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Abstract
The purpose of this study was to establish whether there are statistically significant associations between the daily number of COVID-19 confirmed cases and containment variables such as gatherings restrictions, stay-home restrictions, internal movement restrictions, and international movement restrictions. The experiment used a data set for California daily records of infections from COVID-19 Data Hub and analyzed the data for 205 days using R software. The hypothesis was that the restrictions installed in the state did not have a significant effect on the number of confirmed cases. The multiple linear regression model used in the analysis showed that stay-home restrictions and international movement restrictions had a significant on the reduction of daily reported cases.


Background and Significance
There have been multiple studies evaluating the effectiveness of mobility restrictions on curtailing the spread of COVID-19. In a study done by Costantino, Heslop, and MacIntyre (2020), it was concluded that travel restrictions were highly influential on containing the spread of the virus in Australia when it was at its peak in China. The country put the restrictions when the virus was still localized mainly to China, thereby averting a much more massive outbreak. The researchers used data on disease incidence from China as well as international. In another study, it was found that while countries can allow infected travelers to enter their border in the absence of travel restrictions, these cases contribute little to the control of local spread. Conversely, the bans have debilitating effects on the social and economic costs. However, this argument is realistic only when most of the cases reported are from the local spread. In such instances, stringent travel rules would have a limited impact on epidemic control. Only countries with low local incidence rates and large numbers of travelers from other countries can use the ban on international travel as a convenient tool for fighting the virus (Russell et al., 2020). This also can be alluded to the interstate and intercity travel in the United States. Therefore, it is imperative to assess the impact of local restrictions, such as banning gatherings, internal movement, stay-home restriction, and international travel restrictions. This experiment aims to test the combined effect on the number of reported cases based on all these variables. 
Methods
The study's objective was to establish the effectiveness of the various restrictions put in place in the state of California to contain the COVID-19 pandemic. The study hypothesized that the restrictions would not significantly affect the number of daily confirmed cases. 
Data for the experiment was obtained from COVID-19 Data Hub for the period between January 12, 2020, and September 22, 2020. The purpose is to establish the impact of bans on gathering, stay-home, internal travel, and international travel on the number of COVID-19 in California. This database was created in response to the pandemic to aid researchers and policy developers in studying the numbers' trend as impacted by the various control measures. The Center for Systems and Engineering, in collaboration with ESRI and John Hopkins University, is maintained a web-based platform to track COVID-19 in real-time (Dong, Du, & Gardner, 2020). The data is made freely available for interested parties. While the information is available at different granularity levels, this experiment used variables at the state level (Guidotti & Ardia, 2020). There was no question of consent because the database does not provide any private information that can be used to trace the individuals who tested positive for the virus. 
The data was analyzed using R studio. Descriptive statistics for the number of cases affected by the various variables were presented in a tabular format, as seen in table 1. Using a multiple linear regression model, hypothesis tests were conducted on the data to determine the change in the daily number of confirmed cases affected by the variables used in the study. The first linear regression model tested all the variables i.e., gathering restrictions, Internal travel restrictions, stay-home restrictions, and international travel restrictions. The test was then altered by removing the single least significant variables based on their p-value from the multiple linear regression test. This procedure was repeated until all the insignificant variables were eliminated, thereby remaining with the variables with the most significant impact on the number of COVID-19 cases. The results of this model are displayed in table 2. The R2 value for the model variables was assessed to establish if any of the significant variables had a greater effect on the number of COVID-19 cases. The linear regression model's presumptions were analyzed using Residual vs. fitted plots, and QQ plots with the charts for these plots being shown in the appendix.
The policy measures used as the explanatory variables were evaluated based on the level they represented. In gathering, 0 indicated no restriction, 1 meant that the restrictions put in place were for large gatherings i.e., limit above 1000 people, 2 indicated restrictions on gatherings between 100 and 1000 people, 3 meant restricting gatherings for 10 to 100 people, 4 was for gatherings restrictions of less than ten people.
0 represented no restriction for stay-home measures, 1 was for recommendations not to leave the house, 2 was a requirement to remain at home except for essential trips, shopping, and daily exercise, 3 was a requirement not to leave the house with no exceptions. For internal movement restrictions, 0 meant no restrictions, 1 was recommended to close or reduce the volume and route of transport, and 2 represented a requirement to close routes and transport systems and prohibit people from using them. In international travel restrictions, 0 indicated no measures, 1 demonstrated that screening was being done in entry points including airports, seaports, and land borders, 2 show a requirement for quarantining arrivals from high-risk areas, 3 meant a ban on arrivals from high-risk areas, and 4 meant total closure of borders.
Results
Analysis of the plot indicated that the data followed a linear pattern with only one outlier, and this demonstrated that the data had a normal distribution. However, the number of confirmed cases remained stagnant in the first few days before shooting up to demonstrate a linear increase. The Residuals vs. Fitted plot also showed that the data was normal with the red line just above the dashed line. Point 49,669 may be an outlier with a large residue value. Therefore, the assumptions of the linear regression model for the data set was confirmed to be true.
After doing the multiple linear regression tests on all the independent variables, it was established that the stay-home restrictions and the international travel restrictions were the most statistically significant variables with p values of (2 x 10-16) and (8.78 x 10-16), respectively, at 5 percent level of significance. The other two variables, i.e., restrictions on gatherings and internal movement, were not statistically significant, as shown in table 2.

