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ABSTRACT
Construction project information systems are increasingly expected to handle stakeholder questions that go beyond established question patterns and recurring information needs. When a question is outside these patterns because it is unclear what decision it supports, which project entities it refers to, or which evidence would be required, existing approaches offer limited support. Building on prior work in semantic request modeling, this paper proposes an answerability-aware request framework that addresses this gap. Rather than translating a stakeholder question directly into a query, the framework transforms it step by step into an inspectable request structure that records what has been interpreted, what remains unresolved, which evidence is required, and why an answer is or is not yet justified. A six-state diagnostic model distinguishes between requests that are still being formed, requests that lack required evidence, requests where available sources conflict, and requests that can be answered positively or negatively with justification. The conceptual framework is illustrated through three questions, two of which are manually instantiated as repository artifacts. The contribution is a structured procedure for making construction information requests outside existing template coverage inspectable, diagnosable, and governable before any answer is returned.

1. INTRODUCTION
During detailed design and project execution, site managers, planners, trade supervisors, and inspectors increasingly rely on structured project information for design coordination, look-ahead planning, work release, and quality verification. They may ask whether “column reinforcement has been inspected and approved before a scheduled pour”, or “which fire-protection coating is required for the steel columns on level 3?”. Such questions appear simple, but each depends on a project-specific combination of activity, location, element, evidence source, and current project state. The core challenge therefore lies not only in retrieving information from fragmented project data, but in transforming practical stakeholder questions into executable and auditable information requests whose required evidence can be systematically identified and checked.
Existing semantic request approaches address recurring information needs by representing them as reusable request templates (Weilbach-Eyüboglu et al., 2026). Such templates are effective when a question corresponds to a known request type, because expected roles, constraints, provenance requirements, and graph-based evidence paths can be defined in advance. However, construction projects continuously produce questions that fall outside established question patterns or only partially match them. The present paper addresses this complementary case: stakeholder questions that are new, underspecified, or only partially aligned with existing request templates. The problem therefore shifts from instantiating known templates to forming request structures that make proposed interpretations, unresolved dependencies, required evidence, and reuse potential explicit.
Forming such request structures is difficult for two reasons that go beyond linguistic interpretation. First, a question may express a recognizable purpose, such as determining whether a work condition is satisfied, but remains underspecified with respect to which activity is meant, which project entity is relevant, which evidence source is canonical, or which approval state must hold. Second, even a well-specified request may be unanswerable not because the question is poorly formed, but because the required evidence is missing, inaccessible, or contradicted by another source. In the reinforcement inspection example, the question may be clear, but the required inspection record may not yet exist in the accessible project data. This condition is fundamentally different from an inspection record that exists and shows a failed or missing approval. Construction information environments complicate both problems further because relevant data is distributed across discipline-specific models, quality systems, schedules, and operational logs that are rarely integrated into a single queryable source.
This leads to the following research question: How can stakeholder questions outside existing template coverage be transformed into inspectable request structures that make interpretation assumptions, evidence requirements, and the reasons for their current answerability status explicit before execution or reuse?
This paper proposes an answerability-aware framework that transforms questions outside template coverage into provisional request structures recording their interpretation, unresolved elements, evidence requirements, and diagnostic state. Its six-state model distinguishes unresolved requests, missing or conflicting evidence, and justified negative or positive outcomes. The contribution is a structured procedure for making such requests inspectable, diagnosable, and governable before execution, clarification, or reuse, rather than a complete natural-language interface or query-execution benchmark.

