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ABSTRACT: Automation is one of the best ways to realise (achieve) the benefits of digitalization. This re-
quires a flow of information between multiple stakeholders. In this respect, data dictionaries can enable gov-
erned and trustworthy data. The technology for Data Dictionaries are available, but integrated and automated
services are missing. Through an exploratory study on circularity with 11 practitioners in Norway, the im-
portance of machine interpretable governed language and the lack of awareness and understanding of data
dictionaries first appeared to the authors. This paper provides an overview of data dictionaries and their role
in integrating decentralized data. A holistic view of how to achieve integrated data by connecting concepts
such as data dictionaries, data templates and data libraries is derived. Three use cases of Data Dictionaries
have been abducted from a combination of academic literature review and interviews. A significant research
gap in academic literature on use of data dictionaries to exchange and map to enable integration was also
found. Findings indicate a shift from the principle of a centralised data distribution to a decentralised data dis-

tribution.

1. INTRODUCTION
It is paradoxical that the degree of automation of
digital operations are low, despite the availability of
technology. This study explores the limited degree
of automation from a process-oriented perspective to
reveal some of the missing elements.

According to 1SO23386-2020, a data dic-
tionary is a centralized repository of information
about data such as meaning, relationships to other
data, origin, usage and format. For decades, Data
Dictionaries have been used to govern interoperabil-
ity in digital processes. In the construction industry,
where there is a need for integrated data and ex-
change between multiple stakeholders in short time
collaborations, one would expect that use of data
dictionaries would be common knowledge and prac-
tice. In a highly fragmented decentralised project-
based industry, the ability to reuse data depends on
the agility and reliability of the definition of data
structures. The difference between machine readable
and machine interpretable is highly relevant in this
paper. Machine-readable is structured data that can
be directly processed by a computer. Machine-
interpretable data has meaning with context and rela-
tions (RDMKit, 2024).

Building Information Model-
ling/Management (BIM) was developed with the in-
tention of improving the inter-organisational collab-

oration in the construction industry as part of the
project lifecycle. Through the development of BIM,
the Industry Foundation Classes (IFC) are well
known to the stakeholders that are associated with
the design part of the asset lifecycle. IFC is an open
data standard which supports exchange between var-
ious BIM software to enable interoperability
(Laakso and Kiviniemi, 2012). Whilst the IFC for-
mat is a solution for exchange, the definition of the
terminology that is applied within the structure can
limit its use. Furthermore, it is important to note that
the model-based workflow does not typically domi-
nate the methods of working for some actors e.g.,
logistics (Whitlock et al., 2021) and product manu-
facturing (Kebede et al., 2022). This paper aims to
explain the need for governance to enable machine
interpretable integration.

The Research Aims (RA) are:

RAL - to explore whether decentralisation of built
environment data is increasingly being accepted as
an underlying premise.

RA2 — to abduct and discuss the importance of
defining governed machine interpretable language
I.e. using data dictionaries as a basis for integrated
data.

This paper intends to raise discussion on the in-
ter-organisational utilisation of multiple data dic-
tionaries from decentralized data sources to achieve
integrated data. Section 2 explains the research



methods employed and the role of abduction, Sec-
tion 3 presents perspectives from literature and theo-
ries on data dictionaries. Section 4 presents 3 ab-
ducted use cases which were used as criteria in the
Section 5 literature review. Section 5 presents the
findings; the first part is based on literature and the
second part based on interviews. Section 6 provides
a discussion based on the findings, research limita-
tions and future considerations.

2. RESEARCH METHODOLOGY

To enable a reliable triangulation of limited
knowledge in an emergent area of research, mixed
sequential methods were utilized, building plausible
hypotheses from stage to stage. Mixed methods in-
volve the use of both qualitative and quantitative
methods to develop understanding (Creswell and
Creswell, 2018).

