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Abstract  
This working paper presents a summary overview of framework component definitions in support of 

BIM framework review research being undertaken by the lead author. As a starting point, five 

literature derived components or features of BIM (as an all-encompassing phenomenon) of 

technology; people; processes; policies; and products, are profiled. Definitions of each are sourced 

and derived from the discussion on identified exemplar theoretical and BIM orientated frameworks 

found within the literature.  

The resulting outcomes highlight the variability and overlap of terms and definitions used in the 

literature, but also in how they are applied. This not only pertains to componentry of such 

frameworks being referenced as dimensions or elements, and comprising further and qualified sub-

levels or categories. However, some vagaries and inconsistencies lead to question the sufficiency of 

these elements. This is not intended for such elements to be conclusively dismissed, rather that 

there may be merit in ensuring such references are appropriately qualified and applied. 

This working paper concludes that further research work is likely. This not only relates to clarifying 

the definitions based upon these elements. But it points to the potential reconfiguring of some 

elements to provide holistic interpretations and explanations of BIM. Targeted approaches may 
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include profiling the similarities between technology and people elements (particularly in terms of 

network and potential cognitive orientated characteristics) and considering processes and policies as 

subsets of other, more broadly defined (and may be new) elements. Ultimately it points to suggest 

the BIM framework research may still be subject to reinterpretation and further development, 

particularly in terms of defining or describing the phenomenon of BIM more generally. 

 

Key words: building information modelling; BIM; BIM framework; theoretical framework; framework 

components 
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Introduction 
In discerning the key features and discernible themes of BIM frameworks, this working paper sets 

out and examines the definitions encountered in the literature that ascribe to define the 

components of BIM frameworks. It further sits within a broader BIM frameworks review objective 

and research being undertaken by the lead author, including towards ascertaining potential 

generalised and theoretical foundations to explain the phenomenon of BIM.  

The approach for this working paper focuses on the BIM componentry or elements termed: 

technology; people; processes; policies and products (Singh, 2016) as a basis to profile identified 

frameworks componentry. Definitions for each of these elements, as reflected from the BIM 

framework literature, are identified and discussed. Further features or concepts are also highlighted 

as possibly having some relevance to or basis for BIM.  

A high-level summary of the definitions is also presented, followed by concluding comments. 

Approach and methodology 
This research draws from the methodological focused approaches to holistic explanations of BIM by 

Singh (2016) “based on concepts of coevolution and emergence in a complex network of constituent 

elements: products, processes, people, technology and policies”. Arguably this example is one of the 

few references ascribing a theoretical position to consider BIM in a holistic manner (for example 

which Singh (2016) connotes as the “BIM ecosystem”3, including relative to micro and micro levels). 

Whilst these elements possibly reflect a blended mixture of features, these elements are also readily 

and repeatedly referenced within the literature. However, to examine this further, each of the 

“elements” is described by reference to the identified theoretical orientated BIM frameworks 

sourced from the literature (see (Kuiper, 2018)). Given the theoretical nature of this research, 

industry sourced BIM frameworks are not included.  

                                                           
3 Although this represents a possible extension to previous discussions concerning the BIM ecosystem, relative 
to “products, processes and people”, the “complex dependencies” between them, and the architecture, 
engineering and construction sector (Gu, Singh, & London, 2014). 
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As Singh (2016) infers, these prequalified elements are far from definitive and still require critical 

consideration. Accordingly, for this working paper, the selective elements are not intended to be 

final or bounded and may be reflective of a myriad of interpretative outcomes. This includes 

whether the interplay of these concepts and the current limitations of research adequately frame 

holistic perspectives of BIM. Further, the approach adopted aims to describe and distinguish the 

elements, including whether for application as discrete units of analysis4.  

Appreciably, this approach sits in contrast with other unitary types, basis or forms of analysis that 

can be derived from a review of framework5. In terms of BIM, this can include the interrelationships 

between certain elements, whether defined as dependencies or linkages, or being described as 

overlapping or having some interaction (Succar, 2009). Whilst not sought explicitly for this research, 

examples of these are noted where applicable, whether describing temporal dynamics or context. In 

addition, other conceptually orientated terms are also identified that have been raised in association 

with referencing BIM and contrast with the foundational components proffered by Singh (2016). 

The challenge in this undertaking reiterated the subjective nature of this type of research, 

particularly as an exercise of interpretation and necessitating an open, non-deterministic approach. 

This not only arose in terms of making certain inferences6 about the terminology used. Conversely, 

capturing BIM framework compositions in terms of themes, dimensions, domains or fields, for 

example, as individual considerations can also be problematic. This was particularly evident in 

determining the breadth or degrees of overlap, including whether such linkages were relative, 

absolute or remote.  

