The conceptual RAVM was mapped within the RAVM Spreadsheet but only 

limited results have been presented with regards to relational mapping using the RAVM 

json-ld Document and RAVM Mapping Chart (see Figure 8-5). RAVM used 35 elements 

within the RADB to describe rich-media documents in still image, panoramic image, 

sound, video, virtual reality and 3D but only used three entities and three properties in the 

OWL implementation of the CIDOC CRM and five Dublin Core Metadata terms.  

MOWL at this stage has not been very useful as it needs additional contributions before 

the model can be used sufficiently. This additional information should include 

information about rich-media formats but also layout and design properties. Due to a lack 

of data within MOWL, RARM and Dublin Core Metadata, the conceptual mapping was 

largely based on the RAVM Spreadsheet using visual comparison observations of 

multimedia properties (see Appendix I). 
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Figure 8-5: RAVM and RARM conceptual Mapping Chart in RADB WebVOWL implementation 
(left) showing basic relational model using rich-media data; RADB Collection entry showing use of 
rich-media files in image and video gallery (right) and mapping of Dublin Core Metadata against 
rich-media formats (right overlay) 

8.3.2 The RAVM Code and Implementation 

The RAVM code was mainly based on visual comparative analysis of rich-media 

formats used in rock-art theory and practice rather than on analysis of semantic data 

models in the RARM. The code made use of Open Source tools in HTML, HTML5, CSS, 

JavaScript and X3DOM available in GitHub and Wordpress.  

The RAVM developed applications within the Open Source community on 

GitHub and Wordpress that are used in the RADB Management System in the form of 

plugins, and themes (see https://github.com/rhaubt/Rock-Art-Database-RADB-/wiki/ii.-

Developers-|-Credits). The use of GitHub allowed for sharing and re-use of visualization 

tools with other users across a variety of platforms (also see Chapter 9). 

8.3.3 RAVM Rich-Media Visualization 

All content is displayed within a GIS map interface that displays small multiples 

of individual global rock-art records within a layered approach. The map currently 

provides an overview of over 245 RADB Collections in different categories. The entry 
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categories include News, Projects, Heritage Places, Heritage Sites and Heritage Items and 

can be viewed by clicking on a map pin or via a pop-up window or within a new tab 

window (see Figure 8-6). Special entries within each record such as multimedia data or 

bibliographic references are pulled from the collection and are also displayed within a 

virtual library showing the summary of all references and multimedia files in a separate 

library gallery.  

Users can create their own profiles and create new News, Project, Place, Site or 

Item entries. The entries can be visually connected through a relational mapping tool and 

displayed within the corresponding collection catalogue (see Figure 8-7). In this way the 

user can create individual collections of projects, sites or other entries and visually 

compare the content within his collection catalogue. 

 

Figure 8-6: GIS Map (top-left), Search Functions (top-right), Rock-Art Records in Pop-Up View 
(bottom-left) and Search Results (bottom-right) displayed in the RADB Management System 
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Figure 8-7: Multimedia Gallery (left); Collection in relational mapping tool showing related 
Projects, Places, Sites and Items (right, in light red) 

Each record within the RADB contains a set of rock-art form fields based on the 

RARM and showcases a media gallery in rich-media formats (see Figure 8-7). The 

gallery view presents a collection of formats from various sources brought together in 

one central view. It includes but not is not limited to images, virtual tours, 360 degree 

views, videos, sound files and interactive and immerse 3D model explorations (see Figure 

8-8) using X3DOM (see Figure 8-9) and iframe and APIs for external content display. 

The RADB brings rich-media formats from external platforms, such as 123D Catch, into 

the system by using link functions while APIs and JavaScript are used to pull data from, 

for example, YouTube, Google Maps, Google Earth (see Figure 8-10) and from other 

entries within the RADB Management System. Issues occurred within JavaScript 

conflicts in older JavaScript versions. The issues were addressed through JavaScript 

updates and replacing older plugins with alternative plugins and are monitored on GitHub 

> Issues (see Chapter 9). 
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Figure 8-8: Use of HTML5, iFrame, API and X3DOM to bring rich-media formats together in one 
single record view 

 

Figure 8-9: Use of X3DOM to allow for 3D exploration of 3D models and 2D images allowing color 
adjustment, tagging and annotation, measuring, color selection and screenshot export 
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Figure 8-10: Google Earth API integration to show 2D images, polygon and 3D models in Digital 
Earth type model allowing for spatial animation, temporal animation, celestial bodies and night 
sky animation 

8.3.4 RAVM Human-Computer Interaction 

2D images and 3D models can be explored through the use of the X3DOM, which 

allows the user to interact with the objects through zooming, rotating, selecting pivot 

points, measuring tools, tagging, annotating and manipulating color, lighting and 

reflection properties (see Figure 8-9). 

All geotagged models can also be loaded into Google Earth for spatiotemporal 

interaction (see Figure 8-10). The Google Earth API allows for placing the objects into 

the virtual Digital Earth type model and animate virtual tours, with day and night time 

over the millennia with accurate projections of the celestial bodies in the night sky. As of 

December 2015 the Google Earth API has been depreciated and will no longer be 

supported by Google, however, the API can still be accessed and used. To address this 
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issue the Google Earth will be replaced with Open Web Globe within the next iteration of 

the RADB Agile Development approach but use the functionalities explored in Google 

Earth in the Open Web Globe implementation. 

8.4 Summary 

The RAVM produced a conceptual and technical model for abstract and rich-

media information visualization in heritage and rock-art applications that addressed the 

Australian Heritage KPI and Informed and Formal Rock-Art Research methods within 

the RADB KPI. The visualization of abstract data through the use of WebVOWL (see 

Figure 8-5) has made complex relational data within rock-art, that would otherwise not be 

seen or easily understood, more accessible and more visible to scholars and enthusiasts 

alike, while rock-art data within a Digital Earth type GIS model (see Figure 8-6) enabled 

users to visual explore physical features of rock-art in a variety of rich-media formats. 

The conceptual RAVM mapping introduced an approach towards understanding 

the usefulness of rich-media formats for information visualization within relational 

mapping of abstract multimedia data as an extension of the RARM but further testing 

within metadata and semantic models is needed. 

The implementation of the RAVM code using Web standards in Wordpress 

allowed testing theory in practice exploring the potential of visualization formats. Issues 

that occurred include the discontinuation of the Google Earth API and glitches within 

code conflicts within JavaScript formats used by Wordpress in the gallery view. 

While the system offers a conceptual and practical output for testing research 

practice, learning theory and visual design ideas, more testing is needed within a 
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collaborative approach through scholars and enthusiasts but also members of the 

Indigenous community to explore the potential of new rich-media applications. 

The Agile development approach allowed for the development of a flexible 

system that includes interchangeable code and conceptual mapping through a reference 

model approach and Web standard plugins and themes designed within the Wordpress 

framework. The interchangeability allowed for easy implementation of updates and 

assured compatibility within the next iteration while further allowing users outside the 

RADB to make use of the conceptual model and code within their own applications. 

While the RAVM explored the conceptual and practical implementation of 

visualization tools through a conceptual semantic and practical model, a more detailed 

multimedia ontology is needed to further assist with more detailed understanding of the 

usefulness of rich-media applications in heritage and rock-art. 
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9. An Open Source Approach: Developing an Open 

Source Content Management System in an Open 

Source Development Platform 

The project addressed the Open Source approach in Chapters 2, 3 and 4 and 

summarized the findings within the RACM. The RACM describes how the greater rock-

art community should not only be allowed to contribute heritage content to the Rock-Art 

Database (RADB) but also contribute to the development of the management platform 

itself within a Radical Collaborative Approach. The following section looks at the use of 

Open Source applications and communities to develop the RADB. It investigates a 

suitable Content Management System (CMS) and a suitable development platform for 

developing, managing and sharing conceptual models and code. It presents results within 

the systems used and contextualizes the results within the RADB Universe. 

9.1 Material and Methodology 

9.1.1 Open Source 

The idea of Open Source is not new and can be traced back to the early days of 

the Internet, the ARPANET in the 1960s. The ARPANET was initially created to 

enhance information exchange and allow communities from wherever and whenever to 

contribute and exchange information within a wide range of projects. The ideas were 

further developed within the GNU project in the 1980s (GNU, 2016) and later within 
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Open Source development platforms such as Source Forge or GitHub that enable 

exchange and management of data for software development. The advantages of 

developing applications within the Open Source community are manifold and include: 

 

 Free to use 

 Free to distribute 

 Free to modify 

 Low cost 

 Freedom, not depending on company 

 No licensing fees or piracy issues 

 Customizable and flexible 

 Interoperability 

 Less compatibility issues as users can update 

 Support options 

 More secure as code is accessible by everyone and users can fix bugs 

quickly 

 Exposure of code allows frequent analysis by community producing stable 

code 

 Auditability as code is understood by a wide community 

 

But developing within the Open Source realm can also have disadvantages: 

 

 Can be difficult to use as many people contribute 
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 Dependency on community to make improvements 

 Less secure as more users are familiar with the code 

 Responsibility relies on community and no single entity can be held 

responsible 

 

As the advantages outweigh the disadvantages with regards to the RADB, the 

project explores the use of Open Source development platforms and suitable content 

management system (CMS). Chapter 2 and 4 identified Wordpress as suitable platforms 

for a CMS and GitHub as a suitable platform for development due to their popularity 

featuring millions of users. The platforms further featured deployed heritage projects 

such as ontology development for the CIDOC CRM, the South African Resource 

Information System (SAHRIS) and the national Australian Archaeological data collector 

project at FAIMS. The following section takes a closer look at the features within the 

Open Source CMS and development platform. 

9.1.1.1 The Content Management System (CMS) 

The choice for Wordpress as a suitable CMS was addressed in Chapter 2, 5 and 6. 

The CMS is the world’s most popular platform and has been deployed over 72 million 

times, making up 48% of all online Content Management Systems and up to 24% of all 

websites on the World Wide Web. Apart from its widespread use on the Web, Wordpress 

further features a development community for the CMS with millions of users and over 

39,000 customized feature extensions called plugins, which allow to extend on the core 

system’s functionalities adding more features to the CMS (see Chapter 2). 
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The Wordpress platform is freely available and can be downloaded and installed 

on the user’s server. The system consists of a MySQL database and further functionalities 

can be customized through themes or extended by using plugins. Themes generally 

describe the look and feel of the CMS while plugins allow customization of the platform 

for more specific individual needs making Wordpress a versatile, flexible and therefore 

powerful CMS. Within the Wordpress community users can upload and share these 

customized themes and plugins to the Wordpress community online platform where 

anyone can download and use the features in their own CMS installation.  