The purpose of this method is to combine re-
search approaches to provide a more accurate and
complete understanding of a complex problem. The
first round of interviews did not study data dictionar-
ies, data templates or any associated concepts direct-
ly, rather an explorative unstructured approach by
convenience sampling to understand how digitaliza-
tion could enhance sustainability outcomes in the
built environment. A broad range of interviewees
were selected, 11 in total. All interviewees had an
active role in practice in Norway; 4 from Technolo-
gy & Data providers, 3 from Public Clients, 1 from a
Building Authority and 3 Design Consultants. From
these participants, 3 out of 11 used data dictionaries
actively in industry applications. In this stage of data
collection, analysis was conducted using thematic
analysis which showed that all participants described
the need for governed language interpretation, of
which 3 participants took this further in application
of the underlying semantic concepts (data dictionary,
templates or library). This led researchers to a plau-
sible hypothesis that the role of language and more
explicitly in some interviews, data dictionaries were
important to close the circularity loop of infor-
mation.

A scoping literature review was conducted
and experts interviewed focusing on the use of data
dictionaries. The expert interviews involved mem-
bers of BuildingSMART, and a semi-structured ap-
proach was utilised. The first expert was involved in
the day-to-day developments of Building Smart Data
Dictionary. The second expert was a senior member
of BuildingSMART with significant experience in
digitalization for the last four decades. The litera-
ture review led researchers to find that knowledge of
data dictionaries related to development of new ser-
vices is limited within the domain. Therefore, au-
thors took a step back to explore research areas un-
derpinned by a decentralized data premise in the
domain (Section 3.2). After finding evidence that in-
dicates support to this claim and due to limited aca-

demic knowledge on the role of data dictionaries, a
positivist philosophy was deemed unsuitable — there
are not enough studies or experts to numerically
(dis)confirm hypotheses.

Therefore, the philosophical stance taken by
the research is best described as critical realism.
Bhaskar (1975) formulated critical realism; it is an
alternative to interpretive and positivist philoso-
phies, to provide researchers with new ways of de-
scribing the way knowledge is developed (Wynn and
Williams, 2012). In other words, it combines a gen-
eral philosophy of science with a philosophy of so-
cial science to describe an interface between the nat-
ural and social worlds. The construction industry is
highly fragmented, making the social dimension im-
portant in drawing conclusions or plausible hypothe-
ses. Essentially, critical realists believe that ‘what is
real’ is not reducible to our knowledge of reality
(Fletcher, 2017).

The role of the researcher is to construct a
narrative rather than discovering the truth (Cruick-
shank, 2003). It occupies a unique space between the
polarizing perspectives of positivism and interpre-
tivism, critical realism emerges as a particularly per-
tinent framework for investigating the intricate in-
terplay between technology and human actors within
the domain of information systems (Zachariadis,
Scott and Barrett, 2010).

This paper predominantly employs abduc-
tion, a mode of inference characterized by its ability
to generate plausible explanations for observed phe-
nomena, even when certainty remains elusive (Mer-
riam-Webster, 2022). Envisioned as akin to solving
a captivating mystery, abduction utilizes available
clues to identify the most likely explanation, yet
acknowledges the inherent uncertainty (Bryant and
Charmaz, 2007).

Abduction serves as the vital engine for
knowledge expansion, even while readily admitting
its inherent vulnerabilities. Consequently, abduction
wields potent investigative power, yet demands cau-
tious application to navigate the nuanced realm of
the "potential explanation” (Meyer and Lunnay,
2013).

3. PERSPECTIVES IN DD RESEARCH

3.1 Theoretical Point of Departure

3.1.1 Underpinning use of language
Ogden’s Triangle, also known as the Triangle of
Reference or Meaning in Figure 1, is a visual model
developed by Ogden and Richards (1923). It repre-
sents the relationship between three key components
of meaning in the context of human interpretation.
e Symbol: The word or linguistic representa-
tion.
e Reference: The mental concept evoked by
symbol.



e Referent: The real-world object or entity the
symbol refers to.

Ogden’s Triangle illustrates the complex interplay
between words, thoughts, and the real world. The re-
lationship between the symbol and the referent is in-
direct. This means that words don't directly point to
things in the world. Instead, they evoke mental con-
cepts that are then associated with things. The rela-
tionship between the symbol and the thought or ref-
erent is also not fixed. The same symbol can evoke
different thoughts in different people, depending on
their individual experiences and knowledge. Og-
den’s triangle demonstrates how human interpreta-
tion can create inconsistencies in definition of lan-
guage. This indicate why use of a Data Dictionary is
needed as default.

