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Abstract— In this paper, we analytically discover the most optimal locations for opening a new food business building near of a given type of school in Tetovo, Republic of North Macedonia. This is accomplished with the analysis of the geographical distribution of the already existing food businesses near the elementary, middle and high schools. Additionally, we conducted an interpolating analysis on the city’s area, which was based on the distribution of students in the middle, elementary and high schools. The idea of this project is to offer an ad-hoc solution for accessing information about the closest bus station to each school in the city as well as to show the optimal areas in which investors can safely invest. This feature dramatically decreases the risk of early business failure because the areas are analyzed based on the density of the biggest customer near the schools - the students. Furthermore, competition is fiercer nowadays and hence, we took this factor also in consideration when conducting the analysis. Additional measures are taken into consideration to provide an excellent chance for investment.
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I. Introduction

When planning a new school or location for food restaurants near that school, urban planners must take many factors to foster a healthy and thriving community. That’s why in literature we can find many studies, each of them investigating many of the effects of finding the best location for the new building in the community. One study focused on analyzing the means of transport that the youngest member of our communities uses to travel to their school in urban areas [1]. Two means of transport were analyzed in this study: low-cost transport modes, like cycling and, public transport, a mod with higher costs, combined with other influencing factors like car availability and weather. Other studies consider the role of barriers and facilitators to walking in children’s travel path to their closest school [2], while the study in [3] analyses three types of strategies of finding the best route: using visual strategy, logical strategy and transitional route strategy (group that shifted from visual to logical strategy). The results of such studies can be used by urban planners to develop better-governing policies for residential planning and transportation. Furthermore, this can further improve the configuration of public transport and street network for safer pedestrian movement and improved connectivity. But connectivity is not all. Many young people expect to find all they need near the schools, like markets, fast-food restaurants, shops, etc. That’s why many urban planners, in the area near the school, allow building markets or fast-food restaurants. On one hand, this can have a hugely positive aspect of the economy, but from another view, it can have negative effects on other aspects of communal living. In many studies, there is a link that has been found between fast-food restaurants and the negative impact on children's health [4, 5]. And this is not the case of just small countries like ours, but it is a trend that has been found in many developed countries decades ago. In [6, 7] studies, the researchers have investigated the trend of clustering fast-food type of stores and restaurants around elementary and high schools. That’s why urban planners must be very careful when considering the location of the new food-related stores and the opportunity for the business-related buildings to respect and engage the healthy living of the youngest members of our communities. This also has an impact on another aspect of the community, like the study [8], in which the authors have shown that by making the urban area more attractive, like planting more trees, cleaner streets, public landmarks and sidewalk cafes can significantly contribute to lowering the rates of felony complains and car accidents. To address this issue, there are some models, like the study [9], where authors use a hierarchical location model for public facility planning.
Because of the growing natality in the region of Tetovo, business opportunities in the area near to schools are continuously increasing. This is the main reason for our analysis and the answer to the question of why we are investigating areas close to elementary, middle and high schools. Furthermore, elementary and middle schools are represented as one joined type of school. More precisely, we explain the opportunities for opening new businesses in areas close to schools, which may be: bakeries, markets, and fast-food stands. Additionally, we have mapped the bus stations in the area of Tetovo, with the objective of fast informational retrieval of the closest bus station to each school. This information can be later integrated with a database system, which will enable public access to the uses via the Web. All the conducted analysis is made with software tools provided in the ArcGIS package, version 10.4.1, or to be exact: ArcMap, ArcCatalog and ArcToolbox [10]. We worked on the map of North Macedonia, with a focus on the territory of the city of Tetovo.
The rest of the paper is organized as follows – Section II explains the datasets we used. Section III visualized the data and explains the process of buffering and interpolation of the target attributes, followed with the modeling results and a discussion for them. Finally, Section IV concludes the paper and gives direction for future work.
II. Method and Materials
For our paper, we used data that is openly-available from the State Statistical Office of North Macedonia [11], while the longitude and latitude positioning data for the mapped objects was taken from Google Maps. Additionally, for higher accuracy, we conducted field analysis on the mapped locations with which we took into consideration the newly opened food businesses near the schools, which were not yet registered on Google Maps. Furthermore, the field analysis provided us with the names of these businesses. We used all this data to create our own geodatabases and each geodatabase consists of several tables. The primary four tables that we created are a table for high schools, a table for elementary and middle schools - type 1 schools, a table for the food businesses and a table for the bus stations. Moreover, the school tables contain the same attributes and are mapped as vector models, or more precisely, as polygons which represent the whole area of the school, including the schoolyard. The school's table includes the following attributes:

· Name – The official name of the school.
· Address – The official address of the school.

