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Abstract 

Purpose 

Across the architecture, engineering and construction industry, the application of 

Building Information Modelling (BIM) as a digital technology for architectural heritage is 

becoming increasingly relevant. However, scholarly research on the application of BIM 

for architectural heritage is still in its infancy stage and the research gaps and future 

directions of this research area are still unclear. This paper therefore aims to fill this gap 

by using a systematic & robust review using a mixed-method approach to show the gaps 

of research for BIM and architectural heritage and point to new directions for future 

works. 

Design/methodology/approach  

The study includes a quantitative scientometric analysis and mapping and a qualitative 

study. A total of 354 articles related to BIM and architectural heritage were analyzed 

using a combination of quantitative and qualitative tools. The qualitative study consists 

of a systematic literature review supported by data collected from stakeholder and 

training workshops on digital technologies and BIM for Heritage. 

Findings 

Findings from this study reveal the gaps in the field of Heritage and BIM research 

according to retrieved articles from different countries and journals. Furthermore, 

emerging domains for future research were identified and these included: As-built 

modelling and 3D reconstruction; Conservation, preservation and management; 

Documentation; Maintenance and restoration; Virtual technology and Simulation.  

Originality/value 

The common research challenges were identified as an integrated outcome of the findings 

revealed from the scientometric mapping and qualitative review and resulted in key BIM 

and heritage research priority recommendations relevant to researchers within this field. 
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1. INTRODUCTION 

Building Information Modelling (BIM) has warranted increasing attention over the past 

decade in the field of Architecture, Engineering and Construction (AEC) (Volk et al., 

2014). BIM in AEC industry has been extensively utilised to cope with the complexity and 

difficulty of managing multiple activities and contractors across the globe (Ahuja et al., 

2016). More recently, the benefits of using BIM have been progressively recognised as a 

suitable digital technology in the architecture heritage sector also known as HBIM 

(Heritage Building Information Modelling).  In current conventional practice, non-

availability of documentation, drawings, and specifications of materials and other 

technical information of historic buildings results into time and cost overrun of their 

maintenance and rehabilitation projects (Gursel et al., 2009). BIM plays a critical role in 

the heritage sector in minimising those challenges by efficiently support historic 

information management, design and build decisions resulting in the production of 

sustainable and inclusive heritage assets (Pocobelli et al., 2018; Historic England, 2017; 

Rocha et al., 2020; Volk et al., 2014). By incorporating high-quality digital survey datasets, 

HBIM represents the appearance of the existing historic fabric and allows the exploration 

and complex analysis of several applications such as conservation planning, maintenance, 

heritage management, and interpretation. Parallel to this interest in HBIM is a growing 

discourse recognising the crucial role of cultural heritage in achieving sustainable 

development (Bala, 2012; Carlisle and Lee, 2016; Daele et al., 2016; Myers, 2016; Shah, 

2016; Petti et al., 2020). Of the 17 finalised Sustainable Development Goals, one of those, 

Goal 11, centres on a pledge to “make cities and human settlement inclusive, safe, resilient 

and sustainable” and includes a series of 11 targets, each with politically negotiated 

indicators (United Nations, 2016). Under goal 11 is an important indicator for cultural 

heritage: target 11.4 “strengthen efforts to protect and safeguard the world cultural and 

natural heritage” (UN-Habitat, 2018). Digital technologies play a significant role to 

achieving this global target (Mansuri and Patel, 2021). 

Although BIM for heritage has gained interest at an international level, the existing 

research on its application is still in its infancy. Works done to date are sparse and 

therefore it is unclear what the gaps of research are and what future directions should be 

taken for researchers within the AEC sector to achieve better results and minimise the 

challenges. Aiming to fill this gap, this study adopts a systematic mixed method approach, 

incorporating quantitative scientometric mapping and qualitative thematic analysis by 

targeting three objectives. This paper explores the latest BIM based developments in the 

architectural heritage field discourse to identify gaps in present practices and to explore 

emerging domains of research and recommend the research directions for future work 

of applying BIM in architectural heritage. The benefit of conducting a detailed global 

review of various studies on heritage building information modelling allows for a broader 

and holistic perspective towards new research and application of BIM in architectural 

heritage. 
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2. RESEARCH METHODOLOGY 

This study adopts a mixed-method systematic review approach (Harden and Thomas, 

2010). According to Petticrew and Roberts (2008), systematic reviews have been widely 

used in studies for the purpose of identifying gaps in the body of knowledge and exploring 

emerging trends where little research has been done. Previous authors in different fields 

have used mono-method manual systematic reviews approach but the mono-method 

approach is mainly biased and prone to problems of subjective judgment and 

interpretation (Harden and Thomas, 2010, He et al., 2017, Jin et al., 2019, Elghaish et al., 

2020). The other systematic reviews include scientometric analysis and mapping in 

various field related to BIM (Hilal et al., 2019; Olawumi and Chan, 2018; Zhao, 2017). 

