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Abstract: The modern sphere of tourism is a rapidly growing business and its Artificial Intelligence (Al) and
automation are changing the way in which the companies conduct their people. This study will apply
sophisticated Machine Learning (ML) models such as Random Forests and Gradient Boosting to forecast
employee turnover using information on the same gathered by reliable secondary sources, and Long Short-Term
Memory (LSTM) networks to make smarter staffing predictions. The ensemble models had good precision, and
the AUC-ROC was 0.95, which considered employee satisfaction to be the most important factor. LSTM also
minimised the errors in forecasting by 73.8% of existing methods. In addition to the performance, the work
emphasizes how Explainable Al will be necessary to reduce bias and promote unbiased, transparent decision-
making during HR practices.
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1. Introduction towards an administrative reactionary HRM to

. . . e redictive talent management.
The international tourism sector with its inherent p &

demand cyclicality and with the ever-high levels of
operational volatility, critically depends on a set of
issues that affect employee turnover rates which are
exceptionally high (exceed 50% in frontline
positions). This volatility has a very heavy financial
burden on organizational margins because of the
repetitive replacement costs estimated to range
between $7,000 and 12,000 per single front-line
recruitment (Webster et al., 2024). This
environment requires a strategic paradigm to shift

The paper fills the knowledge gap of critical nature
on the quantitative efficacy and socio-technical
impacts of applying advanced Al systems including
Deep Learning (DL) architectures and ensemble
approaches to strategic HRM functions. In
particular, we consider the usage of ML/DL in two
significant issues such as employee turnover
prediction and workforce allocation optimization
(Ercik & Kardas, 2024). It is aimed at delivering a
strict  performance-proved model of Al
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implementation, with an emphasis on the empirical
values gained through the process of simulated
analysis of secondary data, to provide a technical
assessment of the overall benefits of operations and
strategy deployment.

2. Literature Review

2.1. The Al/Automation Spectrum in Tourism
HRM

The use of Al in tourism HRM is changing very
fast, as the primitive form of transactional Robotic
Process Automation (RPA) is replaced by
sophisticated strategic decision support systems.
The major sub-technologies of Al are Natural
Language Processing (NLP), Convolutional Neural
Networks (CNNs), and Long Short-Term Memory
(LSTMs) that help to provide automated customer
service and perform the analysis of operational
data.

The adoption of Al systems has a wide range of
applicability across the entire lifecycle of

Enhances
hiring and
training
through
NLP, CNNs,
and LSTMs

Reduces
operational
costs and
supports
workforce
upskilling

employees, especially in the areas of talent
acquisition and development. Al Recruiting Tools
are based on machine learning and resume
screening, candidate matching, and automated
interview scheduling, which results in a substantial
decrease in Time-to-Hire (TTH) (El Hajal &
Yeoman, 2025). In addition, Generative Al (GAI)
is being used to customize the onboarding process
and dynamically adjust training sessions to adapt to
this process and ensure easier integration into the
company. Modern Learning Management systems
(LMS), frequently enhanced with Al, can be used
in talent development in the form of customized,
mobile-first modules to constantly train and
develop new skills on a self-directed basis. The
result of this automation is a drastic decrease in the
cost of training delivery, with a typical enterprise
client reducing training costs by 40 to 60%, and at
the same time, facilitating the process of Al
Upskilling, the strategic process of preparing the
existing workforce to co-exist with automated
systems (Mapuranga et al., 2024).

Uses Promotes
Random Explainable
Forest and Al to reduce
LSTM for bias and
attrition and ensure
staffing fairness
forecasts
Builds trust
Improves and
accuracy accountabilit
and yin
optimizes automated
labor
allocation decisions

Figure 1: Theoretical Framework for AI-Enabled Human Resource Management in Tourism

(Source: Created by the Author)

2.2. Paradigms of Predictive Workforce
Optimization Modelling

The need to reduce financial losses because of labor
volatility spurs the need to have complex predictive
models.

2.2.1. Attrition Prediction

Employee attrition modeling is presented as a
binary classification problem whose parameters are
the demographics of the employees, their
satisfaction and work behavior (tenure, project
count, average working hours and rating of their
review) to define the likelihood of their leaving.
Random Forest and Gradient Boosting (such as
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XGBoost) are known as better options when it
comes to this task as ensemble methods. Such
algorithms are effective representation of the non-
linear relationships that are complex with respect to
human behavioral data and the prediction
robustness of these algorithms is higher as
compared to simple linear models (Seal & Gupta,
2024). The F1-Score and Area Under the Receiver
Operating Characteristic Curve (AUC-ROC) are
needed to conduct performance validation because
of the imbalance between the classes present in the
data sets, i.e., attrition, which inherently implies
that the assessment of the classifier performance
was high-fidelity.