But what makes the Worpress CMS suitable for the RADB project? Considering 

the RADB framework the CMS offers a ready to use platform that can test existing 

models and be extended on if needed within an Agile Development Approach. The CMS 

allows adding plugins without making changes to the core system, which allows for 

testing and implementing new features or updates in each iteration of the Agile 

Development Approach. Within each iteration, plugins can be tested and useful ones will 

be kept while not useful plugins will be removed, again without interfering with existing 

structures or stored user data. But Wordpress does not only support the Agile approach 

but also addresses the RADB Framework in the RADB Universe.  

The CMS’s functionalities support the RACM by allowing social networking 

capabilities through various plugins. These plugins include but are not limited to setting 

up user profiles, discussion forums, leaving user comments, like and tagging 

functionalities as well as integration within other external social networks such as 

Facebook or LinkedIn. 
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The RARM is supported within the CMS through Wordpress core functionalities 

for metadata mapping such as RDF (RSS), hatom, Tweed or OG: and more plugins are 

available for sitemap integration using XML or Data-Triplify (see Chapter 7) for 

mapping using Dublin Core, RDF or OWL. Besides the metadata and semantic mapping 

tools (Wordpress does not query semantic data but only provides mapping tools as 

described in Chapter 7), more plugins allow for customization of data fields and the 

integration of encyclopedias and thesauri for language pack integration which helps with 

reporting, for example, for different heritage systems internationally and nationally. 

A wide range of visualization tools from GIS to rich-media galleries in sound and 

image including visual annotation functions support the RAVM. More visualization tools 

for user data further support the RACM and assist with collaborative networking by 

making user data more accessible and more visible through, for example, commenting 

and forum discussion tools. 

While an abundance of plugins for the extension of the core CMS exist, many 

plugins need to be customized or rewritten for more seamless integration while new 

plugins might need to be written from scratch to fill the gap of missing functions. 

Wordpress does not provide a platform for development of code as it focuses on 

the dissemination of ready to use packages and provides user feedback on available 

packages rather than a tool for the plugin development process. Platforms such as GitHub 

fill this gap by providing tools to develop, manage and share source code within the Open 

Source community. 
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9.1.1.2 The Development Platform 

GitHub is addressed in Chapter 2 and 6 as a suitable development platform for the 

RADB project. As of 2016 GitHub is the world’s largest repository for source code with 

over 12 million users managing over 31 million projects on the platform. GitHub was 

developed as a project management development platform for software development that 

allows users to upload, manage, share and develop project data, including conceptual and 

practical models in rich-media formats and code (see Chapter 2 and 6). 

The development platform follows a basic structure that allows anyone to set up a 

user account within which the user can manage and share data in a folder type structure. 

All data within the account is publicly accessible for viewing and downloading for 

everyone on the Web but adding, editing or collaborating on projects requires users to 

register with GitHub (public accounts are free; private accounts are available for a 

monthly fee). 

To add a project to GitHub a user typically sets up an account and creates a new 

repository within which the project data is managed. The repository contains six main 

sections: 

Code contains the project files within a folder type structure. Users can upload 

code or other rich-media files into this section of the repository. The content in 

the Code section is managed by the account holder but can be shared with other 

users on GitHub. 

 

Issues allows registered GitHub users to provide feedback for the project by 

leaving comments. Feedback can include general comments on usability, bugs, 

fixes or feature request. Each issue can be assigned to a particular contributor to 

the project and further be assigned a milestone. The issues can then be tracked 

and evaluated within each milestone. 

 

Wiki provides a wiki for the project within which contributors can provide 

context and guidance about the use of the content within the repository. Wikis 

generally include an About section, a user guide as well as a technical guide on 
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how to use the technical data within Code. The Wiki is generally managed by the 

account holder but editing permissions can be given to other contributors where 

applicable. 

 

 

To use and share data within a repository, users generally have three options: 

Forking creates a copy of a repository in another user’s account. Users can use 

this function to download and freely modify and test the repository without 

affecting the original project. Users can now use the repository for their own 

project or propose changes to the original project. Forking gives credits to the 

original project by acknowledging the source of the fork. 

 

Pull Request allows users who would like to contribute to an original project to 

make changes to a repository and let others know about these changes by sending 

a pull request. Any user interested in the changes can now review the new data, 

discuss changes, make further changes or use the changes in their own repository. 

 

Statistics can be generated within Code, Issues, Wiki and Pull Requests on the 

development of the repository and allow the monitoring of contributions and 

changes within the life cycle of the repository. 

 

Considering the functions in GitHub, the development platform provides a 

suitable tool for managing and sharing data for the development of the RADB project. 

GitHub addresses the RACM through a collaborative development approach 

allowing scholars, programmers and enthusiasts to contribute to the project. While the 

development platform is designed for software development, non-tech savvy contributors 

can still participate by leaving feedback through Issues, adding or editing information in 

the Wiki and adding non-technical files in, for example, spreadsheet format such as 

conceptual models within the RARM or RAVM to Code. Developers can then use this 

information to make technical changes to the Content Management System. 

The development platform further addresses the RARM and RAVM by providing 

a collaborative platform for conceptual and practical development that incorporates data 

management tools for version control while acknowledging contributions from the public 
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through, for example, forking or pull requests. Non-technical contributions can be added 

to Issues and then assigned to individual contributors for technical development. This 

development can be monitored through milestones, which assist with Quality Assurance 

within an Agile Development approach allowing evaluation of each iteration of the 

development process. 

9.2 Results 

9.2.1 Aims and Outcomes 

The use of an Open Source CMS and Open Source development platform aims to 

support the international and interdisciplinary collaborative approach described in the 

RACM and addressed within the RADB KPI. The CMS and development platform 

provide a sustainable tool for the future development and implementation of the RADB 

Framework in the RADB Universe allowing scholars and enthusiasts to contribute, 

manage, share and discuss relevant conceptual and practical information. 

9.2.2 The Rock-Art Database Universe 

The RADB Universe describes the three Tiers of the RADB project (see Chapter 

5): 

Tier 1: RADB (the project as an organization) 

 

Tier 2: RADB System (the conceptual model) 

 

Tier 3: RADB Management System (the deployed model) 

 

The Open Source approach addresses the RADB Universe in all three tiers. Using 

an Open Source approach, the RADB extends its collaborative network within the 
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GitHub and Wordpress community incorporating international and interdisciplinary 

contributors in the project. The work within these communities further spreads awareness 

of the project and heritage and rock-art related issues. The RADB System is addressed 

within the use of GitHub allowing scholars and enthusiasts to contribute to the system’s 

development through conceptual contributions by adding files to Code, leaving 

comments about Issues or making changes to the Wiki (see Figure 9-2). The RADB 

System is further tested in the CMS and plugins that can be tested within an Agile 

Development approach without affecting the core of the system or stored user data. The 

Open Source CMS provides a proof of concept mode for the RADB Management System 

while GitHub provides a collaborative tool for developing the CMS and plugins for 

extended functionality. 

9.2.3 The Open Source Model 

The Open Source Model addresses the RADB framework by providing tools for 

development, testing and deployment for collaboration, information structure and 

information visualization for rock-art. While GitHub provides the development tool for 

the CMS and its functionalities, Wordpress provides a framework for the Content 

Management System within which the system can operate. 

9.2.3.1 The Open Source Development Platform 

The RADB uses GitHub for the development of the RADB System and RADB 

Management System (see Figure 9-1). The following tools in GitHub are used for the 

development of the CMS: 
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Code: The repository provides two folders, one for the CMS development and 

one for the conceptual model development for the RACM, RARM and RAVM 

(see Figure 9-3) 

 
Code > CMS: provides the CMS repository in a folder type structure. The 

CMS follows the Wordpress framework structure and includes a 

customized theme and plugins. Files contained within this folder contain 

mainly html, css, php and javascript documents. 

Code > Reference Model: provides the repository for the conceptual 

rock-art model development for the RACM, RARM and RAVM. Files 

contained within this folder include text, image, pdf, excel and word 

documents. 

 
Wiki: The Wiki provides background information about the RADB project and 

further provides two main documents: 

 

 User manual / guide for use of the CMS (for example setting up user 

accounts, collecting and managing data in the RADB) (see Appendix J) 

 Guide for RADB development contribution on GitHub (for example 

conceptual and technical contributions to the RACM, RARM and RAVM) 

 
Issues: The issues section is made available for contributors and is open for any 

comments and feedback. The issues section is also used for internal use by the 

project development team at PERAHU. Issues addresses general feedback, 

usability, bugs, fixes and feature requests for the RADB and assign roles and 

milestones to each issue for Quality Assurance purposes within an Agile 

Development Approach and are recorded in the Changelog (see Figure 9-2). 

 
Pull Request / Fork: Pull requests and forks are used to develop and implement 

plugins in the CMS. The original GitHub account is maintained by the project 

leader at PERAHU, Griffith University. 
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Figure 9-1: Development Platform examples in GitHub: RADB Wiki (top left), RADB Q&A and 
Issues (top right), RADB Code Repository (bottom left), RADB Feature Request (bottom right) 

9.2.3.2 The Open Source Content Management System (CMS) 

 
The RADB uses the Wordpress CMS as the framework for its deployed RADB 

Management System. The CMS is based on Wordpress using version 4.1 of the core 

system and includes the following features: 

 

Themes: The CMS uses a custom theme developed for the RADB that makes use 

of the RACM, RARM and RAVM to visualize semantic and rich-media 

information. The theme is based on Wordpress Ten but uses a custom child of the 

Ten theme to incorporate new visualization features based on the plugins used for 

managing and visualizing content data. 

 

Plugins: The system uses plugins to integrate functions outlined in the RACM, 

RARM and RAVM including but not limited to social networking capabilities, 

semantic mapping of metadata and rich-media formats and visualization tools in 

text, image, video, sound and 3D (see Attachment: Plugins). 
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9.3 Discussion 

The Open Source model addressed the interdisciplinary and international 

approach within the RADB KPI and RADB Universe by allowing the public to contribute 

not only rock-art data in rich-media formats but also conceptual models and technical 

data in form of code for software development. It developed a deployed CMS for the 

RADB Management System within GitHub and Wordpress with rich-media 

functionalities that address the RADB Framework. 

9.3.1 Wordpress 

Wordpress provided a framework for the RADB Management System within the 

Wordpress CMS. The CMS framework allowed for the public to understand the CMS 

design and assist with contributions towards extension of design and functionalities in 

semantic data structures and rich-media formats. Furthermore, all contributions were 

developed in the Open Source community and can be used within and outside of the 

RADB in CMS if they comply with the Wordpress framework. 

The CMS was further useful within its plugin approach that allowed 

implementing, testing and changing new functionalities within the RADB Framework 

without affecting existing users and user data as described in the Layers of Data 

Abstraction (see Chapter 5). This approach assisted with the Agile Development as each 

iteration of the development cycle could implement and test new technical tools within 

the system without major system interruptions. 
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Using Wordpress also assisted with the RACM by allowing the community of 

contributors to grow beyond the heritage field by allowing the greater IT community to 

get involved in the RADB project. 

