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Summary 
 

“Health strategies are the same as wealth strategies. They are designed to last a 
lifetime” 
                                                                            ----Natasha Deonarain, MD, MBA [35] 
 

        Healthcare is one of the most important aspects in a person’s life. Many are 

simply content with a long and healthy life. To maintain a long and healthy life, an 

outstanding hospital with capable doctors are needed. To determine the quality of a 

hospital, our paper proposes a two-part calculation. 

 

The first part is of mortality rates, but of course, we cannot simply look at the 

death rates as it does not give an accurate evaluation of a hospital’s quality. Evitable 

and inevitable death rates are fundamental to figure out the doctors’ capability. We 

determined three most important factors that affect evitable and inevitable deaths, 

they are diseases, accidents, and resource shortages. Those who die due to these 

factors are then separated into four age groups for further analysis. After further 

steps, we can find the percentage of people who should be but not saved out of the 

total number of patients who should survive. This allows us to tell the quality of each 

hospital by the evitable death rate.  

 

Part two is made up of the other factors that influence a hospital’s quality, 

which are the ratio of doctors to patients, capacity, equipment, and efficiency. The 

entropy weighting method is used to determine the top five hospitals without 

considering the influence of mortality. After further analysis using the Analytic 

Hierarchy Process (AHP), the best hospital is picked considering all five factors. Both 

methods quantify the quality of a hospital and endow the criteria and/or alternatives 

with weights. 

 

 Ultimately, our calculations will determine the best hospital out of fifty 

hospitals by mortality, ratio, capacity, equipment and efficiency. 
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1.  Introduction 
1.1 Problem Review 

Healthcare is indisputably one of the most important factors in living a long, 

healthy life. Usually, people would have a choice in where they would seek treatment 

— especially in a non-emergency situation — and they would pick the best hospital 

available. There are many points in picking hospitals to take into consideration, with 

the most important few being mortality, which is impacted by diseases, accidents, 

resource shortages and so on, and other factors such as capacity and equipment. 

Based on the factors mentioned, we can tell the overall quality of a hospital and 

therefore be able to pick the best place to seek treatment. 

 

1.2 Preliminary Analysis 

To evaluate the quality of different hospitals, the first step is to pinpoint factors 

that affect it and the level of the importance for each of them. The most crucial 

elements include mortality, the doctor-to-patient ratio, capacity, expense on 

equipment and efficiency. 

The total number of death cases in a hospital is not a good measurement of its 

quality, instead, the percentage of people who can be saved but were not due to 

various reasons, such as doctor errors, can be used for comparison. According to 

the relative degree of changes of each element, the weights of the different factors’ 

impact on the overall result can be determined by using the entropy method, which is 

suitable for analyzing a large sample of 50 hospitals. Hence, the top five hospitals 

can be chosen to be further analyzed using the AHP method with consideration of 

mortality and other factors. A reasonable ranking of the hospitals will then be 

generated using mathematics. 

 

2. Assumptions and Symbols 

2.1 Assumptions and Justifications 

1. Assumption: The data used in our model are not collected from real life                        

hospitals but randomly generated using Excel. 

 Justification: Most of the data we need is not made available to the public and 

there is not a pre-existing database provided for us to work with. 

 

2. Assumption: The data randomly made up by using excel will be similar  

to the real-life data 

          Justification: We will make up the data with regards to the real-life data, then                       
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we will be using excel to generate random numbers in a range we made 

based on the real numbers. 

 

     3. Assumption: Models only consider the impacts of the factors discussed 

above. [2] 

          Justification: There are innumerable factors that directly or indirectly influence 

the quality of a hospital. It is impossible to cover them all, and thus, only the 

most important ones should be included. 

 

      4. Assumption: The factors do not influence each other. [2] 

          Justification: A good hospital usually has larger capacity, more advanced 

equipment etc. and vice versa for a bad hospital. These factors are all related 

and it would be easier to distinguish the higher-level hospitals at a glance of 

the data. As a result, our team is building a math model that analyzes the 

quality of the hospitals while ignoring the relationships between each factor. It 

is overcome by independently generating data for each factor in Excel. 

