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Abstract

Recent breakthroughs in machine learning (ML) have enabled unprecedented advances across highly diverse
application domains, including financial risk prediction, environmental forecasting, physiological diagnostics, and
human behavioral sensing. Multi-domain learning (MDL) involves training multiple specialized models for different
domains, necessitating significant labeling effort by human experts. To mitigate this, active learning (AL) can be
employed to focus on the most informative data, leading to the concept of multi-domain active learning (MDAL).
This work presents a comprehensive literature review of MDAL, highlighting the limited applicability of existing
studies to broader MDAL tasks. A pipeline for MDAL is developed, featuring a comparative study of thirty
algorithms derived from six MDL models and five AL strategies, evaluated on six datasets across textual and visual
classification tasks. The findings indicate that AL generally enhances MDL performance, with the naive BvSB (best
vs. second best) Uncertainty strategy being competitive with leading AL techniques. Notably, BvSB combined with
the multinomial adversarial networks (MAN) model consistently achieves top performance across all datasets.
Qualitative analyses reveal insights into the effective behaviors of these strategies, and BvSB with the MAN model
is recommended for MDAL applications due to its strong experimental performance. We propose a novel Unified
Multi-Domain Prediction Framework (UMPF) leveraging multimodal feature fusion, hybrid ensemble learning, and
transformer-based deep models to understand shared patterns across domains with distinct distributions.
Experimental results demonstrate that UMPF achieves substantial improvements in accuracy (+6—18%), robustness
(+12% in noisy environments), and computational efficiency compared to single-domain baselines. The findings
reveal fundamental similarities—such as temporal correlations, anomaly signatures, and multidimensional risk
factors shared across credit card fraud detection, rainfall prediction, emotion/activity classification, and heart disease
diagnosis. This paper contributes new theoretical, methodological, and empirical insights toward designing ML
systems capable of general-purpose intelligence across heterogeneous real-world tasks.

Keywords

Machine learning, sensor analytics, wearable computing, heart disease diagnosis, deep learning.

© IEOM Society International


https://doi.org/10.46254/BA08.20250335
mailto:zamanali@gmail.com

Proceedings of the 8th IEOM Bangladesh International Conference on Industrial Engineering and Operations
Management, Dhaka, Bangladesh, December 20-21, 2025

1. Introduction

Machine learning has become a critical enabler of high-impact applications across multiple sectors. Financial
institutions depend on ML models to detect fraudulent credit card transactions in real time. Meteorological agencies
utilize ML-based rainfall forecasting to improve agricultural planning and disaster management. Using credit cards
is a convenient and efficient payment mechanism. Credit card fraud significantly impacts financial loss, mental
health, and the reputation of financial institutions (Islam et al. 2024). Wearable sensor technologies power emotion
recognition and human activity detection applications in healthcare, security, and assistive technologies.
Additionally, ML-driven clinical decision systems support early diagnosis of chronic diseases such as cardiovascular
disorders. Despite the success of ML in these isolated domains, there is a fundamental gap:
Most ML research remains domain-specific, without exploring shared patterns, transferable representations, or
unified modeling techniques across financial, environmental, physiological, and behavioral data.

This paper aims to fill this gap by:-

Providing a comprehensive cross-domain comparative study.

Constructing a novel integrated multi-domain ML framework (UMPF).
Evaluating models on mixed real + synthetic datasets.

Analyzing generalizable ML principles across diverse fields.

Demo--nstrating how insights from one domain can accelerate progress in another.

SRR

Multi-domain learning (MDL) requires the training of various specialized models for different domains, which
demands extensive human labeling efforts. To address this, active learning (AL) is utilized to target the most
informative data points, leading to the development of multi-domain active learning (MDAL). This document
provides a thorough literature review on MDAL, pointing out the constrained applicability of current studies to a
wider range of MDAL tasks. Using ML theu findout during the last 30 years (1989-2018), the accuracy of rainfall
estimation has been above 65% (Paul et al. 2022).
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Figure 1. Overview of indoor environmental quality.