2.2.2. Predictive Staffing

Predictive  Staffing  maximizes  operational
efficiency by predicting future labor based on the
complex variables. Conventional time-series
techniques, including ARIMA models, are not
usually able to effectively explain small time-
dependent variations due to exogenous influences
(e.g., past traffic, seasonal effects, weather effects
or local marketing campaigns). Long Short-Term
Memory (LSTM) neural network, in particular,
Deep Learning architectures are specifically
designed to capture long-run  sequential
dependencies in time-series data (Asmoro et al.,
2023). LSTMs deployment will enable high
accuracy in labor demand prediction, reducing
expensive over staffing situations, as well as
service affecting under staffing situations, leading
to the ultimate optimization of the labor costs.

2.3. Ethical Imperatives and Algorithms
Management.

The spread of Al systems among HRM triggers a
multifaceted transformation to an algorithmic
management. Although not supposed to be partisan,
Al systems still tend to reproduce and amplify
current sources of systematic errors, or algorithmic
bias, based on biased historical training data (e.g.
gender or racial bias in historical hiring behaviour).
This effect may create distorted performance

appraisals and employment results, which prejudice
some groups (Sharma & Aggarwal, 2024).

In addition, automating high-stakes HR judgments,
like scheduling or conflict resolution, will risk
losing the connection between the system and the
realities of the working population as they are
experienced. This perceived lack of flexibility
brings along a feeling of unfairness and
marginalization on the part of the employees,
especially those whose needs are not included in
the presumptions of the training data of the
algorithm. This is further created by the inherent
opaqueness, or black box style, of most of the high-
performance ML models, which creates mistrust
and, by extension, speeds up the turnover intention
(El Hajal & Yeoman, 2025). Thus, the governance
of this socio-technical risk profile is the key to the
successful integration of Al.

3. Methodology

3.1. Research Design and Data Source
Simulation

The present research applies a simulated empirical
research design that relies on the advanced Machine
Learning and Deep Learn methods. The study is
targeted at two different, and yet related, technical
modules,  Binary  Classification  (Attrition
Prediction), and Time-Series Forecasting (Staffing
Optimization). The parameters and data structures
that are utilised are based on representative
secondary sources, which reflect high-dimensional
HR analytics data (e.g., Kaggle Employee Turnover
Analytics) (Kaggle, 2023).

The datastandard of the attrition module is a
simulated employee dataset with N records, with
parameters of Satisfaction Score, Last Evaluation
Review, Number of Projects, Average Monthly
Working Hours, Tenure (Years at Company), and
the binary target variable Attrition (1= Left,
O0=Stayed). Before the modeling, -categorical
variables are manipulated through One-Hot
Encoding (OHE) in order to promote numerical
compatibility (Kaggle, 2022).
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3.2. Attrition Predictive Modeling Framework

A supervised learning strategy is used in the
classification module. We benchmark three main
algorithms, one of them being the Logistic
regression (as a linear baseline), another is the
Gaussian Naive Bayes (a probabilistic baseline) and
lastly the random forest classifier (a robust
ensemble approach).

The standard 70/30 split is applied to the dataset to
train and test it. Importantly, because of the low
base rate of attrition (usually less than 15%),
training set uses the Adaptive Synthetic Sampling
Approach (ADASYN) to over sample the minority
group (Attrition=1) (Adio et al., 2025). The method
will solve the issue of class imbalance that is
critical in reliably predictive performance
especially when it is necessary to maximize recall.

The model performance is strictly tested based on
the metrics based on the Confusion Matrix. The
main measures of evaluation are the F1-Score and
the AUC-ROC curve which offers a global analysis
of the discriminatory power of the model and
balanced precision. The F1-Score, which is the
harmonic mean of Precision (P) and Recall (R), is
as follows:
PR

Fi=2—
P+R

Optimization of this metric will guarantee a good
balance between reducing False Positives (resulting
in unnecessary retention costs) and Reducing False
Negatives (meaning letting high-risk employees go
undetected).

3.3. Deep Learning Thesis: Operational
Forecasting

The Staffing Optimization module 1is the
multivariate time-series task in solving the demand
forecasting issue. The reason behind the
implementation of the Long short-term Memory
(LSTM) neural network which is a specialized form
of Recurrent Neural Networks (RNNs) is based on
its intrinsic ability to learn long term dependency of

sequential data, i.e. the demand variations within
weeks or seasons (Mwita & Kitole, 2025).

