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Executive Summary 
The argument that formal semantics has become a precondition for artificial intelligence in buildings, 
rather than a quality improvement, is well supported by primary government sources and peer-reviewed 
literature. It is also more qualified than its advocates generally concede, and the qualification changes 
what should be said to a non-technical audience. 

Six findings carry this report. 

First, the precondition claim holds, and it holds on government authority rather than vendor assertion.  
The National Institute of Standards and Technology states that harvesting building data "remains labor-
intensive, requiring manual mapping of data sources to the needs of each application," and that this 
"hinders scalability, increases costs, and delays deployment." The US Department of Energy states that 
building software "is not plug and play." Neither is selling anything. 

Second, formal semantics is necessary but demonstrably not sufficient.  The Mortar testbed applied 
unmodified analytics applications across 90 semantically modeled buildings. The best-performing 
application ran on 67 percent of them. Most ran on fewer than 40 percent. A companion study found that 
modeling variance within a single shared schema is enough to break queries outright. Anyone claiming 
that adopting a semantic standard makes analytics portable is claiming more than the evidence 
supports. 

Third, the buildings-specific result for artificial intelligence is uncomfortable and should be stated 
plainly.  The only rigorous published benchmark of large language models answering questions over 
building knowledge graphs found that even the best-performing model, on a combined measure of how 
often its extracted answers were both correct and complete, reached only 0.38 out of a possible 1.0, with 
exact-match accuracy near zero, and confirmed that models invent classes and relationships that do not 
exist in the ontology. That failure was worse against the newer ASHRAE semantic standard than against 
the older one. The correct conclusion is not that semantics does not matter. It is that semantics is the 
floor, the residual error rate is far too high to license autonomous action today, and the argument "add 
the graph and the agent can act" is contradicted by the best available evidence. 

Fourth, the risk profile changes materially when a system acts rather than advises, and that shift now 
has regulatory expression.  European law classifies artificial intelligence acting as a safety component in 
the supply of heating or electricity as high risk, justified explicitly by consequence of failure, and requires 
that a human overseer be able to override or halt the system. Industry consensus names excessive 
agency as a distinct vulnerability class. Peer-reviewed security research establishes that a system 
combining retrieval with the ability to act inherits its trust boundary from its data sources. 

Fifth, the workforce premise is real but is not the premise commonly cited.  There is no credible 
measurement of data literacy in the facilities management or commercial real estate workforce 
specifically. Every circulating figure originates in general-workforce, self-reported, vendor-sponsored 
surveys. What is well evidenced is different and more useful: workforce capability, not technology 
availability, is the named constraint on adoption. Only 33 percent of the commercial real estate workforce 
feel adequately trained on artificial intelligence, and only 5 percent of firms report achieving their stated 
objectives. The median United States facilities manager is 53.6 years old. 
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Sixth, and most consequential for the communication problem, the obstacle at the Awareness tier is 
not incomprehension.  It is false familiarity. Cognitive research establishes that a superficially similar new 
concept reactivates a learner's existing and partially wrong understanding, and that unless the old belief 
is surfaced in the same moment as the correction, the learner encodes nothing while feeling that learning 
occurred. A practitioner who believes a naming convention is an ontology will not return for the next tier. 
The Awareness message must therefore name the misconception rather than assert past it. 

The report closes with five items that belong at the Awareness tier, a boundary test for what does not, 
and the honest caution that awareness communication reliably moves knowledge and does not reliably 
move behavior. 
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The Question, and Why Prior Work Does Not 
Answer It 
Two Building Lifecycle Management Initiative research products already map this terrain. A July 2026 
scan examined eleven standards addressing location, space, and asset hierarchy and concluded that no 
formal standard defines a complete hierarchy from portfolio to component, that the Open Standards 
Consortium for Real Estate functions as an integration layer rather than a competitor, and that the gap is 
translation rather than invention. An August 2026 landscape assessment mapped which semantic, 
taxonomy, and ontology efforts exist across the building lifecycle, where they overlap, and where they 
are heading. 

Both answer which standards exist. Neither answers whether the industry is obliged to adopt one, and 
neither addresses how to explain that obligation to people who do not work with data. 

The commissioning input for this project was a synthesis of eleven ontology sources published between 
January and September 2026. That corpus is argumentative rather than empirical. Ten of its eleven 
sources are essays. The eleventh reports a build whose own author declines to call it an ontology. Three 
of its authors hold direct commercial positions in the conclusions they argue. The corpus states the 
imperative persuasively and evidences it thinly. 

This report supplies the evidence, and reports where the evidence declines to cooperate. 

Part I: Is There an Imperative? 

2.1 The government and standards record 

The strongest authority for the precondition claim comes from bodies with nothing to sell. 

