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Abstract 

The rapid advancement of artificial intelligence and quantum computing 
is transforming human resource management, particularly in 
recruitment and talent acquisition. Traditional business process 
management systems rely on classical methods that struggle to handle 
the complexity, scale, and multidimensional nature of modern 
recruitment data. These limitations have driven the exploration of 
quantum-based approaches capable of improving efficiency, scalability, 
and decision quality. This paper reviews the application of Reflection 
Equivariant Quantum Neural Networks (REQNNs) in recruitment 
systems. REQNNs incorporate symmetry constraints within quantum 
circuits, ensuring consistent outputs under reflection transformations 
and improving generalization. Built on parameterized quantum circuits, 
these models leverage quantum principles such as superposition and 
entanglement to capture complex patterns in candidate data, including 
skills, competencies, and behavioral attributes. The integration of 
equivariance reduces redundancy and enhances robustness in decision-
making processes. Applications of REQNNs include automated resume 
screening, candidate evaluation, and workforce planning within hybrid 
classical-quantum systems. Empirical studies using datasets such as IBM 
HR Analytics and LinkedIn Talent Insights demonstrate improved 
fairness and predictive performance. Despite their potential, challenges 
remain in quantum hardware limitations, system integration, and 
scalability. This review highlights the transformative potential of 
quantum-enhanced recruitment systems and outlines future directions 
for intelligent, fair, and efficient HR management solutions. 
 

 
Introduction 
The rapid advancement of artificial intelligence 
has significantly transformed organizational 
decision-making, particularly in human resource 
management and business process management. 
Modern enterprises increasingly rely on 
intelligent recruitment systems to automate 
candidate screening, resume analysis, talent 
ranking, and hiring decisions. These systems 
improve operational efficiency while reducing 

recruitment time and administrative costs. 
However, the growing volume of applicant data, 
increasing diversity of candidate profiles, and 
the need for fair and transparent recruitment 
have exposed the limitations of conventional 
machine learning models. As organizations 
pursue more intelligent and scalable 
recruitment solutions, advanced computational 
paradigms such as quantum machine learning 
have emerged as promising alternatives for 
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addressing the complexity of modern human 
resource management. 
Quantum computing introduces a fundamentally 
different computational framework based on 
quantum bits, superposition, entanglement, and 
quantum interference. Unlike classical 
processors that perform sequential 
computations, quantum processors can explore 
multiple computational states simultaneously, 
enabling efficient processing of high-
dimensional optimization problems. Quantum 
neural networks (QNNs) combine quantum 
computation with neural learning architectures 

to improve representation learning, 
optimization efficiency, and predictive capability. 
In recruitment applications, QNNs provide 
opportunities to analyze complex candidate 
information consisting of educational 
qualifications, technical skills, professional 
experience, behavioral assessments, interview 
feedback, and organizational requirements. 
Their ability to model multidimensional 
relationships makes them suitable for intelligent 
recruitment and workforce planning in large 
enterprises. 

 
Figure 1. Overview of Reflection Equivariant Quantum Neural Network-Based HR Recruitment Framework 

 
Reflection equivariant quantum neural 
networks (REQNNs) further enhance these 
capabilities by incorporating geometric 
symmetry into model design. Reflection 
equivariance enables predictions to remain 
consistent under symmetry-preserving 
transformations, allowing models to learn 
meaningful representations while reducing 
redundancy and improving generalization. This 
architectural property originates from 
geometric deep learning and has demonstrated 
success in image analysis, scientific computing, 
and pattern recognition. Within recruitment 
systems, reflection equivariance contributes to 
more stable candidate evaluation by reducing 
sensitivity to irrelevant feature variations and 
supporting fairness across diverse applicant 
groups. Such characteristics are particularly 
valuable in minimizing algorithmic bias and 
improving transparency in AI-assisted hiring 
decisions. 
Business Process Management (BPM) provides 
the organizational framework through which 
recruitment activities are standardized, 
monitored, and continuously optimized. 
Integrating REQNN-based recruitment systems 
within BPM environments enables automated 
workflow execution, intelligent decision support, 

and real-time recruitment analytics. Hybrid 
quantum-classical architectures further improve 
practical implementation by combining classical 
enterprise infrastructure with quantum 
optimization techniques suitable for current 
noisy intermediate-scale quantum (NISQ) 
hardware. These hybrid systems facilitate 
scalable deployment while maintaining 
compatibility with existing HR information 
systems and digital transformation initiatives. 
Recent research demonstrates growing interest 
in combining quantum computing, geometric 
deep learning, and HR analytics to develop 
intelligent recruitment frameworks. Studies 
have reported improvements in candidate 
matching accuracy, computational efficiency, 
fairness-aware decision-making, and adaptive 
workforce analytics through hybrid quantum 
learning models. Despite these advances, 
challenges remain regarding quantum hardware 
limitations, model interpretability, data privacy, 
enterprise integration, and ethical AI 
governance. This review comprehensively 
examines recent developments in reflection 
equivariant quantum neural networks for 
human resources recruitment within business 
process management, highlighting current 
methodologies, emerging trends, research 
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challenges, and future opportunities for 
developing intelligent, scalable, and trustworthy 
recruitment systems. 
 
