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Abstract

:

The aim of this study is to identify and classify the most important factors affecting patient satisfaction in the COVID-19 pandemic crisis considering economic effects. This is an analytical study using the analytic hierarchy process (AHP) method and ANN-MLP (Artificial neural network based on multilayer perceptron model as a supervised learning algorithm) as an innovative methodology. The questionnaire was completed by 72 healthcare experts (N = 72). The inter-class correlation (ICC) coefficient value was confirmed in terms of consistency to determine sampling reliability. The findings show that interpersonal care and organizational characteristics have the greatest and least influence, respectively. Furthermore, the observations confirm that the highest and lowest effective sub-criteria, respectively, are patient safety climate and accessibility. Based on the study’s objective and general context, it can be claimed that private hospitals outperformed public hospitals in terms of patient satisfaction during the COVID-19 pandemic. Focusing on performance sensitivity analysis shows that, among the proposed criteria to achieve the study objective, the physical environment criterion had the highest difference in private and public hospitals, followed by the interpersonal care criterion. Furthermore, we used a multilayer perceptron algorithm to assess the accuracy of the model and distinguish private and public hospitals as a novelty approach. Overfitting results in finding an MLP model which is reliable, and the accuracy of the model is acceptable.
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1. Introduction


The coronavirus disease 2019 (COVID-19) was declared a global pandemic (Anuszkiewicz et al. 2022) in 2020 after the virus spread rapidly in most countries (Salamzadeh and Dana 2021). The COVID-19 pandemic has caused unprecedented rapid changes in our society, economy, and health care system (Graves et al. 2022). Clearly, the dire COVID-19 situation has a significant economic and financial impact, with GDP and hours worked falling by 20% (de la Fuente-Mella et al. 2021). Regarding to health economics, the lost productivity costs owing to absenteeism costs are an important element of the health care costs (Faramarzi et al. 2021). During the COVID-19 crisis, the economic downturn has struck people from the lower socioeconomic stratum (Gopalan and Misra 2020). The COVID-19 pandemic is a human socioeconomic crisis that has led to many problems (Verma and Gustafsson 2020) and numerous challenges for hospitals and medical centers. Due to the COVID-19 pandemic, the healthcare sector is one of the most affected, and the general public is undoubtedly the most affected (Alzahrani et al. 2022). An important aspect for healthcare managers is patient management (Otani et al. 2011), which is of paramount importance in conditions of the COVID-19 crisis. Patient satisfaction is one of critical indicators for assessing healthcare service quality (Batbaatar et al. 2017) and an important issue for hospitals (Sadeh 2017) that can affect their persistence (Otani et al. 2010). Effective use of patient satisfaction can also provide them with a competitive advantage (Oppel et al. 2017; Russell et al. 2015). Patient satisfaction is an important issue intertwined with strategic decisions in the health and wellbeing domain (Andaleeb 2001). Therefore, it is important and noteworthy for health care providers to determine the factors related to this issue (Otani et al. 2003) because it allows us to identify valuable cases for patients (Zineldin 2006). Assessment of patient satisfaction can help identify aspects of health services that require improvements (Carlucci et al. 2013). Prioritization of factors affecting patient satisfaction in the conditions of COVID-19 crisis will cause hospital managers to focus on the most basic needs of patients and will help to effectively manage health services in these situations.



On 18 February 2020, the Iranian government formally acknowledged COVID-19’s presence in Iran and put the country under suppression and lockdown (Yoosefi Lebni et al. 2021). The real case count is likely far greater than estimated, as it is challenging to confirm the cases due to the inadequate test kits for PCR diagnosis and the personnel working at hospitals (Shahriarirad et al. 2020).



Iran’s public health system has not been developed in accordance with the needs of the country’s population despite the country’s ongoing changes (Solatianaghizi et al. 2017; Gholampour et al. 2020). The health system in Iran suffers from many problems that have led to decreased satisfaction of service providers and patients (Abbaszadeh et al. 2013) in addition to economic sanctions that have further reduced the health service quality in this country (Aloosh et al. 2019). The lack of medical facilities during the COVID-19 crisis has encountered the system with more serious problems than normal situations. The unfavorable economic conditions in Iran and the inefficiency of hospitals in providing health services to people make it impossible to make a comprehensive improvement in the Iranian healthcare system. Therefore, identification of crucial factors affecting patient satisfaction can specify strategic and important areas in the health system for hospital managers and policy makers.