The National Institute of Standards and Technology runs a program called Building Digitization and 
Semantic Interoperability. Its published problem statement is that building data "come from diverse 
sources and span all phases of the building lifecycle," and that harvesting it "remains labor-intensive, 
requiring manual mapping of data sources to the needs of each application. This process hinders 
scalability, increases costs, and delays deployment." The program's stated objective is standardized 
machine-readable semantic models "to advance AI-enabled analytics, automation, and control." The 
institute positions semantics as the enabler of artificial intelligence, not as an optimization of it. 

The US Department of Energy states the same barrier in operational terms. Buildings and their systems 
"are bespoke," so control and analytics software "must be configured individually for each building." 
Building software "is not plug and play, that is, self-configuring and installing, in the way that consumer 
software is." The department has committed five million dollars to date across national laboratories and 
universities to close that gap, with a further 1.3 million dollars directed specifically at the ASHRAE 
semantic data model work. 
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That standard, ASHRAE Standard 223P, exists "to define formal knowledge concepts and a methodology 
to apply them to create interoperable, machine-readable semantic frameworks for representing building 
automation and control data." It completed advisory public review in March 2024 and first public review 
in August 2025. As of early September 2026 no published edition had been located. Its behavioral 
counterpart, ANSI/ASHRAE Standard 231-2026, which formalizes control sequences rather than system 
structure, reached publication first. That sequencing is worth noting: the industry has settled how to state 
unambiguously what a system should do before it has settled how to state unambiguously what the 
system is. 

Neither NIST nor the Department of Energy quantifies the cost of the gap. That absence matters, because 
the figure most often cited to fill it does not measure what people think it measures. 

2.2 The 15.8 billion dollar figure, stated correctly 

In 2004 NIST published a cost analysis finding 15.8 billion dollars in annual interoperability costs for the 
United States capital facilities industry. The figure is real, carefully derived, and self-described as 
conservative. It is also persistently misused. 

Three qualifications govern its use. It is expressed in 2002 dollars and has not been updated in 22 years. 
It covers interoperability failure across design, construction, fabrication, and operations for the whole 
capital facilities industry, and it does not isolate building automation metadata, terminology conflict, or 
any other specific cause. Tenants were excluded from the study entirely. 

What the figure does establish, and what is genuinely useful, is where the cost lands. Of the total, 9.09 
billion dollars, or 57 percent, was attributed to the operations and maintenance phase, and roughly two-
thirds of the whole was borne by owners and operators. The cost mechanism is mundane: files "had to be 
reentered manually into multiple systems," alongside "duplication of business functions" and searching 
paper archives. Whatever the number is today, its shape has held. The party that pays for poor 
definitions is the party that operates the building, and it pays over decades rather than at handover. 

2.3 What deployment actually costs 

Better-scoped economics come from Lawrence Berkeley National Laboratory. A 2022 study covering 113 
organizations and more than 567 million square feet of commercial floor area found fault detection and 
diagnostics tools costing approximately nine dollars per point, or 13,000 dollars per building, with 
recurring costs of four dollars per point. A companion study across 550 buildings found median whole-
building savings of eight percent and ongoing labor of eight dollars per point per year against a typical 
1,300-point system. 

Two things stand out. The savings are real and modest, at eight to nine percent median, which is far 
below the twenty to fifty percent commonly claimed in marketing material. And the studies name 
configuration duration, "several months," as a key barrier, alongside the labor of integrating diverse 
meter and building automation data. 

Neither study breaks out how much of that cost is metadata work. That decomposition does not exist in 
the published record. An analyst firm asserts that up to 75 percent of engineering effort goes to making 
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existing systems legible to the analytics layer, but publishes no methodology, sample, or definition, and 
sells the report the claim appears in. This report records that assertion as an attributed industry claim and 
declines to treat it as a measurement. 

2.4 The portability evidence, which cuts both ways 

The clearest test of whether semantics delivers what its advocates promise is the Mortar testbed: 90 
buildings, more than nine billion data points, each building modeled in a shared schema. Researchers 
then ran unmodified analytics applications across the whole set and counted how many buildings each 
one worked on. 

The results are sobering. The best-performing application, a virtual coil meter, ran on 60 of 90 buildings, 
or 67 percent. A rogue zone temperature check reached 62 percent. Baseline calculation reached 37 
percent, stuck damper detection 33 percent, and energy disaggregation 16 percent. Two applications ran 
on fewer than four buildings each. 

A follow-on study explains part of the shortfall and is arguably more important. Across 50 building 
representations in the same schema, queries succeeded on some buildings and failed on others because 
of "differing modeling choices even when representing identical building systems." A shared vocabulary 
does not by itself produce shared models. Two competent modellers describing the same air handling 
unit can produce graphs that a single query cannot both read. 