Reference
(thought)

Referent
(object)

Symbol
(word)

Figure 1. Ogden’s Triangle (Ogden and Richards, 1923)

3.1.2 Interoperability Governance

The European Interoperability Framework (EIF,
2024) in Figure 2 is used to demonstrate the role of
governance and the need to unify technical, seman-
tic, organisational and legal interoperability to ena-
ble integrated services.

Semantic and technical interoperability has been
dominating the focus of interoperability. Whilst in
principle, this solves machine interoperability chal-
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lenges, in practice, limited application in industry
may be due to missing focus on legal interoperabil-
ity (i.e. standards, regulations), and organizational
interoperability (understanding in different disci-
plines and contexts). The joint understanding from
EIF could enable machine interpretation. It is also
important to note the cross-cutting element ‘Inte-
grated service governance’ and the overall scope ‘In-
teroperability governance’.
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Figure 3.European Interoperability Framework (EIF, 2024)

3.2 Scoping Literature Review

Figure 3 shows the distribution of searches done
in scoping topics that (dis)confirm the notion that
the focus of the domain is evolving underpinned by
a growing belief in accepting the decentralization of
data in the sector.

From the Figure 3, the following can be drawn:

1. In the early 1900s, there was increasing research in infor-
mation management, toppled by the hype of a new topic, it
took a dip until research disseminated and awareness grew.
Arisen further in the early 2000s with significant increase
in attention. In 2011, the UK BIM mandate was in align-
ment indicative by earlier mass dissemination.

L

Year

Figure 2. Paper distribution in literature review



2. The rise of linked data research is on the premise that decen-
tralized data is to be connected (Pauwels et al., 2018).

3. The rise of blockchain’s applicability to the sector also fun-
damentally bases its application on connecting decentral-
ized data in a reliable and trustworthy manner (Shisheh-
garkhaneh, Moehler and Moradinia, 2023).

4. Increased research activity in data templates, data diction-
ary, data library were found.

3.3 Decentralised vs Centralised.

In this section, two extremes are drawn on a cen-
tralized and decentralized data distribution. On the
centralized end, the focal point is the Project Infor-
mation Model (PIM) or the Asset Information Model
(AIM) — an abstraction described in 1SO19650
which could be applied between these extremes in
interpretation. Although all the data in the PIM or
the AIM is not owned by one stakeholder, in this
fragmented environment where information hoard-
ing is a practice, it is often thought of that way i.e.
manufacturer information about a product is often
copied into the PIM rather than being live linked to
data hosted by the manufacturer.

On the other hand, the decentralized distribu-
tion is all about connecting data held separately but
defined uniformly using governed machine inter-
pretable language; data can be owned by multiple
stakeholders, but the meaning within a single con-
text is owned by a single stakeholder at a given time.
This means that data can serve multiple contexts by
adding layers of meaning, one of these contexts is
the AIM or the PIM.

Beetz (2014) discusses the challenge of
standardizing content in the building and construc-
tion industry by categorising system organization of
distributed, interconnected Data libraries. Unlike
traditional centralized approaches, this network aims
to improve collaboration, sustainability, and adapta-
bility while adhering to established standards.

The decentralised system comprises a net-
work of data libraries structured in tiers: internation-
al, local, and organizational. This tiered structure al-
lows concepts to be inherited and refined according
to specific contexts and regulations, ensuring both
standardization and customization. Standard build-
ing and construction concepts reside at the interna-
tional level, providing a foundational layer for all
lower tiers. Local and organizational libraries then
build upon these concepts, tailoring them to their
specific needs while referencing and adhering to the
established international standards. According to
Beetz (2014), this decentralized approach offers sev-
eral advantages for content standardization including
increased collaboration, improved adaptability and
enhanced trust and transparency.

4.1 HOLISTIC OVERVIEW

In Figure 4 a depiction of the links between the
Data Dictionaries (DD) to Data Templates (DT) to

Data Libraries (DL) are shown. Data dictionaries
provide governed meaning and machine-readable
unique identifiers to the language used to define data
structures in data templates. Data templates are a
collection of standardized sets of language relating
to a specific context e.g., Product data templates,
Environmental Product Declarations (Méda, Sousa
and Hjelseth, 2020). Data libraries are the closest to
the context, they are also known as BIM libraries,
object libraries or product libraries, the PIM, or the
AIM. Data libraries apply combinations of data from
templates based on the contextual needs from non-
digital standards (e.g., regulation, local standards &

practices, client requirements, ISO standards).

