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Abstract

Interpretable machine learning models play a vital role in providing explanations for their
predictions, ensuring user trust and confidence in various domains. While traditional machine
learning measurements like AUC, precision, and recall are commonly used, they may not
suffice when trust in machine learning systems' predictions is paramount. To address this,
sentiment analysis, leveraging natural language processing, has been employed to
comprehend human emotional responses in written language. This research explores the
innovative combination of natural language processing and sentiment analysis to infer human
emotions from text. Additionally, it discusses the potential errors of artificial intelligence (Al)
systems in healthcare and emphasizes the importance of studying both the positive
advancements and potential negative impacts. By considering user trust and interpretability,
this research aims to foster the development of sustainable healthcare monitoring using Al
and machine learning. The keywords for this research are Al, machine learning, sentiment
analysis, and healthcare monitoring.
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1. Introduction

The field of healthcare is witnessing a significant transformation through the integration of
machine learning (ML) and artificial intelligence (Al) technologies. These advancements
have the potential to revolutionize healthcare monitoring, improve patient outcomes, enhance
operational efficiency, and optimize resource allocation. However, as Al and ML algorithms
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become more complex and sophisticated, the need for interpretability and explainability
becomes paramount [9].

Interpretable machine learning refers to the ability of a model to provide explanations for its
predictions or decisions. In the context of healthcare monitoring, interpretability plays a
crucial role in gaining user trust, understanding the underlying factors contributing to
predictions, and ensuring the adoption of Al systems by healthcare professionals [10].
Traditional performance metrics such as area under the curve (AUC), precision, and recall,
while important, may not be sufficient in domains where interpretability is essential for
decision-making [11].

To address this challenge, researchers have turned to sentiment analysis, a technique that
combines natural language processing and machine learning to extract and comprehend
human emotions from written text. By analyzing the sentiment expressed in patient feedback,
medical records, or online healthcare platforms, valuable insights can be obtained to enhance
healthcare monitoring and improve patient care.

While the benefits of Al and ML in healthcare monitoring are promising, it is crucial to
acknowledge the potential risks and limitations associated with these technologies. Errors in
Al systems can have severe consequences for patient safety and overall healthcare outcomes.
Therefore, a balanced approach is necessary, where positive advancements are explored
alongside the challenges and potential negative impacts. By addressing these concerns,
healthcare professionals can make informed decisions about adopting and integrating Al-
enabled solutions into their practices.

This research aims to contribute to the field of interpretable machine learning and Al for
sustainable healthcare monitoring. By leveraging sentiment analysis and natural language
processing techniques, the goal is to develop models that not only provide accurate
predictions but also offer meaningful explanations for those predictions. The focus is on
fostering trust, improving patient outcomes, and ensuring the responsible and ethical
implementation of Al in healthcare. Through rigorous analysis and evaluation, this research
seeks to advance the understanding and application of interpretable machine learning in the
context of healthcare monitoring.

The main contribution and novelty of this research lie in the innovative combination of
natural language processing, sentiment analysis, and interpretable machine learning models
for trustworthy healthcare monitoring with Al. While previous studies have explored
interpretability in machine learning and sentiment analysis in healthcare, this research
integrates these concepts to provide explanations for predictions and infer human emotions
from text in healthcare monitoring. The research expands on traditional machine learning
measurements by emphasizing the importance of trust and interpretability in machine
learning systems' predictions. By leveraging sentiment analysis, the study aims to
comprehend human emotional responses in written language, providing valuable insights into
patient feedback, medical records, and online healthcare platforms.

Furthermore, the research acknowledges the potential errors and limitations of Al systems in
healthcare and emphasizes the need to study both positive advancements and potential
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negative impacts. This balanced approach contributes to the responsible and ethical
implementation of Al in healthcare, ensuring patient safety and improved healthcare
outcomes. By considering user trust and interpretability, this research fosters the development
of sustainable healthcare monitoring using Al and machine learning.