2. STATE OF THE ART
Semantic information management in construction has advanced substantially, providing graph-based representations for BIM data, interdisciplinary model relations, and construction workflows. Foundational work such as ifcOWL, Building Information Graphs, and DiCon has made project information more accessible as linked and semantically structured data (BuildingSMART Linked Data Working Group, 2017; Wang & Sacks, 2025; Zheng et al., 2021). However, they do not by themselves explain how an unanticipated stakeholder question is transformed into an executable and auditable request over such data.
Construction information is rarely maintained in a single coherent graph but remains distributed across discipline-specific BIM models and operational systems, motivating federated approaches to integration (Teclaw et al., 2024). Federated RDF query processing provides established concepts for source selection, query decomposition, and execution across such distributed sources (Acosta et al., 2018), but this literature generally assumes that a formal query or query pattern is already available. The present framework addresses the layer before execution: how a stakeholder question is formed into an inspectable request structure that can later be executed or diagnosed.
Human-centered digital-twin research shows that construction managers’ information needs vary across work contexts (Ćustović et al., 2025), while natural-language interfaces for BIM and construction knowledge graphs reduce linguistic barriers to formal query formulation. Ontology-aided and NLP-based approaches have shown how user questions can be classified, semantically parsed, expanded through domain ontologies, and translated into structured queries for BIM information retrieval (Nabavi et al., 2023; Yin et al., 2023). More recent LLM-based and multi-agent approaches further reduce the technical barrier for users who cannot formulate formal queries directly (Hellin et al., 2025). These works demonstrate the value of natural-language access to project information, but they primarily focus on interpreting or translating a question into a query or answer. LLMs may also support the proposed framework by identifying relevant parts of a stakeholder question, suggesting possible project-entity matches, mapping stakeholder wording to controlled vocabulary terms, generating clarification prompts, or extracting candidate evidence records from documents and other unstructured sources. What remains insufficiently addressed is not the use of language models as such, but the persistent representation of the resulting request as a reusable, provenance-aware information object that distinguishes unresolved intent, ambiguous bindings, missing evidence, conflicting assertions, and justified negative or positive results, and that can be re-evaluated as project evidence changes.
A related strand concerns the formalization of information needs. In ontology engineering, competency questions are used to define scope and evaluate whether an ontology can answer relevant domain questions (Monfardini et al., 2023). In construction, this has largely remained at the level of ontology validation and illustrative querying. Prior work introduced a semantic request layer in which recurring stakeholder questions are represented as reusable information-request objects linked to templates, bindings, constraints, provenance, and graph-based query patterns (Weilbach-Eyüboglu et al., 2026). This shifted attention from what data exists to what information demand must be satisfied. However, the approach still depends on the availability of suitable request templates. A remaining challenge is how questions outside the existing template base can be operationalized into executable, auditable, and reusable request structures.
Recent knowledge graph question answering work distinguishes answer generation failure from unanswerability, including cases where a question lacks a valid logical form or is valid but unsupported by schema or data (Faldu et al., 2024). Query-relaxation approaches similarly address empty or insufficient answers through constraint weakening and alternatives (Fakih & Serrano-Alvarado, 2024). These approaches are relevant, but they do not explain whether a construction request fails because intent is unresolved, bindings are ambiguous, admissible evidence is missing, sources conflict, or available evidence justifies a negative result.
Knowledge graph quality, provenance, and validation research provides concepts for making such failure conditions explicit. Completeness research shows that missing knowledge can occur in distinct forms rather than as a single generic absence (Issa et al., 2021). PROV-DM supports evidence lineage by representing the entities, activities, and agents involved in producing data (Moreau and Missier, 2013), while SHACL-based validation approaches show how structural and semantic conditions can be checked against graph data (Knublauch and Kontokostas, 2017). These ideas motivate treating failed or incomplete request resolution as a diagnosable condition rather than as a generic query failure.
Against this background, the open problem is diagnostic request operationalization under incomplete template coverage: forming an unseen question into an inspectable request while retaining unresolved interpretations, bindings, evidence requirements, and diagnostic conditions. This paper addresses the gap through a framework for provisional request formation, answerability diagnosis, and governed template induction.

3. METHODOLOGY
The framework operationalizes stakeholder questions by preserving the intermediate steps between a natural-language inquiry and a possible executable request. It does not assume that an incoming question can be translated directly into a formal query or an existing request template. Instead, each question is first treated as a provisional request that records what has already been interpreted, what remains unresolved, which evidence would be required, and which diagnostic state currently prevents or permits an answer.
To make the procedure concrete, the following question is used as a running example throughout this section:

“Has the column reinforcement been inspected and approved so we can concrete tomorrow?”

