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Abstract

Building Information Modeling (BIM) has moved far beyond the stage in which
it could be described as a convenient three-dimensional drafting tool. In current
scientific and professional discourse, BIM is increasingly understood as a
structured digital methodology for creating, organizing, exchanging, validating,
and reusing information throughout the full lifecycle of a built asset. The present
article examines BIM technology as an integrated framework that connects
conceptual design, engineering coordination, construction planning, cost control,
operation, maintenance, and the early foundations of digital twin environments.
The purpose of the study is to clarify the theoretical essence of BIM, determine
the principal mechanisms through which it creates value, identify the most
persistent barriers to effective implementation, and interpret the role of BIM
within the broader digital transformation of the architecture, engineering,
construction, and operations sector. The article is based on a qualitative analytical
review of international standards, interoperability frameworks, systematic
literature reviews, and professional guidance documents, including the ISO 19650
family, [FC-based openBIM principles, buildingSMART Information Delivery
Specification, studies on 4D BIM, BIM-enabled facility management, and recent
work on the relationship between BIM and digital twins. The analysis shows that
BIM yields its strongest benefits when it is implemented not as a modeling
fashion, but as a disciplined information-management environment supported by
explicit exchange requirements, open standards, role clarity, lifecycle thinking,
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and institutional readiness. The reviewed evidence confirms major advantages in
interdisciplinary coordination, clash avoidance, scheduling reliability, cost
visibility, visualization, and handover quality, while also demonstrating that the
transition from project delivery to operation remains the least mature and most
problematic phase of BIM implementation. The study argues that the future
trajectory of BIM will depend on three mutually reinforcing developments:
standardization of computable information requirements, deeper integration of
BIM with construction management and facility management workflows, and
progressive linkage of static asset models with real-time data streams in digital
twin ecosystems. At the same time, fragmented procurement systems, weak
organizational maturity, insufficient training, and limited interoperability
discipline continue to reduce the full effect of BIM in many contexts. The article
concludes that BIM technology should be interpreted not as an optional digital
supplement to traditional practice, but as one of the core methodological
foundations of contemporary construction science and lifecycle-oriented asset
governance.

Keywords: Building Information Modeling, BIM technology, information
management, interoperability, ISO 19650, openBIM, IFC, facility management,
digital twin, lifecycle management, construction digitalization.