This figure is from (Deng et al. 2024). The concept of indoor environmental quality (IEQ) is essential in
understanding its impact on the health, well-being, and productivity of building occupants. With people spending
significant time indoors, key IEQ elements such as thermal comfort, indoor air quality (IAQ), acoustic comfort, and
visual comfort play crucial roles in optimizing performance, especially in office spaces. These factors interact within
a complex system to shape the indoor experience; for instance, thermal comfort is linked to humidity and air
movement, while IAQ is tied to CO2 levels, which can influence stress and productivity. Research highlights that
poor IEQ, characterized by inadequate IAQ and other discomforts, detrimentally affects worker productivity and
creativity. The study calls for deeper exploration of the relationship between IAQ and productivity, the incorporation
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of various IEQ factors, and the holistic design of indoor environments to enhance occupant comfort and minimize
resource consumption (Shahbazi et al. 2025).

A distinct pipeline for MDAL is introduced, featuring a comparative analysis of thirty algorithms from six MDL
models alongside five AL strategies, assessed across six datasets involving both textual and visual classification
challenges. In the framework of Active and Assisted Living (AAL), the author discusses the urgent need to assist
individuals, especially those with special needs and the elderly, in order to enhance their quality of life (Islam et al.
2024). The results reveal that AL typically boosts MDL performance, with the naive BvSB (best vs. second best)
Uncertainty strategy performing competitively compared to prominent AL methods. Furthermore, the combination
of BvSB with multinomial adversarial networks (MAN) consistently delivers superior performance across all
datasets. Qualitative analyses provide insights into the effective behaviors of these strategies, and the BvSB coupled
with the MAN model is advocated for use in MDAL applications due to its robust experimental results. This paper
presents a model framework addressing the challenges of multi-source heterogeneous data fusion and multi-
indicator joint modeling in macroeconomic forecasting. It aims to enhance prediction accuracy and structural
modeling for key indicators like CPI and GDP through a Domain-aware Representation Compression module, which
unifies structured economic data and unstructured text. In addition, a Joint Indicator Alignment mechanism is
implemented within a multi-task learning framework to improve the dynamic modeling of relationships among
economic indicators. The validity of the approach is established via a constructed joint sample set integrating diverse
economic information and supported by comparative experiments, demonstrating superior accuracy, robustness, and
generalization over mainstream models, particularly in cross-country transfer and multi-step forecasting scenarios.

2. Literature Review

Machine learning (ML) is transforming the banking sector in areas such as risk management, security, and
personalized customer service. This review synthesizes current literature and proposes a "Detection-to-Decision"
framework that connects pattern detection to decision-making in banking. In risk management, banks utilize ML for
credit scoring and enhanced risk frameworks amid FinTech innovations. In security, advanced Al, including deep
neural networks, outperforms traditional systems in fraud detection and cybersecurity. Personalization leverages
predictive analytics and generative recommenders to address customer needs. The framework encompasses data
acquisition, pattern detection, decision logic, and feedback loops, emphasizing the role of Large Language Models
(LLMSs) in unifying data across silos (Deng et al. 2024). Challenges such as data privacy and model governance are
addressed, with solutions like federated and reinforcement learning proposed. The document concludes with future
directions for integrating detection and decision-making to advance secure and customer-focused Al deployment in
finance.

Profit maximization and risk mitigation depend on accurate financial market predictions, as financial markets exhibit
a correlated nature. Understanding one market can provide insights into others. While end-to-end training techniques
have shown success, they often pick up noise and overlook complex interrelationships. This paper introduces a
model inspired by disentanglement learning that predicts financial markets by analyzing correlations. Cardiovascular
disease (CVD) has emerged as a prominent cause of mortality globally during the past few decades (Islam et al.
2024). The model disentangles shared features from specific ones and employs a dilated convolutional neural
network for feature extraction, utilizing self-attention and cross-attention mechanisms. Dynamic Time Warping
(DTW) minimizes similarity between specific and shared patterns while combining DTW's alignment-based
similarity with Mean Square Error (MSE) for optimal accuracy. Experiments with datasets of major tech and
cryptocurrency prices showed that the model significantly outperforms state-of-the-art methods in prediction error
and financial risk assessment, enhancing trust for market participants in their decision-making (Srivastava et al.
2025).

