

[image: image1]
An integration of hybrid MCDA framework to the statistical analysis of computer-based health monitoring applications









 


	
	
TYPE Original Research
PUBLISHED 08 January 2024
DOI 10.3389/fpubh.2023.1341871






An integration of hybrid MCDA framework to the statistical analysis of computer-based health monitoring applications

Wang Hongxia1, Guo Juanjuan2, Wang Han1, Lan Wenlong1, Muhammad Yasir3 and Li Xiaojing1*


1Qingdao Municipal Center for Disease Control and Prevention, Qingdao, China

2Affiliated Qingdao Third People’s Hospital, Qingdao University, Qingdao, China

3College of Oceanography and Space Informatics, China University of Petroleum, Qingdao, China

[image: image2]

OPEN ACCESS

EDITED BY
 Enrico Capobianco, Jackson Laboratory, United States

REVIEWED BY
 M. A. Alsalem, University of Mosul, Iraq
 Shah Nazir, University of Swabi, Pakistan

*CORRESPONDENCE
 Li Xiaojing, qdcdclxj@126.com 

RECEIVED 21 November 2023
 ACCEPTED 12 December 2023
 PUBLISHED 08 January 2024

CITATION
 Hongxia W, Juanjuan G, Han W, Wenlong L, Yasir M and Xiaojing L (2024) An integration of hybrid MCDA framework to the statistical analysis of computer-based health monitoring applications. Front. Public Health 11:1341871. doi: 10.3389/fpubh.2023.1341871

COPYRIGHT
 © 2024 Hongxia, Juanjuan, Han, Wenlong, Yasir and Xiaojing. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
 

The surge in computer-based health surveillance applications, leveraging technologies like big data analytics, artificial intelligence, and the Internet of Things, aims to provide personalized and streamlined medical services. These applications encompass diverse functionalities, from portable health trackers to remote patient monitoring systems, covering aspects such as heart rate tracking, task monitoring, glucose level checking, medication reminders, and sleep pattern assessment. Despite the anticipated benefits, concerns about performance, security, and alignment with healthcare professionals’ needs arise with their widespread deployment. This study introduces a Hybrid Multi-Criteria Decision Analysis (MCDA) paradigm, combining the strengths of Additive Ratio Assessment (ARAS) and Analytic Hierarchy Process (AHP), to address the intricate nature of decision-making processes. The method involves selecting and structuring criteria hierarchically, providing a detailed evaluation of application efficacy. Professional stakeholders quantify the relative importance of each criterion through pairwise comparisons, generating criteria weights using AHP. The ARAS methodology then ranks applications based on their performance concerning the weighted criteria. This approach delivers a comprehensive assessment, considering factors like real-time capabilities, surgical services, and other crucial aspects. The research results provide valuable insights for healthcare practitioners, legislators, and technologists, aiding in deciding the adoption and integration of computer-based health monitoring applications, ultimately enhancing medical services and healthcare outcomes.
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1 Introduction

The significant transformation the healthcare industry has undergone as a result of technological advancements is the direct cause of the development of computer-based health tracking software. These innovative applications offer a variety of benefits, including ongoing data collection, remote patient monitoring, and specialized medical services. Doctors and nurses are now better equipped to observe and operate patients’ health thanks to the smooth installation and usage of these apps with handheld gadgets, cell phones, and other sophisticated technologies. When these revolutionary resolves are put into practice, both patients and healthcare professionals feel strengthened since they have the ability to utilize crucial observations and resources for effectively managing, enforcing, and improving the quality of life. Computerized health monitoring systems are becoming increasingly prevalent, which is due to all of their beneficial features. These tools give individuals the comfort, mobility, and chance to take an active role in managing their particular health. Patients may anticipate health issues and make sound decisions about their condition by receiving constantly updated inputs and relevant responses. For healthcare professionals, these applications offer major data points that help with the creation of more customized and intelligent therapeutic activities. Doctors and nurses may give immediate assistance and distant therapy by using real-time patient health measurements and patterns. This improves patient satisfaction and relieves pressure on conventional medical structures. It is becoming more and more clear that computer-based health monitoring systems have the potential to change how healthcare is delivered as their use grows more prevalent. However, an extensive assessment of these apps’ efficacy, ease of use, and meeting marketplace requirements is essential given their increasing growth. It is crucial to take a scientific and evidence-based strategy to assess the performance of these apps given the variety of applications that are now accessible, each with its own distinct characteristics. Intending to deliver helpful knowledge for healthcare practitioners and stakeholders about well-informed decisions, our study attempts to address the major concern of evaluating and scrutinizing these applications. This study aims to determine the benefits and downsides of various apps, determine whether they are suited for certain healthcare situations using MCDA approaches, and offer improvements for future advancement through a thorough analysis.