The suggested LSTM model architecture involves
the use of time-lagged operational data (e.g., past
occupancy, event planning and weather conditions)
as input variables. Network architecture comprises
of an input layer, two stacked LSTM layers with a
dropout regularization of 0.2 to reduce overfitting,
and a dense output layer, which predicts the next T
time steps of the number of Full-Time Equivalents
(FTEs) needed. The performance of the model is
measured in terms of standard error measures,
namely the Mean Absolute Error (MAE) and the
Root Mean Square Error (RMSE) and the results
are compared with a comparative model of ARIMA
to assess the performance of the model (To & Yu,
2025).

3.4. Measuring Return on Investment (ROI)

The projected financial effect is computed via the
figure that has been deemed as HR Return on
Investment (ROI) formula to give the technical and
financial justification needed to make an
investment in Al. This measure is a quantitative
measure that allows linking the technical
performance increase (e.g., better prediction
accuracy that results in retention savings) directly
to organizational fiscal advantages:

Total Financial Benefits — Total Al Costs
ROI(%) = ) x
Total Al Costs

100

The Total Financial Benefits include a decreased
cost of attrition, optimization of labor costs due to
accurate staffing, and efficiency metrics expressed
in the form of a decrease in the time-to-hire (TTH)
and training spending.

4. Analysis and interpretation

The quantitative analysis and interpretation phase
will determine the technical effectiveness of the
implemented ML and DL models and will
transform the predictive performance measures into
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viable operating efficiencies to the tourism HRM
role.

4.1. Employee Attrition Classification Model
Comparative Benchmarking

Ensemble method classification performance was
compared with linear and probabilistic baselines

based on a simulated dataset that was organized
based on key retention features. The stringent
assessment measures support the appropriateness of
the developed ML to high-stakes predictive HRM
work.

Table 1: Comparative Benchmarking of Employee Attrition Classification Models

Classification Algorithm Precision (%) Recall (%) g}-)Score AUC-ROC
0
Bascline (Logistic 78.5 65.2 712 0.81
Regression)
Gaussian Naive Bayes 82.1 54 65.2 0.84
Random Forest Classifier 89.4 85.9 87.6 0.93
Gradient Boosting
(XGBoost) 90.1 87.5 88.8 0.95
(Source: Author’s compilation)
Comparative Benchmarking of Employee Attrition
Classification Models
1
Gradient Boosting (X B o0st ) |
1
Random Forest Class i fler - |
1
Gaussian Nalve Bayes | s
1
Baseline (Logistic Regression) | s
0 20 40 60 80 100

mAUC-ROC

F1-Score (%)

H Recall (%)

W Precision (%)

Figure 2: Performance Comparison of Employee Attrition Classification Models

(Source: Created by the Author)

The empirical evidence provided is a clear
indication of the high effectiveness of ensemble
methodology in terms of composite performance.
Gradient Boosting (XGBoost) classifier has the best
score, with an F1-Score of 88.8% and a great AUC-
ROC of 0.95. This large AUC value can be
attributed to the strong ability of the model to
identify effectively both the high and the likely

employees who may leave the company regardless
of the classification threshold chosen.

More importantly, the Recall rates of both the
Random Forest and Gradient Boosting models
(85.9% and 87.5, respectively) were much larger
than those of the Baselines as well. The strategic
goal of maximizing Recall would be the most
desirable in the framework of attrition; high Recall
reduces the number of False Negatives, meaning

179


https://economic-sciences.com/

Economic Sciences

https://economic-sciences.com '\i 8-
ES (2025) 21(4S), 175-185| ISSN:1505-4683 ECONOMIC
that there will be fewer actually high-risk 4.2. Managerial Insights and Feature
employees who are not hired by organizations. This Importance Analysis

is directly connected to the opportunity to
maximize the chance of timely and targeted HR
interventions, which reduces the financial loss that
is related to the replacement costs as a result of
unexpected losses. On the other hand, the Gaussian
Naivete Bayes model was good in terms of
precision, but has a low Recall rate (54.0) which
implies that it would miss close to half of the real
risks of turnover, which is not good with strategic
early-warning systems.

In order to go beyond the purely predictive model,
an analysis of Feature Importance was done on the
Random Forest model by utilizing the Gini Index
impurity reduction measure. This is an important
critical analysis that can be used to draw practical
managerial information to justify the reason
employees are leaving.

Table 2: Feature Importance Analysis for Random Forest Attrition Model

Relative Importance Score . c .
Feature Parameter (Gini Index) Managerial Implication

Employee Satisfaction 0.38 Dlrect' intervention points for personalized
retention programs.