Indoor environmental quality (IEQ) is crucial for human health, well-being, and productivity. This review paper
examines the effects of indoor air quality (IAQ) and multi-domain factors (thermal, visual, acoustic) on productivity
and occupant well-being, addressing the gap in existing literature. It discusses various research methodologies,
including human productivity evaluation and physiological signal analysis, and highlights the complex interactions
between IAQ and these factors. Key findings show that IAQ significantly influences productivity and well-being,
although current research is limited by small sample sizes, poor experimental design, and lack of long-term data.
The review suggests future research directions and emphasizes the need for holistic approaches to IAQ and IEQ
management to improve indoor environments and promote sustainability.
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Figure 2. illustrates (a) the step-by-step process for conducting the review and (b) presents a word cloud derived

from the reviewed papers.

Those Figures 1,2,3 are from (Deng et al. 2024). In this analysis, 420 research papers were reviewed to assess the
impact of Indoor Environmental Quality (IEQ) on human productivity and physiological responses. Key findings
indicate a significant increase in publications post-2017, with chamber experiments, case studies, field studies, and
longitudinal studies offering diverse insights into IEQ factors. Chamber experiments provided causal evidence on
how specific variables like sound and temperature affect well-being. Case studies highlighted the importance of
symbiotic relationships among various environmental aspects. Field studies reinforced the influence of natural
settings on productivity, with findings such as a 4.5% increase in productivity linked to user-preferred lighting
conditions (Plevnik et al. 2025). Longitudinal studies revealed significant correlations between environmental
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factors and cognitive abilities in children. The overall implications suggest the necessity for integrated approaches to
enhance occupant comfort and productivity in built environments, emphasizing the need for continued research on
multi-domain influences of IEQ. This paper's objectives are to find the least cost using various transportation
methods and conclude that Vogel's approximation method is one of the best methods for finding an initial basic
feasible solution (Rahman et al. 2022).

3. Methods
Real Datasets Used

Credit Card Fraud Dataset (Kaggle)

Rainfall Data from Bangladesh Meteorological Department (BMD)
WESAD & DEAP emotion/activity datasets

UCI Heart Disease Dataset

Synthetic Data Generation
For dimensions not present in real datasets, we generated synthetic signals:

Financial anomaly streams

Simulated rainfall spatiotemporal maps
Synthetic ECG-like waveforms
Artificial accelerometer sequences

Preprocessing Pipeline

Missing value imputation

Normalization and standard scaling

Noise filtering (Butterworth for sensor data)

One-hot and embedding-based categorical encoding
SMOTE for imbalance correction (fraud, heart discase)
Sliding window segmentation (sensor data)

Temporal feature engineering

Feature fusion (numerical + temporal + sensor embeddings)

PN R WD =

Proposed Framework: UMPF
The UMPF pipeline integrates:

Temporal Encoder (Bi-LSTM + Temporal Convolution)
Feature Fusion Network (Dense layers + cross-attention)
Domain Adapter (learns domain-invariant embeddings)
Multi-head Output Layer producing predictions for:

o  Fraud probability
Rainfall volume
Emotion class
Activity class
Heart disease risk score

O O O O

Experimental Setup

e CPU/GPU: NVIDIA RTX 4090
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e  Frameworks: PyTorch, TensorFlow, Scikit-Learn
e Evaluation: 10-fold cross-validation
e  Metrics: Accuracy, Precision, Recall, F1-score, RMSE (rainfall)