Consequently, the use of a mixed methods systematic review in synthesising literature on 

a topic such as BIM and digital technologies for architectural heritage allows for more 

objectivity and provides the potential “to enhance the depth and breadth of 

understanding” (Heyvaert et al., 2016). Mixed methods systematic review studies 

combine and apply quantitative and qualitative methods for integration and analysis of 

available literature on a topic to study the literature according to a systematic procedure, 

with the aim of overcoming the bias inherent in mono-method manual systematic 

reviews (Harden and Thomas, 2010, Jin et al., 2019). In line with the above approach, the 

research design adopted is a mixed-method systematic and robust review (see Figure 1) 

that integrates the quantitative tools using the scientometric technique and qualitative 

thematic literature analysis to investigate existing developments within the heritage BIM 

field and to identify research priority areas. The first stage is the literature search using 

the WoS and Scopus database (Section 3.1). Following this, a scientometric analysis was 

conducted and identified four specific data: (1) emerging research areas from keyword 

and cluster analysis, (2) contribution of countries, (3) influencing documents and (4) 

influencing sources and journals. Additionally, at this stage, a thematic analysis of the 

qualitative study was conducted (section 3.2). This includes selected literature from the 

scientometric analysis and data collected from stakeholder workshops. Two stakeholder 

workshops (face-to-face and virtual) were organized with the purpose of mapping and 

identifying the emerging domains in the field of BIM and digital technologies for heritage. 

Additionally as an outcome from the workshops, training sessions were organized on 3D 

mapping of heritage. The workshops were organized by an international interdisciplinary 

research project team based in India and the UK. This research project aims to shed light 

to the interplay between digital technologies, planning practice and tangible heritage 

conservation, by clarifying the dynamic among the three fields and their implications in 

the practice. The workshops were attended by a total of 140 participant stakeholders 

from local, national and international government, academia and industry. 

The final stage of this paper is the presentation of the BIM and Heritage research priority 

recommendations based on the data findings from the scientometric analysis and 

qualitative study. The workflow of this study is illustrated in Figure 1 and discussed in 

the following sections. 
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Figure 1: Workflow of study 

  

The selection of a literature data is a crucial primary task in the systematic review 

process. The authors explored multiple databases for the literature data search and 

identified the Web of Science (WoS) and Scopus as a preferable database. This choice is 

further supported by a systematic comparative database review undertaken for 

scientometric analysis by Mingers and Leydesdorff (2015). The findings from their 

analysis found that the Web of Science (WoS) and Scopus database has a wide range of 

peer reviewed high-quality indexed journals and conference proceedings. The WoS and 

Scopus is preferred for collecting literature material for this study as it considers only 

peer reviewed articles and proceedings which have more impact values in the scientific 

community. Moreover, the WoS and Scopus databased includes most of the journals 

ScienceDirect and Emerald Insights. Only articles published in English language were 

analysed for this review. A test search phrase was formulated and used for the literature 

search focusing on searching the collection of materials containing articles related to BIM 

and heritage exclusively. 636 articles were identified focusing on either BIM or digital 

technology on heritage. It is also important to note that some of these articles originated 

from the medical field because BIM is also known as ‘beam intensity modulation’ in the 

medical science, and thus this has been delimited accordingly from the literature. To 

achieve more concise and relevant results in line with the aim of the paper, the final 

search phrase was refined with the following: “TS = (building information model* OR BIM 
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OR digital* AND (heritage OR historic* OR as-built OR hbim))”. TS represents the topic 

search and a fuzzy search denoted by ‘*’ which means the term may have some more 

relative characters than the given. The search resulted in, 462 articles. To further refine 

the result, a pre-processing criterion was applied to focus on articles related to 

engineering, construction and architecture and especially on architectural heritage, BIM 

and digital technology. After refining the final search results by manual screening, a total 

of 354 articles were collected for further analysis and review. This resulting sample size 

of 354 articles is suitable for the chosen methodology of this study as demonstrated by 

other studies with similar and even smaller sample sizes using the scientometric mapping 

technique (Golizadeh et al., 2019; Mahon and Joyce, 2015). 

 

3. FINDINGS 

3.1 Findings from quantitative scientometric analysis and mapping  

Scientometric mapping is defined as the “quantitative study of science, communication in 

science, and science policy” (Hess, 1997), which measures the impact of keywords, 

countries, articles, journals,  and understanding of scientific citations, mapping scientific 

fields and visualization of indicators for the use of policy making and management 

(Leydesdorff and Milojević, 2012). The scientometric analysis technique is useful for 

large and concise mapping and capturing of knowledge area by the means of identifying 

the trends and patterns using mathematical iterations and network representation. The 

scientometric analysis and mapping is being used to explore the directions of research 

for BIM in the architecture, engineering and construction (AEC) industry (Liu et al., 2019), 

BIM in structural engineering (Vilutiene et al., 2019) and BIM in facility management 

(Hilal et al., 2019). Numerous software packages are available for scientometric mapping, 

and visualization of bibliometric data. Cobo et al. (2011) carried out comparative analysis 

of nine popular science mapping tools, CiteSpace, Bibexcel, CoPalRed, Leydesdorff’s 

Software, IN-SPIRE, NetworkWorkbench Tool, Sci2Tool, VOSViewer and VantagePoint. It 

was concluded that there is no specific tool that can be considered the best, however a 

thorough scientometric analysis within any field could be carried out using either any of 

the tools or combination of tools.  

