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1. Introduction — From Vocabulary to
Determination

The 1QI Vocabulary Standard establishes the shared language through which
infrastructure assets, work, outcomes, functions, and quality are described consistently
at the asset level.

That vocabulary provides the conceptual foundation for the Infrastructure Quality
Standard — Core, which defines Quality Factors, Quality Indicators, and Quality
Outcome Criteria as the structural elements used to evaluate infrastructure quality.

Yet a fundamental question remains:

How is a quality state actually determined?

Infrastructure quality is not directly observable. It must be inferred from evidence,
interpreted in context, and evaluated against defined acceptability conditions across the

lifecycle.

This paper addresses the logical architecture through which that determination may
occur.



It does not introduce new vocabulary, requirements, performance thresholds, or
conformity methods. Instead, it explains the reasoning structure that enables the
existing 1QI concepts to function as a coherent evaluative system.

In this sense, the present document occupies an architectural position between shared
vocabulary and applied quality evaluation.

Scope Clarification

This paper does not prescribe methods by which organizations must evaluate
infrastructure assets. Rather, it clarifies the reasoning structure through which
evaluative judgment becomes intelligible, communicable, and bounded within the 1Ql
architecture.

2. The Need for an Explicit
Determination Logic

Infrastructure assets are integrated physical systems whose behavior emerges from the
interaction of multiple elements, interfaces, operating conditions, and lifecycle decisions.

Because quality attributes arise at the level of the assembled asset rather than from
individual components alone, determining infrastructure quality requires more than
verifying isolated conformance.

A structured evaluative logic is necessary to:

e connect evidence to outcome criteria;

« interpret uncertainty without obscuring risk;

« distinguish acceptable from unacceptable system conditions; and
e support transparent, bounded quality claims.

Without such a structure, quality discussions risk becoming fragmented across
disciplines, lifecycle stages, and documentation practices — precisely the condition the
IQI vocabulary was developed to prevent.

An explicit determination logic therefore strengthens comparability, improves clarity of
judgment, and reduces the likelihood that critical system conditions remain hidden
within otherwise compliant documentation.




3. Quality as a Determinable System
State

Within the 1QI architecture, infrastructure quality may be understood as a system
state — a condition describing the degree to which an infrastructure asset realizes its
intended functions within defined technical, operational, and risk boundaries across the
lifecycle.

This state is not binary.
It is multidimensional.

Each Quality Factor represents a conceptual domain of infrastructure quality.

Each Quality Indicator identifies what must be examined within that domain.

Each Quality Outcome Criterion defines the condition that must be true for the indicator
to be considered met.

Evidence forms the observable link between these conceptual definitions and the
behavior of the infrastructure asset over time.

Taken together, these elements create a structured topology through which
infrastructure condition can be evaluated without prescribing specific technologies,
project models, or regulatory approaches.

The result is not a score, rating, or checklist outcome.

It is a reasoned determination of system condition.

4. Beyond Checklists: The Architectural
Shift

Traditional evaluation approaches often rely on aggregation — combining results across
many checks to produce an overall impression of adequacy.

Such methods can obscure critical vulnerabilities when strong performance in some
areas appears to compensate for failure in others.

Infrastructure systems, however, contain conditions that are inherently non-
compensatory.



Where unacceptable risk exists, no volume of favorable evidence elsewhere restores
acceptability.

For this reason, infrastructure quality determination requires an architecture capable of
distinguishing between:

e conditions that permit trade-offs,
« conditions that function as system constraints, and
» conditions whose status cannot be confidently known due to uncertainty.

The 1QI framework supports this distinction by linking outcome criteria to evidence while
recognizing that uncertainty is inherent in long-lived infrastructure systems and cannot
be fully eliminated.

Quality therefore includes not only what is known, but also how well the limits of
knowledge are recognized and documented.

5. Determination Rather Than
Calculation

The logic described in this paper should not be interpreted as a formula.
Infrastructure quality is not “calculated” in the mathematical sense.

It is determined through structured professional judgment supported by transparent
evidence relationships.

The purpose of this architecture is not to replace engineering expertise, regulatory
authority, or organizational accountability.