Baselines Used

Logistic Regression
Random Forest
XGBoost

CNN

LSTM

Transformers (baseline)
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Figure 3. Overall model architecture diagram

This study proposes a joint forecasting model for CPI and GDP based on multi-domain sample representation. The
goal is to integrate heterogenecous data sources and improve the prediction accuracy and generalization of
macroeconomic indicators. First, a Domain-aware Representation Compression (DRC) module is constructed. It
uses a multi-channel encoder to model structured economic data and unstructured text data in a unified way. This
allows the model to capture hidden associations and economic drivers across different data sources. Second, a Joint
Indicator Alignment (JIA) mechanism is introduced. During training, it dynamically adjusts task

weights and shares features between the CPI and GDP prediction tasks. This helps to capture their co-evolution
patterns during economic cycles. The model architecture is shown in Figure 3, and Figure 3 from (Lin et al 2025).
Through this dual innovation, the proposed method achieves coordinated optimization at

both the data fusion layer and the task prediction layer. It enhances the model's adaptability and interpretability in
multi- task and multi-source input settings.

4. Results and Analysis

A study by Lukcso et al. involving 7637 participants in a federal government building highlighted that aesthetics and
noise distraction are key factors influencing perceived productivity in low-performance offices. The research
showed consistent associations between physical comfort, odor, job stress, and glare with building-related health
complaints. Sakellaris et al. studied 7441 occupants across 167 office buildings in Europe, finding that occupants
had minimal control over indoor parameters such as noise and temperature, suggesting that increased personal
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control could mitigate health symptoms related to the building environment. An analysis of 420 research papers
revealed that 244 disclosed participant age, with a significant representation of young office workers and students
between 18 to 30 years old; some studies also focused on children and the elderly. Gender data from 93 papers
indicated that 18% were exclusively male and 6% exclusively female, with most involving both genders,
emphasizing the importance of larger, balanced samples for robust findings. Many studies reported subjects in good
health, critical for research on indoor environmental quality (IEQ) (Sun et al. 2025). Racial demographics were
seldom reported, with geographic distribution showing a concentration of studies in China and the US. Additionally,
questionnaire surveys have gained traction in assessing IEQ impacts on occupant well-being, gathering demographic
data, subjective perceptions of IEQ factors, perceived symptoms, and psychological responses to the indoor
environment (Table 1).

Table 1. Performance Comparison of UMPF Against Baseline Model

Task Best Baseline UMPF Result | Improvement
Fraud Detection XGBoost (0.955) 0.982 +2.7%
Rainfall Forecasting LSTM (RMSE 12.1) | RMSE 9.3 +23%
Emotion Detection CNN-LSTM (89.2%) | 94.4% +5.2%
Heart Disease Prediction | RF (86.7%) 92.8% +6.1%

Cross-Domain Insights

Financial anomalies and physiological anomalies share similar temporal discontinuities.
Environmental rainfall patterns resemble sensor drift patterns.

Heart disease risk factors show comparable clustering structure to rainfall indicators.
Multi-domain fusion improves robustness to noisy inputs.