At first sight, this appears to be a simple approval-status question. Operationally, however, it combines two related information needs. First, it asks whether inspection and approval evidence exists for a reinforcement element. Second, the phrase “so we can concrete tomorrow” turns this status check into a work-release question: can the planned concreting activity proceed under the required evidence conditions? Before the request can be executed, the system must determine which column reinforcement is meant, which concreting activity is affected, which approval record is admissible as evidence, and whether the evidence is valid before the planned execution date.
Figure 1 summarizes the transformation path. The arrows indicate successive enrichments of the same provisional request trace, not separate software modules. The trace starts with the raw stakeholder question and proceeds through interpretation, evidence specification, answerability diagnosis, diagnostic output, and possible reuse.
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 Figure 1: Answerability-aware request operationalization.

A provisional request trace is therefore the central artifact of the framework. It is not yet an executable query, but an inspectable record of the current request hypothesis. Table 1 summarizes an early trace.
Table 1: Early provisional request trace.
	Trace element
	Example value
	Status

	Raw question
	“Has the column reinforcement been inspected and approved so we can concrete tomorrow?”
	Recorded input

	Decision cue
	“..inspected and approved..”
	approval-status interpretation

	Release cue
	“..so we can concrete tomorrow..”
	work-release implication

	Focal entity
	“..column reinforcement..”
	unresolved binding

	Current state
	Insufficiently bound request (S1)
	clarification required



This example illustrates why the framework distinguishes request operationalization from answer generation. If the system answered “yes” or “no” immediately, it would hide several assumptions: which column reinforcement was selected, whether “concrete tomorrow” refers to a specific scheduled activity, which source is authoritative for approval, and whether the evidence is valid for the planned work release. The trace makes these assumptions explicit before execution.
The procedure relies on six maintained resources. The request-template registry defines known request families through cue expressions, expected roles, evidence profiles, and output types; cue expressions are recurring phrases that indicate a possible family or role. The acquisition codebook defines span categories and clarification targets, assigning contiguous question fragments to roles such as decision intent, focal entity, activity, evidence cue, source cue, or unresolved reference. The normalization vocabulary maps these spans to controlled request terms. Typed project indices support role-constrained lookup of activities, spaces, elements, zones, and records; the source catalog identifies admissible evidence sources; and transition rules assign S0–S5 from the request frame, bindings, evidence specification, and retrieved evidence. Domain and information-management experts would define and validate templates, controlled terms, evidence admissibility, and transition rules. Project information managers would maintain the source catalog and indices from connected systems. Confirmed interactions could extend the codebook and vocabulary, while automated methods may propose spans, mappings, and bindings. Evidence authority, transition-rule changes, and template promotion remain expert-governed.
The segmented trace is compared with the request-template registry to determine whether an existing template can provide an initial structure for operationalization. A template is proposed when the trace overlaps with its cue expressions, expected roles, evidence profile, and output type. In the example, the inspection/approval template is proposed because the question explicitly asks whether an entity has been inspected and approved. However, the work-release template is retained because the question does not ask for approval status in isolation; it asks whether the approval status supports concreting tomorrow. A template match provides only an initial structure for identifying missing roles, required evidence, and possible clarification targets.
Once a candidate template has been proposed, the request is represented through a request frame. The request frame uses six default acquisition dimensions: decision target, focal entities, related activity, evidence needs, source assumptions, and output type. These dimensions are not mandatory for every question; for example, a property lookup may have no explicit decision target or related activity, while still requiring a focal entity, admissible evidence source, and a returnable value with provenance. Each applicable dimension receives an explicit status: missing, inferred, proposed, ambiguous, confirmed, not applicable, or rejected. Table 2 shows the resulting frame.
Table 2: Initial request frame.
	Acquisition dimension
	Example value
	Status

	Decision target
	determine if approval status permits concreting tomorrow
	proposed

	Focal entity
	column reinforcement
	ambiguous

	Related activity
	concreting tomorrow
	proposed

	Evidence needs
	inspection and approval record
	inferred

	Source assumptions
	QA records, inspection checklist, approval register
	proposed