As indicated by a review of previous studies, no study on the prioritization of critical factors affecting patient satisfaction in the conditions of the COVID-19 crisis is available. Definitely, there are some economic aspects related to the dire COVID-19 situation. Identification of the most important factors influencing patient satisfaction in the COVID-19 pandemic will provide important results for the management of the crisis. Additionally, identifying and prioritizing the factors affecting patient satisfaction in the context of the COVID-19 crisis can identify strategic factors in the provision of health services and help managers in this field in Iran and other similar regions in strategic planning, especially in crisis situations. In addition, comparing the most important factors affecting patient satisfaction in COVID-19 crisis situations between public and private hospitals can provide practical suggestions to health policy makers in developing appropriate strategies to improve health services to patients. The present study seeks to prioritize factors affecting patient satisfaction using the AHP method, thereby pursuing three important objectives:



1. Identification and classification of the most important factors affecting patient satisfaction in the COVID-19 pandemic crisis; 2. Prioritization of factors based on the AHP method; and 3. Accuracy of the model based on expert opinions regarding overfitting and cross validation.



In Section 2, the literature review is presented. In Section 3, the research methodology is illustrated in six separate subsections. In Section 4, the data analysis and results are reported completely. In Section 5, the application of ANN-MLP to predict the accuracy of the model is presented. Finally, in Section 6 and Section 7, discussion, conclusions and suggestions for future researchers are presented.




2. Literature Review


The effectiveness of healthcare systems can be measured by how satisfied patients are (Alosaimi et al. 2022). A review of the literature reveals that factors affecting patient satisfaction have been examined in a plethora of previous studies in the framework of factors related to service quality (Batbaatar et al. 2017), patient demographic characteristics (Alberto Sánchez et al. 2014; Danielsen et al. 2010; Footman et al. 2013), and demographic characteristics of health care providers such as gender and age (Hall et al. 1994). In previous studies, the most powerful determinant of patient satisfaction is stated to be the perception of health service quality characteristics (Batbaatar et al. 2017). This study focuses on the most important factors affecting patient satisfaction that have been emphasized in most studies. Technical care is one of the most important factors that has been confirmed to have an effect on patient satisfaction (Birhanu et al. 2010; Hemadeh et al. 2019; Tokunaga and Imanaka 2002). Technical care refers to the competence, experience, and ability of health professionals in disease diagnosis (Naidu 2009).



Another factor affecting patient satisfaction is interpersonal care, which is considered for physicians, nurses (Batbaatar et al. 2017), and personnel (Andaleeb 2001). Interpersonal communication with patients has been measured with different criteria, including politeness and attention (Akyüz and Ayyildiz 2012), empathy (Badri et al. 2009), responsiveness (Andaleeb 2001), friendly behavior (Chahal and Mehta 2013; Saad Andaleeb 1998), kindness (Schoenfelder et al. 2011), humaneness (Scotti 2005), emotional support, and respect for patient preferences (Alosaimi et al. 2022; Jenkinson et al. 2002). According to the results of research (Stanhope et al. 2022), regardless of whether care was given in-person or remotely, provider–patient interaction, including listening and warmth, was the main factor in the perceived quality of care.



Physical environment is another factor affecting patient satisfaction. The effects of various aspects of environmental conditions, including the cleanliness of hospital environment and the silence of the patient room (Ghosh 2014; Otani et al. 2011), illuminance, lighting design, and light distribution (Cui et al. 2018), on patient satisfaction have been demonstrated in previous studies.



Another factor affecting patient satisfaction is the access variable that includes three dimensions of accessibility, availability, and affordability (Batbaatar et al. 2017). Accessibility encompasses aspects of the treatment, such as shorter waiting times (Zopf et al. 2012) and simpler admission and discharge processes (Otani et al. 2003). Past research has emphasized the importance of providing effective telehealth services for patient satisfaction (Miziara et al. 2022; Montoya et al. 2022; Skime et al. 2022). Availability consists of such indicators as adequate numbers of nurses, physicians, and equipment (Batbaatar et al. 2017). There is less than one nurse present for every hospital bed due to the COVID-19 pandemic, which has increased the nursing shortage to 0.7–0.8 (Varasteh et al. 2021). Oppel et al. (2017) reported that a lower rate of problems in terms of physician shortages was significantly associated with higher levels of patient satisfaction (Batbaatar et al. 2017). Affordability is another dimension of accessibility that is related to such issues as insurance coverage and treatment costs. Hospital treatment costs were found to negatively affect patient satisfaction (Saad Andaleeb 1998). Lack of insurance coverage is also one of the factors affecting low patient satisfaction (Xiao and Barber 2008).



