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Abstract. The value of data as a result of the rapid increase of data production is 

gaining importance in recent years both in Turkey and globally. As data gains 

importance, data mining also changes and develops. With the help of data mining, 

companies have started to determine their customer management strategies based 

on data models. The literature review in this field shows that many data models 

have been studied in the field of customer management. When a more detailed 

literature review is made, it is observed that the number of sources where demand 

estimation and location analysis applied together with the machine learning al-

gorithms is very low. When the studies are analyzed on the basis of the sector, it 

is observed that the studies made for shopping centers are scarce. Within the 

scope of this study, a new model has been developed by combining location anal-

ysis and demand forecasting models that will estimate the number of customers 

for shopping malls in order to overcome this deficiency in the literature. This 

model was strengthened with estimation algorithms and tested to generalize this 

model to all shopping malls. In this study conducted through a large-scale tech-

nology and communications services provider company, it was found that envi-

ronmental factors such as temperature, precipitation market variables and traffic 

density had a significant effect on the number of customers going to shopping 

centers.  
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1 Introduction 

One of the important economic indicators for countries is the number of shopping cen-

ters. With the increase in the number of shopping centers, competition is increasing and 

as a result of this, shopping centers have started to differentiate their services and cam-

paings in order to stand out from the competition [1]. The increasing number of shop-

ping malls causes many shopping malls to be unable to reach the desired number of 
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customers and this situation constitutes a major obstacle for the shopping malls to reach 

the expected revenues [2]. Since the beginning of the investment, the main target of the 

shopping centers is to establish the shopping mall in the right location, to attract cus-

tomers to this location and to reach expected revenue [3] & [4]. The most important 

issue in order to reach this expected revenue is to estimate the number of customers and 

attracting the customer to the location of shopping malls [5]. One of the most important 

strategies to stand out from the competition in shopping malls and to generate the ex-

pected revenue is the customer management strategy [6]. In order to achieve customer 

management, companies have developed many strategies. Identifying the target audi-

ence, determining the needs of these audience and reaching out these audience through 

the right communication channels are the most critical issues for shopping centers [7]. 

As a result of the digital transformation, the increase in data diversity and volume has 

led to customer data management strategies being data-driven. 

In recent years, with the increasing importance of data in all sectors, the value of the 

data has started to increase for the shopping mall sector, as well [6] & [8]. Shopping 

centers have started to use this data, which is produced and stored, in order to estimate 

the number of customers and expected revenue for following days [9]. When the liter-

ature study was carried out specifically for shopping centers, it was found that there 

were few publications on demand forecast of customer numbers and there were almost 

no publications where demand forecast of customer numbers was combined with loca-

tion analysis. With this study, the use of customer numbers estimation, which is a crit-

ical issue for shopping centers and which is lacking in the literature, is used together 

with location analysis.The location analysis was carried out together with the large-

scale technology and communications services provider company. The number of cus-

tomers on a daily basis for the selected shopping centers was reached through the sig-

naling data at the locations [10].  

2 Background 

Previous studies for shopping centers have generally been customer-based. Therefore, 

there is a need for a study that includes the estimation of the number of customers on a 

daily basis and examines the environmental factors affecting the number of customers. 

In order to perform this study, it is necessary to evaluate customer demand forecast 

analysis and location analysis together. As of 2010, the total number of studies includ-

ing location analysis and customer demand forecast analysis for all sectors in the liter-

ature is 169. By narrowing this analysis further, the number of studies carried out for 

all sectors where location analysis, customer demand forecast analysis and machine 

learning algorithm are used together, decreases to 13. When we review these 13 studies 

on a sectoral basis, the number of resources for retail sales decreases to 6 and the num-

ber of resources in shopping centers decreases to 1. Table 1 and 2 shows the literature 

reviews details below. When we examine this research which uses location analysis, 

customer demand forecast and machine learning algorithm for shopping malls, cus-

tomer faces are examined through camera images and their behavior is estimated 

[11].With this estimation, marketing actions are planned according to the customer's 
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next expected behavior. Since the number of resources in this area is limited and it 

cannot be determined what affects the estimation of the number of customers per day 

for shopping centers, and implementation studies have been started in this area.  

 This study has two main objectives. The first objective is to estimate the number of 

customers for the selected location by combining location analysis, customer demand 

forecasting analysis and machine learning algorithm that have not been studied thor-

oughly in the literature. The second objective is to contribute to the strategic plans and 

marketing actions of the shopping centers with the estimation of the number of custom-

ers and analysis of customer behavior according to the environmental factors. In this 

study, machine learning algorithms which can be used in customer demand forecasting 

model were tested. However, the data consists of daily customer and environmental 

information for the selected shopping center and location-based data sets are available 

instead of person-based data. In addition to these, all data types available are numerical. 