The investigation that Sundström et al. (1) have proposed seeks to offer a survey of understanding and expertise gaps in the area of computer-based drugs measures by collecting data on the clinical efficacy of computer-based alcoholic beverages measures in various demographics and analyzing the implications of four specific facilitators of performance, medicinal direction, length of the treatment, assistance, and trial involvement. A collection of computer-based alcoholic beverage remedies investigated in thorough analyses of controlled studies between 2005 and 2015. Computer-based alcohol treatments have been viewed as useful in lowering alcohol intake in all of the relevant assessments, with the majority of the effect strengths being limited. Longer, multisession therapies may be more beneficial than less lengthy one-session ones, according to a previous study. The suggested thorough assessment identifies several kinds of topical gaps that may help direct future research in this area while also highlighting the overwhelmingly favorable research in favor of computer-based alcohol rehabilitation. The widespread adoption of wearable technology and bio-signal instruments, as well as the growth of the IoT and networking technologies, have all contributed to substantial advancements in the field of the quantified self. A number of platforms and services are using the premise, even if they are all primarily targeted toward certain industries like everyday usage and professions like athletics and healthcare. The proposed research (2) takes advantage of the AGILE IoT gateway’s open design, flexibility, and extension abilities to offer a multifaceted, cross-domain platform for creating services for the quantified self.

Effective medical services are needed to sustain individual health due to older people and the rise in chronic diseases globally. The suggested study offers a way for converting data collected by sensors into real-time therapeutic input by analyzing IoT-based medical services. This strategy takes a number of factors into account, namely mining, transmitting, analyzing, preserving, and detecting. By choosing to embrace a strategy that enables the creation of systems that are both practical and efficient, the developers will be able to go forward with system design for IoT-based medical purposes. The review’s findings indicate that predictive modeling, data mining, and personal care are the three IoT uses for medicine that are expanding the fastest (3). A novel strategy in the field of medicine is accessible healthcare. The accessible intelligent hospital, which includes a health screening system, and the accessible intelligent house are two of the most intriguing uses for accessible healthcare. Pharmaceutical staff members are kept up to date on the most recent computer-based advancements for enhancing patient care and streamlining hospitals thanks to medical technology. Clinics and other intelligent residences are being distributed around the country via an innovative, news-style strategy. Kemis et al. (4) perform this by developing a medical screening platform for widely scattered sensor systems. The pulse detector connects to the web server and transmits data there using the wireless RN-XV device, which depends on 802.11 standards. The health information that has been gathered may be accessed and reviewed by a doctor or nurse from a distance.

The severe biological disorder diabetes mellitus, also known as diabetes, currently affects people all around the world. This is crucial for a strong framework that can more correctly and quickly anticipate diabetes and its changes. Based on the size and complexity of the present body of research, hospitals urgently require appropriate and rapid disease assessments. Considering the present situation, it is imperative to develop mechanisms that are more adaptable, precise, trustworthy, and responsive. Sharma et al. (5) propose a ground-breaking approach to forecast accuracy using machine learning and AI. The suggested framework classifies diabetes according to the indicators in the data set, where each row represents a system rule that has to be comprehended and assembled using an attribute. In this regard, this study is an essential and pertinent attempt within the setting of cutting-edge healthcare. This study intends to advance health technology and encourage the incorporation of cutting-edge solutions into conventional medical practices through a thorough examination and analysis of the potential of such applications. The long-term objective is to strengthen the satisfaction of patients, encourage people to take charge of their health, and define the next generation of medical services through technological innovations. The existing literature contain the issues such as lack of integrated MCDA models, unspecified assessment factors, need for comparative significance analysis, lack of comprehensive prioritization methods, limited validation of assessment models, insufficient guidance for healthcare experts, limited advancement in assessment processes, and so on. The proposed research tackle the issues and provide the following contributions:

• To develop and implement an integrated MCDA model that combines the strengths of the AHP and ARAS approaches. The suggested framework would provide an organized and scientific process to evaluate and rank computerized health tracking systems in light of various factors.

• To extract and specify the relevant assessment factors for computer-based health monitoring systems. These factors might encompass significant parameters that affect the functionality and efficiency of such applications.

• To scrutinize the comparative significance of the selected evaluation criteria using the AHP. In order to achieve this, proficient-driven pairwise comparisons will be employed to ascertain the significance and weighting of each criterion. This approach will ensure that the appraisal procedure accurately reflects the preferences of all stakeholders.

• To prioritize computer-based health monitoring apps by using the ARAS approach while taking into account how well they perform in comparison to the weighted parameters. The use of ARAS was made it possible to evaluate applications thoroughly, which has eventually helped find the most suitable solutions.

• To validate and determine the hybrid MCDA model’s efficacy and integrity by contrasting its outcomes with those of other assessment techniques or expert opinions and to show further that using a hybrid method yields outcomes that are more accurate and reliable during the assessment of computerized health monitoring systems.

• To give healthcare experts the information they need in order to choose, deploy, and use technological health monitoring applications that will enhance patient care and healthcare performance.

• To advance the assessment processes of health technology by proposing a hybrid MCDA framework, thereby promoting more extensive and impartial assessment, which subsequently fosters modernization and excellence.

The research findings provide valuable insights that enable policymakers, technologists, and healthcare professionals to make well-informed decisions on the adoption and integration of computer-based health monitoring systems.

The sections followed in this research are as given in detail: The initial segment, referred to as the introduction, encompasses an overview of the intended study such as the contextual framework, the importance, and the aims of this research. The second section of this study provides a comprehensive review of the existing literature on health monitoring technology. The third segment delineates the research methodology utilized in the study and expounds upon the intricate steps entailed in the hybrid AHP and ARAS approach. In the fourth section, an analysis, interpretation, and discussion of the evaluation’s findings are undertaken. The fifth segment of the study provides a summary of the key discoveries, reiterates the research aims, and emphasizes the research’s contributions.