                                                           
4 See examples of application by: Bosch, Volker, and Koutamanis (2015) who apply basis elements of people, 
systems and processes and Oraee, Hosseini, Papadonikolaki, Palliyaguru, and Arashpour (2017) who apply 
context, process, task, actor and team as collaboration antecedents in BIM based Collaboration Networks. 

5 For example in the knowledge management (KM) frameworks review by Holsapple and Joshi (1999), the 
authors distinguish and profile frameworks in terms of descriptive forms, under context dimensions (focus and 
origins) and content dimensions (knowledge resources, knowledge manipulation activities and includes on the 
conduct of KM), as well as prescriptive forms. 

6 For example, it raised the question of whether the element of “people” should extend to include or relate to 
social constructs of collective forms, such as “projects”, “organisations” or “industry”. 
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A high-level summary of the descriptions is also presented to distinguish the identified definitions, 

potential qualifications of those definitions, as well as further potential expansive interpretations.  

Descriptions of BIM elements relative to BIM framework 

componentry – Findings and outcomes 
The following section examines the descriptions of each of the nominated elements of: technology; 

people; processes; policies; and products, as referenced in the literature.  

Technology 
Whilst Succar’s (2009) general definition of “technology” is relatively broad7, the extended definition 

is premised upon software, hardware, equipment and network considerations and interactions (and 

possibly equating to representing or reflecting types of “information technology” in part). 

Terminologically, system based references may be another descriptor for technological perspectives 

of BIM. This includes where BIM is described as: 

• relative to a building information system (including for the development of human 

interfaces) (Hartmann, 2014); 

• part of system-system engagement, in terms of interoperability between technologies 

(Succar, 2009), and in conjunction or associated with a range of systems types (see for 

example listed by Boton, Halin, Kubicki, and Forgues (2015) for “Big Data” considerations); 

• derived from systems of systems based research and relative to standpoints, including from 

human based perspectives (Cerovsek, 2011, 2012);  

• an inter-organisational system or inter-organisational information system (Bosch-Sijtsema, 

Isaksson, Lennartsson, & Linderoth, 2017); or 

• relative to systems theoretical perspectives (Succar, 2014)8. 

                                                           
7 For example, temporal considerations for applying scientific knowledge for practical purposes could 
conceivably, at one point in time, have included using a fork, writing a paper etc. 

8 Although other conceptual or theoretical system references within the BIM research literature also include: 
systems modelling using “Integration Definition for Function Modelling (IDEF0)” to: structure “information 
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The review by Hjelseth (2017) of the BIM literature further determined a more dominant emphasis 

of information technology (as a “program”), compared to “process”. 

Technological parts 

The reference to network, if strictly inferred as a technical or technological network, further accords 

with “digital ecology” descriptions (Holzer, 2011), and possibly sits in contrast to those disconnected 

variants9. But it also aligns with other specific examples, including: 

• by Pasini et al. (2016) considering the internet of things and a BIM framework comprising of 

a network of equipment, sensors and wearables that are integrated as part of a BIM 

process, and potentially aligning with the broader scaled directions envisaged by the UK 

government as part of its Digital Built Britain initiative (HM Government, 2015); and 

• integrating geographical information systems (GIS) with BIM, including for urban power 

generation (Castro-Lacouture, Quan, & Yang, 2014).  

This connectivity is also considered at discrete levels or parts, whether describing: 

• systems architecture, such as the BIMCloud by Das, Cheng, and Shiv Kumar (2014) to 

support project collaboration, or integrated systems, including to create “cognitive 

buildings” (Pasini et al., 2016) (and possibly illustrating the derivatives that have evolved 

from the product models proposed by Björk (1989), including the abstracted hierarchy of 

certain and degrees of levels (building, systems and subsystems, as part or detailed)); and 

• platforms, including to link data and information libraries for carbon cost evaluation for 

sustainable building design (Q. Lu & Lee, 2015) or of the options to consider extending BIM 

for energy simulation and design tasks (Katranuschkov, Scherer, Weise, & Liebich, 2014). 

                                                                                                                                                                                     
flows” on projects (Bartley, McMahon, & Denton, 2016); in relation to big data (Boton et al., 2015); and 
support efficient integration between simulation models for discrete event simulations (W. Lu & Olofsson, 
2014). 

9 For an example of stand-alone systems that can exist within organisations see (Bosch et al., 2015). 



Working Paper 002: BIM framework component descriptions 

 

5 
 

Relevantly, interoperability, as to enabling this dynamic between technologies, is a repeated topic of 

discussion within the BIM research (He et al., 2017; Oraee et al., 2017; Volk, Stengel, & Schultmann, 

2014). This has been viewed generally in terms of creating a “language for communication” between 

systems as envisaged by Succar (2009) in reference to Uschold (1996)10. However, Turk (2016) 

further describes ”four qualitative levels of interoperability: technical, syntactic, structural and 

semantic” (in reference to “Dublin Core (2004)” 11 and Sheth (1999)12), including towards enabling 

meaning both to machines and humans. 