 

       5. Assumption: We are only including data from general hospitals; no 

children’s hospitals are considered. 

           Justification: The patients that go to children’s hospitals are mostly at a young 

age. It will cause a significant increase in the number of young patients in that 

hospital, which is a special case compared to the general hospitals. Therefore, 

children’s hospitals are not well representative samples in our model. 

 

       6. Assumption: We assume the data of other factors of 50 hospitals all fit 

in the range we set. 

          Justification: The range is based on hospitals’ websites, their annual report 

and social surveys, including both big, famous hospitals and small, local 

hospitals, which can, to a great extent, represent 50 different hospitals. 
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2.2 Symbols 

 

 

3. Mortality 

When people are looking for hospitals, mortality is one of the most intuitive 

factors. Since large hospitals usually have a larger number of deaths due to the 

number of patients that go there, using just the total number of deaths to judge the 

hospitals may not be a good measure of the quality of the hospitals. However, 

expressing the outcomes as percentages will make the quality of the hospitals 

comparable. Mortality is separated into two kinds – evitable and inevitable deaths. 

Evitable deaths are the ones that could and should have been avoided. They are 

mostly caused by the mistakes of the hospital. A high evitable death count is a sign 

that illustrates the poor quality of a hospital. Therefore, the evitable death rates will 

be very good telling signs of whether a hospital is good or not.  

3.1 Research and Data Collection 

While cases of inevitable deaths are relatively rare, there are innumerable 

factors that need to be taken into consideration to determine evitable deaths. As a 

result, our team calculated the inevitable death rate and used the difference between 

the actual mortality rate and the inevitable death rate to determine the evitable death 
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rate. The biggest causes of inevitable deaths are diseases, accidents, and resource 

shortages. As people of different ages have different inevitable death rates, we have 

also separated the people who have died from the above factors into four groups in 

terms of their age. The four age groups are <5, 5~40, 40~65 and >65. These age 

groups are determined by their similar death rates in each of the three categories 

(disease, accidents, and resource shortages) based on the data found on the 

internet. [1]  

3.1.1    Ranges 

By using the limited data, we have found that is available, we set a range using the 

lowest percentage to be the minimum and the highest percentage to be the 

maximum, assuming the 50 hospitals fit in these ranges. Excel is the software used 

to make up the data by putting in the range in equation (1): [8] [20] [21] [22] [23] [24] 

       Random % = min % +RAND()×(max % - min %)                   (1)            

Figure1. Range of Symbols 

 

3.2    Calculation  

3.2.1    Percentage calculation 

Referring to the real-life data from previous research, we adjusted the unit to per 

hospital per month, shown in Figure 2. [8] [9] [10] [11] [12] [13] [14] [17] [19] 

 

 Figure 2. Real-life Data Table 
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In this equation,  

the numerator calculates the number of patients in Group 1 who died of diseases, 

and the denominator calculates the total number of patients in G1. The result of the 

equation is the percentage of patients in G1 died of disease. The same logic is 

applied in the process of calculating the percentage of people from different age 

groups who died of accidents and resources shortage in each hospital. 

3.2.2    Calculation for ᵯ 

Since each hospital is randomly given a different percentage of patients in each 

age group within ranges, N1 is calculated to be the average percentage of the fifty 

hospitals. 

Figure 3. Calculations of N1-N4 

The total inevitable death rate—EM% in each hospital was calculated by adding up 

the products of the percentage of patients in an age group (An) and the 

corresponding percentage of the total inevitable death rate of that age group (Nn), 

shown in the equation (3). 

                                     EM%= A1×N1+A2×N2+A3×N3+A4×N4                             (3) 

The equation for ᵯ: 

 

calculates the percentage of people who should be but not saved out of the total 

number of patients who should survive. The lower the ᵯ, the better the quality of the 

hospital. The ranking of the hospitals based on ᵯ is shown in Figure 4. 

 

(2)    

(4)    
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                                                       …………. 

