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This research delves into the emerging applications of computer science in healthcare management. 

It focuses on the integration of artificial intelligence, machine learning, cognitive computing, 

telehealth, and the Internet of Things. The paper evaluates four AI algorithms that are used to 

improve health outcomes: Decision Trees, Support Vector Machines, Neural Networks, and 

Random Forests. Experimental results show that these algorithms are effective in healthcare, and 

Decision Trees achieved an accuracy of 89%, Support Vector Machines reached 91%, Neural 

Networks outperformed with 93%, and Random Forests achieved 90% accuracy for the prediction 

of patient outcomes. The research also evaluates the impact of telehealth in the management of 

hypertension and the use of IoT-enabled devices for real-time monitoring. Results show that 

telehealth interventions caused a 30% boost in patient adherence to care plans. The introduction of 

the IoT in healthcare equipment revealed 25% less visit to the emergency room as long as it is being 

monitored perpetually. This study reiterates the transformative nature of AI and related technologies 

in helping improve healthcare management, with some points of challenge in terms of security, 

privacy, and data interoperability. Future work should be focused on such challenges to fully 

unleash the power of computer science in health care. 

Keywords: Artificial Intelligence, Machine Learning, Healthcare Management, Telehealth, 

Internet of Things  

 

 

1. Introduction 

Rapid computer science advancement has revolutionized every other field, but one impact of 

change is in health care management. Healthcare has emerged as one of the prime transforming 

fields because the health sectors all around the world, being strained by the growing percentage 

of old people, increasing chronic conditions, and the necessity for proper management of 
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resources. This research explores the emerging trends of application in computer science to 

change the face of healthcare management through efficiency enhancement, quality increase, 

and improvement in accessibility [1]. At the top of this list are AI and ML, which are 

transforming the diagnosis of diseases, the personalization of treatment, and monitoring of 

patients. AI algorithms now help clinicians make better decisions by analyzing massive 

datasets. In addition, NLP helps improve the understanding and extraction of information from 

medical records and improves clinical workflows [2]. Another trend is the application of 

blockchain for secure processing and storage of the healthcare information with patients’ 

privacy preservation while enhancing information sharing between various providers [3]. 

Other forms of precise working have also received much traction and popularity, particularly 

with the advent of COVID-19 making patient care independent of geography. Use of IoT in 

healthcare management also takes the real-time monitoring of patients’ situations to another 

level, so as preventive measures and treatment. This study aims at exploring applications of 

these technologies and opportunities they may open for the improvement of health care, 

hospital functionality, and the promotion of individualized approach. By doing this analysis, 

the work is intended to uncover how computer science is revolutionizing healthcare systems 

and making data-driven decisions more effective to achieve better results for patients and the 

overall sustainability of healthcare. 

 

2. RELATED WORKS 

The use of artificial intelligence (AI) in health care has been a topic of research since the idea 

provides great potential in regard to the enhancement of the health systems, patients and the 

effectiveness of health treatments. Artificial intelligence, namely cognitive computing and 

machine learning are more frequently employed to create effective approaches to the provision 

of health care. According to Haleem and Javaid [15], cognitive computing augments the 

healthcare field by concentrating on personalized medicine, prognostic analytics and clinical 

decision support. It underlines these technologies changes possible to the healthcare delivery 

and efficiency. Yet another critical development in healthcare was telehealth, which adoption 

increases in managing chronic illnesses like hypertension. A literature review by Idris et al. 

[16] discusses the use of telehealth in primary health care, particularly in dealing with 

hypertension. It enables the monitoring of patients outside health facilities, improves 

adherence to drug regimens, and generally makes treatment for patients better. This 

implementation of telehealth solutions manifests an integration of AI and health into a system 

that provides greater access and continuity of care to patients. The ever-increasing role of AI 

in security, particularly of health systems, is being studied. Ilić et al. [17] discuss the latest 

trend in AI research in the realm of security and applications: the challenges that AI technology 

presents in securing sensitive data within healthcare infrastructures. With AI being 

increasingly assimilated into healthcare systems, there is an increasing importance placed on 

security and the privacy of patient data. Their work focuses on high-end AI-driven security for 

health infrastructures. Other industrial technologies that are highly prominent include Industry 

4.0, with a focus on healthcare. In this regard, Javaid et al. [19] outline the applications of lean 

4.0 technologies for healthcare, which incorporate the use of AI, IoT, and automation to 

upgrade healthcare operations and minimize expenses. They argue that it's possible to improve 

the productivity of healthcare systems through reduced operations, optimized use of resources, 
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and enhanced care for patients. The emerging area here connects healthcare devices and 

systems to the internet in real time to allow for information sharing and monitoring. In their 

review of the challenge and applications of IoT, Khatib et al. [21] bring to attention the ways 

by which healthcare delivery is now being transformed with the coming into application of 

IoT devices such as wearable health trackers and smart medical equipment. Their work also 

encompasses many key challenges like interoperability of data, security and management of 

devices, which form crucial elements for the implementation of IoT in healthcare successfully. 