	Output type
	justified yes/no answer with evidence status
	inferred



The request cannot proceed beyond evidence checking until required dimensions are at least proposed and the focal entity and related activity are sufficiently resolved. If several reinforcement instances or concreting activities remain possible, the framework cannot responsibly select which inspection and approval record to check. 
Normalization converts stakeholder wording into controlled request values without deleting the original wording. For example, “concrete” is mapped to the controlled value concreting activity, while “inspected and approved” is mapped to an inspection-approval evidence requirement. If several mappings remain plausible, the span is marked as ambiguous; if no mapping is available, the expression is retained as a terminology candidate rather than forced into the vocabulary. The original wording remains attached to the trace so that later users can inspect how the mapping was made.
Typed binding links normalized spans to project-specific entities. A binding is valid only if the entity type matches the role expected by the request frame. Table 3 shows the candidate bindings after project-context lookup.
Table 3: Candidate binding.
	Original span
	Normalized concept
	Candidate entity
	Binding Status

	“the column reinforcement”
	reinforcement element
	Column C3 reinforcement, Zone A
	confirmed focal entity

	“concrete”
	concreting activity
	Concrete pour for Column C3
	ambiguous related activity



The first binding is confirmed because role-constrained lookup returns a unique reinforcement instance for the focal-entity role in the available project context. The second remains ambiguous if several concreting activities are scheduled for the same time window or if the selected reinforcement has not yet been linked unambiguously to a specific pour. If the related activity remains ambiguous, the request is not yet ready for evidence checking and remains in S1 pending clarification.
Once the request frame and required bindings are sufficiently resolved, evidence assembly transforms the evidence need into an evidence specification. The specification states what evidence is required, what it applies to, which sources are admissible, and which condition must hold for the request criterion to be satisfied. Table 4 shows the resulting evidence specification.

Table 4: Evidence specification.
	Evidence specification element
	Example value

	Required evidence type
	inspection and approval record

	Applies to
	Column C3 reinforcement, Zone A

	Related activity
	Concrete pour for Column C3

	Time condition
	approval must be valid before scheduled concreting

	Admissible sources
	QA records, inspection checklist, approval register

	Satisfaction condition
	inspection completed and approval status positive



In an implementation, transition rules first assign S0 or S1 from absent or unresolved interpretations, roles, bindings, or evidence specifications. Once these are resolved, the bindings and evidence specification parameterize graph query patterns or validation rules over connected project sources. Retrieved evidence and provenance are then evaluated to assign S2–S5 according to evidence availability, source consistency, and criterion satisfaction. Table 5 summarizes these states. The present paper models this hand-off but does not implement or benchmark data connectors, query planning, or execution.
Table 5: Diagnostic state model.
	State
	Transition condition
	Operational response

	S0
	No suitable interpretation or template family
	Propose initial request frame for confirmation

	S1
	Unresolved roles, bindings, evidence, or sources
	Clarify with user

	S2
	Required evidence missing or inaccessible
	Report missing dependency

	S3
	Admissible sources conflict
	Expose conflict and provenance

	S4
	Evidence available, criterion not satisfied
	Return justified negative

	S5
	Evidence available, criterion satisfied
	Return justified positive



For the running example, no admissible inspection or approval record yields S2 rather than “concreting not allowed”, because the required evidence is missing or inaccessible. An admissible record showing that the approval condition is unmet yields S4; valid approval evidence for the bound reinforcement and activity yields S5; and disagreement among admissible sources yields S3.
Template induction provides a feedback path from diagnosed request traces to future reuse, but does not operate as an automatic output of the procedure. In principle, a resolved trace may support a candidate template such as "Has {Component} been inspected and approved for {Activity} by {TimeWindow}?" by abstracting project-specific bindings into typed roles while keeping the original wording, selected bindings, evidence specification, and diagnostic transitions linked as provenance. Candidate templates remain pending until validated across additional situations, preventing isolated project assumptions from being promoted automatically into reusable request knowledge.