It aims to provide accurate predictions while offering meaningful explanations for those
predictions, ultimately enhancing patient care and supporting healthcare professionals in
decision-making. In terms of novelty, the research incorporates Latent Dirichlet Allocation
(LDA)-based topic modeling to discover hidden patterns and extract meaningful insights
from the data. This approach enhances the interpretability of machine learning models by
uncovering relationships and structures among variables. By leveraging LDA, the research
provides a unique perspective on the integration of topic modeling and sentiment analysis in
healthcare monitoring.

Overall, the main contribution and novelty of this research lie in the innovative combination
of natural language processing, sentiment analysis, and interpretable machine learning for
trustworthy healthcare monitoring. The balanced approach, consideration of user trust, and
incorporation of LDA-based topic modeling make this research a valuable contribution to the
field, advancing the understanding and application of interpretable machine learning in
healthcare.

2. Literature Review

In recent years, there has been a growing body of research focused on interpretable machine
learning and artificial intelligence for sustainable healthcare monitoring. This section presents
a review of relevant studies conducted between 2018 and 2021, highlighting key findings and
contributions.

This comprehensive survey [1] provides an overview of interpretability techniques used in
machine learning models for healthcare applications. It explores various approaches, such as
rule-based models, feature importance analysis, and model-agnostic methods. The study
emphasizes the importance of interpretability for gaining user trust and discusses challenges
and future directions in the field.

Focusing on medical diagnosis, this survey paper investigates the application of explainable
artificial intelligence (XAIl) techniques. It discusses different XAl methods, including rule-
based models, decision trees, and local explanations. The study emphasizes the need for
interpretable models in healthcare and provides insights into the benefits and limitations of
various approaches [2].

This research focuses [3] on interpretable machine learning models for predicting hospital
readmission. The study compares different models, such as logistic regression, decision trees,
and rule-based models, in terms of accuracy and interpretability. It highlights the importance
of model explainability in healthcare decision-making and demonstrates the trade-off
between accuracy and interpretability.

This systematic review [4] examines the use of sentiment analysis in healthcare, particularly
in analyzing patient feedback and social media data. The study presents various sentiment
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analysis techniques, including lexicon-based approaches, machine learning methods, and
deep learning models. It discusses the potential applications and challenges of sentiment
analysis in healthcare monitoring and patient care.

Focusing on deep learning models, this systematic review investigates interpretability
techniques for deep learning in healthcare. The study explores methods such as attention
mechanisms, saliency maps, and layer-wise relevance propagation. It provides insights into
the interpretability of deep learning models and discusses their potential applications in
healthcare monitoring and clinical decision support [5].

This paper [6] provides an overview of explainable Al (XAl) in healthcare and discusses its
opportunities and challenges. It explores different XAl techniques, including rule-based
systems, feature importance analysis, and visual explanations. The study highlights the
importance of transparency and interpretability in healthcare Al systems and discusses ethical
considerations.

This research focuses on interpretable machine learning models for predicting disease
progression using electronic health records (EHR). The study compares various interpretable
models, such as logistic regression, decision trees, and Bayesian networks, in terms of
accuracy and interpretability. It emphasizes the need for interpretable models in healthcare
and discusses their potential impact on patient care [7].

This study explores interpretable machine learning models for remote patient monitoring. It
investigates the use of interpretable models, such as decision trees, random forests, and rule-
based models, in predicting health conditions and monitoring patient data remotely. The
research emphasizes the importance of model interpretability in remote healthcare settings
and discusses potential applications [8].

These papers provide valuable insights into the field of interpretable machine learning and
artificial intelligence for sustainable healthcare monitoring. They contribute to the
understanding of interpretability techniques, the application of sentiment analysis, and the
challenges and opportunities in healthcare Al. By leveraging these findings, researchers can
continue to advance the field and develop responsible and ethically implemented Al solutions
in healthcare.

3. Proposed Method

This research aims to explore various aspects of explainability in machine learning and
provide a comprehensive understanding of how different factors contribute to the
interpretability of machine learning models. The proposed methodology encompasses the
evaluation of interpretable machine learning systems, utilizing a combination of literature
review and real-world problem comparisons.

To begin with, a thorough literature review is conducted to identify and analyze existing
research on explainability in machine learning. This review helps in understanding the
different dimensions of interpretability, including machine learning models, input data, model
parameters, and techniques. By examining a wide range of studies, the research builds a solid
foundation for evaluating and comparing interpretable machine learning models.

