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            Abstract
          
        

        
          This study analyzed the reduction in five major crimes (murder, robbery, theft, violence, and sexual violence) owing to the effects of crime prevention CCTVs. The data used for the analysis were statistics of crime prevention CCTV data and five major crimes reported in local governments for 5 years (2015–2019). The effect was verified by correlation analysis and variance analysis method.

          According to the analysis results, first, the reduction effect differed for each type of crime. This was high in the order of violence < robbery < five major crimes < theft. However, the result of sexual violence was not significant.

          Second, the reduction effect differed depending on the number of the crime prevention CCTVs. Based on the number of crime prevention CCTVs per 10,000 population, the effective reduction rate was observed to be 36 units for theft and 60 units for the five major crimes/robbery/violence. Indeed, the effect might vary depending on the appropriateness of the installation site, such as a crime-prone area.

          This study is meaningful as the first study to analyze the effect of crime prevention CCTVs using the data of the entire country. The results of this study are expected to be utilized by local governments when establishing policies to prevent crimes and improve local safety indices by installing crime prevention CCTVs.
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      Ⅰ. Introduction
      
        1. Research background and purposes
        Crimes are among the most threatening to the safety of society. According to a 2020 survey by Statistics Korea, only 26.8% of the general public said that they felt safe and protected from crimes. Against this backdrop, various measures have been proposed and employed by different entities for the prevention and reduction of crimes. Among these measures are CCTVs installed for crime prevention.

        In Korea, the idea of installing CCTVs for crime prevention was first proposed in 2002 by the Gangnam Police Station to be installed and operated in the Gangnam-gu area (Lee, M., 2004). Since then, local governments have been actively installing them in their jurisdiction for crime prevention, leading to an exponential increase in the use of CCTV (Cho, I. and Lee, J., 2012). With the number of CCTVs being reflected in the Crime Prevention Index1) under the Regional Safety Index, local governments are now more actively engaging in the installation of CCTVs for crime prevention. The Regional Safety Index is one of the policy measures implemented by the Ministry of the Interior and Safety to make sure that local governments continue to pay attention and make various efforts to ensure the safety of their residents. Since 2015, this program has required the safety level of each City/do and si/gun/gu to be diagnosed and publicly announced in accordance with Article 66-10 (Public Announcement of Safety Index) of the Framework Act on the Management of Disasters and Safety, thereby causing a significant impact on the safety management policy of the local governments (Shin, J. et al., 2016; 2021).

        In response, local governments are now installing, or planning to install, more and more CCTVs for both crime prevention and an improvement in the Regional Safety Index. However, given that criminal acts are often impulsive or accidental, it still needs to be verified whether the increased number of CCTVs installed effectively contributes to crime prevention in a steady manner (Lim, M. and Hong, J., 2008). To this end, in the present study, the effect of installing CCTVs for crime prevention is analyzed in depth with respect to each crime type. These results are expected to serve as a useful guide for each local government when estimating the appropriate number of CCTVs for crime prevention and how many CCTVs should be additionally installed depending on the crime type.

      

      
        2. Research scope and method
        In the present study, data regarding the CCTVs for crime prevention installed and operated by the si/gun/gu governments nationwide for the past five years (2015 to 2019), as well as the number of five major crimes committed for the same period, were analyzed. Here, the five major crime types include murder, robbery, rape/indecent assault (hereinafter referred to as “sexual violence”), theft, and violence. These crimes are reflected in the determination of the performance index of the police (Police Science Institute, 2007), as well as the Regional Safety Index. Fraud and smishing scams were not included in the scope of the present study because CCTVs for crime prevention were considered to have only a limited effect on the prevention or reduction of crimes.