Patient satisfaction is also affected by organizational characteristics, one of which is hospital reputation, affecting overall patient satisfaction according to Tokunaga et al. (2000). Hospital reputation was introduced as one of the most important determinants of patient satisfaction (Imanaka et al. 1993). Another organizational feature is a patient safety climate in the hospital, which includes such criteria as communication openness, feedback and communication about errors, and teamwork across units, and its positive relationship with patient satisfaction was confirmed in previous research (Mazurenko et al. 2016; Mazurenko et al. 2019; Sorra et al. 2012). Table 1 Shows factors affecting patient satisfaction in the COVID-19 pandemic crisis.




3. Methodology


3.1. Analytic Hierarchy Process (AHP)


The AHP method, introduced by Saaty (1980), is widely used as a multi-criteria decision-making method in a range of decisions and applications (Improta et al. 2019; Zekhnini et al. 2020; Saaty 1980). This approach has advantages because it is simple to use and can incorporate the opinions of numerous experts and decision makers (Wong and Li 2008; Baffoe 2019). If there is bias in the agreement reached by the assessment experts, it can be further supported by the theoretical underpinnings of quantification in AHP (Lin and Wu 2008). The AHP method is regarded both qualitatively and quantitatively as being able to usefully evaluate the alternatives of multifaceted, numerous criteria that include biased judging. It is also a particularly symmetrical method capable of simplifying complex issues, such as project screening, by converting them into hierarchical structures.



AHP is used in several stages (Improta et al. 2019; Zekhnini et al. 2020, Baffoe 2019; Lin and Wu 2008; Albayrak and Erensal 2004; Nasiri et al. 2020; Tu et al. 2020). (1) Creation of a hierarchy model, (2) creation of a pairwise comparison matrix, (3) calculation of priority and eigen value, and (4) verification of the pairwise comparison’s consistency.




3.2. Development of the Hierarchy Model


A conceptual model for a decision problem must be created before any data are collected. When entities can be categorized into distinct groups and the entities of one group have an impact on the entities of other groups, the system is said to be a hierarchy (Saaty 1980). A hierarchical structure must be established for assessing hospital and asset capacities in order to prioritize effective factors by AHP in order to pursue patient satisfaction in the COVID-19 scenario. Figure 1 illustrates how the main aspect of the AHP’s qualitative constituent drives the entire global objective’s criteria. The critical standards that hospitals must adhere to in order to ensure patient satisfaction were determined by using related published work as a guide. First off, the choice of the assessment framework level was made strategically with the goal of “prioritizing factors affecting patient satisfaction in the COVID-19 pandemic condition.” Five criteria make up the newly introduced selection model: technical care; interpersonal care; access; physical environment; and organizational traits. Private and public hospitals are the two alternatives to the hierarchical model. Measurable sub-criteria in the third level of the evaluation framework, such as perceived competency, accessibility, availability, affordability, reputation, and patient safety climate, determine which of these is best.




3.3. Pairwise Comparison Matrix and the Priority Weights within the Hierarchy


When building a matrix for pairwise comparisons with a relative importance scale, the major diagonal entries of the pair-wise comparison matrix are all set to 1, as an attribute compared to itself is always assigned to value 1. 2, 4, 6, and 8 represent a compromise between 3, 5, 7, and 9, while 3, 5, 7, and 9 denote moderate importance, strong importance, “very important,” and “absolutely important”, respectively (Saaty 1980; Chen and Wang 2010).



The pairwise comparison matrix must then be normalized. By dividing each number by the sum of the numbers in that column, each criterion in each column of the matrix is normalized. The arithmetic mean of each row is then calculated to determine the relative weights of the various criteria. To do this, the sum of each matrix row’s numbers is divided by the total number of numbers in that row. Together, the calculated relative weights of the options and the criteria are multiplied. The results of multiplying the criteria and options are arranged in ascending order of value, with the options receiving the highest prime concern (Nasiri et al. 2020).