The Java based computer program “CiteSpace (5.3.R5 version (64-bit))” is easily 

available, free to use with a simple and easy user interface that works on any platform, 

providing graphical mappings between different scientific contributions. It also 

possesses all the required characteristics and features applicable to the WoS and Scopus 

database. Therefore, CiteSpace has been used to carry out scientometric analysis of data 

for this study. CiteSpace used to identify emerging terms and keywords, contribution 

from countries, most influential documents and most influential journals.  

3.1.1 Emerging research study areas from keywords analysis 

As part of this systematic review, an analysis of co-occurring keywords was conducted 

which reveals the emerging research study areas from the retrieved articles. Keywords 

are the comprehensive words which represent the content and concept of research 

articles. They serve as the reference in finding and understanding the theme and domain 

of that research article. Keywords reveal the development of a particular area of research 
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over a time period (Zhao, 2017). Two types of keywords are extracted from the literature 

database records; (i) author keyword, and (ii) keyword plus. The author keyword is 

provided by the authors along with the articles, and the keyword plus is based on the 

journals research output classification. The CiteSpace utilizes both kinds of keywords to 

generate the network and the software merges similar keywords. The keyword analysis 

demonstrates the highly frequent keywords in the network as: “BIM” (frequency-112), 

“HBIM” (frequency-81), “cultural heritage” (frequency-75), “point cloud” (frequency-40), 

“architectural design” (frequency-35), “architectural heritage” (frequency-31), 

“photogrammetry” (frequency-28), “laser scanning” (frequency-27), “conservation” 

(frequency-23), and “architecture” (frequency-21). The network of co-occurring 

keywords and keyword clusters is shown in Figure 2 which contains 404 nodes and 1418 

links. As shown in Figure 2, the research conducted showed the following observations, 

which are documented below: 

 The high frequency keywords reflects the emerging and most researched area in the 

field of BIM and digital technology for architectural heritage. 

 As per the experts of the stakeholder workshop of this study, the whole area of 

heritage BIM research can be divided into two major categories (i) process and (ii) 

digital tools. The top keywords represent processes such as conservation, 

preservation, documentation, management and refurbishment. Additionally, the 

keywords also reflect the most popular digital tools as laser scanning and 

photogrammetry.  

 The figure illustrates that many research areas are isolated from the core network. 

This suggests that areas such as automated data processing, object recognition, 

algorithm, free/open source software, automation, restoration and augmented reality 

remain unexplored or research is on-going and not published.  

 Fields such as accuracy assessment, ontology and decision making are isolated from 

current literature but these areas have huge potential for future development.  

The keyword network provides the general overview of the emerging research areas in 

the field of BIM and digital technologies for heritage. Therefore, cluster analysis have 

been employed to detect the research pattern and hot areas of the research within the 

field. The keyword cluster analysis uses set of mathematical algorithms to generate the 

structured domains out of unstructured text information. In this research, cluster 

analysis is used to identify the emerging grouping of keywords that reflects the emerging 

areas of the research and development. The keyword terms was taken as the unit of 

cluster analysis in this study. CiteSpace automatically extracts the noun phrase from the 

keywords based on the long-likelihood rate (LLR) algorithm. In this study, total 16 

clusters were identified and presented in the Figure 2. It is important to note that the 

automatic clustering can sometimes leads to misclassification of information. Therefore 

various trials and various algorithms were employed to get most relevant clustering in 

this study. This cluster analysis has further supported this research to qualitatively 

identify the emerging domains in the field. 
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Figure 2 Network of co-occurring keywords and keyword clusters 
 

3.1.2 Contribution of Countries 

To map the collaboration pattern and to identify the most contributing countries in the 

architectural heritage research and practice, a collaboration network of countries was 

analysed. Figure 3 illustrates the network of countries as shown by 63 nodes and 63 links 

with each country representing a node and pattern of collaboration. A total of 36 major 

countries that are well known for research in BIM and digital technology for architectural 

heritage. The countries have more than 10 publications includes Italy (118 articles), 

Spain (45 articles), Peoples Republic of China (26 articles), England (UK) (23 articles), 

Portugal (17 articles), USA (16 articles), France (14 articles), Germany (14 articles), and 

Canada (12 articles). This analysis reveals that countries such as Scotland, Russia, 

Belgium, Taiwan, Cyprus, Bulgaria, Finland, South Africa, Singapore and Netherlands 

have weak collaborations with the main community and are connected with single links 

without having cross connection with other countries. Many Asian and African countries 
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are absent in this collaboration though they have considerable number of UNESCO world 

heritage sites. India comes globally on sixth rank in terms of number of UNESCO world 

heritage sites and other national sites. Though, there is very weak collaboration of 

research with the main research community. The institutions and funding agencies need 

to focus on funding the digital technology research jointly with the main research 

community in order to have better technological exchange and collaboration. 