9.3.2 GitHub 

GitHub provided a useful tool for the management of the RADB System and 

RADB Management System’s development. Like Wordpress, it allowed for the extension 

of the contributions towards the RADB beyond the heritage and rock-art field by 

allowing the GitHub community to get involved with and share conceptual and technical 

data. 

The Code section allowed for easy to handle file management of conceptual data, 

similar to folder management within standard operating systems. Code further allowed 

the management of code and CMS application data using version control and easy 

sharing functionalities using push and pull requests within the repository. 
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Figure 9-2: RADB Issues (left) and Changelog (right) on GitHub 

The Issues section allowed the assignment of milestones and people to particular 

issues addressed within user feedback. Issues further provided a tool for monitoring 

requests, changes and general development of new features and implementations through 

listing pending issue requests, tasks on hold and completed issue requests. This approach 

assisted with the Agile approach and provided a tool for prioritizing tasks within each 

iteration of the development process. 

The Wiki provided a useful tool for guides that assist with better understanding of 

the documents within the data repository by contextualizing data within the RADB 

Universe, providing background information on issues and possible solutions. The Wiki 

allowed for putting into words what could not be explained within the Code or Issues 

section and therefore allowed for the better communication of the objectives and 

intentions behind the RADB Management System and the repository to tech and non-tech 
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savvy contributors. The Wiki was further used as the help portal for the RADB 

Management system providing a step-by-step guide for new users of the deployed RADB 

Management System. 

 

Figure 9-3: RADB Wiki on GitHub 

The data was managed in GitHub since full user contributions were enabled in 

2015. Data prior to 2015 was managed in Wordpress and within the RADB Management 

System. GitHub clearly simplified the management of conceptual models and code by 

streamlining tasks that prior needed to be copied and managed manually within a 

multiplicity of filing system on ftp and cloud servers. 

9.4 Summary 

The use of Open Source applications addressed findings within the RADB 

Universe and particularly the RACM within the RADB Framework. An Open Source 
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development platform was successfully used within GitHub and allowed for improved 

management and the sharing of conceptual models and code towards the development of 

the RADB Management System. The use of the Wordpress framework allowed for the 

development of a CMS within a widely used Open Source framework which allowed for 

technical data to be better understood by a wide community of contributors and users. 

Both GitHub and Wordpress contributed to the development and implementation 

of the deployed RADB Management System within an Agile development approach 

allowing for the management and updating of files within a flexible dynamic system. 

The Open Source community has a potential for more than just technical 

development of applications and needs to be explored further within the development of 

non-technical files for rock-art and heritage conceptual models within the RADB 

Framework. 
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10. Conclusion 

The last Chapter of this thesis summarizes all previous Chapters to discuss the 

potential and limitations of the presented RADB model. In support of the findings the 

deployed proof of concept model is made available at www.rockartdatabase.com  for 

public access. The development platform for the RADB is made available on GitHub at 

https://github.com/rhaubt/Rock-Art-Database-RADB-/wiki/1.-Wiki-Home-|-Help. Due to 

the use and frequent updates of the RADB within an Agile Development Approach a 

version of the RADB, RADBv.2.0beta, has been submitted with this thesis and archived 

within the RADB Wiki at https://github.com/rhaubt/Rock-Art-Database-RADB-

/wiki/archive. 

10.1 Chapter Summary 

The RADB presents a world first global rock-art database model that considers 

the role of people, ideas and technology within the curation of rock-art heritage 

information. The motivation behind the project lies within ongoing issues in international 

and Australian rock-art heritage management and the need to develop new ideas and 

technologies to address the problem. While data is often invisible on the Web, the 

Department of the Environment (2011) contributed heritage management issues to a lack 

of understanding Indigenous Cultural Heritage and the use of inadequate or inappropriate 

tools for managing heritage data within a highly decentralized heritage system. A similar 

issue was found within a highly decentralized international rock-art heritage system. 
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Rock-art is often difficult to manage due to its complex human-environment-time 

relationships within tangible and intangible heritage and a centralized system could assist 

with bringing complex information together for analysis. 

The RADB presented a solution within a Radical Collaborative Approach, the use 

of metadata and semantic information structures and visualization tools for abstract and 

real world data objects within the Rock-Art Collaboration Model (RACM), Rock-Art 

Reference Model (RARM) and the Rock-Art Visualization Model (RAVM).  

To improve accessibility and visibility of rock-art information the RADB used a 

Radical Collaborative Approach within which anyone from anywhere at any time can 

contribute not only to heritage content collections within the model but also contribute to 

the systems’ development itself bringing together potential solutions for heritage and 

rock-art management. The approach further addressed the idea of creating meaningful 

data through crowd-sourcing, human-based computation and learning theory in online 

environments and explored how the public can be motivated to participate. The project 

produced the RACM, which was deployed and tested in the RADB engaging people from 

all around the world in rock-art and spreading awareness of rock-art related issues. 

The information structure approach addressed the issue of improving 

understanding of information through common standards and ontologies allowing for 

improved interchange of heritage information. Common data standards used within the 

RADB enabled the sharing of data in compatible formats while the use of the conceptual 

RARM expanded on this idea by further enabling the exploration of relationships 

between entities in the database model. The relationship models were expressed within 

ontologies that were mapped against the CIDOC CRM and presented in machine-
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readable formats and visualized within WebVOWL. Ontologies have the potential to 

explore information beyond common Relational Database Models (DBMS) by informing 

the logic within the relationship between entities and have potential to assist with deeper 

understanding, for example, of tangible and intangible heritage through logical 

constructs. The RADB currently does not query such ontologies but uses the conceptual 

models to inform the design of the RADB Management Systems. 

Abstract data, such as ontologies, and real world rock-art data, such as rock-art 

sites or paintings, were visualized using the relational mapping tool WebVOWL for 

exploring abstract data sets while a variety or rich-media formats from still image to 3D 

and GIS were deployed to visualize physical features of rock-art. The RADB 

implemented the conceptual RAVM that assisted with analysis of the usefulness of 

abstract and rich-media tools in order to develop and deploy more targeted technologies 

in specific rock-art applications. 

The RACM, RARM and RAVM assisted with the conceptual development of the 

RADB informing the design of the RDBMS while the RARM and RAVM Spreadsheet 

Mapping Documents helped with defining rock-art form fields. To date the RADB has 

attracted over 4000 visitors and features over 245 RADB Collection entries in 

streamlined metadata and rich-media formats showcasing data in image, sound, virtual 

reality or 3D within a GIS Digital Earth type system.  
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10.2 Discussion 

This last section highlights the potential of the RADB model but also identifies its 

limitations. This will help to understand the advantages of the model but also show areas 

of the model that can be improved on within the development and the use of the RADB. 

10.2.1 Potential 

The biggest potential of the model is the improvement of the accessibility and 

visibility of global rock-art data by providing a centralized platform. The RADB 

describes layers of digital curation from data planning, collection to management and 

dissemination within abstract and real world data models and provides insight into the 

processes behind collaboration, information structure and visualization of rock-art 

heritage data. 

The implemented RADB Universe model further assisted with this insight by 

breaking down the role of people, ideas and deployed models within the RADB and 

explored each tier individually as well as the interactions between the tiers. This assisted 

with breaking down tasks into smaller manageable packages and provide solutions for 

each tier but also for interrelations within the tiers. 

However, the full potential of the RADB is not yet explored and requires further 

future testing using more concrete examples for the development and use within specific 

applications. The model has potential to grow in the future through integration of new 

ideas and technologies particularly within the field of rock-art, heritage, ontology and 

computer sciences. All these areas have potential to support and improve the model 
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introduced within this research project but with particular potential to improve models 

within the interdisciplinary nature of this project. 

10.2.2 Advantages addressed within the RADB KPI 

Identification of Cultural Heritage and rock-art.  The collaborative model 

allows the public to contribute whatever from wherever and whenever increasing 

the potential of new heritage identification within a global crowd-sourcing and 

human-based computation filtering approach. The model further enables visual 

exploration of heritage and rock-art data within a single previously not available 

centralized platform. Through exploration of visualized conceptual semantic 

models interrelations can be further explored and lead to new discoveries. 

 

Management of Cultural Heritage and Rock-Art. The model provides an 

interdisciplinary and international approach to heritage data management using 

Australian heritage as a test model. The model breaks down the role of people, 

ideas and deployed data into a clearly separated structure and enables exploration 

within the interrelation of these tiers. Clearly defined data structures within a 

centralized system provide a compatible data model while the use of ontologies 

inform relational models currently explored through linked data mapping tools 

and WebVOWL visualization. 

 

Protect. The RADB provides a centralized global model that allows for linking, 

storing and comparing of abstract and real world data sets which can be used to 

find and develop new preservation and conservation methods by exploring the 

success and failure of individual projects. Through making available a variety of 

abstract data and real world data visualization tools the model further provides 

new ways of looking at rock-art within, for example, intangible heritage described 

through ontology models visualized in WebVOWL or 3D models and GIS for 

visually exploring physical features of rock-art. 

 

Leadership. As a world first centralized global rock-art database the model 

provides leadership within the field by making available a proof of concept model 

for scholars and enthusiasts alike within a conceptual and deployed model. The 

models can be downloaded, explored, shared and improved on through the Open 

Source community opening up contributions to development and management of 

heritage data not just to a few individuals but the world. 

 

Celebrate. The RADB celebrates rock-art by spreading awareness through a 

publicly deployed global model. The model further allows the public to contribute 

and share their experiences within social media type functions in the online 

platform, enabling everyone to tell more interactive stories in rich-media formats. 
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Interdisciplinary. The model provides an interdisciplinary project with the 

potential to share development experiences within other areas including but not 

limited to archaeology, anthropology, librarianship, information sciences, data 

philosophy as well as computer sciences and computer engineering. Sharing 

experiences has the potential to discover interrelations between disciplines and 

increase the potential of wider use of the model which in turn could improve the 

quality of the model in all disciplines. 

  

Rock-Art. The model provides a first centralized system for international rock-art 

data management and networking with the potential to grow. The model provides 

tools for Informed and Formal rock-art analysis in abstract and rich-media 

formats and invites the public to contribute to further exploration of these tools. 

 

The described advantages can help produce a more complete understanding of 

rock-art and cultural heritage through the collaborative, information structure and 

visualization approach described in the RACM, RARM and RAVM. The more the model 

will be used the more the quality of the system can increase, which in turn can produce 

higher quality output data and further push the positive development of the RADBs’ 

potential. 

The collaborative approach has potential to collect vast amounts of information 

through crowd-sourcing within the Radical Collaborative Approach making more data 

available that might otherwise be locked away and never be used. The approach has 

further potential to develop better tools through more technical contributions. 