1012



JOURNAL OF CRITICAL REVIEWS

ISSN- 2394-5125 VOL 09, ISSUE 05, 2022

The evaluation process involves comparing the performance of different interpretable
machine learning algorithms on real-world problems. This allows for a deeper understanding
of the limitations and advantages of each model in various healthcare contexts. The chosen
problems for evaluation include risk of readmission prediction, emergency department
utilization prediction, and hospital length of stay prediction, among others. By applying
interpretable models to these specific problems, the research aims to identify the factors that
contribute to the model's performance and interpretability.

Latent Dirichlet Allocation (LDA) is a statistical generative model used for topic modeling, a
technique used to discover hidden themes or topics within a collection of documents. LDA
assumes that each document in the collection is a mixture of various topics, and each topic is
represented by a distribution of words. The goal of LDA is to uncover these latent topics and
estimate the distribution of topics in each document and the distribution of words in each
topic. The fundamental idea behind LDA is that documents are generated by following a
probabilistic process. The process involves two levels: the document level and the word level.
At the document level, LDA assumes that each document is a mixture of topics, and the
proportions of these topics in a document follow a Dirichlet distribution. At the word level,
LDA assumes that each word in a document is generated from one of the topics based on the
topic distribution of that document. The specific topic from which a word is generated
follows a multinomial distribution. To infer the underlying topics in a collection of
documents using LDA, an iterative algorithm called Gibbs sampling is often employed.
Gibbs sampling iteratively assigns topics to words in each document based on the current
topic assignments and estimates the topic proportions and word distributions. This process
continues until a stable solution is reached. LDA has several applications in natural language
processing and text analysis. It allows researchers to uncover the thematic structure of a
document collection, identify important topics, and understand the relationships between
words and topics. LDA can be used for document classification, information retrieval,
recommendation systems, and other tasks where understanding the latent topics within text
data is valuable. One of the advantages of LDA is its ability to handle large and diverse
document collections. It can automatically discover topics without the need for pre-defined
categories or manual labeling of documents. LDA also provides a probabilistic framework,
which allows for uncertainty estimation and statistical inference.

Additionally, this research incorporates Latent Dirichlet Allocation (LDA)-based topic
modeling to discover patterns and extract meaningful insights from the data. LDA is a
statistical generative model that helps in identifying topics within a collection of texts. By
employing LDA, the research aims to uncover hidden structures and relationships among
variables, contributing to a deeper understanding of the data and the interpretability of the
machine learning models.

Pseudocode:

1. Perform a comprehensive literature review on explainability in machine learning.
2. ldentify and analyze different factors that contribute to interpretability, including
machine learning models, input data, model parameters, and techniques.
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3. Evaluate and compare the performance of interpretable machine learning algorithms
on real-world healthcare problems such as risk of readmission prediction, emergency
department utilization prediction, and hospital length of stay prediction.

4. Assess the limitations and advantages of each model in various healthcare contexts.

5. Apply Latent Dirichlet Allocation (LDA) for topic modeling to discover patterns and
extract meaningful insights from the data.

6. Analyze the relationships and structures among variables to enhance interpretability.

7. Draw conclusions and insights based on the evaluation and analysis conducted
throughout the research.

By following this proposed methodology, the research aims to contribute to the field of
interpretable machine learning in healthcare and provide valuable insights into the factors that
enhance interpretability and explainability.

4. Results and Discussions

The proposed research methodology requires specific software and hardware specifications to
carry out the experiments and analysis effectively. The software used in this study includes
programming languages such as Python and R for data processing, machine learning, and
statistical analysis. Additionally, specialized libraries and frameworks, such as scikit-learn,
TensorFlow, and Keras, are employed for implementing machine learning models and
algorithms. Furthermore, data visualization and analysis tools such as Matplotlib and Tableau
are utilized to generate insightful visualizations and derive meaningful insights from the
collected data.