Human aspects of technology 

Singh’s (2011) framework, comprising the features and technical requirements for a BIM-service, not 

only includes inward structure considerations (model organisation for example), it also alludes to 

considering the interaction of humans, in particular. Technology, as software, is acknowledged by 

Nepal, Jupp, and Aibinu (2014) but also relative to how people use and qualify information (to 

exchange, share, store, update, access and the level of detail), as well as business process and 

people capabilities. But it (as tools and software, networks) is supposed to further support process 

considerations of collaboration (Oraee et al., 2017). 

The former is readily acknowledged by Jung and Joo (2011) as a “Construction Business Function” 

framework dimension and having some relativity with a “BIM Technology” dimension. This is despite 

the author’s BIM Technology dimension taking a blended approach that encompasses structuring 

elements of BIM (whether for classification in terms of property and relation, or affecting 

                                                           
10 Although this author promotes the building of ontologies, including how this can be achieved, 
notwithstanding this approach intimates the presumptive need to create or re-establish a language 
framework. It is unclear if this approach would contemplate enabling an interpretive stance for or as a means 
for development. 

11 This reference by Turk (2016) is listed as “Dublin Core, Dublin Core Metadata Glossary, 2004. 
http://library.csun.edu/mwoodley/dublincoreglossary.html (accessed 01.05.16)”. However, as at 2 August 
2017 this website page is noted as not existing. Although it may have possibly been superseded by the Dublin 
Core Medadata Initiative, refer http://dublincore.org/about-us/. 

12 Noted citation provided is “Amit P. Sheth, Changing focus on interoperability in information systems: from 
system, syntax, structure to semantics, in: In Interoperating Geographic Information Systems, Springer US, 
1999, pp. 5-29.” 
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modelling/exchange in terms of standards) and degrees of utilisation. It possibly comes as no 

surprise that information systems research is raised in the BIM literature (see by Jung and Joo (2011) 

but also more specifically by Merschbrock and Munkvold (2012)). Whether this extends to describe 

BIM as “digital infrastructure”, relative to socio-technical and socio-economic factors (Holmström, 

Singh, & Främling, 2015), or as an information system and in terms of a socio-technical systems 

research (Sackey, Tuuli, & Dainty, 2014) may be the subject of further consideration.  

However, the relevancy of technology and what it can do appears to be premised more upon what it 

avails, either in terms of data or invoking certain knowledge states, particularly of people. But it may 

also reflect how this can be achieved13. The extent to which BIM as a technology both translates 

human thought into digital forms or enables of facilitates the creation of representations can be less 

clear (including in acknowledging the relevance to other elements concerning people or process for 

example). As Turk (2016) points out, creating and enabling representations is a process that “has 

existed for centuries”.   

People 
Whilst the dimension or pillar of people can be arguably a secondary consideration in some 

examples14, it does not detract from others that refer to this element directly. For example, 

Megahed (2015) explicitly identifies, in addition to technology, process and policy, the fourth 

interrelated pillar as “people”, in summation of other research dating back to 2008.  

However, questions remain as to interpretations of “people” as relative or derivative forms. For 

example people could be reflected or captured, whether as BIM perspectives (industry, organisation 

or project) by Jung and Joo (2011) or relative to the macro scaled dimensions of the BIM framework 

as considered by Succar and Kassem (2015). The extent to which people are classified actors and 

stakeholders and as part of a network (see by He et al. (2017); Holmström et al. (2015); Oraee et al. 

(2017)) or relative to individuals (Poirier, Forgues, & Staub-French, 2017) are also referenced. 

                                                           
13 For example of the techniques, tools or methods that could be applied concerning existing buildings (Volk et 
al., 2014). 

14 For example, the link to people is noted as a sub-field “players” within Succar’s (2009) BIM framework. 
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Whether this extends to illustrating systems based theory and conceptualisation remains to be seen. 

This includes for example where human based, collective constructs or groupings such as group, 

organisation, community or society could be reflective of or as part of constituting a living system 

(Miller & Miller, 1995). This is despite some perspectives limiting systems theory applications as not 

applying to human-human interactions (see for example by Succar (2014) (p. 10)).  

Capabilities, skills 

Whilst the component of people may feature within BIM frameworks, the complexity that surrounds 

humanity is generally captured in part. As such, Succar (2009) qualifies the subfield of “players” 

relative to their disciplines or professions, as well as other collective forms. Megahed (2015) 

qualified people as specialist, as well as those who are not. For asset owner organisations, Love, 

Matthews, Simpson, Hill, and Olatunji (2014) further highlight the necessity of certain competencies 

(being dynamic in nature) and capabilities of resources, including the way in which people work, as it 

comes to realising the benefits of BIM. This was also determined to further apply to collaboration, 

relative to the actor element (Oraee et al., 2017). Whilst an overt example of this supposes people 

must have particular characteristics and qualities, but it conceivably extends to technologies or tools 

(being other types of resources). Nepal et al. (2014) reiterate the need for certain capabilities, 

including in terms of BIM education and expertise, and BIM training. The role of decision making is 

repeatedly referenced within the context of BIM, including the process involved to achieve this and 

the data/information that feeds into facilitating this. 

