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Abstract 

The study aimed to introduce a new application of the separation index (SI) that al-

lows objective determination of the dominant role in the COVID-19 outbreak which 

started in the city of Wuhan, China in December 2019 and subsequently spread to 

other provinces/regions of China as well as the rest of the world. The separation in-

dex is capable of determining the dominance, also defined as the absolute advantage 

(or disadvantage) in a comparable group of measures. We downloaded COVID-19 



2020-1054 IJOI 

http://www.ijoi-online.org/ 

 

The International Journal of Organizational Innovation 

Volume 12 Number 4, April 2020 

11 

outbreak data on a daily basis from Google Sheet that provides information on con-

firmed cases in more than 30 Chinese locations and other countries/regions. 

Choropleth maps and Kano diagrams were drawn incorporating the 4SQ diagram. 

Three factors were assessed to determine which region played the most dominant 

role based on (1) the total number of confirmed cases, (2) the death rate, and (3) the 

SI of daily increase of confirmed cases using the separation index ranging from 0 to 

1.0 (cutting at 0.70). We programmed Microsoft Excel VBA routines to arrange the 

data. Visual dashboards were created to display the results on Google Maps.  

We observed that as of February 17, 2020, the top three countries/regions within the 

three respective elements investigated were Hubei (China), Philippines, and British 

Columbia, with SI of 0.98, 0.61, and 0.52, respectively. 

 The separation index is shown useful and capable in identifying the dominant role 

in a group. Further applications within and outside the context of COVID-19 are 

worthy of research effort.  

Keywords: COVID-19, separation index, choropleth map, Kano model

Introduction 

Under the influence of a pan-

demic like COVID-19, we hoped to 

develop an index that can determine 

the dominant roles in a vast group, 

one that is much similar to that used 

in determining the strength of the 

leading company in an industry in 

the study by Lee et al. (2020). The 

Herfindahl index (HI) was proposed 

as an indicator by economists Orris 

C. Herfindahl and Albert O. Hirsch-

man (Hirschman, 1958) to investi-

gate the competition in an industry 

(Catherine & Alan, 2004). However, 

there are disadvantages in the HHI 

defined as the sum of the squares of 

the market shares of the firms (i.e., 

H= , Where the number of 

firms in the industry, n, was limited 

to the 50 largest firms) (Lee et al., 

2020). For instance, the market (s) 

shares are expressed as fractions 

(e.g., H= 0.5 = 0.5*0.5+ 0.5*0.5 for 

two equal- size companies). It would 

become a problem as the dominant 

role is what we are interested in (i.e., 

the 100% monopoly or the strength 

of the competition). The same ap-

plies to what we investigated in one 

questionnaire forming a unidimen-

sional construct using Eigenvalues to 

definition (Chien 2012). The dimen-

sion coefficient (DC) is defined by 

the top three eigenvalues (λi) with 
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the formula: DC=[ (λ1/λ2)/ 

(λ2/λ3)]/[1+[ (λ1/λ2)/ (λ2/λ3)]] and a 

criterion of ≥0.70, where λi stands 

for the number of Eigenvalues in 

descending order (Lord, 1980; Divgi, 

1980). The ratio[ (λ1/λ2)/ (λ2/λ3)] 

can be defined as the separation in-

dex (SI) to represent the dominant 

role in a set of principal components. 

The application of SI in another field 

would be interesting but require 

evaluation.  

This study aimed to apply the 

SI to determine the most dominant 

region regarding the current pan-

demic on the basis of (1) the number 

of confirmed cases, (2) the death rate, 

and (3) the SI of the increase of daily 

confirmed cases. 

Methods 

2.1. Data Sources 

We downloaded COVID-19 out-

break data on February 14, 2020, 

from Google Sheet (Google, 2020) 

that provides information on con-

firmed cases in more than 30 Chi-

nese locations and other coun-

tries/regions. All downloaded data 

were sourced from the websites 

(Google, 2020). Therefore, ethical 

approval was not necessary. 

2.2 The separation index 

We defined the SI, as men-

tioned in the previous study (Chien 

2012; Lee et al., 2020). The formula 

is similar to the one for dimension 

coefficient (DC) (Lord, 1980; Divgi, 

1980), and a threshold of 0.70 was 

chosen as the Cronbach Alpha to jus-

tify the quality of a scale. The higher 

the SI, the stronger the role one plays 

in a group, particularly in compari-

son to the next two.  