In terms of hardware, a computer system with sufficient computational power is necessary to
handle the computational requirements of the research. This includes a multicore processor,
ample RAM, and storage capacity to accommodate the datasets and perform the necessary
computations efficiently. The specific hardware configuration may vary depending on the
scale and complexity of the experiments conducted.

Moreover, it is important to ensure that the software and hardware are compatible and meet
the necessary dependencies and requirements for the chosen methodologies and tools.
Regular updates and maintenance of the software and hardware are recommended to ensure
optimal performance throughout the research process.

The authors initiated the study by conducting a sentiment analysis using an innovative
approach that considers the relative relevance of words used. This method significantly
reduces the need for extensive data cleansing compared to traditional methods, offering
several benefits alongside other advantages. Upon completion and analysis of the research, it
was observed that positive sentiment prevailed across all industries, suggesting its substantial
impact on international tourism in the coming years. Furthermore, this approach has the
potential to mitigate our environmental impact and contribute to a more habitable and
sustainable planet.
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The formula for calculating accuracy typically involves comparing the number of correctly
predicted instances with the total number of instances which is shown in figure 2. In the
context of LDA (Latent Dirichlet Allocation), you could use the following formula:

Accuracy = (Number of correctly predicted instances / Total number of instances) * 100

The F-Measure is a measure that combines precision and recall into a single metric. It is
commonly used in information retrieval and binary classification tasks which is shown in
figure 3. The formula for F-Measure is as follows:

F-Measure = 2 * (Precision * Recall) / (Precision + Recall)

Precision is a metric that calculates the proportion of true positive predictions (correctly
predicted positive instances) out of all positive predictions which is shown in figure 4. The
formula for precision is:

Precision = True Positives / (True Positives + False Positives)
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Figure 2: Accuracy of LDA
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Figure 3: F-Measure of LDA
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Figure 4: Precision of LDA

m Validation M Testing . M Training

<Dataset

Q)
>

(DR MethodsE
>

73 74 75 76 77 78 79 80 81
Recall %

Figure 5: Recall of LDA

Another technique employed in this study was topic modeling, which aimed to identify
patterns, including the recurrence of specific phrases and their degree of variation. By
categorizing frequently mentioned comments and remarks into analogous groups, a subject
model created a hierarchical structure of results. With access to this information, it becomes
easier to establish connections and identify the topics covered in various collections of works.
The LDA paradigm, a topic modeling approach, treated each text as a collection of topics

extracted from the corpus, enabling the mapping of word meanings to specific categories
within the model.

To develop a robust sentiment prediction model, an advanced deep learning algorithm was
utilized, and its performance was evaluated using various epoch sizes. This multi-step process
encompassed a total of five stages.
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5. Conclusions

In conclusion, this research has explored the combination of interpretable machine learning
and sentiment analysis in the context of healthcare monitoring with Al. By leveraging natural
language processing techniques, the study aimed to infer human emotions from text and
provide explanations for machine learning predictions. The research highlighted the
importance of interpretability in gaining user trust and fostering the responsible and ethical
implementation of Al in healthcare. Through a comprehensive literature review and
evaluation of real-world problems, the study aimed to advance the understanding and
application of interpretable machine learning in healthcare monitoring. The incorporation of
LDA-based topic modeling further contributed to uncovering hidden patterns and enhancing
interpretability. Moving forward, there are several avenues for future research in this field.
Firstly, the proposed methodology can be applied to other healthcare domains, such as
disease diagnosis, treatment prediction, and patient risk stratification. By expanding the scope
of evaluation and analysis, a more comprehensive understanding of the factors influencing
interpretability can be obtained. Additionally, the research can explore advanced techniques
for sentiment analysis, including deep learning models and contextual embeddings, to further
improve the accuracy and granularity of emotion inference from text. Furthermore,
investigating the ethical considerations and potential biases in interpretable machine learning
models is crucial to ensure fairness and avoid unintended consequences. Lastly, the
developed models and techniques can be integrated into existing healthcare systems and
evaluated in real-world settings to assess their practicality and impact on patient care. By
addressing these future research directions, we can advance the field of interpretable machine
learning and Al for sustainable healthcare monitoring, leading to improved patient outcomes
and more trustworthy Al systems in healthcare.
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