A separate survey of semantic modeling for building energy management found that existing ontologies 
"represent more maturely physical building entities than they represent abstract operational concepts," 
and reported that the necessity to extend an off-the-shelf ontology ran as high as 90 percent across 
reviewed use cases. 

The honest reading is this. Semantic modeling is a necessary condition. Every serious platform effort 
builds on one, and both NIST and the Department of Energy identify manual mapping as the scaling 
barrier. But the published record does not support the claim that adopting a semantic standard has been 
shown to reduce deployment cost at portfolio scale, nor that it makes analytics portable. The most 
rigorous cross-building fault detection demonstration in the literature covers two museums. 

2.5 The grounding evidence, and its limits 

The case that artificial intelligence needs grounding is strong in principle and mixed in measurement. 

In principle it is settled. Language model output "is not grounded in communicative intent, any model of 
the world, or any model of the reader's state of mind," and fluency causes readers to impute meaning 
that is not present. NIST enumerates confabulation, "production of confidently stated but erroneous or 
false content," among twelve generative artificial intelligence risks, and names data provenance as a 
control. 

In measurement it is contested. The most cited enterprise result found that a large language model 
answering questions directly over a relational database scored 16.7 percent accuracy, while the same 
questions over a knowledge graph representation of the same database scored 54.2 percent. The figure 
that should carry more weight is buried in the detail: on the highest schema complexity, the model scored 
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zero without the ontology and roughly 36 to 39 percent with it. The study was authored by employees of 
a knowledge graph vendor, its baseline is deliberately naive zero-shot prompting rather than engineered 
query generation, and its domain is insurance. 

Against that, an independent systematic evaluation found that graph-based retrieval does not 
universally beat conventional retrieval. On single-hop question answering, conventional retrieval won 
outright. The graph advantage appeared only on multi-hop reasoning, and it was bought at roughly fifty-
seven times the index construction cost. A widely cited industry graph retrieval paper reports win rates of 
72 to 83 percent, but those measure comprehensiveness and diversity as judged by another language 
model. Neither is correctness, and the result should not be quoted as an accuracy finding. 

2.6 The buildings ceiling, which is the finding that 
matters 

Everything above concerns other domains. The only rigorous benchmark of large language models 
operating over building knowledge graphs was published in November 2025. It tested five current models 
against 188 questions over four real buildings, three modeled in Brick and one in ASHRAE 223P. 

Top-performing systems, on a combined measure of how often extracted answers were both correct and 
complete, reached a maximum of 0.38 out of a possible 1.0. Exact-match accuracy was near zero across 
every method tested. The study confirmed ontology hallucination empirically, "where the model invents 
relationships or classes that do not exist," and found the problem worse against the newer ASHRAE 
standard than against the older schema. It also found that methods excelling on general knowledge 
graphs "do not transfer effectively to the specialized vocabularies" of building operations. 

A companion requirements paper from the same research community had already named the underlying 
condition: models "still struggle with the depth of knowledge required to accurately interpret building-
specific data," and the field lacks "comprehensive evaluation datasets, standardized accuracy metrics, 
and benchmarks." 

This is the result that should govern how the industry talks about the topic. It does not weaken the case 
for formal semantics. It strengthens the case while destroying a particular version of it. The version it 
destroys is the one that runs: build the ontology, connect the agent, let it act. Measured against the best 
available evidence, a system reading a well-modeled building graph gets roughly a third of the answers 
usefully right. That is a research frontier, not an operating capability, and it is nowhere near the accuracy 
required to license unsupervised action on physical plant. 

2.7 When the system acts 

The distinction between a system that advises and one that acts is not rhetorical. It now has legal and 
consensus expression. 

European Regulation 2024/1689 classifies as high risk any artificial intelligence system "intended to be 
used as safety components in the management and operation of critical digital infrastructure, road traffic, 
or in the supply of water, gas, heating or electricity." The stated justification is consequence of failure: 
such failure "may put at risk the life and health of persons at large scale and lead to appreciable 
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disruptions in the ordinary conduct of social and economic activities." Where the classification applies, 
human overseers must be able to understand the system's limitations, remain aware of "the possible 
tendency of automatically relying or over-relying on the output," disregard or reverse that output, and 
halt the system "in a safe state." 

Precision matters here, and overclaiming would be easy. The trigger is acting as a safety component. A 
read-only analytics tool over building automation data is not automatically high risk, and commercial 
building heating and cooling is not obviously "the supply of heating," a phrase that points at utility and 
district scale. The classification question for an individual building's automation system is genuinely 
unsettled. The defensible statement is that acting moves a system toward that category, not that it lands 
there. 