Introduction

The contemporary development of the architecture, engineering, construction,
and operations sector has made it increasingly difficult to rely on fragmented and
document-centered methods of project delivery. As projects become more
complex, more multidisciplinary, more regulation-sensitive, and more
performance-driven, the traditional exchange of isolated drawings, specifications,
tables, schedules, and unconnected reports generates information loss, delays,
design conflicts, cost overruns, and weak decision-making at precisely the
moments when accuracy matters most. Within this context, Building Information
Modeling has emerged not as a temporary software trend but as a transformative
methodology that seeks to reorganize the production of the built environment
around shared, structured, and continuously reusable information [1; 2]. Although
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BIM is often introduced to students and practitioners through the visible language
of three-dimensional models, its scientific importance lies deeper than geometric
representation. BIM differs from conventional computer-aided drafting because
it links geometric objects with semantic meaning, relational logic, attributes,
classifications, specifications, time-based parameters, and performance-oriented
data, thus allowing the building model to function as an information-rich
representation rather than a visually impressive shell. This distinction is not
merely terminological. Once a building element is represented as data-bearing
information rather than as a line drawing, it becomes possible to analyze,
coordinate, simulate, quantify, schedule, verify, and maintain that element across
multiple lifecycle stages and across multiple professional roles. For this reason,
the evolution of BIM must be understood as part of a wider epistemic shift from
document production to information governance. International standardization
has reinforced this interpretation. The ISO 19650 family provides an explicit
framework for information management using BIM, while ISO 16739 defines
Industry Foundation Classes (IFC) as a basis for open exchange of building data,
and recent standardization efforts such as ISO 7817-1 and buildingSMART’s
Information Delivery Specification extend the field toward computable
expressions of information need [1; 2; 9]. These developments indicate that BIM
is no longer simply about creating models; it is about deciding what information
should exist, who should author it, how it should be exchanged, how it should be
checked, and how it should remain useful after the construction team has left the
site. The scientific and practical relevance of this problem has long been
recognized. The influential NIST report on inadequate interoperability in the U.S.
capital facilities industry demonstrated that poor information exchange imposes
substantial economic and organizational burdens across planning, design,
construction, and operation [3]. Even if the numerical estimates in that report
belong to an earlier technological era, its central conclusion remains remarkably
current: when project participants cannot exchange reliable data efficiently, the
industry pays for that failure repeatedly in time, money, risk, and quality
degradation. BIM technology therefore matters because it addresses not only
visualization, but also one of the most persistent structural weaknesses of
construction production itself. Yet the spread of BIM has also produced
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misconceptions. In many settings BIM adoption is still equated with software
acquisition, isolated 3D modeling, or presentation-quality renderings, while the
deeper requirements of organizational change, standard compliance, information
planning, and lifecycle integration receive insufficient attention. This superficial
understanding weakens both academic discourse and professional practice
because it encourages organizations to expect transformational results from tools
that have been inserted into unchanged workflows. The present article proceeds
from the assumption that BIM can only be properly understood when it is studied
as a systemic digital methodology spanning design, construction, handover,
operation, and the emerging domain of digital twins. The aim of the article is
therefore to examine BIM technology from a lifecycle perspective, to identify its
most scientifically supported benefits, to analyze the barriers that continue to limit
its effectiveness, and to clarify the directions in which BIM is likely to evolve in
the coming years. Such analysis is especially important for engineering education
and for countries undergoing rapid modernization of construction systems,
because the quality of BIM implementation depends not only on technology
availability but also on intellectual readiness, institutional capacity, and the ability
to translate international frameworks into local academic and professional
practice. In this sense, BIM should be studied as both a technical platform and a
culture of coordinated reasoning about built assets. A further reason for the
growing scholarly importance of BIM is the way in which it changes the temporal
structure of project knowledge. In traditional practice, crucial information is often
recreated many times in slightly different forms by different participants: the
architect models intent, the engineer recalculates systems, the estimator rebuilds
quantities, the contractor reconstructs sequencing, and the facility operator later
tries to infer maintenance data from documents never designed for operational
use. BIM does not eliminate all duplication, but it creates the possibility of a more
stable chain of informational inheritance in which previously produced
knowledge can be validated, enriched, and transferred instead of repeatedly
reinvented. This has direct relevance for productivity, transparency, and
accountability. When information is recreated manually at each stage, errors are
almost guaranteed; when information is shared but poorly governed, confusion
becomes institutionalized; when information is structured, exchangeable, and
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purpose-specific, decision-making can become faster without becoming careless.
For that reason BIM should also be understood as a response to the chronic
fragmentation of responsibility in construction. By forcing project teams to define
information exchanges more explicitly, BIM reveals hidden assumptions that had
previously survived inside informal communication or discipline-specific habits.
Such exposure can initially create resistance, because BIM implementation often
makes organizational weaknesses visible. Yet this visibility is itself productive: it
compels institutions to confront ambiguities of authorship, approval,
responsibility, and handover that existed long before BIM but were easier to
ignore 1in paper-based or loosely coordinated digital environments. The
educational significance of this is also considerable. Teaching BIM only as
software manipulation deprives future engineers of the chance to understand why
information structure matters to project risk, legal clarity, and whole-life asset
performance. A mature academic treatment therefore requires BIM to be linked
to systems thinking, project governance, and the logic of interprofessional
collaboration rather than being limited to screen-based technical exercises.