Figure 4. ᵯ Result Ranking 

 

4. Other Factors  

In addition to mortality, there are other factors that one might want to use in 

measuring the overall quality of a hospital. A few possible variables include: 

● Ratio of doctors to patients in the hospital 

● Capacity - the number of ward beds available in the hospital 

● Expense - the amount of money a hospital spends on medical devices 

maintenance and updating new equipment per year 

● Efficiency - the average time a patient needs to wait before seeing a 

doctor 
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4.1   Research and Data collection 

Similar to the method we used for mortality, the ranges for these four factors 

were calculated in the same way. For the first three factors, the ratio of doctors to 

patients [4], capacity and expenditures are similar in the aspect that the higher the 

value, the better the quality of the hospital. Whereas it is the opposite for the waiting 

time. Since the data needs to be consistent, some adjustments were made to the 

data. The range of the waiting time is from 2.5 to 3.5 hours, so we took 3.5 and 

subtracted it by each value in the C4 column. Based on this, the data was generated 

as shown in Figure 5. 

 Figure 5. Research and Database 

 Figure 6. Range of Symbols [3] [4] [5] [6] 

 

4.2   Calculation 

As an objective weight method, the entropy weighting method fully considers the 

information provided by the evaluation index, and therefore, has very high reliability 

and precision. [26] Although it lacks horizontal comparison between each factor, the 

objective of using this, which is to eliminate 45 hospitals and leave only the best five, 
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is sufficiently achieved. The AHP method is advantageous for its systematicity and 

conciseness, [27] and its major weakness is overcome by using the weights got from 

4.2.1 and data from 4.1 to objectively rather than subjectively determine the degree 

of preference and pick the best hospital. 

 

4.2.1    Entropy Method 

Use the data to create a 50×4 matrix like the general one illustrated in Figure 7. 

The columns C1 to C4 represent the four factors that affect the quality of hospitals, 

while the rows H1 to H50 represent 50 different hospitals. 

Figure 7. Matrix 50×4 [29] 

According to the formula (5), the sum of the 50 numbers in each column was 

calculated and each entry (xij) was divided by its corresponding column sum to form 

a new matrix Pij, as shown in Figure 8. This indicates the weight of index of hospital 

i under the factor j. [7] [29] 

 

(5)    (6)    
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Figure 8. Matrix Pij 

The calculation for ej, which is the total information entropy value of factor j, is 

separated into three sections. The part in the formula (6): 

is first calculated by multiplying the value of each element in the new matrix by the 

natural logarithm of itself, which formed another matrix (Figure 9).  

Figure 9. Pij×ln(Pij) Matrix 

 

 

(7)    
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The following step is to calculate the sum of each column and the value of the 

constant k, determined by the equation: [7]       

in which n represents the number of alternatives, or hospitals in this case. 

Thus, the value of k is equal to  

                                                    k=1/ln (50) =0.255622….                                     (9)  

and the values of ej were calculated as shown in Figure 10. 

Figure 10. Data table Calculation 

The difference between 1 and ej, which is dj, [30]  

decides the information utility value of an index. Its value directly influences the 

weights. The importance of the factor to the evaluation increases as the information 

utility value increases, and so does the weight. [26] The values of the weights (wj) 

were calculated by dividing each individual dj by the sum of the dj values, [30]  

which is 8.933281. The weights of C1, C2, C3 and C4 are 22.33%, 22.29%, 33.43% 

and 21.95% respectively. As a result, C1, C2, and C4 weigh approximately the same 

and are of almost equal importance, however, C3, the supply expenditures, is the 

factor that has the most impact on the quality of a hospital among these four factors. 

In terms of their weighted values, scores of the 50 hospitals are revealed in Figure 

11, listed from the highest to the lowest. The top 5 are highlighted.  

(8)    

(10)    

(11)    
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…….. 