Industry consensus is blunter. The Open Worldwide Application Security Project names excessive agency 
as a distinct vulnerability class: "the vulnerability that enables damaging actions to be performed in 
response to unexpected, ambiguous or manipulated outputs." It also observes that instructing a model to 
behave "is not a guarantee that the model will always adhere to this." 

Peer-reviewed security research closes the loop. Systems that combine retrieval with the ability to invoke 
tools "blur the line between data and instructions," and processing injected content can "manipulate the 
application's functionality, and control how and if other APIs are called." A retrieval-plus-action 
architecture inherits its trust boundary from its data sources. In a building, those sources include 
whatever a subcontractor typed into a commissioning spreadsheet. 

Governance research adds the timing problem. "Without a human in the loop, agents may take multiple 
consequential actions in rapid succession and bring about significant impacts before a human notices." 

Part II: Why This Is a Facilities Problem 
Three conditions make the built environment a harder case than the enterprise examples the ontology 
literature usually cites. 

3.1 One word, several meanings, five systems 

The clearest published statement of the problem in commercial real estate terms comes from the Open 
Standards Consortium for Real Estate: "If one system uses 'Pump ID' and another uses 'Asset Tag,' they 
don't inherently recognize that these labels are referring to the same thing." Bridging that gap requires 
"complex, manual mappings." 

The academic record supplies the general form. A University of Cambridge survey of industry data 
models found the same physical concept named three different ways across coexisting standards: a 
"system element" in one, a "functional physical object" in another, a "tagged item" in industry practice. A 
companion paper poses the ambiguity as a live design question that any facilities professional will 
recognize: "when referring to a door what elements does this term encompass, for example the door leaf, 
plus door furniture and/or the door frame?" 
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Measurement standards carry the same fracture. International and national floor-area standards "often 
have semantic differences," and the harmonizing international standards "also have differences," which 
matters because area values drive taxation and valuation. The professional bodies have acknowledged 
this directly. When the International Facility Management Association and the Building Owners and 
Managers Association published joint measurement definitions in 2008, the stated reason was that the 
two standards diverged, with one counting common areas and the other not. Nearly two decades later, 
computer-aided facility management platforms still ship explicit translation tables mapping one 
convention onto another. The existence of the translation layer is itself the evidence. 

One honest limitation belongs here. Despite searching for it directly, this project found no rigorous 
published study of a single term such as "asset," "unit," or "property" carrying incompatible meanings 
across operational commercial real estate systems. The claim is widely made, including in the source 
corpus that prompted this work, and it is intuitively obvious to anyone who has reconciled a lease system 
against a maintenance system. It has not been formally studied. That gap is worth naming rather than 
papering over, and it is a candidate for original Building Lifecycle Management Initiative research. 

3.2 Handover, where the record is strongest 

The evidence on data loss at lifecycle handover is the most quantitatively solid in this report, and it comes 
from four independent teams across three countries. 

A study of five live United Kingdom building information modeling projects, assessed with a structured 
quality tool, found error rates of 100 percent on two projects, 84 percent on a third, and 53 percent on a 
fourth. The fifth scored one percent error but lacked type, component, and system data entirely. The root 
cause was governance rather than format: "Every subcontractor in the supply chain provided own COBie 
file with no central point of data check, data federation or quality control." Asset names within a single 
delivery were "not unique and not consistent," making asset maintenance "almost impossible." In two of 
the five projects, the client had provided no asset information requirements document at all. 

An audit of an operating estate found that 73 percent of assets had no information about their 
maintenance procedures, and more than half lacked maintenance manual location, warranty, or serial 
number data. A study of two owner organizations found that neither "had defined information 
requirements for model based project and information handover," and that they "did not know what to 
require in models." The same study counted 176 spaces with boundary defects and 61 intersecting 
spaces in a single government building. 

A capability analysis benchmarked the exchange formats themselves against a British asset register 
standard and found that the industry foundation classes schema lacked direct support for five of 22 
required information elements, and the construction operations exchange format lacked six of 22, with 
the gaps concentrated in cost, written down value, and depreciation. 

Perhaps the most telling data point is institutional rather than statistical. Transport for New South Wales 
published a formal technical standard explaining why it declined to adopt the industry handover format 
at all, stating that it "has not evolved sufficiently to fulfil the requirements." Among the information it 
names as unsupported: asset owner, operations and maintenance contract information, asset condition 
and remaining service life, installation and commissioning details, and asset risk. That same document 
records that ISO 19650 does not mandate the format, which is worth knowing, because the ISO series is 
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frequently invoked as though it settles the question. It specifies a management process. It does not 
specify a data model, a vocabulary, or an exchange format, and this project located no credible empirical 
study of its adoption or effectiveness. 