3.4. Consistency Index and Consistency Ratio


AHP can measure the consistency of the comparison using the Consistency Index, CI, Random Consistency Index, RI, and Consistency Ratio, CR; see Equations (1) and (2) for more information. The accepted consistency ratio, CR, is <10% (CR < 0.1), indicating that the subjective judgment is acceptable, while perfect consistency is denoted by a zero value of CI (CI = 0) (Aminbakhsh et al. 2013; Petruni et al. 2019).


CI = (λmax − n)/(n − 1)



(1)




where CI is the consistency index; λmax is the maximum eigenvalue; and n is the size of the measured matrix.


CR = CI/RI



(2)




where CR is the consistency ratio; CI is the consistency index; and RI is the random consistency index.




3.5. Artificial Neural Network (Multi-Layer Perceptron Model)


Machine learning algorithms, divided two major categories, supervised and unsupervised, have become important tools for clustering and classification (Ebrahimi et al. 2022a, 2022b). ANN is a supervised machine learning algorithm. Machine learning algorithms are used in many mathematical problems and complex models. This model operates based on the definition of weights and the type of activation functions. Based on the number of neurons and the number of hidden layers, the accuracy of the model can be examined. Advantages of MLP models are that they are suitable to learn non-linear models and learn models in real time. However, there are some drawbacks, such as an MLP model requires tuning a number of hyper parameters such as the number of hidden neurons, layers, and iterations, and is sensitive to scaling (Roshandel-Arbatani et al. 2019).




3.6. Data Collection


The two examinations used in the current study were general and AHP surveys. The former was initially used to determine the deemed crucial selection criteria and choose specialists with the appropriate credentials and experience for entry into the AHP survey. Prior to the general survey, a preliminary investigation was carried out to gauge the suitability of the introduced criteria summary gleaned from earlier publications and to assess the questionnaire’s readability before it was given out. By conducting the AHP survey and giving significant weightings to the perceived criteria, the general survey results were honed and refined.



Analyzing data and concurrently interpreting the results are just two of the many aspects of investigations which suffer from a small sample size. The AHP has advantages over other MCDM techniques, primarily because it can produce comprehensive results that are statistically robust without a large sample size with statistical significance (Darko et al. 2019).



The study population consisted of nurses and managers (N = 72) working in nine hospitals (five private and four public) with an affiliation to Iran. A BSc in nursing, a Master’s, or Ph.D. in a medical discipline, and a minimum of ten years of work experience were required for consideration.



The inter-class correlation (ICC) coefficient value was confirmed in terms of consistency (Bouzari et al. 2021; Fekete-Farkas et al. 2021; Ebrahimi et al. 2020) to determine the reliability of sampling.





4. Data Analysis and Findings


Following the collection of questionnaires in the current study, the data were analyzed using descriptive statistics, specifically frequency, proportion, and percentage, using SPSS 21.0 software. The AHP method was also used to analyze data using Expert Choice 10.0 software.



The majority of respondents (88.9 percent) were between the ages of 40 and 65, with females making up the majority (62.5 percent), and the majority of respondents (58.3 percent) held a BSc in nursing.



The calculations showed that all questionnaire responses met the consistency ratio requirement of CR = CI/RI of <0.1, allowing the decision maker to accept the pairwise comparison matrices (Figure 2). Figure 2 and Table 2 show, respectively, the total weights and the total weights of the criteria and sub-criteria, along with their ranks. Interpersonal care (0.272), technical care (0.259), access (0.212), physical environment (0.162), and organizational characteristics make up the order in which the criteria’s weights are given (0.095). The results show that, when it comes to ranking the factors that affect patient satisfaction in the COVID-19 pandemic, interpersonal care and organizational characteristics have the upper and lower influences, respectively. The patient safety climate (0.667), availability (0.400), affordability (0.400), reputation (0.333), and accessibility are also ranked according to the weights of the sub-criteria (0.200). The findings support the assertion that accessibility and the patient safety climate rank as the highest and lowest effective sub-criteria, respectively. As perceived competence is only a sub-criterion for technical care, and the software is unable to estimate its rank, it is not taken into account in rankings. The software assumes that a single sub-criterion has a weight of 1.