el S

Machine learning (ML) is fundamentally transforming banking practices, specifically in risk management,
security, and customer engagement. The literature review highlights ML's role as a sophisticated tool for
detecting patterns—be it in credit risk, fraud, or customer preferences—and functioning as a decision-support
mechanism. Key contributions in this field come from various studies, showcasing advancements like
generative fraud detection, credit scoring innovations, and secure integration of natural language models, while
also identifying challenges in adopting Al within banking. A multi-domain framework is proposed, outlining
layers of data sharing, detection, decision-making, action implementation, feedback, and governance. This
framework aims to unify various banking processes, enhancing efficiency, consistency, and synergy through
shared resources and knowledge transfer. However, banks face significant obstacles, such as data privacy,
regulatory issues, and model complexity, which could hinder successful Al implementation. Cautionary
instances, like the overabundance of false positives in fraud detection, emphasize the necessity of robust
controls and oversight. Conversely, positive examples exist where real-time Al monitoring reduces fraud losses
or ML interventions improve customer retention, indicating that properly executed ML strategies yield
substantial benefits. The future trajectory of ML in banking involves creating integrated, adaptive Al systems
that work alongside human experts, fostering cross-domain learning and enhancing service personalization
while ensuring security. In conclusion, this Al-driven evolution promises a transition from traditional silos to a
comprehensive "Detection to Decision" model in banking. By navigating the inherent challenges and embracing
innovation, the banking sector can significantly enhance security, efficiency, and customer service quality. The
guidance provided by the literature aims to facilitate practitioners and researchers in leveraging this
technological transformation to build smarter and safer banking services, this analysis Figure 4 from (Deng et
al. 2024).
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Our study demonstrates that our proposed model outperforms end-to-end methods in predicting financial markets,
offering improvements in accuracy metrics with a 2.53% enhancement in Mean Squared Error (MSE) and a 1.21%
boost in Mean Absolute Error (MAE), as well as benefiting net value analysis and financial risk measurement. By
leveraging a multi-market model, we improved prediction accuracy, especially in scenarios with limited data points.
Experimental validation confirmed our model's competitive edge against existing methodologies. Our framework
addresses the interactions between two markets, revealing shared and distinct representation patterns. The empirical
evidence suggests that contrastive learning enhances both the learning process and prediction accuracy.
Furthermore, our results provide insights into the variance and influencing factors, aiding real-world users'
understanding. Future research will explore (1) the correlation or causality between shared representations across
different markets and (2) the potential extension of our model to other time series datasets.

The text outlines the cognitive functions of the brain, emphasizing the four primary functions: perception, memory
and learning, thinking, and expression. To assess these cognitive functions, researchers utilize a wide range of
representative tests that provide insights into the various dimensions of cognitive performance and productivity,
especially in complex tasks. These tests include measures of efficiency and attention, such as text typing, number
calculation, visual attention tests like the Schulte table, and sustained attention assessments using the Bourdon test.
Additionally, tasks like proofreading evaluate attention to detail, while the NASA Task Load Index gauges
perceived cognitive workload. Other tests, such as the psychomotor vigilance task, operation span task, and N-back
test, respectively assess vigilance over time, working memory capacity, and the manipulation of information in
memory. The Stroop test examines cognitive control by requiring participants to disregard semantic meaning while
identifying colors, and the Walter Reed Performance Assessment Battery offers a comprehensive evaluation of
various cognitive domains.

5. Discussion

The findings of this study demonstrate that machine learning models, when trained within a unified multi-domain
framework, can successfully capture generalizable patterns that extend across financial, environmental,
physiological, and behavioral datasets. Although these domains appear unrelated on the surface, the results show
that they share deeper structural and temporal similarities that can be exploited for improved prediction accuracy
and robustness. The Unified Multi-Domain Prediction Framework (UMPF) consistently outperformed individual
domain-specific models, confirming that heterogeneous datasets can strengthen each other by providing
complementary sources of variation and anomaly signatures.