4. ARTIFACT-LEVEL INSTANTIATION OF DIAGNOSTIC DECISIONS
Three questions illustrate the framework: one manually constructed procedural walkthrough in Section 3 and two manually encoded RDF/Turtle instantiations in this section. The latter expose unresolved binding (S1) and conflicting evidence (S3). No automated natural-language processing or LLM component produced the traces, and the examples constitute neither a corpus nor a performance test. They demonstrate representational feasibility, not empirical coverage, accuracy, usability, or generalizability.
The first example is a situated fire-protection request: “Which fire-protection coating is required for the steel columns on level 3?” The request identifies a building level and element class, but the applicable coating may still depend on the relevant column group, fire compartment, or fire-resistance rating. A direct query formulation would require this dependency to be resolved before execution. The framework instead records the level and element class as partial bindings while keeping the coating-relevant dependency unresolved. Listing 1 shows a shortened repository excerpt for this case, with prefix declarations and auxiliary triples omitted.

Listing 1: Binding and clarification trace for the situated fire-protection request.
	ex:Trace_FireProtection_SteelColumnCoating
a rof:BindingTrace ;
rof:resolvedExpression "level 3" ;
rof:hasCandidateBinding ex:BuildingLevel_03 ;
rof:bindingRole rof:FocalLocation ;
rof:bindingStatus "selected" ;
rof:resolvedExpression "steel columns" ;
rof:hasCandidateBinding ex:SteelColumnGroup_Level03 ;
rof:bindingRole rof:FocalElementClass ;
rof:bindingStatus "proposed" ;
rof:unresolvedExpression "applicable fire protection coating" ;
rof:candidateTarget ex:SteelColumns_Level03_FireCompartmentA,
                    ex:SteelColumns_Level03_FireCompartmentB ;
rof:requiresClarification "Clarify fire compartment or rating." ;
rof:hasDiagnosticState rof:S1_InsufficientlyBoundRequest .



The artifact captures a partially resolved S1 state: the level and steel-column class can be related to project entities, but several coating-relevant column groups or requirements remain plausible. The trace therefore generates a focused clarification need without discarding established bindings.
The second example is a concrete-grade verification request: “Was the higher concrete grade C30/37 taken into account for the slab at grid C3–D4?” Here, the critical issue is not primarily linguistic ambiguity, but evidential justification. The request asks whether a specific material requirement is reflected in the current project information. To answer it, the framework must identify the relevant slab, define the required property and value, and determine which sources count as admissible evidence. Listing 2 shows a shortened repository excerpt for the evidence requirement and conflict evaluation. The provenance links in the evaluation use W3C PROV-O to identify the evidence records from which the diagnostic state is derived.



Listing 2: Evidence requirement and conflict evaluation for the concrete-grade request.
	ex:ER_ConcreteGrade_C3D4
a rof:EvidenceRequirement ;
rof:appliesToElement ex:Slab_C3_D4 ;
rof:requiredProperty ex:ConcreteGrade ;
rof:requiredValue "C30/37" ;
rof:admissibleEvidenceSource ex:StructuralModel,
                             ex:StructuralDrawingRevision .

ex:Eval_ConcreteGrade_C3D4_Conflict
a rof:DiagnosticEvaluation ;
rof:evaluatesRequirement ex:ER_ConcreteGrade_C3D4 ;
rof:hasDiagnosticState rof:S3_ConflictingEvidence ;
prov:wasDerivedFrom ex:Slab_C3_D4_ModelGrade,
                    ex:Slab_C3_D4_DrawingGrade .



The artifact separates the evidence requirement from the diagnostic evaluation. The evidence requirement records the stable decision criterion: the slab at grid C3–D4 must be supported by admissible structural evidence assigning concrete grade C30/37. The diagnostic evaluation records the evidence state represented in this repository instance. In Listing 2, the structural model and drawing revision provide incompatible concrete-grade values, so the request is diagnosed as S3 (source conflict). If no admissible concrete-grade evidence were available, the same requirement would lead to S2 (missing evidence). Conversely, single-source non-compliance or complete compliance would trigger S4 or S5, respectively. This structural separation keeps the verification criterion independent from changing project evidence, making the diagnostic decision persistent, auditable, and re-evaluable over time.