Its purpose is to provide a stable reasoning structure within which such expertise can
operate more coherently — across assets, sectors, and lifecycle stages.

When the determination logic is explicit:

e evidence expectations become clearer;

e quality claims become more bounded;

e uncertainty becomes discussable rather than implicit; and

« system-level risk becomes easier to recognize before failure occurs.




6. Relationship to the 1Ql Document Set

This architectural paper should be read in conjunction with:

« the 1Ql Vocabulary Standard, which establishes the shared conceptual language;

« the Infrastructure Quality Standard — Core, which defines the structural
elements of quality evaluation; and

o Context Guides, which apply those elements within defined infrastructure
contexts.

The present document introduces no additional requirements.
Its role is explanatory and architectural.

By making the logic of determination explicit, IQI supports a more transparent
understanding of how infrastructure quality states may be inferred, communicated, and
bounded.

7. The Three Modes of Quality
Determination

Infrastructure quality is not evaluated through a single interpretive lens. Different system
conditions require different forms of judgment.

Within the 1QI architecture, three complementary modes of determination support a
coherent evaluation of infrastructure quality:

« Non-compensatory determination, where certain conditions function as system
constraints;

« Compensatory determination, where balanced performance across indicators
may support acceptability; and

o Evidence-aware determination, where the confidence of judgment depends on
the sufficiency and reliability of available evidence.

These modes are not alternative methodologies.
They operate together as part of a unified reasoning structure through which
infrastructure quality states are inferred.




7.1 Non-Compensatory Determination (Constraint-
Based Conditions)

Certain infrastructure conditions cannot be offset by strengths elsewhere in the system.

Where an outcome criterion establishes a boundary related to safety, structural integrity,
containment, or other unacceptable-risk conditions, failure to meet that criterion
represents a constraint on overall acceptability.

In such cases, infrastructure quality cannot be considered acceptable regardless of
favorable findings in other domains.

This reflects a fundamental property of complex physical systems: localized critical
weaknesses can govern system behavior.

Non-compensatory determination therefore supports early recognition of conditions that
may require corrective action, operational restriction, enhanced monitoring, or further
investigation before broader quality claims can be supported.

Importantly, identifying a non-compensatory condition is not equivalent to declaring
system failure. Rather, it clarifies that the quality state is bounded by a constraint that
must be explicitly acknowledged.

This distinction strengthens transparency and supports more disciplined risk
communication.

7.2 Compensatory Determination (Balanced
Performance Domains)

Not all infrastructure conditions function as constraints.

Many aspects of infrastructure performance exist within domains where professional
judgment appropriately considers the combined effect of multiple indicators.

In such domains, variation in individual outcomes may be acceptable when the overall
system behavior remains within defined functional and risk tolerances.

Examples may include operational resilience strategies, inspection intervals supported
by monitoring data, or design margins evaluated in relation to environmental conditions.



Compensatory determination does not imply relaxed expectations. Instead, it
recognizes that complex engineered systems are designed with layers of protection,
redundancy, adaptability, and operational controls.

Evaluation in these domains therefore focuses on whether the system — taken as an
integrated whole — continues to support intended functions without introducing
unacceptable exposure.

By explicitly distinguishing compensatory domains from constraint-based conditions, the
IQI architecture reduces the likelihood that evaluators unknowingly apply trade-off
reasoning where it is not appropriate.

7.3 Evidence-Aware Determination (Confidence in the
Known)

Infrastructure quality judgments are only as reliable as the evidence that supports them.

Yet long-lived infrastructure systems inevitably operate in the presence of uncertainty
arising from:

» incomplete knowledge of environmental conditions,
« limits of inspection technologies,

o modeling assumptions,

» evolving operational stresses, and

» the passage of time itself.

Evidence-aware determination recognizes that the absence of evidence is not
equivalent to evidence of acceptability.

Accordingly, outcome criteria should be evaluated not only in terms of apparent
satisfaction but also in relation to the strength, traceability, and recency of the
supporting evidence.

Where evidence is limited, indirect, outdated, or highly assumption-dependent, the
resulting quality determination may carry reduced confidence even when no immediate
deficiency is observable.

Making this confidence visible supports more informed decision-making and
encourages proactive knowledge development rather than reactive correction.