        The analysis process was conducted in the following three steps. First, the selected data were refined for improved reliability of analysis results. For example, outliers that may lead to biased interpretations, i.e., cases where the number of crimes or CCTVs installed is either extremely high or low (including local governments that failed to report all cases) were removed and excluded from the analysis. To be more specific, outliers were removed using the quartile2) method in which criteria for outliers were clearly established, and based on the criteria, given variables were then classified into four groups. Second, the selected data were verified, and analysis types were selected. Here, the effect of installed CCTVs on reducing five major crimes was examined to determine whether the two parameters were correlated. In fact, such a correlation has been verified using various methods in many previous studies; however, given that the selected data varied in terms of the subject and time of the analysis, correlation analysis was conducted to confirm the correlation. The selected variables for the correlation analysis included the number of CCTVs for crime prevention, the number of five major crimes, and the number of the respective crimes by crime type. These variables were further segmented into categories by si/gun/gu unit to reflect characteristics unique to particular local governments. Only those that were confirmed through this analysis to have a correlation with the reduction of five major crimes resulting from the installation of CCTVs for crime prevention were subjected to further analysis. In addition, changes in the correlation coefficient before and after removing outliers using the quartile method were examined. Third, the effect of the installation of CCTVs for crime prevention was determined. Those that were confirmed to be significant in the correlation analysis were subject to further analysis using ANOVA. To this end, the local governments of interest were required to be classified according to the number of CCTVs installed for crime prevention. In an attempt to ensure consistency in analysis, the four groups previously used to remove outliers in the quartile analysis were used. Analysis types that were confirmed to provide a significant difference in the ANOVA process were subjected to post-hoc analysis to verify the significance of the correlation between each group. Based on the post-hoc analysis results, a unit decrease in the number of five major crimes per the number of CCTVs installed for crime prevention was determined to assess their effect on crime reduction.

        The selected data were converted, considering the number of residents of the respective local governments for the corresponding year, into indexes per 10,000 residents for the analysis. By doing so, these data were made compatible with the Local Safety Level Index for the convenience of the local governments. Statistical processing and analysis were performed using Excel 2016 and SPSS 27.

      

    

    

  
    
      Ⅱ. Literature Review and Current Status of CCTVs for Crime Prevention
      
        1. Literature review
        Crime prevention efforts have been made in earnest since the 2000s, when the Crime Prevention Through Environmental Design (CPTED) project was first implemented, mainly driven by the government and local government agencies, and this trend is still on the rise (Cho, Y.J. et al., 2019). The CPTED project the following five basic principles: ① Natural surveillance, ② Natural access control, ③ Territorial reinforcement, ④ Activity activation, and ⑤ Maintenance (Seoul Metropolitan City, 2013). Among them, natural surveillance and natural access control are mainly achieved by installing nighttime lighting and CCTVs for crime prevention. These measures are effective, especially in preventing trespassing crimes (theft, etc.) and reducing criminal impulses (Son, D. et al., 2020a). According to the results of the 2018 CPTED project implemented by the National Police Agency, lighting improvement and the installation of CCTVs for crime prevention were among the most widely applied measures (Korean National Police Agency, 2019). Although major motives may vary by crime type (whether the crime is accidental or deliberate, or is caused by economic or psychological factors, etc.), the presence of CCTVs for crime prevention contributes to increasing the psychological stability of residents, and thus the measure is often considered to be a high-priority strategy (Kim, S. et al., 2021). As such, CCTVs have thus far been put in place as a top priority measure to prevent crimes by most local governments, and therefore the effectiveness of the measure must be verified in a continuous manner.