5.  DISCUSSION AND FUTURE WORK
Although no language model was used to construct the reported artifacts, LLMs could support span detection, candidate request-family selection, terminology normalization, clarification prompts, and evidence-record extraction. In this sense, they are complementary components rather than competing alternatives. Their outputs would remain proposals, with the request trace recording provenance, selected interpretation, entity bindings, admissible sources, and unresolved ambiguity. A future interface could let stakeholders review or clarify proposed interpretations and bindings where needed before receiving an evidence-linked diagnosis or justified answer with provenance. This externalized control layer, rather than plausible answer generation alone, makes request operationalization inspectable and governable.
The S0–S5 model contributes to this control layer by making non-answerability actionable rather than treating it as a generic query failure. The diagnostic states imply different resolution paths involving different responsibilities and follow-up actions. For example, S2 indicates that required evidence is missing or inaccessible, so the next step is to locate, produce, or grant access to that evidence. S4, by contrast, indicates that admissible evidence is available, but the decision criterion is not satisfied; this is not an information-system failure, but a justified negative outcome. Collapsing these cases into a single “no answer” response would obscure what needs to happen next and whether the problem lies in interpretation, evidence availability, source consistency, or the project state itself. Construction question-answering systems should therefore be evaluated both by answer correctness and by whether they explain non-answerability and its resolution requirements. The framework defines the artifacts and transition conditions needed to make that distinction explicit.
Reuse is treated as a governed process rather than an automatic consequence of successful interpretation. In project environments, terminology, evidence conventions, source structures, and interpretive responsibilities vary across organizations, projects, and jurisdictions. A single resolved request may therefore contain assumptions that are valid in one project context but unsuitable as reusable request knowledge. Premature generalization risks encoding project-specific bindings, evidence sources, or decision criteria as templates. For this reason, the acquisition codebook and normalization vocabulary can accumulate confirmed terminology and interpretation decisions without treating every resolved request as a reusable template. Template induction defines the feedback path for reuse by abstracting validated traces into typed roles, retained provenance, and reusable evidence requirements, but governance criteria for template promotion remain future work.
Operationalization depends on maintained framework resources, including the request-template registry, acquisition codebook, normalization vocabulary, source catalog, and typed project indices, and on project information that can be exposed as identifiable entities and typed evidence records. The framework does not assume complete or centralized graph data; it can diagnose missing, inaccessible, or conflicting evidence. However, binding and evidence comparison require that information from models, schedules, inspection systems, drawings, or documents is accessible in a sufficiently structured form.
Figure 1 is intended as a request-family-independent process: interpretation, typed binding, evidence specification, and diagnosis form common stages, while applicable roles and evidence conditions vary by request type and project context. The three examples do not establish generalizability across request families, stakeholder roles, or projects. Future evaluation should use practitioner-derived questions and compare framework outputs against expert reference traces under controlled evidence conditions, measuring request-role and binding accuracy, S0–S5 classification accuracy, provenance completeness, clarification effort, and stakeholder-rated diagnostic usefulness. Conventional query interfaces, template-only approaches, and LLM-only approaches provide comparison baselines.

6. CONCLUSION
Stakeholders in construction projects will continue to ask questions that exceed the coverage of predefined request templates. This paper treats such questions not as retrieval failures, but as operationalization problems: a question must be formed into an auditable structure that records what has been interpreted, what remains unresolved, which evidence is required, and why an answer is or is not justified.
The contribution lies in combining an inspectable request trace with an explicit answerability diagnosis. The trace records how a stakeholder question is interpreted, bound to project entities, and linked to admissible evidence; the S0–S5 model identifies whether the resulting request state is unresolved, unsupported by admissible evidence, conflicting, or sufficient for a justified negative or positive answer. Together, these elements connect representation and diagnosis: they make both the proposed interpretation and the reason for its current answerability state available for inspection. Template induction extends this structure toward governed reuse, but promotion criteria and validation procedures remain future work.
By making the answerability status of a request explicit and diagnosable, the framework establishes a basis for evaluating construction project information systems not only by whether they return an answer, but by whether they can explain why one is or is not justified.

7. DATA AVAILABILITY
The repository containing the framework artifacts and supporting data is available at https://gitlab.lrz.de/tweilbach/request_operationalization_framework to support transparency, inspection, and reuse.
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