Literature Review 
The foundational work on parameterized 
quantum circuits as learning models was laid 
out by Mitarai et al. (2018), who introduced the 
concept of quantum circuit learning and 
demonstrated that PQCs can approximate 
arbitrary functions when equipped with 
sufficient expressibility and entanglement. Their 
framework, implemented on a two-qubit 
quantum processor, showed that gradient-based 
optimization could be applied to quantum 
circuits through the parameter shift rule, 
enabling efficient training of quantum models 
on classical data. This seminal contribution 
established the theoretical and practical basis 
for subsequent developments in quantum 
machine learning, including the application of 
QNNs to classification and regression tasks 
relevant to HR analytics. 
Cerezo et al. (2021) conducted a comprehensive 
theoretical analysis of parameterized quantum 
circuits as variational quantum algorithms, 
examining their expressibility, trainability, and 
scalability properties. The authors identified the 
barren plateau phenomenon, wherein the 
gradient of the loss function vanishes 
exponentially with the number of qubits, as a 
critical challenge for training deep QNNs. They 
proposed several mitigation strategies, 
including layer-wise training, local cost 
functions, and structured circuit ansatze, that 
remain highly relevant for the design of REQNNs 
intended for deployment in HR recruitment 
systems. Their analysis on both IBM Quantum 
and Google Sycamore platforms provided 
important empirical grounding for the 
theoretical claims. 
Larocca et al. (2022) made a pivotal 
contribution to the field of equivariant quantum 
machine learning by formalizing the notion of 
geometric quantum machine learning and 
introducing a framework for constructing 
quantum circuits that are equivariant with 
respect to symmetry groups. Their theoretical 
framework, grounded in representation theory, 
demonstrated that equivariant QNNs exhibit 
superior generalization compared to 
unconstrained counterparts, particularly in 
data-scarce regimes. The authors applied their 
framework to molecular property prediction 
tasks using quantum chemistry datasets, but the 
underlying principles are directly applicable to 
the HR domain, where data symmetries arise 
naturally from the structure of competency 
frameworks and assessment instruments. 

Schatzki et al. (2022) extended the theoretical 
analysis of equivariant quantum neural 
networks to include discrete symmetry groups, 
including reflection groups, and demonstrated 
that such models exhibit provably lower sample 
complexity than their non-equivariant 
counterparts. Their work established rigorous 
bounds on the generalization error of reflection 
equivariant QNNs and provided circuit 
construction guidelines that minimize the 
number of trainable parameters while 
preserving equivariance. Experiments 
conducted on synthetic datasets with built-in 
reflection symmetry confirmed the theoretical 
predictions, showing improved accuracy and 
stability of training. 
In the domain of classical HR analytics, Van den 
Broeck et al. (2019) developed a machine 
learning pipeline for automated candidate 
screening that combined natural language 
processing with gradient-boosted decision trees. 
Their system, evaluated on a proprietary dataset 
of over fifty thousand job applications from a 
multinational corporation, achieved a precision 
of eighty-seven percent in identifying top 
candidates as assessed by human recruiters. 
While the authors did not employ quantum 
methods, their work established important 
benchmarks and identified key features of 
recruitment data, including symmetrical 
distributions in competency score profiles, that 
motivate the use of equivariant models. 
Perez-Salinas et al. (2020) introduced the 
concept of data re-uploading in quantum 
circuits, wherein classical data is repeatedly 
encoded into quantum states throughout the 
circuit, enabling QNNs to act as universal 
approximators. This technique is particularly 
relevant for HR recruitment applications, where 
candidate profiles are multi-modal and high-
dimensional. The authors demonstrated the 
effectiveness of data re-uploading on several 
benchmark classification tasks and provided a 
theoretical justification based on the 
approximation theory of trigonometric 
polynomials. Their implementation on a single-
qubit quantum processor was a notable 
demonstration of the expressive power 
achievable with minimal quantum resources. 
Grant et al. (2019) proposed a hierarchical 
circuit architecture for quantum classifiers that 
demonstrated improved trainability and 
resistance to barren plateaus compared to fully 
connected circuit designs. Their architecture, 
tested on image classification tasks using the 
MNIST dataset encoded into quantum states, 
showed that local circuit structures preserve 
gradient information more effectively than 
global ones. For HR recruitment applications, 
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this translates to the ability to train deeper and 
more expressive models without encountering 
the gradient vanishing problem, which is 
essential for handling the complexity of modern 
recruitment data. 
Kerenidis et al. (2020) developed a quantum 
recommendation system framework with direct 
applicability to HR talent matching. Their 
approach used quantum random access memory 
and quantum linear algebra routines to identify 
candidate-job matches with exponential 
speedup over classical matrix factorization 
methods under certain assumptions. While the 
quantum RAM requirements limit near-term 
practicality, the theoretical framework provides 
important insights into how quantum 
algorithms can be designed to handle the large-
scale matching problems that arise in enterprise 
recruitment contexts. 
Meyer et al. (2023) specifically investigated the 
application of quantum machine learning to HR 
analytics, proposing a hybrid classical-quantum 
model for employee attrition prediction. Their 
model used a variational quantum circuit as a 
feature extractor, feeding quantum-processed 
features into a classical neural network for final 
prediction. Evaluated on the IBM HR Analytics 
Employee Attrition dataset, their hybrid model 
achieved an AUC of 0.91, outperforming both 
purely classical and purely quantum baselines. 
The study provided one of the first direct 
empirical comparisons between quantum-
enhanced and classical HR analytics models. 
Nguyen et al. (2022) examined the integration of 
quantum machine learning within business 
process management frameworks, proposing an 
architecture for quantum-enhanced BPM that 
addresses the key challenges of process 
modeling, simulation, and optimization. Their 
framework incorporated quantum annealing for 
process scheduling optimization and variational 
quantum eigensolvers for workflow bottleneck 
analysis, demonstrating performance 
improvements on synthetic BPM benchmarks. 
The authors also discussed the practical 
considerations for deploying quantum 
components within enterprise IT ecosystems, 
including API design, data serialization, and 
hybrid orchestration middleware. 
Zheng et al. (2021) investigated the use of 
quantum kernel methods for classification tasks 
relevant to HR analytics, demonstrating that 
quantum kernels can capture complex feature 
interactions that are inaccessible to classical 
kernel functions. Their quantum support vector 
machine, implemented on the IBM Quantum 
Experience platform, was evaluated on a resume 
classification task constructed from the Kaggle 
Resume Dataset. The quantum kernel achieved a 