Within the 1QI architecture, uncertainty is therefore treated as a condition to be
characterized — not concealed.



7.4 Interaction of the Three Modes

These three modes operate together rather than sequentially.
A single evaluation may involve:
» constraint-based conditions that bound acceptability;
e compensatory domains that inform system resilience; and

¢ evidence considerations that influence confidence in the determination.

The resulting quality state is therefore neither a checklist outcome nor a numerical
aggregation.

It is a structured professional judgment grounded in transparent reasoning.
By clarifying how different conditions influence determination, the 1Ql framework

supports more consistent interpretation across assets, lifecycle stages, and
organizational contexts while preserving the role of engineering expertise.

7.5 Architectural Implication

Making these modes explicit shifts infrastructure evaluation away from implicit mental
models toward a shared reasoning structure.

This shift does not prescribe how organizations must evaluate infrastructure. Rather, it
provides a conceptual scaffold capable of supporting diverse technical practices without
fragmenting the meaning of quality.

When evaluators understand which mode is governing their judgment, several benefits
follow:

« critical constraints are less likely to be masked by favorable findings elsewhere;
« trade-offs are applied more deliberately;

e uncertainty becomes discussable; and

e quality claims can be more precisely bounded.

The determination of infrastructure quality thus becomes not only more disciplined, but
more communicable.




8. The Topology of Quality States

Infrastructure quality does not exist along a single continuum from acceptable to
unacceptable.

Rather, it occupies a structured condition space defined by outcome criteria, system
constraints, evidence confidence, and lifecycle context.

Understanding this structure is essential to disciplined quality determination.

Without it, evaluative judgments may drift toward oversimplified interpretations such as
aggregate scoring, binary pass—fail conclusions, or generalized impressions of
adequacy — none of which reliably describe the condition of complex infrastructure
systems.

The 1QI architecture therefore treats quality as a bounded system state existing within
a multidimensional evaluative space.

8.1 Bounded Acceptability

Every infrastructure asset operates within boundaries established by functional
requirements, technical specifications, safety conditions, environmental limits, and
operational tolerances.

When these boundaries are respected, the system may be considered to reside within
an acceptable quality region.

When one or more boundaries are exceeded, the quality state becomes constrained —
regardless of favorable conditions elsewhere.

Acceptability should therefore be understood not as a point, but as a region whose limits
are defined by outcome criteria and interpreted through professional judgment.

This perspective strengthens clarity by making explicit that infrastructure quality is
governed by conditions, not impressions.

8.2 Constraint Surfaces

Certain outcome criteria function as governing limits within the evaluative space.



These limits may be visualized conceptually as constraint surfaces — boundaries that
separate acceptable operating regions from conditions requiring intervention, restriction,
or further analysis.

Crossing such a boundary does not automatically imply system failure.
However, it signals that the infrastructure quality state can no longer be represented as
fully acceptable without qualification.

Making these constraint relationships visible supports earlier recognition of emerging
risk and reduces the likelihood that critical conditions remain obscured within otherwise
favorable evaluations.

8.3 Gradients of Confidence

Not all dimensions of the quality state are defined solely by performance outcomes.
Confidence in the supporting evidence also shapes the interpretive space.

Where evidence is direct, current, and traceable, the quality state may be determined
with greater stability.

Where evidence is indirect, aging, assumption-dependent, or incomplete, the same
apparent performance may occupy a region of reduced confidence.

This does not imply inferiority — only that the limits of knowledge should be
acknowledged as part of the determination itself.

By treating confidence as an explicit dimension rather than an implicit assumption,
evaluators strengthen transparency and support more informed decision-making under
uncertainty.

8.4 Dynamic Position Across the Lifecycle

Infrastructure quality is not static.
Design choices, construction practices, operational stresses, environmental exposure,

maintenance strategies, and modifications continuously influence the system’s position
within the evaluative space.
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Accordingly, quality determination should be understood as a time-sensitive judgment
rather than a permanent classification.

An asset may move closer to constraint boundaries — or farther from them — as
conditions evolve.

Recognizing this dynamic character encourages ongoing evaluative awareness rather
than reliance on historical conclusions.