Perspectives 

However, there are examples that appear to reflect certain perspectives or standpoints, be it inward 

looking and views outward. This is highlighted by Forgues and Iordanova (2010) in pointing to the 

socio-cognitive considerations that not only found knowledge orientated elements, but the 

importance of social dynamics, particularly towards integrated design processes. Although the 

authors also acknowledge the lack of research “about how people interact during the design 
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process”. Adriaanse, Voordijk, and Dewulf (2010) offer another discrete perspective albeit 

concerning the use of information and communications technology (ICT) that points to an 

internal/external dynamic (reflecting personal/external motivation; knowledge of ICT use/user 

capability to use ICT in an intended way).  

Whether certain standpoints are or could be relative to or determinative more generally (regardless 

of technological connotations) of “context” (Nepal et al., 2014; Oraee et al., 2017) or “environment” 

(He et al., 2017) are arguably feasible.  

Processes 
Whilst process is an acknowledged BIM field by Succar (2009), the adopted definition incorporates 

presumptive considerations, be it “specific ordering”, “work activities”, “clearly identified inputs and 

outputs”, having a start and end, and being grounded in terms of time and place. This author’s 

extended definition incorporates interactive aspects of “design, construction and operation 

requirements for the purpose of generating and maintaining structures and facilities”. In reference 

to this, Kassem, Iqbal, Kelly, Lockley, and Dawood (2014) also highlight the different interactions 

whether as BIM use stages (that are file, model or network based) or between project stakeholders 

and lifecycle phases.  Whether it could equate to “task” elements relative to BIM and collaboration 

(Oraee et al., 2017), including relative to distinguishing context, remains to be explored. 

To this extent, there appears to be some variability to the concept of process, whether in terms of 

the scope, types and forms, that can arise out of BIM. Overt examples include the modelling 

processes by people. This includes whether to create historic building information models and 

incorporating data processing activities (Megahed, 2015), or relative to design and constructability 

development of mechanical, electrical and plumbing (MEP) layouts (Wang, Wang, Shou, Chong, & 

Guo, 2016). But it is also supposed that certain processes could be automated, including for the 

purposes of design (Abrishami, Goulding, Rahimian, Ganah, & Sawhney, 2014). 
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Such examples further point to suggest there is some alignment with the structure or framework 

that supports or underpins certain processes, whether as an overt function or one that is enabled 

“behind the scenes”. In reflecting this, Das et al. (2014) in proposing a BIMCloud platform describe 

the systems architecture to accommodate the respective input and output dynamics, but also refer 

to the various data layers that are included. Within these layers, the authors highlight the need for 

data flow control, capture and storage. Relevantly, Succar (2009) also refers to “BIM data flows” 

inferring some dynamic characteristics (described as an exchange or interchange) of types of data 

(having degrees of certain forms) by certain technologies.  

However, Forgues, Iordanova, and Chiocchio (2012) further allude to this, by proposing and 

elaborating on the role of technological workflows, as well as “dataflow”, for an integrated design 

process (IDP)-BIM framework. Of note is the reference to dataflow pertaining to “specific 

information, depending on context and timing”, between “software tools and digital environments”, 

using relative graphics and file formats that can be subject to conversion which is drawn out from 

theories of production and social learning (Forgues & Iordanova, 2010). Mapping processes and 

“information flows” (as input/ output functions and relative to controls and mechanisms) may offer 

new insights. This includes whether at an inter-organisation or project level, including BIM and 

interface considerations (Bartley et al., 2016) or between different operation roles (Bosch et al., 

2015) or relative to individuals (in terms of collaboration) (Poirier et al., 2017). The input/output 

dynamic with “transformations characterized by parameters and constraints” is also premised 

relative to information modelling processes and data flows (albeit in terms of “push-pull knowledge 

transactions between interaction points” for exchange and interchange) (Feng, Mustaklem, & Chen, 

2011). These authors further highlight the respective deliverables, relative to the various 

perspectives be it time, stakeholder, process or interaction points (as between time, the stakeholder 

and process). 