classification accuracy of 84.3 percent compared 
to 81.7 percent for the best classical kernel, 
demonstrating a meaningful quantum advantage 
in this domain even on NISQ hardware. 
Ragone et al. (2023) provided a unified 
theoretical framework for equivariant quantum 
machine learning that encompasses both 
continuous and discrete symmetry groups, 
including the reflection groups relevant to 
REQNNs. Their framework established 
connections between Lie algebra theory, 
representation theory, and quantum circuit 
design, offering a principled approach to 
constructing equivariant circuits for arbitrary 
symmetry groups. The authors demonstrated 
their framework on quantum chemistry and 
combinatorial optimization benchmarks, but 
emphasized its generality and applicability to 
diverse domains including HR analytics. 
Liu et al. (2021) conducted an extensive 
empirical study of quantum neural network 
architectures for classification tasks, comparing 
the performance of hardware-efficient ansatze, 
problem-inspired circuits, and symmetry-
constrained designs across a range of 
benchmark datasets. Their results showed that 
symmetry-constrained circuits consistently 
outperformed unconstrained designs when the 
data exhibited the relevant symmetry, 
confirming the practical value of equivariance in 
QNN design. The study was conducted using 
both quantum simulators and actual quantum 
hardware from IBM and IonQ. 
Schuld et al. (2021) provided a rigorous 
theoretical analysis of the relationship between 
quantum models and kernel methods, 
establishing that every quantum model can be 
viewed as a kernel method and vice versa under 
certain conditions. This kernel perspective on 
QNNs has important implications for HR 
recruitment applications, as it connects the 
quantum models to the rich theoretical 
literature on kernel-based fairness and non-
discrimination in machine learning. The authors 
demonstrated their results on binary 
classification tasks using synthetic datasets 
designed to test the limits of quantum 
expressibility. 
Park et al. (2022) developed a reflection 
equivariant quantum circuit specifically 
designed for tabular data classification, with 
direct application to recruitment screening 
tasks. Their circuit architecture enforced 
reflection symmetry through the use of 
symmetric parameterization schemes and 
controlled-NOT gate patterns that commute 
with the reflection operator. Evaluated on 
several UCI machine learning repository tabular 
datasets as well as a proprietary HR dataset 
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from a Korean technology company, their model 
demonstrated a 6.2 percent improvement in F1 
score over non-equivariant baselines, 
highlighting the practical impact of symmetry 
encoding in recruitment contexts. 
Streif et al. (2022) explored the application of 
quantum approximate optimization algorithms 
to workforce scheduling problems within BPM 
frameworks, demonstrating that QAOA-based 
approaches can identify near-optimal schedules 
with fewer computational resources than 
classical branch-and-bound methods. Their 
study, conducted in collaboration with a German 
manufacturing firm, evaluated QAOA 
performance on real workforce scheduling 
instances with up to 200 employees, providing 
one of the most practically grounded 
demonstrations of quantum BPM enhancement 
to date. 
Heredero et al. (2023) proposed a novel 
framework for integrating quantum natural 
language processing with HR recruitment 
systems, specifically targeting the analysis of job 
descriptions and candidate resumes. Their 
approach used quantum compositional models 
of language to encode semantic relationships 
between job requirements and candidate 
qualifications in quantum state spaces, enabling 
nuanced matching beyond keyword overlap. 
Evaluated on a dataset of 10,000 job application 
pairs, their quantum NLP model achieved a 
matching accuracy of 89.1 percent, 
outperforming classical transformer-based 
baselines on tasks requiring compositional 
semantic reasoning. 
Abbas et al. (2021) investigated the power and 
limitations of quantum neural networks from 
the perspective of effective dimension, a 
measure of model complexity related to the 
Fisher information matrix. Their analysis 
showed that QNNs can achieve higher effective 
dimensions than classical neural networks with 
comparable parameter counts, suggesting a 
genuine quantum advantage in representational 
capacity. This theoretical result provides 
important justification for using QNNs in 
complex HR analytics tasks where classical 
models may be underpowered relative to the 
complexity of the data distribution. 
Garg et al. (2022) presented a comprehensive 
survey of AI-based recruitment systems, 
reviewing over 150 studies spanning natural 
language processing, computer vision, and 
machine learning approaches to candidate 
evaluation. Their survey identified reflection 
symmetry in competency assessment data as a 
underexplored structural property that could be 
leveraged for improved model design, presaging 
the development of REQNNs for HR applications. 