2 Literature review

The HAM10000 dataset, which consists of high-quality pictures of seven different types of skin disorders, was analyzed by Shahin et al. (6) using a combination of 16 different convolutional neural network simulations constructed using deep learning. Utilizing images of lesions as input, these algorithms were successful in correctly diagnosing and categorizing skin conditions. It takes time to determine skin problems in medical environments with inadequate assets. The tool for early skin-related illnesses identification is being developed to avoid unexpected health implications that might be expensive, take up valuable surgical time, and perhaps endanger patient health. The idea has changed throughout time, and contemporary investigation teams use it in a variety of covert situations. A statistically self-governing entity is referred to as an “agent” if it has the capacity to see, react to, and record actions taken by other agents and their surroundings. The analysis looks at the application and assessment of agent-based approaches in regard to a particularly significant problem. Infectious and non-transmissible illnesses, interpersonal and collaborative behavior, and social epidemiological studies are listed by Sulis et al. (7) as the main subjects of agent-based studies in the medical field. The study’s conclusion was reached after carefully reviewing significant prior research and performing an in-depth network assessment. The results are in line with an assessment of a number of prospective strategies for boosting the usage of agent-based methods in medicine.

The characteristics and intricacy of computer networks are always growing. Knowledge and data communication are crucial components of the healthcare system for the delivery of healthcare at all stages. Since accessibility and interaction are necessary for medical facilities to operate effectively, whether they are running independently or as a part of a network, the healthcare industry is critical to technological surveillance and crisis management. The proposed work (8) has three main goals: to define the qualities of an efficient monitoring approach; to evaluate the tracking options that exist in a multi-location medicine setting; and, lastly, to propose a thorough and widespread logical design for a surveillance system that can function in these circumstances. The proposed study looked at previous research on medical robots for old people using the paradigms of nursing, health, and human-computer interaction. Sophisticated robots employ mostly visual and auditory detectors and actuators that have restricted diagnostic capabilities, which makes them less beneficial than older generations. The findings highlight the necessity of a multidisciplinary research group that continuously works to improve the convenience and usefulness of automated devices for the care of old people (9).

The medical nursing subcategories have each been appropriately handled by the training sector using information approaches. The educational industry makes substantial use of network technology because of its usefulness, efficacy, and simplicity. The proposed research (10) initially provides a brief explanation of wireless technology, therapeutic surgery, and nursing principles before explaining how the three concepts may be merged. The specific study also examines how networking equipment is used in clinical learning for nurses. It first conducts research on and describes the qualities that need to be present throughout the phases of the computer and VR technology incorporation, such as composition qualities, knowledge traits, technological attributes, and practical abilities, before moving on to the features of Virtual Reality (VR) outcomes. The examination of stimulating VR input techniques and necessary VR equipment. Zhu et al. (11) provide information presentation tactics that make use of VR features after thoroughly defining the collaborative input aspects of computer and VR technologies. Then, utilizing tried-and-true graphic design methods, the variations and similarities between VR and traditional displays are contrasted. The findings of the study demonstrate that the experimental group outperformed the control group in terms of performance. VR technology in educational settings can thereby enhance student learning.

The most severe physical condition that can cause neurocognitive disability in children is cerebral palsy (CP), which causes mild to moderate dementia as well as persistent motor issues. Long-term disorder adversely impacts the level of life of CP children, their families, and ultimately society. A computerized language instruction program for children with CP is created using voice recognition. To improve CP rehab instruction, the motion-control feature of the bionic gripper may be integrated with HRI technology. The LabVIEW platform, which offers instantaneous fashion dynamic training and assessment of human and robotics motions and activities, was used to construct the human-machine communication elements. A person with CP could benefit from the training if they want to improve their reflexivity, verbal expression, or capability to discern movements from actions. Additionally, it offers crucial technologies for modifying the CP therapy course plan (12) and some other related studies (13–18, 37). Data management, storage, and collection methods have improved with the advancement of computer technology, and the area of data mining has expanded in response to the increase in demand. It is necessary to understand the theoretical underpinnings, the particular uses, and the environment in which these uses are now operating because technology usage in healthcare remains in its early stages. The primary areas of debate proposed by Zhi-Gen et al. (36) focus on the most recent advances in science as well as those that have recently occurred in the disciplines of DNA assessment, interpreting medical picture data, and the investigation of data gathered through the tracking of various physiological indicators.

One of the newest medical specialties is rehabilitation therapy. Among them, rehabilitative medical training is linked to both theory and real-world application and, by expertly melding the two, aids students in developing their practical skills. As a consequence of continuous shifts in the globe, computer multimedia infrastructure has developed and is now utilized in educational settings. Gao (22) has investigated conventional educational and instructional approaches in rehabilitation therapy in light of this. Next, it is discussed how computer multimedia techniques are used in healthcare instruction and education. Healthcare companies today employ centralized delivery mechanisms to offer superior treatment as a result of enhanced transparency. The proposed research (24) provides an overview of the current state of telemedicine. Telemedicine is one of the essential elements of computer-supported cooperative work (CSCW), a communications-based system. Computer-aided teleconferencing solutions are increasing the efficacy of remote medical care. To accomplish this, high-performance connectivity and fewer data transfers throughout the session could be employed. The design of a telemedicine system is illustrated.