Appreciably, the idea of process, flow or rather flow like dynamics as it relates to people and BIM are 

not necessarily new either. This includes research focus on BIM adoption and implementation, 
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including as a form of “innovation”. In particular, He et al. (2017) highlight the involvement of people 

or rather how people think and behave. This again may call for a more informal or wider 

interpretation of process, possibly equating or being relative more generally to the flow of ideas, 

including relative to certain scales and behaviours (Pentland, 2014) (p. 19). Or possibly the flow of 

something else. Subtly, this could incorporate other identified BIM dynamics whether of the BIM 

interactions as push-pull knowledge transactions, and the stages of “BIM maturity”, particularly of 

industry markets as an indicator of certain states (Succar, 2009). But it could also be reflective of 

policy developments or approaches adopted by governments.  

Further, Love et al. (2014) highlight the necessity of processes, albeit for different outcomes. The 

authors note that “[i]n creating and delivering value through BIM, the key resource is not the 

technologies themselves but the processes used to create information and knowledge that will be 

distributed throughout the asset owner’s business”. However, the creation of information and 

knowledge may just as readily eventuate out of other types of BIM contexts or circumstances. This 

includes “messy work” which may be encountered when people collaborate, particularly if they are 

geographically, culturally and linguistically separated (Dossick, 2014), and for the teaching of 

structural design subjects (Nawari, 2015). In contrast to a collaboration (“system”) and BIM, Poirier 

et al. (2017) point to the core interacting elements or entities as structure, process, agents and 

artefacts, conditioned by context to produce events and outcomes. 

Whether process is relative to temporal dynamics giving rise to co-evolution towards an 

“equilibrium” between people, processes and products has been identified (Gu et al., 2014)  

(notwithstanding questions around how or if this could be empirically measured and achieved).  

Policies 
In essence, the definition of policy adopted by Succar (2009) is premised upon written principles or 

rules that are intended to guide decision-making. This definition appears to take a narrow 

perspective, silent about any other contributory factors that may attribute to “decision-making” and, 

more relevantly, human behaviour (for example compliance, adherence with or rejection of rules). 
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Futuristic scenarios that envisage degrees of automated decision making by technology being 

subject to a set of “rules” (see for example Abrishami et al. (2014)) may more readily fall within the 

ambit of this narrow definition of policy.  

However, under policy, more detailed descriptions and features by Succar (2009) are elaborated 

upon as generating “research, talents, standards and best practices for the purpose of safeguarding 

benefits and minimizing contestation between AECO stakeholders”15 and coming out of educational 

programs, building standards, bench marks, guidelines, contractual agreements, regulations and by 

regulatory bodies, educational institutions, research centres and insurance companies. By way of 

specific example, this is suggested to include guides, protocols and mandates, whether as descriptive 

or prescriptive, and optional or dictated (Kassem, Succar, & Dawood, 2015). Policy has further been 

referenced and described by Megahed (2015) as mandates, protocols, guides, including for formats, 

standards, codes, manuals, criteria, recommendations. The author further intimates the role of 

policy as a means towards meeting objectives set by stakeholders, including contributing to analysis, 

management and control. Whether such policies amount to Singh’s (2016) “rules of interaction” 

between the elements of a BIM ecosystem also remain untested. 

Policy qualifications? 

Notwithstanding the collective breadth of the policy element, there are some interpretative 

challenges with the descriptions identified in this research. This is different from the noted 

exemplar products of policy appearing to possess certain overtones in terms of normative and 

regulatory influences, and, to a lesser degree, cognitive aspects. Nor is it to suggest that “policy” is 

irrelevant per se. Rather it leads to question the bundling of features which appear to be relatively 

selective and irrespective of the deterministic reasons why these features may be relevant to or in 

the context of BIM. This further undermines whether other features that may be relevant but are 

                                                           
15 AECO – Architecture, Engineering, Construction and Operations 
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otherwise not or should be included (for example does policy extend to include language, including 

as a distinct form or set of data structures guided by rules and principles?).  

The role of standards 

Furthermore, there is some uncertainty within the literature about whether some features fit or fall 

neatly under one or more elements, notwithstanding the acknowledged interplay or overlap of such 

(Succar, 2009). This is particularly relevant as it relates to standards, whether perceived as a part the 

function of technology (as intimated by Jung and Joo (2011) including both as a process and 

product, and by Kassem et al. (2014) as attributing to an accepted form of practice as a policy). Turk 

(2016) describes two such mechanism how the application of standards is being achieved in terms 

of schema development (top-down and bottom-up standardisation). But whether and at what level 

of “policy” drives schema for a building model (or at least the application interface (API)) not only to 

be open, but also machine readable, using standard data and schema representation language and 

be compatible with a standard schema (like industry foundation classes (IFC)) as proposed by Turk 

(2016), arguably remains to be seen.  