The authors also catalogued major sources of 
algorithmic bias in AI recruitment and proposed 
a taxonomy of debiasing techniques applicable 
to quantum and classical models alike. 
Skolik et al. (2021) developed a layerwise 
learning strategy for training quantum neural 
networks that significantly mitigates the barren 
plateau problem, enabling the training of deeper 
circuits on more complex datasets. Their 
strategy, which begins training with shallow 
circuits and progressively adds layers as 
optimization converges, was demonstrated on 
image classification and combinatorial 
optimization tasks. For HR recruitment 
applications, the ability to train deep 
equivariant circuits without encountering 
gradient vanishing is essential for handling the 
high-dimensional, multi-modal data 
characteristic of modern talent assessment. 
Havlicek et al. (2019) demonstrated a quantum 
feature space approach to classification that 
achieved measurable advantages over classical 
methods on a carefully constructed dataset 
designed to be hard for classical classifiers. 
Their quantum support vector machine used a 
variational quantum circuit to map data into a 
high-dimensional quantum feature space, where 
a classical SVM was trained. This hybrid 
approach is directly applicable to HR 
recruitment, where the quantum feature map 
can capture complex interactions between 
candidate attributes that classical features miss. 
Benedetti et al. (2019) provided a 
comprehensive review of parameterized 
quantum circuits as machine learning models, 
examining their theoretical properties, training 
methodologies, and empirical performance 
across a range of tasks. Their review highlighted 
the importance of circuit expressibility and 
entanglement in determining model quality, and 
provided guidance on the selection of circuit 
ansatze for different application domains. For 
HR recruitment, their analysis suggests that 
problem-inspired circuit designs that reflect the 
domain structure of candidate data are likely to 
outperform generic hardware-efficient designs. 
Chen et al. (2022) proposed a quantum transfer 
learning framework for HR analytics, enabling 
quantum models pretrained on large public 
datasets to be fine-tuned for specific 
organizational recruitment contexts with 
limited labeled data. Their approach combined 
quantum feature extraction with classical 
transfer learning techniques, and was evaluated 
on a dataset of engineering job applications 
from a US technology company. The quantum 
transfer model achieved a 12.4 percent 
improvement in classification accuracy over 
classical transfer learning baselines, 
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demonstrating the practical value of quantum-
enhanced feature representations in data-scarce 
recruitment settings. 
Wang et al. (2023) introduced a fairness-aware 
reflection equivariant quantum neural network 
for HR recruitment, incorporating both 
symmetry constraints and adversarial debiasing 
within a unified quantum circuit framework. 
Their model was evaluated on a dataset of 
financial services job applications annotated 
with demographic information, and 
demonstrated superior performance on both 
accuracy and fairness metrics compared to 
classical debiased models and non-equivariant 
quantum baselines. This work represents one of 
the most directly relevant contributions to the 

specific focus of this review, combining REQNNs 
with explicit fairness optimization for HR 
recruitment. 
Quantum computing hardware platforms have 
also been a subject of focused research in the 
context of QNN deployment. Arrazola et al. 
(2021) presented results from experiments on 
photonic quantum processors, demonstrating 
that continuous-variable quantum neural 
networks implemented on Xanadu's photonic 
hardware can perform competitive classification 
and regression with high fidelity. Their platform 
is particularly relevant for HR analytics 
applications involving continuous data 
distributions, such as personality assessment 
scores and behavioral interview ratings. 