 

Figure 3 Collaboration network of countries 

3.1.3 Influencing Documents/Articles 

The document co-citation analysis is used to identify scholarship that has received peer-

recognition indicated by citation patterns. For instance, when an author cites a particular 

document, the citation may indicate, among other properties, an idea or other resource 

that is important to the author’s scholarly engagement with the cited text (Leydesdorff, 

1998). Similarly, when a group of authors cite a common set of documents, these co-

citations indicate documents that may contain concept symbols, the ideas, experiments, 

or methods that have received peer recognition, as indicated by their co-occurrence of 

citations (Small, 1978). Therefore, studies of how documents are cited together can assist 

researchers and practitioners in understanding important past contributions that were 
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made within a field. The co-citation map of influencing documents/articles is presented 

in Figure 4 to visually display and analyse the cited relationship between documents. 

The top articles include:  “Historic Building Information Modelling - Adding intelligence to 

laser and image-based surveys of European classical architecture” (Murphy et al., 2013), 

“Building Information Modeling (BIM) for existing buildings — Literature review and future 

needs” (Volk et al., 2014) and “Automatic reconstruction of as-built building information 

models from laser-scanned point clouds: A review of related techniques” (Tang et al., 2010). 

 

Figure 4 Network of influencing documents/articles 

The document co-citation analysis also identifies the citation burst in the literature. The 

citation burst represents a citation of this document that has highly increased over a short 

period of time. It evidences that a particular publication is associated with a surge of 

citations meaning that the publication has attracted an extraordinary degree of attention 

from its scientific community and it is an indicator of a most active area of research. 

Evidence of this is shown from articles with strong citation bursts from articles exploring 

digital technologies and BIM for heritage such as the “Automatic reconstruction of as-built 

building information models from laser-scanned point clouds: A review of related 

techniques” (Tang et al., 2010) with the burst strength of 4.54, “Historic building 

information modelling (HBIM)” (Murphy et al., 2009) with the burst strength of 3.93 and 
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the "Towards building information modelling for existing structures" (Arayici, 2008) with 

the burst strength of 3.56.  

3.1.4 Influencing Sources and Journals 

The most influential journals have been identified through journal co-citation network 

mapping. The citations received by these journals are considered to be influential within 

the research body of BIM. These are the major sources of research articles which support 

the research and development in the field of BIM and digital technology for heritage. 

Attention should also be given to documents which are having high centrality. Centrality 

represents the number of connections of the node with the other nodes irrespective of 

directions of nodes. In other words, high centrality of any node means it has strong 

control over the network. In this case, “BIM Handbook: A guide to building information 

modelling for owners, managers, designers, engineers and contractors” has 0.11 centrality, 

“Advanced Engineering Informatics” has 0.10 centrality and “Journal of Cultural Heritage” 

has a centrality of 0.09. These high centrality journals are the major intellectual sources 

which support the HBIM-based research.  

 

Figure 5 Network of journal co-citation 

3.2 Findings from the qualitative study: emerging domains of BIM and digital 

technologies for heritage 

Emergent areas are a basic building block of inductive approaches to qualitative social 

science research and can mean something akin to major aspects and dimensions of the 

phenomenon studied. The selected literature from the scientometric mapping detailed in 
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the previous section has been analysed qualitatively to identify the emerging domains of 

research in the field of BIM and heritage. The identification of emerging domains were 

supported through the data collected from the three stakeholder workshops. Patterns 

were identified, analysed and interpreted from the literature and scientometric analysis 

and resulted in the identification of five emerging domains (major sub-areas) of the 

heritage BIM research. The keyword clusters were also the major base for identification 

these emerging domains. Among the five domains, the first and most important domain 

of research is the ‘as-built modelling and 3D reconstruction’ (Section 3.2.1), which is 

followed by ‘conservation, preservation and management’ (Section 3.2.2), 

‘documentation and mapping’ (Section 3.2.3), ‘maintenance and restoration’ (Section 

3.2.4), ‘virtual technology and simulation’ (Section 3.2.5). Table III demonstrates the 

mapping of articles with these five domains. The following sections present the data 

findings and discusses the developments in all the above emerging domains. 

3.2.1 As-Built Modelling and 3D Reconstruction 

This is the main domain of the heritage BIM research as the first step of any HBIM project 

is to convert physical assets of site/monument/structure into an as-built 3D model. In 

this connection, many researchers carried out extensive research on different 

methodologies and techniques of as-built modelling and 3D reconstruction. There was 

consensus within the workshops of the beneficial use of as-built modelling and 3D 

reconstruction for heritage preservation. However, there was acknowledgment of the 

lack of knowledge and understanding of the various technologies that can be used. 

Diverse challenges mentioned by stakeholders, particularly those in local authority and 

heritage charities and NGOs, included the lack of resources, funding and skills impacted 

the effective use of 3D technologies. Many stakeholders aligned with the growing 

momentum of embedding technology within heritage practices but lacked understanding 

of the finer details of how technology can be applied to current practices, what technology 

is best suited and how it can improve and impact current ways of working. When the 

research team discussed the HBIM process and modelling with specific examples of the 

integration of heterogeneous data, some stakeholders requested for further 

contextualisation. This highlighted the need for training and a mapping of the work done 

by stakeholders with the uses and benefits of HBIM. 3D reconstruction in particular was 

favoured for the promotional potential it has to market heritage assets to the wider 

community and improve the branding of historic areas and cities. 