3.3 Time, which is the cheapest fix and the most 
expensive omission 

The Cambridge survey states the problem in one line worth quoting exactly: process industry data 
models recognize "that the system elements within a process plant change over time. Building and 
geographic data models are largely static." 

The consequence has now been examined directly. A 2026 study of temporally qualified building 
elements found that the same physical element "is assigned different Globally Unique Identifiers in each" 
lifecycle phase, producing "fragmentation of the element's identity." The industry foundation classes 
standard "does not define a formal mechanism that would link the same physical element across 
successive phases," and its schema "lacks a conceptual framework linking the states of the same object 
at different points in time." The results are the loss of property change history and "the inability to 
formulate cross-phase queries." 

A separate capability analysis found that service life planning standards require probability distributions 
for remaining life, while commercial modeling tools support only simple numeric types, so remaining-life 
uncertainty cannot be carried in the record at all. 

The vocabulary to fix this has existed as a W3C Recommendation since 2013. The provenance ontology 
supplies entities, activities, and agents together with generatedAtTime and invalidatedAtTime, which is 
precisely the validity interval building records lack. This project located no substantive published 
application of it to commercial real estate or facilities management data. The tool is on the shelf and the 
industry has not picked it up. 

This is the clearest actionable finding in the report. It is cheap to close at design time and expensive to 
retrofit, and it is the failure most likely to produce a confidently wrong answer that no validator catches. A 
graph without validity intervals will answer a question about last year using this year's topology, and will 
not signal that it did so. 

Part III: The Audience 

4.1 What is known, and what is asserted 

The premise that the facilities management and commercial real estate workforce lacks data literacy is 
widely repeated and thinly evidenced. The three statistics that dominate industry presentations trace to 
two commercial sources: a business intelligence software vendor, twice, and a paid analyst firm. The 
most quoted, that only 21 percent of the global workforce is fully confident in its data literacy, measures 
self-reported confidence rather than tested competence, samples 9,000 office employees across nine 
countries, and contains no identifiable facilities, property, or building operations population. A peer-
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reviewed systematic review of 44 articles concludes that "there is currently no unified definition of Data 
Literacy, along with its constituent skills," which means the vendor percentages are not measuring a 
stable construct in the first place. 

This report therefore records a negative finding: there is no credible measurement of data literacy in the 
facilities management or commercial real estate workforce. That gap should be stated rather than filled 
with a borrowed number. 

What is well evidenced is more useful and points in a slightly different direction. 

A 2025 survey of more than 1,000 senior commercial real estate decision-makers across 16 markets 
found that workforce and talent gaps are the number one barrier to an effective technology strategy. 
Only 33 percent of the workforce feel adequately trained on artificial intelligence. Eighty-one percent of 
companies report at least three existing systems not producing expected results, and more than 60 
percent must resolve fundamental technology problems, including duplicated functionality and dormant 
systems, before they can use artificial intelligence at all. Ninety percent of firms are testing artificial 
intelligence solutions. Five percent report achieving their stated objectives. 

On building operations specifically, peer-reviewed work across 5,200 buildings names "the lack of in-
house staff time or expertise" as an adoption barrier and identifies the need for "a trained building 
operations workforce." An independent research institute found that "most operators have little to no 
experience analyzing large amounts of building performance data," and face "a steep learning curve." 

The demographic premise rests on primary government statistics rather than survey sentiment. The 
median United States facilities manager is 53.6 years old, against an all-occupations median of roughly 
42. Property and real estate managers sit at 50.1. Professional body research found more members over 
70 than under 30 in one facilities management membership, with fewer than 15 percent under 40, and 
an average member age of 50.9 in another. Nearly 40 percent of facility managers expect to retire within 
ten years. 

4.2 The counter-signal that deserves airtime 

One finding cuts against the deficit narrative and should not be suppressed. In a 2026 professional body 
survey, 72 percent of facility managers said artificial intelligence already affects their daily work, 92 
percent expressed interest in adopting additional tools, and nearly 70 percent expected their roles to 
change significantly within five years. That population is credentialled and more engaged than the 
workforce at large, which likely overstates the figures. It is still not the profile of a workforce refusing 
technology. 

The problem the evidence supports is capability and data foundations, not appetite. An Awareness 
message built on the premise that practitioners are resistant will be both wrong and insulting. One built 
on the premise that they are interested and under-equipped is accurate. 