“... to <map data to> model you need a dictionary as a starting point.

And then you need templates or groups or properties actually the data

in the template standard allows you ... say what is the information on

an object ... the data template has the capability to filter information

... <including> the LOIN standard ...<to filter> ... purpose and actor
... ” Technology & Data Provider

The novelty that data dictionaries bring is that the
language that is used to define parts of data struc-
tures that exist in various databases is standardized
and made machine interpretable through a govern-
ance process ensuring consistency. This means, hu-
man interpretation of a standard which opens many
possibilities (Ogden’s triangle) is negated by having
a governed machine-interpretable list of definitions
which are given their own unique identifiers.

Contextn

1 Governed use of Machine
1 Interpretable language
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Figure 4. The Semantic Trio - Connecting DD, DT, DL

4.2 USE CASES OF DATA DICTIONARIES
This section presents the abducted use cases
which were search criteria in the literature review.

4.2.1 Referential — to find knowledge

From the most popular of use cases especially in
the context of bSDD. Several authors used bSDD to
understand the IFC structure. This use case relies on
the interpretation of the user and the data dictionary
merely provides governed definitions. The users in
this use case then interpret the data from the diction-
ary and do not create links between machine inter-
pretable information.

“..just an example here. We want to talk about a window. And bur-
glar resistance. So, the question is, how do we map burglar resistance
to IFC 2.4 ... this is more like a functionality, because all the govern-
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Figure 5. Distribution of Papers within Acceptance Criteria n=17

ments are talking about IFC. So, let's make a relation between the ob-
ject world and the data template like mapping solution. So, what we
saw is that when we extracted from the web page of Build-
iNgSMART ... everyone was <interpreting it> differently...” Technol-
ogy & Data Provider

4.2.2 Mapping and Exchange for Integration

The use of data dictionaries to translate between
data structures depending on geographical location
and languages. Boger et al., (2018) describes a solu-
tion concept with exchange between databases that
are governed by standardised definitions as intended
by data dictionaries, the exchange of data is not

about exchanging between identical data structures.
“...a project to build a bridge between Norway and Finland, and you
want to hire construction workers from Poland.. the same thing in
Norway is called differently in Finland and they can see that... Even
though they have different agreements... At some point they need to
have common models.” Expert 1

4.2.3 Governance and Trustworthiness

This use case enables trusted structures of infor-
mation by ensuring compliance with relevant stand-
ards, legislation, requirements etc. For example, if a
data dictionary is developed for product data, the
meaning of the language utilized is sourced from
standards or requirements relating to Construction
Product Regulations and is then traceable through
the data dictionary. This means that if information
requirements are defined by linking to data diction-
ary content (machine interpretable), this reduces the
subjectivity in between standard and application.

5. FINDINGS

5.1 Data Dictionary Scoping Literature Review

Academic literature was reviewed to gain an un-
derstanding of the use and application of data dic-

tionaries. The following keywords used on Scopus:
TITLE-ABS-KEY (“data dictionary” OR "concept library")
AND (“construction industry” OR AEC OR building))

This returned a total of 46 papers between 2014 and
2023. From the 46 papers, 17 papers were relevant.
The papers were excluded based on relevant to the
construction industry (e.g., 25% of papers were
healthcare related) and the papers should mention
data dictionary or concept library in connection to
the use of data in the industry. Eight different data
dictionaries were found with this search criteria. The

reference to bSDD dominated the search result as
over half of the papers referenced it. Abduction of
use cases presented in Section 5 were utilized to cat-
egorize the use cases as shown in Figure 5. From
this figure the data dictionaries are being used pre-
dominantly to refer to knowledge (82%). Whereas
12% of papers were about exchange of data but were
conceptual with limited practical validation. Only
one paper focused on governance. Furthermore,
about 65% of papers were 3D modelling focused
with about 25% of papers being both 3D modelling
and physical product focused.

5.2 Interviews of digitalisation experts

This section provides a narrative with evidence
from the interviews. As the interviews were explora-
tory and limited in predisposed structure, it is not re-
liable to draw statistical data. For abductions made
in this paper, the narrative is crucial.

The history of digitalization paints a picture
of moving from a highly controlled centralized set-
ting to one that is centralizing within a decentralized
environment due to changes in hardware.