The research thoroughly evaluates how computer technology is employed in society’s reaction to newly detected cases of crown influenza and recurring issues. It is dedicated to making the most of computer technology’s strengths and positive impacts, enhancing its capacity to assist in resolving social problems and utilizing technological devices to create a shared and cooperative global data network. It is both an inescapable direction in the big data era and a contemporary management tactic to use big data techniques and tools to control people (20). There have been instances involving both internal and external medical uses using computer vision technology. There is a huge possibility for meaningful patient advantage, particularly in the surgical setting, and there is a huge amount of data that may be used for statistical strategies. The goal of the study proposed by Kennedy-Metz et al. (27) is to provide a concise overview of the key computer vision concepts that are essential to the surgical field. The use of computer vision in operating rooms has many advantages, but efficiency and protection of patients are just two of them. Renowned specialists assert that there is relevant literature in the domains of surgical procedures, algorithmic evaluation and simulation in medicine, and visualization in medical care. Research findings encourage the use of computer vision technology during surgical procedures. The work suggests gathering and sharing well-annotated datasets to grow the subject.

An essential component of technology-based studies is the creation of an interactive smart blood transfusion set, that enables a computerized knowledge framework for a contemporary blood transfusion set solution and boosts the efficacy of smart blood transfusion tracking. The proposed research (25) indicated that the electrical supply wire was linked to the control interface, and a pharmaceutical delivery port was constructed on the side wall of the attaching head using computer modeling technology. Over the past 100 years, vocational nursing has grown in importance within the nursing profession. Every aspect that affects a worker’s health while they are at work is referred to as workplace wellness in its widest sense. Therapists and other medical personnel are working to build customer service programs at their places of employment that utilize advancing computer technologies. Integrated monitoring of illnesses in the context of workplace safety is one effective computer usage. McKenna (32) has examined the design, implementation, and assessment of an electronic health tracking system in a workplace wellness scenario.

The use of telephysiotherapy was asserted to raise the calibre of services provided by physiotherapists. Since the majority of visual criteria are used to assess the level of physiotherapy tasks, computer vision tools may be beneficial and valuable in system tracking. Kittipanya-ngam et al. (28) have addressed the possibility of tele-physiotherapy utilizing these advances and provide a case study of predicting falls through computer vision. The study’s findings suggest that further research is necessary before computer vision can be used to complete and improve telephysiotherapy technology. The potential uses of the novel interface layout for recorded virtual reality are the subject of numerous studies. Using this state-of-the-art semi-interactive technology, Lundstrom and Fernaeus (31) looked at two actual scenarios: elder care and professional psychological treatment for agoraphobia. The research groups approved the strategies since they worked effectively and were well-liked by both patients and professionals. These limited trials’ results stunned the study’s HCI specialists because they had such a tenuous connection to the language of VR as we understood it. The study examines the possible future contribution of the longstanding discipline of computational science to the subject of integrated virtual reality by considering the suggested structure procedure and observations from practical scenarios.

Computer technology may be used to alleviate some of the current challenges associated with rural medical care, including distance, a physician shortage, interaction, and knowledge cooperation. The investigation assesses recent system-design research and shares the system-design expertise in an effort to enhance patient consistency of care in remote regions. The recommended research has communicated with clinicians who practice in remote regions, visited the sites, and analyzed the present paper-based method in order to deeper comprehend the difficulties at hand and consequently offer a better plan to solve them (33). The daily burden for doctors and nursing personnel must be reduced in order to make optimal utilization of the resources available to them in healthcare facilities. This can only be done by increasing the efficacy of healthcare services and nursing tasks. Typically, clinical and nursing tasks are divided into five phases: surgical evaluation, clinical procedure, rehabilitation, and lifesaving care following rehabilitation. During these periods, training and learning are provided to healthcare and nursing specialists. Several robotic and computer-based technologies have been established throughout these phases to help with the tasks. For every phase, Gofuku (23) has offered a few implementation scenarios. The study then discussed two of their earlier pieces. One is a sophisticated virtual reality-based mirror visualization device for nearby pain syndrome. The next step involves performing a robotic Mendelsohn motion to preserve an older adult person’s usual ability for ingesting.

The statistical difficulties that arise in diagnostic procedures, treatment, and other therapeutic uses are thoroughly discussed. These encompass tracing immense, moving bacterial swarms, monitoring immune cell dispersal and recognition, and more. They also offer the most precise classification and assessment of 3D images of various medical items. The work illustrates how to apply novel approaches to see obstacles as mathematical issues. The proposed approaches are based on state-of-the-art architectural improvement, data mining, machine learning, and deep learning models and strategies. The investigation includes empirical results and suggestions that illustrate how these notions may be put to use in medical environments (35). Among the most important aspects of medicine is the identification of disorders such as liver fibrosis. The patient’s prior medical history is taken into account when determining if the following step is indeed required. Making the more appropriate decision at the right moment is never simple due to the condition’s fluctuating character and the concomitant haziness and ambiguity. Aswathy et al. (19) have addressed the issue of diagnosing liver sufferers which was previously raised. The suggested CNN framework is a 13 convolutional level, three completely linked level, SegNet-inspired VGG-16 encoder-decoder system. To investigate this, over 100 samples of liver imaging data were employed. The analysis also examines the suggested approach to a range of alternative classifier techniques. A precision of 98.3% was attained through training and assessment.



