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Abstract. The modern hotel industry is undergoing an intelligent transformation
centered on artificial intelligence (AI), where the integration of smart room sys-
tems, building energy management platforms, and real-time accounting systems
has significantly enhanced operational efficiency. However, a McKinsey indus-
try report in 2023 indicated that 78% of hotel companies encountered ethical con-
troversies during the intelligent transformation, mainly reflected in privacy law-
suits caused by spatial monitoring, labor disputes due to automated services, and
audit risks induced by opaque algorithmic decision-making. Existing research is
mostly limited to a single-discipline perspective: the architectural community fo-
cuses on the technical integration of physical space and digital twins, while the
accounting field explores the compliance adaptation of intelligent financial sys-
tems, neglecting the new ethical dilemmas derived from the synergistic effects of
the two.

This study attempts to break through disciplinary barriers to form a coupled
analysis framework of architecture-service-finance, revealing the ethical trans-
mission mechanisms between spatial function planning, environmental data col-
lection, and accounting information disclosure. Based on critical theory of tech-
nology and combining the life cycle cost accounting method of architecture with
the quality characteristics of accounting information theory, a human-computer
collaborative ethical evaluation index system is constructed. The research value
lies in: theoretically, establishing a cross-disciplinary ethical analysis methodol-
ogy framework to fill the gap in the “technology-institution” analysis of intelli-
gent hotel research; and practically, developing transferable tools for quantifying
ethical conflicts to provide a technological governance blueprint for the "Sustain-
able Tourism Development Outline".
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1 Introduction

The global hotel industry is experiencing a technological paradigm shift centered on
artificial intelligence (AI). The deep integration of intelligent room systems, building
energy management platforms, and real-time accounting systems has led to a signifi-
cant increase in operational efficiency. However, a McKinsey industry report in 2023
pointed out that 78% of hotel companies encountered ethical controversies during the
intelligent transformation, mainly reflected in privacy lawsuits caused by spatial mon-
itoring, labor disputes due to automated services, and audit risks induced by opaque
algorithmic decision-making. Existing research is mostly limited to a single-discipline
perspective: the architectural community focuses on the technical integration of physi-
cal space and digital twins, while the accounting field explores the compliance adapta-
tion of intelligent financial systems, neglecting the new ethical dilemmas derived from
the synergistic effects of the two.

This study attempts to break through disciplinary barriers to form a coupled analysis
framework of architecture-service-finance, revealing the ethical transmission mecha-
nisms between spatial function planning, environmental data collection, and accounting
information disclosure. Based on critical theory of technology and combining the life
cycle cost accounting method of architecture with the quality characteristics of account-
ing information theory, a human-computer collaborative ethical evaluation index sys-
tem is constructed. The research value lies in: theoretically, establishing a cross-disci-
plinary ethical analysis methodology framework to fill the gap in the “technology-in-
stitution” analysis of intelligent hotel research; and practically, developing transferable
tools for quantifying ethical conflicts to provide a technological governance blueprint
for the "Sustainable Tourism Development Outline".

2 Theoretical Foundations and Linkage Construction:
Bidirectional Integration of Architectural Environment - Hotel
Service - Financial Level - Accounting Upgrade

2.1  Ethical Interaction Between Architectural Design and Hotel Service Space

2.1.1 Physical Constraints of Space Function Planning on Service Efficiency and Al
Breakthroughs

In traditional hotel architectural design, space function planning is often limited by
static physical structures, which creates a ceiling for service efficiency improvements.
For example, the fixed layout of guest rooms restricts the dynamic optimization of ser-
vice processes, while the capacity design of public areas struggles to match real-time
fluctuations in guest traffic. Artificial intelligence (AI) technology, through the collab-
orative application of Building Information Modeling (BIM) and the Internet of Things
(IoT) perception systems, has enabled dynamic reconstruction of space utilization. Ma-
chine learning-based space optimization models can automatically adjust room function
partitions and equipment configurations based on real-time occupancy data, thereby
breaking through the upper limit of service capacity without changing the physical
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spacel'l. Such technological applications also need to address the compatibility issues
of data collection permissions and building structural safety. For instance, edge com-
puting technology can be used to process data locally to prevent the leakage of core
building data.

2.1.2 User Privacy and Data Collection Boundaries From an Environmental Psy-
chology Perspective

The dense deployment of environmental sensors in smart building systems, while
enhancing service precision, has triggered ethical conflicts between user privacy rights
and data collection practices. From the perspective of environmental psychology!,
there is a significant difference between customers' perception thresholds for private
spaces and their acceptance of behavior monitoring in public areas. This necessitates
the establishment of a hierarchical ethical framework for data collection: in private ar-
eas such as guest rooms, data processing techniques like thermal imaging (instead of
facial recognition) should be used, while in public spaces like lobbies, more transparent
data collection notification mechanisms should be implemented. The core of this frame-
work is to define data permission levels based on the functional attributes of space and
to translate ethical constraints into algorithm design criteria for intelligent systems.