8.5 The Quality State Is Not a Score

Because infrastructure quality occupies a structured condition space, reducing it to a
single numerical value risks concealing governing constraints, uneven evidence
confidence, or emerging vulnerabilities.

The 1QI architecture therefore does not interpret quality as a score.
Instead, it supports a reasoned description of system condition — one capable of
expressing bounded acceptability, recognized uncertainty, and the presence or absence

of governing constraints.

Such descriptions are inherently more informative for technical decision-making than
aggregated ratings.

8.6 Architectural Implication

Viewing quality as a bounded system state shifts evaluation from checklist confirmation
toward condition awareness.

This shift strengthens the interpretive bridge between evidence and judgment while
preserving the central role of engineering expertise.

When evaluators understand where a system resides within this conceptual space —
and why — quality claims become more disciplined, more transparent, and better
aligned with the realities of complex infrastructure behavior.
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9. Determining the Quality State in
Practice

The determination of infrastructure quality is not a mechanical exercise.
It is a structured act of professional judgment carried out within the conceptual
architecture established by the 1QI framework.

The purpose of this architecture is not to prescribe how organizations must evaluate
infrastructure assets. Rather, it provides a stable reasoning structure that supports
clearer interpretation of evidence, more disciplined recognition of constraints, and more
transparent communication of system condition.

When applied in practice, quality determination centers on several governing
considerations.

9.1 Evidence as the Interpretive Anchor

Evidence forms the primary bridge between conceptual outcome criteria and observable
infrastructure behavior.

Evaluators should therefore consider not only whether evidence exists, but whether it is:

« sufficiently direct,

e appropriately current,

« technically credible, and

« traceable to the asset and lifecycle stage under consideration.

Evidence does not eliminate uncertainty; however, it defines the boundaries within
which professional judgment can operate responsibly.

When evidence relationships are explicit, quality discussions become less vulnerable to
assumption-driven conclusions and more resilient to retrospective reinterpretation.

9.2 Recognizing Governing Constraints

In practice, determination often begins with identifying conditions that bound
acceptability.
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Outcome criteria associated with unacceptable risk, loss of containment, structural
compromise, or other critical exposures should be interpreted as governing constraints
on the quality state.

Where such constraints are present, the role of the evaluator is not to average them into
a broader impression of adequacy, but to make their bounding influence visible.

Doing so supports earlier intervention and strengthens the credibility of quality claims.

9.3 Exercising Structured Professional Judgment

The 1QI architecture assumes the continued centrality of engineering expertise and
accountable decision-making.

It does not replace technical analysis, regulatory interpretation, or organizational
responsibility.

Instead, it helps ensure that judgment operates within a coherent interpretive structure.
Structured judgment typically involves:

» interpreting evidence in relation to defined outcome criteria;

» distinguishing constraint conditions from balanced-performance domains;

« acknowledging uncertainty where it materially affects confidence; and

» forming a reasoned view of system condition that can be communicated
transparently.

Importantly, professional judgment becomes more—not less—defensible when the
reasoning structure is explicit.

9.4 Bounded Quality Claims

Because infrastructure quality is evaluated within defined boundaries, claims regarding
quality should be similarly bounded.

A disciplined quality claim typically clarifies:
o the infrastructure asset or boundary evaluated;

» the lifecycle stage considered;
o the outcome criteria applied;
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» significant assumptions; and
e any conditions that materially influence confidence in the determination.

Bounded claims do not weaken assurance.
They strengthen it by aligning statements of quality with the conditions under which they
were inferred.

This approach reduces the risk of unintended overextension — a frequent contributor to
misinterpretation in complex infrastructure environments.

9.5 Reassessment and Temporal Awareness

Infrastructure quality should not be interpreted as a permanent designation.

Because assets evolve across the lifecycle, quality determinations are inherently time-
sensitive.

New evidence, changing operating conditions, degradation mechanisms, modifications,
or external influences may shift the system’s position within the evaluative space
described earlier.

Periodic reassessment therefore represents disciplined awareness rather than doubt.

It reflects recognition that long-lived infrastructure exists within dynamic technical and
environmental contexts.