Materials and Methods

This study was carried out as a qualitative analytical review structured according
to the IMRaD logic and designed to synthesize the conceptual, normative, and
practical dimensions of BIM technology. The methodological choice of analytical
review was appropriate because the research objective was not to test a single
technical hypothesis through experiment, but to clarify the multidisciplinary
significance of BIM by integrating evidence from international standards, review
literature, professional guidance, and foundational studies dealing with
information exchange, coordination, construction planning, operation, and digital
asset management. The source base was formed according to four selection
principles. First, priority was given to normative and quasi-normative documents
that shape the accepted professional understanding of BIM, particularly materials
linked to the ISO 19650 framework, ISO BIM sector guidance, IFC/openBIM
interoperability, and buildingSMART standards such as IDS [1; 2; 9]. Second,
influential analytical and review-based academic sources were included in order
to capture well-documented findings on BIM’s benefits and implementation
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barriers, including the NIST study on interoperability costs, recent systematic
review work on 4D BIM, and review articles devoted to BIM in facility
management and digital twin evolution [3-8]. Third, literature addressing
educational, managerial, and public-sector implementation questions was
included to avoid reducing BIM to a purely software-centric topic [10; 11].
Fourth, preference was given to sources that explicitly address the lifecycle
dimension of BIM, because the central argument of the article concerns BIM’s
value as an integrated information environment spanning more than the design
office. After assembling the source base, the analysis proceeded in several stages.
In the first stage, a concept clarification procedure was used to separate BIM from
adjacent but not equivalent notions such as CAD, 3D visualization, project
databases, and digital twins. In the second stage, the material was coded by
lifecycle domain: conceptual and detailed design, interdisciplinary coordination,
construction planning and control, cost and schedule integration, handover and
asset information delivery, operational use in facility management, and
connection to real-time digital environments. In the third stage, recurring findings
were grouped into two explanatory clusters: benefit clusters and barrier clusters.
Benefit clusters included visualization, coordination, clash detection, reduction of
rework, schedule reliability, information consistency, transparency of quantities
and costs, support for stakeholder communication, improved handover, and
enhanced traceability. Barrier clusters included fragmented procurement, low
digital maturity, insufficient training, weak interoperability discipline, poor
definition of information requirements, inconsistent classification practices, and
the limited operational use of data after construction handover. In the fourth stage,
the coded findings were interpreted through a lifecycle governance perspective in
order to determine whether BIM’s practical impact remains concentrated in pre-
construction and construction, or whether the literature supports a more mature
transition into operation, maintenance, and digital twin ecosystems. The study did
not attempt a statistical meta-analysis because the reviewed sources vary
significantly in method, scope, and context, ranging from normative standards to
case-based reviews and systematic syntheses. Instead, the emphasis was placed
on interpretive consistency, cross-source comparison, and explanatory depth. This
methodological design allowed the article to move beyond a descriptive list of
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BIM advantages and toward a more rigorous account of the conditions under
which BIM generates real value, the mechanisms through which that value is
created, and the institutional limitations that continue to restrain full-scale
implementation.

