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Abstract: Building Information Modelling (BIM) is an information management and mod-
elling technique frequently employed by the Architecture, Engineering, and Construction
(AEC) sector. The application of BIM to Cultural Heritage (CH), otherwise known as His-
toric BIM (HBIM), will assist with the ongoing sustainable management of CH. However,
the application of HBIM is currently limited by a lack of defined end-user requirements
and standard methodology in its application. To address this, the authors propose a sys-
tems thinking approach, utilising both the Soft Systems Methodology (SSM) and hard
Systems Engineering (SE), for the development of HBIM. Subsequently, this paper presents
the results of an extensive survey undertaken with the United Kingdom (UK) Heritage
Community to identify challenges faced by the CH sector and utilises the SSM to propose
the core purpose of HBIM within the CH sector. The responses to the survey suggest
that the development of HBIM should prioritise the promotion of structured information
management instead of the generation of detailed geometric models, a key theme of much
existing research. Future work by the authors (Part 2 of this work) will continue the analysis
of the survey results and utilise SE processes to define end-user requirements for HBIM.

Keywords: HBIM; cultural heritage; BIM; system engineering; soft systems methodology

1. Introduction
1.1. Historic Building Information Modelling

Building Information Modelling (BIM) is an information management and modelling
technique frequently employed by the Architecture, Engineering, and Construction (AEC)
sector. It typically consists of a 3D model of an asset semantically enriched with additional
information. The application of BIM to Cultural Heritage (CH), otherwise known as
Historic BIM (HBIM), could assist with the ongoing sustainable management of CH, and
contribute to the United Nations (UN) Sustainable Development Goal (SDG) 11 (Sustainable
Cities and Communities [1]) by providing an enduring record of CH, and by improving
resource efficiency. However, the application of HBIM is currently limited by a lack of
defined requirements and standard methodology [2].

There has been extensive research undertaken into the application of HBIM to CH
since it was first suggested by Murphy et al. [3] in 2009. However, previous reviews of the
prevalent trends in both HBIM specifically [4-8] and BIM for existing structures [9] have
revealed a strong focus on accurate 3D model creation. This trend has remained consistent
as evidenced by more recent reviews, which either focus solely on model creation and
reality capture techniques [10,11] or identify a bias towards studies investigating model
creation [2].
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Checkland and Howell [12] propose that in any developing field, real practice and
available technology often outpace the theory behind it. This can be observed in the field
of HBIM where, whilst advances in modelling and data storage techniques are rapid and
continual, the understanding of why techniques are developed is, as yet, ill-defined [8]. For
instance, in a 2019 article, Ewart and Zuecco [8] reviewed HBIM case studies and found
they could not identify any clear justifications for why each case study was conducted.

MIDAS Heritage [13], an existing historic environment data standard, states that “a
familiarity with emerging technologies for the production, presentation and dissemination
of computerised information will assist users, but specifics are not covered by MIDAS
Heritage. Instead, it focuses on the text information stored in information systems. Without
such standards new technologies can do little more than present bad data in a deceptively
good way”. Without similar standards for HBIM, and continuing the current trend to
prioritise the technology beyond all other attributes [8], HBIM risks providing no tangible
value to information management within the CH sector.

Moreover, HBIM is an information system, which is defined by the National Institute
of Standards and Technology (NIST) as “a discrete set of information resources organized
for the collection, processing, maintenance, use, sharing, dissemination, or disposition of
information” [14]. The quality of an information system and the associated value that it
provides is dependent on whether it is fit for purpose [15] and whether it satisfies the end
user needs [16-18]. However, the required purpose of HBIM is currently undefined.

Furthermore, a lack of clarity and cohesion in the purpose of HBIM will likely result
in the same problems being recurrently solved in differing ways by individual teams,
which will consequentially hinder the generation of a consistent framework for HBIM
application. This is a risk associated with the advent of any digital technology for the
CH sector and is acknowledged by existing Heritage Management conventions, such as
the Faro Convention [19]. As such, there is a need for a more structured definition of the
purpose of HBIM.

The problems associated with HBIM are succinctly summarised by Ewart and
Zuecco [8] who state that “we do not know what HBIM is, who it is for, or why it would
be used”.

1.2. Systems Thinking
1.2.1. Justification

Given the need for a more structured definition of HBIM, the authors have adopted the
use of a systems thinking approach to the development of an HBIM standard, an approach
which, to the best of their knowledge, has not been proposed for HBIM previously. Systems
thinking is defined by the International Council on Systems Engineering (INCOSE) as “a
way of thinking used to address complex and uncertain real-world problems. It recognises
that the world is a set of highly interconnected technical and social entities which are
hierarchically organised producing emergent behaviour” [20]. Whilst novel to the field
of HBIM, systems thinking has previously been proposed as an aid for infrastructure
projects [15], which are broadly similar in complexity to Heritage Management. Moreover,
Heritage Management is known to consist of many inter-related attributes and requires the
input of many stakeholders from different sectors [6].

Furthermore, systems thinking has been proposed for other digital information man-
agement developments. For instance, the Centre for Digital Built Britain (CDBB) posited
systems thinking as necessary for the creation of a National Digital Twin, a series of inter-
connected digital twins with a connected network of shared data [21]. Since the CDBB was
a partially United Kingdom (UK) government-led initiative [22], adopting their recommen-
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dations should support the alignment of HBIM practices with wider digital information
management developments within the UK, the region in which this research is undertaken.

Moreover, the CH sector may be better positioned to achieve the long-term goal of the
CDBB, which is the creation of a National Digital Twin. Whilst the CDBB concluded that a
connected digital system will only arise when “high quality data [can be shared] securely
and resiliently across organisational and sector boundaries” [23], the CH sector may be
culturally more able to adopt this. Firstly, it is generally accepted that CH is a shared societal
resource and responsibility [24]. Thus, much information and data regarding heritage are
already made freely available. An example of this in practice is the Historic Environment
Records (HERs), described as “information services that provide access to comprehensive
and dynamic resources relating to the archaeology and historic built environment of a
defined geographic area” [25]. Whilst the systems are usually managed by local authorities,
HERs are public resources. There are also a number of projects actively encouraging greater
public contribution to these systems. For instance, the ‘Know Your Place” project [26] allows
members of the public to add their own heritage data to a public resource.

Furthermore, much CH management is carried out by building preservation trusts
and charities, as opposed to purely commercial entities, meaning there may be fewer issues
regarding organisational willingness to share proprietary data. Therefore, the cultural
acceptance of more open data might be theoretically easier to achieve, although there may
still be some limitations caused by proprietary data sources. A notable development that
occurred during the production of this article, and which reinforces the authors’ belief that
the CH community is the best place to achieve the goals of the CDBB, was the public launch
of the Arches for HERs platform in the UK [27]. The Arches for HERs platform is an open-
source platform designed for data management and visualisation in the CH sector. Whilst
this has many similarities to HBIM systems, the visualisation capabilities of the Arches
platform are provided via integration with Geographic Information Systems (GISs), which
provide wider location data. GIS and HBIM technology integration is currently limited by
a lack of interoperability [28,29] and there is ongoing research to address this [30,31].

1.2.2. Applying Systems Thinking to HBIM

Systems thinking is a diverse term that encompasses many, sometimes contradictory,
ways of thinking. Given the over 100 years of research into systems thinking, it would
be impossible within the scope of this article to detail all the divergent disciplines within
the systems thinking field. For an interesting work that provides some insight into the
field, the authors refer readers to Ramage and Shipp [32]. Therefore, it is necessary to
explain here what systems thinking approaches will be applied to the development of
an HBIM standard. These can be broadly categorised as the Soft Systems Methodology
(SSM) [33] and ‘hard” Systems Engineering (SE) [34]. This paper (Part 1) will detail the
application of the SSM to HBIM development. Part 2 will address the application of SE to
HBIM development.

The SSM was first developed in the 1970s [35,36] and has been pioneered primarily
by Lancaster University in the UK [12,32,37]. The main difference between SE and the
SSM is that SE ignores worldviews and sees the world as systemic, e.g., an entity or
situation has known boundaries and relations and can be explicitly defined. Whereas the
SSM accounts for the influence of differing worldviews and approaches the process of
learning as systemic as opposed to the world itself [38], e.g., real-world experiences are
complicated and influenced by lived experience and thus cannot be explicitly defined but
the methodology used to investigate a situation can be.

Whilst the SSM originated as a set of defined actions [33,35,39], it is now better
described as a set of principles that can be adapted and applied to differing systems as
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needed [38]. The SSM is, in principle, an almost philosophical approach aimed at linking
ideas with human experience [12]. Its use within the development of information systems is
well established [12,32,37] yet the SSM still has its critics within the ‘hard” systems thinking
field. In order to link the concept of human experience, the SSM studies involve the
engagement of actors (stakeholders) associated with a problematic situation. Stakeholder
involvement with HBIM development is rare in the available case studies [8,11], with the
notable exception of Liu et al. [40] who utilise stakeholder requirements to define the Level
of Development guidelines for heritage assets.

The SSM is useful for structuring reflections on a problematic situation, of which CH
management is arguably one. Differing worldviews result in differing implicit assumptions
about a problematic situation, which may not be evident to outside entities. Whilst there is
a difference between a study conducted with the intentional use of the SSM and a study that
happens to use the SSM, this does not mean the latter is not useful [33]. There is a concept
of the “internalised SSM” where thinking is carried out automatically but reflections are
conducted using the SSM language, which helps to structure debate. Within the context of
this research, the SSM has been applied retrospectively.

Within the SSM, a purposeful activity is an action taken to improve a problematic
situation. In this case, the problematic situation is the management and maintenance of
Cultural Heritage. The aim is to improve a situation rather than solve a problem, hence
the use of the term problematic. The SSM consequently involves the definition of the core
purpose/essence of a purposeful activity system, in this case, the application of HBIM to
the management and maintenance of Cultural Heritage, known as a root definition [33].
Checkland and Scholes [33] suggest the simplest root definition involves “a system to do X
by Y in order to achieve Z” where X is the what, Y is the how, and Z is the long-term aim.

In this way, the SSM can be used to define the core purpose of HBIM with regard
to CH management. The SSM has been applied for this purpose for other information
systems and there exist a number of case studies detailed by Checkland and Holwell [12].
Consequently, this will contribute to the mitigation of the current problems outlined in
Section 1.1. Further details of how the SSM has been applied to this research are detailed in
Section 2.3.

1.3. Aim and Objectives

The intention of this paper is to investigate the ‘problematic situation’ (the man-
agement and maintenance of built Cultural Heritage) as experienced by the Heritage
Community. The Faro Convention defines the Heritage Community as “people who value
specific aspects of cultural heritage which they wish, [. . ], to sustain and transmit to future
generations” [19]. This research engages a subset of the Heritage Community involved in
the management and maintenance of built heritage within the UK.

The aim of this paper is to utilise the SSM to answer the questions ‘what is HBIM, who
is it for, and why would it be used?’. As such, this paper can almost be considered a direct
response to the work of Ewart and Zuecco [8].

The objectives of this study are as follows:

1.  Establish how data are currently managed within the Heritage Community.
Establish both current working practices within the Heritage Community and organi-
sational features that may impose constraints on an HBIM system.