“We went from large mainframes systems, centralised a degree to be-
ing completely decentralised... 1ts really the history of the hardware
<that changed>...” Expert 2

It was also clear that other industries have used
the data dictionary concept, however, the construc-
tion industry has been blinded by a project specific
focus — limiting reuse of data in other frames of ref-

erence.

“15 years ago, the idea already existed in a different form in oil &
gas, ISO 15926... but for the construction sector its <gone in the di-
rection of> an organisation making a reference data library for a pro-
ject... Many organisations have been in the habit of writing, their own
CAD <and> ... BIM standards, and part of that, its got used to writ-
ing their own dictionary <although they do not call it that>" EXpert 2

When speaking of reuse of data, an expert at-
tempted to ask stakeholders to fill in data templates
to no avail. This resulted in the realization that data
dictionaries are needed to map between the contexts
of stakeholders.

“PDT <Product Data Templates> ... the idea is to build up data tem-
plates... I just tried to give these templates to the market... the manu-
Sfacturer feeds in the numbers and so on... the funding is also there to
do this... But they were actually struggling with this ... now they un-
derstand without the data dictionary, this is not possible... we are not
able to digitalize so much without having this dictionary.” Building
Authority



The buildingSMART Data Dictionary (bSDD) is
an aggregator of data dictionaries. Alignment was
seen in the use of bSDD, and the literature reviewed
in this paper, where majority of bSDD users use the
DD to refer to data structures as compared to ex-
change and governance.

“<pSDD> is not one dictionary...99% <of users are referential use
case>, | would say, and 1% are those that do the mapping <exchange
use case>...” Expert 1

The exchange use case was evident from the de-
scription of the differences of use of language to de-
scribe common elements — the differences in under-
standing of the standards that exist is limiting ability
to communicate effectively.

“...Source A; diameter distance between the inner walls of a pipe
source the pipe diameter, Source B; diameter distance between the
outer walls of a pipe... we are working with manufacturers of pipes

that are <frustrated> because every time they get something, its
called Diameter... and they have no clue what they're talking about.
So is the source credible?.. Is it defined correctly?” Technology &

Data provider

Furthermore, the importance of governance; the
quality and trustworthiness of data is enhanced by
linking machine interpretable information that is un-
derpinned by data dictionary. Here with European
Technical Information Model (ETIM, 2024) as ex-
ample.

“You know that if you are delivering models at the handover, you
need to have ETIM codes in it... you can put that data manually... but
first of all, its very prone to errors. You can have typos... much easier

if your software provides you with a drop-down list of only possible
values and... what bSDD is providing is where you can draw that in-
formation” Expert 1

6. DISCUSSION

6.1 The need for governed language interpretation

Data dictionaries have traditionally been used to
underpin systems within a single organisation in the
backend of databases (Rashid et al., 2020). Howev-
er, there is a difference in how it is being used in the
construction industry from an organisational per-
spective as its content is applied and developed be-
tween organisations/actors due to the nature of the
industry and its product. The built environment fo-
cus is therefore on aggregation of data dictionaries
from various governed interpretations of language
from e.g., standards. The recent evolution and new
understanding of bSDD exemplifies the need to view
bSDD as a data dictionary aggregator (service) to
enable the language to underpin integrated machine
interpretable requirements (BuildingSMART, 2023).
This is also the reason that bSDD refers to itself as a
‘service’ and not a ‘standard’ as many still interpret.
This is in comparison to the original centralised un-
derstanding of bSDD as being a single data diction-
ary to serve the industry. The construction industry
is highly  fragmented project-based inter-
organizational network that has data dependencies
between various organisations and actors. This

means that to integrate data between multiple par-
ties, there is need for definition of machine inter-
pretable common language that is accepted in the
industry through governance processes (Cobuilder,
2021).