        Research on the effect of CCTVs installed for crime prevention has been conducted in various forms, as follows: an analysis based on changes in the crime rate before and after the Gangnam-gu project; spatial analysis focused on spatial monitoring conducted by CCTVs for crime prevention; analysis of economic effects, privacy invasion, and crime displacement effects; and surveys on the level of effectiveness perceived by residents. Most of these studies determined that the installation of CCTVs contributed to reducing the number of five major crimes committed, but the effects varied depending on the crime type. Park, C. and Choi, S. (2009) assessed the effectiveness of the 2002 Gangnam-gu project, an early-stage project implemented by a local government entity to use CCTVs for crime prevention, using chi-square tests on the correlation between the area of interest and the control group. The researchers concluded that the measure led to a significant decrease in the number of robbery and theft cases committed, among the five major crime types. Lim, H. (2019) conducted a survey of police officers, who most frequently used CCTVs for crime prevention, on how effective the measure was. The results showed that the installation of CCTVs contributed to crime prevention and suppression and was found to be more effective in reducing theft and robbery cases than other types of crimes. Han, J. (2018) conducted a literature review on the pros and cons of the installation of CCTVs for crime prevention. This study highlighted the need to establish an institutional foundation enabling CCTVs to be installed as required, especially in areas vulnerable to crimes, so that the safety of residents could be ensured even though this approach involved some disadvantages, such as privacy invasion.

        The installation of additional CCTVs has been one of the major strategies to prevent crimes. Given the limited budget allocated to these projects, however, this approach focused on increasing the number of CCTVs does not constitute a fundamental solution to this problem (Seoul Metropolitan City, 2013). It is equally or even more important to ensure that an appropriate number of CCTVs are installed in appropriate areas so that their effectiveness can be maximized. Kang, Y. and Yeom, Y. (2020) conducted case studies to examine the effect of the installation of CCTVs on reducing theft and violence cases. The researchers concluded that their effectiveness varied depending on the area of interest and crime type, and the higher number of CCTVs installed for crime prevention did not necessarily lead to a greater reduction in the crime rate. Heo, S. and Moon, T. (2015) employed spatial analysis to assess the effect of CCTVs on crime prevention. The researchers concluded that the effect of the CCTVs of interest on crime prevention and displacement was insignificant because they were installed in inappropriate locations. Heo, S. et al. (2018) reported that the CCTVs installed for crime prevention contributed to crime reduction and displacement while providing some economic benefits, but the degree of effectiveness varied depending on the crime type and area of interest. Son, D. (2020b) confirmed that the effectiveness of CCTVs for crime prevention was more affected by where they were installed than how many of them were installed in the entire building. CCTVs were found to be more effective during both day and night times when they were installed inside parking lots. Yoon, W. and Kim, J. (2020) reported that the presence of CCTVs for crime prevention contributed to improving the perceived level of safety by residents, highlighting the need to ensure that the required number of CCTVs installed should be determined based on the number of affected people rather than on the affected area. Choi, E. and Kim. Y. (2007) concluded that the installation of CCTVs was more effective in preventing property crimes such as robbery rather than accidental crimes such as murder or assault.

        The major findings of the literature review are as follows. First, most of the studies confirmed the contribution of CCTVs installed for crime prevention to crime prevention and reduction as an effective deterrent against crimes. Second, their effectiveness varied depending on the crime type, but they were found to be mostly effective in preventing deliberate crimes, such as robbery and theft. Third, the installation of CCTVs for crime prevention may lead to crime displacement in which crimes move to another area without CCTVs. With this effort, however, the overall crime rate is expected to decrease. Fourth, the level of safety perceived by residents against crimes can be improved by increasing the number of CCTVs installed per population. However, it was also reported that the reduction in the crime rate was not necessarily proportional to the number of CCTVs installed (See Table 1). Fifth, the installation of CCTVs may have no, or an insignificant, effect on crime prevention unless they are installed in appropriate areas.

        
          Table 1. 
				
          

          
            Prior research on the effect analysis of crime prevention CCTV
          
          

        

        
        

        Likewise, the installation of CCTVs has proven highly effective as a top-priority strategy for crime prevention. However, most of these studies were case studies, in which the unique characteristics of each region were reflected in the analysis. No studies have thus far reported the effect of CCTVs installed for crime prevention that has been verified at the national level. Some studies used nationwide data regarding the perceived level of safety by residents, to be sure, but the direct effect of CCTVs on the actual crime rates was not examined in these studies. The present study is unique in that the actual effect of CCTVs installed on crime prevention was assessed using nationwide data.