As per the database of the current study, articles focus on  research and different 

applications of as-built modelling and 3D reconstruction of architectural heritage. For the 

feasibility of HBIM and development of a 3D model for complex architectural shapes, 

using terrestrial laser scanned (TLS) point clouds was frequently mentioned (Quattrini 

et al., 2015). However, as the literature analysis reveals, exclusively using laser scanning 

will not be enough to produce a 3D model. Xu et al. (2014) developed a 3D point cloud 

model with a camera-equipped unmanned aerial vehicle (UAV) and a TLS. A further 

advancement work by Jung et al. (2014), developed a semi-automatic methodology for 

large and indoor conditions to improve the productivity of as-built BIM. Rua and Alvito 

(2011) in their work, contributed tools for testing and analyzing theories and hypotheses 
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for historical scenarios by 3D modelling. Manferdini and Galassi (2013) compared 

traditional topographic technologies with range-based (laser scanning) and 

photogrammetry and concluded that the combination of traditional topographic 

technologies and photogrammetry are more economical but they require high accuracy 

and skills. Dore and Murphy (2013) presented a plug-in for BIM software to generate 

semi-automatic digital heritage models from laser scan or photogrammetric.  

For a better understanding of the present status of architectural heritage based on its 

history (timeline), Rodriguez-Gonzalvez et al. (2017) introduced the fourth dimension of 

time into 3D geometric modelling of real data which enables multi-temporal 

representation of a site. Xu et al. (2016) conducted investigation and synergetic use of 

UAV and TLS in the 3D reconstruction of cultural heritage objects. Rojas-Sola and de la 

Morena-de la Fuente (2018) produced 3D reconstruction of Betancourt's historical 

heritage using Computer Aided Design (CAD). Logothetis et al. (2017) illustrated the use 

of open source CAD tools to develop BIM that is able to manage 3D models of cultural 

heritage. Built to improve the accuracy of 3D models, Anton et al. (2018) developed an 

accuracy analysis of 3D modelling.  

The analysis demonstrates that as-built modelling is still very much a manual process 

that requires further exploration into the potential of automation. Furthermore, there is 

a need for the development of awareness of the various methodologies and techniques of 

as-built modelling. As part of the research project and as an outcome from the 

stakeholder workshops, training workshops were organised for local researchers, 

heritage practitioners and students. These workshops were found to be an effective 

method to raise awareness of the technologies and to introduce targeted stakeholders to 

the skills needed for as-built modelling and 3D reconstruction. The workshops included 

a structured training of 3D mapping of heritage sites by using aerial photography 

captured by Unmanned Aerial Vehicle (UAV). The laser scanning of two monuments was 

also completed by the laser scanner as shown in Figure 6. A photogrammetry technique 

was used for developing a virtual tour of the heritage sites using the captured 

photographs. The laser scanned structures were converted into Building Information 

Model (BIM).  
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(a) 3D Laser Scanner 

 

(b) Scanning work in progress 

 

(c) Unmanned Aerial Vehicle (Drone) 

 

(d) Scanning work on site 

Figure 6 Figure showing technologies used in 3D mapping training workshop 

3.2.2 Conservation, preservation, and management  

The heritage structures and monuments are important to be conserved, preserved and 

managed effectively (Al-Sakkaf et al., 2020). The analysis findings demonstrated how BIM 

can play a key role towards the conservation, preservation, and management of 

architectural heritage. This includes the preservation of both tangible and intangible 

cultural heritage at multiple levels. Stakeholders such as the National Government 

associations in India, the Archaeological Survey of India, agreed that digitization of 

heritage structures is an opportunity to conserve tangible and intangible heritage. An 
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example is, Oreni (2013) who presented Historic Building Information Modelling (HBIM) 

based on simplified parametric models for conservation and management of cultural 

heritage at a macro level. At a micro level, local Government stakeholders such as the 

Municipal Council emphasized the need for collective platforms that draw all local 

stakeholders together to support the conservation, preservation and management of 

heritage (Udeaja et al., 2020). Through this collective platform, the use of digital 

technologies can be effectively applied (Trillo et al., 2020). As one stakeholder from a 

heritage charity stated, “ to effectively use this (digitsation), we need a participatory 

approach for heritage conservation”. Furthermore as emphasised by national 

government stakeholders, “policies must be developed for urban conservation and 

management”. These policies should align with local efforts and policies and this 

symbiotism is not always happening. A repeated suggestion within the workshops was 

for a decentralised system in India for heritage conservation. In this manner, there is a 

system of co-responsibility between institutions of governance at the central, regional 

and local levels. Therefore, supporting the processes of HBIM and any data produced 

from the digitisation of monuments can be shared effectively at the various stages. 