3 Methodology

Computer technology’s challenges and development remain constantly growing. The medical sector depends on data and knowledge exchange to provide services at all levels. The medical sector is particularly significant when considering computer systems monitoring and disaster prevention since connectivity and interaction are essential for the efficient functioning of medical units, whether they are working alone or as part of an interconnected system. The proposed article concentrates on applications of computer technology in healthcare systems. For this purpose, a feature-concentrated strategy for evaluation is designed to construct a reliable and accurate statistical process. The cornerstone of it is the characteristics outlined in the published works. A typical procedure for identifying and selecting an effective application is used in the assessment of computer-based medical surveillance apps. The second stage, which uses the AHP and ARAS methodologies, incorporates attributes relevant to computer-based health monitoring apps and makes choices after selecting the top-ranked application. This article is an in-depth review of the steps taken to provide the healthcare industry with the infrastructure needed for features-based screening for the efficient applications of computer technology in the healthcare sector. Finally, an accurate statistical analysis has been done and an effective application of computer technology in the healthcare sector has been determined in this article. Individuals are assisted in their efforts to handle challenges linked to energy by the use of MCDM approaches (26). An MCDM concern for the aviation industry is choosing the caterer. In order to select a caterer that will most effectively satisfy the demands of the airline, the screening procedure essentially comprises the examination of a variety of intricate parameters. There are multiple uses for the service vendor selection paradigm. The proposed study (21) approaches the challenge of selecting a catering vendor from the point of view of potential solutions. The AHP is paired with a specific outcome analysis in the proposed study, which comprises figuring out utility levels using ARAS and multi-selection target programming. A real-world scenario of picking a food vendor is also provided. The goals of Toygar et al. (34) were to investigate the problems brought on by a lack of storage space and to offer the best remedies. On the basis of data from the research, industrial papers, and specialist remarks, an MCDM framework that includes five parameters for identifying options and four primary factors, and 16 subgroups to characterize the challenges was presented. The graded ranking of priority for the concerns in the suggested framework was developed employing the SWARA (Step-wise Weight Assessment Ratio Analysis) methodology after the responses were assessed employing the ARAS technique. The study’s findings indicated that price rises, irregular supply chains, volume reduction, and a surge in blank sailing notices were the most pressing issues. Alternatives that were seen to be realistic included technological innovation, incentive calls, complete carrier services, and reservation guarantee uses.


3.1 Evaluation model architecture

The decision-making techniques are essential to evaluate the computer-based health monitoring applications and to select a suitable alternative among several options. To perform this task, hybrid MCDA-based AHP and ARAS techniques have been utilized as statistical procedure and selection techniques to identify an appropriate targeted alternative for healthcare sectors. Computer technology and health monitoring features have been categorized by the AHP prior to obtaining effective input from computer and healthcare scholars. The proposed assessment procedure has been categorized into three levels. The incorporation of the parameters into the screening process is the first level. The inherent characteristics of the options are ascertained at the second processing stage via AHP calculations. The sophisticated health monitoring application based on computer technology is selected utilizing the ARAS technique determined by the outcomes assigned for the benchmark after all available real-world data and expert views have been considered in the third level. The proposed assessment structure for the selection and statistical analysis of the computer-based health monitoring applications to digitalize and modernize the healthcare industry is as illustrated in Figure 1. It is founded on the use of the ARAS and AHP methodologies. The processes include in the proposed evaluation procedure are as discussed below in detail.

[image: Figure 1]

FIGURE 1
 Evaluation framework.




3.2 Features engineering

The present statistical framework’s initial stage lays the greatest concentration on classifying parameters and options. The cornerstone of the suggested design is the development of comparing metrics for picking trustworthy computer technological applications to handle accuracy and performance issues in health monitoring settings. To ensure disease diagnosis accuracy and device performance, the attributes concentrating on detection and monitoring issues are extracted. The main argument in favor of using Safety precautions is that they cover every facet of computer technology. Computer technologies’ features are built from a multitude of libraries. To discover and collect the essential characteristics for contrasting computer applications incorporated into health monitoring systems, a thorough and detailed analysis of publications is carried out. These characteristics are relatively common since so many different detection and monitoring methods use them. There are now just eight (8) traits remaining beyond the initial comprehension of 121 features from various sources, enabling study and decision among many alternative applications. All of the characteristics from the academic research analysis are outlined in Figure 2.

[image: Figure 2]

FIGURE 2
 List of the extracted features.


The rationale behind employing the MCDA framework in the study stems from the requirement for an organized and methodical way to rank computer-based health monitoring apps. With the help of MCDA, decision-making in the healthcare industry may be handled with a strong approach that guarantees a careful and knowledgeable evaluation of the available options.



3.3 AHP technique

This MCDA method is effective in structuring and investigating unpredictable choices. AHP provides a realistic approach for dealing with a number of challenges relating to numerous domains while making accurate and useful decisions. We may make informed decisions from the many alternatives that are available based on a variety of different aspects by using the Saaty scale that is offered. Saaty first proposed this technique in 1980 (29). To establish how much each characteristic is weighed, the present research uses the AHP technique for the selected parameters. To boost the efficiency of the healthcare industry, ARAS ranks a number of computer-based health monitoring applications using these weights. Every step of utilizing AHP to calculate the measures of the comparative parameters is as shown in Figure 3.

[image: Figure 3]

FIGURE 3
 AHP steps.