· Number оf Students - This attribute contains the official number of students for the 2017/2018 school year, according to the data from the State Statistical Office [11] and the data from the official municipality archives and web site of the city of Tetovo [12].
· Contact Phone - The official phone number of the school.
· Founding Year - The official opening year of the adequate school [12].
Apart from this, in the geodatabase table for schools, we store two extra columns, one for the identifier of the closest bus station to that school and the other for the distance in meters between the school and the bus station. The value from the distance column is dynamically written as a label on top of the object for each school. Except for these columns, there are additional columns that were automatically added by the ArcGIS, used for the geodatabase manipulation. 

The table for the food businesses refers to the bakeries, markets and fast-food stands in the area close to a school. This table contains the following attributes:

· Name - The official name of the business object.
· Type - This attribute contains the type of the mapped business object. We used the following three types for analysis purposes: Store for markets, FastF for fast-food stands and Bakery for bakeries.

All of tables are stored as feature tables in the features data set named School Related Objects, which is stored in the Mappings Tetovo geodatabase. In this description, we also excluded the automatically added attributes, for the sake of brevity. From these tables, we created new ones as a product from the analytical processes. Additionally, the geographical landmarks for the businesses and bus stations are mapped as point type objects. For all of the geographical objects on the map we have used an adequate symbology: bus stations, already existing food businesses and schools. The light blue polygons represent high schools, while the light green polygons represent elementary and middle schools. The circles with a star represent the food businesses, while the bus logo is used to represent the bus stations. (See Fig. 1). Once again, this symbolic representation is only fundamental and is almost irrelevant for the conclusions. Only the filled data for the attributes is consistent and as such used for the whole process.
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Fig. 1. Geographic map of bus stations, food businesses (circle with star) and schools (green and blue polygons).

Furthermore, for better visualization, we colored the two types of schools with different colors, based on the number of students. Moreover, type one includes elementary and middle schools, while type two includes high schools. This grouping was done to cope with the difference of 5000 students more in the type one schools than in the type two schools. Homogeneous analysis of both types based on the number of students would be inadequate [10]. The coloring classification based on the Jenks Natural Breaks classification method is shown in Fig. 2 and Fig. 1. 
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Fig. 2. Coloring classification based on number of students.

III. GIS Modelling Results

The conducted data analysis consists of three main steps. Each of these steps contributes as a prerequisite for the next one. The conclusion that we seek is the optimal targeted location for opening of a new food business close to a given school. Nevertheless, all the steps are accurately described in the following subsections.