Growing interest within the Semantic Web community has potential to improve 

data management, metadata formats and ontologies through wider use and make 

information more compatible and more accessible. Improved information structures can 

further help with improved understanding of data through shared standards and 

ontologies allowing people to ask more targeted questions and receive more targeted 
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answers. This could in turn increase the speed within which we look for, access and 

retrieve information and help with faster rock-art data collection and management. 

Abstract data visualization models such as implemented in the WebVOWL 

implementation can help improve understanding of complex data sets while rich-media 

formats can help with improved exploration and analysis of physical features of real 

world objects. Combining abstract information visualization and rich-media formats has 

the potential to better understand the usefulness of new technologies and can assist with 

developing more targeted tools for more specific applications. 

Combining radical collaborative models, standardized and semantic information 

structures within new tools for information visualization can further provide more 

interactive and immersive tools bringing people, ideas and technology one step closer 

together towards a Digital Earth type model. 

10.3 Limitations 

Besides areas with potential, the model also shows clear limitations. The 

limitations can be broken down into three categories and inform potential future 

development of the RADB. 

10.3.1 Data Quantity and the Role of People 

The RADB model depends on contributions from the public. This has a direct 

impact on the amount of content generated within the CMS but also the amount of 

content for the conceptual and practical development of the application. New methods 

need to be explored to improve user motivation and engagement within the online 
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community to ensure sustainable development in the future of the system creating more 

data. 

10.3.2 Data Quality 

The heritage and technical data content of the model will only ever be as good as 

the contributions produced and filtered by the public. The quality and quantity of data is 

purely dependant on the use of the system. The assumption here is that the more data will 

be in the system, the more use the system will experience which in turn will help with the 

quality of the data through filtering processes within human-based computation but also 

improve technical development. 

10.3.3 Technical 

The success of the model depends on the use of the technical tools and data 

standards provided within the system. While useful tools in rich-media formats can 

attract users and encourage more frequent use of the system, the use of data standards, 

such as Dublin Core but also the use of conceptual models, such as the CIDOC CRM or 

OWL depends on the wider use of these models within the heritage and Semantic Web 

community. Currently only little use is made of metadata standards and basic linked data 

within heritage Web applications and more complex semantic data, such as the CIDOC 

CRM or OWL, is used even less. The success of these models does not depend on 

making more linked data available but showing how this data can be useful. 
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10.4 Summary 

Looking back to where the project started in 2009, as a small data repository on 

my computer, the project has come a long way in the last few years towards providing a 

centralized platform for rock-art on the World Wide Web. While it is still difficult to find 

rock-art related information on the Web, the RADB provides a first step towards 

improving the accessibility and visibility of rock-art information and contributed to 

providing conceptual models within an interdisciplinary, international and Australian 

Cultural and Indigenous Heritage context. The RADB system will only ever be as good 

as its contributions and therefore encourages scholars and enthusiasts to engage in the 

future development of the project to further improve our understanding of cultural 

heritage and rock-art through abstract and real world data models curating rock-art in a 

Digital Earth type model. 
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12. Appendices 

A. Ethical Clearance 

(Protocol Number HUM/26/12/HREC) 

 

GRIFFITH UNIVERSITY HUMAN RESEARCH ETHICS COMMITTEE 

                                                               

15-Aug-2012 

 

Dear Mr Haubt 

 

I write further to the additional information provided in relation 

to the conditional approval granted to your application for ethical 

clearance for your project "Virtual Environment Archives: A Case 

Study of Socio-Technological Antilogies in Cultural Preservation 

within Australian Rock Art Archives" (GU Ref No: HUM/26/12/HREC). 
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assurances or amendments to this protocol. 

 

Consequently, I reconfirm my earlier advice that you are authorised 

to  immediately commence this research on this basis. 

 

The standard conditions of approval attached to our previous 

correspondence about this protocol continue to apply. 

 

Regards 

 

Chris Rose'Meyer 

Policy Officer, Research Ethics and Governance 

Office for Research 

G39 3.56 Gold Coast Campus 

Griffith University 

ph: +61 (0)7 5552 7227 

fax: +61 (0)7 5552 9058 

email: c.rosemeyer@griffith.edu.au 
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University Code for the Responsible Conduct of Research provides 

guidance to researchers in areas such as conflict of interest, 

authorship, storage of data, & the training of research students. 
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http://www62.gu.edu.au/policylibrary.nsf/xupdatemonth/e7852d226231d2

b44a25750c0062f457?opendocument 
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B. Global Rock Art Website List 

 
AMIS DE L’ARTE RUPESTRE SAHARIEN (AARS) 

AMERICAN ROCK ART RESEARCH ASSOCIATION (ARARA) 

ANISA: ROCK ART AND SETTLEMENT IN THE ALPS (AUSTRIA) 

ARCHIVO NACIONAL DE ARTE RUPESTRE (ANAR) 

ARTE PREISTORICA  

ARTE RUPESTRE EL SALVADOR 

ASOCIACION DE ARTE RUPESTRE (APAR) 

AUSTRALIAN ROCK ART RESEARCH ASSOCIATION (AURA) 

BANCROFT LIBRARY ROCK ART STUDIES BIBLIOGRAPHIC DATABASE 

BRITISH ROCK ART BLOG 

CAVE ART RESEARCH ASSOCIATION (CARA) 

CAVE OF CHAUVET 

CENTRE FOR ROCK ART RESEARCH (CRAS) 

CENTRE FOR ROCK ART RESEARCH AND MANAGEMENT (UNIVERSITY OF WESTERN AUSTRALIA) 

CENTRO STUDI E MUSEO D'ARTE PREISTORICA (CESMAP) 

COLORADO ROCK ART ASSOCIATION 

DEER VALLEY ROCK ART CENTRE 

DURHAM UNIVERSITY: ROCK ART PAST AND PRESENT 

EASTERN STATES ROCK ART RESEARCH ASSOCIATION (ESRARA) 

EAST AFRICAN ROCK ART (BLOG) 

ENGLAND’S ROCK ART (ERA) 

EUROPREART 

GETTY CONSERVATION INSTITUTE SOUTHERN AFRICAN ROCK ART PROJECT (SARAP) 

GLOBAL HERITAGE NETWORK (GHN) 

GROUPE D’ETUDES, DE RECHERCHES ET DE SAUVEGARDE DE L’ART RUPESTRE 
(GERSAR) 

GRUPO CUBANO DE INVESTIGACIONES DEL ARTE RUPESTRE 

INSTITUTUM CANARIUM 

INTERNATIONAL FEDERATION OF ROCK ART ORGANIZATIONS (IFRAO) 

ITALIAN-LIBYAN ARCHAEOLOGICAL MISSION IN THE ACACUS AND MESSAK 

KARELIAN RESEARCH CENTRE OF THE RUSSIAN ACADEMY OF SCIENCES: PETROGLYPHS 

LASCAUX CAVE 

MIRARR ROCK ART PROJECT 

NATIONAL MUSEUM OF SOUTH AFRICA ROCK ART DEPARTMENT  

NEVADA ROCK ART FOUNDATION 

NINE MILE CANYON COALITION 

NORTHUMBERLAND ROCK ART 

NUBIAN ROCK ART ARCHIVE 

PLACE EVALUATION AND ROCK ART HERITAGE UNIT (PERAHU) 

PETROGLYPH US 

PREHISTORIC CAVES OF CANTABRIA 

PROYECTO RUPESTRE  

QUINKAN AND REGIONAL CULTURAL CENTRE 

ROCK ART OF ALTA 

ROCK ART BLOG 

ROCK ART CONSERVATION CENTRE 

ROCK ART LIST 

ROCK ART IN NORTHERN EUROPE (RANE) 

ROCK ART FOUNDATION (TEXAS) 

ROCK ART RESEARCH INSTITUTE (RARI) 

ROCK ART RESEARCH INVESTIGATION GROUP (GRUPO DE INVESTIGACION DE ARTE RUPESTRE) 

ROCK ART SITES OF THE COA VALLEY AND SIEGA VERDE 

ROCK ART SOCIETY OF INDIA (RASI) 

ROCK ART IN WALES 

RUPESTRE  

SCANDINAVIAN SOCIETY FOR PREHISTORIC ROCK ART 

SIARB: ORGANIZATION TO INVESTIGATE THE ROCK ART OF SOUTH AMERICA 

SIBERIAN ASSOCIATION FOR PREHISTORIC ART RESEARCH (SAPAR) 

SOUTH AFRICAN ROCK ART DIGITAL ARCHIVE (SARADA) 

SOUTH EAST ASIAN ARCHAEOLOGY NEWSBLOG 
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STUDYING HUMAN USE OF MATERIALS, LAND & ART (SHUMLA) 

STAND UP FOR THE BURRUP 

TE ANA (NGAI TAHU) ROCK ART CENTRE 

TRUST FOR AFRICAN ROCK ART (TARA) 

VIRTUAL WARRANE II 

UNITED NATIONS EDUCATION, SCIENTIFIC AND CULTURAL ORGANISATION (UNESCO) 

UNESCO, WORLD ROCK ART ARCHIVE 

UTAH ROCK ART RESEARCH ASSOCIATION (URARA) 

UTAH 3D 

Total: 68 
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C. Australian Heritage Organizations 

 

This page provides a collection of data fields from international, national, local and 

community heritage data forms. The data fields are used to inform the data fields within 

the RADB and are mapped against the CIDOC CRM and RARM to allow for 

international and interdisciplinary reporting and data compatibility. 