3.4 Step 1. Identifying features and alternatives

The views and data from a computer scholars panel are structured and compared with eight adaptive applications such as Ap1…Ap8. The performance and preciseness of health monitoring technologies have been analyzed in a computer-based technological context. In terms of their stipulated benchmarks, only the alternative that received the strongest utility degree among all workable alternatives in light of the predefined features would be recognized as the ideal option. A set of eight (8) chosen features include real-time ability (C1), dynamic nature (C2), surgical services (C3), data security (C4), telecommunication (C5), disease monitoring (C6), usability (C7), and convenient (C8). It all relies on how they collaborate with each other to determine how efficacious the parameter is. A diagram that displays the criteria that were chosen was created by us. In Figure 4, the parameters can be seen as branches.

[image: Figure 4]

FIGURE 4
 List of selected features.




3.5 Step 2. AHP tree diagram

The decision-making dilemma is portrayed in three tire structural diagram that consists of a goal, criteria, and alternative in a tree shape architecture. Tire 1 illustrates the goal of the study. Tier 2 indicates a set of criteria chosen for analysis. While the last tier displays the alternatives that will be compared and assessed, as depicted in Figure 5.

[image: Figure 5]

FIGURE 5
 AHP hierarchical structure.




3.6 Step 3. Construction of decision matrix

The diagrammatic designation is best for visual review even though it is not appropriate for computer modeling. Similarly to this, it becomes more complicated to grasp visually the attached image as the scheme becomes larger. It is crucial to offer an introduction that is simple to understand so that systems can keep, access, and assess data properly. In keeping with the Saaty measure, a matrix is produced by giving every attribute an assigned rating in line with the requirements of the specialist. In the end, an 8 8 pair-wise analysis matrix is generated and put together for the current circumstance. The matrix below shows the weight distribution of every parameter determined by the computer and medical professionals using a rating system.

[image: image]



3.7 Step 4. Normalizing a decision matrix and criteria weights (CW)

The constructed pairwise comparison matrix has been normalized using Eq. (1) to remove subjectivity from them. The process indicates that every individual criterion value was divided by the total of every column for obtaining the normalized scores. The identified normalized matrix is as shown below;

[image: image]

After determining the normalized matrix, we then apply Eq. (2) on it to calculate the relative importance of every criterion. The process indicates that the sum of every row was divided by the total number of criteria and calculated the relative weights of criteria, as shown below;
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To determine the weighted normalized matrix, we then multiply the calculated criterion weights with the normalized matrix, as shown below;

[image: image]



3.8 Step 5. Weighted sum value, and ratio of weighted sum value and criteria weights

The outputs obtained from the above multiplication process were obtained and then, the total of every row was then calculated, which is known as the weighted sum value of each criterion. The ratio between criterion weights and sum value has been calculated using a process in which the weighted sum value was divided by the criterion weights. The entire process of this step is as shown in Table 1.



TABLE 1 Weighted sum value and ratio between weighted sum value and CW.
[image: Table1]



3.9 Step 6. Computation process of [image: image], CI, and CR

As we know that Eq. (3);

[image: image]

The output of CI (Consistency Index) was computed using Eq. (4);

[image: image]

while n represents the number of attributes/criteria.

By putting the values, the equation becomes;

[image: image]
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The provided formula has been implemented to identify the Consistency Ratio (CR) as follows Eq. (5);

[image: image]

Whereas the score of RI (Random Index) at the 8th position is 1.41, the equation becomes;

[image: image]

[image: image]

Graphical representation is an appropriate and well-matched representation way for visual analysis. All the criterion weights calculated using the AHP approach are presented in graphical form to easily comprehend by the readers, as shown in Figure 6.

[image: Figure 6]

FIGURE 6
 Criteria weights.




3.10 ARAS technique

Numerous industries rely on the ARAS methodology to aid in their decision-making processes. By simplifying intricate decision-making scenarios, the ARAS technique picks the precise solution. The comparative indicator is capable of highlighting disparities between the suggested course of action and the options at hand. This is attained without the effects of diverse measuring units from the equation (30). For computer and healthcare specialists to make the best decisions, the ARAS statistical analysis approach combines the usage of weights and parameter additions throughout the data processing stage. This method acts as an assessment and statistical equipment to decide on the best-designed choice for a reliable and efficient computer-based health monitoring mechanism. Computer specialists’ hiring and the use of AHP for classifying performance- and monitoring-related factors have both already been discussed. The chosen attributes of the top-ranking competitor are then used to choose which computer application to use as the one to be targeted. An exemplification of the procedural stages entailed in the approach employed to scrutinize and prioritize the proposed blueprint for health monitoring applications that operate on computer technology is portrayed in Figure 7. This section furnishes data pertaining to the stages and specifics of the ARAS with respect to alternatives.

[image: Figure 7]

FIGURE 7
 ARAS steps.




3.11 Step 1. Decision matrix representing alternatives and features

The usage of visual representations is most suitable for the purpose of visual selection, although it may not be conducive to computer processing. Moreover, the complexity of the connected graph increases pointedly for larger systems, thereby affecting its pictorial clarity. Thus, it is imperative to develop a straightforward paradigm that assists proficient data gathering, availability, and analysis by machines. The identified feature exhibits advantageous features in this context. An 8 × 8 decision matrix has been created to present the performance related attributes and data collected from specialists in both computer and healthcare environments. The decision matrix has been designed to include eight options for selection, based on the defined attributes, featuring eight factors arranged in columns. The identification of the optimal value (OV) in each column has been established. The perspectives gathered from computer experts have been categorized into eight distinct options based on the weights assigned to each attribute, as illustrated in the matrix below.