      

      
        2. Characteristics of used data and current status
        
          1) Used data and local governments
          The Ministry of the Interior and Safety3) looks into the current status of CCTVs installed and operated in public institutions on an annual basis and requires local governments to report on them in accordance with Article 25 (Limitation to Installation and Operation of Visual Data Processing Devices) of the Personal Information Protection Act. In the present study, CCTVs that were installed by local governments in public areas for crime prevention were analyzed. Among the 226 local governments nationwide, only 202 were subjected to analysis, excluding those that had failed to report data in the past five years (2015-2019) (See Table 2). Data regarding the number of five major crimes committed for the same period were obtained from the National Police Agency.

          
            Table 2. 
				
            

            
              An analysis target of local government
            
            

          

          
          

        

        
          2) Trends in the installation of CCTVs for crime prevention and five major crimes
          The total number of CCTVs installed and operated for crime prevention in the areas of interest increased to 295,223 as of 2019, an 181% increase from the 2015 level (See Figure 1 and Table 3). Despite variations by year, the number continued to increase over time, and the year 2018 saw the greatest increase by 42.8% from the 2017 level. The number of five major crimes committed also decreased to 421,287 as of 2019, an 11.9% decrease from the 2015 level. However, the degree of reduction started to decrease in 2018, and in 2019, the number even increased by 1.8% from the previous year's level (See Figure 1). These results suggested that an increase in the number of CCTVs installed for crime prevention did not necessarily lead to a reduction in the number of five major crimes committed. This statistical interpretation was also consistent with the result of a previous study by Kang, Y. and Yeom, Y. (2020) that the presence of more CCTVs installed did not guarantee that crimes could be more effectively prevented.

          
            
            

            Figure 1. 
				
            

            
              A trend of crime prevention CCTV and 5 major crimes
            
            

            

          

          
            Table 3. 
				
            

            
              Crime prevention CCTV and 5 major crimes in the last 5 years
            
            

          

          
          

        

        
          3) Characteristics by si/gun/gu unit
          Variations in the number of CCTVs installed and five major crimes committed by si/gun/gu unit were summarized and compared, as shown in Table 3. For comparison, all data by si/gun/gu unit for each year were converted into standardized indexes, i.e., numbers per 10,000 residents. The rate of increase in the number of CCTVs installed for crime prevention increased in the order of si (169.44%) < gu(181.99%) < gun (201.10%). The rate of decrease in the number of five major crimes committed increased in the order of gun (8.62%) < gu (12.12%) < si (12.83%). However, the order of the increasing rate in the number of CCTVs installed for crime prevention did not coincide with the order of the decreasing rate in the number of five major crimes committed. The number of CCTVs installed for crime prevention per 10,000 residents for 2019 increased in the order of gu (41.04 units) < si (73.93 units) < gun (118.32 units). In contrast, the number of five major crimes committed per 10,000 residents for the same year increased in the order of gun (65.31) < si (88.37) < gu (102.78). These results indicated that the number of crimes committed was smaller in areas where more CCTVs for crime prevention were installed.

          The total number of five major crimes committed decreased by 12.39% in 2019 compared to the 2015 level. Among different crime types, sexual violence cases increased by 13.70% despite some variations from one si, gun, or gu to another. The degree of decrease was the largest in robbery cases, followed by theft (23.04%), murder (16.98%), and violence (5.49%). In fact, the degree of reduction varied between each si, gun, or gu. Theft and violence cases accounted for 95% or more of the five major crimes committed for the period. The rate of decrease in the number of violence cases was lower than that of the five major crimes at 12.39%, and thus their proportion in the total number of five major crimes committed increased from 53.44% in 2015 to 57.66% in 2019. In contrast, the figure decreased from 42.58% down to 37.40% for theft cases (See Table 4).

          
            Table 4. 
				