2.2  Dynamic Adaptability of Accounting Compliance Theory in Hotel
Operations

2.2.1 Synergistic Framework of Cost Accounting and Building Lifecycle Manage-
ment

Building Lifecycle Management (BLM) theory requires that the full lifecycle costs
of a building, from design and construction to operation and demolition, be incorpo-
rated into the accounting system. This overturns the traditional hotel industry's cost
aggregation model, which focuses mainly on the operational stage, necessitating the
establishment of a cross-lifecycle cost allocation model. For example, the initial cost
increase brought about by the standardization of prefabricated building components can
be transformed into a full-lifecycle cost advantage through a dynamic adjustment mech-
anism for depreciation periods!*. The value of Al in this field lies in its ability to rec-
ognize patterns in massive engineering data, predict the degradation curves of building
equipment, and optimize asset impairment provisioning plans, thereby making financial
statements more accurately reflect the long-term economic value of building assets.

2.2.2 Compliance Reconstruction of Financial Statement Disclosure for Green
Building Certification

The mandatory disclosure requirements of international green building certification
systems (such as LEED and BREEAM) are reshaping the logic of financial statement
preparation in the hotel industry. The capitalization and expensing disputes caused by
green building retrofit investments require accounting policy makers to redefine the
conceptual boundaries between environmental assets and costs. For example, if the con-
struction cost of a rooftop photovoltaic system is recognized as an environmental asset,
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a depreciation model distinct from traditional fixed assets must be established; whereas
the maintenance costs of an energy monitoring system may trigger the recognition con-
ditions for new types of environmental liabilities. This reconstruction process requires
accounting experts and building engineers to jointly develop cross-disciplinary ac-
counting standards to ensure the convertibility of technical parameters and financial
indicators.

2.3  Cross-Disciplinary Coupling Mechanism of the Architectural
Environment - Service - Finance Linkage

2.3.1 Intelligent Mapping Model of Energy Efficiency Data to Operational Costs

The financial value transformation of building energy efficiency data relies on the
standardized processing of multi-source heterogeneous data. By developing a bidirec-
tional data interface between Building Management Systems (BMS) and Enterprise Re-
source Planning (ERP) ) systems, it is possible to automatically aggregate kilowatt-
hour energy consumption data into sub-cost items. The technical challenge of this
model lies in addressing energy efficiency data drift caused by sensor errors. Adaptive
filtering algorithms must be introduced to clean the raw data and establish real-time
early warning mechanisms for abnormal energy consumption. The ethical risk in this
process is that data cleaning rules may artificially distort real energy consumption costs,
so it is essential to retain a complete data correction trail for audit verification.

2.3.2 Ethical Conversion Path of Space Utilization Indicators to Financial Indicators

When converting physical space utilization into financial performance indicators, it
is necessary to address the ethical value quantification dilemma. For example, the in-
crease in revenue brought about by the higher utilization rate of a conference hall may
come at the cost of sacrificing sound insulation and privacy standards. This requires the
construction of a financial evaluation model that includes ethical weight factors:
through the Delphi method, integrating the opinions of architects, ethicists, and cus-
tomer representatives, qualitative indicators such as the strength of privacy protection
can be transformed into quantitative parameters that can be embedded in cost-benefit
analysis formulas'®. The effectiveness of this conversion path depends on the institu-
tionalization of cross-disciplinary expert committees and the decision-making assis-
tance capabilities of Al in complex value judgments.
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3 Al-Driven Optimization Strategies for Intelligent Accounting
Operations

3.1  Synergistic Architecture between Building Internet of Things (BIoT) and
Financial Data Collection

3.1.1 Guest Room Energy Consumption Monitoring and Dynamic Cost Allocation
Algorithm

Building Internet of Things (BIoT) systems use intelligent metering devices de-
ployed in guest rooms to collect real-time data on electricity and water consumption,
providing a technical foundation for precise cost allocation. The core of the dynamic
cost allocation algorithm lies in establishing an energy consumption pattern recognition
mechanism. Convolutional neural networks are used to differentiate between the energy
consumption of basic equipment and customer-initiated electricity usage, thereby dy-
namically allocating energy costs to departmental cost centers and customer bills. This
technology needs to address the contradiction between data granularity and privacy
protection: high-precision analysis of electricity consumption waveforms may reveal
customer behavior, so it is necessary to develop a distributed computing framework
based on federated learning. Feature extraction is completed locally, and only desensi-
tized allocation coefficients are transmitted to the financial system!’].