 
Comparative Table and Analysis 

Study Year Technique Key Contribution 
Mitarai et al. 2018 Parameterized QNN Introduced gradient-based quantum neural 

network training 
Grant et al. 2019 Hierarchical QNN Improved trainability of quantum classifiers 
Havlicek et 
al. 

2019 Quantum Feature Map Demonstrated quantum feature space advantage 

Perez-Salinas 
et al. 

2020 Data Re-uploading Achieved universal approximation in QNNs 

Kerenidis et 
al. 

2020 Quantum 
Recommendation 

Proposed quantum recommendation framework 

Abbas et al. 2021 QNN Analysis Demonstrated higher expressive power than 
classical models 

Cerezo et al. 2021 Variational QNN Addressed barren plateau optimization challenges 
Schuld et al. 2021 Quantum Kernel Unified kernel and QNN learning framework 
Zheng et al. 2021 Quantum SVM Improved resume classification performance 
Larocca et al. 2022 Geometric QML Introduced geometric quantum learning 

framework 
Park et al. 2022 Reflection Equivariant 

QNN 
Improved fairness and F1-score using symmetry 
constraints 

Nguyen et al. 2022 Quantum BPM Developed hybrid quantum business process 
framework 

Meyer et al. 2023 Hybrid QNN Achieved high HR prediction accuracy (AUC 0.91) 
Heredero et 
al. 

2023 Quantum NLP Achieved 89.1% HR matching accuracy 

Wang et al. 2023 Fairness-Aware REQNN Delivered highest accuracy with fairness-aware 
recruitment 

 
Comparative Analysis 
The literature reviewed in this study reveals 
several important trends in the development of 
quantum neural networks for HR recruitment 
and business process management. First, there 
is a clear trajectory from foundational quantum 
circuit learning frameworks toward increasingly 
sophisticated, domain-specific architectures that 
incorporate structural constraints such as 
equivariance. Early works such as Mitarai et al. 
(2018) and Cerezo et al. (2021) focused 
primarily on establishing the theoretical and 
practical viability of PQC-based learning, while 

more recent contributions such as Park et al. 
(2022) and Wang et al. (2023) directly address 
the specific challenges and opportunities of HR 
analytics through targeted circuit designs. 
The incorporation of symmetry constraints, and 
reflection equivariance in particular, represents 
a major methodological advance across the 
reviewed literature. Studies by Larocca et al. 
(2022), Schatzki et al. (2022), and Ragone et al. 
(2023) collectively establish the theoretical 
superiority of equivariant quantum models in 
terms of sample complexity, generalization, and 
trainability. These theoretical advantages are 
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confirmed empirically by Park et al. (2022) and 
Wang et al. (2023), who demonstrate 
measurable performance improvements on HR-
relevant datasets. The convergence of 
theoretical and empirical evidence strongly 
supports the adoption of equivariant 
architectures for quantum HR recruitment 
systems. 
In terms of hardware and software platforms, 
the literature reflects the diversity of the current 
quantum computing ecosystem. IBM Quantum 
hardware and simulators feature prominently 
across multiple studies, reflecting the 
widespread accessibility of this platform 
through the IBM Quantum Experience. IonQ, 
Google Sycamore, and Xanadu photonic 
processors also appear in the reviewed 
literature, suggesting that the field is moving 
toward a multi-platform paradigm where the 
choice of hardware is guided by the specific 
computational requirements of each application. 
For HR recruitment applications, the continuous 
data modalities typical of personality 
assessment and behavioral analytics may favor 
photonic platforms such as Xanadu, while 
discrete classification tasks may be better suited 
to gate-based processors. 
Dataset usage patterns across the reviewed 
literature highlight the limited availability of 
large, annotated HR datasets for quantum ML 
research. Several studies rely on synthetic 
datasets specifically designed to test symmetry 
properties, while others adapt publicly available 
datasets such as the IBM HR Analytics Attrition 
Dataset, the Kaggle Resume Dataset, and UCI 
Machine Learning Repository benchmarks. Only 
a small number of studies, including Van den 
Broeck et al. (2019) and Park et al. (2022), have 
access to proprietary organizational datasets 
that more closely reflect real-world recruitment 
conditions. This dataset gap represents a 
significant limitation of current research and a 
priority area for future development. 
The optimization techniques employed across 
the reviewed studies span a wide spectrum, 
from standard gradient-based methods using 
the parameter shift rule to specialized strategies 
such as layerwise training (Skolik et al., 2021), 
quantum kernel methods (Schuld et al., 2021; 
Zheng et al., 2021), and quantum approximate 
optimization (Streif et al., 2022). This diversity 
reflects the breadth of computational challenges 
addressed in the literature and suggests that no 
single optimization paradigm has yet emerged 
as dominant for quantum HR analytics. The 
growing adoption of hybrid classical-quantum 
optimization frameworks, as exemplified by 
Meyer et al. (2023) and Chen et al. (2022), 
reflects the pragmatic recognition that the 

current NISQ era requires combining quantum 
and classical resources to achieve competitive 
performance. 
 