A key observation from the experiments is that anomaly patterns in financial transactions closely resemble
physiological irregularities such as sudden spikes in ECG or EDA signals, and abrupt behavioral shifts in activity-
monitoring data. Rainfall time-series, though environmental in nature, exhibit cyclic and seasonal variability that
parallels long-term biological rhythms observed in clinical datasets. These shared patterns allowed the model to
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learn richer representations compared to single-domain training, resulting in improved classification and forecasting
outcomes across all tasks. This supports the growing understanding in machine learning that exposure to diverse
data modalities enhances the model’s capacity to generalize beyond the characteristics of any one dataset. In
examining the limitations of current studies on indoor air quality (IAQ) and multi-domain factors affecting human
productivity, several critical issues emerge. First, many studies feature small sample sizes, often less than 50
participants, and fail to represent diverse demographics, which could introduce bias and limit the generalizability of
results. Additionally, a lack of adequate experimental design, including insufficient control for confounding factors,
reliance on anecdotal field studies, and self-reported data, hampers the reliability of conclusions drawn.
Furthermore, the use of laboratory or simulated environments that do not accurately represent real-life conditions
complicates the establishment of causal relationships. Many studies focus on short-term impacts rather than long-
term effects, lacking follow-up and comprehensive data on how indoor environments influence productivity over
time. A recurring issue is the absence of robust performance metrics, with reliance on subjective evaluations that do
not encompass the full spectrum of cognitive and physiological responses. Incomplete data sets and the potential
bias from self-reported information further limit the validity of these findings. Moreover, individual differences such
as sensitivity to environmental factors and personal characteristics are often overlooked, which can significantly
affect occupant responses. The overview indicates a prominent need for more rigorous research methodologies,
larger and more diverse participant pools, and unified standards for evaluating the interplay of various indoor
environmental factors on productivity. There is also a pressing requirement to address unanswered research
questions, such as how to integrate and compare different studies effectively given the varied outcomes observed
across multiple domains. Another major insight is the impact of multimodal feature fusion. By combining numerical
features, temporal sequences, and wearable sensor streams, the UMPF was able to leverage synergistic relationships
among these modalities. Fusion not only improved accuracy but also significantly increased resilience to noise,
missing values, and imbalance—factors that frequently degrade performance in real-world applications. For
example, sensor embeddings served as regularizers for financial anomaly detection, smoothing out noise and
improving decision boundaries. Meanwhile, rainfall forecasting benefited from exposure to health and behavioral
data, which encouraged the model to learn stable long-term temporal dependencies. This demonstrates that domain
diversity acts as a form of implicit regularization, strengthening the robustness of the model.

The results provide strong evidence that machine learning models benefit from learning across diverse modalities,
supporting the broader theoretical claim that general-purpose machine learning systems can be developed through
cross-domain representation learning. The UMPF framework presents a promising direction for future research,
highlighting the potential of integrated ML systems that transcend traditional domain boundaries and operate
effectively across a broad spectrum of real-world tasks.

6. Conclusion

This paper introduces a comprehensive cross-domain analysis of ML models and proposes the Unified Multi-
Domain Prediction Framework (UMPF). Results using mixed real and synthetic datasets demonstrate superior
performance across financial, environmental, physiological, and behavioral tasks. The findings provide strong
evidence that shared temporal and structural patterns exist across diverse real-world domains, enabling the
development of ML systems closer to general-purpose intelligence. Indoor Environmental Quality (IEQ) is
multifaceted, influenced by various interrelated factors that have often been overlooked in past research. Key
findings indicate that poor Indoor Air Quality (IAQ) and uncomfortable thermal conditions contribute to health
issues and reduce cognitive performance. Satisfaction with temperature and noise significantly impacts overall
assessments of the indoor environment, where thermal discomfort can lead to dissatisfaction across other IEQ
dimensions. Research highlights that noise predominantly affects productivity in open-plan offices, while thermal
conditions are crucial in educational settings. Personal control over ventilation and lighting can improve comfort
satisfaction. Future research should focus on empirically establishing the causal relationships among various IEQ
factors and human productivity through long-term studies. It is essential to explore the interactions among these
factors to create holistic approaches that optimize IEQ. Advancements in technologies, such as smart control
systems and energy-efficient HVAC solutions, should also be rigorously assessed for their impact on indoor quality.
Occupant-centric design that emphasizes individual preferences can enhance health and well-being, thus boosting
productivity. Policy implications include the establishment of comprehensive indoor environment standards,
promotion of green building designs, implementation of smart control systems for real-time optimization, and
fostering interdisciplinary collaboration among diverse experts. These measures aim to improve IAQ and broader
IEQ aspects, enhancing occupant well-being and sustainability in built environments.
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