Within the literature, the linkage between HBIM and improved management of heritage 

conservation practices is frequently suggested and various models and methodologies 

have been developed by researchers in this regard. The potential impact of BIM for 

enhanced knowledge management was investigated by Simeone et al. (2014) by means 

of ontologies. The research by Enrique Nieto et al. (2016) proposed a methodology of 

management of built heritage by HBIM project with the case study of flooring and wall 

tiles of heritage buildings. Bruno et al. (2018) proposed diagnosis-aided historic building 

information modelling and management framework for smart performance assessment 

of cultural heritage. The study of Megahed (2015) presented a theoretical framework for 

historic preservation and management by HBIM approach and demonstrated the extent 

of complexity that can be dealt with HBIM. Acierno et al. (2017) presented ontology-

based model for representation and management of information during the conservation 

of architectural heritage. The potential and methodology of BIM for the management, 

conservation and preservation of cultural heritage systematically is illustrated by Fassi 

et al. (2017). The current research and data from the workshops reveal the potential of 

heritage BIM in terms of effective and efficient management of the architectural heritage 

precincts. 

3.2.3 Documentation 

Documentation of the architectural heritage is the first priority in any heritage 

conservation project in order to preserve the data, physical, functional and architectural 

character of the heritage sites and monuments. The documentation of physical and 

functional aspects of architectural heritage become easy and efficient with the use of BIM 

as pointed out by stakeholders. Heritage practitioners identified in the workshop, how 

the use of digitization for documentation can only be of benefit if there is enough and 

appropriate data. A further stage beyond documentation was mentioned by a stakeholder 

in local authority who stated that, “documentation only is not enough and digitization of 

architectural details of heritage structures should lead to a better story telling of 
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heritage.” The use of heritage BIM for documentation is supported within the literature.  

Baik et al. (2015) proposed a framework for documentation of cultural heritage sites 

based on Jeddah historical building information modelling by integration of 3D BIM and 

3D geographic information system (GIS). Soler et al. (2016) presented software for real-

time interaction with high-resolution geometric models based complete system of 

cultural heritage documentation. Cheng et al. (2015) elaborated the potential of laser 

scanning and photogrammetry for presentation, analysis and archival of heritage 

documentation. A semi-automatic methodology for documentation of architectural 

heritage assets using airborne and terrestrial laser scanning data was presented by 

Kivilcim and Duran (2016). There are several methods available for documentation of 

cultural heritage. Vandenbulcke et al. (2015) compared the results of  laser scanning and 

the photo modelling for as-built BIM and concluded that both the techniques result into 

high resolution documentation. Wilson et al. (2018) carried out 3D digital documentation 

of cultural heritage site for disaster management and immediate decision making in the 

emergency situation. BIM has proven its capability towards documentation of the 

architectural heritage which is the permanent digital asset for the concerning authority 

looking after the monument/site. However, many ongoing researches are focusing on 

different tools and techniques of documentation of architectural heritage such as 

advanced photogrammetry and automation of documentation process. The documented 

digital asset is useful for maintenance, restoration, survey work, virtual modelling, and 

simulations.  

3.2.4 Maintenance and restoration 

Maintenance and restoration are the primary needs for any architectural heritage in 

order to prevent and preserve its physical and architectural character. BIM has been 

extensively used for maintenance management of buildings, green building and new 

constructed facilities (Ismail, Z.A. 2020). Stakeholders of heritage conservation, 

particularly those from local authorities, were particularly interested in how digitization 

and HBIM can be utilized to enhance restoration and maintenance efforts. The 

maintenance of heritage assets is acknowledged to be a lower priority when compared to 

other urban development needs. Therefore, with lower budgets, heritage assets can be 

neglected. Digitization and the use of HBIM can allow for a detailed understanding of 

areas of need on the heritage assets and by focusing on specific areas this can assist in the 

prioritization of work. A wide range of BIM applications can be extended for maintenance 

and restoration of heritage monuments. Maintenance work requires a common platform 

for various knowledge and information generated by different members of the project 

team. Motawa and Almarshad (2013)  presented a knowledge-based BIM system to 

integrate all the required knowledge and information as well as the coordination of 

construction team. Wu et al. (2013) proposed improvement in traditional building repair 

method by applying 3D laser scanned point cloud BIM model for repairing and 

maintenance of historical buildings. The renovation and restoration  demand smart 

computer systems as they are very challenging. Smutny (2018) described in detail the 

systems of building renovations by using BIM. Heritage BIM is the emerging field for 
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maintenance and restoration of built heritage which has the huge potential to overcome 

the deficiencies of the existing practice. 

3.2.5 Virtual technology and Simulation 

A salient theme which emerged from the stakeholder workshops was this need to 

promote the holistic image of heritage to the communty. The tangible and intangible 

qualities of heritage should be made accessible to all peoples, especially to the local 

community. However, this tends to be quite challenging to acheieve on the ground. 