Figure 11. Scores of the 50 Hospitals 

 

            

4.2.2    AHP Method 

The Analytic Hierarchy Process (AHP) considers other factors together with 

mortality to pick the best one out of the Top 5. The goal is decomposed into a 

hierarchy of criteria and alternatives (see Figure 12). The structure of the hierarchy 

includes the goal, which is the best hospital, the criteria, which are the five factors, 

and the alternatives, which are the hospitals. [31] 
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Figure 12. Structure of Hierarchy  

 

4.2.2.1 Single Hierarchical Arrangement 

Figure 13. Scale for Comparison [18] 

According to the scale for comparison (Figure 13), six pairwise comparisons 

between two criterions are made as shown in Figure 14. Instead of subjectively 

deciding the importance of a factor over another, the data and the weights from 3.2.2 

Calculation for ᵯ and 4.2.1 Entropy Method are used to objectively determine the 

importance of the factors. The degree of preference between the two 

criteria/alternatives with a maximum difference is set to be 9, and the rest is filled in 

with the following formula and rounded to the nearest whole number: 

                                                9×difference/max difference                                    (12) 

The lower triangular matrix is always the reciprocal values of the upper diagonal. [15] 
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Figure 14. Pairwise Comparisons Between Each Two Criterion 

The normalized scores in the new matrices (Figure 15) are the quotients of 

each element and their column sums. Then the weighted matrix (the W column) was 

generated by normalizing the row vectors by dividing the row sum by the total sum of 

the sum column. [15] 

Figure 15. Normalized Scores and Consistency Analysis            
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Consistency analysis 

To evaluate and check the consistency of judgement, λmax first needs to be 

calculated. Therefore, the consistency column was computed with the matrix 

multiplication function (MMULT) to multiply two matrices: each row of the pairwise 

comparison and the weighted matrix (Figure 16), and the product is divided with its 

corresponding weight like shown in (13). The average of the five consistency vectors 

will then be λmax (14). [33] [25] 

 Figure 16. Matrix Multiplication [15]8 

CI (the consistency index) which measures the deviation was calculated using the 

equation, [25] 

For n=1, 2...,10, the values of RI (the random index) are given by Thomas L. Saaty 

[32], shown in Figure 17, and has a value of 1.12 when n equals five, which is true in 

this case. 

Figure 17. Values of RI [18] 

 

 

 

(13)    (14)    

(15)    
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The consistency ratio (CR) can be calculated by dividing CI with RI (16), and a CR of 

lower than 0.1 is considered acceptable. [16] A lower CR means a higher consistency. 

All six matrices all pass the consistency examination. [16] 

 

4.2.2.2 Total Taxis of Hierarchy 

 Figure 18. Weights of Criteria and Alternatives [34] 

Since the single hierarchies were all examined to be consistent, the analysis of 

the overall weights of the five alternatives can be continued. The weights of the 

criteria and alternatives determined in 4.2.2.1 were shown in Figure 18. The final 

weights are the sum of the products of bj and cij, [34] in which the b and c represent 

the criteria and alternative levels, so in our case are the factors and the hospitals. 

The calculations of the overall CI and RI are: [25]  

Through calculation, the overall CR ratio, which is 0.0268, is also lower than 0.1, 

which means the general consistency is acceptable and the weights are valid. Thus, 

Hospital 6 has the best quality since it has the highest weight, which is 35.11%. 

 

 

(16)    

(17)    (18)    
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5. Memo 

 There are myriad of factors in choosing a good hospital. However, if we were 
to consider them all when picking a hospital, it would complicate the progress much 
more than is needed. So, our team decided on five of the most important factors: 
mortality, ratio, capacity, expenditures, and efficiency. Out of those five, mortality and 
expenditures are found to be more important than the rest. 

 With regards to mortality rates, while on the surface may be the lower the 
mortality rates the better, that is not the case at all. When looking at mortality rates, 
we must look at the evitable and inevitable death ratios as well. Even if a hospital 
has high mortality rates, it might not have been due to the quality of the hospital as a 