Table 1: Average Number of cases based on the implementation of the policy measures
	Table 1: Average Confirmed Cases per Measure
	
	
	
	
	

	Measure
	0
	1
	2
	3
	4

	Gatherings
	23,699
	854
	3,551
	10,874
	13,354

	Internal Movement
	29,577
	5,777
	16,978
	*
	*

	stay home
	28,638
	9,612
	11,757
	2,325
	*

	International movement
	16,520
	3,336
	5,864
	10,576
	16,036




Table 2: Effect on daily confirmed cases based on multiple linear regression model
	
	Test 1
	Test 2
	Test 3

	Explanatory variables
	p-value
	p-value
	p-value

	gatherings_restrictions
	0.443737
	0.0353
	removed

	stay_home_restrictions
	1.31E-05
	2.00E-16
	2.00E-16

	internal_movement_restrictions
	0.915605
	removed
	removed

	international_movement_restrictions
	2.00E-16
	
	8.78E-16



After evaluation of the results of multiple linear regression, it was concluded that the equation that satisfied the impact of stay at home restrictions and international travel ban on the daily number of confirmed cases is as follows:
Confirmed cases = 341.5 + 65959.4863*stay_home_restrictions + 49803.3044*international_movement_restrictions
A boxplot demonstrating international travel bans' effect on the daily number of reported cases showed that the numbers only began to drop after the state had utterly banned international arrivals. This is demonstrated in figure 1. A scatter plot on the effect of stay-home restrictions showed that after people were recommended to stay at home only going out for essential services, the daily number of confirmed cases began to drop significantly, as seen in figure 2. The R2 for the multiple linear regression model was found to be 0.2814. 
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Figure 1:Boxplot of the effect of international travel restrictions on daily confirmed cases.
[image: C:\Users\HP\Desktop\plotf]
Figure 2: scatter plot of the effect of stay-home restrictions on the daily number of confirmed cases.

Table 3: R2 Values for Variables concerning confirmed cases
	
	

	Stay_home + international_movement_restrictions
	28.34%

	Stay_home
	18.07%

	International_movement_restrictions
	14.83%



Discussion
The multiple linear regression model indicated that stay-home and international movement were the most significant in reducing the daily number of confirmed COVID-19 cases. This was observed after running the three-test series of the model whereby each of the insignificant variables was removed before doing another test. After test one, the variable for the internal movement was removed because it was not statistically significant. After test two, the variable for gathering restrictions was removed, and test three was done, which helped develop an equation for the model. The boxplot and scatter plot shown in figure 1 and 2 confirmed the significant effect of the variables.
These findings provide a basis to reject the null hypothesis that the restrictions do not significantly affect the daily number of confirmed cases. The model equation indicates that the stay at homes reduces the number of instances by 65959.4863 while the international travel restrictions reduce the cases by 49803.3044. The R2 value showed that 28.14 percent of the reduction in daily cases could be explained by stay-home restrictions and international movement restrictions, as seen in table 3. Further analysis of R2 indicated that stay-home restrictions contributed to reducing the daily cases to a more considerable extent at 18.07 percent compared to the 14.83 percent contribution from international movement restrictions.
The study could be improved if the data is more processed as it used a mostly raw data set. Besides, since most of the restrictions were introduced in the state simultaneously, the relative contribution of each restriction could be difficult to delineate. While international movement restriction is intended to control the pandemic by blocking infected arrivals from foreign countries, it does not reduce local spread despite the model involving it in the final equation to reduce the daily number of cases. All the other factors act to contain the local spread. More research would be needed to establish how gatherings' restrictions help reduce the incidence rate of the virus because the model used in the study did not show a significant effect. 
This study indicates that it is vital to adhere to the stay-home recommendation as the world continues to fight the pandemic.  A study done by Fowler et al. (2020) indicated that a coordinated nationwide agreement to stay at home might have reduced the current number of infection cases by hundreds of thousands and reduced the total number of deaths by thousands. By staying indoors, one may not expose themselves to people who have traveled from other places and could have the virus. Besides, controlling foreign travel enables the state to deal with local spread knowing that no cases will be imported. Ultimately, the fight against the COVID-19 pandemic involves everyone and requires the populace to adhere to the relevant authorities' restrictions and guidelines. 
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