3. Identify how participants perceive HBIM and how they would envision using it if it
were available.

4. Propose a root definition of HBIM.
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The research recorded in this article is focused on the experiences of the UK Her-
itage Community. Future stages of the work will expand the scope of the research (see
Section 1.4).

Whilst this paper only explicitly addresses the SSM element of systems thinking (SE
is applied directly in Part 2 of this paper series), the content of this paper has a direct
application to the wider SE approach. Within the SE process of systems design, there
are the concepts of system verification and validation. This is explained by INCOSE as
“verification ensures you built the system right. Validation ensures you built the right
system” [37]. A system can only be considered valid if it behaves as expected in its
intended environment and achieves the desired purpose. The authors believe that without
defining the core purpose of HBIM, achieved herein with the SSM, it will not be possible
to validate any proposed HBIM system. This must be defined before any requirements
can be defined. Furthermore, a 2007 article by the Royal Academy of Engineers [15] states
that “true requirements are based on a full understanding of what the stakeholders are
seeking to achieve—the underlying needs, how the systems will be used and in what
environment”. The content of this article seeks to provide this understanding. Hence,
whilst the requirement definition element of SE is detailed in Part 2 of this study, Part 1 also
directly attributes to the SE approach.

1.4. Research Context and Previous Work
1.4.1. Research Context

This section provides a brief overview of the ongoing study being undertaken by the
authors. For a detailed account of previous work undertaken, please refer to Section 1.4.2.
The overall intention of this study is to aid the standardisation of the application of HBIM
to CH. The scope is intentionally broad, encompassing CH as a whole. The reason for this
is that the authors believe that the tendency to focus on specific HBIM use cases leads to too
many disparate approaches and is detrimental to the practical application of HBIM. This
is discussed in greater detail in Lovell et al. [2]. Furthermore, all existing BIM standards
(e.g., ISO 19650 [41], etc.) make no distinction between the type of asset to which BIM
will be applied. It has been suggested that it is a lack of standardised procedure that most
severely limits the field of Asset Management as a whole [42]. So, whilst it is true that,
for instance, applying HBIM to a historic church may differ considerably from applying
HBIM to naval heritage, this difference is no more considerable than applying BIM to a new
hospital as opposed to a new office building. The authors believe the purpose of an HBIM
standard is to act as a guiding framework that can be adapted as needed for a specific use
case. This is the same purpose of the ISO 19650 [41] standard for BIM for new construction.

Figure 1 is a simplified depiction of the ongoing study being undertaken by the authors.
Stages 2 and 3 are encompassed by Part 1 and Part 2 of this research. The discussion below
details key activities, their scope, and general motivation. Its inclusion is necessary to
address potential limitations with the research presented herein.

This study involves the following key activities, which correspond to the numbered
items in Figure 1:

1.  This stage has two key activities. The first activity was a literature review of
178 articles on HBIM to determine the current state of the field [2]. The second activity
involved reviewing academic literature, grey literature, and published standards to
evaluate different ways of working with Cultural Heritage and to identify theoretical
information requirements for HBIM [43,44]. Stage 1 of this study had an international
scope. See Section 1.4.2 for more details.

2. Stage 2 involves distributing a survey to members of the UK Heritage Community
and evaluating their responses. The survey encompassed over two hundred questions
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Determine state of

the art (technology)

and contained many free-form answers. Hence, the scope was intentionally limited to
ensure the feasibility of analysing all responses with the limited resources available to
the investigators.

Stage 3 involves employing SE processes to define system requirements in response
to the survey responses. This has been completed and will be detailed in Part 2 of
this research.

Stage 4 involves recirculating the proposed HBIM system requirements to other
members of the Heritage Community. The intention is to broaden the scope of
the research to an international context. This will help identify any region-specific
variations or variations due to asset type. It will also gather perspectives that may
have not been encompassed by Stage 2 of the research. The member feedback will be
used to validate and adapt the proposed requirements as needed.

The final stage of this study being undertaken by the authors will involve the com-
parison of the validated requirements with available technology (Stage 5a) and the
existing standards and literature (Stage 5b). This will enable the authors to make
recommendations as to how standards should be adapted for HBIM and how the
proposed requirements can be achieved in practice.

1 and 5b
Determine state of

the art (Standards, 2
academic literature @ . o Stakeholder
and grey literature) engagement

=)
AR —

Requ1rement Reqmrement
validation definition

Figure 1. A pictorial representation of the ongoing study this article is a part of.

As previously mentioned, the theory associated with developing technology often lags

behind its practical use [12], e.g., the ‘how?” is established before the ‘why?’. Therefore, it is
to be expected that others will have already developed methods for achieving the proposed
requirements. The intention of this work is not to claim to be the originator of any such
method, it is only to provide evidence to justify why a method should be used.

Figure 1 is depicted as a cyclic approach because, although this study conducted by the

authors will only complete the five stages once, the management of CH and the application
of HBIM is not a static situation. To ensure the longevity of HBIM, this study should be
repeated either to refine the proposals for specific use cases or to reflect any changes in the
field as a whole.



Heritage 2025, 8, 21 7 of 42

1.4.2. Previous Work

In a previous work [43], theoretical information, functional, and modelling require-
ments for BIM-enabled Facilities Management (BIM-FM) were identified from the literature.
This included the identification of six information requirement categories. Subsequently, in
Lovell et al.’s study [44], a further six information requirement categories specific to HBIM
were identified. The proposed theoretical information requirements for HBIM are shown

in Table 1.

Table 1. Theoretical information requirements for HBIM identified by Lovell et al. [44].

Information Category

Information Requirement

Geometric surveys: This is defined as the geometric
information gathered with which to create the model.
These data will typically be provided by techniques such
as photogrammetry or laser scanning. These techniques
produce point clouds, which are a collection of
thousands of points that provide a 3D representation
of an area.

The geometric survey

Details about the geometric survey, e.g., method and who carried it out

Information (data) about the fabric of the asset: This is
defined as the physical material /structure that makes up
the asset.

Material data, e.g., what materials are used

Architectural data, e.g., floor plans

Current building fabric status data

Condition assessments: This is defined as inspections of
the physical condition of an asset, which can include,
but are not limited to, assessments of decay or
energy performance.

The raw data from the assessment

The results and recommendations of the assessments

Details about the assessments, e.g., method and who carried it out

Legal requirements: This is defined as any requirement
that may affect your ability to carry out certain work.
This may include a planning regulation (e.g., Grade
Listing, etc.) or statutory document (e.g., other
requirements such as conditions of bequest).

Planning regulations

Statutory documents affecting the asset

Historical information: This is defined as archaeological
data (including data about lost heritage) and major
changes to an asset (not regular conservation work) over
time. It does not refer to historical significance.

Archaeological evidence

Changes that have occurred over time

Environment data: This is defined as more detailed data
about the specific environment (or space) of an asset,
which may affect its condition or performance. This may
be at a large scale (e.g., a whole building) or a smaller
scale (e.g., light levels in a specific room affect
a specific object).

Light levels (internal and external)

Vibration levels

Weather

Dust levels

Humidity

Safety and security information: This is defined as any

information related to the safety and security of the asset.

This could include fire evacuation drawings, locations of
fire alarms, and accessibility information such as
wheelchair-accessible routes.

Fire safety

Health and Safety (H&S)

Potential threats/risks and vulnerabilities

Security

Accessibility information

Space data: This is defined as information about how
the physical space of an asset is broken down and used.
This may include, but is not limited to, room allocations

(space breakdown), which areas are open to the
public/private (space usage), occupancy limits, average
footfall (visitor information), etc.

Space usage

Space breakdown

Visitor information
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Table 1. Cont.

Information Category Information Requirement

Required equipment

Maintenance manuals/instructions: This is defined as

information provided or required to help plan and/or

carry out maintenance and conservation work on Whether the maintenance can be performed by a normal user or
an object. requires skilled personnel

Minimum level of performance

Intervention type (work required)

Intervention frequency

Previous maintenance including conservation history

Historical significance: This is defined as the tangible or For education
intangible significance attributed to the importance of
the asset, e.g., how it evidences a way of life/practice,
architectural or structural importance, associations to

notable figures, etc.

Location data: This is defined as information about the Setting of the asset (e.g., grounds)
wider location surrounding the asset. This may or may
not be owned by you. For example, a local river may be
prone to flooding and a risk to your asset. Alternatively, Related assets nearby
it may be information about the grounds surrounding
the asset itself, e.g., the boundaries of the land.
Objects not part of the building’s fabric: This is defined Moveable objects
as important objects not necessarily considered part of
the building, which could be artistic (e.g., tapestries,
artwork, sculptures, etc.) or other moveable assets
(e.g., old factory machinery, furniture with a specific
significance, etc.).

To inform management decisions

Nearby physical hazards

Other generic locational information

Artistic objects

A survey was subsequently designed to enable the wider Heritage Community to vali-
date the proposed requirements and to contribute to the creation of a standard methodology
for HBIM. The survey had two parts of which the first was intended to determine existing
working practices within the heritage sector and how people involved in the management
and maintenance of heritage currently manage their data. The first part of the survey asked
participants about their experience working with heritage, how they currently manage
heritage information, and how they would use an HBIM system if available. The second
part was intended to validate the theoretical information requirements and will be covered
in future work by the authors. This report will detail the results of the first part of the
survey only.

2. Method
2.1. Participant Identification

Snowball sampling [45] was employed to identify participants for the survey. All
participants were members of the Heritage Community (see Section 1.3), and the only
inclusion criterion was that they had some experience in the management or maintenance
of heritage. Within this criterion, ‘management’ is an intentionally broad term. Asset
management refers to managing an asset at an organisational level to maintain its value in
line with organisational objectives [46]. What constitutes maintaining the value of heritage
is hugely case-specific and, as an example, could involve activities such as allowing a
site to exist untouched, ongoing small-scale maintenance, or major interventions to adapt
or reinstate an asset [47]. Therefore, within the context of this research, the director of
a heritage visitor attraction may be considered equally involved in the management of
heritage as a tradesperson working on an adaptive reuse of heritage project.
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Whilst the exclusion criteria may appear contradictory to the definition of Heritage
Community, which refers to anyone who has an interest in CH and thus encompasses
other, excluded actors such as members of the public, it is individuals involved in the
management and maintenance of heritage who will take on the financial and resource
requirements associated with HBIM. Therefore, as also suggested by Liu et al. [40], the
authors believe the insights of individuals involved in the management and maintenance
of heritage are the most crucial to the early development of HBIM. Future development
of HBIM may address the wider Heritage Community but this is beyond the scope of the
current research.

The initial set of participants was identified from the authors’ existing links to industry,
and via participants’ association with known heritage organisations or historical assets.
Snowball sampling was used to leverage the expertise of as many different heritage experts
as possible. It was correctly assumed that participants working within the CH sector
would have a greater awareness of individuals and organisations who would be willing to
participate, which may have not been known by the authors of this paper.

The final survey was a Microsoft Forms survey and was distributed as an online link
via email. Participants were also given the opportunity to complete the survey in interview
format. A total of thirty-three participants completed the survey, of which five participants
undertook the survey in interview format. The questions were the same regardless of the
delivery method.

Ethical approval for the survey distribution was granted by the Science, Technology,
Engineering and Mathematics Committee at the University of Birmingham. All survey
distribution and data storage were undertaken according to the approved application.