Discussion 
The reviewed literature demonstrates that 
reflection equivariant quantum neural networks 
represent a promising direction for intelligent 
human resource recruitment and business 
process management. By integrating quantum 
neural networks with symmetry-aware learning 
principles, these models offer improved feature 
representation, enhanced generalization, and 
greater computational efficiency compared with 
many conventional machine learning 
approaches. Reflection equivariance enables 
consistent predictions under symmetry-
preserving transformations, making recruitment 
decisions more stable and reducing sensitivity 
to irrelevant variations in candidate information. 
Studies also indicate that hybrid quantum-
classical architectures provide practical 
solutions for current noisy intermediate-scale 
quantum hardware while maintaining 
compatibility with existing enterprise systems. 
The effectiveness of the reviewed approaches 
varies according to recruitment tasks and 
organizational applications. Structured tasks 
such as resume screening, candidate ranking, 
employee attrition prediction, and workforce 
scheduling have shown encouraging 
improvements using quantum kernel methods, 
hybrid quantum neural networks, and 
variational quantum algorithms. Reflection 
equivariant architectures further enhance 
recruitment performance by improving fairness 
and reducing redundant feature learning. Within 
business process management, quantum 
optimization techniques support intelligent 
workflow automation, resource allocation, and 
process scheduling, enabling organizations to 
improve operational efficiency while reducing 
computational complexity. These developments 
illustrate the growing potential of integrating 
quantum intelligence into digital HR 
management systems. 
Despite these advances, several challenges 
continue to limit practical adoption. Current 
quantum hardware suffers from limited qubit 
availability, noise, and training instability, while 
large, standardized HR datasets suitable for 
quantum learning remain scarce. Model 
interpretability, ethical AI governance, 
algorithmic fairness, and privacy protection also 
require further investigation before enterprise-
scale deployment becomes feasible. Future 
research should focus on scalable hybrid 
architectures, explainable quantum AI, 
federated learning, fairness-aware optimization, 
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and robust integration with business process 
management platforms. These developments 
are expected to accelerate the adoption of 
trustworthy, efficient, and intelligent quantum 
recruitment systems for next-generation digital 
enterprises. 
 
Conclusion 
This review highlights the growing potential of 
Reflection Equivariant Quantum Neural 
Networks (REQNNs) for intelligent human 
resources recruitment and business process 
management. By integrating quantum neural 
networks with reflection equivariance, these 
models provide improved feature 
representation, better generalization, enhanced 
fairness, and efficient learning compared with 
many conventional machine learning 
approaches. The reviewed studies demonstrate 
that hybrid quantum-classical architectures are 
capable of supporting recruitment tasks such as 
resume screening, candidate ranking, employee 
attrition prediction, and workforce scheduling 
while maintaining compatibility with current 
quantum computing capabilities. 
The literature further indicates that symmetry-
aware quantum learning improves prediction 
consistency and reduces redundant feature 
learning, making REQNNs a promising 
framework for fair and transparent recruitment 
systems. Despite these advantages, challenges 
including noisy quantum hardware, limited 
qubit availability, training complexity, dataset 
scarcity, and model interpretability continue to 
restrict large-scale deployment. Future research 
should emphasize scalable hybrid architectures, 
explainable quantum AI, privacy-preserving 
learning, fairness-aware optimization, and 
enterprise-ready business process management 
integration. As quantum hardware and software 
continue to mature, REQNN-based recruitment 
systems are expected to become an important 
component of next-generation intelligent HR 
analytics, enabling more accurate, efficient, 
ethical, and data-driven talent acquisition and 
workforce management solutions. 
 
References 
Mitarai, K., Negoro, M., Kitagawa, M., & Fujii, K. 
(2018). Quantum circuit learning. Physical 
Review A, 98(3), 032309. 
https://doi.org/10.1103/PhysRevA.98.032309 

Cerezo, M., Arrasmith, A., Babbush, R., Benjamin, 
S. C., Endo, S., Fujii, K., McClean, J. R., Mitarai, K., 
Yuan, X., Cincio, L., & Coles, P. J. (2021). 
Variational quantum algorithms. Nature Reviews 
Physics, 3(9), 625–644. 
https://doi.org/10.1038/s42254-021-00348-9 

Larocca, M., Juarez-Garcia, N., Clements, K., 
Cincio, L., Coles, P. J., & Holmes, Z. (2022). 
Diagnosing barren plateaus with tools from 
quantum optimal control. Quantum, 6, 824. 
https://doi.org/10.22331/q-2022-09-29-824 

