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Abstract: The increasing complexity of construction projects requires management systems capable of
integrating heterogeneous information, supporting distributed decision-making, and scaling across projects
with different operational conditions. This paper develops a conceptual framework for Al-enabled
construction management by adapting insights from research on dialogue systems, conversational artificial
intelligence, knowledge-aware multimodal systems, human feedback, and retrieval-generation architectures.
Although the supplied literature primarily concerns conversational and dialogue-based artificial intelligence
rather than construction management, its underlying principles provide a useful theoretical foundation for
designing intelligent construction-management interfaces. The proposed framework integrates four functional
layers: data and knowledge integration, Al reasoning and retrieval, human-Al interaction, and scalable
decision support. Sustainability is incorporated as a cross-cutting performance dimension through resource
efficiency, operational coordination, waste reduction, and lifecycle-oriented decision support. The analysis
indicates that scalability depends not only on computational capacity but also on the ability of Al systems to
preserve contextual knowledge, incorporate human feedback, and coordinate heterogeneous information. The
framework further identifies digital integration and human oversight as essential conditions for reliable Al
adoption. The paper contributes a research-oriented socio-technical perspective in which Al is treated not
merely as an automation technology but as an intelligent coordination layer between construction data,
managerial knowledge, operational actors, and sustainability objectives.
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INTRODUCTION

Construction management increasingly operates within environments characterized by fragmented
information, multiple stakeholders, dynamic project conditions, and continuous decision requirements. Project
managers must coordinate schedules, resources, contractors, equipment, design information, quality
requirements, safety considerations, and sustainability objectives simultaneously. Traditional digital systems
can store and transmit project information, but their value is constrained when information remains distributed
across disconnected applications or when managers must manually interpret large volumes of heterogeneous
data.

Artificial intelligence (Al) offers an opportunity to transform this environment by introducing systems capable
of interpreting information, retrieving relevant knowledge, learning from interaction, and supporting
managerial decisions. Research on dialogue systems demonstrates that intelligent systems can move beyond
simple information retrieval toward context-sensitive interaction, although maintaining and effectively using
conversational context remains a significant technical challenge (Chen et al., 2017; Sankar et al., 2019). These
principles are relevant to construction because managerial decisions are similarly dependent on historical
project context, current operational conditions, and interactions among multiple participants.

The relevance of Al-enabled construction management therefore extends beyond automation. A useful
construction Al system must integrate heterogeneous information, understand project context, provide
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interpretable recommendations, accommodate human feedback, and remain functional as project size and
organizational complexity increase. Knowledge-aware multimodal systems demonstrate the importance of
combining different information forms with structured knowledge rather than relying exclusively on isolated
textual interactions (Liao et al., 2018). This provides a conceptual basis for integrating construction schedules,
documents, sensor information, progress reports, resource data, and managerial communications.

The central problem addressed in this paper is the absence of a unified conceptual structure connecting
scalability, digital integration, and sustainability within Al-enabled construction management. The objective
is consequently to develop a framework that explains how Al can operate as an intelligent coordination layer
between construction information and managerial action. The paper particularly investigates how principles
derived from dialogue and conversational Al can be transferred into construction-management environments
without assuming that construction systems are identical to conversational systems.

The paper makes three principal contributions. First, it positions Al-enabled construction management as a
socio-technical rather than purely computational problem. Second, it proposes a layered framework linking
information integration, knowledge-aware Al reasoning, human interaction, and scalable decision support.
Third, it interprets sustainability as an integrated management objective rather than as an isolated
environmental module. The conceptual basis of this argument is closely related to the development of
intelligent dialogue systems capable of incorporating context, knowledge, retrieval, and human feedback
(McTear, 2020; Liu et al., 2018).

LITERATURE REVIEW

The supplied literature provides a strong conceptual foundation for understanding intelligent interaction,
contextual reasoning, knowledge integration, and human-Al collaboration, although it is primarily situated in
dialogue-system research. Chen et al. (2017) provide a broad survey of dialogue systems and identify the
evolution of such systems toward increasingly sophisticated forms of interaction. For construction
management, the relevant implication is that an Al interface should not be designed simply as a question-
answering mechanism. Instead, it should support context-dependent exchanges in which the meaning of a
managerial request depends on project status, previous decisions, available information, and organizational
constraints.

McTear (2020) similarly positions conversational Al as an intersection of dialogue systems, conversational
agents, and chatbots. Its relevance to construction management lies in the potential development of
conversational managerial interfaces through which project personnel can query schedules, resource
conditions, project documentation, or operational exceptions using natural language. However, conversational
accessibility alone does not guarantee managerial reliability. A construction-oriented system requires an
underlying knowledge and data architecture capable of grounding responses in project-specific information.