Additionally, Figure 3 indicates that private hospitals have generally received a much higher score than public hospitals according to the proposed criteria. Based on the study objective, it can be claimed that private hospitals achieved a much higher ranking in obtaining patient satisfaction in the COVID-19 pandemic than public hospitals. Focusing on performance sensitivity, Figure 4 also shows that, among the proposed criteria to achieve the study objective, the physical environment criterion had the highest difference in private and public hospitals, followed by the interpersonal care criterion. The Access criterion was the same for both private and public hospitals.




5. Application of ANN-MLP to Predict Accuracy of the Model


In this research, the MLP algorithm has been used to check the accuracy and prediction of the model. Experts have been examined in terms of demographic characteristics such as age, experience, and education. Overall, experts have been classified in two different groups based on tendency to private or public health services during the dire COVID-19 situation. The accuracy of the model was evaluated in two intervals and in a number of different perceptrons, which yielded similar results. Additionally, the value of mean square error (MSE) is less than 0.1. The results of overfitting indicate the proper fit of the model. Figure 5 and Figure 6 show the accuracy of the models in terms of test and train data. The accuracy of the model is more than 80%, which is an acceptable amount.



In the first step, we import all required libraries to make MLPClassifier model (Code A):



______________________________________________________________________________



Code A: # Libraries



import pandas as pd



import numpy as np



import matplotlib.pyplot as plt



from sklearn.neural_network import MLPClassifier



from sklearn.model_selection import train_test_split



from sklearn.metrics import accuracy_score



from sklearn.model_selection import cross_val_score



from sklearn.metrics import mean_squared_error



______________________________________________________________________________



In the second step, we import all data (Code B):



______________________________________________________________________________



Code B: #Import data



data = pd.read_excel(“Data.xlsx”)



x = data.drop(columns = [“independent variables”])



y = data[“Dependent variable”]



print(x)



print(“\n”, y)



______________________________________________________________________________



For the next step, we divided data into two parts: training and testing data. We usually consider 70% of data for training and 30% of data for testing. We can see the output of the model with every new x (based on demographic variable). In fact, the model can predict expert opinion regarding private or public hospitals. Meanwhile, the accuracy of the model in different conditions can be tested (Code C).



______________________________________________________________________________



Code C: # Train, Test, model accuracy and prediction



x_train, x_test, y_train, y_test = train_test_split(



 x, y, test_size = 0.3, random_state = 30)



print(x_train.shape)



print(x_test.shape)



test_accuracy = []



train_accuracy = []



HLS = [] # hidden lyer size



 



for i in range(1, 20):



 for j in range(5, 25):



  model = MLPClassifier(hidden_layer_sizes = (i, j), activation = ‘relu’, solver = ‘adam’)



  model.fit(x_train, y_train)



  y_predict = model.predict(x_test) # predict model with every new x



  score = accuracy_score(y_test, y_predict)



  print(f”Score is: {score}”)



 



  test_accuracy.append(model.score(x_test, y_test))



  train_accuracy.append(model.score(x_train, y_train))



  HLS.append([i, j])



______________________________________________________________________________



Based on Code D, we can provide accuracy plots regarding testing or training data.



______________________________________________________________________________



Code D: # Plots



plt.plot(test_accuracy, label = “Test”)



plt.plot(train_accuracy, label = “Train”)



plt.xticks(range(0, len(HLS)), HLS, rotation = 90)



plt.xlabel(“Hidden layer size”)



plt.ylabel(“Accuracy”)



plt.legend()



plt.show()



______________________________________________________________________________



The final step is related to overfitting and cross validation (Code E).



______________________________________________________________________________



Code E: # Overfitting and cross validation



reg = MLPClassifier()



cv_score = cross_val_score(reg, x, y, cv = 5)



mse = np.mean(cv_score)



print(“cross validation mse is: “, mse)



clf = MLPClassifier(hidden_layer_sizes = (



 i, j), activation = ‘relu’, solver = ‘adam’)



scores = cross_val_score(clf, x, y, cv = 5)



print(f”Score is: {scores}”)