Results

The analysis yielded several interrelated findings that help explain the present
maturity and continuing contradictions of BIM technology. The first and most
fundamental finding is that BIM’s principal value is not visual but informational.
Across normative documents and scholarly literature, BIM is defined less by the
presence of a three-dimensional model than by the existence of a shared digital
representation that supports reliable decision-making through structured
information exchange [1; 2]. This means that BIM reaches maturity only when
project participants agree on information requirements, exchange processes,
validation rules, and the purpose for which model-based information is being
generated. In other words, the model is not the endpoint; it is the container and
medium through which decisions become more explicit, coordinated, and
reusable. The second finding is that interoperability remains the decisive enabling
condition. The literature consistently indicates that BIM benefits expand when
data can move between actors, stages, and software environments with minimal
loss of meaning. IFC-based openBIM approaches and the more recent IDS
framework are especially important in this regard because they shift BIM from
closed authoring environments toward transparent, machine-checkable exchange
logic [2; 9]. IDS is particularly significant because it allows information
requirements to be defined in a computable form and compared against delivered
IFC content, thereby reducing one of the most common and expensive failures in
construction projects: the gap between requested information and actually
supplied information. The third finding is that the strongest body of empirical and
review-based evidence concerns BIM use in design coordination and construction
management rather than long-term operation. The 2025 systematic review of 4D
BIM benefits found 57 documented benefits across 69 peer-reviewed articles,
with enhanced visualization, stronger stakeholder communication, better
sequencing, improved progress monitoring, improved planning reliability, and
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more effective coordination among the most frequently reported advantages [4].
These findings align with earlier industry observations that BIM’s early adoption
gains often appear in clash detection, reduction of on-site conflicts, improved
coordination meetings, better schedule communication, and easier interpretation
of design intent by non-design actors. Cost visibility and quantity extraction also
appear as recurring advantages, especially when BIM models are linked to
estimating and procurement processes, although the maturity of 5D applications
still varies significantly by context. The fourth finding is that BIM-enabled
facility management remains one of the most promising yet least consistently
realized domains of application. Review studies show that while BIM has become
increasingly common in design and construction, operational use is still limited
by inconsistent owner requirements, data quality problems, software
fragmentation, and the simple fact that many facility teams were not involved in
the project’s information design from the outset [5]. Tsay, Staub-French, and
Poirier demonstrate that valuable asset information delivery depends on clearly
articulated organizational information requirements and asset information
requirements; without them, owners may receive large quantities of model files
and spreadsheets that are formally transferred but operationally weak [6]. Moreno
and co-authors similarly show that feeding dynamic maintenance data into BIM-
based facility environments requires both technical infrastructure and a workflow
logic that is sensitive to the everyday practices of FM personnel, who are often
expected to benefit from BIM without having been trained in its underlying
concepts [7]. The fifth finding is that BIM is increasingly functioning as the
conceptual bridge toward digital twins, yet the reviewed literature clearly rejects
the simplistic assumption that a BIM model is automatically a digital twin. BIM
provides a structured semantic and geometric basis for the asset; digital twin
environments extend that foundation by integrating dynamic sensor data,
monitoring logic, analytics, and feedback mechanisms [8; 12]. Thus, BIM is better
understood as a necessary but insufficient condition for digital twin maturity. The
sixth finding concerns education and institutional implementation. Review-based
educational research shows a persistent gap between industry expectations and
academic preparation, especially in the areas of collaborative workflows,
standards literacy, lifecycle data thinking, and construction project management
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applications [10]. Public-sector review literature likewise indicates that BIM
implementation succeeds most consistently where regulatory guidance,
procurement alignment, standardization support, and organizational capacity
building are present [11]. Taken together, these findings show that BIM
technology has already demonstrated strong value in selected domains, but that
its deepest promise depends on moving from project-by-project modeling to
systemic information governance across the asset lifecycle. Another important
result emerging from the reviewed material is that BIM’s success is strongly
conditioned by the quality of leadership and the clarity of implementation
strategy. Projects in which BIM responsibilities are vaguely distributed or
introduced late tend to treat the model as an after-the-fact repository, whereas
projects that define exchange protocols, coordination meetings, naming
conventions, and approval pathways from the beginning are more likely to
convert BIM into a decision-support environment. The evidence also suggests
that benefits are cumulative rather than isolated. For example, improved
visualization is valuable in itself, but its real impact grows when it is linked to
better stakeholder communication, earlier clash identification, and more reliable
sequencing. Similarly, quantity takeoff becomes strategically important when
connected to procurement timing, cost control, and change management. A further
result is that BIM adoption often reveals asymmetry between large and small
organizations. Larger firms are generally better positioned to absorb training
costs, maintain standard operating procedures, and invest in model coordination
roles, while smaller firms may face sharper entry barriers despite recognizing
BIM’s long-term value. This inequality matters because fragmented supply chains
mean that the informational maturity of a project is limited by its weakest
participant. Finally, the literature indicates that BIM maturity cannot be judged
solely by the presence of advanced models. High-detail models may coexist with
weak information governance, whereas relatively modest models can create
strong project value when their purpose, reliability, and exchange logic are well
defined. This reinforces the conclusion that BIM maturity is better measured
through process integrity and information usability than through model size or
visual complexity.
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Discussion