The Australian Heritage System 

The Australian heritage system is highly decentralized. The list below summarizes the 

system. [1] 

19 Heritage Organizations 

37 Government Heritage Bodies 

15 Non-Government Heritage Bodies  

National Australian Heritage Organizations 

Government Organizations 

1. Department of Sustainability, Environment, Water, Population and 
Communities (SEWPAC) [2] 

2. The Australian Heritage Council [3] 
3. Australian Institute of Aboriginal and Torres Strait Islander 

Studies (AIATSIS) [4] 

4. Environment Protection and Heritage Council [5] (discontinued) 
5. Office of Indigenous Policy Coordination [6] (link not working) 
6. Wet Tropics Management Authority [7]  

Non-Government Organizations 

1. Australian Council of National Trust [8] 
2. Royal Australian Institute of Architects [9] 
3. Engineering Heritage Australia [10] 
4. Australia ICOMOS [11] 
5. Australasian Society for Historical Archaeology [12] 
6. Federation of Australian Historical Societies [13] 
7. Australasian Institute for Maritime Archaeology [14] 
8. Australian Institute for the Conservation of Cultural Material 

[15] 

9. Collections Council of Australia [16] (not working) 
10. Australian Conservation Foundation [17] 

11. World Wide Fund for Nature - Australia [18] 

12. Planning Institute of Australia [19] 

13. The Heritage Chairs and Officials of Australia and New Zealand 

(EPHC) [20] 
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14. Australian Archaeological Association 

15. Australian Association of Consulting Archaeologists Inc.  

National Heritage Places and Lists 

1. World Heritage List [21] 
2. National Heritage List [22] 
3. Commonwealth Heritage List [23] 
4. Australian National Shipwreck Database [24] 
5. List of Overseas Places of Historic Significance to Australia 

[25] 

6. Register of the National Estate [26]  

Heritage Bodies by State 

Australian Capital Territory (ACT) 

Government Organizations 

1. Department of Territory and Municipal Services [27] 
2. ACT Heritage [28] 
3. ACT Heritage Council [29] 
4. Parks and Recreation [30]  

Non-Government Organizations 

1. National Trust of Australia (ACT) [31]  

Christmas Island 

Government Organizations 

1. Department of Infrastructure and Regional Development [32]  

Non-Government Organizations 

1. unknown  

Comment: Unclear who the heritage authority is. Some reports have been prepared for 

Department of Transportation and Regional Development others for Department of 

Infrastructure and Regional Development 

Cocos Island 

Government Organizations 

1. Department of Infrastructure and Regional Development [33]  
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Non-Government Organizations 

1. UN World Heritage List: Cocos Island National Park [34]  

New South Wales (NSW) 

Government Organizations 

2. Office of Environment and Heritage [35] 
3. Department of Planning, Heritage Branch [36] 
4. Heritage Council NSW [37] 
5. NSW National Parks and Wildlife Service [38] 
6. Historic Houses Trust NSW [39] 
7. Department of Aboriginal Affairs (link not working) [40]  

Non-Government Organizations 

1. National Trust of Australia (NSW) (link not working) [41] 
2. Nature Conservation Council NSW [42]  

Comment: Two links not working. AHIMS database costs $60 per search and is very 

clumsy and difficult to use eg map jumps when zooming in or scrolling. 

Northern Territory (NT) 

Government Organizations 

1. Department of Natural Resources, Environment, the Arts and Sports 
[43] 

2. Northern Territory Heritage Advisory Council [44] 
3. Parks and Wildlife Service of the Northern Territory [45] 
4. Aboriginal Areas Protection Authority, NT [46]  

Non-Government Organizations 

1. The Environment Centre, Northern Territory [47] 
2. National Trust of Australia (NT) [48]  

Norfolk Island 

Government Organizations 

1. Planning and Environment, Administration Norfolk Island [49]  

Non-Government Organizations  

1. unknown 
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Queensland (QLD) 

Government Organizations 

1. Department of the Environment and Resource Management [50] 
1. Queensland Heritage Council [51]  

Non-Government Organizations 

2. National Trust of Queensland [52] 
3. Queensland Conservation [53]  

Comment: ACL report commented on Queensland Register. Difficult to find information 

on exact data required for heritage listing and/or management [87], [88] 

South Australia (SA) 

Government Organizations 

1. Department for Environment and Heritage [54] 
2. South Australia Heritage Branch [55] 
3. South Australian Heritage Council [56] 
4. National Parks and Wildlife South Australia [57] 
5. History Trust of South Australia [58] 
6. Aboriginal Affairs and Reconciliation Division, Department of 

Premier and Cabinet [59]  

Non-Government Organizations 

1. National Trust of South Australia [60] 
2. Conservation Council of South Australia [61]  

Tasmania (TAS) 

Government Organizations 

1. Department of Primary Industries, Parks, Water and the 
Environment (link not working) [62] 

2. Heritage Tasmania [63] 
3. Tasmanian Heritage Council [64] 
4. Tasmanian Parks and Wildlife Service [65] 
5. Aboriginal Heritage Office [66]  

Non-Government Organizations 

1. National Trust of Australia (Tasmania) [67] 
2. Environment Tasmania [68]  

Comment: Heritage list is a excel spreadsheet. One of the links is not working. 
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Victoria (VIC) 

Government Organizations 

1. Department of Transportation, Planning and Local Infrastructure 
[69] 

2. Department of Environment, Land, Water and Planning (Historical 
Heritage) 

3. Department of Premier and Planning (Aboriginal Heritage via 
Aboriginal Cultural Heritage Register and Information System) 

4. Heritage Victoria [70] 
5. Heritage Council of Victoria [71] 
6. Parks Victoria [72] 
7. Aboriginal Affairs Victoria [73]  

Non-Government Organizations 

1. National Trust of Australia (Victoria) [74] 
2. Environment Victoria [75]  

Western Australia (WA) 

Government Organizations 

1. Department of Environment and Conservation (link not working) 
[76] 

2. Heritage Council of Western Australia [77] 
3. Department of Indigenous Affairs [78]  

Non-Government Organizations 

1. National Trust of Australia (Western Australia) [79] 
2. Conservation Council of Western Australia (link not working) [80]  

Comment: Two links not working. National Trust WA heritage policy points out key 

issues in heritage management: [...] There are no common standards or methodologies in 

the identification and assessment of heritage places of local or regional significance. 

There are insufficient incentives or policy tools to encourage conservation of heritage 

places in private ownership [...] [93] 

References 

1. Department of the Environment (formerly SEWPAC), (2014). National heritage 

organisations. [online] Environment.gov.au. Available at: 

http://www.environment.gov.au/node/19604 [Accessed 23 Apr. 2014]. 

2. at http://www.environment.gov.au/index.html  

3. The Australian Heritage Council, available ^ 

http://www.environment.gov.au/aggregation/australian-heritage-council  

http://www.environment.gov.au/node/19604
http://www.environment.gov.au/index.html
http://www.environment.gov.au/aggregation/australian-heritage-council
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4. Australian Institute of Aboriginal and Torres Strait Islander Studies (AIATSIS), 

available at http://www.aiatsis.gov.au  

5. Environment Protection and Heritage Council, available at 

http://www.scew.gov.au/publications/archive  

6. Office of Indigenous Policy Coordination, available at http://www.oipc.gov.au/ 

(no longer available) 

7. Wet Tropics Management Authority, available at http://www.wettropics.gov.au/  

8. Australian Council of National Trust, available at http://www.nationaltrust.org.au/  

9. Royal Australian Institute of Architects, available at 

http://www.architecture.com.au/  

10. http://www.engineersaustralia.org.au/learned-groups/interest-groups/engineering-

heritage-australia/engineering-heritage-australia_home.cfm 

11. available at http://australia.icomos.org/  

12. available at http://www.asha.org.au/  

13. available at http://www.history.org.au/  

14. available at http://www.aima-underwater.org.au/  

15. available at http://www.aiccm.org.au/index.aspx  

16. available at http://www.collectionsaustralia.net/ (no longer available) 

17. available at http://www.acfonline.org.au/  

18. available at http://www.acfonline.org.au/  

19. available at http://www.planning.org.au/  

20. available at http://www.environment.gov.au/heritage/info/hcoanz.html  

21. available at http://www.environment.gov.au/topics/heritage/heritage-

places/world-heritage-list  

22. available at http://www.environment.gov.au/topics/heritage/heritage-

places/national-heritage-list  

23. available at http://www.environment.gov.au/topics/heritage/heritage-

places/commonwealth-heritage-list  

24. available at http://www.environment.gov.au/topics/heritage/historic-

shipwrecks/australian-national-shipwreck-database  

25. available at http://www.environment.gov.au/topics/heritage/historic-

shipwrecks/australian-national-shipwreck-database  

26. available at http://www.environment.gov.au/topics/heritage/heritage-

places/register-national-estate  

27. #ref_Department_of_Territory_and_Municipal_Services, ^ ,available at 

http://www.tams.act.gov.au/  

28. available at http://www.environment.act.gov.au/heritage  

29. available at http://www.environment.act.gov.au/heritage/act_heritage_council  

30. available at http://www.tams.act.gov.au/play/parks_forests_and_reserves (no 

longer available) 

31. available at http://www.nationaltrust.org.au/australian-capital-territory  

32. available at 

http://www.regional.gov.au/territories/christmas/enviro_herritage.aspx also see 

http://www.ga.gov.au/webtemp/image_cache/GA17230.pdf  

33. available at 

http://www.regional.gov.au/territories/cocos_keeling/enviro_herritage.aspx  

http://www.aiatsis.gov.au/
http://www.scew.gov.au/publications/archive
http://www.oipc.gov.au/
http://www.wettropics.gov.au/
http://www.nationaltrust.org.au/
http://www.architecture.com.au/
http://www.engineersaustralia.org.au/learned-groups/interest-groups/engineering-heritage-australia/engineering-heritage-australia_home.cfm
http://www.engineersaustralia.org.au/learned-groups/interest-groups/engineering-heritage-australia/engineering-heritage-australia_home.cfm
http://australia.icomos.org/
http://www.asha.org.au/
http://www.history.org.au/
http://www.aima-underwater.org.au/
http://www.aiccm.org.au/index.aspx
http://www.collectionsaustralia.net/
http://www.acfonline.org.au/
http://www.acfonline.org.au/
http://www.planning.org.au/
http://www.environment.gov.au/heritage/info/hcoanz.html
http://www.environment.gov.au/topics/heritage/heritage-places/world-heritage-list
http://www.environment.gov.au/topics/heritage/heritage-places/world-heritage-list
http://www.environment.gov.au/topics/heritage/heritage-places/national-heritage-list
http://www.environment.gov.au/topics/heritage/heritage-places/national-heritage-list
http://www.environment.gov.au/topics/heritage/heritage-places/commonwealth-heritage-list
http://www.environment.gov.au/topics/heritage/heritage-places/commonwealth-heritage-list
http://www.environment.gov.au/topics/heritage/historic-shipwrecks/australian-national-shipwreck-database
http://www.environment.gov.au/topics/heritage/historic-shipwrecks/australian-national-shipwreck-database
http://www.environment.gov.au/topics/heritage/historic-shipwrecks/australian-national-shipwreck-database
http://www.environment.gov.au/topics/heritage/historic-shipwrecks/australian-national-shipwreck-database
http://www.environment.gov.au/topics/heritage/heritage-places/register-national-estate
http://www.environment.gov.au/topics/heritage/heritage-places/register-national-estate
http://www.tams.act.gov.au/
http://www.environment.act.gov.au/heritage
http://www.environment.act.gov.au/heritage/act_heritage_council
http://www.tams.act.gov.au/play/parks_forests_and_reserves
http://www.nationaltrust.org.au/australian-capital-territory
http://www.regional.gov.au/territories/christmas/enviro_herritage.aspx
http://www.ga.gov.au/webtemp/image_cache/GA17230.pdf
http://www.regional.gov.au/territories/cocos_keeling/enviro_herritage.aspx
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34. [[#ref_UN_WHL_CocosIsland] ^ , available at http://whc.unesco.org/en/list/820  

35. available at http://www.epa.nsw.gov.au/  

36. available at http://www.environment.nsw.gov.au/heritage/index.htm  

37. available at http://www.environment.nsw.gov.au/heritage/index.htm  

38. available at http://www.nationalparks.nsw.gov.au/  

39. available at http://sydneylivingmuseums.com.au/  

40. available at http://www.daa.nsw.gov.au/ (no longer available) 