Survey collection occurred over a period of six months. The anonymised survey
responses and a blank copy of the survey itself are openly available on the UBIRA E Data
Repository and are accessible at the following address: https://doi.org/10.25500/edata.
bham.00001189 (accessed on 24 October 2024).

Since the questions did not vary between the interview format and the online survey
format, the responses are reported together to enable direct comparison.

2.2. Survey Reduction—Pilot Studies

During the development of the survey [44], pilot surveys were carried out with
participants with no experience in either BIM or heritage to ensure the accessibility and
clarity of questions and responses. The finalised survey was then made available as an
interview or an online questionnaire. The questions were the same regardless of format.

A secondary pilot survey was carried out using the initial sample of participants
(Section 2.1). It was found that the original survey was considered excessively long,
discouraging potential participants from completing both parts. Of the fourteen participants
who completed the secondary pilot, three only completed the first part and one only
completed the second part. Consequently, some questions were removed from the survey,
and it was reduced to a one-part online questionnaire. Since the questions were not
altered, the responses from the secondary pilot questionnaire are included herein. Further
discussion of the removed questions is given in later sections as appropriate.

As a result of the pilot surveys, ‘translocation” was added as an additional proposed
function of HBIM. Translocation is the process of moving a structure from one location to
another. It is extremely rare in practice and is a highly controversial approach within the
Heritage Community. In reference to translocation, the Royal Institute of British Architects
(RIBA) Conservation Guide [48] states that “many would say it is not conservation at all”.
However, several of the participants had experience working with ‘living museums’, which


https://doi.org/10.25500/edata.bham.00001189
https://doi.org/10.25500/edata.bham.00001189

Heritage 2025, 8, 21

10 of 42

recreate historical settings mainly via translocated structures and HBIM has been utilised
by others for translocation purposes [49]. Hence, translocation was added to the survey.

2.3. Applying Systems Thinking

The SSM typically begins with the process of ‘finding out’ about a problematic situation
and establishing relevant ‘worldviews’. The ‘finding out’ stage applied to this research
was the distribution of the survey created by Lovell et al. [44] (Section 1.4). The responses
gathered from the survey that contribute to the ‘finding out’ stage (Section 3) were grouped
into the following topics:

e Information about the participants of the survey, including their job areas and expe-
rience, the type of heritage they work with, and their previous experience with BIM
(Section 3.1).

e Information regarding how data are currently managed within the Heritage Commu-
nity (Section 3.2).

e  Current working practices within the Heritage Community and organisational features
that may impose constraints (Section 3.3).

e How participants perceive HBIM and how they would envision using it if it were
available (Section 3.4).

The intention is that the responses detailed in Section 3 will grant an understanding of
the problem situation (the management of CH) and will reveal worldviews that may have
influenced any answers provided by the participants.

A reflection on the questionnaire results created by applying systems thinking is
detailed in Section 4. As stated in Section 1.2.2, within the SSM, the root definition defines
the core essence of the purposeful activity undertaken to improve a problematic situation.
The creation of a root definition typically involves the consideration of elements defined by
the CATWOE mnemonic [33]. These are as follows:

e  Customers: Those affected negatively or positively by T;

e  Actors: Those carrying out T;

e  Transformation process: Change from input to output;

e  Weltanschauung (or worldview): The worldview and associated assumptions that
provide context to T;

e  Owners: Those responsible for making T happen or not;

e  Environmental constraints: Elements outside the system that are “taken as given”.

In Section 4, the SSM is applied to define a root definition and associated CATWOE
for HBIM.

The root definition is accompanied by a pictorial representation of the transformation
process. The pictorial representation is a hand-drawn image presented in this article. This
is an intentional choice and should not be considered detrimental to the quality of the
approach. The use of hand-drawn images, similar to doodles, has been used extensively
in the SSM since its inception [12,32,33,35,36,38,39] and is intended to reflect the organic
nature of the method [33]. The point of modelling (representing a thing) within the SSM is
to present complex realities in an accessible and understandable manner. The originators
of the method acknowledge that the models are much less complex than would be needed
to detail all the realities of the real world and suggest that their way of writing is “[not] of a
kind that would appeal to an ivory-tower purist” [12]. However, hand-drawn, cartoon-like
images have been recognised by others for their ‘sensemaking” applicability [50]. They
capture an honest perception of a situation without being influenced by preconceptions
about the right way to do things [51].

Future work, encompassing system requirement definitions for HBIM and the second
part of the questionnaire, is detailed in Section 5.
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3. The Problematic Situation
3.1. About the Participants
3.1.1. Experience and Expertise

A total of thirty-three participants answered the survey. Their participant IDs, job
titles and organisations (where appropriate, consent was obtained), and job areas (see
Section 3.2.1) are detailed in Table 2. The participant IDs are used to refer to answers
given by specific participants throughout this report. All participants were members of
UK organisations.

Table 2. Participant job roles and organisations ({. . .] suggests anonymised).

Participant ID Job Title Organisation Job Area
1 Museum Manager [...] GM
2 Carbon and Sustainability University of Birmingham GM

Manager
3 Contracts Manager [...] AEC
4 Operational Programme L] oM
Manager
5 Site Engineer [...] AEC
6 Head of Service—NDSU Bec [Blrmmgham City GM
Council]
7 Data Manager University of Birmingham GM
8 Head of Historic Buildings Historic Royal Palaces HM
9 Committee Member and The Moseley Society HM
Trustee
Facilities Manager (Head of
10 Facilities and Asset Birmingham Museums Trust HM
Management Department)
11 Assistant Building Surveyor National Trust HM
12 Collections and House Officer National Trust HM
13 [..] [...] HM
14 Head of BIM and Digital University of Birmingham oM
Assets Estates
15 Senior Building Surveyor [...] HM
16 [...] [...] HM
17 Secretary Roms;y & Dis’frict Buildings HM
reservation Trust
18 [...] [...] HM
19 Project Development Manager [...] HM
Project Manager Conserving
20 the Historic Estate (-] HM
21 Author and Editor [...] HM
22 [...] [...] HM
23 [...] [...] AEC
24 Archaeological Illustrator [...] HM
25 Architect (Director) Rodney Melville & Partners AEC
26 HBIM Coordinator [...] AEC
27 [...] [...] AEC
28 Engineer [...] AEC
29 CEO Heritage Lincolnshire HM
30 Head of Infrastructure Severn Valley Railway HM
31 Chief Executive Portsmouth Naval Base HM
Property Trust
32 Infrastructure Manager Gloucesstershire Warwickshire HM
team Railway
33 Head of Bullidmg English Heritage HM
Conservation

GM = General Management, HM = Heritage Management, AEC = Architecture, Engineering, and Construction

(see Section 3.1.2 for explanation).
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Almost 75% of the participants had over ten years of experience working with heritage
assets (Figure 2) and approximately 66% of the participants held positions as heads of
departments or organisations. Together, the participants had experience encompassing
over eighty different types of heritage incorporating eight different types of protective
status. The types of heritage include, but are not limited to, historic buildings, historic
parklands, stone structures, lakes, railways, and bridges.

Participants’ years of experience working
with heritage (n=32)

o/
/0

28%

m <5 yrs ® 5-10 yrs = 11-20 yrs = 21-30 yrs = >30 yrIs

Figure 2. Graph showing how many years of experience participants had working with heritage.

The majority of participants had obtained some form of official qualification they
felt relevant to their role whilst three had not cited ‘on the job” experience. Qualifications
were typically associated with higher education (e.g., architecture, history, and engineering
degrees) but also included qualifications from professional bodies (e.g., Chartered Institute
of Building (CIOB) and the Royal Institution of Chartered Surveyors (RICS)) or Continuing
Professional Development (CPD) events run by various organisations.

3.1.2. Roles

The participants were grouped into three broad job areas so that any differences in
perspective (e.g., different worldviews) could be inferred. These job areas were as follows:

e  Heritage Management: This refers to individuals who are involved in the management
and maintenance of heritage assets specifically.
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e  General Management: This refers to individuals who are involved in the management
of a number of assets, which includes some heritage assets, or individuals who look
after an asset because of the function it serves.

e  AEC: This refers to individuals involved in the AEC industry. This incorporates both
organisations specialising in heritage projects and organisations that typically deal
with non-heritage assets.

The management categories incorporate activities associated with both Asset Man-
agement (AM), defined as “coordinated action of an organisation to realise value from
assets” [46], and Facilities Management (FM), defined as “organisational function which
integrates people, place, and process within the built environment with the purpose of
improving the quality of life of people and the productivity of the core business” [52].
The key distinction between ‘Heritage Management” and ‘General Management’ is that
individuals involved in Heritage Management were managing assets specifically because it
was an asset known to be historically significant and there was a wish to preserve the asset.
Individuals involved in Heritage Management were typically associated with charities or
trusts founded to look after heritage as opposed to purely commercial organisations.

Over 60% of the participants worked within Heritage Management, with approxi-
mately 20% working in AEC and 15% working in General Management (see Figure 3).
This was not unexpected given the search method for participants. The initial sample
of participants was primarily generated via the participant’s known association with a
heritage asset or organisation. Hence, these were typically public organisations or trusts
founded to look after heritage. Identifying individuals within the AEC sector and the Gen-
eral Management field was more difficult as it relied on the existence of sufficient public
information regarding an organisation’s heritage activities or the authors” own knowledge
of appropriate participants. The lack of participants in the General Management field can
also be attributed to the fact that many potential participants chose not to partake in the
survey as they did not believe they had any expertise regarding heritage. One participant,
who did complete the survey, even went as far as claiming they had no experience working
with heritage and it was just a coincidence that two of the assets within their management
portfolio were Listed buildings.

Job areas of the
participants

20
15
10

No. participants

o

General
management
Heritage
management

Architecture,
Engineering and
Construction

Job area

Figure 3. Graph showing job areas of the survey participants.
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However, the value of insight from individuals who do not have what may be consid-
ered a conventional heritage background should not be understated as they help provide a
more balanced perspective. This is a sentiment increasingly championed by international
communities as evidenced by conventions such as the Faro Convention [19], which suggests
that anyone with a desire to preserve and pass on heritage should be able to contribute at
some level to the development of official policies. Furthermore, the authors believe that
the development of HBIM must incorporate cross-sector expertise so that any proposed
processes can be used by owners of mixed-use sites, e.g., university campuses, which may
consist of both brand new and heritage structures.

3.1.3. BIM Knowledge

Whilst over 75% of participants had encountered BIM before, just under half of them
only had theoretical experience of BIM (Figure 4). Theoretical experience usually originates
from personal interest or academic experience. The participants with BIM experience
typically originated from large, national institutions (e.g., English Heritage (EH) and
National Trust (NT)) or had experience from previous roles. One participant was a member
of the National Steering Group (UK) for HBIM.

Had the participants encountered BIM
before? (n=33)

52%

B Yes-theoretical experience m Yes—practical experience m No

Figure 4. Graph showing if participants had encountered BIM before as well as if their experience
was practical or theoretical.