            

            
              Number and rate of types of 5 major crimes
            
            

          

          
          

          Overall, an increase in the number of CCTVs installed for crime prevention was not directly translated into a reduction in the number of five major crimes committed. In addition, the increasing or decreasing patterns found in the number of crimes committed varied depending on the crime type and among each si, gun, or gu. A simple and intuitive interpretation of these statistical data indicated that the use of CCTVs may be more effective in crime prevention when installed in areas where theft or robbery cases were relatively frequent than in areas where violence cases were frequent among the five major crime types. Accordingly, it is necessary to determine and analyze the correlation between the number of CCTVs installed for prevention by region and the resultant changes in the number of five major crimes by crime type.

        

      

    

    

  
    
      Ⅲ. Analysis of Correlation between CCTVs for Crime Prevention and the Number of Crimes by Crime type and Region
      
        1. Removal of outliers from data subject to analysis
        Based on the data collected from the local governments of interest for the past five years, a scatter plot was prepared (See Figure 2). In the plot, some outliers were found along both axes of the number of five major crimes committed and the number of CCTVs installed for crime prevention. It was necessary to remove these outliers using the quartile method for improved reliability of analysis results. In the quartile method, the criteria for outliers are given as equations, and thus outliers can be easily removed without being influenced by the subjective opinions of the analyzer. Besides, this method allows the subjects of interest to be classified into four groups, and thus there is no need to separately form groups for the subsequent ANOVA process.

        
          
          

          Figure 2. 
				
          

          
            Scatter plot of analysis targets (local governments) before outlier removal
          
          

          

        

        In the quartile analysis, given data points are sorted according to their value and classified into four groups with 25%, 50% (median value), and 75% as the thresholds. In the present study, given data points were classified as follows: 1Q for 25% or less, 2Q for 25-50%, 3Q for 50-75%, and 4Q for over 75%. Box-and whisker graphs were plotted using the quartile analysis results, as shown in Figure 3. Data points exceeding the maximum value of the 4Q group were regarded as outliers (colored with green and pink). With these outliers removed, a scatter plot was drawn again, as shown in Figure 4. The R2 value of the trend line for the plot increased from 0.0915 (with the outliers included, as shown in Figure 2) to 0.1257 after removing the outliers, as shown in Figure 4. In social science, when the coefficient of determination (R2) is at a level of 0.13, the corresponding factor is typically deemed to have an intermediate level of influence (Cohen, J., 1988). In this light, the removal of outliers was considered to have improved the reliability of analysis results.

        
          
          

          Figure 3. 
				
          

          
            Box-and-whisker graph using quartiles
          
          

          

        

        
          
          

          Figure 4. 
				
          

          
            Scatter plot of analysis target (local governments) after outlier removal
          
          

          

        

      

      
        2. Analysis of the correlation between CCTVs for crime prevention and the number of crimes by crime type and region
        Correlation analysis was performed to determine the type of ANOVA to use, and the results are presented in Table 5. The analysis was conducted on the selected data regarding the CCTVs installed for crime prevention and five major crimes committed both before and after removing the outliers. More detailed analysis at the si, gun, or gu level was conducted only on those with the outliers removed.

        
          Table 5. 
				
          

          
            Correlation analysis results before and after outlier removal
          
          

        

        
        

        The analysis results showed that the number of CCTVs installed for crime prevention exhibited a negative (−) correlation with the number of five major crimes committed, regardless of whether the outliers were removed. This result can be simply interpreted as follows. In areas where there are more CCTVs installed for crime prevention, the number of five major crimes committed is relatively smaller. This correlation does not account for any causal relationship, to be sure, but when combined with the results of previous studies, this interpretation implies that the installation of CCTVs for crime prevention may have a significant effect on reducing five major crimes.