This issue is reinforced by Sankar et al. (2019), whose investigation of conversation-history utilization
highlights the difficulty neural dialogue systems have in effectively using prior conversational information.
Transferred to construction management, the equivalent challenge is contextual continuity. An Al system may
produce a technically plausible answer while ignoring earlier project decisions, contractual constraints,
resource commitments, or previous corrective actions. Therefore, scalability must include contextual
scalability: the ability to maintain relevant project knowledge as the quantity and complexity of information
increase.

The knowledge dimension becomes particularly important in the work of Liao et al. (2018a), which examines
knowledge-aware multimodal dialogue systems. The central transferable insight is that intelligent interaction
benefits from combining conversational processing with external knowledge. In construction management,
such a model could connect natural-language requests with schedules, building information, progress records,
procurement data, equipment information, and sustainability indicators. Liao et al. (2018b) further
demonstrate the value of knowledge-aware multimodal interaction in a specific application context,
illustrating how domain knowledge and multimodal information can improve intelligent system functionality.
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Human involvement is addressed particularly strongly by Liu et al. (2018), who investigate dialogue learning
with human teaching and feedback. This principle is directly applicable to construction management because
project environments contain tacit knowledge that cannot always be represented in structured datasets. A site
manager may reject an Al-generated recommendation because of an operational constraint that is not recorded
digitally. A human-feedback mechanism allows the system to treat managerial expertise as an input into
continuous improvement rather than considering Al output final.

Ma et al. (2020) emphasize empathetic dialogue systems, while Ni et al. (2022) review advances in deep-
learning-based dialogue systems. For construction management, these studies indicate that intelligent
interaction increasingly involves contextual and adaptive capabilities rather than static rule-based responses.
Nevertheless, the transfer must be critically constrained: empathy-oriented dialogue and conversational
personalization should not be confused with engineering validity. Construction Al must prioritize factual
grounding, traceability, and operational reliability.

Finally, Yang et al. (2019) examine a hybrid retrieval-generation approach. This principle has direct relevance
to construction decision support. Retrieval can provide evidence from project records and organizational
knowledge, while generative Al can synthesize that information into managerial explanations. Such a hybrid
architecture can potentially reduce the risk of generating responses disconnected from actual project
information. Thus, the literature collectively supports a framework based on context, knowledge, retrieval,
human feedback, multimodality, and adaptive interaction.

The major research gap is therefore not a lack of Al capabilities but a lack of conceptual integration between
these capabilities and construction-management requirements. The literature provides individual technical
principles, whereas the proposed framework combines them into a scalable management architecture.

METHODOLOGY
3.1 Research Design

This study adopts a conceptual framework-development methodology based exclusively on the nine supplied
references. Rather than conducting an empirical experiment, the study performs a structured theoretical
synthesis of recurring Al capabilities and maps them onto construction-management functions. The
methodology consists of three stages: identification of transferable Al principles, construction-domain
mapping, and integration into a unified framework.

The first stage identifies five recurring capabilities within the supplied literature: contextual interaction,
knowledge integration, multimodal information processing, human feedback, and retrieval-generation. The
second stage maps these capabilities onto construction requirements such as project coordination, resource
management, document interpretation, progress monitoring, and sustainability-oriented decision-making. The
third stage organizes the mapped capabilities into an integrated architecture.

3.2 Proposed Al-Enabled Construction Management Framework

The proposed framework consists of four interconnected layers: Digital Data and Knowledge Layer, Al
Intelligence Layer, Human-Al Interaction Layer, and Scalable Decision Layer. Sustainability operates across
all four layers as a performance criterion.

The Digital Data and Knowledge Layer constitutes the foundation. It consolidates heterogeneous project
information, including schedules, project documents, progress records, procurement information, equipment
data, resource information, and sustainability metrics. The conceptual justification derives from knowledge-
aware and multimodal dialogue research, where intelligent interaction becomes more effective when it is
connected to external knowledge rather than isolated conversational input (Liao et al., 2018a).

The Al Intelligence Layer performs retrieval, contextual interpretation, reasoning, and response generation. A
hybrid retrieval-generation architecture is particularly appropriate because construction decisions require
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evidence-based responses. For example, if a project manager asks why a planned activity is delayed, the
system should retrieve relevant schedule and progress information before generating an explanation. The
retrieval component therefore supports factual grounding, while generation translates retrieved information
into an interpretable managerial response. This principle is conceptually consistent with hybrid retrieval-
generation dialogue architectures (Yang et al., 2019).