______________________________________________________________________________




6. Discussion


The present study mainly focused on the prioritization of factors affecting patient satisfaction in the COVID-19 pandemic. The research results demonstrate noteworthy points about the criteria and sub-criteria of the hierarchy model. Among the proposed criteria, the most important criterion was interpersonal care, with a greater weight than the other criteria. Previous research (Chahal and Mehta 2013; Rehman and Ali 2016; Schoenfelder et al. 2011) also emphasized the importance of interpersonal care for patient satisfaction. Additionally, an important point worthy of consideration by health managers in Iran is that this criterion is the second one that has made a significant difference in public and private hospitals according to the performance sensitivity analysis. In fact, the results indicated that interpersonal care is not of desirable quality and has been neglected in public hospitals. In contrast, private hospitals have paid special attention to interpersonal care in the COVID-19 pandemic conditions. This criterion, along with the physical environment criterion, has caused the greatest difference in public and private hospitals. It can, therefore, be concluded that private hospitals in Iran have gained a significant difference in terms of patient satisfaction compared with public hospitals by prioritizing physical environment and interpersonal care during the COVID-19 pandemic.



Another point of consideration was the importance and high weight of the patient safety climate sub-criterion in comparison to the other sub-criteria. The importance of patient safety climate for patient satisfaction has also been emphasized in the literature (Mazurenko et al. 2016; Mazurenko et al. 2019; Sorra et al. 2012). A point that redoubles the importance of this sub-criterion is that it represents organizational characteristics, personality, and the order of the hospital. According to performance sensitivity analysis, a significant difference observed between public and private hospitals in this criterion largely indicates the weakness of the system governing public hospitals.



The results of this research clearly show the weakness and unsatisfactory performance of public hospitals in Iran in attracting patient satisfaction during the COVID-19 pandemic. It should be noted, though, that in the COVID-19 pandemic, a much higher percentage of patients were admitted to public hospitals than private hospitals according to the statistics of the Ministry of Health of Iran, and this high volume of admissions and lack of adequate facilities might have caused such a functional weakness. Indeed, public hospitals in Iran suffer from a lack of resources, and the problem of healthcare budget has always been one of the main problems of the health system in Iran in recent years. Additionally, many clients and patients who are intermediate or poor groups of society had no choice but to choose and refer to public hospitals in the COVID-19 pandemic due to the high costs of private hospitals. Manenti (2011) emphasized the inability of the public sector to provide the health needs of people, the poor quality of public hospital services, the physician shortage per patient, and the shortage of nurses. Abbaszadeh et al. (2013) also highlighted the challenges of the health system in Iran, including decreased efficiency of the staff.



As announced by health officials in Iran, the possible increase in the burden of COVID-19 disease in the second wave and its coincidence with the outbreak of influenza, fatigue and exhaustion of hospital staff during the multi-month outbreak of COVID-19, along with elevated costs and a sharp decline in the revenue of public hospitals have all exposed these organizations to bankruptcy, which necessitates the immediate support of hospitals and medical centers by relevant authorities. The financial problems of public hospitals are among the factors that can clearly influence patient satisfaction by affecting medical staff, an important point that can be considered by the large-scale health management in Iran from a managerial point of view. For example, lack of medical facilities, long working hours for medical staff, non-payment of salaries and compensations of medical staff, and lack of beds in the ICU are all factors affecting medical staff and thus patient satisfaction. Downsizing was another important issue that faced public hospitals with many problems due to the economic problems of public hospitals during the COVID-19 pandemic. This imposes intensive burden on public hospital staff by increasing working hours, and obviously significantly reduces the work efficiency of medical staff. The lack of proper planning and management is evident regarding the performance of hospitals in Iran and, perhaps more widely, in the field of health, which also affects patient satisfaction and medical staff on a larger scale, leading to more dissatisfaction with provided services in the long run.




7. Conclusions


The present study tried to prioritize the factors affecting patient satisfaction during the COVID-19 period using the AHP method. Undoubtedly, patient satisfaction is an important factor affecting the health economy. In the next step, to study the accuracy of the proposed model, the machine learning algorithm was used using Python programming, which shows the acceptable results of the model’s accuracy.



COVID-19 condition has certainly had many psychological and economic effects. Meanwhile, patients’ dissatisfaction with health services can have more negative economic effects on the health sector.