        After removing the outliers, the correlation coefficient for the five major crime types improved from -.302 to -.355. The coefficient for robbery cases improved from -.236 to -.328. However, given that the correlation coefficient (R) should be at least 0.2 to be considered statistically significant (those of 0.2 or less are thus ignored, Chae, D., 2005), the correlation between the number of CCTVs for crime prevention and the reduction in the number of crimes committed was only statistically significant for the robbery, theft, and violence cases. When analyzed at the si, gun, and gu level, a statistically significant correlation was found only in the robbery and theft cases at the si level.

        Only the cases in which the correlation of interest was confirmed to be significant through the correlation analysis were further subjected to the ANOVA process to determine the effect of the number of CCTVs installed on crime prevention.

      

    

    

  
    
      Ⅳ. Effect and Characteristics of CCTVs Installed for Crime Prevention
      
        1. ANOVA results
        As a result of the correlation analysis, “Five major crime cases,” “Robbery cases,” “Theft cases,” “Violence cases,” “Robber cases at the si level,” and “Theft cases at the si level” were confirmed to be statistically significant with a correlation coefficient (R) of over 0.2. In the ANOVA process, variances were divided into equal and unequal variances to verify the homogeneity of variances. In the case of equal variances, only when the significance probability (p) was 0.05 or less as a result of ANOVA, indicating that the corresponding groups had a significant difference, a post-hoc verification was performed to confirm the difference between the groups. The post-hoc verification was conducted using Schutte’s method because each type involved different variables. In the case of unequal variances, however, the Welch verification was employed to determine whether the corresponding groups exhibited a significant difference (i.e., with a significance probability of 0.05 or less), and a post-hoc verification was further performed using the Dunnett T3 method. The analysis results are presented in Table 6. A significant difference between groups was found in six analysis types, including the five major crime type. The theft type as an unequal variance was subjected to a robust homogeneity test using the Welch method. A post-hoc verification was also performed to determine the significant difference between each group. In the five major crime type and the theft type, all four groups were found to have a significant difference from each other. In contrast, in the robbery type and the si-level theft type, a significant difference was found between the groups, except between 2Q and 3Q. In the violence type, a significant difference was found, except between 3Q and 4Q. In the si-level robbery type, a significant difference was only found between 1Q and 3Q/4Q.

        
          Table 6. 
				
          

          
            Group criteria using quartiles and ANOVA results
          
          

        

        
        

      

      
        2. Effect and the appropriate number of CCTVs installed for Crime Prevention
        The ANOVA results showed that when the number of CCTVs installed for crime prevention exceeded a certain level, the number of crimes committed was lowered, despite some variations depending on the analysis type. In an attempt to have a more intuitive interpretation of these analysis results, the unit ratio of the decrease in the number of crimes by crime type to the increase in the number of CCTVs installed was estimated and presented in Table 7. The results showed that the installation of CCTVs for crime prevention resulted in a reduction in the number of crimes committed, but the degree of reduction varied depending on the number of existing CCTVs present in the area. In the case of the five major crime type, when the number of CCTVs installed per 10,000 residents increased by one, the number of crimes committed decreased by 0.417-0.163 on average, provided that the average number of existing CCTVs was at a certain level (1Q group, 14.78 units on average). Decreasing patterns observed in these results indicating the effect of CCTVs installed for crime prevention can be largely divided into three types.

        
          Table 7. 
				
          

          
            Considering the significance between groups, the number of CCTV increased and the number of crimes decreased by unit
          
          

        

        
        

        The first type is where the degree of reduction in the number of crimes decreased with the increasing number of CCTVs installed for crime prevention. A case in point is the five major crime type. As the number of CCTVs installed for crime prevention increased from 1Q (14.78) to 2Q (36.19), 2Q (36.19) to 3Q (60.49), and then 3Q (60.49) to 4Q (102.53), the number of crimes committed decreased by 0.417, 0.347, and 0.163, respectively; i.e., the degree of reduction decreased. A similar pattern was also found in the robbery type and the si-level theft type. The second type is where the degree of reduction in the number of crimes first decreased but then started to increase. This pattern was observed in the robbery type among the five major crime cases. In the theft type, as the number of CCTVs installed for crime prevention increased from 1Q to 2Q, 2Q to 3Q, and then 3Q to 4Q, the number of crimes committed decreased by 0.227, 0.110, and 0.115, respectively. Simply put, the degree of reduction was the smallest when the number of CCTVs increased from 2Q to 3Q. The third type is where the degree of reduction in the number of crimes first increased but then started to decrease. This pattern was observed in the violence type among the five major crime cases. In the violence type, as the number of CCTVs installed for crime prevention increased from 1Q to 2Q, 2Q to 3Q, and then 3Q to 4Q, the number of crimes committed decreased by 0.198, 0.208, and 0.105, respectively.