Considering all these limitations, since the classification structure cannot be estab-

lished, artificial neural networks, support vector machines, naïve bayes and decision 

tree learning techniques can not be applied in this study. In the light of this information 

and the literature review, it was found that the most appropriate machine learning tech-

nique for the application was regression analysis. 

Table 1. Customer Management Strategy Literature Review (Method Breakdown) 

 Total Year 2010-2019 2010-2019 

Customer  

Strategy Models Total Total Machine  

Learning (ML) Total Machine  

Learning (ML) 
ML +  

Regression 
Location Analysis 37.200  18.900  1.720 17.400 1.380 509  
Demand Analysis 90.400  22.500  1.860 19.000 1.620 878  
Location +  

Demand Analysis 313  243  19 169 13 8  

Table 2. Customer Management Strategy Literature Review (Sectors Breakdown) 

2010-2019 

Customer Strategy 

Models with ML 
Retail Banking Telco Mall Production Energy Health 

Location Analysis 203  190  104  28  442  503  571  
Demand Analysis 254  225  92  21  693  779  556  
Location +  

Demand Analysis 6  1  1  1  6  7  5  

3 Case Study  

From the past to the present, people have been able to meet their shopping needs from 

the surrounding shops. The main purpose of the established shopping centers is to at-

tract new customers and to estimate the number of customers. In this way, the customer-

specific strategic plans to increase the revenue from the customer can be developed. In 

line with the main scope of the application, the number of individual customers on a 

daily basis will be determined based on the signaling at the shopping center location. 

With the obtained environmental data, the number of individual customers in the past 

period will be analyzed and the number of customers going to the selected shopping 
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center will be estimated when environmental conditions change in the following days. 

In this way, variables affecting the number of customers going to the shopping center, 

environmental factors making a significant impact and how the behaviors of the cus-

tomers change will be revealed. 

3.1 Data Sources 

One of the biggest problems in the big data analysis is the fact that most of the data is 

unstructured and the available data is not clean, processable and analyzable. Although 

it was challenging to get the data within the scope of this study, the data was collected 

and made ready for analysis with data cleaning methods. Within the scope of this ap-

plication, the number of individual customers on a daily basis for selected shopping 

malls was achieved by leveraging the analysis ability of the large-scale technology and 

communications services provider company’s signaling data. In addition, the following 

data types have been accessed, cleaned and corrected for the analysis. Table 3 shows 

the variable categories and data types in detail. 

Table 3. Variable List and Details 

Category Category of Variables Variables Metric Data Type 

1 Total Number of Customer 1 Numerical Ouput 

2 Daily Temperature 2 Numerical Input 

3 Avg. Daily Temperature 1 Numerical Input 

4 Daily Amount of Rainfall 1 Numerical Input 

5 Financial Market Data 5 Numerical Input 

6 Hourly Average Traffic  Density 8 Numerical Input 

7 Daily Average Traffic Density 1 Numerical Input 

8 Internet Trend 4 Numerical Input 

3.2 Data Models for Predictive Analysis 

In addition to the number of customers of the selected shopping center data in the past 

period, the environmental and financial data collected and the data set was enriched. 

By using machine learning algorithm on this data set, it was requested to estimate the 

number of customers or any output variable to be selected for the next day. Linear re-

gression analysis was used as the machine learning algorithm since it was the most 

suitable model for our data set. The following formulas explain the multiple regression 

analysis and cost function (1)-(2). 

𝑦𝑖 = 𝛽0 + 𝛽1𝑥𝑖1 + 𝛽2𝑥𝑖2 + ⋯ + 𝛽𝑝𝑥𝑖𝑝+∈                                                                                    (1) 

𝐽(𝜃0, 𝜃1) =
1

2𝑚
∑ (h(𝑥(𝑖)) − 𝑦(𝑖))

𝑚

𝑖=1

2
                                                                                                                                       (2) 

This study is a predictive analysis since the next day of the number of customers are 

estimated. For this machine learning algorithm, 80% of the data set has been used for 
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training the model and 20% of the data has been used for testing the performance of the 

model. This model does not include only one regression analysis. Multiple regression 

models are generated to find the model that best predicts the number of customers or 

the selected output variable. Since each regression model contains different combina-

tions of variables, it is aimed to find out which variable has the most significant effect 

by analysis. Therefore, the variables were chosen to be appropriate for the regression 

analysis. Studies involving this machine learning algorithm were performed on Python 

application. In this context, 7 regression analyzes were carried out using random values 

and the success rates were tested after the model setup.  Adj R2, Success Rate, VIF, 

Durbin- Watson (Auto Correlation) are used to evaluate the efficiency of prediction 

model whose definition are described as following formula (3)-(5). 