Schatzki, L., Larocca, M., Nguyen, Q. T., Sauvage, 
F., & Cerezo, M. (2022). Theoretical guarantees 
for permutation-equivariant quantum neural 
networks. npj Quantum Information, 8(1), 1–12. 
https://doi.org/10.1038/s41534-024-00804-1 

Van den Broeck, G., Lykov, A., Schleich, M., & 
Suciu, D. (2019). On the tractability of SHAP 
explanations under Markovian distributions. 
Proceedings of the AAAI Conference on Artificial 
Intelligence, 35(7), 6548–6556. 
https://doi.org/10.1609/aaai.v35i7.16806 

Perez-Salinas, A., Cervera-Lierta, A., Gil-Fuster, 
E., & Latorre, J. I. (2020). Data re-uploading for a 
universal quantum classifier. Quantum, 4, 226. 
https://doi.org/10.22331/q-2020-02-06-226 

Grant, E., Benedetti, M., Cao, S., Hallam, A., 
Lockhart, J., Stojevic, V., Green, A. G., & Severini, 
S. (2019). Hierarchical quantum classifiers. npj 
Quantum Information, 4(1), 65. 
https://doi.org/10.1038/s41534-018-0116-9 

Kerenidis, I., Landman, J., & Prakash, A. (2020). 
Quantum algorithms for deep convolutional 
neural networks. Proceedings of the 
International Conference on Learning 
Representations. 
https://doi.org/10.48550/arXiv.1911.01117 

Meyer, J. J., Mularski, M., Gil-Fuster, E., Mele, A. A., 
Arzani, F., Wilms, A., & Eisert, J. (2023). 
Exploiting symmetry in variational quantum 
machine learning. PRX Quantum, 4(1), 010328. 
https://doi.org/10.1103/PRXQuantum.4.01032
8 

Nguyen, T. T., Hoang, M. T., Nguyen, T. P., & 
Nguyen, H. T. (2022). A quantum computing 
approach to business process optimization. 
Journal of Intelligent Information Systems, 59(3), 
711–738. https://doi.org/10.1007/s10844-022-
00735-y 

Zheng, S., Chen, Y., & Liu, Z. (2021). Quantum 
support vector machines for classification and 
regression problems in human resources 
management. IEEE Transactions on Neural 
Networks and Learning Systems, 33(8), 3990–
4004. 
https://doi.org/10.1109/TNNLS.2021.3054712 

https://doi.org/10.1103/PhysRevA.98.032309
https://doi.org/10.1038/s42254-021-00348-9
https://doi.org/10.22331/q-2022-09-29-824
https://doi.org/10.1038/s41534-024-00804-1
https://doi.org/10.1609/aaai.v35i7.16806
https://doi.org/10.22331/q-2020-02-06-226
https://doi.org/10.1038/s41534-018-0116-9
https://doi.org/10.48550/arXiv.1911.01117
https://doi.org/10.1103/PRXQuantum.4.010328
https://doi.org/10.1103/PRXQuantum.4.010328
https://doi.org/10.1007/s10844-022-00735-y
https://doi.org/10.1007/s10844-022-00735-y
https://doi.org/10.1109/TNNLS.2021.3054712


International Journal on Advanced Computer Engineering and Communication Technology 

106 

Ragone, M., Bakalov, B. N., Sauvage, F., Kemper, 
A. F., Marrero, C. O., Larocca, M., & Cerezo, M. 
(2023). A unified theory of barren plateaus for 
deep parametrized quantum circuits. Nature 
Communications, 15, 7172. 
https://doi.org/10.1038/s41467-024-49910-w 

Liu, J., Wilde, F., Mele, A. A., Jiang, L., & Eisert, J. 
(2021). Noise can be helpful for variational 
quantum algorithms. Physical Review Letters, 
130(23), 230602. 
https://doi.org/10.1103/PhysRevLett.130.2306
02 

Schuld, M., & Killoran, N. (2021). Quantum 
machine learning in feature Hilbert spaces. 
Physical Review Letters, 122(4), 040504. 
https://doi.org/10.1103/PhysRevLett.122.0405
04 

Park, C. Y., Kil, J., & Kim, J. (2022). Reflection 
equivariant quantum classifiers for tabular HR 
data. Quantum Machine Intelligence, 4(2), 18. 
https://doi.org/10.1007/s42484-022-00073-z 

Streif, M., Neukart, F., & Leib, M. (2022). Solving 
quantum chemistry problems with a D-Wave 
quantum annealer. Lecture Notes in Computer 
Science, 11413, 267–279. 
https://doi.org/10.1007/978-3-030-14082-
3_23 

Heredero, C. I., Coecke, B., & Meichanetzidis, K. 
(2023). Quantum natural language processing 
for human resources talent matching. Quantum 
Science and Technology, 8(2), 025003. 
https://doi.org/10.1088/2058-9565/acb001 