A. Spatial distance analysis
The first analytical step was to add two attributes to the entry for each school. One of the attributes was for the identifier of the closest bus station to the given school and the other was for the minimal distance in meters from the school to that bus station. This was realized with the Join and Relates tool, which is a part of the ArcGIS, which was applied to the layers for schools and bus stations. This tool finds the closest object from layer A for each of the objects from layer B. As a result, it generates a new table that includes all the objects attributes from layer B and adds two more columns for the identifier and the distance in meters to the closest objects. From this table, we used the Distance attribute for building a dynamically written label for each school. We configured this label in the Label Expression menu. The label’s expression was written in JavaScript and contains the attributes for the school’s name and distance to the closest bus station. Furthermore, for better readability, we configured a label mask and defined a custom scale range which only renders the labels visible in the scale range from 1:1000 to 1:10000. The custom scale range for the labels also prevents overlapping with the local geographical objects. From the newly generated layer with the minimum distance attribute, we created a graph from which we can read that the minimal distance from a school to a bus station is 71.51 meters and the name of this school is ”Lirija” (see Fig. 3). This school is represented with the fifth vertical bar, starting from left on Fig. 3. Furthermore, in order to be consistent with the provided data from the State Statistical Office [11] we entered the school names in their respective native language.
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Fig. 3. Minimal distance from a school to a bus station.
Furthermore, for this operation we merged the two different layers for schools with the Geoprocessing, Merge tool in order to find the closest school to each business object independently from the school’s type. The merged layer has shown to be quite useful for the other analytical steps as well. Moreover, we conducted the same operation three times. The first time was with the merged layer as input and the result is colored in cyan, the second time was with the elementary and middle school layer as input and the result is colored in red, while the last time was with the high school layer as input and the result was colored in blue. The symbolic representation is shown in Fig. 4. 
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Fig. 4. Graduated symbol size based on the distance in meters from a business object to the closest school.
The three different approaches to the operation were made in order to satisfy the requirement for targeted analysis only in the area close to elementary and middle schools, as well as the analysis only in the area close to high schools. With all the modifications made so far, we did a simple statistical analysis with a histogram based on the minimal distance attribute from a business object to a school. Every histogram was made with the ArcMap tool. In order to prove the assumptions, we conducted other types of analysis as well. For this functionality, we used the merged school’s layer. From the histogram, shown in Fig. 5, we can see that the business objects in the city of Tetovo are located closer to elementary and middle schools than high schools.
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Fig. 5. Distance from business object to an elementary and middle school. The X-axis represents distance in meters, while Y-axis is the number of business objects. 
The minimal distance from a business object to an elementary and middle school is 14.49 meters, while on the other hand, the minimal distance from a business object to a high school is 49.24 meters (see Fig. 6).
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Fig. 6. Distance from business object to a high school. The X-axis represents distance in meters, while Y-axis is the number of business objects.
Later all of the distance per school pairs will be presented as part of the buffer ring and spatial join analysis.
B. Buffer ring and spatial join analysis
For a better visual demonstration of the presence of already existing business objects around the schools, we used the Multiple Ring Buffer tool from ArcToolbox in ArcGIS. With this tool, we added 4 buffers around each school, each of them in a radius of 100 meters more from the previous buffer. The first buffer is with a radius of 100 meters and is positioned around the school. The second buffer is with a radius of 200 meters and is positioned 100 meters from the first buffer, but 200 meters from the school and so on. For better visual appearance we colored every ring buffer with a different color. This feature supported our assumptions and has provided us with intuitional visual on-map insight. The results are shown in Fig. 7. 
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Fig. 7. Visual aid for better understanding of the on-map situation, based on multiple buffer rings for all types of schools.
We changed the symbology for the school objects as well. This enabled us to gradually color the objects based on the number of students as input for the Jenks Natural Breaks classification method. From this change, the elementary and middle schools are represented with shades of red, while the high schools are represented with shades of blue. Part of this modification is shown in Fig. 7. Furthermore, for better visual analysis we represented the business objects with point symbols with graduated size (see Fig. 7). The size of the symbol depends on the distance in meters from the business object to the closest school. The size grows unproportionally of the distance, meaning if the object is closer to a school, the symbol is larger and vice versa (see Fig. 7). For the distance attribute we used the same Join and Relates functionality, as described earlier, but this time we generated a new table for the closest school to each business object. 
Using the Spatial Join tool from ArcToolbox in combination with the buffer ring analysis output, we were able to count the number of bakeries and fast-food restaurants within each radius (100, 200, 300 and 400 meters) for all types of schools. Furthermore, we have related the number of stores within the 400 meters radius with the number of students enrolled for each school, thus obtaining a ratio on how many students can be served by one food restaurant in Table 1. This provided us with insight into the realistic image for the competition in the area around each school. 
TABLE I.  Elementary and Middle Schools, students to the restaurant ratio
	School Name
	Number of Restaurants in 400m
	Student per Restaurant Ration
	Closest bus station

 (in meters)

	Istikbal
	6
	127
	265

	Kiril and Metodij
	8
	105
	383

	Andrea Savevski Kikis
	4
	90
	770

	Lirija
	14
	76
	71

	Naim Frasheri
	1
	650
	477

	Bratstvo Migeni
	10
	48
	110

	Goce Delcev
	10
	90
	566


From Table 1, we can note that the school “Naim Frasheri” has the lowest count of closest business objects, by having only one food store near by, which serves the 650 students that are enrolled in that school. This school is followed by the “Istikbal”, “Kiril and Metodij”, “Goce Delcev” and “Andrea Savevski Kikis” schools which have the lowest number of surrounding restaurants, and thus serving around 100 students per restaurant. From this we concluded that the area around the “Naim Frasheri” school is highly favorable for the targeted opening of new businesses, bearing in mind the competition density. 