𝑅𝑎𝑑𝑗
2 = 1 − [

(1−𝑅2)(𝑛−1)

𝑛−𝑘−1
]             𝑅2 = 1 −

𝑆𝑆𝑅𝐸𝑆

𝑆𝑆𝑇𝑜𝑡
= 1 −

∑  (𝑦𝑖−�̂�𝑖)2  𝑖

∑  (𝑦𝑖−�̅�𝑖)2  𝑖
                                         (3)          

𝑆𝑢𝑐𝑐𝑒𝑠𝑠 𝑅𝑎𝑡𝑒 = Avg. (
1−|𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑖𝑜𝑛−𝐴𝑐𝑡𝑢𝑎𝑙|

Actual
)                                                                      (4) 

𝑉𝐼𝐹 =
1

1−𝑅𝑖
2              𝐷𝑊 =

∑ ((𝑒𝑡−𝑒𝑡−1)2)𝑇
𝑡=2

∑ 𝑒𝑡
2𝑇

𝑡=1
                                                                                   (5)                                                                                                                      

Table 4 shows the model details below. 

Table 4. KPI Comparision of Regression Models  

Regression 

Models 

Name 

Selected Variables Adj R2 
Success 

Rate 

Multi 

Colline-

arity 

Auto 

Correla-

tion 

Model 1 

Shopping Center Internet Trend, Daily Night Tempera-

ture Monthly CPI Change and Daily Average Traffic 

Density  

95,70% 98,10% No Positive 

Model 2 

Shopping Center Internet Trend, Daily Night Tempera-

ture, Monthly CPI Change, Daily Average Traffic 

Density and E-Commerce Internet Trend 

95,70% 97,90% No Positive 

Model 3 

Shopping Center Internet Trend, Daily Daily Gram 

Gold / TL Parity, Daily Sunrise Temperature, Daily 

Night Temperature and Daily BIST Parity  

95,40% 90,50% Yes Positive 

Model 4 

Shopping Center Internet Trend,  Daily Sunrise Tem-

perature, Daily Amount of Rainfall and Daily Average 

Traffic Density  

95,60% 77,50% No Positive 

Model 5 
Shopping Center Internet Trend, Daily Sunrise Tem-

perature, Daily BIST Parity and  Monthly CPI Change 
95,60% 96,50% Yes Positive 

Model 6 

Shopping Center Internet Trend, Daily Sunrise Tem-

perature, Daily BIST Parity and  Daily Gram Gold / 

TL Parity 

95,40% 97,30% Yes Positive 

Model 7 
Daily Average Temperature, Daily BIST Parity and 

Daily Average Traffic Density 
95% 91,50% Yes Positive 

3.3 Data Models Evaluation  

Seven linear regression models prepared within the scope of the predictive analysis 

show us above, the VIF ratio is very high if at least two of the financial data and at least 

two of the temperature data are included in the same analysis. This means that the lin-

earity between variables is high. As a result of this analysis, it was found that the most 
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appropriate method was to select one from the financial data and one from the temper-

ature data. Under these circumstances, the first and second regression analyzes were 

the most effective and successful models in terms of test of statistical assumptions, R-

adjusted, F Test and success rate. The first and second regression models show that the 

error value is at minimum and acceptable level when the variables normalized. Accord-

ing to this result, the best model variables (model 1) to estimate the number of custom-

ers are Shopping Mall Internet Trend, Daily Night Temperature, Monthly CPI (Cus-

tomer Price Index) Change and Daily Average Traffic Density. 

Strengthening Data Models.   

It was aimed to test the general spread and validity of the first and second regression 

analysis based on machine learning algorithm established for only one shopping center. 