2.3 The three elements are taken into 

consideration regarding the  

2.4 corvid-19 outbreak 

 To evaluate the outbreak, 

three elements were taken into con-

sideration: (1) the total number of 

confirmed cases, (2) the death rate, 

and (3) the SI of daily increase of 

confirmed cases where SI presents 

the strength of disparity with the next 

two countries/regions in descending 

order. As such, the SI is an algorithm 

used for understanding the feature of 

the dominant roles in a domain.  

2.5 The choropleth map and the 

Kano diagram 

 Choropleth maps (CM) have 

been applied to illustrate the dispari-

ties in health outcomes across many 

disciplines (Chien et al., 2019). 

Some disadvantages were encoun-

tered when using them. For example, 
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the dominant nations are hard to dis-

criminate or define on the Chorop-

leth map. In light of the problem, the 

Kano diagram (Kano et al.,1984) and 

the separation index was deemed 

useful to complement CMs for a 

better interpretation of the disparities 

across countries and regions. 

The Kano Model is based on a 

theory of product development and 

customer satisfaction developed in 

1984 by Professor Noriaki Kano 

(Kano et al.,1984), who classifies 

products or items into three main 

categories of quality: basic require-

ment, one-dimensional quality, and 

exciting feature. These are dia-

grammed accordingly to the satisfac-

tion perceived by customers on 

Y-axis and the effort achieved by 

providers on X-axis.  

2.5 Creating Dashboards on Google 

Maps 

 Author-made modules showed re-

search achievements on organization 

innovation for each country in Excel 

(Microsoft Corp). We created pages 

of HTML used for Google Maps. All 

the relevant information on the enti-

ties (i.e., countries or areas) can be 

linked to dashboards on Google 

Maps.  

 

Results 

  The dominant regions on the 

COVID-19 outbreak were shown in 

Figure 1. Data were collected on 

February 17, 2020. We can see the 

top three regions on the number of 

confirmed cases were Hubei, Guang- 

dong, and Henan (Mainland China). 

The problem with the choropleth 

map became obvious when the 

dominant region could not be shown. 

Whether the top rank, Hubei, has an 

SI over the threshold of 0.7 would 

need to be further addressed.  

 The Kano diagram was used to 

display the four- separation- quad-

rant (4SQ) diagram (Figure 2). The 

total numbers of confirmed cases 

were compared, and Hubei was 

found with SI=0.98 (>0.70), showing 

its dominant role played in the dis-

ease outbreak surpassing the next 

two of Guangdong, and Henan based 

on the formula (=0.98= 

[ (59989/1322)/ (1322/1246)]/[1+ 

(59989/1322)/ (1322/1246)].  

 The top three regions by death 

rate on Feb. 17, 2020 were Philip-

pines, France, and Taiwan with 

SI=0.61 (= [ (0.33/0.08)/ 

(0.08/0.05)]/ [1+ (0.33/0.08)/ 

(0.08/0.05)].  
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Figure 1. The dominant regions on COVID-19 outbreak on Feb. 17, 2020 
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 Figure 2. The dominant role with SI=0.98 derived from Hubei (China) using the 

Kano diagram to display 
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In Figure 3. The death rate dominated by the Philippines with SI=0.61 

The top three with higher SIs of 

daily increase of confirmed cases 

were British Columbia (Canada), 

Diamond Princess cruise ship, and 

Hong Kong using the SI=0.52 (= 

[ (0.56/0.51)/ (0.51/0.51)]/[1+ 

(0.56/0.51)/ (0.51/0.51)].  

Discussions and Conclusion 

We observed that as of Febru-

ary 17, 2020, the top three coun-

tries/regions within the three respec-

tive elements investigated were 

Hubei (China), Philippines, and Brit-

ish Columbia, with SI of 0.98, 0.61, 

and 0.52, respectively. 