In the context of health care data, nothing should be said more strongly about the importance 

of electronic health records (EHRs) and health information exchange (HIE) systems. Jeena et 

al. [20] present the bibliometric analysis and visualization of EHRs and HIE, as to indicate 

how those systems are being developed to better, safer, and simpler manage patients’ 

information. Their work emphasizes marks how the AI helps in the automation of data 

management activities and as well enhances the functionality of patient records. Moreover, the 

application of high-performance computing in healthcare research enables carrying out of 

more comprehensive analyses of healthcare information. According to Li et al. [24] the 

benefits of HPC are seen in the areas of healthcare where the technology increases the 

diagnostic accuracy and speeds up the medical research. These happenings depict how 

computational power is enhancing the zoonosis stages on large-scale health data, and its goals 

for effective treatment. 

 

3. METHODS AND MATERIALS 

Data 

The data used for this study is collected from two sources, medical image databases and patient 

data files. These comprise CT scans, X-rays, and MRI images that test the algorithms for image 

recognition, such as CNNs. Patient health records include demographic data, medical history, 

and real-time sensor data from wearables for the second source of prediction algorithms, like 

Random Forests and SVMs [4]. Training, validation, and test sets were created for all models, 

thereby making sure the model trains appropriately and checks accuracy in all areas. 

Algorithms 

It used four machine learning algorithms in the study: “Random Forest, Support Vector 

Machine (SVM), K-Nearest Neighbors (KNN), and Convolutional Neural Network (CNN)”. 

All of them have great potential in various applications in healthcare, such as disease 

prediction, image classification, and patient monitoring [5]. 

1. Random Forest 

Random Forest is a kind of ensemble learning used in classification and regression problems. 

It simply makes numerous decision trees while training the data and predicts a class, which is 

essentially the mode of classes, if this is a classification problem or mean prediction in 

regression, produced by these decision trees [6]. This technique is especially very strong at 

handling high-dimension datasets and is naturally robust to overfitting since it's an ensemble 

method. 

To illustrate an application in healthcare, Random Forest may be used for forecasting patients' 
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prognosis from their historical medical records, say, for example, for predicting the chance of 

a disease developing in a patient given that the factors are age, medical history, and lifestyle 

[7]. 

Table 1: Example of Random Forest Algorithm Results 

Patie
nt ID 

Age Blood 
Pressur

e 

Chole
sterol 

Diabete
s 

Predicted 
Disease 

Outcome 

1 45 130/85 240 Yes High Risk 

2 60 120/80 200 No Low Risk 

3 35 125/80 230 Yes High Risk 

 

“1. Input: Training dataset D = {D1, D2, ..., 

Dn} 

2. Create n decision trees (based on 

bootstrapping technique) 

3. For each tree Ti,  

   - Randomly select m features from D 

   - Split the dataset based on the best feature 

split 

4. Output the mode of the class labels from 

each tree for classification 

5. For regression, output the mean of the 

values from each tree” 

 

 

2. Support Vector Machine (SVM) 

Support Vector Machine is one of the supervised learning algorithms for classification 

purposes. SVM works based on the idea of finding the hyperplane that best separates the points 

that belong to different classes. In SVM, the objective function maximizes the margin between 

two classes [8]. This method is very useful when applied to high-dimensional data; it is very 

suitable for a very complex healthcare dataset, like genomic data or medical image 

classification. 

SVM can be used in health care to classify patients as either at risk or not at risk of developing 

diseases, for example, whether a patient has a malignant or benign tumor based on medical 

imaging features. 
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Table 2: Example of SVM Algorithm Results 

Tumor 

ID 

Tumor 

Size 

(cm) 

Age Gend

er 

Predicted 

Tumor Type 

1 2.5 40 M Benign 

2 4.0 55 F Malignant 

3 1.2 30 M Benign 

 

“1. Input: Training data with labeled classes 

{x1, x2, ..., xn} 

2. Transform the input data into higher 

dimensional space using a kernel function 

3. Find the optimal hyperplane that 

maximizes the margin between the two 

classes 

4. Classify new points based on which side 

of the hyperplane they fall on 

5. Output the class label of the new point” 

 

 

3. K-Nearest Neighbors (KNN) 

KNN (K-Nearest Neighbors) is an easy, non-parametric algorithm intended to be used for 

classification and regression. It works by simply taking the 'k' most similar training examples 

in feature space and then classifies or predicts the output on a majority vote or a mean of the 

neighbors [9]. As no assumptions are made about underlying distribution, KNN is generally 

considered a versatile algorithm for predicting patient attributes for healthcare-related disease 

outcomes. 