3.2. How Heritage Information Is Currently Managed
3.2.1. What Information Do Heritage Practitioners Possess?

Participants of the survey were initially not provided with the theoretical information
categories (in Table 1) so as not to inadvertently influence their responses [53]. In the first
half of the survey, the Participants were asked to detail any information they already pos-
sessed about the assets they worked with. Table 3 presents the information stated as already
possessed by the survey participants (right column) against the theoretical information cate-
gories from Table 1 (left column). The definitions for each information category are included
in Table 3 to minimise ambiguity. Where an information type provided by a participant may
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be attributed to multiple categories, the category with the strongest correlation was chosen.
For instance, records of the asset’s form over time could be considered as ‘information
about the fabric of the asset’ but is instead incorporated under ‘historical information’.
Table 4 contains information types stated as already possessed by the survey participants
that were deemed not to be encompassed by the proposed information categories. For
both Tables 3 and 4, non-identical but similar answers were grouped together. The most
frequently cited existing information types were drawings (architectural or unspecified),

photographs, and surveys of the asset condition (various types).

Table 3. The information stated as already possessed by the participants of the survey.

Theoretical Information Category

Information Already Possessed by the Survey Participants

Geometric surveys: This is defined as the geometric
information gathered with which to create the model. These
data are typically provided by techniques such as
photogrammetry or laser scanning. These techniques produce
point clouds, which are a collection of thousands of points that
provide a 3D representation of an area.

Laser scans (explicitly specified) and other 3D scans (exact type
unspecified by participants)
Measured surveys

Information (data) about the fabric of the asset: This is defined
as the physical material/structure that makes up the asset.

Architectural drawings (new and historic) including plans,
layouts, and elevations
Unspecified drawings (new and historic)
Information about the materials
Conservation and architectural reports
Information about historic architectural families
Drain surveys
Descriptive documents
Mechanical and Electrical installation surveys

Condition assessments: This is defined as inspections of the
physical condition of an asset, which could include, but are not
limited to, assessments of decay or energy performance.

Various surveys, e.g., building, environmental, asbestos, timber,
structural, plaster, mechanical, and electrical
Condition surveys/reports (historic and new)

Results from visual inspections
Consultant reports

Legal requirements: This is defined as any requirement that
may affect your ability to carry out certain work. This may
include a planning regulation (e.g., Grade Listing, etc.) or
statutory document (e.g., other requirements such as conditions
of bequest).

Previous planning applications
Documents supporting previous planning processes
Legal records
Compliance records, e.g., asbestos

Historical information: This is defined as archaeological data
(including data about lost heritage) and major changes to an
asset (not regular conservation work) over time. It does not

refer to historical significance.

Record /assumptions of the building’s use over time
Record /assumptions of the building’s form/any changes
over time
Information about former capital projects [it is assumed here
that a capital project involves some kind of major change]
Archaeological reports/surveys/collections

Environment data: This is defined as more detailed data about
the specific environment (or space) of an asset that may affect its
condition or performance. This may be at a large scale (e.g., a
whole building) or a smaller scale (e.g., light levels in a specific
room affect a specific object).

Environmental parameters affecting integrity

Safety and security information: This is defined as any
information related to the safety and security of the asset. This
could include fire evacuation drawings, locations of fire alarms,

and accessibility information such as
wheelchair-accessible routes.

Health impact assessments
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Table 3. Cont.

Theoretical Information Category

Information Already Possessed by the Survey Participants

Space data: This is defined as information about how the
physical space of an asset is broken down and used. This may
include, but is not limited to, room allocations (space
breakdown), which areas are open to the public/private (space
usage), occupancy limits, average footfall
(visitor information), etc.

[No information types given]

Maintenance manuals/instructions: This is defined as
information provided or required to help plan and/or carry out
maintenance and conservation work on an object.

Records of previous maintenance work (cyclical and reactive)
Records of previous conservation work
Records of statutory testing
Building maintenance plans
Service plans
Historic operation and maintenance plans
Standard operating sheets
Working documents for heating, lighting, Closed-Circuit
Television (CCTV), and Audio—Visual (AV) systems
Information about cleaning

Historical significance: This is defined as the tangible or
intangible significance attributed to the importance of the asset,
e.g., how it evidences a way of life/practice, architectural or
structural importance, associations to notable figures, etc.

Reports/research on asset history and significance
Historical background
Architectural heritage surveys
Archival sources regarding the holding’s provenance
Secondary sources relating to the asset history
Original accounts from the asset’s construction
Building gazetteers

Location data: This is defined as information about the wider
location surrounding the asset. This may or may not be owned
by you. For example, a local river may be prone to flooding and
a risk to your asset. Alternatively, it may be information about
the grounds surrounding the asset itself, e.g., the boundaries of

the land.

Maps
Topographic surveys
Site level drawings

Objects not part of the building’s fabric: This is defined as
important objects not necessarily considered part of the
building, which could be artistic (e.g., tapestries, artwork,
sculptures, etc.) or other moveable assets (e.g., old factory
machinery, furniture with a specific significance, etc.).

Asset registers

At this point of the survey, the information stated as already possessed by the survey
participants encompassed all but one of the theoretical information categories proposed
by the authors. The only omitted category was ‘space data’. However, it is arguable that
‘layout information” contributes to the ‘space data” category. This provides initial evidence
to support the validity of eleven of the twelve proposed information categories.

It was found that respondents also indicated information types that fall outside of
the previously proposed categories presented in Table 3. Thus, Table 4 presents these
information types within three newly defined categories of information. A fourth category,
‘other’, is included for completeness and encompasses any information type given by
the survey participants that cannot be justifiably grouped under another category by the
authors. The three categories in Table 4 represent an addition to the work outlined by
Lovell et al. [44]. However, as these categories were not included in the survey, they are
not discussed further herein. Future work should seek to provide further validation of
these categories.

3.2.2. Evaluation of How Information Is Currently Stored and Managed

It was anticipated that participants would disagree with the statement that “the infor-
mation they currently possess is sufficient for their purposes” as other research previously
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concluded that the likelihood of information being missing increases with an asset’s age [55].
However, within this survey, less than 30% (eight participants) of the participants disagreed
with the statement (see Figure 5). Furthermore, when specifically asked what challenges
they face with how they manage heritage information, only 15% (five participants) of the
participants referred to the insufficiency of data as a key challenge with regard to how
they manage heritage information. Comments regarding challenges caused by insufficient
data included a lack of knowledge of hidden services (e.g., drainage, plumbing, and elec-
trical), information being owned by previous owners or external organisations who are
unable/unwilling to provide it, and poor record keeping in the past.

Table 4. Information stated as already possessed by the survey participants that is not encompassed
by the previously proposed categories.

New Information Category Information Type Already Possessed by the Survey Participants
Visual depictions: This is defined as images, Matterport data
drawings, or surveys that provide a visual Drone surveys
representation of all or part of an asset. (Note: whilst both drone surveys and Matterport surveys can provide

geometric data, the exact drone survey was not specified. Furthermore,
Matterport surveys are not typically used for geometric data, instead, they are
typically used to create virtual tours [40]. The authors are aware of one
participant who only uses Matterport scans for its virtual tour capability and it
is possible to undertake a Matterport survey without collecting geometric data,
hence the inclusion within this category.
Photographs and paintings (historic and current).

Management plans/policies: This is defined as Management data and records
documents recording or dictating the strategic Conservation policies
management objectives of an asset. Conservation management plans
Project files for proposed and/or previous Schedule of work
capital work: This is defined as information Feasibility studies
created or required as part of the conception and Company minutes and correspondence
design stages of a capital project (assumed to Specification of work
correspond with suggested information Business plans
exchanges for RIBA stages 0—4 [54]). Intended design plans from architects
Other Detailed BIM models

Historical /archival records (unspecified)
Other reports (unspecified)
Consultants’ reports (unspecified)

A potential explanation for the unexpected result in Figure 5 can be inferred from
the challenges associated with storing heritage information suggested by the participants.
Almost 30% (nine participants) of the participants, many of whom had agreed with the
statement, referred to having too much data, stored in too many disparate ways to be easily
accessible. Similarly, seven participants suggested challenges regarding storing information
in a long-lasting and easily accessible manner. This challenge was also reported where
a lack of defined structure and process in digitised systems had resulted in information
being lost or misfiled. In some cases, participants reported having to rely on institutional
knowledge of where and how information was stored. This is not practical long term since
three other participants referred to information being lost due to staff turnover.

It may thus be concluded that the problem is not related to the sufficiency of the data
but rather the complexities associated with managing such large data volumes over a long
period of time. This further supports the argument for a defined data standard for HBIM.

To gain further insight, participants were asked how they currently store and manage
the information they possess. All answers received (three participants did not provide
answers) indicated either hard copies, digital copies, or personal experience as presented in
Figure 6. All but one of the participants who answered the question stored some information
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in a digital format and six participants referred to storing data in a specific digital FM or
AM tool. Overall, the responses revealed a strong trend towards the digitisation of data,
with several participants discussing ongoing work to digitise resources that remained as
hard copies, and four stating that, whilst they possessed some hard copies of documents,
these were purely archival resources.

[s the information you currently possess
sufficient for your purposes? (n=31)

23%

42%

32%
[ | Strongly agree W Agree
B Neither agree or disagree W Disagree

B Strongly disagree

Figure 5. Graph depicting participants” opinions on the information they currently possess.

Throughout the whole survey process, the desire from the participants to use digital
solutions for Heritage Management and better information and tools to share with their
successors became evident. The positive attitude from the participants of the survey,
many of whom held positions as heads of departments or organisations, thus suggests a
positive outlook.

Whilst some perceived barriers to HBIM implementation (see Section 3.4.12 for full
details) also became apparent when participants were asked what challenges they face with
how they currently manage heritage information, we believe that they can be overcome.

For instance, whilst two participants suggested challenges regarding the willingness
of other stakeholders to adopt new digital tools, Brunet et al. [56] found that this can be
overcome when influential members of organisations champion digital tools.

Furthermore, several participants mentioned a lack of resources regarding both the
time and money needed to implement these solutions. However, the cost and time needed
must be compared to the existing issues experienced by the participants regarding the in-
ability to find information easily and the consequential cost and time implications imposed
by this existing poor information management [57,58]. From this comparison, it becomes
clear that providing the new digital tools have clearly reported structures and processes,
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thus allowing them to be resilient to technological changes [42], the initial investment
required to implement them will be recouped over time.

How do you currently store and manage the information you possess?

digital
FM or

3

*Digital only * Hard copies and digital * Hard copies only * Hard copies, digital copies and personal experience

Figure 6. Graph depicting how heritage practitioners currently store and manage the information
they possess.

3.2.3. Types of Digital Tools Already in Use by the CH Sector

To gain additional clarity on the types of digital tools currently utilised by the Cultural
Heritage sector, participants were asked if there were any specific tools or software that
they used to store and manage information. Approximately 66% (twenty-one participants)
of the participants stated that they did use specific tools or software. The exact software and
tools varied substantially across different job roles and sectors so only generic classifications
are included in this section. The tools used tended to reflect the digital maturity of the
participant’s organisation, with those just beginning to digitise their data tending to use
simpler, readily known tools, such as Microsoft Word or Excel, and storing their data on
internal [file] servers. Moreover, many organisations used cloud or web-based servers with
the most common response (nine responses) being SharePoint, a collaborative, web-based
document management system. Several organisations were using more advanced Common
Data Environments (CDEs) [59], such as Business Collaborator, ProjectWise, and Bentley
CDE. Others were using alternative information management databases and tools such
as the Autodesk BIM360 suite and PostgreSQL. Another common theme was software for
design and visualisation including but not limited to the following: Geographic Information
Systems (GISs) (e.g., QGIS, PostGIS, and ArcGIS), as-is capture tools (e.g., Matterport
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and Metashape), Computer-Aided Design (CAD) tools (e.g., AutoCAD, Revit, FreeCAD,
and Sketchfab), and other modelling tools (e.g., Trimble Business Centre, LumenRT and
OpenRoads Designer, etc.).