Although changes in the num-

ber of confirmed cases might be dif-

ferent in each SI on the topic of in-

terest every day, the separation index 

is useful and capable in the determi-

nation of the dominant role of a 

group in comparison to the HHI 

where several limitations were found 

in use (Lee, 2020). We applied the SI 

to display the dominant regarding 

each data element on the COVID-19 

outbreak, which has attracted 

attention from many around the 

world. The algorithm of SI allows 

the computers to easily display any 

outstanding roles from numerous 

entities quickly and accurately from  



2020-1054 IJOI 

http://www.ijoi-online.org/ 

 

The International Journal of Organizational Innovation 

Volume 12 Number 4, April 2020 

17 

 

 

Figure 4. The dominant nation on organizational innovation is the US 

the databank, for instance, when the 

region with most increased cases 

yesterday was of interest. The SI with 

visualization, as provided in this study, 

can be easily modified to any other 

topic of interest and presented on 

Google Maps. Interested readers are 

invited to scan the QR-code on Figures 

and click on the bubble on the Kano 

diagrams (or the color on choropleth 

map) to see the detailed information of 

each specific region.   

 We demonstrated the use of SI on 

the evaluation of COVID-19 that can 

be applied to other fields of study in 

the future. All dashboards created us-

ing Google Maps is also a feature that 

can be easily replicated future 

research. 

As of February 18, 2020, 

more than 163 articles related to 

COVID-19 have been searched on 

PubMed Central (PMC) (PubMed 

Central,2020). The Johns Hopkins 

Center for Systems Science and En-

gineering (JHC) has built an online 

dashboard regularly updating the 

data for tracking the spread of the 



2020-1054 IJOI 

http://www.ijoi-online.org/ 

 

The International Journal of Organizational Innovation 

Volume 12 Number 4, April 2020 

18 

COVID-19 worldwide (Donovan, 

2020) in the hope of providing the 

public a better understanding of the 

outbreak. However, nothing as inno-

vative as applying SI in evaluating 

and providing such aspect of the 

disease outbreak has been introduced 

to the public so far.  

Similarly, the SI can be comple-

mentary to the dashboards despite the 

bubble size representing the magni-

tudes on the Kano diagram. The bubble 

locations on the Kano diagram are 

more distinguishable than any other 

types of visual representations in the 

past. Regardless, the most worth- not-

ing feature in this study remains to be 

the novel application of SI.  

In situations of day-to-day livings, 

we can also encounter the need to 

identify the dominant role in an or-

ganization or a group. For instance, the 

top three players in the 2019 World 

Athletics Championships of Men's de-

cathlon scored 9126, 9045, and 8711. 

The person's reliability is equal to 0.48 

(<0.70), implying that the top player 

does not play a dominant role, and the 

second player in ranking closely fol-

lows the first.  

The second feature of this 

study is applying the choropleth map 

and the Kano model, as we did in the 

previous study (Lin, Chou, Chou, 

Chien, 2019). Several potential limi-

tations may encourage further re-

search efforts. First, as all data were 

extracted from the Google Sheet on 

COVID-19, numerous elements 

could be and should be involved in 

the use of SI to highlight the domi-

nant roles, but only three were raised 

in this study. Second, the proposed 

separation index itself has several 

limitations. The last two re-

gions/entities would be not involved 

in the computation because of the 

need to compare one with the next 

two in descending order (Lee, 2020). 

An simple way to examine the last 

two is using the F2/F1 indicating the 

inversed result (e.g., (F1/F2)/ (1+ 

(F1/F2))=1- (F2/F1)/ (1+ (F2/F1)) in 

nature. The condition is that we use 

the SI to separate the groups or clus-

ters, instead of limiting to the top 

three. 

Third, the study was based on 

the data from the Google Sheet 

(Google, 2020). The Google team 

has announced that the service will 

be terminated and transformed into 

Github[28], providing the same in-

formation. Due to the download limit, 

the Google team will soon stop the 

update of this Google Sheet, which 

might affect the data being trans-

ferred effectively and efficiently on 

the daily calculated SIs on our 



2020-1054 IJOI 

http://www.ijoi-online.org/ 

 

The International Journal of Organizational Innovation 

Volume 12 Number 4, April 2020 

19 

dashboards. 

 In conclusion, the separation 

index is useful and capable of iden-

tifying the dominant role in a group. 

Further applications within and out-

side the context of COVID-19 are 

worthy of research effort.  
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