41. available at http://www.nsw.nationaltrust.org.au/default.asp (no longer available) 

42. available at http://nccnsw.org.au/  

43. available at http://www.nretas.nt.gov.au/corp-test/knowledge-and-

history/heritage#.U2g8_S8tqG8 (no longer available) 

44. available at http://www.nretas.nt.gov.au/knowledge-and-

history/heritagemanage/hac.html#.U2g8_y8tqG8 (no longer available) 

45. available at http://www.parksandwildlife.nt.gov.au/parks  

46. available at http://www.aapant.org.au/  

47. available at http://www.ecnt.org/  

48. available at http://www.nationaltrustnt.on.net/ (no longer available) 

49. available at http://www.planningandenvironment.gov.nf/documents.htm also see 

http://www.info.gov.nf/land&env/NIPlan/Heritage%20Register.pdf also see 

http://www.worldheritagenorfolkisland.com/  

50. available at http://www.derm.qld.gov.au/  

51. available at http://www.qldheritage.org.au/heritage/organisations/state/qld.html 

(no longer available) 

52. available at http://www.nationaltrust.org.au/qld/Home  

53. available at http://qldconservation.org.au/  

54. available at http://www.environment.sa.gov.au/Home  

55. available at http://www.environment.sa.gov.au/our-places/Heritage  

56. available at http://www.environment.sa.gov.au/about-us/boards-and-

committees/SA_Heritage_Council  

57. available at http://www.environment.sa.gov.au/parks/home  

58. available at http://history.sa.gov.au/  

59. available at http://dpc.sa.gov.au/aboriginal-affairs-and-reconciliation-division  

60. available at http://www.nationaltrust.org.au/sa/Home  

61. available at http://www.ccsa.asn.au/  

62. available at www.depha.tas.gov.au  

63. available at http://www.heritage.tas.gov.au/  

64. available at http://www.heritage.tas.gov.au/thc.html  

65. available at http://www.parks.tas.gov.au/  

66. available at http://www.aboriginalheritage.tas.gov.au/  

67. available at http://www.nationaltrust.org.au/tas/Home  

68. available at http://www.et.org.au/index.html  

69. available at http://www.dpcd.vic.gov.au/  

70. available at http://www.dpcd.vic.gov.au/heritage  

71. available at http://www.dpcd.vic.gov.au/heritage/about/heritage-council-of-

victoria  

72. available at http://parkweb.vic.gov.au/  

http://whc.unesco.org/en/list/820
http://www.epa.nsw.gov.au/
http://www.environment.nsw.gov.au/heritage/index.htm
http://www.environment.nsw.gov.au/heritage/index.htm
http://www.nationalparks.nsw.gov.au/
http://sydneylivingmuseums.com.au/
http://www.daa.nsw.gov.au/
http://www.nsw.nationaltrust.org.au/default.asp
http://nccnsw.org.au/
http://www.nretas.nt.gov.au/corp-test/knowledge-and-history/heritage#.U2g8_S8tqG8
http://www.nretas.nt.gov.au/corp-test/knowledge-and-history/heritage#.U2g8_S8tqG8
http://www.nretas.nt.gov.au/knowledge-and-history/heritagemanage/hac.html#.U2g8_y8tqG8
http://www.nretas.nt.gov.au/knowledge-and-history/heritagemanage/hac.html#.U2g8_y8tqG8
http://www.parksandwildlife.nt.gov.au/parks
http://www.aapant.org.au/
http://www.ecnt.org/
http://www.nationaltrustnt.on.net/
http://www.planningandenvironment.gov.nf/documents.htm
http://www.info.gov.nf/land&env/NIPlan/Heritage%20Register.pdf
http://www.worldheritagenorfolkisland.com/
http://www.derm.qld.gov.au/
http://www.qldheritage.org.au/heritage/organisations/state/qld.html
http://www.nationaltrust.org.au/qld/Home
http://qldconservation.org.au/
http://www.environment.sa.gov.au/Home
http://www.environment.sa.gov.au/our-places/Heritage
http://www.environment.sa.gov.au/about-us/boards-and-committees/SA_Heritage_Council
http://www.environment.sa.gov.au/about-us/boards-and-committees/SA_Heritage_Council
http://www.environment.sa.gov.au/parks/home
http://history.sa.gov.au/
http://dpc.sa.gov.au/aboriginal-affairs-and-reconciliation-division
http://www.nationaltrust.org.au/sa/Home
http://www.ccsa.asn.au/
http://www.depha.tas.gov.au/
http://www.heritage.tas.gov.au/
http://www.heritage.tas.gov.au/thc.html
http://www.parks.tas.gov.au/
http://www.aboriginalheritage.tas.gov.au/
http://www.nationaltrust.org.au/tas/Home
http://www.et.org.au/index.html
http://www.dpcd.vic.gov.au/
http://www.dpcd.vic.gov.au/heritage
http://www.dpcd.vic.gov.au/heritage/about/heritage-council-of-victoria
http://www.dpcd.vic.gov.au/heritage/about/heritage-council-of-victoria
http://parkweb.vic.gov.au/
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73. available at http://www.dpc.vic.gov.au/index.php/aboriginal-affairs/aboriginal-

affairs-overview  

74. available at http://www.nationaltrust.org.au/vic/Home  

75. available at http://environmentvictoria.org.au/index.php  

76. available at www.naturebase.net (no longer available) 

77. available at http://www.heritage.wa.gov.au/  

78. available at http://www.daa.wa.gov.au/  

79. available at http://www.nationaltrust.org.au/wa/Home  

80. available at https://www.conservationwa.asn.au/ (security alert!!) 

81. available at 

82. available at 

83. available at http://www.environment.nsw.gov.au/Heritage/listings/dbsoftware.htm  

84. available at http://www.environment.nsw.gov.au/heritageapp/heritagesearch.aspx  

85. available at 

http://www.history.org.au/Heritage%20identification%20and%20protection%20-

%20Northern%20Territory.html  

86. available at http://www.dlpe.nt.gov.au/heritage/indigenous-heritage  

87. available at 

https://www.legislation.qld.gov.au/LEGISLTN/CURRENT/Q/QldHeritageA92.p

df, http://www.ehp.qld.gov.au/heritage/documents/ag_enter_place_qhr.pdf  

88. available at http://www.ehp.qld.gov.au/forms/heritage.html, https://heritage-

register.ehp.qld.gov.au/basicSearch.html  

89. link missing 

90. link missing 

91. available at http://www.dpcd.vic.gov.au/heritage/victorian-heritage-

register/registration/how-to-nominate-to-the-victorian-heritage-register  

92. available at http://vhd.heritage.vic.gov.au/  

93. available at http://www.inherit.stateheritage.wa.gov.au/Public/?advanced=True  

94. available at http://www.nationaltrust.org.au/wa/heritage-policies  

95. link missing 

96. link missing  

Further Readings 

 Heritage NSW. (2014) Heritage publications, guidelines and information sheets | 

NSW Environment & Heritage. Retrieved May 15, 2014, from 

http://www.environment.nsw.gov.au/heritage/publications/index.htm  
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https://www.legislation.qld.gov.au/LEGISLTN/CURRENT/Q/QldHeritageA92.pdf
https://www.legislation.qld.gov.au/LEGISLTN/CURRENT/Q/QldHeritageA92.pdf
http://www.ehp.qld.gov.au/heritage/documents/ag_enter_place_qhr.pdf
http://www.ehp.qld.gov.au/forms/heritage.html
https://heritage-register.ehp.qld.gov.au/basicSearch.html
https://heritage-register.ehp.qld.gov.au/basicSearch.html
http://www.dpcd.vic.gov.au/heritage/victorian-heritage-register/registration/how-to-nominate-to-the-victorian-heritage-register
http://www.dpcd.vic.gov.au/heritage/victorian-heritage-register/registration/how-to-nominate-to-the-victorian-heritage-register
http://vhd.heritage.vic.gov.au/
http://www.inherit.stateheritage.wa.gov.au/Public/?advanced=True
http://www.nationaltrust.org.au/wa/heritage-policies
http://www.environment.nsw.gov.au/heritage/publications/index.htm


Appendix D - Australian Heritage Nomination and Registration Form Samples 

 

273 
 

D. Australian Heritage Nomination and Registration Form Samples 

i. Australian Capital Territory (ACT) Heritage Application Form  
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ii. Northern Territory (NT) Heritage Nomination Form 
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iii. Queensland (QLD) Heritage Application Form  
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iv. Australian Government Heritage Organisations Form Field Samples 
 
Department of the Environment, Australian Heritage Database (restricted and unrestricted) 

PHOTOGRAPHS  

LIST ARCHIVE 

CLASS NATURAL, INDIGENOUS HISTORICAL 

LEGAL STATUS  

PLACE ID  

PLACE FILE NO.  

STATEMENT OF SIGNIFICANCE  

OFFICIAL VALUES  

DESCRIPTION  

HISTORY  

CONDITION AND INTEGRITY  

LOCATION  

BIBLIOGRAPHY  

Keyword Results:  Total: 22.313          Indigenous Heritage: 1097 Rock Art: 44 
 
NSW Heritage Register 

ITEM DETAILS  

NAME OF ITEM  

TYPE OF ITEM EG ARCHAEOLOGICAL 

GROUP COLLECTION EG ABORIGINAL 

CATEGORY EG OCCUPATIONAL SITE 

PRIMARY ADDRESS  

LOCAL GOVERNMENT AREA  

LIST OF ADDRESSES  

STATEMENT OF SIGNIFICANCE  

DESCRIPTION  

HISTORY  

ASSESSMENT OF SIGNIFICANTS  

LISTINGS  

STUDY DETAILS TITLE, AUTHOR, GUIDELINES 

REFERENCES, LINKS, IMAGES  

DATA SOURCE  

Keyword Results:  Total:  Indigenous Heritage: unknown Rock Art: unknown 
 
VIC Heritage Register 

NAME  

ID NUMBER  

LOCATION / ADDRESS  

MUNICIPAL  

ARCHITECT / DESIGNER  

ARCHITECTURAL STYLE  

DATE OF CONSTRUCTION  

EXTENT OF REGISTRATION  

HERITAGE GROUP  

HERITAGE CATEGORY EG ABORIGINAL 

HERITAGE ACT CATEGORY  

HISTORY  

HERITAGE OVERLAY NUMBER  

LEVEL OF SIGNIFICANCE  

DESCRIPTION  

PHOTOGRAPHS  

Keyword Results:  Total: 200  Aboriginal Heritage: 9 Rock Art: 1 
 
QLD Heritage Register 

PLACE ID  

REGISTRATION TYPE EG STATE HERITAGE 

PLACE NAME  

ALTERNATIVE NAME  

PLACE CLASSIFICATION EG BUILT 

PLACE CATEGORY EG RELIGION 

PLACE TYPE  

THEMES  

REGISTRY ENTRY DATE  
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LOCATION  