The Human-Al Interaction Layer enables managers, engineers, contractors, and other stakeholders to interact
with the system through natural language or other interfaces. Dialogue research indicates that interaction
quality depends on effective use of context and conversation history (Sankar et al., 2019). In construction, the
system should therefore retain relevant context while avoiding unnecessary historical information that could
introduce confusion. Human feedback should also be incorporated because project personnel possess practical
knowledge that may not be represented in digital datasets. The human-teaching perspective discussed by Liu
et al. (2018) provides a theoretical basis for this mechanism.

The Scalable Decision Layer transforms Al-supported interpretation into managerial recommendations.
Scalability is defined here across three dimensions: computational scalability, organizational scalability, and
contextual scalability. Computational scalability concerns the ability to process increasing data volumes.
Organizational scalability concerns deployment across multiple teams and projects. Contextual scalability
concerns the system's ability to preserve project-specific meaning across changing conditions.

3.3 Digital Integration Mechanism

Digital integration is the mechanism connecting otherwise fragmented project information. Without
integration, Al may become an additional isolated application rather than a management infrastructure. The
proposed architecture therefore requires information to be transformed into a common knowledge
environment where different data sources can be retrieved according to managerial context.

For example, a project manager asking, “What is causing the delay in this activity?” may require information
from schedule records, progress observations, resource availability, procurement status, and previous
managerial communications. A digitally integrated Al system can retrieve relevant evidence across these
sources and synthesize the information. This extends the knowledge-aware principle identified in dialogue
systems into a construction-management context.

3.4 Sustainability Integration

Sustainability is incorporated as a decision criterion rather than treated as a separate reporting function. The
framework can evaluate recommendations according to resource utilization, material efficiency, operational
waste, equipment use, and other project-specific sustainability indicators.

Consider a hypothetical situation in which an Al system recommends changing the sequence of construction
activities. A purely productivity-oriented system might select the sequence that minimizes schedule duration.
A sustainability-oriented system would additionally examine transportation requirements, equipment
utilization, material waste, and resource consumption. The optimal recommendation therefore becomes a
multi-objective decision rather than a single efficiency calculation.

3.5 Human Oversight and Governance

Al-generated recommendations should remain subject to human validation, particularly for decisions
involving safety, contractual commitments, cost exposure, or major changes in construction sequencing. The
human-feedback concept from Liu et al. (2018) supports an iterative model in which managers can correct or
qualify system outputs.

This is particularly important because conversational Al research demonstrates that systems can struggle with
context and dialogue history (Sankar et al., 2019). In construction, an incorrect contextual interpretation can
produce operationally significant consequences. Human oversight therefore functions not as a failure of Al
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automation but as a reliability mechanism within the socio-technical architecture.
RESULTS

The conceptual synthesis produces four principal findings. First, Al scalability depends on information
architecture as much as computational capability. Increasing the amount of project data does not automatically
improve decision quality. Without contextual organization and knowledge integration, additional data can
increase ambiguity. The dialogue literature's emphasis on context and knowledge provides the conceptual
basis for this finding (Chen et al., 2017; Sankar et al., 2019).

Second, digital integration is a prerequisite for meaningful Al-enabled construction management. Knowledge-
aware multimodal research demonstrates that intelligent systems benefit from access to information beyond
the immediate interaction (Liao et al., 2018a). Applied to construction, this means that Al should operate
across project information rather than within isolated datasets. A system capable of understanding schedules
but disconnected from procurement or progress information would provide incomplete decision support.

Third, human-Al interaction should be adaptive rather than fully autonomous. Human feedback provides a
mechanism for correcting system assumptions and incorporating tacit operational knowledge (Liu etal., 2018).
The resulting architecture is therefore neither conventional manual management nor unrestricted automation.
Instead, it represents an augmented-management model in which Al performs information-intensive analytical
functions while human actors retain decision authority.

Fourth, sustainability can be integrated into the same decision architecture as productivity and scalability. The
framework does not require sustainability to be implemented as a separate subsystem. Instead, sustainability
indicators can become part of the decision criteria used during retrieval, analysis, and recommendation
generation. This creates the possibility of balancing schedule performance, resource efficiency, and
environmental objectives within one managerial workflow.

A further finding concerns the role of hybrid retrieval-generation architectures. Retrieval can provide evidence
from project information, while generation can convert retrieved evidence into accessible managerial
explanations. The approach is conceptually aligned with the hybrid architecture discussed by Yang et al.
(2019). Such a structure is preferable to unconstrained generation when construction decisions require
traceability.

Overall, the findings suggest that the most appropriate Al architecture for construction management is
knowledge-grounded, context-aware, human-supervised, multimodal, and scalable. Conversational
interaction provides an accessible interface, but the underlying value of the system depends on integrated
knowledge and reliable decision mechanisms. The proposed framework consequently shifts attention from Al
as a standalone predictive tool toward Al as an integrated coordination infrastructure.