4.3 False familiarity, which is the actual obstacle 

The most useful finding in this report for the communication problem comes from cognitive psychology 
rather than from the built environment. 
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Two independent literatures converge. The first establishes that people rate their understanding of how 
things work substantially higher before attempting to explain them than after, and that the effect is 
specific to explanatory knowledge involving complex causal patterns. It does not appear for factual or 
procedural knowledge. Experts show a less pronounced version of it. Requesting a mechanistic 
explanation both exposes the gap and reduces entrenchment. 

The second is more directly instructive. The knowledge revision framework establishes that information 
encoded in long-term memory "leaves a durable trace that cannot simply be erased or overwritten." 
Incoming information passively reactivates whatever in memory "resonate[s] with that signal as a 
function of featural overlap." Critically, "both the new information and misconception from prior 
knowledge must be simultaneously activated" for revision to occur, and "revision can only occur after the 
newly encoded information becomes integrated with the misconception." 

Applied to this topic, the implication is direct and slightly alarming. A facilities professional hearing the 
word "ontology" will passively reactivate the nearest thing in memory, which is likely a naming 
convention, a tagging standard, or an equipment classification system. If the Awareness message 
asserts the correct account without naming the near-miss, the listener absorbs the new material into the 
old schema, leaves believing they already knew this, and does not return for the next tier. 

The obstacle at the Awareness tier is not that the audience will fail to understand. It is that they will 
believe they already do. That is a design requirement, not a communication risk to be managed 
afterwards. 

Part IV: The Awareness Tier 

5.1 Where the scale comes from 

No single source originates the Awareness, Knowledge, Application progression. It is a convergent 
pattern independently instantiated in at least five lineages, and the provenance is worth stating honestly 
because the three tiers are not equally well grounded. 

The closest built-environment analog is the Royal Institution of Chartered Surveyors Assessment of 
Professional Competence, whose official levels read: Level 1, "knowledge and understanding"; Level 2, 
"application of knowledge and understanding"; Level 3, "reasoned advice and depth of knowledge." That 
is quotable verbatim from a current governance document and maps cleanly onto the working scale. 

The revised educational taxonomy supplies Remember, Understand, and Apply, though its authors 
explicitly relaxed the requirement of strict hierarchy. Clinical education supplies Knows, Knows How, 
Shows How, Does. The information technology skills framework defines its first level of responsibility as 
performing "routine tasks under close supervision." 

Three observations follow, and each affects design. 

None of these frameworks has an Awareness tier below its first knowledge tier.  The chartered 
surveyor Level 1 is already knowledge and understanding. The skills framework starts where Application 
starts. The educational taxonomy's Remember is factual recall, not awareness. 
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The authority for a distinct Awareness stage comes from change management rather than education, 
and it is commercially owned.  The ADKAR model places Awareness first, and defines it specifically as 
awareness of the need for change rather than awareness that a change is occurring. Its success criterion 
is a first-person statement: "I understand the nature of the change and why this change is needed." 
Awareness explicitly does not require knowing how to execute, agreeing with the reasons, or wanting to 
change. The model's originator sells the certification, and this project located no independent controlled 
test of the awareness-before-training sequencing claim. Adult learning theory converges independently 
through its "need to know why" assumption, but that theory's own author conceded it is "less a theory of 
adult learning than a model of assumptions." 

The tiers therefore rest on unequal footing.  The progression from knowledge to application to judgment 
is well grounded across independent professional frameworks. The specific claim that awareness must 
come first is grounded in a proprietary practitioner model plus indirect support from learning science. That 
should be conceded openly rather than dressed up. 

5.2 A boundary test 

The operational rule that follows from the frameworks is simple enough to apply in a room. 

Awareness produces recognition. Knowledge produces judgment. Application produces artifacts. 

The test: if the content requires the learner to make a choice, it is Knowledge, not Awareness. If it requires 
them to build or configure something, it is Application. Anything at the Awareness tier that asks a 
participant to choose between competing schemas, or to evaluate what a constraint language is for, has 
crossed the boundary and will produce exactly the disengagement the tier exists to prevent. 

A second rule comes from learning science and is less obvious. The expertise reversal effect establishes 
that "instructional techniques that are highly effective with inexperienced learners can lose their 
effectiveness and even have negative consequences when used with more experienced learners." Heavy 
scaffolding helps novices and actively harms people who have moved past that stage. The instructional 
method must change between tiers, not only the content volume. Delivering Awareness-tier scaffolding 
to a Knowledge-tier audience is not merely redundant; it degrades their learning. 

5.3 What must be communicated at Awareness 

Five items, and nothing else. 