Whilst the exact software varied across the participants, it is interesting to note that
many of the software stated are utilised as BIM tools across the AEC industry (Revit, Busi-
ness Collaborator, and Bentley CDE appear particularly prevalent). Whilst the relevance of
design and visualisation software to BIM is easily understood, the importance of collabora-
tive data management platforms such as SharePoint should not be underestimated. Undue
emphasis is often placed on the modelling component of BIM. However, BIM's primary
function and benefit is arguably as a standardised information management tool. CDEs
are an essential element of BIM implementation. It should be noted that simpler solutions,
such as SharePoint, with proper organisational governance, structure, and access rules,
can be configured as basic CDE systems for a project utilising BIM. The trend towards
digitisation observed from the survey results and the fact that many of the participants are
already using BIM-aligned tools suggests that the application of HBIM to the CH sector is
not an insurmountable task.

3.3. Working Constraints
3.3.1. Importance of Working Constraints

This section reviews the current working practices of the participants. An adequate
understanding of current working practices should help ensure that suggested system
requirements for HBIM are viable within the current CH sector.

3.3.2. Accessibility of Assets

Participants were asked whether the assets they worked with were private, open to
the public, or a combination of both. Almost all participants stated that they worked with
assets that were open to the public in some way (see Figure 7). Those who responded with
‘both’” typically worked with a portfolio of assets where one asset of a larger estate may
be private, or they worked with a larger asset that had some private areas, e.g., staff-only
areas. For some, the assets were private only because they had not yet been developed for
public access. It is worth noting that “public’ incorporated both visitor attractions, holiday
lettings, and functional buildings, e.g., university buildings.

When asked if the accessibility of the assets had any impact on their role, it was
determined that the biggest impact came from assets being open to the public. No impacts
were given for private assets. There was some disparity between individuals involved
in management roles (both Heritage Management and General Management) and those
involved in the AEC sector. For those involved in management, the biggest and most
recurrent impact given was that maintenance had to occur during closed periods and
that major projects resulted in prolonged periods of shutdown. Conservation activities
thus require a greater degree of planning, and many organisations undertook seasonal
shutdowns to accommodate this. A further impact given includes increased concerns
regarding vandalism/arson, which may be due to less controlled access afforded to public
assets. Several participants stated that there were increased Health and Safety (H&S)
management requirements when assets were open to the public.

For many participants, mostly those involved in Heritage Management, there was
an expectation within their organisations that assets would be public and there would be
considerable public engagement involved in all aspects of their work. This was due to
participants advising of charitable remits including learning responsibilities and a desire
to return heritage assets to the communities within which they originated. For example,
Participant 8, Head of Historic Buildings at Historic Royal Palaces (HRP), emphasised
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this point stating that the public is “the most/only way to sustainably manage assets of
the scale and significance of the palaces”. The inherent public ownership of heritage is a
concept discussed in the Faro Convention [19] and by UNESCO et al. [60]. The importance
of public engagement and education opportunities was reiterated in a later question where
Participant 30 stated that these two aspects had been requirements for obtaining external
funding (in their case Heritage Lottery Funding). It is evident that any proposed HBIM
system should incorporate this need for public engagement/ownership.

Are the assets you work with private, open

to the public or both? (n=32)

m Public m Private m Both

Figure 7. Graph depicting whether the assets the participants worked with were private, open to the
public, or both.

Individuals in AEC roles typically cited differing approaches to projects involving
public assets compared to private assets since “the public” is considered a more powerful
stakeholder. Therefore, the opinions and engagement of the public during planning and
design stages were considered much more important as they affected the asset’s intended
use and the public was likely to cause issues with projects if they were unaware of, or
disagreed with, any work undertaken.

3.3.3. Working Locations

The pilot version of the questionnaire asked participants where they worked from
on a typical day. Thirteen of the fourteen participants who answered the question stated
that they worked on sites or had a hybrid working pattern of home/ office or site-based
locations. For many, the hybrid working pattern had been triggered by COVID-19 but was
deemed unlikely to change. The fourteenth participant (Participant 9) worked from home
but occasionally undertook maintenance in person. It was clear from the initial sample
of results that any HBIM methodology should account for remote access from varying
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locations. An HBIM that can only be accessed from one location/computer would be
incompatible with current working patterns.

3.3.4. Organisation Size

Participants were asked how many people were involved in the management and
maintenance of heritage at their organisation (Figure 8). The purpose of the question was to
determine approximately how many people would need access to any information stored
within an HBIM system. A total of 70% of participants responded that over ten people were
involved in the management and maintenance of heritage at their organisation and only
approximately 7% of participants worked alone. Several interviewees who answered that
over twenty people were involved in the management and maintenance of heritage at their
organisation stated that they were including both the core team (one of which consisted of
only ten people) and any external contractors/volunteers.

Number of people involved in the

management and maintenance of heritage

at their organisation (n=30)

7%

23%

57%

13%

m] m2tol0 m11to20 m>20

Figure 8. Graph depicting the number of people involved in the management and maintenance of
heritage at each organisation.

3.3.5. Challenges of Working with Heritage

The participants were asked what key challenges they face with regard to working
with heritage. The purpose of the question was to identify potential constraints to HBIM
but also to identify challenges experienced by heritage practitioners that could be overcome
or alleviated by the use of HBIM. The key challenges, in order of frequency, are shown
in Table 5.
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Table 5. Challenges of working with heritage.

Challenge of Working with Heritage

Details

Participant No.

Money

Over 65% of the participants cited
money-related challenges. This challenge
encompassed a lack of available funds,
lack of available resources, high cost of
materials and labour, and difficulty
accessing external funds or fundraising.

1,4,6,8,10-11, 13-22, 24, 29-33

Availability of skilled labour

Participants mentioned a growing lack of
heritage skills or difficulty finding
contractors with appropriate expertise.

3,8,13,17,20, 22, 26, 29-31

Planning/legislative/listing constraints

Participants talked about extra
constraints imposed by having to comply
with heritage protections or satisfy
external heritage stakeholders (e.g.,
conservation officers). This also limited
the scope of any interventions and
increased the time to gain
planning consent.

2,4,6,9,11,17,19, 24

Historic materials

Challenges regarding the materials in use.

This included trying to stop the further
degradation of materials reaching their
end of life, the ingress of plant life, and a
lack of homogeneity in
material properties.

3,12,19-20, 28, 31

Client aspirations and expectations

This included disparity between the
“purest vision and the practical vision”
(Participant 6) as well as a limited
understanding of the legislative
implications of heritage significance.

6,14,23,25

Climate change

Climate change or impacts of climate
change, e.g., increased flooding.

8,22,31

Access requirements

Both gaining access as a worker and
allowing access for the public.

12,20, 24

Insufficient time

Insufficient time to plan work, carry out
activities, apply for funding, etc.

1,10, 24

Insufficient staff

Insufficient staff to plan work, carry out
activities, apply for funding, etc.

1,4,10

Access to historical records/information

Limited access to historical information
for planning future interventions or
informing activities.

5,17-18

Limited long-term sustainability

A general lack of long-term sustainability
including a lack of forward planning
within organisations.

20,22

Public perception

The impact of public perception (see
Section 3.3.2).

24

HBIM may provide a viable solution to mitigating some of the identified challenges.
For instance, whilst HBIM cannot impact the physical access capabilities, it may be used
to plan activities or access possibilities in advance. This is comparable to 4D sequence
planning in BIM already utilised by the AEC industry [61,62]. Likewise, easier access
to information may reduce the time and resources needed to plan activities or apply
for funding.

Many of the given challenges were inter-related. For instance, several participants
mentioned limited time for planning and limited available staff, but Participant 31 explained
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that this was caused by limited funds. Since money is a limiting factor, initial HBIM
implementation should endeavour to use low-cost solutions as much as possible. However,
using HBIM to address some underlying issues could justify an increased implementation
cost for HBIM. For instance, the scarcity of skilled labour was also credited with increasing
labour costs. One organisation was seeking to address this by supporting the development
of heritage skills. HBIM has previously been used/suggested as an educational tool [63—66]
so this capability could potentially be repurposed to aid training about heritage skills/crafts
in the future. Furthermore, viewing public engagement and education as an inherent
function of HBIM would allow it to be used to ease and reduce required resources for
external funding applications for future interventions.

3.4. Uses of HBIM
3.4.1. Overview of Section

The authors of this paper previously determined that the intended use of an HBIM
tends to alter its form and contents [2]. For instance, a participant who wishes to use HBIM
as a virtual tool used to share heritage with the public is likely to request a high degree
of geometric accuracy for model elements. Thus, the preferences of the participants may
cause implicit bias in their later responses. Consequentially, Section 3.4 aims to determine
potential uses of HBIM and to identify any implicit assumptions the participants may have.
The participants were provided with the following explanation of what HBIM is for the
purpose of this study:

“BIM is the process of creating an intelligent 3D model of an asset which also contains
extra information about ‘objects” within the asset. This information includes geometric
information (e.g., dimensions of a window) and non-geometric information (e.g., details
of the materials that make up a structure or manufacturers handbooks). A HBIM is a
BIM model of a historic asset. Essentially, all the information about an asset should be
stored and accessible within the model alongside a visual representation of the object. BIM
software allows people to plan activities, create schedules and design new constructions.
BIM can also be used as part of augmented reality/virtual reality (AR/VR) tools to create
virtual experiences”.

Subsequently, seven potential use cases of HBIM (Section 3.4.2) were proposed to the
survey participants and they were asked to indicate their preference (Section 3.4.3). The use
cases were intended to reflect example use cases of HBIM from the available literature. For
each use case, participants were then given the option to detail if they had a specific use in
mind and if they wished to provide any other comments. In many cases, the specific use
and other comments had a degree of overlap, so the results are discussed together. These
responses are detailed for each respective use case in Sections 3.4.4-3.4.10. The final section
(Section 3.4.11) details any further use cases identified from the survey responses that were
not proposed initially.

3.4.2. Proposed Use Cases

Table 6 presents the potential use cases of an HBIM that were proposed by the authors
in the questionnaire and the definitions provided to participants. “Translocation’ was added
as an additional option during the secondary pilot stage.

One of the questions removed from the questionnaire after the secondary pilot stage
was “what do you use the information [you already possess] for? e.g., to inform new work”.
From the thirteen participants who provided responses, the answers can be summarised
as follows:

e Informing funding applications, planning, and design of new work/capital projects.
e  Evaluating, planning, undertaking, and recording maintenance.
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e  Understanding the significance and/or function of an asset.
e Informing decisions.
e Asarecord, e.g., of asset condition or function, or of work undertaken.
e  Planning activities.
e  To share knowledge with others.
Table 6. Proposed uses of a future HBIM with the definitions provided to the participants.
Potential Use of HBIM Definition
Renovation projects Defined as work to upgrade or change an asset. This could be for
aesthetic, structural, or energy performance reasons.
Restoration projects Defined as any work attempting to return an asset to its
original condition.
Conservation projects Defined as actions/work to maintain an asset in its current condition.
This includes day-to-day and ad hoc maintenance.
As a virtual tool used to share heritage with the public This is envisioned as an educational tool (potentially incorporating

AR/VR) that could contain information about the intangible heritage
of the asset or be used to teach others about conservation, etc.