        These reduction patterns were plotted for visualization, as shown in Figure 5. Overall, local governments who plan to install CCTVs for the reduction of five major crimes should consider the following two factors. First, in the case where violence and robbery cases are more frequent among the five major crime types, the installation of CCTVs within the range of the 3Q group is expected to be highly effective in crime prevention. Simply put, installing up to 60 units of CCTVs, corresponding to the average number of CCTVs per 10,000 residents of the 3Q group, is considered to be highly effective in crime reduction. However, as the number exceeds 60, their effectiveness may be degraded by more than half. Even though the reduction patterns varied depending on the crime type, i.e., the five major crime type or the violence type, this threshold was estimated by tracking the point where their effectiveness started to decrease sharply. Second, in the case where theft cases are more frequent, it is desired to install CCTVs within the range of the 2Q group. Installing up to about 36 units of CCTVs, corresponding to the average number of CCTVs per 10,000 residents of the 2Q group, is considered to be highly effective. However, exceeding the number may lead to degraded effectiveness. Here, it is worth noting that their effectiveness determined based on statistical data may vary depending on crime motives and characteristics unique to each region.

        
          
          

          Figure 5. 
				
          

          
            Types of crimes due to the increase crime prevention CCTV
          
          

          

        

        The unit reduction from 1Q to 2Q in the si-level theft type was 0.302, larger than that of the overall theft type at 0.227. However, even though the average number of CCTVs installed for crime prevention increased from 36.31 (2Q) to 59.52 (3Q), the average number of theft cases committed changed from 33.30 to 32.38, not a statistically significant difference. However, the unit reduction from 3Q to 4Q in the si-level theft type was 0.116, larger than that of the overall theft type at 0.115. Thus, this correlation is worth considering in decision-making.

      

      
        3. Summary of analysis results
        The conduct of patrol and crime prevention activities by the police or citizens has been a convention measure of anticrime efforts. With the spatial and temporal limitations, combined with the transition into a bystander society, however, CCTVs for crime prevention have drawn significant attention as a promising alternative (Han, J., 2018). Many local governments have thus far installed CCTVs to ensure the safety of their residents against crimes. As of 2019, the number of CCTVs installed in the regions of interest of the present study was 295,223, an 181% increase from the 2015 level of 105,055. Meanwhile, it was encouraging that the number of five major crimes committed started to decrease in 2018; however, the number started to increase again, and the number of CCTV installed for crime prevention was still increasing accordingly. Since then, many previous case studies have discussed issues regarding the effect of CCTVs installed for crime prevention varying depending on the crime type or other factors. In the present study, nationwide data were first employed in the assessment of the effectiveness of CCTVs installed for crime prevention.