One. The polysemy recognition, delivered as two cases side by side.  The strongest finding in the 
learning science literature for this purpose is that the mechanism of abstraction is comparison, not 
exposure. Participants who compared two cases transferred the underlying principle to novel problems at 
48 percent, against 19 percent for those who studied the same two cases separately. In a live negotiation 
exercise, guided comparison with scaffolding reached 90 percent transfer against a 37 percent baseline, 
and 42 percent of comparison participants articulated the underlying principle completely, against 13 
percent. Two concrete cases placed side by side, with the comparison explicitly prompted, does the 
abstraction work that a stated definition does not. For this audience the two cases write themselves: the 
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same word meaning different things in the maintenance system and the lease system, and the same 
physical unit carrying different identifiers at design, commissioning, and operation. 

Two. A working definition in one sentence, in their language, delivered after the cases rather than 
before them.  An ontology is the written-down agreement about what the words mean and how the 
things relate, in a form a machine can check. It is not a database, not a software product, and not a 
naming standard. The analogy that carries for a facilities audience is the difference between an 
equipment schedule and a single-line diagram. The schedule says what exists. The diagram says how 
the pieces connect, which is the only thing that lets someone who has never entered the building answer 
a question correctly. A variable air volume terminal may sit above one room, belong to no system in that 
room, be fed by an air handling unit two floors away, and serve a thermal zone spanning several rooms. 
Four relationships, four questions, four different correct answers, and one generic "belongs to" that 
destroys all four. 

Three. Why now, which is the strongest available argument and requires no technical scaffolding.  For 
decades, when two systems disagreed about what a word meant, a person reconciled it quietly at the 
boundary. Artificial intelligence does not remove that person by decision. It removes them by acting 
before anyone reads the output. The fragmentation was always present; the human was absorbing it. 
This reframes the topic from a new technical burden into a bill coming due on work the profession was 
never paying for, and it credits the audience rather than implicating them. 

Four. What changes when a system acts rather than advises.  When software advised, weak 
definitions produced a bad report and someone caught it. When software acts, weak definitions dispatch 
a technician to the wrong asset, shut down the wrong air handling unit, or apply the wrong lease clause. 
The consequence class changes while the defect stays the same. This is the "why we need it," and the 
regulatory framing supports it without needing to be cited in the room. 

Five. What the audience is being asked to do, which at this tier is close to nothing.  They are not being 
asked to build anything, choose a standard, or learn a query language. They are being asked to recognize 
the failure when they see it, and to understand that the definition of a term is a governed decision with a 
named owner rather than an accident of whichever system was installed first. The practical deliverable is 
a person who can ask two questions in a vendor meeting and understand the answers: whose definition 
of this term does your system use, and what happens when it disagrees with ours. 

5.4 What must be handled, not merely avoided 

The false familiarity finding converts one item from a caution into a requirement. 

An Awareness message that only asserts the correct account will be absorbed into the listener's existing 
and partially wrong schema. The near-miss belief must be named in the same moment as the correction. 
In practice that means saying out loud that a naming convention is not an ontology, that a tagging 
standard is not an ontology, and that an equipment classification system is not an ontology, and saying 
briefly what each of them does instead. This is uncomfortable, because it tells competent people that 
something they were proud of does not do the job they assumed. It is also the only mechanism the 
research supports for actually revising the belief. 
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A second diagnostic follows from the same literature. Self-rated familiarity is exactly the measure that 
the illusion inflates. Asking a room whether they are familiar with the term produces a useless answer. 
Asking someone to explain how the thing works produces an accurate one, and the act of explaining also 
reduces entrenchment. If the Awareness session needs a check, it should ask for a mechanism, not for a 
show of hands. 

5.5 What does not belong at Awareness 

Applying the boundary test rules out, at minimum: any comparison of competing schemas; any treatment 
of what a constraint language is or where it sits in a stack; the open world and closed world 
assumptions; upper ontologies; inference and reasoning; anything requiring a decision about tooling; and 
any implied program of work. 

That last exclusion is worth its own sentence, because it is the one most likely to be violated by 
enthusiasm. The published record prices none of this. No source quantifies what it costs to build or 
maintain an ontology, no source offers a maintenance staffing model, and no source provides a decay 
rate for a model left untended. The first question from any owner or executive in the room will be what it 
costs, and there is no defensible answer available. An Awareness message that implies a build invites a 
question that cannot be answered, and an unanswered cost question converts interest into skepticism. 
The tier ends at recognition, deliberately. 

Part V: The Honest Caution 
One finding should temper expectations for the Awareness tier and should be stated to anyone 
commissioning the work. 