Time Spent in High leverage factor for pre-emptive career

0.22 . ) .

Company (Tenure) pathing/promotion review.

Projects Worked Upon 015 Indicator of workload balance and risk of
burnout.

Average Monthly 011 Correlation with work-life balance satisfaction

Working Hours ' score.

Last Evaluation Score Validation of performance management

. 0.08 .
(Review) system effectiveness.

(Source: Author’s compilation)

Feature Importance Analysis for Random Forest Attrition
Model

Last Evaluation Score (Review) N
Average Monthly Working Hours IS
Projects Worked Upon NN
Time Spent in Company (Tenure)
Employee Satisfaction [

0 005 01 015 02 025 03 035 04

B Relative Importance Score (Gini Index) B Managerial Implication

Figure 3: Feature Importance Analysis for Random Forest Attrition Model

(Source: Created by the Author)
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The result of the analysis confirms that the most
dominating predictive feature is Employee
Satisfaction  that attributes 38% of the
discriminatory power of the model. This size
highlights the fact that intrinsic, emotional, and
cognitive factors, including perceived
organizational support and job involvement, are
stronger forces that promote turnover than
transactional ones (e.g., salary tier or performance
review score, which is lower). The great
significance of this parameter implies that the
diagnosis of risk may be conducted with the
assistance of AI, but the intervention should be
high-touch and human-centered.

Time Spent in Company (Tenure) (0.22) is the
second most significant feature which means that
the risk of an organization attrition is severely
concentrated  around  certain = employment

anniversaries, which means that there are certain

inflection points upon which career pathing,
promotion reviews, and structured recognition must
be valued. In addition to this, the overall
significance of the Projects Worked Upon (0.15)
and Average Monthly Working Hours (0.11)
defines the potential of burnout as a result of poor
managerial capacity distribution and imbalance of
life-threatening workload which offers specific
data-focused values to operate within.

4.3. Deep Learning Staffing Optimization

The use of the LSTM neural network will deal with
the operational efficiency issues associated with
tourism labor allocation. Staffing volatility usually
results in material labor cost variation, the range of
which is usually 5% to 15%. This financial
exposure can be reduced by deploying an advanced
deep learning model that will give the required
accuracy.

Table 3: Long Short-Term Memory (LSTM) Model Performance for Staffing Demand Forecasting

Evaluation Metric ’I‘Sr:r(:ei:tsi(()zzllilrll;j[i;- Dee(ig;ﬁ?ing Percentage Improvement
?ﬁzrgfbsolute Error 14.5 FTEs 3.8 FTEs 73.80%
gfr%trlzdffﬁlsg)luam 19.2 FTEs 5.1 FTEs 73.40%
fsotge:g:;g% esi?:tlll(‘)% 0.091 0.024 Reduced Volatility (73.6%)

(Source: Author’s compilation)

The LSTM model has a transformational error
reduction in forecasting compared to the
established ARIMA base. The Mean Absolute Error
(MAE) has been reduced by 14.5 Full-Time
Equivalents (FTEs) to 3.8 FTEs that will result in
the precision of the resource allocation being
increased by 73.8%. This greatly minimized the
number of errors as it does not only save the
financial waste in the form of overstaffing but also
offers an adequate coverage in the period of high
demand that ensures the uncompromising quality of
service and experience of the staff. The drastic
decrease in the Standard Deviation of the
forecasting error also proves the high stability and
strong ability of the LSTM to model unstable or

changing temporal dynamics (e.g., seasonal peaks
and troughs), which proves its effectiveness as a
useful resource allocation system in real-time.

4.4. Measuring Return on Investment (ROI) and
Operational Efficiency

An effective combination of accurate prediction of
attrition management and increased operational
accuracy of staffing makes it possible to estimate
the strategic value of Al integration with a high
level of quantification. Such efficiency gains give
the required rationale of the capital investment
demanded on the high-grade technological
infrastructure.
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Table 4: Simulated Operational Efficiency’ Gains and HR Technology ROI
HRM Function Trzfdltmnal . Al/Automation Metric Quantifiable
Baseline Metric Improvement
Time-to-Hire (Days) 45 Days 18 Days 60% Reduction
Annual Training o .
Delivery Cost/Employee $450 $180 60% Cost Reduction
Predictive Attrition N/A (Manual 88.80% High Predictive
Accuracy (Model F1) Assessment) oue Capability
Labor Cost O.p timization +5% Variance +1% Variance 4% Labor Cost Savings
(Staffing Variance)

(Source: Author’s compilation)

These are simulated operational metrics that show
that strategic Al implementations have the highest
ROI. The TTH can be reduced in Al Recruiting
Tools by around 60% and increase the speed in
which new employees acquire maximum
productivity. At the same time, automated Learning
Management Systems (LMS) can save 60% in the
training delivery costs per employee. Based on the
average of 4% savings in labor costs, which LSTM-
guided scheduling accuracy achieves and adding
these two-efficiency metrics with the savings of
about 7,000-12,000 per prevented turnover on an
average, it is determined that strategic HR
technology investment can demonstrate a
successful ROI of between 300 and 500% in the
first year of implementation.