One of the points that should be highlighted in this study is the prominent role of public hospitals in the onset of the COVID-19 pandemic. In fact, the important role of public hospitals in the beginning of the fight against COVID-19 should not be easily disregarded, despite the results of this study indicating patient satisfaction in private compared with public hospitals. In fact, the facilities of private hospitals are considerable in comparison to public hospitals in Iran for economic reasons and perhaps poor management in the latter. For readers of this article, it may be interesting to note that only public hospitals provided services to clients in the beginning of the COVID-19 pandemic, and private hospitals refused to admit patients. This clearly reveals the weakness of management in the health system and monitoring the performance of hospitals in Iran. From another viewpoint, the large number of clients referred to public hospitals and the lack of adequate facilities have brought about patient dissatisfaction, which should by no means underestimate the services and efforts of medical staff in public hospitals. Indeed, medical staff in public hospitals of Iran have always been at the forefront of the struggle and have tried to satisfy patients with minimum facilities.



Irrespective of mentioned notes, clustering based on a machine learning approach revealed that experts have more tendency to emphasize the quality of private hospitals in comparison with public hospitals. Based on their experience and education level, advantages of private hospitals in Iran must be weighed against some shortcomings.



Regardless of the aforementioned explanation, the management of private hospitals provided better planning and organization than public hospitals after solving the problem of patient admission in private hospitals during the COVID-19 pandemic. Allocation of separate wards for COVID-19 patients, paying special attention to interpersonal care and physical environment, and undoubtedly the supply of suitable facilities to fight this disease have been the most important reasons for patient satisfaction with private hospitals during the COVID-19 pandemic.



Future researchers can use other machine learning algorithms to assess the accuracy of the model. They also can compare different algorithms. Meanwhile, other criteria related to performance of hospital can be added to model, and tests can be run in different levels.
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Figure 1. Top-level criteria and indicators of each criterion. 






Figure 1. Top-level criteria and indicators of each criterion.



[image: Jrfm 15 00288 g001]







[image: Jrfm 15 00288 g002 550] 





Figure 2. The AHP weights of criteria. 
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Figure 3. Weighted head-to-head between public and private hospitals. 
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Figure 4. Performance sensitivity analysis. 






Figure 4. Performance sensitivity analysis.
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Figure 5. Accuracy of the MLP model (I = (1, 10), j = (5, 15)). Note: MSE= 0.083; Scores (Cross validation with cv = 5) = [0.8, 0.8, 0.857, 0.857, 0.857]. 
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Figure 6. Accuracy of the MLP model (I = (5, 15), j = (10, 20)). Note: MSE = 0.083; Scores (Cross validation with cv = 5) = [0.8, 0.8, 0.857, 0.857, 0.857]. 
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Table 1. Factors affecting patient satisfaction in the COVID-19 pandemic crisis.






Table 1. Factors affecting patient satisfaction in the COVID-19 pandemic crisis.





	
Categories

	
Factors

	
References






	
Technical Care

	
Perceived competency of health professionals

	
(Andaleeb 2001; Cheng et al. 2003; Hall and Dornan 1988; Saad Andaleeb 1998)




	
Interpersonal care

	

	
(Alasad and Ahmad 2003; Alosaimi et al. 2022; Chahal and Mehta 2013; Otani et al. 2003; Rehman and Ali 2016; Stanhope et al. 2022)




	
Physical environment

	

	
(Cui et al. 2018; Ghosh 2014; Ozkoc and Pazarlioglu 2011)




	
Access

	
Accessibility

	
(Montoya et al. 2022; Otani et al. 2003; Zopf et al. 2012)




	
Availability

	
(Batbaatar et al. 2017; Oppel et al. 2017)




	
Affordability

	
(Saad Andaleeb 1998; Xiao and Barber 2008)




	
Organizational characteristics

	
Reputation

	
(Imanaka et al. 1993; Tokunaga et al. 2000)




	
Patient safety climate

	
(Mazurenko et al. 2016; Mazurenko et al. 2019; Sorra et al. 2012)
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Table 2. The AHP weight and ranking of criteria and sub-criteria.
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	Criteria
	Weights
	Ranking
	Sub-Criteria
	Weights
	Ranking





	Technical care
	0.259
	2
	Perceived competency
	1.000
	



	Interpersonal care
	0.272
	1
	
	
	



	Access
	0.212
	3
	Accessibility
	0.200
	5



	
	
	
	Availability
	0.400
	2



	
	
	
	Affordability
	0.400
	2



	Physical environment
	0.162
	4
	
	
	



	Organizational characteristics
	0.095
	5
	Reputation
	0.333
	4



	
	
	
	Patient safety climate
	0.667
	1
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