A meta-analysis of 69 studies of end-user training found an overall effect size of 0.75. Decomposed, 
knowledge and attitudes moved at an effect size of 1.02, which is large. Behavior moved at 0.36, which is 
small. Field studies reinforce the split. A study of more than 14,000 employees over 15 months found that 
training delivered at the moment of failure "did not make employees more resilient." A randomized 
controlled trial with 12,511 participants returned a null result, with a trained group performing marginally 
worse than control at conventional significance. Later work from the same group reframed the benefit as 
arising from periodic reminders rather than from training content, "an attention problem rather than a 
knowledge problem." Research from a government standards body observes that "training employees for 
policy compliance influences their awareness, unfortunately, it has minimal impact on promoting actual 
compliant behavior," and that completion metrics are deceptive because people click through. 

These studies come from information security, which is the hardest possible test case: adversarial, 
momentary, and attention-driven. They should not be read as showing that awareness communication is 
worthless. The same meta-analysis shows it works well for exactly what the Awareness tier is for, which 
is knowledge and attitude. 

What they establish is the correct claim to make. Awareness is a necessary precondition for encoding, 
not a behavioral lever. It earns its place in the progression because Knowledge and Application cannot be 
built on a workforce that does not know why the change matters. It does not earn a claim that briefing 
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people will change what they do. Anyone promising behavior change from an awareness campaign is 
promising something the evidence does not deliver, and completion rates will not detect the shortfall. 

Conclusion 
There is an ontology imperative, and it is narrower and better founded than its advocates usually state. 

The imperative is not that formal semantics makes artificial intelligence work in buildings. The best 
available buildings evidence says the opposite: with a well-modeled building graph in place, current 
systems answer roughly a third of questions usefully, and invent classes that do not exist while doing it. 
The imperative is that formal semantics is the floor beneath which nothing else is possible. Every serious 
platform effort builds on one. The two United States federal bodies working on the problem both identify 
manual mapping as the barrier to scale. And the industry's own economics show the labor of making 
systems legible sitting between analytics and any return from it. 

The distinction matters for how the profession should speak about this. A claim that adopting a standard 
delivers portable analytics is not supported and will not survive contact with a portfolio. A claim that 
without shared, machine-checkable definitions the industry cannot reach the capability at all is 
supported, is stated by NIST in its own words, and is the claim worth making. 

Three conditions make this a facilities problem rather than a general data problem. One word carries 
incompatible meanings across the systems a single building runs on. The handover record is quantifiably 
poor, with error rates above 80 percent in audited projects and 73 percent of assets in one operating 
estate carrying no maintenance procedure data at all. And building data models are, in the words of a 
Cambridge survey, largely static, so records that changed over time cannot say when they changed. That 
third condition is the cheapest to fix at design and the most expensive to retrofit, and the vocabulary for 
fixing it has been a W3C Recommendation since 2013 with no substantive built-environment application 
on record. 

For the Awareness tier, the evidence supports a specific and modest design. Lead with two concrete 
cases and prompt the comparison, because comparison rather than exposure is what produces the 
abstraction. Define the concept in one sentence afterwards. Name the near-miss beliefs explicitly, 
because a correction that does not surface the old belief will be absorbed into it. Explain why the change 
is arriving now in terms that credit the audience for the interpretive work they have been doing invisibly. 
Explain what changes when software acts rather than advises. Ask for nothing beyond recognition, and 
stop before implying a program, because the cost question has no published answer. 

And expect the tier to move knowledge rather than behavior, because that is what the evidence says it 
does. 
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Gaps in the Evidence Base 
A program built on this material should know where it is unsupported. 

Cost and maintenance economics.  No source in this review quantifies what it costs to build or maintain 
a building ontology, offers a maintenance staffing model, or supplies an empirical decay rate for an 
untended model. Deployment economics exist for analytics tools overall but do not decompose the 
metadata share. 

Terminology conflict in operational systems.  The claim that a single term carries incompatible 
meanings across commercial real estate systems is widely made and, as far as this review could 
establish, never formally studied. This is a candidate for original research. 

The transaction and portfolio half of the lifecycle.  The evidence base covers building operations, 
handover, and industrial assets. It does not cover lease, transaction, valuation, or portfolio data models. 
Any whole-of-lifecycle argument drawing on this report should treat that half as unsupported by this 
material. 

ISO 19650 effectiveness.  No credible empirical study of adoption rates or effectiveness was located. 

Provenance vocabulary in practice.  No substantive published application of the W3C provenance 
ontology to commercial real estate or facilities management data was found. 

Data literacy in this workforce.  No measurement exists. Every circulating figure is general-workforce, 
self-reported, and vendor-sponsored. 

Awareness-first sequencing.  No independent controlled test of the claim that awareness must precede 
training was located. The claim rests on a proprietary practitioner model. 

Adversarial security in building semantics.  Beyond general prompt-injection research, there is no 
treatment of graph poisoning, ontology tampering, or provenance forgery in a built-environment context. 
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