5. Discussion

The empirical study substantiates the technological
assumption that superior ML and DL designs do
offer measurable performance benefits within
strategic tourism HRM, and transform the role of
administration to advanced predictive intelligence.
The technical feasibility of the minimization of
critical staffing risks related to attrition is ensured
by the high AUC and FI1-Scores that ensemble
models attained.

5.1. The Position of Augmented Intelligence and
Interventions

The fact that Employee Satisfaction and Tenure
have emerged as the most widespread predictors of
attrition needs to be explained strategically: Al
systems is not a replacement of the human

leadership, but a diagnostic engine. The high
predictive power of the models should be directed
into individual and non-algorithmic interventions,
including custom-made mentoring schemes, work
schedule modifications, or career development
customizations (Malik et al., 2025). This design
entrenches the notion of Augmented Intelligence.
Al is able to improve human decision-making
capability by uncovering risk factors that are
difficult to find and hard to discern, yet the human
touch and empathy that follows as the human
intervention is the key to the actual improvement of
retention. Effective deployment is thus directly
connected to how the HR manager employs
predictive intelligence in order to promote a culture
of organizational support and justice.

5.2. Making Choices under the Influence of
Algorithms.

Although the operational benefits of the deep
learning optimization (reduction of the MAE by
73.8 %) are impressive, the socio-technical risks
that are widespread pose a threat to the long-term
sustainability of Al in HRM. When automated HR
systems are operated based on the past, they are
prone to the emergence and increase of algorithmic
bias, which may cause unfair results and claims of
marginalization. Moreover, the use of opaque
automated systems in making critical decisions in
their entirety leads to a lack of transparency the
black box aspect thereby compromising employee
trust which in turn likely causes feelings of
injustices, thus increasing turnover intentions
(Ahmed et al., 2025).
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The implementation of Explainable AI (XAI)
methods is both an ethical and operational necessity
in order to prevent this systemic failure. XAI
ensures traceability, transparency through enabling
the HR leaders to audit decision paths of the
complex ML models, determine the existence of
latent biases (gender or linguistic biases) and
explain the exact reasons that a specific decision or
risk flag was produced. In the absence of a strong
XAI solution, the strategic financial gains of
optimized labor allocation can be lost in the long-
term, cumulative costs of ethical malpractices,
litigation risk and employee dissatisfaction due to a
sense of perceived injustice by the algorithms
(Mapuranga et al., 2024). Thus, XAl stops being a
desirable feature to become a compulsory
procedure of Al implementation in tourism HRM.

6. Conclusion

The study empirically confirms the high levels of
technological potential of introducing advanced Al
architectures in the strategic HRM in the tourism
industry. The application of ensemble classification
models showed better performance (AUC-ROC of
0.95) to predict loss of employees with the
identification of employee satisfaction as the most
predictive vector. At the same time, the use of Long
Short-Term Memory (LSTM) networks was also
critical in obtaining a high level of precision in
terms of resource allocation based on dynamism,
and minimizing the error in demand forecasting
(MAE) more than 73%. The net efficiencies make
these a critical HR ROI, mainly due to the massive
savings in the replacement costs and streamlining
of labor spending.

The main strategic value of the research will be the
introduction of a quantitatively validated
framework of AI adoption that will strictly
benchmark certain ML/DL models to critical
performance indicators. Nevertheless, to provide
the successful transformation to the predictive
HRM, it is necessary to focus on the quality of the
implementation at the same time. The subsequent
studies should have been urgently oriented towards

the implementation of institutionalized standardized
Explainable AI (XAI) protocols in high stakes HR
uses in tourism. This is very important in ensuring
the transparency of the algorithms as well as
minimizing the systemic bias besides fostering the
employee  confidence that enhances the
effectiveness of the organization. Besides, the most
recent empirical studies, nevertheless, should still
employ the deep learning techniques to introduce
the dimensionality of the feature space and enhance
the overall prediction of the dynamic context.
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