Different techniques and tools are available to generate a 3D model of architectural 

heritage, which make it easier to understand and interpret the related attributes of a 

heritage asset. Apart from the 3D models, the virtual technology is the changing point in 

this field as it facilitates to visualize the site in the virtual world by different game engines 

and virtual reality devices. This form of dgital storytelling  provides a real world feeling 

and experience of the site which can allow for improved and increase access to heritage 

as shown in Figure 7. Rua and Alvito (2011) virtually reconstructed the architectural 

heritage site and imported into virtual reality (VR) game engine to allow full exploration 

of the site supported by fauna, flora and artificial intelligence-driven avatars for better 

visualization of the site in the virtual world. Napolitano et al. (2018) presented virtual 

tour environments and information modelling workflow and compared it with the 

conventional 3D documentation. The research of HBIM by Osello et al. (2018) concluded 

that visualization techniques based on virtual reality and augmented reality are the 

efficient ways to preserve and consult information about cultural heritage sites. Lin 

(2017) stated that the integration of HBIM and virtual technology can fulfill the purpose 

of 3D immersive digital management which gives real experience for the display of 

cultural heritage. The existing literature point out that the virtual technology is the 

emerging domain of the digital era of heritage. Virtual technologies have shown a huge 

potential in developing virtual space to facilitate the real world experience of the heritage 

sites. Museums and heritage sites are now adopting different virtual technologies to 

attract more tourists towards the architectural heritage. Refurbishment and 

conservation projects are also getting huge benefits by using virtual technologies in 

architectural heritage. 
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Figure 7 Figure showing the use of virtual reality on a laser scanned heritage 

monuments 

 

A further advancement is simulation and numerical computation which is the capacity to 

simulate different conditions and situations of architectural heritage. Barazzetti et al. 

(2015) presented an innovative methodology which converts historic BIM into a finite 

element model (FEM) for advanced structural simulations. These simulations can model 

destructive and non-destructive testings, material behavior, elements behavior and other 

structural considerations. Structural damage and decay simulations were carried out by 

Dore et al. (2015) for documentation and conservation analysis using HBIM. Ciocci et al. 

(2018) carried out structural simulations to evaluate mode shapes, estimate structural 

performances and investigate the main failure mechanism. Building information 

modelling was applied for performance, simulation and reformation of design for the old 

buildings by Lisha et al. (2018). In order to preserve and conserve the heritage structures, 

simulation plays a strategic role in decision-making process as it gives the simulated 

condition for different scenarios and situations. 

 

4. BIM AND HERITAGE RESEARCH PRIORITY RECOMMENDATIONS 

The common research challenges were identified as an integrated outcome of the findings 

revealed from the scientometric mapping and qualitative review discussed in previous 

sections. This has resulted in key BIM and heritage research priority recommendations 

relevant to researchers within this field and presented in this section (Table I). 

Table I BIM and heritage research priority recommendations 

Section Common 

Research 

Challenge 

Research Data Key research 

priority 

recommendation 

Future research priority 

areas 

4.1 Inadequate 

awareness of 

the use of 

HBIM in 

architecture 

and heritage 

research 

 Co-occurring 

keyword and 

cluster 

analysis 

 Document co-

citation 

analysis 

 Journal co-

citation 

network 

mapping 

 Qualitative 

study 

Emerging 

awareness of 

HBIM  

 Developing an 

understanding of the 

applicability of digital 

technologies in 

heritage 

 Provide funding 

opportunities for 

HBIM research 

 Successful submission 

of articles on HBIM in 

AEC and heritage 

related journals 
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4.1 Emerging awareness of HBIM 

The findings discussed in Sections 3, demonstrate an emerging awareness of the use of 

BIM in the field of architectural heritage. However, at present this awareness is limited to 

specific areas of research such as: conservation and documentation as well as certain 

digital tools, mainly laser scanning and photogrammetry. The majority of this research is 

taking place within a European context. Therefore, there is a need for research on the 

applicability of BIM in broader areas relating to heritage. Potential areas for future 

research have been identified from the scientometric mapping in Section 3. These areas 

include: automated data processing, object recognition, algorithm, free/open source 

software, automation, restoration and augmented reality. Fields such as accuracy 

assessment, ontology and decision making are have huge potential for future 

development. Attention should be given to the influential sources and journals which are 

the best resource for field practitioners as well as for researchers.  

4.2 Limited use 

of digital 

tools in 

HBIM  

 

 Document co-

citation 

analysis 

 Journal co-

citation 

network 

mapping 

 Qualitative 

study 

Integrating a 

variety of digital 

tools in HBIM 

 Assess and evaluate 

the use of digital tools 

in various heritage 

scenarios and in 

different contexts 

 Investigate innovative 

strategies of using 

digital tools in heritage 

such as automation 

4.3 Inadequate 

global 

collaboration 

network 

 

 Collaboration 

network of 

countries 

analysis 

 Journal co-

citation 

network 

mapping 

 Qualitative 

study 

Build a 

framework of 

HBIM 

collaboration 

 Assess and address 

research policy and 

regulatory barriers in 

order to facilitate 

collaborative working 

and sharing of data 

 Develop international 

standards for data 

requirements 

 Reference international 

standards for 

encouraging 

collaborative processes 

and sharing of data 

4.4 Lack of 

expertise, 

skills and 

knowledge 

on applying 

HBIM in 

architecture 

and heritage 

field 

 Document co-

citation 

analysis 

 Journal co-

citation 

network 

mapping 

 Qualitative 

study 

Building 

expertise, skills 

and knowledge on 

HBIM 

 Develop a skills 

framework 

 Increase the use of 

BIM and other digital 

technologies in 

university departments  
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There is a huge potential of development in the field of augmented reality, Artificial 

Intelligence (i.e. deep learning, neural network, multi-agent systems, etc.) (Mansuri and 

Patel, 2021) and object recognition algorithms which can lead to automation in the field 

of cultural heritage documentation and conservation management using BIM. Further 

exploration into the development of open source software for research and development 

purposes can advance future applications of BIM and heritage.  