portion of the deaths could have been inevitable. Likewise, a hospital with low 
mortality might not be a good hospital if a good number of the deaths could have 
been avoided. The mortality rates also need to be looked at with regards to the total 
number of patients in a hospital, as a percentage, since just the numbers alone is not 
a good representation. There are many factors that influence whether a death is 
considered evitable or inevitable, and we picked some of the most influential ones: 
age, diseases, accidents, and resource shortages. For age, if two hospitals have the 
same mortality rate and percentage, then we can look at the population of the area 
the hospital is in. If the population is mostly made up of seniors, there’s a good 
chance that the hospital in that area will have a higher number of inevitable deaths 
than evitable deaths, as an elderly person is more likely to have a higher chance of 
death than a younger person when going through the same procedures. Diseases 
also have a huge impact on inevitable death rates. As the leading cause of death all 
around the world, diseases take away more lives than anything else; and more often 
than not, doctors find themselves unable to do anything to salvage the situation. 
Those who pass away under these circumstances are counted towards inevitable 
deaths. The same can be said with accidents, as another leading cause of death. 
For resource shortages, we are aiming more towards organs and the like rather than 
medicines and equipment. There are hundreds of thousands of people waiting for 
suitable organ donors each year, while there are only tens of thousands of donors. 
Statistics have shown that 20[28] people would die each day in Canada just from 
waiting for organ transplants alone. Thus, those who die from resource shortages 
also make up a large amount of inevitable deaths. 

When comparing hospitals, we should also look at the doctor-to-patient ratio. 
When comparing the amount of time a doctor with a higher number of patients 
spends on each patient with a doctor who has a lower number of patient, the result is 
obvious – the doctor with the lower number of patients spends more time on average 
on each patient. While a doctor with a large number of patients may be just as 
capable – if not even more – than the one with fewer patients, you cannot deny the 
fact that sessions with each patient will be shorter and more rushed. No matter how 
competent a person is, if there is not enough time to showcase their ability, what’s 
the use? When more time is spent on the patient, the more information regarding the 
illness/condition will be revealed, and thus the treatment may also speed up. The 
patients will not only be treated quicker, they will also be left with a good impression 
of the doctor, and in turn, the hospital.  

 Capacity is also a very important factor when looking for a good hospital. 
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When a hospital has more room, they have the ability to take in more people. Not 
only can the hospital treat more people, they can also hire more staff, house more 
equipment, and so on. Usually – but not always – a bigger hospital means better 
treatment, as they would have the money to purchase not just more, but better 
equipment. Not just the equipment will be better, the staff a bigger hospital would 
hire would need to have a better resume and more experience as well.  

 As for the equipment, we will need to look into how much a hospital spends 
on maintaining, cleaning, buying, and replacing their equipment. Having better 
working, cleaner, more, and newer equipment such as MIR, CAT scan, ultrasound, 
ECG, and so on will mean the patient will not only have access to all these devices, 
but they will be of a better quality as well. Not just the equipment for treatment, but 
the equipment for cleaning is equally as important. The equipment and instruments 

that have come in contact with bodily fluids would need to go through several rounds 
of cleaning and sterilizing before they are fit to be used again to prevent infections 
and transmissions of diseases. Having better quality cleaning equipment would 
lessen the chance of incidents of infection and transmission through particular 
instruments. 

 On top of doctor-to-patient ratio, capacity, and equipment expenses, there is 
also the efficiency of the doctors. There is no doubt that good doctors represent 
good hospitals. A more efficient doctor would be able to treat more patients – when 
considering that the patient's medical conditions and illnesses are similar – in a same 
amount of time when compared to a less efficient doctor. As the time taken for each 
treatment lessens, more people can be treated, and the waiting time will also go 
down significantly.  

          While these five factors are all very important, we cannot deny that mortality 
and expenditures are more important than the others. After calculations, we have 
found specific percentages of how much the five factors weigh. Without considering 
mortality, diseases weigh 22.33%, accidents weigh 22.29%, expenditures weigh 
33.43%, and efficiency weighs 21.95%. However, when you add in mortality, 
diseases, accidents and efficiency all weigh 6.84%, expenditures weigh 13.69%, and 
mortality weighs 66.86%. From this, you can see that mortality has the utmost 
importance in deciding a hospital’s quality, expenditure is next, while the others are 
all in third place.  

 In the end, to choose a good hospital, you must consider several aspects 
before deciding: mortality rates, doctor-to-patient ratio, capacity, equipment, and 
efficiency. Each of those factors represent the quality of a hospital, and when 
choosing, while it would be ideal to have a hospital that excels in all aspects, it would 
be extremely difficult for a hospital to achieve perfection, so as long as the hospital of 
your choice is not terrible at any of the above aspects, it would be fine. 

 

Best regards, 

Team # 2018055 
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