3.1.2 People Flow Heatmap Analysis and Revenue Prediction with Spatiotemporal
Correlation Model

The people flow heatmap analysis system based on computer vision, combined with
the spatiotemporal alignment of POS transaction data, reveals the correlation between
customer movement and purchasing behavior. By constructing a graph neural network
model, real-time crowd density data from the lobby, restaurant, and leisure areas are
mapped to time-specific revenue prediction curves, supporting the optimization of dy-
namic pricing strategies. This model needs to address ethical issues related to data col-
lection: video surveillance data must be anonymized to meet irreversible hash encryp-
tion standards, and the heatmap generation process must ensure that individual behavior
is not traceable at the spatial aggregation level, in compliance with data protection reg-
ulations such as GDPRI®I,

3.2  Real-Time Accounting Decision Support System Based on BIM

3.2.1 Integration of Building Information Modeling (BIM) with Asset Depreciation
Calculation

The BIM model integrates the life parameters of building components and the oper-
ating status data of equipment, providing a basis for dynamic adjustments in fixed asset
depreciation calculations. By using machine learning to predict the remaining service
life of core equipment such as air conditioning units and elevators, an accelerated de-
preciation algorithm based on physical degradation models can be constructed. This
technology breaks through the static assumptions of traditional accounting depreciation
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methods but requires the simultaneous revision of accounting standards to clarify the
legal validity of machine learning predictions in accounting estimate changes®.

3.2.2 Impact of Emergency Plan Simulation on Contingent Liability Assessment

The disaster simulation functions of the BIM system, such as fire and earthquake
simulations, generate structural damage probability data that provide quantitative in-
puts for contingent liability measurement. By using Monte Carlo simulation to convert
building collapse risks into financial loss distribution curves, the provision for esti-
mated liabilities can be dynamically adjusted. This process requires the establishment
of mapping rules between engineering parameters and accounting items: for example,
the concrete strength decay coefficient must be converted into a cash flow prediction
correction parameter in the building impairment test, while retaining complete docu-
mentation of simulation assumptions for audit verification.

3.3  Technical Implementation and Risk Control of Intelligent Compliance
Auditing

3.3.1 Application of Blockchain in Construction Contract Performance Auditing

Blockchain-based smart contracts convert construction contract terms into executa-
ble code, achieving automatic matching between project progress payments and BIM
acceptance node data. Distributed ledger technology ensures the immutability of audit
evidence such as design change records and supervisory acceptance reports, but it is
necessary to solve the problem of synchronizing chain data with the actual state of of-
fline engineering projects. Technical risks are concentrated in the choice of consensus
mechanisms: while private blockchain architectures improve processing efficiency,
they may weaken the audit independence assurance in a multi-party participation envi-
ronment.

3.3.2 Ethical Challenges of Algorithmic Bias on Tax Declaration Accuracy

Classification errors in machine learning models for input tax identification may
cause systematic deviations in tax declarations. Studies have shown that the misrecog-
nition rate of OCR invoice recognition systems for irregular invoices can reach 12%,
leading to a persistent underestimation of deductible input tax amounts. The ethical
harm of such algorithmic bias is characterized by its concealment: since the error is
distributed across a large number of transactions, traditional sampling audits are inef-
fective in identifying it. Solutions need to combine technical improvements with insti-
tutional design, including establishing reverse audit tracking mechanisms for algorith-
mic decisions and mandating the disclosure of training data bias coefficients for tax Al
models.



The Ethical Implications of AI-Driven Operational Optimization in ... 43

4 Constructing a Techno-Ethical Framework for Human-
Machine Synergistic Development

4.1  Ethical Considerations in Labor Substitution during Architectural Space
Intelligence Transformation

4.1.1 Restructuring of Employee Skill Profiles in Automated Service Scenarios

During the intelligence transformation of architectural spaces, technological appli-
cations such as robotic room service and Al concierge systems are reshaping the human
resource allocation paradigm in hotels. Automated service scenarios have led to a sharp
decline in demand for basic operational positions, forcing employees to upgrade their
skill profiles in two dimensions: technical maintenance and emotional interaction. This
restructuring poses the risk of labor value alienation: while mechanical labor is being
replaced, new low-skill positions such as algorithm training data labeling may lead to
technological exploitation. The solution lies in establishing a dynamic skill adaptation
mechanism for vocational skills. This can be achieved by using augmented reality (AR)
technology to provide real-time knowledge of equipment maintenance and designing a
human-machine collaboration performance evaluation system to ensure the irreplacea-
ble value of human labor.