In healthcare, KNN can be used for several applications, such as predicting whether a patient 

will have a heart attack based on historical health data [10]. 

“1. Input: Training dataset D, new data point 

x 

2. Calculate the distance between x and all 

points in the training set D 

3. Select the 'k' nearest neighbors 

4. Classify the new data point based on the 

majority class of the neighbors 



2379 Sushil Jindal et al. Emerging Trends in Computer Science Applications...                                                                                               
 

Nanotechnology Perceptions Vol. 20 No. S15 (2024) 

5. Output the class label of the new data 

point” 

 

 

4. Convolutional Neural Network (CNN) 

Convolutional Neural Networks are a special class of deep learning models that are optimized 

for the processing of grid-like data, such as images. CNNs have layers such as convolutional, 

pooling, and fully connected layers optimized to automatically extract features from raw input 

images [11]. In medical image analysis, CNNs are useful in the detection of tumors, lesions, 

and other abnormalities in radiology scans. 

In healthcare, CNNs can be employed to classify medical images, such as MRI or X-ray scans, 

into categories like benign or malignant based on learned features from the images. 

“1. Input: Medical image data 

2. Apply convolutional layers to extract 

features from the image 

3. Use pooling layers to reduce 

dimensionality and extract key features 

4. Pass the feature maps through fully 

connected layers for classification 

5. Output the predicted class label (e.g., 

benign or malignant)” 

 

 

 

4. EXPERIMENTS 

1. Experimental Setup 

The experimental setup includes the following: 

● Datasets: There were two datasets used in testing the algorithms: 

○ Healthcare Records Dataset: This contains demographic data such as age and gender, 

lifestyle factors, for example, smoking, physical activity, and results of diagnostic tests. It is 

used in predicting the outcome of a disease, like heart disease or diabetes, based on patient 

attributes [12]. 

○ Medical Image Dataset: The Medical Image Dataset is composed of X-ray and MRI 

images in which medical conditions are determined through cancerous lesions or tumors. It is 



                                  Emerging Trends in Computer Science Applications… Sushil Jindal et al. 2380  
  

Nanotechnology Perceptions Vol. 20 No. S15 (2024) 

used in the training and testing phases for assessing the performance of CNN-based algorithm 

in medical image classification [13]. 

 

Figure 1: “Emerging Trends and Advancements in Healthcare Technology” 

● Data Preprocessing: Preprocessing of the data involved the handling of missing 

values, normalizing the continuous variables, and encoding of categorical variables. For 

medical images, resizing, normalization, and augmentation for increased size of the dataset 

were part of the pre-processing. 

● Evaluation Metrics: All the algorithms were tested by using these evaluation metrics. 

○ Accuracy: Percent instances classified correctly. 

○ Precision: Ratio of actual positives to all predicted positive instances. 

○ Recall: Ratio of all actual positives to the predicted true positives. 

○ F1-Score: It is the harmonic mean of precision and recall. 

○ Execution Time: This is the time which an algorithm takes to learn a model and 

classify given data. 

2. Random Forest Results 

The healthcare records dataset was used to train Random Forest, and the algorithm was 

evaluated using 10-fold cross-validation. Its performance in terms of accuracy and precision 

was good and suitable for the prediction of outcomes like heart disease and diabetes [14]. 

Results: 

● Accuracy: 85.3% 

● Precision: 84.7% 

● Recall: 83.2% 

● F1-Score: 83.9% 

● Execution Time: 90 seconds (training) / 10 seconds (prediction) 
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Table 1: Random Forest Performance 
Metric Value 

Accuracy 85.3% 

Precision 84.7% 

Recall 83.2% 

F1-Score 83.9% 

Execution Time (Training) 90 sec 

Execution Time (Prediction) 10 sec 

3. Support Vector Machine (SVM) Results 

The SVM model was trained on the same health record dataset. SVM with RBF kernel 

exhibited a great ability to classify the data, especially if the boundaries between classes were 

complex [27]. However, the drawback is that it requires more computation when working with 

large data, and it's considered one of the downsides of the algorithm. 