From early interviews on digitalisation and
sustainability, the ability to integrate, collaborate
and use data from various sources became a core
premise that all interviewees mentioned within the
realms of their interaction within the topic of digital-
isation. This resulted in questions on how data inte-
gration from various sources could be enabled.
Bringing about, agreeability in standardisation as be-
ing an important part of this process from all partici-
pants. However, when further probed, the gaps in in-
terviewee understanding started to show its limits.
On the premise all interviewees agreed that there
needed to be agreed methods of defining and sharing
data. However, the technical semantic language was
predominantly found in approx. 25 % of the inter-
viewees with some variety. Only two stage 1 inter-
viewees could explain data templates, data diction-
ary and how it links to create a vision that integrates
information in various contexts for various purposes
e.g., circularity. This showed us the lack of under-
standing in the 'how’ of achieving integrated data in
different frames of reference, e.g., single asset, multi
asset, multi owner, city level, national level.

A high degree of focus has been put on
standardising data structure definition e.g., the defi-
nition of IFC, EPD, PDT. However, keeping in mind
that these are defined not completely in a machine-
interpretable format. There is still a degree of ambi-
guity as these concepts from various standards are
applied in reality. Data dictionaries open the possi-
bility to narrow the gap in ambiguity in how stand-
ards of various kinds are interpreted to their defini-
tion in a machine-interpretable format (Cobuilder,
2021).

Regarding sustainability, there is need to in-
tegrate data for new purposes as business models
adapt for reuse workflows. The Built Environment is
responsible for 39 % of gross carbon emissions
(Global Alliance for Buildings and Construction,
2019). Digitalisation represents an enabler for
change due to the need to integrate information flow
for circular workflows (Tomczak et al., 2023). In
many countries, new workflows are expected to be
introduced, driven by legislation for reuse of build-
ing products and disclosure of both operational and
embodied carbon emissions (Debacker and Mans-
hoven, 2016). In this respect, Environmental Prod-
uct Declaration (EPD) data is expected to be used by
various actors to fulfil regulatory requirements. Re-
cently, Construction Product Regulations (CPR)
have been updated to include product environmental
sustainability performance data through Digital
Product Passports (DPPs) (GS1 2023). CPR repre-
sents a driver for flow of information outside the



model-based environment, enabled by DPPs. The
question remains on how to integrate this data into
models that serve a variety of purposes. By having
EPD data in databases (EPDNorge, 2023), this data
can be linked to the objects in the models by using
unique identifiers — the data does not need to be
hosted in the model(s). Furthermore, its important to
note that proprietary tools are not made to integrate
data in a decentralized manner, there is a current

lack in capability to map and link data.

“...exchange of data using IFC...let's mix data and model...Not a
good idea, this is what we've been doing...<If> we need <to model>
in Revit, put data in, but it should come from a dictionary, because
that's actually where we can say that this comes from that <stand-
ard/requirement with interpretation governed by definition in a data
dictionary>" Technology & Data provider

RA1 focused on finding evidence that the indus-
try is in an evolution of creating capability to cen-
tralise information (within a single context) in a de-
centralised data and organisational environment.
From the literature review, there is more research
exploring topics with the underlying premise of in-
tegrating trustworthy data from decentralised
sources. This implies that, when it comes to digitali-
sation in the construction sector, decentralised tech-
nologies are available, but are not utilised as intend-
ed. Even though the sector is decentralised, it still
relies predominantly on centralising information but
not typically by linking data in a decentralised envi-
ronment. However, the experts and practitioners in-
terviewed indicated that this was the future of the
industry because of the need to close the information
circularity loop and meet regulatory requirements
i.e. Construction Product Regulations. Overcoming
the norm of hoarding information into a single fed-
erated environment to meet requirements defined by
a client in isolation without machine interpretable
definition of data presents a current challenge. The
federated environment is not the problem, the defini-
tion of information within that federated environ-
ment if to be reused in different frames of reference,
requires definition based on governed and accepted
machine-interpretable language. This would enable
ability to scale up datasets from single asset to multi-
asset. This leads to discussions on the need for use
of governed interpretation of language through data
dictionaries.