[image: image]



3.12 Step 2. Normalized decision matrix

The decision matrix has undergone normalization with regard to both advantageous and disadvantageous parameters. The decision matrix elicits a desire for higher scores because of its entirely advantageous characteristics. The formulae shown below are used to normalize the parameters that are advantageous or disadvantageous.

For advantageous criteria as follows Eq. (6);

[image: image]

For non-advantageous criteria as follows Eq. (7);

[image: image]

The application of Eq. (6) facilitated the normalization process of the decision matrix, leading to the elimination of any subjectivity present, thanks to the advantageous nature of the parameters. The next step will be to multiply criterion weights derived from AHP by the resultant normalized matrix to obtain a weighted matrix. The calculated normalized values are as delineated in Table 2.



TABLE 2 Normalized decision matrix.
[image: Table2]



3.13 Step 3. Weighted normalized matrix

The weighted matrix is obtained by multiplying the values of the parameters acquired through AHP with every parameter of the normalized matrix by applying the Eq. (8). The findings of this computation are showcased in a table presentation, as exemplified in Table 3.

[image: image]



TABLE 3 Weighted normalized matrix.
[image: Table3]



3.14 Step 4. Determining optimality function (Si) and utility degree (Ki)

The outputs of the optimality function, designated as Pi, for every alternative, were derived by the utilization of the Eq. (9). This process was done by calculating the sum of every row of the weighted matrix.

[image: image]



3.15 For the determination of the utility degree (Ki)

The assessment of alternative solutions in relation to the Eq. (10) results in the determination of Ki for varying options.

[image: image]

Whereas the output of Po is 0.169 as well.

The outcomes derived from these equations have been delineated in Table 4.



TABLE 4 Calculation of Si and Ki.
[image: Table4]



3.16 Step 5. Ranking of alternatives

Based on the Ki output, the available alternatives have been painstakingly arranged in ascending order, with the most favorable being the one with the highest output and the least appropriate being the one with the lowest output. Figure 8 provides an illustration of the grading of alternatives that were identified by the utilization of the ARAS method.

[image: Figure 8]

FIGURE 8
 Alternatives ranking based on ARAS.





4 Results and discussion

Numerous sections of the medical and healthcare industries have adopted the use of advanced technologies, particularly computer technology, and robotic equipment. Numerous opinions exist on the improvement of medical procedures and nursing procedures through the adoption of cutting-edge technologies. One of these opinions focuses on how medical systems based on state-of-the-art technology have developed to allow for the development of medical treatment alternatives and monitoring of the patient’s health on a real-time basis. Additionally, improving the effectiveness of medical procedures and nursing practices is essential for minimizing the regular chores performed by nurses and physicians and maximizing the use of healthcare and nursing home personnel. It is undeniable that computer applications will play a crucial role in today’s medical fields as long as computer technology improves. To achieve the essential outcomes, we develop a hybrid MCDA framework that precisely assesses computerized health monitoring applications and determines an appropriate application for the enhancement and preciseness of healthcare outcomes and patient care. The key objective of our research is to properly analyze and prioritize the computerized health monitoring applications against the numerous essential weighted factors.

In this study, relevant assessment criteria for computer-based health monitoring apps were found and defined. A thorough set of comparative features was constructed by a thorough examination of the available literature and discussions with specialists in the subject. These features were used as a base for the subsequent assessment procedures and were thought to be essential for assessing the usability and efficacy of the applications. The AHP was then used to determine the respective weights of the determined assessment criteria. Pairwise comparisons were conducted with a group of physicians and technology specialists to ascertain the significant nature of every factor. The AHP analysis generated a collection of weights that were prioritized and expressed the values and intentions of the decision-making individuals. The use of criterion weights enabled a straightforward and data-driven way of analyzing the applications, which improved the assessment framework’s validity and objectivity. The outcomes determined by the AHP indicate that usability (C7) has the most higher weighted criteria with a score of 0.35, followed by disease monitoring (C6) with a weighted value of 0.17, data security (C4) with a weighted output of 0.14, real-time ability (C1) with a value of 0.12, telecommunication (C5) with a weight of 0.10, surgical services (C3) with a weighted score of 0.08, dynamic nature (C2) with a weight of 0.03, and convenient (C8) has the least weighted criteria with the lowest output of 0.02, as shown in Figure 9. These results demonstrate that the usability feature has the best-performing feature among the entire set of chosen features.

[image: Figure 9]

FIGURE 9
 Criterion weights identified by AHP.


After weighing the chosen factors based on the AHP, the computerized health monitoring apps were then ranked on the basis of the efficiency with which they performed in comparison to weighed factors using the ARAS approach. This method made it easier to analyze every application thoroughly, which made it possible to pinpoint the best and most suitable solution. The utility degree values and ranking of each alternative determined by the ARAS indicate that the Ap2 has performed well against the weighted factors with an outcome of 0.769 and known as the best application, followed by the Ap3 with an output of 0.691 and secured 2nd place, Ap8 positioned at 3rd with a score of 0.637, Ap5 positioned at 4th with a value of 0.618, Ap4 positioned at 5th with a result of 0.581, Ap positioned at 6th with an output of 0.568, Ap1 placed at 7th with a degree of 0.545, and the last one Ap7 has performed negatively and worst against the weighted factors with the lowest value of 0.509 and known as the worst application in the entire set of alternatives, as shown in Figure 10. The entire set of assessed applications has been arranged in sequential order such as the alternative with the highest value placed in first place followed by the other alternatives in ascending order. The examination and ranking of the applications offered insightful views into their relative efficacy in accomplishing the chosen factors. We utilized the ARAS rankings as a unified yardstick for determining the apps’ general efficacy and performance.