9.6 Transparency as a Quality-Enabling Condition

Transparent reasoning strengthens infrastructure quality evaluation even when
conclusions are provisional.

When evaluators make clear:
« what is known,
« what is assumed, and

« what remains uncertain,

stakeholders are better positioned to understand the basis of the determination and to
act appropriately.
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Opacity, by contrast, can allow latent constraints or knowledge gaps to persist
unrecognized until conditions deteriorate.

Within the 1QI architecture, transparency is therefore treated not merely as a
communication preference, but as a condition that supports more reliable infrastructure
outcomes.

9.7 Architectural Implication

Applying this determination structure encourages a shift in evaluative posture — from
seeking confirmation toward cultivating condition awareness.

This shift does not increase evaluative burden.
Rather, it improves coherence by aligning evidence, judgment, and claims within a
shared logical frame.

Over time, such alignment supports greater comparability across assets, organizations,
and infrastructure sectors while preserving the professional discretion necessary for
sound engineering decisions.

10. Implications for Infrastructure
Quality Evaluation

Making the logic of quality-state determination explicit has practical implications for how
infrastructure condition is interpreted, communicated, and governed across the lifecycle.

These implications do not alter technical requirements, regulatory frameworks, or
organizational responsibilities. Rather, they strengthen the interpretive structure within
which such instruments operate.

Over time, a shared determination architecture supports greater clarity, comparability,
and discipline in infrastructure quality discussions.

10.1 From Confirmation to Condition Awareness
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Traditional evaluation efforts often emphasize confirmation — verifying that specified
activities were completed or that defined checks were performed.

While such verification remains essential, an architecture centered on system state
encourages a broader evaluative posture: awareness of the infrastructure’s current and
evolving condition.

This orientation promotes earlier recognition of constraint proximity, emerging
degradation, and evidence limitations, allowing organizations to respond before
conditions intensify.

The shift is subtle but consequential.
Evaluation becomes less about validating the past and more about understanding the
present.

10.2 Stronger Alignment Between Evidence and
Claims

When determination logic is explicit, the relationship between evidence and quality
claims becomes more disciplined.

Claims are more likely to reflect:

o the boundaries of the evaluation,

« the lifecycle stage considered,

« the strength of supporting evidence, and
« the presence of governing constraints.

Such alignment reduces the likelihood of overextended assurances — a common
contributor to misunderstanding in complex infrastructure environments.

Disciplined claims do not signal reduced confidence; they signal intellectual honesty
regarding the conditions under which conclusions were formed.

10.3 Improved Cross-Asset Comparability

Infrastructure systems differ widely in design, operating media, environmental exposure,
and regulatory context.
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Yet the underlying challenge of determining system condition is shared.

A common reasoning architecture supports more meaningful comparison across assets
by clarifying how judgments were formed rather than attempting to standardize technical
solutions.

Comparability therefore arises from interpretive coherence rather than procedural
uniformity.

This distinction allows diverse infrastructure sectors to retain technical autonomy while
benefiting from a shared conceptual foundation.

10.4 Greater Visibility of Uncertainty

Uncertainty is intrinsic to long-lived infrastructure.
Geological variability, evolving loads, technological limits, and incomplete knowledge
cannot be fully eliminated.

When determination structures acknowledge uncertainty explicitly, it becomes a
manageable evaluative dimension rather than an implicit vulnerability.

Visible uncertainty supports:
e more informed risk dialogue,
e better prioritization of knowledge development,

« and more resilient long-term decision-making.

Conversely, when uncertainty remains unarticulated, infrastructure quality may appear
more stable than the underlying evidence warrants.

10.5 Reinforcing Professional Judgment Rather Than
Mechanizing It

A structured determination architecture is sometimes mistaken for an attempt to
mechanize evaluation.

The opposite is intended.
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By clarifying how constraints, compensatory domains, and evidence confidence interact,

the 1QI framework strengthens the environment within which professional expertise
operates.

Engineering judgment remains central — but becomes more transparent, more
communicable, and more defensible.

In complex systems, disciplined reasoning enhances expertise rather than constraining

it.

10.6 Supporting Lifecycle Governance

Because infrastructure quality evolves over time, governance benefits from an
evaluative model that is inherently temporal.