RA2 was achieved by abducting three use cases
from empirical data to assess the application in aca-
demic literature. It is clear from the findings that ac-
ademic application of the data dictionary concept is
mainly referential meaning that researchers primari-
ly use data dictionaries to reference a data standard.
The second use case was in exchange and mapping
data between standards. The third use case was in
enabling improved data quality and trustworthiness
by basing data on governed interpretation of lan-
guage. According to the literature review, there is a
research gap in understanding how data dictionaries

can enable a future where data is linked between
systems, models, databases etc. with governed inter-
pretations of language.. The practical gap is in the
lack of awareness of data dictionaries i.e. only ap-
prox. 25% of practitioners interviewed could explain
the semantic trio in Figure 4. Therefore, missing
software capability and services to integrate infor-
mation from data dictionaries is not surprising as the
customers are currently unable to define their needs
appropriately. This may be due to a combination of
lack of awareness, and difficulty in understanding
other levels of the European Interoperability
Framework (Figure 2); the underlying semantic trio.
Furthermore, a plausible root cause may be that most
processes in the industry do not actually need to be
fully integrated and automated, the semi-automated
approach fulfils current needs.

6.2 Research limitations

The paper aimed to construct a narrative based on
empirical data and literature. Abduction as a mode
of inference has limitations in ability to justify the
narrative produced. Therefore, the findings in this
paper should be viewed as plausible hypotheses that
require further validation. The scoping literature re-
view was heavily dependent on the key words uti-
lised, whilst every effort was made to capture papers
as widely as possible, there may have been keyword
combinations that were not considered which could
have had an impact on findings.

6.3 Future Research

This paper raises a number of questions that need
to be considered when developing future research;

1. Further evidence is required to test the hypothesis that the
construction industry is centralising data in a decentralised
environment rather than accepting the environment and us-
ing technology to integrate data from decentralized sources.
This means that a mindset shift is necessary to enable adop-
tion of integrated services. There is need for further valida-
tion.

2. Use cases for exchange between multiple data structures un-
derpinned by data dictionaries needs to be developed to
demonstrate applicability based on real projects, to dissem-
inate value realised.

3. There appears to be two different perspectives, product and
model-based workflows. To enable integration between
these two perspectives, it is important to make data in the
model-based workflow more accessible to actors working
with non-geometrical represented databases. Not every ac-
tor needs to view the information as a geometric model(s).
Practice needs methods to link information from model-
based workflows into non-geometrically represented data-
bases to enable increased accessibility.

4. Governance of the interpretation of standards, requirements
etc. that enable trustworthy data sets in data dictionaries
have a major role to play. There was limited research in
connecting data governance to the role of data dictionaries
in real projects. When doing research on governance, the
EIF is a suitable point of departure to ensure that govern-
ance goes beyond technical interoperability, considering
organisational and legal needs in definition of language.



7. CONCLUDING REMARKS

The paper explored the notion of evolving belief
in the industry of the acceptance of decentralized da-
ta because this is underlying premise that leads to
the need for data dictionaries. From the scoping re-
view on decentralization, trends to support the claim
were found to be the increase in research interest in
linked data and blockchain. Furthermore, increase in
research focus over the last 5-6 years in topics such
as data templates, data dictionaries and data libraries
further support the claim that the underlying beliefs
are ones that support the decentralized nature of data
in the sector. Underpinned by the evidence from lit-
erature on the growing theme of data decentraliza-
tion, the use of language becomes important in shar-
ing knowledge, information, and data between
different parts of the industry. This is increasingly
important in the built environment as there is need to
share between the different parts of the industry that
contribute to the circular flow of physical products
underpinned by information flow, requiring new
services.

The data dictionary plays a vital role in en-
suring that machines read and interpret information
in a reliable manner, this means that humans need to
agree on how information is interpreted (from stand-
ards, requirements, legislation) prior to using it to
describe a physical product, property, object etc.
Three use cases were abducted from literature and
interviews. Data dictionaries were shown to be pri-
marily used in referencing knowledge/data struc-
tures. Rarely was an example of using data diction-
ary to translate between data structures found in
either literature or interviews.

Regarding interoperability, most focus has
been on the semantic and technical solutions ena-
bling machine readability. Machine interpretability
can be enabled by giving priority to legal and organ-
izational interoperability. Use of a (single) Data Dic-
tionary in a digital solution (software) motivates a
focus on technology. However, as per the nature of
the industry and various origins of data, utilisation of
Data Dictionaries (multiple) is about integration
from decentralized data sources. The Semantic Trio
presented in this paper draws the underlying connec-
tions between semantic concepts to facilitate ex-
change of data. The Authors recommend that change
starts from information requirements using governed
machine-interpretable language from data dictionar-
ies. By enabling new trustworthy integrated services,
fully automated processes can be developed to real-
ise the benefits of digitalisation.
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