ADDRESS  

LGA  

CULTURAL HERITAGE SIGNIFICANCE CRITERION A-G 

HISTORY  

DESCRIPTION  

ELEMENT NAME  

DESIGNER NAME  

STYLE  

DESIGN PERIOD  

BUILDER NAME  

CONSTRUCTION PERIOD  

CONSTRUCTION METHOD  

FABRIC  

ROOF  

PLACE COMPONENTS  

IMAGES  

MAPS  
 

Keyword Results:  Total: unknown  Indigenous Heritage: unknown Rock Art: 0 
 
SA Heritage Register 

MAP  

ADDRESS  

SUBURB  

ACCURACY  

DEVELOPMENT PLAN  

POLYGON TYPE  

STATUS CODE  

STATUS TYPE  

SECTION 16 INFORMATION  

DETAIL  

SIGNIFICANCE  

SUBJECT AREA EG ABORIGINAL 

CLASS  

LGA  

STATE HERITAGE ID  

HERITAGE NR  

ID CODE  

VALUATION INFORMATION  

PLAN, PARCEL AND TITLE  

Keyword Results:  Total: 21280  Indigenous Heritage: unknown Rock Art: unknown 
 
WA Heritage Register 

MAP  

LOCATION  

NAMES  

LOCAL GOVERNMENT  

REGION  

CONSTRUCTION DATE  

DEMOLITION DATE  

STATUTORY HERITAGE LISTING  

OTHER HERITAGE LISTINGS AND SURVEYS  

CONDITIONS  

ASSOCIATIONS  

STATE HERITAGE OFFICE LIBRARY ENTRIES  

CUSTODIAN  

PLACE TYPE  

LG  

USES  

HISTORIC THEMES  

ARCHITECTURAL STYLES  

CONSTRUCTION MATERIALS  

LISTING TYPES  

LISTING STATUSES  

GRADING  
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PHOTOGRAPH  

Keyword Results:  Total: 24594  Indigenous Heritage: unknown Rock Art: 0 
 
 
TAS Heritage Register 

PLACE NAME  

PLACE ADDRESS  

TOWN  

POSTCODE  

STATUS  

MUNICPAL  

Keyword Results:  Total: unknown  Indigenous Heritage: unknown Rock Art: unknown 
 
NT Heritage Register (state heritage only / indigenous register access restricted) 

NAME  

IS PUBLIC  

STATUS  

TYPE  

DESCRIPTION  

STATEMENT OF HERITAGE VALUE  

NOMINATED  

NOMINATED ACCEPTED  

INTERIM CONSERVATION ORDER  

ASSESSMENT REPORT  

REPORT ACTION, COMMENTS  

SIGNED BY MINISTER  

GAZETTED  

REVOKED  

DESTROYED  

FILE NO  

VALUE CULTURAL 

CONSERVATION POLICY  

LGA  

COMMENTS  

PHOTO  

SCAN  

FURTHER INFORMATION  

APPROXIMATE LOCATION  

STATUS EXPLANATIONS  

Keyword Results:  Total: unknwon Indigenous Heritage: unknown  Rock Art: unknown 
 
ACT Heritage Register 

BLOCK  

SECTION  

DEVISION  

DISTRICT  

ADDRESS  

Keyword Results:  Total: 49  Indigenous Heritage: unknown Rock Art: unknown 
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E. Rock-Art Recording Form Samples 

i. Rock-Art Recording Form, PERAHU, Griffith University (Sample Page) 
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ii.  Rock-Art Stability Index (RASI) (Sample Page) 
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iii. RASI Geographical Information System (Sample Page) 
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iv. Rock-Art Form Fields used in RADB 

 

   
 
183 form fields used in RADB Collection entries and mapped in RARM available 
on GitHub https://github.com/rhaubt/Rock-Art-Database-RADB-/wiki/2.2-RARM-|-
Reference-Model 
 
  

https://github.com/rhaubt/Rock-Art-Database-RADB-/wiki/2.2-RARM-|-Reference-Model
https://github.com/rhaubt/Rock-Art-Database-RADB-/wiki/2.2-RARM-|-Reference-Model
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F. Heritage Data Questionnaire Results 
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G. RADB User Registration Form Sample 

 
 
 
 
 
 
 
 
 
 
 
Registration form available on: http://www.rockartdatabase.com/v2/signup  
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H. RARM Spreadsheet Mapping (screenshot) 
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I. RAVM Informed and Formal Methods Mapping Document 

 
Method Aim RAVM Tools 

Scientific Method 
(Whitley, p. 73) 

Convergent methodologies 
based on different data sets 

RADB brings together research archives, projects 
and data in text, image and sound on a global 
scale 

Symbolic Analysis 
(Whitley, p. 81) 

E.g. semiotic analysis of signs 
and symbols e.g. Smile, 
metaphor etc. 

RADB allows to search and analyze images, 
videos, 3D models in text and image 

Ethnographic 
Analysis (Whitley, p. 
85) 

Ethnographic research RADB incorporates social networking and forum 
tools in text, image and sound to allow for 
recording and discussion of the record 

Formal Analysis 
(Whitley, p. 104) 

Comparing of visuals RADB allows for visual comparison of image, 3D, 
video 

Genetic Analysis E.g. linguistic and cultural 
relations 

RADB supports functional analysis through the 
use of the CIDOC CRM and RARM on an 
international, interdisciplinary and domain 
specific level 

Functional Analysis ?  

Neuropsychological 
Model Analysis 
(Whitley, p. 110) 

E.g. trance experience. 
Tools should include 7 
principles of trance imagery:  
simple replication 
Multiple replication 
Fragmentation 
Juxtaposition 
Rotation 
Superposition 
Integration 
Further research should look 
into the use of game engines 
to develop understanding of 
bodily experiences and 
hallucination rather than 
visual aspects through e.g. 
user interaction, aggression, 
empathy etc. 

RADB makes use of interactive 3 dimensional 
display of 2D and 3D imagery through X3DOM 
that allow for interactive fly through and image 
manipulation tools integration for e.g. simulation 
of how rock art can be perceived 

Analytical Analysis   

Landscape Analysis Compare nearby earth 
features 

RADB uses GIS systems in 2D and 3D, Google 
Maps and Google Earth and allows for kml and 
geo-tagging to highlight, mark or superimpose 
images on maps 

Archaeoastronomy Looking at the relation 
between the earth and the 
sky 

RADB uses Google Earth with integrated 
day/night/time animated features simulating the 
day and night skies including terrestrial and 
planetary bodies. 

Acoustics Investigates acoustical 
phenomena in archaeological 
and rock art sites 

RADB allows for attachment of sound files as 
well as integration in X3DOM in 2D, 3D and 
video 
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J. RADB Wiki Help / Getting Started Guide on GitHub 

Categories 
 

This is a brief overview of the functionalities of the Rock-Art Database. Before you get started please make 

yourself familiar with the different categories for publishing information. 

 PROFILE 
User Profiles contain information about the author of each entry 

 NEWS 
News can be published by users under the My News and will be published under Menu > News 

 UNESCO 
UNESCO World Heritage Sites including rock-art 

 RESOURCES 
Collection of rock-art related projects, databases, archives, research and records added by the 

admin team 

 WIKIPEDIA 
Collection of Wikipedia entries containing rock-art information 

 PROJECTS 
User can add Projects under My Projects. Projects are then published on the Search Map. Projects 

are rock-art projects by RADB members and may include records of Places, Sites and Items 

 PLACES 
Users can add Places under My Places. Places are then published and made available in the Search 

Map. Places are larger heritage areas eg Kakadu National Park (Places are typically contained 

within a Project and can contain Sites and Items) 

 SITES 
Users can add Sites under My Sites. Sites are then published on the Search Map. Sites are specific 

locations within a Place eg a specific site within Kakadu National Park (Sites are typically 

contained within a Project and / or Place and can contain Items) 

 ITEMS 
Users can add Items under My Items. Items are tangible or intangible records of eg objects or 

motifs typically within a Site (Items are typically contained within a Project, Place and / or Site) 

 

HELP WITH THE DATA FIELDS 
 

* all URL links must include ‘http://’ 

** all references must be entered in APA6.0 

*** all records must be ‘PUBLISHED’ (click “Publish” under the Publish Tab) first before images can be 

uploaded!! 

 

 

 

 

http://www.rockartdatabase.com/v2/wp-admin/edit.php?post_type=cpt-01-01
http://www.rockartdatabase.com/v2/news
http://www.rockartdatabase.com/v2/wp-admin/edit.php?post_type=cpt-01-02
http://www.rockartdatabase.com/v2/wp-admin/edit.php?post_type=cpt-01-03
http://www.rockartdatabase.com/v2/wp-admin/edit.php?post_type=cpt-01-04
http://www.rockartdatabase.com/v2/wp-admin/edit.php?post_type=cpt-01-05
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Profile 
 

Fill out the profile details and upload a new Profile Image. Make sure to select ‘Make This My Profile 

Author Picture’ at the bottom of the Upload Window. For best results set the image to Thumbnail 150×150, 

otherwise some clipping may occur. 

Note: The Profile image will appear on any of your record entries so people can always find the associated 

author with each entry. 
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Publish – Private & Public 

 
Ones you have created a new record you need to PUBLISH it to save the content. You can set your record 

to ‘Private’ so only you can see its content or ‘Public’ to share with other users. 

Note: Before you can upload any Media Files you need to publish the record first. Publishing the record 

creates a new folder on a designated cloud server. If you do not publish first the system won’t let you 

upload Media Files. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Info 

 
Provide a title, description and the date your record was first recorded / published. If your record exists 

within another database you can enter a separate ID. 
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Media 
 

You can upload and manage your media files here. You can upload images or provide links to websites, 

video (YouTube), .kml, 3D (Autodesk) or .x3d files. To enable the file upload you need to tick the 

appropriate box and a sub-tab will appear that will allow you to manage your files. 

If your record has an official website (eg a project website)  please tick the ‘Basic html’ box and enter the 

website link *  ***. 

 

 
 

 

Social Media 
 

You can provide your social media links from facebook, Twitter etc. so other users can find you and follow 

you through social media sites. You can further add frequent publications such as Newsletters or Journals 

that are published by your project *  **. Any Newsletter or Conference entry will also be published on our 

Menu > Newsletter and Menu > Conference page. 

 

 

 

 

 

 

 

 

http://www.rockartdatabase.com/v2/newsletters-and-publications/
http://www.rockartdatabase.com/v2/conferences/
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Location (Country | Language) 
 

GPS (Marker Location) will set the marker on the Search Map. If you do not provide a GPS (Marker 

Location) the record marker will not appear on the map but will still show up in the search list. 

Other Locations Contained in This Records allows you to add all locations that are not covered by the GPS 

(Marker Location). Adding locations will add more metadata to your record and improve the search-ability 

of your record. Please include all locations covered by this record by ticking the appropriate boxes 

(countries by continent data obtained from UN list of members). 