        It was true that the number of five major crimes committed started to increase in 2018, but the total number of five major crimes committed in 2019 was about 12% smaller compared to the 2015 level. The number of robbery cases, in particular, decreased by about 45%, and the number of theft cases decreased by about 23%. Next, correlation analysis was conducted to determine how the number CCTVs installed for crime prevention was correlated with crime reduction. Among the cases that were confirmed to be statistically significant through analysis, the negative correlation coefficient between the number of CCTVs installed and the reduction in the number of crimes committed was found to increase in the order of violence < robbery < five major crimes < theft. These results showed that the effectiveness of CCTVs for crime prevention may vary depending on the crime type, and the installation of CCTVs could be relatively more effective in preventing theft cases. In fact, most previous studies reported that the use of CCTVs was effective in preventing theft, but their effect on violence cases differed from one study to another. The result of the present study is considered to be in line with these observations. Third, ANOVA was performed to examine the effect of the number of CCTVs installed on crime prevention by crime type. Installing up to about 60 units of CCTVs per 10,000 residents was considered to be highly effective in preventing the five major crime type and the violence type. In the case of the theft type, the installation of up to 36 units of CCTVs was relatively more effective. Even though the number was higher than this threshold, they remained still effective to a certain degree; but the effectiveness may be degraded by more than half. It was also found that different patterns were observed when the data were analyzed at the si level.

        As suggested by a study by Heo, S. and Moon, T. (2015), the installation of CCTVs for crime prevention may fail to achieve the desired effect unless the unique characteristics of areas vulnerable to crimes are sufficiently considered. This also means that a significant effect can be expected if CCTVs are installed in appropriate areas while also considering the presence and characteristics of areas vulnerable to crimes, even if the number of CCTVs installed exceeds the optimum level.

      

    

    

  
    
      Ⅴ. Conclusions
      The major findings of the present study are as follows. Local governments who plan to additionally install CCTVs to protect their residents from crimes and improve their Local Safety Level Index should consider the following three factors.

      First, the installation of CCTVs for crime prevention is certain to be effective in reducing five major crimes. However, their effectiveness may vary from one local government to another depending on the crime type, the number of existing CCTVs present in the area of interest, and whether they were installed in appropriate areas. Second, CCTVs installed for crime prevention may be more effective if the proportion of theft or robbery cases among the five major crime types is higher in the local government of interest than in others. However, if the proportion of sexual violence cases is higher, other measures should be considered. Third, if the proportion of theft cases remains still higher even if the number of CCTVs installed for crime prevention per 10,000 residents is larger than 60, it is necessary to check to see if the existing CCTVs have been installed in appropriate areas rather than considering the additional installation of new CCTVs.

      In Korea, the number of CCTVs installed for crime prevention per 10,000 residents was 64.57 as of 2019, close to the threshold of 60, which falls in the range in which their effect on reducing five major crimes starts to sharply decrease. Their effectiveness may vary between each si, gun, or gu, and the average number of CCTVs installed also varies between each si, gun, or gu: 41 at the gu level and 118 at the gun level. However, the results of the present study are of significance in that the country is at a point where various considerations are required to ensure the appropriate use of CCTVs for crime prevention. However, the present study has limitations in that important factors, such as the characteristics of criminals by crime type and environmental and regional features and characteristics that may cause criminal behavior, could not be employed as research variables. Still, given that these criminological factors are reflected in the number of crimes committed, the attempt of the present study to verify the effectiveness of CCTVs installed for crime prevention using extensive nationwide statistical data is of great significance.

      Based on these results, it is expected that the installation of CCTVs for crime prevention is considered to be one of the various measures to achieve crime prevention and reduction, rather than the one and only measure of excellence. In addition, the major findings of the present study may provide answers to the questions constantly asked by local governments regarding the effectiveness of CCTVs installed for crime prevention in an attempt to improve their Regional Safety Index. Further, the results of the present study are expected to be combined with various other analysis results regarding socioeconomic characteristics and environmental and psychological aspects that may cause criminal behavior so that they can be used to develop anticrime projects tailored to each region.
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      Notes
      
        Note 1. The Crime Prevention Index is used to prevent and reduce crimes, especially five major crime types. The index is rated higher when the number of CCTVs installed for crime prevention per 10,000 residents is larger.
      

      
        Note 2. Method for identifying outliers using the quartile method and the visualization of the results using box-and whisker graphs.

      

      
        Note 3. The responsibility for these tasks was transferred to the Personal Information Protection Commission in 2020.
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Num. of Crime prevention CCTV per 10,000 people