Asset Management Defined as managing an asset at an organisational level to maintain

its value in line with organisational objectives.

Facilities Management Defined as managing the asset and its contents for day-to-day

running. This involves planning maintenance, managing resources,
space management, and monitoring energy performance.

Translocation Defined as moving a structure from one location to another. It may be

intact for the relocation; dismantled from its original site and rebuilt
somewhere else; or it may be recreated from already dismantled parts
at a new location.

It can be inferred that the answers provided correspond with functions of HBIM
proposed by the authors of this paper in Table 6, e.g., planning maintenance would be a
Facilities Management activity. Hence, it was deemed that minimal additional value could
be inferred from the question besides providing some further justification for utilising
HBIM for a specific use case, and it was removed from the final iteration of the survey.

It was observed that there was some level of disagreement with the use cases given
between the participants. Views on ‘restoration’ and ‘renovation” appeared particularly
contentious since for many within a conservation setting (essentially those participants
from within the Heritage Management job sector) restoration and renovation are considered
bad practices and, for some, were not recognised terms. This was revealed as a current
debate for the sector with Participant 29 saying, “there’s a whole debate around this
[...] as to why I wouldn’t want to do [restoration projects]”. However, there were some
participants who had undertaken renovation and restoration projects as defined by Table 6,
so the use cases can be considered acceptable in this instance. Likewise, as mentioned
previously (Section 2.2), the translocation of heritage structures is extremely rare and
is considered controversial by many [48]. However, three participants had been actively
involved in translocation projects in the past, so removing the use case would have removed
a potentially valuable perspective.

There was also some disagreement from the participants regarding the definitions
provided. For instance, Participant 33 from EH referred to ‘conservation’ as the “careful
management of change” [67] and suggested the definition given was more applicable to the
term ‘preservation’. However, UNESCO defines the conservation of Cultural Heritage as
“the measures taken to extend the life of cultural heritage while strengthening transmission
of its significant heritage messages and values. In the domain of cultural property, the aim
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of conservation is to maintain the physical and cultural characteristics of the object to ensure
that its value is not diminished and that it will outlive our limited time span” [68]. For the
purpose of this study, this can be argued to be sufficiently comparable to the definition
given in Table 6.

The occurrence of differing definitions within the CH sector has been identified in a
previous work by the authors [44], observing that there are many differing definitions of
what heritage itself is. It was thus also assumed by the authors that this disparity might
be true for other terminology within the CH sector. Hence, the definitions in Table 6
were provided to participants to ensure that, regardless of whether a given definition was
universally accepted, the answers provided by participants could be directly compared.
Furthermore, altering the definitions according to participant feedback would have made
any future comparison of previous answers invalid, so it was decided that the uses and
definitions would remain the same. The research outlined in this paper does not seek
to provide definitive definitions for any of the proposed use cases or settle the debate
regarding the appropriateness of certain activities within a conservation setting, it only
aims to suggest potential use cases; therefore, no further comment is provided on the
suitability of these terms.

3.4.3. Participants’ Preferences

Figure 9 depicts the preferences for the seven proposed use cases of HBIM according to
the participants of the survey. The participants were asked to indicate their agreement with
the statement “a HBIM would be beneficial for the following purpose:”. There were five
response options with an associated “use score’: strongly agree (use score = 2), agree (use
score = 1), neither agree or disagree (use score = 0), disagree (use score = —1), and strongly
disagree (use score = —2). The ‘use score’ is purely intended to enable comparison of the
proposed use cases with a higher, positive score indicating a greater agreement that HBIM
would be beneficial and a more negative score indicating greater disagreement. Neither
agree nor disagree had an associated use score of zero as it was assumed to be a neutral
response. From the collected responses, an average use score for each option was generated
using Equation (1).

Sum(use score x No.responses for agreement level)
No.responses for use case

1)

Average use score =

The average was used to account for the fact that the question about translocation was
added after the secondary pilot stage, so there were fewer responses.

The results are depicted in Figure 9. ‘Asset Management’ achieved the highest amount
of ‘strongly agree’ responses. However, the use of HBIM as a “virtual tool used to share
heritage with the public’ was the most popular use case, achieving the highest average use
score. This may be due to the expectation of the organisation that the heritage they worked
with would be publicly accessible in some way (see Section 3.3.2). Translocation had the
largest amount of non-positive responses. This was because the practice of translocating
structures is very rare [69] and thus many of the participants had no relevant experience.
Participants who explicitly stated that they did have experience with translocation all
strongly agreed that an HBIM would be beneficial (Participants 3, 5, and 18). Whilst there is
some difference between the seven use cases, there is no significant preference for any one
case (evident from the minimal variation in average use score). As such, it can be argued
that CH management favourably encompasses more than one of the use cases detailed and
HBIM should not be siloed into a specific use case.
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Potential uses of HBIM according to heritage experts

100% 1.6
g 90% 14
a. 80%

z 1.2

2 70%

o 1 ©

S 60% =

5 2

o 50% 0.8 =

< 5
(o)

% 40% 06 &

S 30%

g 0.4

S 20%

> 10% 0.2
0% 0

Restoration projects
Renovation projects
Conservation projects
Asset Management
Facilities Management
Translocations

As a virtual tool used to share heritage
with the public

A HBIM would be beneficial for the following purpose...

B Strongly Agree (Use score=2)

mm Agree (Use score=1)

B Neither agree or disagree (Use score=0)
I Disagree (Use score=-1)

I Strongly disagree (Use score= -2)

— Average use score

Figure 9. The potential uses of HBIM according to survey participants. The average use score was
calculated using Equation (1).

Figure 9 demonstrates that the participants were mostly positive about the benefits
of HBIM for all given use cases. No use case had more than 10% of participants disagree
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with the statement and the average use score was greater than 1 for all use cases, indicating
a notable amount of ‘strongly agree’ responses. However, it must be acknowledged that
these results present a degree of positive bias and, as such, should not be assumed to be
representative of the whole Heritage Community. It was noted that approximately 10% of
organisations who responded to the survey inquiry declined to participate because “they
did not believe HBIM would be useful [to their organisation]”. This does not necessarily
mean these views are correct but their responses express their view with the information
they had available at the time. Furthermore, Cohen et al. [53] suggest that survey partici-
pants are typically reluctant to provide responses that are deemed extreme, e.g., strongly
disagree. Only one participant provided no positive answers (providing four negative and
one neutral) and another provided four neutral and one positive.

3.4.4. Renovation Projects

Three key beneficial functions of HBIM can be identified from the answers provided
regarding renovation projects. The first function pertains to the ability to make more
informed decisions. Participant 6 referred to previous experience undertaking a renovation
project on an asset they managed and expressed an opinion that a 3D model of the asset’s
previous condition would have been more beneficial than the 2D photographs they had
to inform the new renovation. A similar sentiment was shared by Participant 3 who
believed having a 3D model would provide a clear picture of the intended end product of a
renovation. Furthermore, Participant 2 suggested it “might be useful when determining
the practicality of building fabric and services upgrades”. Participant 5 suggested that 3D
scans would “give an indication of the status of the building and where there could be
issues such as structural or superficial”.

The second beneficial function of HBIM is the collation of complete asset data in a
single repository, especially with regard to historic data, which herein refer to any data that
are not current. Several participants mentioned the requirement for all data to be easily
accessible and any changes to be traceable, with Participant 8 citing benefits regarding
“avoiding any data loss through poor storage and loss of organisational knowledge” and
Participant 20 suggesting it could save time by not “duplicating work done previously”.
Some participants specified changes as changes to the fabric of their assets, with Participant
8 specifying that it would allow them to have a historic store of data for places that are
“hard /impossible to view” and would allow them to, for example, “understand how much
of a 16th century roof survives, and how much was replaced in the 17/18/19/20/21st
century”. Most participants did not specify the type of historical data, so it must be assumed
that they were referring to all data types.

The final beneficial function was regarding improving the sustainability of an asset.
This consisted of assessing the current energy performance of an asset to evaluate energy ef-
ficiency and determine areas for improvement or for making strategic alterations/upgrades
to an asset to achieve an eco-friendly design.

A total of 16% of the participants provided neutral responses. The respondents advised
that this was primarily due to the expertise of the participants and the relevancy of the
subject to their job role, with one claiming insufficient BIM knowledge to know if it would be
useful and another stating that they had no renovation projects planned. Other participants
stated that the model would need to be accurate. The theme of energy assessment was
also provided, with Participant 11 suggesting a specific use case of “assessing the current
energy performance of existing objects and what upgrades could be made”.

Participant 32 provided the only negative response for renovation projects. This
was credited to the age and the simplicity of the asset, meaning that they believed CAD
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drawings would be sufficient. Interestingly, Participant 33, who did not recognise the term
‘renovation’ within their organisation, provided a positive response to this section.

Within this section of the survey, further barriers to HBIM implementation were
identified. The first barrier, suggested by Participant 18, who had used models for this
purpose in the past, was that there was a lack of incentive from external parties, in their case
architects, to utilise the models or engage in collaborative working. This could be overcome
by enforcing HBIM as a contractual requirement for external parties. Two participants who
provided positive preferences stated that the cost of implementation would be prohibitive.
However, using HBIM for energy efficiency reasons could provide justification for this
cost. Participant 10 described the ever-increasing price of energy as “an absolute killer”.
Therefore, since BIM can be used as a live tool for managing energy usage [70], it could
enable organisations to use energy more efficiently and thus reduce costs. This may be
especially true for heritage assets where stringent climate control is often mandatory for
delicate assets [71]. It would also provide tangible evidence of energy efficiency and carbon
neutrality, which Participant 10 cited was difficult to prove as it stands.

3.4.5. Restoration Projects

Restoration projects were considered comparable to renovation projects by many of the
participants with several either referring to their previous answers or grouping the terms
within their answers. A beneficial function of HBIM, comparable to those for renovation
projects, was the collation of data in a single repository. However, the benefits provided by
a single repository varied slightly from those suggested for renovation projects. Participant
10 believed it would reduce the time taken to deliver capital projects by making it easier
and quicker to find information and share it with the relevant project members. A couple of
participants mentioned a greater ability to review and understand past repairs or alterations
to the asset, with Participant 24 mentioning the need to record “historically correct building
techniques”. Additionally, Participant 5 referred to increasing organisational knowledge
over time by building up information regarding uncommon materials or difficult items.