[image: Figure 10]

FIGURE 10
 Ranking of alternatives determined by ARAS.


The proposed research further contrasted the hybrid MCDA model’s findings with those acquired from other well-known ways of assessing or expert analyses in order to verify the methodology’s performance and accuracy. The comparison’s outcomes showed that the hybrid technique regularly generated precise and relevant outcomes, demonstrating its appropriateness for assessing computerized health monitoring systems. As a result of the verification procedure, the integrated MCDA model’s ability to provide a rigid and unbiased assessment mechanism has been shown effective, supporting its reputation as a decisive tool. These results have provided users, administrators, and physicians to participate in the integration and utilization of computerized health monitoring applications with rational decision-making assistance. For analyzing health monitoring apps, the integrated MCDA paradigm has provided a rigorous, data-focused approach. Making enlightened judgments has been made possible because of this. The scheme has also taken into account different criteria and stakeholder preferences, which makes it easier to choose apps that are most suitable for achieving certain healthcare targets and demands.

In addition, the findings of the research revealed the relevance of using technology-centric techniques for reviewing healthcare. The integrated MCDA paradigm has shown its ability for supporting inventiveness, enhancing the appraisal of health technology, and facilitating the incorporation of cutting-edge applications into the healthcare environments. It is simple to streamline and enhance computerized health monitoring applications thanks to the precise and targeted assessment procedure, which results in improved patient care and healthcare performance. The proposed study not only suggested multiple directions for additional studies but also demonstrated the effectiveness of the blended MCDA paradigm in the assessment of computer-based health monitoring applications. Additional research is necessary to determine whether incorporating cutting-edge technologies like AI and machine learning can improve the framework’s ability for customized and prescriptive health monitoring. The enduring effects of such applications on patient well-being and medical delivery may also be discovered through prospective research and real-world configurations, which may offer crucial novel knowledge.

All of the weights of the factors that were determined utilizing the AHP are exhibited in a visual format, depicted in Figure 9, to facilitate comprehension for the readers.

Figure 10 presents an elucidation of the classification of available options that were ascertained through the implementation of the ARAS methodology.



5 Conclusion

The utilization of computers is crucial to contemporary healthcare, life sciences, medical imaging, clinical diagnostics, human genome studies, and health information administration, among other areas. The importance of computer technology applications in today’s medical and healthcare is evident given the rapid growth of the use of computers. The increased usage and complex nature of the recently launched computer apps in the health sector have created hurdles for physicians and decision-makers to choose the most beneficial and acceptable solutions, customized to their particular requirements. The major purpose of our research was to create a thorough and impartial appraisal framework that used the statistical concept of the AHP and ARAS approaches to solve the evaluation and decision-making dilemma in a health monitoring environment. The investigation established a thorough analysis of the applications’ efficacy and utility by extracting and defining pertinent assessment factors such as real-time ability, surgical services, dynamic nature, data security, telecommunication, disease monitoring, usability, and convenience. Stakeholder-driven decisions were enabled through the use of AHP for evaluating the proportional importance of the chosen assessment standards while making sure that the screening process demonstrated the demands and targets of physicians and decision-makers. The ARAS technique is being used to rank applications based on how well they performed in relation to the assessed criteria, underscoring the design’s potential to deliver a thorough and comparable review. This ranking system makes it easier to identify the most useful and relevant apps, assisting medical experts in making the best selections for embedding health monitoring technology into their daily work. The findings determined by the developed MCDA framework show that the usability feature has the highest weight value of 0.35 among any other features. On the other side, the alternative Ap2 has the largest utility degree score of 0.769, which shows that this is an ideal and most favorable application by physicians and experts, while the alternative Ap7 has the minimum utility degree value, which demonstrates that this is least preferable by the medical experts and decision-makers. The hybrid MCDA framework’s performance and reliability have been confirmed by comparisons to other available evaluation methods and expert reviews. The outcomes illustrate that the system consistently produces precise and valuable outcomes, highlighting its appropriateness for the evaluation of computerized health monitoring systems. By utilizing research-based assistance for decision-making in this study, doctors, nurses, administrators, and stakeholders may be better equipped to make knowledgeable decisions, enhancing patient care and healthcare results. Doctors and nurses may more efficiently maximize incorporating and embracing innovative technologies via the use of an integrated MCDA system, improving the general caliber of healthcare operations. The hybrid MCDA paradigm is a useful tool for stimulating creativity, promoting quality in the evaluation of health technology, and making it simpler to integrate cutting-edge technologies into clinical practices. In conclusion, this study illustrates the essential significance of using MCDA-based AHP and ARAS procedures to ensure an in-depth and data-oriented analysis of computer-based health monitoring uses. It also points out the essential function of rational decisions in the domain of healthcare. The outcomes of the research will have a significant impact on decision-making and the potential use of technology-enabled medical services as the healthcare industry progresses. The cooperative efforts of Medical workers, scientists, and those in power will continue to determine healthcare trends, utilizing technology’s ability to enhance patient well-being and change the healthcare landscape for future generations.
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