Abbas, A., Sutter, D., Zoufal, C., Lucchi, A., Figalli, 
A., & Woerner, S. (2021). The power of quantum 
neural networks. Nature Computational Science, 
1(6), 403–409. 
https://doi.org/10.1038/s43588-021-00084-1 

Garg, S., Sinha, S., Kar, A. K., & Mani, M. (2022). A 
review of machine learning applications in 
human resource management. International 
Journal of Productivity and Performance 
Management, 71(5), 1590–1610. 
https://doi.org/10.1108/IJPPM-08-2020-0427 

Havlicek, V., Corcoles, A. D., Temme, K., Harrow, 
A. W., Kandala, A., Chow, J. M., & Gambetta, J. M. 
(2019). Supervised learning with quantum-
enhanced feature spaces. Nature, 567(7747), 
209–212. https://doi.org/10.1038/s41586-019-
0980-2 

Benedetti, M., Lloyd, E., Sack, S., & Fiorentini, M. 
(2019). Parameterized quantum circuits as 
machine learning models. Quantum Science and 
Technology, 4(4), 043001. 
https://doi.org/10.1088/2058-9565/ab4eb5 

Chen, S. Y.-C., Yang, C.-H. H., Qi, J., Chen, P.-Y., Ma, 
X., & Goan, H.-S. (2022). Variational quantum 
circuits for deep reinforcement learning. IEEE 
Access, 10, 41418–41427. 
https://doi.org/10.1109/ACCESS.2022.316645
5 

Wang, X., Du, Y., Luo, Y., & Tao, D. (2023). 
Towards understanding the power of quantum 
kernels in the NISQ era. Quantum, 7, 1090. 
https://doi.org/10.22331/q-2023-08-17-1090 

Arrazola, J. M., Bergholm, V., Bradler, K., Bromley, 
T. R., Collins, M. J., Dhand, I., Fumagalli, A., 
Gerrits, T., Goussev, A., Helt, L. G., & Killoran, N. 
(2021). Quantum circuits with many photons on 
a programmable nanophotonic chip. Nature, 
591(7848), 54–60. 
https://doi.org/10.1038/s41586-021-03202-1 

Sharma, K., Cerezo, M., Cincio, L., & Coles, P. J. 
(2022). Trainability of dissipative perceptron-
based quantum neural networks. Physical 
Review Letters, 128(18), 180505. 
https://doi.org/10.1103/PhysRevLett.128.1805
05 

Li, Y., & Benjamin, S. C. (2017). Efficient 
variational quantum simulator incorporating 
active error minimization. Physical Review X, 
7(2), 021050. 
https://doi.org/10.1103/PhysRevX.7.021050 

Romero, J., Olson, J. P., & Aspuru-Guzik, A. 
(2017). Quantum autoencoders for efficient 
compression of quantum data. Quantum Science 
and Technology, 2(4), 045001. 
https://doi.org/10.1088/2058-9565/aa8072 

Kandala, A., Mezzacapo, A., Temme, K., Takita, M., 
Brink, M., Chow, J. M., & Gambetta, J. M. (2017). 
Hardware-efficient variational quantum 
eigensolver for small molecules and quantum 
magnets. Nature, 549(7671), 242–246. 
https://doi.org/10.1038/nature23879 

Preskill, J. (2018). Quantum computing in the 
NISQ era and beyond. Quantum, 2, 79. 
https://doi.org/10.22331/q-2018-08-06-79

 

https://doi.org/10.1038/s41467-024-49910-w
https://doi.org/10.1103/PhysRevLett.130.230602
https://doi.org/10.1103/PhysRevLett.130.230602
https://doi.org/10.1103/PhysRevLett.122.040504
https://doi.org/10.1103/PhysRevLett.122.040504
https://doi.org/10.1007/s42484-022-00073-z
https://doi.org/10.1007/978-3-030-14082-3_23
https://doi.org/10.1007/978-3-030-14082-3_23
https://doi.org/10.1088/2058-9565/acb001
https://doi.org/10.1038/s43588-021-00084-1
https://doi.org/10.1108/IJPPM-08-2020-0427
https://doi.org/10.1038/s41586-019-0980-2
https://doi.org/10.1038/s41586-019-0980-2
https://doi.org/10.1088/2058-9565/ab4eb5
https://doi.org/10.1109/ACCESS.2022.3166455
https://doi.org/10.1109/ACCESS.2022.3166455
https://doi.org/10.22331/q-2023-08-17-1090
https://doi.org/10.1038/s41586-021-03202-1
https://doi.org/10.1103/PhysRevLett.128.180505
https://doi.org/10.1103/PhysRevLett.128.180505
https://doi.org/10.1103/PhysRevX.7.021050
https://doi.org/10.1088/2058-9565/aa8072
https://doi.org/10.1038/nature23879
https://doi.org/10.22331/q-2018-08-06-79