DISCUSSION

The proposed framework has important theoretical implications. Existing dialogue-system research largely
investigates intelligent interaction within conversational environments, while construction management
requires coordination across physical, digital, organizational, and environmental domains. The framework
bridges these perspectives by treating dialogue capabilities as components of a broader management
architecture. This interpretation extends the role of conversational Al from communication toward
organizational knowledge coordination.

A major theoretical implication concerns the meaning of scalability. Conventional interpretations often
emphasize processing capacity, but construction projects introduce a more complex form of scalability. A
system may technically process thousands of records while still failing to understand which records are
relevant to a specific managerial decision. Effective scalability must therefore include contextual relevance.
The problem of effectively using conversation history identified by Sankar et al. (2019) illustrates why merely
retaining information is insufficient; intelligent systems must identify and utilize relevant context.
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The framework also exposes an important trade-off between automation and human control. Greater
automation can reduce repetitive information-processing work, but excessive automation can amplify errors
when Al interpretations are not adequately grounded. Human feedback therefore becomes an architectural
component rather than an optional usability feature. This corresponds with the human-teaching perspective of
Liu et al. (2018), where human interaction can contribute to system learning and improvement.

Knowledge integration introduces another trade-off. A larger knowledge base can improve information
availability, but poorly organized or contradictory information can reduce reliability. Knowledge-aware
systems therefore require mechanisms for source prioritization, contextual relevance, and validation. Liao et
al. (2018a) provides a conceptual basis for this requirement by demonstrating the importance of integrating
knowledge with intelligent interaction.

The framework additionally highlights the distinction between interaction intelligence and domain
intelligence. A system may communicate fluently while still producing inappropriate construction
recommendations. Research on conversational Al and empathetic dialogue demonstrates advances in
interaction quality (Ma et al., 2020; McTear, 2020), but construction management requires domain-grounded
intelligence. Consequently, conversational fluency should be treated as an interface capability rather than
evidence of engineering competence.

From a practical perspective, the framework can support progressive implementation. Organizations could
initially deploy Al for document retrieval and project information querying, then introduce integrated decision
support, human-feedback mechanisms, and sustainability optimization. Such incremental deployment reduces
technological and organizational disruption.

Nevertheless, the framework has limitations. The supplied references are primarily focused on dialogue
systems rather than construction management, meaning that the proposed construction application represents
a theoretical transfer rather than empirically validated construction evidence. The framework also does not
provide quantitative benchmarks for productivity, cost reduction, energy consumption, or emissions. Further,
actual deployment would require empirical testing involving real project datasets, domain-specific validation,
data governance, cybersecurity, and stakeholder acceptance.

These limitations indicate a clear research agenda. Future studies should test the framework in construction
environments, compare retrieval-generation architectures with conventional project-management tools,
evaluate human-Al decision accuracy, and quantify the relationship between Al-enabled coordination and
sustainability performance. The theoretical principles derived from conversational Al provide a useful starting
point, but construction-specific validation remains essential.

CONCLUSION

This paper developed a conceptual framework for Al-enabled construction management based exclusively on
the supplied literature concerning dialogue systems, conversational Al, knowledge-aware interaction, human
feedback, and retrieval-generation architectures. The analysis demonstrates that these technologies provide
transferable principles for addressing major construction-management challenges, particularly information
fragmentation, contextual decision-making, human-Al collaboration, and scalable digital integration.

The proposed framework organizes Al-enabled construction management into four layers: digital data and
knowledge integration, Al intelligence, human-Al interaction, and scalable decision support. Sustainability is
embedded across the architecture as a decision criterion rather than treated as an independent reporting
function. This structure positions Al as an intelligent coordination layer capable of connecting heterogeneous
project information with managerial reasoning.

The principal contribution is the identification of scalability as a multidimensional concept involving
computational, organizational, and contextual capabilities. Digital integration is necessary because Al cannot
reliably support construction decisions when relevant project knowledge remains fragmented. Similarly,
human oversight is essential because construction environments contain tacit knowledge and contextual
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constraints that may not be digitally represented.

The framework should therefore be understood as a conceptual research foundation rather than a validated
operational system. Its construction-specific effectiveness requires empirical evaluation using real project
environments and measurable performance indicators. Future research should investigate domain-specific
retrieval mechanisms, multimodal construction data, human-feedback loops, sustainability optimization, and
comparative performance evaluation. With such validation, Al-enabled construction management can evolve
from isolated automation applications toward a scalable socio-technical infrastructure supporting digitally
integrated, context-aware, and sustainability-oriented project management.
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