Several participants commented on the usefulness of 3D surveys for restoration
projects. Participant 18 had used HBIM for restoration projects before and had found
it useful to prepare the geometric model according to historic drawings and then compare
the model to new 3D surveys. Participant 5 and Participant 6 believed 3D surveys could be
used to assess the current state of the asset before the initiation of the project and decide
what superficial or structural repairs may need to be carried out. This could be particularly
useful for hard-to-reach areas as it would allow an initial assessment of the cost of the
work and the viability of the project without having to invest in access arrangements, an
undertaking that can have significant financial implications for heritage. Participant 14
and Participant 10 suggested that 3D surveys or HBIM could be captured continuously
through the restoration process to show the progress of the work. The idea of carrying out
3D surveys throughout restoration projects is already utilised in practice. For instance, the
Sudbury Gasworks Restoration Trust carried out drone surveys to record the restoration
of the Gasworks [72]. It is important to note here that the participants were referring to
geometric surveys, not HBIM model objects.

There were two negative responses provided: one by the same participant and for the
same reason given for renovation projects, and one solely because a participant disagreed
with the principle of restoration in a historic setting (as detailed in Section 3.3.2). However,
Participant 29, who disagreed with the principle of restoration, did comment that they
“could see how that would be a useful technology”.
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3.4.6. Conservation Projects

Similar beneficial uses to the previous two sections were suggested: better visualisation
of assets, collation of data in one place leading to quicker and better-informed decision
making, and the ability to build up a knowledge base for the organisation. Participant
5 went so far as saying “the knowledge can be shared between similar assets to build
the data base”. The concept of sharing knowledge on a wide scale as part of a National
Digital Twin was previously outlined in Section 1.2.1. Whilst it is unclear whether the
participant was referring to similar assets within their own organisation or more generally,
increasing the quantity and availability of all conservation data could have significant
impacts on conservation activities. This is demonstrated by Participant 17 who commented
that “conservation of historic fabric is often complex and the result of investigative work
and problem solving”. They hoped that “HBIM would make it easier to access detail
in specific areas. If access is easy, then system users will be more inclined to use the
information available. It will preserve the integrity of the work which has been done and
ultimately the asset”.

Some participants saw the benefits of HBIM for discussions regarding reactive mainte-
nance, saying it would aid discussions and allow information to be shared with external
service providers. Tangible evidence for the benefits of HBIM for reactive maintenance in a
heritage setting was provided by Participant 12. They referred to an instance where they
had used HBIM, overlaid with infrared images, to track water ingress from the damage
to the source. Participant 12 stated that “this allowed for repairs to be made to the source,
the location of which wasn’t always obvious from the area of damage”. This is not an
isolated occurrence since there are similar instances of this available in the literature on
BIM-FM [73].

Another suggestion, made by Participant 24, was that “advice on techniques would
be helpful”. This could help asset managers plan any conservation work or, as suggested
by Participant 10, help train future conservation professionals. Including this informa-
tion could help alleviate some of the data loss from experts leaving the organisation
(Section 3.2.2).

It was clear from the participants” responses that an HBIM used for conservation
projects would be an ongoing tool that would be continuously used and updated over
time, with several participants referring to tracking information over time. Monitoring
and condition reporting is a continuous process and is key for the management of heritage
assets. One financial justification for this was provided by Participant 10 who said that if
the collections stored /displayed within the asset have significant financial value then “how
the building performs is how we maintain the right conditions and the right environment
for the collections within them”. This desire for HBIM to be a continuous tool differs
from the current most common approach to BIM for Asset Management and Facilities
Management where the BIM is created and then the information is transferred to another
source [74,75]. This confirms the need for a shift in how the application of BIM and HBIM
for Asset Management is viewed [43].

Both the neutral and negative responses for this section were due to the fact that the
participants did not see the use of the specific assets they worked with.

3.4.7. As a Virtual Tool Used to Share Heritage with the Public

As previously stated, the use of HBIM as a virtual tool used to share heritage with
the public received the highest overall score, indicating a strong preference for its use. The
perceived benefits were numerous: as a training tool to teach people about traditional
construction techniques; to assist with funding applications, such as the Heritage Lottery
Fund, or to engage the public with fundraising efforts; to inform others about proposed
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project plans or keep them informed of project progress; and to increase accessibility to
site. Increasing accessibility was the most common benefit and was attributed to a number
of factors, such as individuals being physically unable to visit sites, unsafe conditions,
ecological issues, rural locations, or a desire to reduce footfall at sensitive sites. The viability
of digital tools to increase access to heritage has been previously evidenced by other
authors [76-81].

There were no negative responses to whether HBIM as a virtual tool used to share
heritage with the public would be beneficial. However, neutral responses were provided
by Participants 8, 9, 11, and 32. Participant 32 believed it could be useful to attract young
people as volunteers via tools such as VR, and Participant 8 was concerned that the systems
would be too complex to be a useful public engagement tool. They thought it could be used
to create content for public engagement but noted the need to make the information within
it “enjoyable, easy and engaging to work with”. This suggests that making information
within HBIM accessible to the public is not solely attributed to access controls. A useful
example of how HBIM tools may be utilised for public engagement is given in Gaspari
et al. [82]. Further concerns expressed by the participants, who otherwise expressed
positive sentiments, involved the cost of implementation, applicability to private and
sensitive heritage, and making sure the information was appropriate for the target audience
to ensure engagement, understanding, and accessibility.

3.4.8. Asset Management

Asset management was the second most preferred use of HBIM, with several par-
ticipants stating that they believed it would provide significant benefits for the way they
managed their assets. Participants 14 and 18 were already utilising HBIM or HBIM-aligned
tools for that purpose. Once again, participants saw the benefits of unifying all information
about the asset and its contents and recording both historic and new information, such
as maintenance records, collection registries, access logs, materials used, and past issues.
Participant 33, who strongly agreed that HBIM would be beneficial for Asset Management,
specified that they were envisioning “a shared Asset Management Database that functions
as a Common Data Environment”. Participant 5 also made the suggestion that any system
should be “blurred between more modern and historic assets” to enable opportunities for
collaboration across sectors. This implies that any HBIM development should be aligned
with existing BIM practice, since it is the more mature application, to enable its applicability
to both modern and historic assets.

Furthermore, other participants suggested it would provide a clear image of the assets
they managed, citing the ability to break down the information from the whole structure to
parts of it, with another participant suggesting it would allow them to see how an asset
integrates with other assets.

Several participants mentioned the benefits of being able to clearly share information
with others of varying levels of asset knowledge. This was in reference to members of
management who may work with multiple assets and thus might not have the same level
of asset-specific knowledge as the participant or for the purposes of training a participant’s
successor, consequently reducing the loss of organisational knowledge and ability.

Participants 4 and 10 mentioned the ability to know where an asset was in its lifecycle,
with Participant 4 suggesting HBIM would be beneficial for the decommissioning of assets,
specifically library closures in their case.

There were two negative responses to the use of HBIM for Asset Management. One
was because the participant did not believe it was applicable to their assets (Participant 32)
and the other was because the participant was unsure how it would assist them (Participant
6). The latter noted that this was likely due to their lack of familiarity with HBIM as
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opposed to a reflection on HBIM itself. Of the three neutral responses, one participant
believed it was not applicable to their assets and another thought it would be extremely
difficult to implement.

Some concerns were raised regarding the individuality of specific organisational needs,
availability of funding and cost of implementation, and poor digital literacy among heritage
organisations. However, the overall perception was positive with Participant 8 stating that
“if you can overcome the creation cost, and up-skill the team so everyone could use the
software I think HBIM could bring significant benefits in the way we manage our heritage
assets”.

3.4.9. Facilities Management

Some similar benefits for other uses were suggested for HBIM for Facilities Man-
agement: unification of data in one place, recording of previous maintenance work, and
assistance with planning future work. Several participants referred to issues they experi-
ence currently. For instance, Participant 6 stated that most of the issues they experienced
were associated with new additions to the building such as CCTV and Audio-Visual
(AV) systems. Furthermore, Participant 29 referred to their own experience working on
restored heritage assets saying, “knowing that, particularly in complex buildings that
there’s so much reporting and compliance reporting and post construction completion,
there’s O&Ms [Operation and Maintenance] that normally come over either digitally or
in a paper format that they need to stay in the building and in my experience always get
lost”. Both participants thought that HBIM would be an improvement compared to the
current approach of having to search through long O&M manuals or locate information
when the storage location was unclear. The hope for virtual O&M information that can be
easily used, annotated, and updated was a sentiment echoed by several participants.

As was also suggested in the renovations section (Section 3.4.4), two participants per-
ceived benefits regarding the ability to monitor and improve environmental sustainability.
Participant 10 desired the ability to monitor and report tangible evidence of their progress
towards carbon neutrality. Participant 2, whose job is directly linked with decarbonisation
and sustainability, provided more specific requirements, envisioning “space management
through use of sensors to highlight areas of high and low occupancy which could in turn be
used to guide energy management e.g., scheduling of lighting, heating or cooling operation
times. Similarly, temperature and humidity sensors could be used to monitor environmen-
tal parameters to help control comfort of building users and ensure protection of building
fabric”. They went on to suggest that “HBIM could eventually be used as a platform to
automate control of such parameters within acceptable thresholds” alluding to the use of
true Digital Twins [83].

There was one negative response to the use of HBIM for Facilities Management and
four neutral responses. Among the neutral responses, Participant 13 stated that they could
not afford HBIM, and Participant 9 said the maintenance work was only occasional and on
a small scale. Participant 21 agreed that HBIM would be beneficial but added that it was
not vital in all cases.

3.4.10. Translocation

Translocation was the only use case where any participants strongly disagreed that
HBIM would be beneficial. However, of the two negative responses, one provided extra
information saying it was not likely to occur on their sites and the other provided no
additional information, so it is unclear if they strongly disagreed with HBIM itself or
the applicability to their role. However, six of the ten neutral responses also stated that
the use was not applicable to their role or organisation. Therefore, whilst from Figure 9
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translocation appears to be the least beneficial use case, part of this can be attributed to the
fact that translocating heritage is a very rare occurrence [69].

Of the participants who provided positive responses, a few specific benefits were
suggested. These included a greater understanding of components and build sequence, ac-
curate details of structure, ensuring new additions such as foundations or new Mechanical
and Electrical (M&E) installations existed within the bounds of the existing structure, and
recording the exact details of objects before and after transport to ensure no differences or
mistakes. The latter two benefits were primarily attributed to having accurate surveys of
the structure.

3.4.11. Further Uses of HBIM

Participants were asked to give details of any further potential uses of HBIM that
they felt were not covered by the categories provided in the survey. Six participants listed
additional uses as follows:

e Participant 17: “Client communication—the ability to abstract a BIM record and repre-
sent it to support a report in a simple way so that non-technical readers can get an idea
of what's being discussed”. They also suggested “linking the building archaeology”.

e Participant 18: “Integration with GIS tools for mapping and geospatial purposes. On a
large site it is critical to be able to accurately report the location of assets. [It] would
allow integrating topographical surveys with BIM models”. The participant was aware
of some support for this in Free Open-Source Software (FOSS) but not in proprietary
BIM tools.

e  Participant 21: “Tracing the uses of a place over time. Different circulation routes,
public facilities, how entrances and exits changed”.

e  Participant 22: “If not already covered under previous headings, HBIM could be very
valuable in monitoring & reporting of conditions over a continuous/protracted period
of time”.

e  Participant 26: HBIM could be used within the Metaverse.

e Participant 33: “Risk management, version control, design coordination, [Con-
struction Design and Management] (CDM) Reg[ulation]s 2015, H&S file, ongoing
asset management”.