 

 

Location (Address) 
 

The Location (Address) adds legal and/ore registered location data to Places, Sites or Items. This section 

will provide detailed information about your record and will need to be filled out with great care. Please 

consider any legal or ethical implications before providing this information as this information could be 

used by other users to find the exact location of sites. 

 

 

 

http://www.un.org/en/members/
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Measurement 
 

The measurement tab allows you to add spatial and descriptive data to Places, Sites and Items. Please see 

the Ground Reference Frame ENU for use of the coordinate system). 

 

 

 

 

Flag 
 

Use this section to high-lite or sort your record for specific needs. Any record can be flagged and searched 

by you and other users for specific purposes such as legal, recording or any other issues. You can 

customize your flag by providing a unique Flag ID. 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Axes_conventions
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Legal 
 

Legal data refers to any legal or registered information by local, regional, national or international 

government bodies. Please enter this information with great care taking any legal or ethical implications 

under consideration. 

 

 

 

 

Access 
 

This section ONLY indicates access privileges for Projects, Places, Sites or Items. This does NOT control 

the access privileges for this record (visibility for other users) but simply sets metadata for permissions for 

this record. To set your record to private (not visible for other users) please see under Publish. 
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Classification (Archaeology) 
 

The classification tab provides detailed information about the Place, Site or Item. This section allows to 

classify archaeological data and is currently modeled on an Australian heritage model (data fields based on 

Rock-Art Reference Model). 

 

 

http://www.isprs-ann-photogramm-remote-sens-spatial-inf-sci.net/II-5-W3/89/2015/isprsannals-II-5-W3-89-2015.html


Appendix J - RADB Wiki Help / Getting Started Guide on GitHub 

 

295 
 

Classification (Rock-Art) 
 

This section allows users to add rock-art classifications to their Projects, Places, Sites and Items. The data 

can be provided in as much or as little detailed as needed. For example a project can generate a single rock-

art classification form for 100 motifs including pictographs, petroglyphs etc. Users can however also 

choose to upload a single form for each motif separately adding more detail to individual files. 

 

Each rock-art classification record allows users to upload new images or use already existing images within 

the record. For example if a user took a picture of a petroglyph with human figures but only uploaded the 

photograph to the Media section previously, he can now go through the media library, find the previously 

uploaded image and add it to the Classification (Rock-Art) tab. This allows users to better filter through 

records finding more detailed information about data contained within each record. 

The current classification fields (entities, properties) are based on the Rock-Art Reference Model. One of 

the many issues within rock-art research is the classification of data, which in part, this projects seeks to 

address. If you have any recommendations please join the discussion in our Wiki. 

 

 

 

http://www.isprs-ann-photogramm-remote-sens-spatial-inf-sci.net/II-5-W3/89/2015/isprsannals-II-5-W3-89-2015.html
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Archive (Project, Place, Site, Item) 
 

The Archive-Tabs allow you to add your record to another Project, Place or Site. You need to be the owner 

of the respective record in order to be able to add this entry to other Archive Collections. Once the record 

has been added to another Project, Place or Site in will appear under the Collection-Tab on the Front-End. 

 

 

 

Contact 
 

Provide contact details for this record. 

 

 

 

References 
 

You can provide a list of references related to your respective entry * **. All references will also be listed 

under Menu > Newsletters and Publications. 

 

 

http://www.rockartdatabase.com/v2/newsletters-and-publications/
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Discussion 
 

Allow or block people from leaving comments or linking to this record. 

 

 

 

Revisions 
 

Shows who has edited or updated the file. 
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K. RADB Developer Credits 

The Rock Art Database has been developed within the Open Source Community. The RADB team 

encourages professionals within the greater rock art and heritage community to contribute to the system’s 

development in order to build a better rock art tool for enthusiasts and researchers alike. 

 

Development, Design and Concept 
Haubt, R., PERAHU, School of Humanities, Griffith University 

 

Consultation 
Taçon, P., PERAHU, School of Humanities, Griffith University 

 

Plugins and Extensions 
1. Acs, A., Title Reference Number Generator based on parent-child relationship v.0.1beta 

2. AdminColumns.com, Admin Columns v.2.4.7 

3. Argonius, AG Custom Admin v.1.4.8.2 

4. Bavota, C., Add Logo to Admin v.1.6 

5. Benjamin, Don, WP Custom Search v.0.3.26 

6. Benjaminsson, U., Custom Upload Dir v.3.4 

7. Bogdan, Dragomir, ACF Accordion v.1.0.1 

8. Brachhold, Arne, Google XML Sitemaps v.4.0.8 

9. Bültge, Frank, Adminize 

10. Condon, E., Advanced Custom Fields v.4.4.1 

11. Condon, E., Advanced Custom Fields: Repeater Filed v.1.1.1 

12. Davidson, Brian, Manage/View Your Posts Only v.0.1 

13. Eenfeldt, Johan, Limit Login Attempts v.1.7.1 

14. G100g, Thumbnails for Backend v.0.0.5 

15. Garagulya, Vladimir, User Role Editor 

16. Haubt, R., Getfrom ACF field v.0.1beta 

17. Haubt, R., Hide Library- and URL-Tab in Media-Upload.php Browser for Author Profile Image 

v.0.1beta 

18. Haubt, R.,Enqueue Dashicons v.0.1beta 

19. Haubt, R.,User Profile change/add Fields v.0.1beta 

20. Haubt, R., Remove Quick Edit v.0.1beta 

21. Haubt, R., Remove Metaboxes v.0.1beta 

22. Haubt, R., Google Earth and kml call v.0.1beta 

23. Haubt, R., X3DOM call v.0.1beta 

24. Haubt, R., Auto Assign Category to Custom Post Type v.0.1beta 

25. Haubt, R., Remove Personal Options in User Profile v.0.1beta 

26. Haubt, R., Only Show Comments for Posts Owned by Author v.0.1beta 

27. Haubt, R., Auto Add Title as Post ID v.0.1beta 

28. Haubt, R., ACF Add-On only show relationship fields owed by author v.0.1beta 

29. Haubt, R., only count posts owned by author v.0.1beta 

30. Haubt, R., CSS for Backend v.0.1beta 

31. Haubt, R., ACF Geo Mashup Integration v.0.1beta 

32. Haubt, R., Author Page v.0.1beta 

33. Haubt R., x3dom color adjustment 

34. Haubt R., x3dom 2D to 3D tool 

35. Kuhn, D., Geo Mashup v.1.8.0 

36. latorante, Comment Attachment v1.5.5 

37. Lawson, Jesse, Easy Author Image v.1.5 

https://github.com/rhaubt/codepress-admin-columns
https://github.com/wp-plugins/ag-custom-admin
https://github.com/wp-plugins/add-logo-to-admin
https://wordpress.org/plugins/wp-custom-fields-search/
https://github.com/entropin/wp-magic/tree/master/password-protection/custom-upload-dir
https://github.com/wp-plugins/acf-accordion
https://wordpress.org/plugins/google-sitemap-generator/
https://github.com/bueltge/Adminimize
http://www.advancedcustomfields.com/
http://www.advancedcustomfields.com/resources/repeater/
https://github.com/cameck/Manage-View-Your-Posts-Pages-Only/tree/8f520acd4ec512ee030f862c1bdb5cb7d2018f43
https://github.com/G100g/thumbnailsforbackend/blob/master/readme.txt
https://github.com/mozillahispano/wp-plugins/tree/master/user-role-editor
https://github.com/cyberhobo/wordpress-geo-mashup
https://github.com/wp-plugins/comment-attachment
https://github.com/lawsonry/easy-author-image/blob/master/easy-author-image/easy-author-image.php


Appendix K - RADB Developer Credits 

 

299 
 

38. Link , Vincent, Lohmann, Steffen, Marbach, Eduard, Negru, Stefan, WebVOWL beta 0.5.2 

39. Lissa, Stefano, Comment Notifier v.2.2.9 

40. Mirshah, Arsham, Add Posts to Pages v.1.4 

41. Mirzaei, Ali, WP ULike, v.2.3 

42. Muro, Matthew, Visual Form Builder v.2.8.2 

43. Paranhose, Douglas and Andrade, Eduardo, Data-Triplify v1.0.1 

44. Featherstone, Peter, Responsive Menu v.2.5 

45. Oostendorp, Jan Willem, Default Featured Image v.1.4 

46. Pär Thernström, CMS Tree Page View v.1.2.28 

47. Press Up, Only One Category v.1.0.1 

48. Root-Wiley, Mark, Advanced Custom Fields Repeater Collapser, v.1.4.3 

49. tychay, One-Click Child Theme v.1.6 

50. WebDevStudios, Custom Post Type UI v.0.8.3 

51. weweave GbR, WP Ajaxify Comments v.1.3.0 

52. x3dom 

53. x3dom.org, x3dom screen shot tool 

54. x3dom.org, V-Must / Summer School, x3dom annotation tool, simple metadata viewer 

55. x3dom.org, V-Must / Summer School, Radiance Scaling 

56. Yoast, Google Analytics by Yoast v5.4.6 

57. Zappone, Dan, Lightbox Plus Colorbox v.2.7.2 

 
 
Source: https://github.com/rhaubt/Rock-Art-Database-RADB-/wiki/ii.-Developers-%7C-Credits - 
development-design-and-concept 

 
 
 

https://github.com/VisualDataWeb/WebVOWL
https://wordpress.org/plugins/comment-notifier/
https://wordpress.org/plugins/add-posts-to-pages/
https://github.com/wp-plugins/wp-ulike
https://github.com/mmuro/Visual-Form-Builder
https://github.com/wp-plugins/data-triplify
https://github.com/mkdgs/Responsive-Menu
https://github.com/janw-oostendorp?tab=repositories
https://github.com/bonny/WordPress-CMS-Tree-Page-View
https://github.com/pressupinc/only-one-category/blob/master/main.php
https://github.com/mrwweb/ACF-Repeater-Collapser/blob/master/acf_repeater_collapser.php
https://github.com/tychay/one-click-child-theme
https://github.com/WebDevStudios/custom-post-type-ui
https://github.com/wp-plugins/wp-ajaxify-comments/blob/master/wp-ajaxify-comments.php
https://github.com/x3dom/x3dom
http://doc.x3dom.org/tutorials/applicationTutorials/screenshot/index.html
http://examples.x3dom.org/v-must/
http://examples.x3dom.org/v-must/
https://github.com/Yoast/google-analytics-for-wordpress
https://wordpress.org/plugins/lightbox-plus/
https://github.com/rhaubt/Rock-Art-Database-RADB-/wiki/ii.-Developers-%7C-Credits#development-design-and-concept
https://github.com/rhaubt/Rock-Art-Database-RADB-/wiki/ii.-Developers-%7C-Credits#development-design-and-concept