Like with many standards, there also remains the potential to test the extent to which these are 

actually used or employed (particularly outside organisational boundaries, and across industries and 

disciplines, in research). This includes whether it is considered as part of broad scaled BIM 

implementation research, and towards overcoming the limitations of this type of research as noted 

by Succar and Kassem (2015). But nor are there limitations of what could be inferred as “policy”, 

including those actual organisational, public sector or government policy examples that illustrate or 

articulate an intention, goal, roadmap or signal to others by the respective entity. Another 

adaptation of BIM and policy, is of those examples where BIM becomes the basis of the very 

mechanism that conveys regulation rather than being the subject of it, as illustrated by Lee, Lee, 

Park, and Kim (2016). 
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Other “policy” and institutional positions and directions 

However, what is not often explored in the context of policy is when other non-specific BIM policies 

are created but contribute towards achieving the same outcome or multiple outcomes as part of 

broader social or economic objectives. In terms of public sector or government perspectives this 

may include driving the use of technology generally, and embracing “innovation”, open data or 

sustainability objectives for example. Arguably the motivation for such directions can also be 

determined in terms of productivity, jobs and skills growth, or exporting knowledge based services. 

For these examples, public policy is more likely an “authoritive statement by a government about its 

intentions”, possibly aligned with direct objectives and couched in terms of public value (Althaus, 

Bridgman, & Davis, 2018) (p. 7).  

Conversely, there may also be further scope to research and consider the impact of BIM related 

policy on the existing policy or regulatory regimes. This includes the extent to which conflicts arise, 

whether for pending scenarios (such as using BIM for land administration purposes (Kuiper & 

Duffield, 2015)) or otherwise. The later may include those circumstances where the mandating of 

BIM by the public sector is affected with the appropriate and enforceable authority (rather than 

perpetuated by a misinterpretation of an unenforceable “mandate” and possibly driven by 

competition within the market), and may go to undermining public procurement principles. This 

includes whether there are: 

• perceptions of bias or lack of commercial or market tension driving equitable supply and 

demand; 

• limited pools of proprietary systems options and arrangements; 

• limited or emerging skilled suppliers or market expertise; or 

• potentially hindering value for money determinations or attracting undesired risk or 

liability (particularly if equating to instructing “industry” in how to conduct their business, 

restrictive arrangements, commercial or technological risks).  
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Further, this is not helped by the lack of research examining the role of the “legal framework” in the 

context of BIM and despite blanket perceptions that the lack of legal framework is “a major barrier 

to collaboration” in reference to BIM (Oraee et al., 2017). For example, this may include 

distinguishing: 

• what constitutes the “legal framework”, including beyond the confines of projects and 

contracts; 

• the applicability and boundaries of mechanisms (of the legal framework) relative to BIM 

(including relevant but non-BIM contexts such as data) or the availability and existence of 

alternative non-legal approaches or influences; 

• the motivations behind why or when this would or would not be desired (including as an 

autocratic or dictated outcome, defined society or public need, at points in time and place 

where intervention is required, or should arise due to market dynamics) and the effect this 

may have (for example would it stymie flexibility or creative endeavours, such as 

innovation (by over prescription) or the introduction of other methods and means 

(including other technologies)); 

• the role of the “organisation” as a private entity that fulfils discrete economic/competition 

functions, and as distinguished from “best for all” orientated outcomes; 

• the objectives of public entities or agencies, including how they too compete for funding 

(Vass & Gustavsson, 2017); and 

• degrees and limitations of collaboration (including whether there are certain, optimised or 

minimum measures, levels or characteristics of collaboration that attribute to achieving 

intended objectives or that prevent tipping towards undesired outcomes (e.g. collusion), or 

that are possibly determined as a “minimum form of negotiated interaction” (Poirier et al., 

2017)).  
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Products 
The element of products attracts some uncertainty in the literature despite being repeatedly 

referenced. However, this could just as well be a symptom of linguistic adaption and of early efforts 

in labelling what is considered BIM (Turk, 2016; Volk et al., 2014). This includes the adoption of 

manufacturing type terminology where a product is generally the resulting outcome (from a process, 

whether by putting other parts or products together or otherwise). Product orientated labels (as 

complete items) possibly further feed the conceptualisation for digital or cloud marketplaces (Grilo 

& Jardim-Goncalves, 2013). That is where products, as data based outcomes, reflect a digital 

representation of the tangible thing, object or appliance that is offered for pending sale and 

purchase.   

Gu and London (2010) note the product element of BIM in two ways. One is the role BIM plays as a 

tool, and used in concert with multiple “products” (be it software, hardware, systems or networks16). 

But the authors also make reference to product as being a data source that sees project design and 

construction parties extracting details for their respective purposes. This is further elaborated upon 

by Gu et al. (2014) who intimate a relatively narrow interpretation of products (as an outcome) that 

vary depending on the relative project participant (and distinguished by discipline). 