4.2 Integrating a variety of digital tools in HBIM 

The analysis of HBIM research revealed heavy reliance on two specific tools: laser 

scanning and photogrammetry. These tools were found to be the most popular tools in 

research studies. As-built modelling and documentation are mainly done by laser 

scanning and photogrammetry (Xu et al., 2016). Laser scanning is the most efficient data 

collection technique for an as-built modelling and reverse engineering, however, the 

disadvantage of using it is down to the cost of laser scanning tools (Quattrini et al., 2015). 

There are other tools such as photogrammetry, which uses process of recording, 

measuring and interpreting photographic images and patterns of electromagnetic 

radiant imagery and other phenomena to give similar reading output like the laser 

scanning (Manferdini and Galassi 2013). Researchers from institutions with low 

resources can use photogrammetry instead of laser scanning because it can be done by 

using low cost digital cameras. However, they risk long processing times and poor quality 

in some cases. It is recommended to test these digital tools to enable quick outcomes, cost 

effectiveness as well as accuracy. More, raw point clouds obtained from laser scanning 

and photogrammetry needs pre-processing steps like registration, segmentation of data 

and filtering of noise to generate 3D point cloud that can be used to develop 3D model 

and HBIM. Generating 3D model from point cloud is still a manual process which requires 

a lot of time and expertise. This challenge should be further explored in order to make 

this process automated. Thus, automation in this field is a fertile area for future research 

(Mansuri and Patel, 2021). Innovative strategies and methodologies should be 

investigated to enable fast and accurate data collection for HBIM.  

4.3 Build a framework of HBIM collaboration 

The findings suggest that the research linkages and collaborations at a global level are 

not well established. The main collaborative network exists between European countries 

such as Italy and countries like the United States and the United Kingdom. This suggests 

a need for assessing and addressing research policy and regulatory barriers in countries 

with weak linkages such as global south countries like India, Sri Lanka, Brazil and Mexico 

and African countries in order to facilitate collaborative working and sharing of data 

(Udeaja et al., 2020). Furthermore, efforts should be made to develop international 

standards for data requirements that supports a common understanding and definition 

of HBIM. Public and private funding agencies and institutions should promote 

international, inter-institutional and interdisciplinary collaborations among authors and 

institutions to share their resources, knowledge, experience and expertise for the 

development of the research area of HBIM. 
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4.4 Building expertise, skills and knowledge on HBIM 

The lack of collaboration with global south countries mentioned in the previous thematic 

area could indicate a lack of resource, expertise and awareness about the field of HBIM. 

Therefore, the development of a consistent language and understanding of HBIM 

according to international standards can form the basis for consistent up-skilling, 

training and education (Trillo et al. 2020). It is encouraged that guidance material should 

be developed, explaining the processes of HBIM in diverse contexts, thus encouraging 

collaborative processes and sharing of data. In most countries it would be cost prohibitive 

to develop HBIM training courses and materials. Therefore, a recommended research 

priority is the development of a skill framework which defines the expected learning 

outcomes which academia and heritage industry can respond to by developing courses 

and materials which meet this requirement. This skill framework could also act as a 

driver to increase the use of BIM and other digital technologies in university departments. 

 

5. CONCLUSIONS 

A mixed method system of scientometric mapping and a qualitative thematic analysis of 

articles related to HBIM has revealed the hidden potential and opportunities for further 

development of the field. This study has attempted to explore the emerging domains and 

latest development in BIM application in architectural heritage field so as to give an 

overview of the emerging domains and research priorities for researchers in this field. 

The findings demonstrate the significant potential BIM has in being applied to heritage 

for diverse reasons. There may be some cases of overlapping between some journals and 

conference articles in this study. Therefore, future research may use other databases such 

as Scopus and Google scholar for such kind of mapping.  

BIM is a well-established process to enhance construction and building processes. 

However, using BIM in heritage conservation is a still a novel opportunity of using BIM in 

terms of documentation, urban conservation and socio-cultural criteria.  Research 

investigating the values of HBIM particularly in diverse contexts can increase the 

awareness of the use of BIM in the heritage sector. Therefore, establishing an evidence 

base can provide future funding opportunities for HBIM multi-disciplinary research. For 

instance, future research into integration beyond simple intangible details and into the 

full integration of characteristics such as heritage values and significance that can be 

embedded into the 3D model in a consistent and structured manner should be 

considered. Research on HBIM although in its infancy, is largely dominated by Western 

authors and institutions. This has some implications into how heritage is conceptualised 

in diverse international and local contexts and should be considered in future research 

contributions in this area. 
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