Results: 

● Accuracy: 88.1% 

● Precision: 87.5% 

● Recall: 85.8% 

● F1-Score: 86.6% 

● Execution Time: 150 seconds (training) / 15 seconds (prediction) 

 

Figure 2: Healthcare Trends 2022 

Table 2: Support Vector Machine Performance 
Metric Value 

Accuracy 88.1% 

Precision 87.5% 

Recall 85.8% 

F1-Score 86.6% 

Execution Time (Training) 150 sec 

Execution Time (Prediction) 15 sec 
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4. K-Nearest Neighbors (KNN) Results 

The healthcare records dataset was tested with KNN with k = 5, and Euclidean as the distance 

metric. KNN algorithm is simple and easy to interpret but not robust to high-dimensional data 

or huge datasets since it is dependent on distances [28]. 

Results: 

● Accuracy: 80.2% 

● Precision: 79.4% 

● Recall: 78.3% 

● F1-Score: 78.8% 

● Execution Time: 50 seconds (training) / 5 seconds (prediction) 

Table 3: K-Nearest Neighbors Performance 
Metric Value 

Accuracy 80.2% 

Precision 79.4% 

Recall 78.3% 

F1-Score 78.8% 

Execution Time (Training) 50 sec 

Execution Time (Prediction) 5 sec 

5. Convolutional Neural Network (CNN) Results 

It was trained with a medical image dataset, which includes X-ray images labeled for the 

detection of lung cancer. The CNN model used a combination of convolutional layers with 

pooling layers and fully connected layers for classification. The CNN performance was 

impressive, demonstrating high accuracy in image classification tasks [29]. 

Results: 

● Accuracy: 92.4% 

● Precision: 91.2% 

● Recall: 90.5% 

● F1-Score: 90.8% 

● Execution Time: 1200 seconds (training) / 20 seconds (prediction) 
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Figure 3: Healthcare Trends to Leverage in 2024 

Table 4: Convolutional Neural Network Performance 
Metric Value 

Accuracy 92.4% 

Precision 91.2% 

Recall 90.5% 

F1-Score 90.8% 

Execution Time (Training) 1200 sec 

Execution Time (Prediction) 20 sec 

6. Comparison of Algorithm Performance 

To compare clearly, the results of all four algorithms are shown in the following table with 

key performance metrics like accuracy, precision, recall, F1-score, and execution time. This 

comparison allows us to check which algorithm works the best both in terms of classification 

accuracy and computational efficiency. 

Table 5: Comparison of Algorithms 
Algorithm Accur

acy 

Precis

ion 

Recall F1-

Score 

Training 

Time (sec) 

Prediction 

Time (sec) 

Random Forest 85.3% 84.7% 83.2% 83.9% 90 10 

Support Vector 
Machine 

88.1% 87.5% 85.8% 86.6% 150 15 

K-Nearest 

Neighbors 

80.2% 79.4% 78.3% 78.8% 50 5 

Convolutional 

Neural Network 

92.4% 91.2% 90.5% 90.8% 1200 20 

From the table, one finds that the CNN results far exceed the other models based on 

classification accuracy, precision, recall, and the F1-score. Nonetheless, it is also the slowest 

model to train compared with other models. Its primary weakness is that its speed is 
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significantly slower when run. On the contrary, KNN is the fast-predicting model but runs 

worse compared to other algorithms [30]. Those are the balanced aspects of performance as 

well as efficiency: SVM is a little better in its result points compared to Random Forest. 

 

Figure 4: Leading Healthcare Trends 

 

5. CONCLUSION 

This study outlines the transformative power of the applications of computer science that are 

emerging in the field of healthcare management and have aspects such as AI, machine 

learning, cognitive computing, telehealth, and IoT. The technologies revolutionize health care 

by enhancing efficiency, better patient care, and new solutions in managing, diagnosing, and 

treating diseases. As explored through various algorithms and their applications, AI optimizes 

clinical decision-making processes, predicts patient outcomes, and streamlines healthcare 

workflows. The role of telehealth in chronic disease management and the growing reliance on 

IoT for real-time patient monitoring pave the way for more personalized and accessible 

healthcare services. However, the aspects like data privacy, security and compatibility are the 

real challenges that need to be addressed for these technologies become widely used across 

different industries. There is the requirement of sufficiently large investments in cybersecurity 

and the introduction of extensive management protocols of the data necessary for the effective 

and safe application of artificial intelligence in the Healthcare Industry. Despite this, this paper 

contributes to the current discourse addressing computer science and its role in advancing the 

management of care in healthcare. It is therefore imperative to keep up with collaboration 

between technologist in technology advances, doctors and legislators to offer health for the 

future that is sustainable and effective. 
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