4.1.2 Informed Consent Boundaries for the Use of Customer Biometric Data
Technologies such as facial recognition check-ins and voice-controlled room devices
enhance service convenience but amplify the risk of misuse due to the unique and per-
manent nature of biometric data. The current informed consent mechanism has signifi-
cant flaws: lengthy privacy policy texts fail to effectively inform users, and the "all-or-
nothing" authorization model deprives users of granular control over their data. The
ethical framework needs to construct a hierarchical authorization system, allowing cus-
tomers to manage the use of their biometric data differently in various scenarios. Block-
chain technology can be used to ensure tamper-proof traceability of data access records,
ensuring that informed consent shifts from formal compliance to substantive control.

4.2  Transparency and Accountability Mechanisms in Accounting Information
Systems

4.2.1 Impact of Algorithmic Black Boxes on the Integrity of Audit Trails

The application of deep learning models in areas such as cost prediction and tax
planning poses the risk of breaking the audit evidence chain. The multi-layered non-
linear operations of neural networks are difficult to translate into understandable deci-
sion logic, making it impossible for auditors to verify the compliance of accounting
conclusions. The breakthrough lies in developing an interpretable Al technology frame-
work: generating saliency maps of key decision features using local interpretable
model-agnostic explanations (LIME) and establishing a mapping relationship between
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accounting judgments and original vouchers using causal inference techniques. Audit-
ing standards also need to be revised to include algorithmic transparency as a manda-
tory criterion for the acceptance of accounting information systems.

4.2.2 Criteria for Determining Liability in AI Decision-Making Errors

When intelligent accounting systems make errors such as incorrect depreciation pro-
visioning or tax declaration deviations, the ambiguity of the responsible party among
developers, operators, and users becomes a focal point of ethical controversy. Current
product liability laws are not directly applicable. A three-tier liability determination
model needs to be constructed: systematic errors caused by technical defects are at-
tributed to algorithm developers, local failures caused by parameter configuration er-
rors are the responsibility of the hotel's technical department, and losses caused by hu-
man intervention overriding correct Al suggestions are attributed to management deci-
sion-makers. This model requires the establishment of a full-cycle algorithm decision
log evidence system to provide a technical basis for liability tracing.

4.3  Ethical Value Balancing Model for Sustainable Operations

4.3.1 Quantitative Game between Energy Conservation Goals and Privacy Protection
Needs

Building energy-saving systems rely on high-precision environmental monitoring
data, which fundamentally conflicts with user spatial privacy rights. The quantitative
game model needs to introduce ethical weight coefficients: using the Delphi method to
integrate the opinions of architects, ethics committees, and user representatives, divid-
ing privacy sensitivity into three levels (high, medium, and low) corresponding to dif-
ferent data collection precision thresholds. At the same time, a privacy loss compensa-
tion mechanism should be developed, for example, quantifying energy savings as car-
bon credits to be fed back to users, forming a value exchange paradigm between tech-
nological application and ethical costs.

4.3.2 Asset Intelligence Transformation Decisions from an Intergenerational Equity
Perspective

Current cost-benefit analyses of hotel asset intelligence transformations often ignore
the intergenerational technological lock-in effect. Aggressive technological iteration
may lead to high-maintenance legacy systems in the future, while excessive conserva-
tism may deprive future generations of the opportunity for technological upgrades. The
ethical decision-making model needs to introduce the concept of intergenerational dis-
count rates: using intertemporal cost forecasting models to assess the sustainability im-
pact of technological pathways and establishing a technological heritage fund system
to set aside special reserve funds from current profits to deal with future system upgrade
ethical debts.
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5 Conclusion

This study systematically explores the ethical implications of Al-driven operational op-
timization in hospitality management through a cross-disciplinary framework integrat-
ing architectural design and accounting compliance. By constructing a coupled analysis
model of architecture-service-finance, it reveals the ethical transmission mechanisms
among spatial planning, data collection, and financial disclosure. The established hu-
man-computer collaborative ethical evaluation index system provides a quantitative
tool for addressing privacy risks, labor disputes, and audit challenges arising from in-
telligent transformation. Theoretically, this research fills the gap in interdisciplinary
ethical analysis within smart hotel studies, while practically offering actionable gov-
ernance strategies for sustainable tourism development. Limitations include the lack of
empirical validation with longitudinal case studies, and future research should focus on
dynamic ethical adaptation mechanisms in cross-cultural contexts and the long-term
impact of algorithmic transparency on stakeholder trust.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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