The results of the review make it possible to interpret BIM technology as a field
that has passed through its stage of conceptual novelty and entered a more
demanding phase of institutional and methodological consolidation. The key
implication is that the future of BIM will not be determined primarily by graphical
sophistication or by the market share of individual software vendors, but by the
extent to which the built environment sector can govern information intentionally.
In many respects, BIM has exposed a contradiction that construction had long
tolerated without fully naming: buildings are produced collectively, yet
information about them has historically been fragmented, duplicated, and
decoupled from the moments of decision and use that give it value. BIM matters
because it challenges this contradiction. By making building elements relational,
data-bearing, classifiable, and exchangeable, BIM introduces the possibility of
continuity between design intent, engineering logic, cost planning, construction
execution, commissioning, and operation. However, the review also shows that
this continuity is not an automatic property of technology; it is the result of
governance choices. From this perspective, the ISO 19650 framework can be read
not simply as a set of procedural instructions but as an attempt to define a culture
of informational responsibility [1]. It asks organizations to specify requirements
early, to define roles, to work through common data environments, and to treat
information as an asset that has its own lifecycle. That is a profound shift for a
sector accustomed to document exchange without sustained data stewardship. The
persistence of interoperability problems reinforces this interpretation. The NIST
report remains conceptually important because it diagnosed the economic
consequences of inadequate interoperability long before today’s language of
digital transformation became fashionable [3]. What has changed since then is not
the disappearance of the problem, but the availability of more sophisticated means
to address it. OpenBIM, IFC, and IDS provide the technical and semantic
infrastructure for reducing information fragmentation, but they only function
effectively when institutions choose openness, define requirements clearly, and
resist the temptation to substitute proprietary convenience for lifecycle resilience
[2; 9]. In this respect, interoperability is not merely a technical challenge; it is also
a strategic and sometimes political choice about who controls data, how long that
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data remains useful, and whether an owner can preserve information
independence beyond a particular software ecosystem. The review’s findings on
facility management are especially revealing because they expose the limits of
BIM when lifecycle rhetoric is not matched by lifecycle planning. If owners do
not specify what information is needed for maintenance, operations, inspection,
replacement cycles, or performance evaluation, then design and construction
teams tend to generate information optimized for delivery rather than use [5; 6].
The result is often a large digital handover package that appears comprehensive
but offers little operational intelligence. This is where BIM implementation either
becomes mature or reveals its superficiality. A truly lifecycle-oriented BIM
approach must begin with the end in mind: what information will matter once the
building is occupied, who will use it, how will it be updated, what systems must
it connect to, and what level of detail is actually useful rather than burdensome.
The emerging discourse on digital twins sharpens this issue further. The
temptation to market every detailed BIM model as a digital twin weakens
conceptual precision and encourages inflated expectations. The literature instead
supports a layered interpretation: BIM provides the structured asset
representation, while digital twin environments add synchronization with real-
world conditions, near-real-time monitoring, predictive analysis, and feedback-
based decision support [8; 12]. This distinction is not pedantic. It helps institutions
avoid both underestimating BIM and overclaiming digital twin readiness.
Education occupies a decisive place in this transition. If universities continue to
teach BIM as a set of isolated software commands, graduates may become
competent modelers without becoming competent information managers. Yet the
industry increasingly needs professionals who can understand exchange
information requirements, classification systems, coordination protocols, CDE
practices, asset data logic, and the relationship between BIM outputs and
managerial decisions [10]. For countries like Uzbekistan that are modernizing
construction and infrastructure systems, this has immediate importance. The
value of BIM in such contexts lies not only in adopting international tools but in
cultivating a generation of specialists capable of translating global standards into
local institutional practice, procurement systems, public-sector workflows, and
educational programs. Policy is equally significant. Public-sector adoption has
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global momentum, but mandates without capacity, standards support, and
procurement reform can produce symbolic compliance rather than meaningful
transformation [11]. Therefore, successful BIM implementation requires a
balanced ecosystem: standards, training, contractual alignment, institutional
leadership, owner maturity, and realistic expectations regarding cost, time, and
value. When that ecosystem is absent, BIM is reduced to presentation culture;
when it is present, BIM becomes a language through which the built environment
can be designed, delivered, and operated with greater intelligence, coherence, and
accountability. The managerial implications of this observation are substantial.
BIM adoption often fails not because the concept is flawed but because
organizations attempt to insert it into contractual and communicative structures
that reward fragmentation. If designers are commissioned narrowly, contractors
are appointed late, operators are absent from early decision-making, and
information requirements are defined only after models have already been
produced, then BIM is forced to operate inside an environment whose logic it was
supposed to improve. Under such circumstances even talented technical teams
may generate limited returns. The review therefore supports the view that BIM
implementation should be aligned with collaborative project delivery principles,
staged information requirements, and procurement strategies that recognize
information as a deliverable in its own right. Another implication concerns value
measurement. Many organizations expect immediate and easily quantifiable
savings from BIM, but the literature suggests that some of BIM’s most important
benefits are distributed, delayed, or indirect. Better coordination may reduce
claims, clearer visualization may improve stakeholder understanding, improved
handover may reduce operational uncertainty, and more consistent information
may strengthen future renovation planning. These benefits are real, but they are
not always captured in short-term accounting frameworks. As a result, weak
measurement systems can cause decision-makers to underestimate BIM precisely
where its lifecycle value is highest. The review also suggests that standardization
should not be interpreted as rigidity. On the contrary, standards such as ISO 19650
and openBIM protocols create the minimum order necessary for flexible
collaboration across disciplines and across time. Without such order, every project
invents its own temporary language and wastes effort translating between
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incompatible habits. With it, organizations can innovate on top of a more reliable
informational baseline. This is one reason why BIM should be tied to digital ethics
as well: data quality, authorship, traceability, and long-term accessibility are not
only technical concerns but professional obligations. In the future, the credibility
of BIM-enabled environments will increasingly depend on whether data can be
trusted, audited, transferred, and reused without hidden distortions.