A recurrent further use given was HBIM as a tool for ongoing Asset Management
(Participant 30) and ongoing recording. This suggests that HBIM is perceived as a long-term
tool for digital information management by the Heritage Community.

The other further uses suggested by the participants also serve as an additional
validation of the theoretical information requirements identified in Lovell et al. [44] as many
of the listed uses/functions correspond with the listed information requirements in Table 1.
The exceptions to this are risk management, version control, design coordination, and
2015 CDM regulations. However, the CDM regulations outline the H&S requirements for
construction projects and are a legal requirement within the UK [84]. Therefore, they should
be incorporated within the ‘Legal requirements’ information category. The remaining are
arguably incorporated under the third new information category (project files for proposed
and/or previous capital work) suggested in Table 4, consequentially providing initial
evidence for the validation of the proposed new category. Furthermore, version control and
design coordination are existing capabilities of BIM tools, so they can be incorporated with
minimal effort. Risk management utilising BIM tools is an emerging functionality [85].

At the end of the survey, Participant 21 suggested that HBIM could be a “useful way
of sharing information with other owners of historic assets. People may not be aware there
are similar assets nearby”. This reiterates the earlier discussion regarding National Digital
Twins (Section 1.2.1).
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3.4.12. Perceived Barriers to HBIM Implementation

Previous work undertaken by the authors [43] on the topic of BIM-FM found a discon-
nect between the barriers to BIM implementation from an academic perspective and from
an industry perspective. Therefore, as part of the survey, the participants were asked “What
challenges do you think you’d face trying to use/implement a HBIM for the assets you
work with?”. The challenges suggested throughout the whole survey are listed in Table 7 in
approximate order of commonality. Note that as the survey progressed, many participants
provided extra comments regarding challenges they anticipated (also presented in Table 7).

Table 7. Perceived barriers to HBIM implementation.

Challenge [of Implementing HBIM] Detail Participant No.

Cost

Participants mentioned challenges regarding 4, 5, 8, 10, 13, 17, 20, 21, 22, 23, 26, 33
the cost of HBIM implementation, staff
training, and ongoing use.

Encouraging uptake

Participants believed it would be difficult to 14,17,18, 29, 32
convince others in their organisation, clients,
or external stakeholders to utilise HBIM.

Upskilling and training users/creators Participants thought training people to use 5,6,8,23,27

HBIM or have the skills to implement it
would be a challenge.

Keeping the system in use and up Participants envisaged challenges ensuring 5,10, 16,21, 24
to date any HBIM system was continuously used
and updated.

Time/effort/resource required to Some participants believed the time taken to 10,17, 23, 30, 31

implement HBIM implement HBIM was not feasible with their
available time and resources.
Making the user interface Participants perceived challenges in making 1,2,19,28

uncomplicated and more compelling large amounts of data easily understandable

than existing tools

and presenting it better than existing tools.

Available software/hardware Participants thought they had insufficient 12,23,29

existing hardware/software or that it would
be a challenge to gain sufficient

hardware/software.
Ensuring robust quality control Participants mentioned there would be a 11,24
procedures are in place need to/or there would be difficulty in

implementing quality control procedures

Cost was the most frequently mentioned challenge (approximately 40% of partic-
ipants). Participant 4 said, “previous requests to have BIM for new builds have been
scrapped due to high costs of the system”. However, the cost of HBIM implementation
compared to the potential benefits resulting from ongoing use for data recording and Asset
Management (envisioned by participants in Section 3.4.11) may mitigate this over time.
Whilst appropriate business plans would help mitigate the challenge of cost, it is evident
that an HBIM system that required too much initial financial investment without justifiable
benefit would not be feasible.

Another perceived barrier was keeping the system up to date and in use. Participant
10 provided evidence that this is an existing issue, saying “[a problem] I'm finding with
our [Computer Aided Facilities Management] CAFM system is who then is responsible for
ensuring that the data is kept current and updating it when changes occur. [...] we find
that it’s completely out of date and nobody’s been staying on top of it because we were all
either locked down from Covid or furloughed and not doing anything”. Any attempts to
implement HBIM as a long-term solution should ensure that appropriate resources are allo-
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cated to its upkeep. Some other challenges mentioned by individual participants included
having to share information with a wider (sometimes bespoke) audience (Participant 3),
potentially not being able to use HBIM in the field (Participant 10), a lack of flexibility and
limited information (Participant 15), the complexity of structures (Participant 15), and the
environmental sustainability /impact of complex models (Participant 31).

4. Soft Systems Methodology for HBIM

As previously stated (Section 1.2), the root definition defines the core essence of the
purposeful activity undertaken to improve a problematic situation. Root definitions for
the same purposeful action will vary depending on the CATWOE used. Most importantly,
the perception of a situation is influenced by a given worldview. Therefore, there is no
single definitive root definition for a given action. Thus, to be considered valid, the root
definition should instead be defensible by its authors. The root definition can be considered
a sensemaking activity. As stated by Weick et al. [86], “sensemaking is not about truth
and getting it right. Instead, it is about continued redrafting of an emerging story so that
it becomes more comprehensive, incorporates more of the observed data, and is more
resilient in the face of criticism”. Simply put, by reading the contents of this paper and the
stated CATWOE for the creation of the root definition, the logic behind the root definition
proposed by the authors should be evident even if the readers” own internalised worldview
may lead them to propose an alternative.

Reflecting on the discussions within Section 3 and the actions they believe would pro-
vide an improvement, the authors would thus like to suggest the following root definition
for HBIM:

“A system owned and maintained by members of the Heritage Community involved
in the management and maintenance of cultural heritage, which, utilising BIM and HBIM
technology financially viable to the Heritage Community, contains, in a structured and
connected manner, all the information required for heritage management. The system
makes information easy to locate to ensure informed management decisions”.

Note that there is a distinction between HBIM and HBIM technology. HBIM is a
system, whereas HBIM technology refers to the individual hardware and software used to
create and manage BIM and/or HBIM, e.g., a laser scanner for point cloud acquisition or
Revit for model creation. None of these technologies alone can be considered HBIM, e.g., a
model created in Revit could be part of an HBIM system but in isolation is just a model.

The CATWOE used to create the root definition was as follows:

C: Heritage Community;

A: Anyone involved in the management and maintenance of heritage;

T: Unconnected and unstructured information that is difficult to find and gather—
connected and structured information that is easy to find and gather;

W: Organised and easily accessible information will make Heritage Management more
sustainable; it can be achieved using HBIM processes;

O: Heritage Community involved in the management and maintenance of heritage;

E: BIM and HBIM technology contain all information associated with an asset, is
financially viable to Cultural Heritage owners, and is an ongoing management tool.

Figure 10 is a pictorial representation of the proposed transformation process. It is
intended to express the current scenario and desired change as simply as possible without
the need for additional textual explanation. The use of hand-drawn images within the field
of the SSM is a conscious and well-established choice intended to reflect the organic nature
of the method [33]. Please refer to Section 2.3 for further explanation.
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Figure 10. HBIM transformation process.

The key feature of this definition is that the focus is on structured information man-
agement as opposed to geometric modelling. As previously discussed (Section 1.1),
geometric modelling has consistently been the primary focus of much research in
the field of HBIM [2,4-9,11]. Future HBIM development should instead prioritise
information management.

The aim of this paper was to utilise the SSM to answer the questions ‘what is HBIM,
who is it for, and why would it be used?’. The root definition proposes answers for all of
these questions as follows:

e  What: HBIM is a system that contains, in a structured and connected manner, all the
information required for Heritage Management.

e  Who: Members of the Heritage Community involved in the management and mainte-
nance of Cultural Heritage.

e Why: The system makes information easy to locate to ensure informed management decisions.

The intention of the SSM is that it can be repeated on an ongoing basis, with each
iteration providing incremental improvements to the problematic situation. This study
acts as the first iteration of the SSM in the field of HBIM; it should in no way be the last.
For instance, the authors would encourage any readers to look at the available data and
consider proposing their own root definition. Alternatively, others may repeat this study
with different members of the Heritage Community and see how the perception of the
situation changes. It is partially from a desire to emphasise the accessibility of the SSM
that the HBIM transformation process is drawn free-hand. There is an acknowledged
disconnect between the academic development of HBIM and the eventual end users of
HBIM [8,11,40,43], but SSM is an approach that should be applicable to anyone without the
prerequisite of formal training in SSM.

5. Conclusions and Future Work

This paper presented the first part of a systems thinking approach to the development
of HBIM. The management of CH, the problematic situation, was investigated by surveying
thirty-three members of the Heritage Community with regards to their experience working
with heritage, what challenges they face, what information they already possess, and
current and desired features of information management in the CH sector.



Heritage 2025, 8, 21

37 of 42

It was found that information types already possessed by the survey participants
corresponded with eleven of the twelve information categories previously proposed by the
authors [44], thus providing preliminary validation of the proposed information categories.
An additional three information categories (visual depictions, management plans/policies,
and project files for proposed and/or previous capital work) were identified from sur-
vey responses.

Moreover, it was revealed that there is a strong desire for and trend towards digital
information management within the CH sector, with many participants already utilising
BIM-aligned tools. However, actual digital information management implementation is
in its infancy and many participants struggle with extensive amounts of data stored in
disparate or unknown manners. Perhaps consequentially, when asked to indicate their
agreement with seven proposed uses of HBIM, participants were almost entirely positive,
with the most preferred uses of HBIM being for Asset Management and as a virtual
tool used to share heritage with the public. The latter is supposedly required due to
the inherent expectation of public involvement with Heritage Management discussed by
the participants.

The Soft Systems Methodology was subsequently utilised to define the core purpose
of HBIM. The resulting root definition of HBIM is proposed as follows:

“A system owned and maintained by members of the Heritage Community involved
in the management and maintenance of cultural heritage, which, utilising BIM and HBIM
technology financially viable to the Heritage Community, contains, in a structured and
connected manner, all the information required for heritage management. The system
makes information easy to locate to ensure informed management decisions”.

This differs from the theme of accurate model creation, which characterises much
research into the development of HBIM, and places emphasis on HBIM as a tool for
structured information management.

As part of the survey, twelve key challenges with regards to working with heritage,
and eight perceived barriers to the implementation of HBIM were identified. In both cases,
the most common responses referred to a lack of available funds and the theorised unviable
cost of HBIM implementation. Hence, financial viability was included within the root
definition. The authors strongly believe that HBIM development governed by the proposed
root definition can be feasibly implemented in practice and will provide tangible benefits
to the Heritage Community.

The suggested root definition proposes answers to the key questions of this article:
what is HBIM, who is it for, and why would it be used?

Future work by the authors (Part 2 of this work) will detail the responses to the second
half of the questionnaire. Systems Engineering techniques will be utilised to define the
system requirements for HBIM. This will include further information, modelling, and
functional requirements, which will enable the development of HBIM in line with the root
definition proposed herein.
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CDBB Centre for Digital Built Britain
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GISs Geographic Information Systems

H&S Health and Safety

HBIM Historic Building Information Modelling
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INCOSE  International Council on Systems Engineering
LOD Level of Detail

M&E Mechanical and Electrical

NIST National Institute of Standards and Technology
NT National Trust

O&M Operation and Maintenance

RIBA Royal Institute of British Architects

RICS Royal Institution of Chartered Surveyors

SDG Sustainable Development Goals
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