There is a slightly different situation regarding the high schools and the surrounding restaurants, from the Spatial Join analysis, that we have done with the buffer ring analysis, shown in Table 2. From these results we can note, that the school “Nikola Shtejn” with a ration of students per restaurant of 236 is a highly favorable candidate for opening a new food-related business object. Additionally, we concluded that the high school “Mosha Pijade” with a ration of student per restaurant of 167, is a really good candidate, based on the competition density around them.
TABLE II.  High School, students to restaurant ratio
	School Name
	Number of restaurants in 400m
	Student per restaurant ration
	Closest bus station

 (in meters)

	Gjoce Stojcevski
	10
	93
	595

	Mosha Pijade
	9
	167
	340

	Kiril Pejcinovik
	7
	111
	206

	Nikola Shtejn
	11
	236
	85

	Todor Skalovski Tetoec
	9
	26
	610

	8mi Septemvri
	10
	97
	150


We can see that it is not very easy to propose a new location of new food-related business just by looking at the numbers, but we must see the geographical relation between all these factors. 

C. Interpolation

Interpolation in the geographical analysis is most often used in order to show the distribution of data measured in one area but has significant meaning for the larger area. In this paper, we interpolate the number of students on the territory of Tetovo so we can test our earlier conclusions. This enabled us to gain knowledge about the density and distribution of students on the territory of the whole city or more precisely written, the territory around the schools which has higher importance for us than the rest of the city. For the newly generated interpolation raster layer, we used the same cartographic coordinate system as the rest of the project in ArcGIS. For this process, we used the Interpolation, Nearest Neighbor tool from ArcToolbox and we set the merged school layer as an input, with the number of students column as an attribute of interest. The resulting interpolation layer is colored with a color ramp, ranging from yellow for areas with a low density of students to red for areas with a high density of students. Furthermore, we explicitly created a rectangle in the area around schools in order to focus the interpolation specifically in that area. This rectangle was used as a mask for the process. With this step, we get higher accuracy for the resulting coloring on the map. 
Our first analysis considers the best location for business food related object near elementary and middle schools. According to the model given in Fig. 8, that depicts the interpolation of the number of students per each school, as well as the buffer analysis of the nearby bakeries and fast-food restaurants, we can conclude that the nearby area of the “Naim Frasheri” school is a great candidate for opening a new business. In the area around this school, the density is significantly higher than the other two candidates, from where we can also say that the chance of success for the new business is higher. This conclusion can be additionally proven with the fact that in the close area around the school the number of existing businesses is low, according to the buffer rings. Moreover, the closest business to this school is more than 100 meters away from it and all the business objects in the radius of 400 meters around the school are markets, based on the type attribute. Furthermore, the closeness of a yet another school “Kiril and Metodij” and it's 850 students contributes more to that decision. Conclusively, with a total of 1500 students around these two schools and just 9 already existing bakeries and fast-food restaurants, this area contains some of the most promising locations. 
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Fig. 8. Best candidate from the elementary and middle schools, marked with a violet square. School “Naim Frasheri”.
Our next analysis considers a location near high schools and in Fig. 9, we present the final interpolation models of the number of students per school and the buffer analysis of nearby bakeries and fast-food restaurants.
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Fig. 9.   Best candidate based on student, student/restaurant ratio for high schools, marked with blue square. School “Nikola Stejn”
The conducted analysis for a location close to high schools resulted in the area near the two schools ”Nikola Stejn” and ”Mosha Pijade”, which offers a great location for opening a new business object. If we look at the model presented in Fig. 9, there are many already existing bakeries and fast-food restaurants around these two schools (in a total of 20 objects), but the 4100 students make this area a region with the largest concentration of potential customers. Furthermore, the area around these two neighboring schools has the highest density of students in the whole town. These interpolation results and the map itself represent huge assets in the process of searching and determining the best area for targeted openings of new businesses in the area around the schools. The statistical and visual proofs are offering a simple approach for understanding the decision.

IV. Conclusion

In this paper, we have used the publicly available data regarding the number of students, as well as the location of all types of state education schools which we combined with the locations of the business buildings around these schools with ArcGIS. The software allowed us to analyze the data by making buffer analysis of business opportunities with interpolation of the number of students which finally gave us a clear picture of the spatial distribution of the objects. As a result, we can conclude that the best location for opening a new food-related restaurant is the area near the elementary and middle school “Naim Frasheri” and “Kiril and Metodij”. Furthermore, our analysis has shown that the area around the high schools ”Nikola Shtejn” and ”Mosha Pijade”includes good locations to start a new business, and due to the large concentration of potential customers, this is the best location for new business. But one needs to bear in mind the customer’s decision to choose wisely among the existing bakeries and fast-food restaurants, for which the business should offer something new, like green and healthy food for example. 
For future work, we plan to advance this analysis by implementing data regarding the traffic types that are used by the students to reach their schools, as well as the idea of closeness of buildings like libraries or bookstores near the schools.
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