Conclusion

The conducted analysis confirms that Building Information Modeling technology
should be understood as an integrated digital framework for lifecycle-oriented
information management rather than as a narrowly defined modeling tool. Its core
scientific and practical significance lies in the ability to connect geometric
representation with structured data, semantic relationships, coordination
processes, and decision support across planning, design, construction, handover,
operation, and the emerging domain of digital twins. The literature reviewed in
this article demonstrates that BIM has already generated strong and well-
supported benefits in interdisciplinary coordination, clash detection, schedule
communication, visualization, cost transparency, and handover quality,
particularly where 4D and open interoperability practices are implemented in an
organized manner [2; 4]. At the same time, the review makes clear that BIM’s
most persistent weaknesses are not inherent technological failures but symptoms
of incomplete institutional maturity. Fragmented procurement, vague information
requirements, poor interoperability discipline, insufficient standards literacy,
weak owner engagement, and underdeveloped facility-management integration
continue to limit the full value of BIM in many projects and organizations [5—7;
10; 11]. This means that the decisive challenge for the coming stage of BIM
development is not simply wider adoption, but deeper implementation.
Organizations must move from asking whether they possess BIM software to
asking whether they possess BIM governance. In scientific terms, BIM is
becoming one of the principal operational languages of contemporary
construction digitalization because it allows built assets to be understood and
managed as data-rich systems rather than isolated deliverables. In educational
terms, BIM should be taught as a multidisciplinary competence involving
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standards, collaboration, information quality, lifecycle reasoning, and digital
ethics. In policy terms, it requires alignment among regulation, procurement,
public-sector leadership, and professional development. In technological terms,
BIM provides the structured foundation from which digital twin ecosystems,
automated compliance checking, smart asset monitoring, and more intelligent
facility operations can emerge [8; 9; 12]. Therefore, BIM technology should not
be approached as a temporary innovation wave or fashionable terminology. It
should be treated as a durable methodological transformation with direct
implications for engineering education, construction management, infrastructure
governance, and the long-term performance of the built environment. Where BIM
is applied superficially, it produces attractive models and modest results; where it
1s implemented with clear requirements, interoperability discipline, and lifecycle
intent, it becomes a powerful mechanism for reducing uncertainty, improving
collaboration, preserving information value, and supporting more sustainable and
intelligent built assets.
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