In comparison, Succar’s (2009) subfield of deliverables includes a literal reference to products, along 

with services, that result in drawings, documents, virtual models/components, physical components, 

structures and facilities. But products are also defined as assemblies, parts and materials (Succar, 

2014). Whilst there could be distinctions between that which is tangible or not, or being 

representative or actual, this is not offered. Jupp (2013) presents another perspective that alludes to 

the role of post realised “products”, including in terms of Product Lifecycle Management (PLM) for 

facilities management purposes and relative to manufacturing and supply chain linkages. This may 

be notwithstanding the issues (and potential gains) surrounding product-model data exchange in the 

                                                           
16 In one sense this products definition possibly equates to the “technology” element definition description 
above. It also more readily aligns with general definitions of technology – that is software, hardware etc being 
products (or outcomes) of technology (as an exercise of applying scientific knowledge). 
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architecture, engineering and construction (AEC) and operations industry more broadly (Cerovsek, 

2011). 

The implication of a more general definition of a “product” as a data source, however, infers that the 

product may change and develop during the course of a project, lifecycle or other application, 

including those conditions or parameters attributing to identify what it is. Gu and London (2010) 

point to qualify product as reflecting a definitive package or item (including as from a certain 

supplier), and determinative as final or completed (including for example in reference to product 

libraries and the extension to object orientated modelling). It may be further distinguished from 

other data or information sourced from BIM that can be transitional in nature, but otherwise offered 

as a data source. 

Other potential concepts raised in the literature 
Despite the elements offered or identified within the respective frameworks, there remains certain 

vagaries surrounding other potential relevant aspects about BIM. One of note leans towards 

communication orientated features, further noting there may be degrees of alignment, including 

those that may exist in human and machine or technology type relationship or dependencies. 

Of the frameworks identified, this is almost self-evident where technology facilitates or is intended 

to drive certain data and knowledge transitions (including in support for types of decision making 

that could occur and that may not be in the context of policy). This includes whether it specifically 

relates: 

• to the maintenance and refurbishment of housing stock (Alwan, 2016) or for facilities 

management (McArthur, 2015); 

• applying criteria for construction waste management tools (Akinade et al., 2016), or the 

evaluation of carbon cost for sustainable building design (Q. Lu & Lee, 2015) or benefits 

realisation for asset owners (Love et al., 2014); or 
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• integrating mechanical-electrical-plumbing layout designs and constructability (Wang et al., 

2016). 

The research by Holmström et al. (2015) into BIM adoption, reuse and recombination is premised 

on an information management and communication tool meeting the users’ needs. Together, it 

leads to suppose that whilst certain types of details (whether defined as a “product” or otherwise) 

can be made available by and with the use of BIM, this may require matching to the respective 

needs.  

Mutis and Issa (2012) highlight this within the proposed communications framework for semantic 

reconciliation of construction project information. The authors formulate a tiered structure for the: 

• relative representations (in terms of semantics, semiotics and natural/artificial language),  

but also,  

• actors and use of a medium (information technologies); and 

• enabling methods to associate information sources (process, norms and protocols, 

routines).  

Of note, is that this framework appears to directly accord with some components of Succar’s (2009) 

BIM framework, except for representations (and despite potential inferences). The description of 

representations provided also leads to other ontological overtones found within the literature. 

Succar (2009) notes the two main uses of ontological applications being the language between 

people, or interoperability between systems. In particular, the later accords with the research by 

Kadolsky, Baumgärtel, and Scherer (2014) of the ontological issues and dynamics relative to energy 

analyses with the use of BIM, and by Cerovsek (2011) on BIM schema and model development, 

deployment and implementation.  

However, if considered in light of construction informatics (Turk, 2006), this may not only relate to 

person to person dynamics but also person to software, software to software and software to 

machine. It further highlights the potential for other themes, such as information processing and 
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management, common infrastructures and support themes (including needs, transfer, deployment 

and impact) (Turk, 2006). These also appear to resonate in part with other examples including for: 

• the application of information systems (IS) or human to computer interaction (HCI) 

research, focussing on the human-system interaction and interfaces (Merschbrock & 

Munkvold, 2012); and 

• management information systems (MIS) research areas, that incorporate cognition, media, 

social science and behaviour (Singh, 2016). 

However, Turk’s (2016) structure-function-behaviour paradigm of BIM adds another perspective. 

The author describes BIM by emphasising the respective elements of semantics (object based 

representations of the real word, that are labelled and defined, and have meaning), as a source of 

data or information, and that which has forms of interaction relative to an environment. He goes 

further to note that “information” in models be “reconsidered in its pre-technological definition, 

which states ‘information is informing the reader’”.  

Whether this accords with the outcomes of the research by Chen, Dib, and Cox (2014) may be of 

some interest. That is, in proposing a measurement model for BIM maturity, the authors illustrate 

the determinative factors of technology and people in this endeavour, but further highlight these 

being less than the factors of process and “information” (relative to management and delivery). 

Although this also notwithstanding whether there is or should be scope to unbundle or interpret 

what constitutes these information factors may be another consideration. 