Viewing quality as a system state encourages periodic reconsideration rather than
reliance on historical conclusions.

This perspective supports more adaptive oversight across:

e design transitions,

e commissioning,

e operational life,

« modification, and

« life-extension decisions.

Lifecycle awareness does not imply instability.
It reflects recognition that infrastructure exists within changing technical and
environmental conditions.

10.7 Architectural Implication

Taken together, these implications point toward a maturation of infrastructure quality
evaluation — from fragmented interpretation toward shared reasoning.

The objective is not methodological uniformity.

It is conceptual coherence.
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When evaluators operate within a common logical frame, infrastructure quality becomes
easier to describe, easier to question constructively, and easier to govern responsibly.

Over time, such coherence supports more resilient infrastructure systems and more
transparent dialogue among the stakeholders who depend on them.

11. Concluding Perspective — Toward a
Disciplined Understanding of
Infrastructure Condition

Infrastructure systems sustain modern life through functions that must remain
dependable across decades of operation, changing environments, and evolving societal
expectations. Yet the condition of such systems is not directly observable. It must be
inferred through evidence, interpreted within context, and evaluated against defined
boundaries of acceptability.

For this reason, infrastructure quality cannot be reduced to checklists, aggregated
scores, or generalized impressions of adequacy. It is more appropriately understood as
a bounded system state — one shaped by governing constraints, balanced
performance domains, and the confidence that evidence supports the conclusions
drawn.

The architectural perspective presented in this paper does not introduce new technical
requirements, nor does it seek to standardize engineering practice. Its purpose is more
fundamental: to clarify the logical structure through which infrastructure condition
becomes intelligible.

When this structure is explicit, several shifts naturally follow. Evidence and judgment
align more closely. Constraints become more visible. Uncertainty becomes discussable
rather than implicit. Quality claims become more disciplined and therefore more
credible.

These shifts do not increase evaluative complexity. On the contrary, they reduce
ambiguity by providing a shared interpretive frame capable of supporting diverse
infrastructure sectors without prescribing uniform technical solutions.

Over time, such clarity contributes to a more mature understanding of infrastructure

quality — one grounded not only in conformance, but in awareness of system condition
across the lifecycle.
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The Infrastructure Quality Initiative advances this perspective by pairing a stable
vocabulary with an explicit determination architecture. Together, these elements support
a disciplined approach to describing, evaluating, and communicating infrastructure
quality at the asset level.

As infrastructure systems continue to grow in scale, interdependence, and societal
consequence, the ability to reason clearly about their condition becomes not merely
beneficial, but essential.

This paper is offered as a contribution toward that clarity.

Copyright and Use Notice (DIQ1)

© 2026 Infrastructure Quality Initiative (IQl). All rights reserved.

This document, Determining the Infrastructure Quality State (IQI DIQ1), is an intellectual
work of the Infrastructure Quality Initiative (1Ql). It presents the architectural reasoning
through which infrastructure quality states may be inferred, interpreted, and
communicated across lifecycle stages.

This document may be copied, shared, and cited for non-commercial, educational,
research, and professional discussion purposes, provided that:

a) the source is clearly acknowledged as “Infrastructure Quality Initiative (1Ql)”;
b) the meaning and context of the content are not materially misrepresented; and

¢) no implication is made that IQIl endorses any organization, project, product,
regulatory decision, or certification scheme.

This document does not constitute a regulation, engineering specification, legal
requirement, certification scheme, or contractual obligation. It does not replace
applicable laws, regulations, engineering codes, standards, or contractual agreements.

Use of this document does not imply certification, approval, endorsement, or conformity
assessment by 1Ql or any affiliated entity.

The conceptual architecture, terminology structures, and reasoning relationships
described in this document may be subject to intellectual property protection, including
copyright and pending or future patent claims. No license to such intellectual property is
granted by this publication except as expressly stated herein.

20



IQI publications are intended to serve as voluntary, conceptual references for owners,
operators, engineers, regulators, investors, and other stakeholders seeking to
understand infrastructure quality at the system level.

IQI makes this document available on an “as is” basis, without warranty of any kind,
express or implied. 1QIl disclaims liability for the use, interpretation, or application of this

document.

21