Framework components description summary 
In summarising the descriptions noted above, the following  

Table 1 provides an overview of the terminology used to describe the respective components and 

elements with the BIM Framework research. It further highlights the potential issues that may 

warrant further consideration or analysis. This includes whether the elements have been subject to 
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derived qualification (as premised previously), as well as possible abstract extensions (as proposed 

by the author).   

Table 1 Summarised BIM framework component/element descriptions 

BIM 
Framework 
Elements 

Element descriptions 
derived from BIM 
frameworks 

Derived qualifications arising from BIM 
framework descriptions 

Proposed potential extensions based on 
BIM framework references 

Technology Comprising: 

• software 

• hardware 

• equipment 

• network 

Also referred to as and 
includes reference to: 

• systems 

• machines 

• sensors & wearables 

• other software/ 
technologies (e.g. GIS) 

Relationships/linkages: 

• with people 

• between technologies 

Can be described as: 

• stand-alone v integrated, connected 

• in reference systems architecture, 
digital infrastructure 

Functionality: 

• linking and enabling data 

• towards achieving interoperability via 
“language” (and degrees) 

• subject to human based use/purpose, 
intervention 

Capability: 

• cognitive-like aspects (smart, 
intelligent)  

• deriving meaning (by machine, for 
humans) 

Of relationships: 

• degrees of integration 

• degrees of interoperability 

• role/function within network 

People Described as: 

• stakeholders, actors 

• players 

• within a network 

Other descriptions: 

• collective/social forms 

• macro scales 

Categorisation: 

• relative to discipline, profession, role, 
expertise, competencies 

• capacities (relative to BIM)  

Functionality: 

• cognitive 

• social dynamics 
 

Of relationships: 

• human – human interactions 

• human – technology interactions 

• one of and as part of (living) system 

• degrees/dimensions of connectivity 

Function/capability: 

• knowledge states 

• internal/external views 

Processes Described in terms of: 

• ordering 

• start/end 

• work activities 

• input/output 

• relative to time & 
place 

Relative to: 

• humans/ technology  

Relative to: 

• AECO applications 

• project lifecycle phases 

• model development, workflows 

• context, levels and interfaces 

Potential basis: 

• structural forms 

• controls, mechanisms, constraints 

• need for “information” 

Meaning or reference to: 

• dynamic reflecting changing states 

• degrees/dimensions (i.e. time taken, 
saturation, maturity) 

• transaction/exchange inferences, 
across interfaces/interaction points 

• flow (data, ideas?) 

 

Policies Described: 

• as principles/rules 

• degrees/types  

• multiple sources 

Function: 

• generating knowledge 

• aligning objectives 

Intended objectives: 

• decision making (human based, 
assumed adherence) 

• preserving benefits 

• minimising contestation 

• social orientated 

Meaning or reference to: 

• form of/for control or constraint 

• type of representational structure 
(social, linguistic) 

• basis for interaction 

Also having relativity to: 

• technology applications 

• non-BIM inferences 

Products Various interpretations 

 

Described as or in terms of being a data 
source, technology 

Relative to discipline 

Economic related inferences 

Abstract interpretation as relative output 
(whether goods or services based) 

Possibly equates to evidentiary forms 
(whether partial or complete) arising out of 
processes? Potential tangible/non-tangible 
distinctions 

Others   May include reference to: 

• data/knowledge transactions 

• communication, representational 
elements & functions 

• types of technological relationships 

• information 
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Conclusions 
In describing the perceived BIM elements of technology, people, processes, policies and products 

relative to the identified BIM frameworks within the literature, there appears to be some contrast 

between the perspectives and interpretations offered for each element. Further, how authors then 

qualify, select and apply these respective terms can also differ.  

A starting point in applying the respective elements may include reference to or incorporate the 

descriptions set out in the summary above. Any application or research of these elements may 

require considering the possibility of further attributes or factors (although whether these constitute 

or amount to further elements or are discerned in other ways may be subject to further research). In 

this sense, cognitive, communications or knowledge considerations (including representational 

orientated factors) may be relevant, along with certain interactive dynamics (be it between people, 

and/or technological systems). 

Appreciably while the profiled elements remain fluid and uncertain, deciphering the dependencies, 

linkages between elements (as a secondary part of Singh’s (2016) BIM ecosystem enquiry) may be 

problematic. However, further opportunities are likely to lie in re-establishing the potential elements 

that go to defining or describing BIM. For example, this potentially may include: 

• distinguishing the differences and similarities between the elements of technology of 

people, including relative to network and knowledge based characteristics and functions; 

• reinterpreting the processes as a sub-element of a more broadly defined element (such as 

flow) and encapsulating temporal considerations; and 

•  investigating the role and relevance of the representational characteristics, which may 

include policies as a sub-element and overlap with communication considerations. 
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