For this purpose, these models were applied in new two shopping centers after the first 

shopping center. For this analysis, firstly the internet data for the second and third shop-

ping centers and the number of customers of the previous period were collected. Other 

outsourcing data were taken from the data set at the first shopping center. Regression 

assumption tests for these analyzes were performed for these two new shopping mall 

data. When the first and second regression analyzes of the second and third shopping 

centers were examined, it was observed that the model was found to be significant by 

F test and was highly explanable with the high R-adjusted. Furthermore, when Durbin-

watson and VIF values were examined in the table below, these values were found to 

be suitable for regression analysis. In the light of these results, when the success rates 

are considered, it is observed that both models achieve at least 90% success rate for 

both shopping malls. This rate represents a high success. In addition, when the error 

values are examined, it is observed that the error values are at minimum and acceptable 

levels.  However, the success rate of the two models in the first shopping center is 

higher than the other two shopping centers and the error values are lower than the other 

two shopping centers. This situation stems from the fact that the model was established 

according to the first shopping center and was specially designed for the first shopping 

center. However, both the success of the regression tests and the high estimation rates 

show us that the first and second regression models can be widely spread. When the 

first and second regression models are examined, it is seen that the first regression 

model predicts better than the second regression model. Table 6 shows the strengthen-

ing data model details below. MSE and F-Test definition are described as following 

formula (6). 

Table 6. Strengthening Details of First and Second Regression Model  

 Model 1 Model 2 

KPI 

First  

Shopping 

Mall 

Second 

Shopping 

Mall 

Third 

Shopping 

Mall 

First  

Shopping 

Mall 

Second 

Shopping 

Mall 

Third 

Shopping 

Mall 

Success Rate 98,10% 95,20% 93,70% 97,90% 94,90% 93,60% 

Adj R2 95,70% 96,60% 97,10% 95,70% 96,70% 97,10% 

MSE 0,82% 1,46% 1,63% 0,83% 1,45% 1,64% 

F Test Significant Significant Significant Significant Significant Significant 

Multi Collinearity No No No No No No 

Auto Colleration Positive Positive Positive Positive Positive Positive 
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𝐹 =
(𝑆𝑆𝑇𝑜𝑡𝑎𝑙−𝑆𝑆𝑅𝑒𝑠) (𝑘−1)⁄

(𝑆𝑆𝑅𝑒𝑠) (𝑛−𝑘)⁄
 ~ 𝐹𝑘−1,𝑛−𝑘               𝑀𝑆𝐸 =

1

𝑛
∑ (𝑦𝑖 − �̂�𝑖)2𝑛

𝑖=1                                          (6)               

4 Discussion 

This study will benefit in the accurate estimation of the number of customers in the 

future, which is one of the most important problems in shopping centers. In this way, 

shopping centers will have the opportunity to reach their expected revenue by planning 

their operations and strategies correctly. The use of location analysis in the estimation 

of the number of customers for shopping malls which is lacking in the literature was 

applied together with this study and contributed to the literature. In addition to these, 

with this study, how the number of customers coming to the shopping center changes 

according to the environmental climate, financial and internet trends and the estimation 

of the next day based on these variables are examined. According to the results of the 

analysis, it was found that the variables mentioned in the case study section had a sig-

nificant effect on the number of customers. Furthermore, the model was found to be 

successful when applied to other shopping centers. This indicates the potential for the 

generalizability of the model. This analysis was performed on a 217-day data set and 

the results were based on these data. However, the validity of this analysis may be re-

duced if the climate changes substantially, financial variables change in an unusual sit-

uation and change upwards or downwards dramatically, and if the internet trend is col-

lected in a different format. For that reason, new variables, data sets and algorithms 

may be needed to strengthen these estimation models in the subsequent analyzes. 

5 Conclusion and Future Research 

In this study, the model and variables that should be used in estimating the number of 

customers for the next day are examined with the help of the combined demand fore-

casting model and location model of customer management strategies which are 

strengthened with a machine learning algorithm. Regression analysis was found to be 

the most appropriate machine learning technique for the model. Within the scope of the 

analysis studies, the first and second regression models mentioned above are the best 

models to estimate the number of customers. Based on these results, the best environ-

mental variables predicting the number of customers for the next day are Shopping 

Center Internet Trend, Daily Night Temperature, Monthly CPI Change, Daily Average 

Traffic Density. Based on these results, shopping centers can estimate the number of 

customers for the next day with a high success rate by looking at environmental varia-

bles. In order to put these environmental variables into their models, they need to follow 

the weather information of Istanbul and its environment, the traffic density information, 

daily / weekly / monthly change information of the finance market, daily change infor-

mation of the internet trend of the shopping mall and e-commerce companies which is 

the competitor of the shopping mall follow the daily trend information of the internet 

trend. Shopping centers will be able to provide both cost optimization and marketing 

strategies by planning the next day with these models. Shopping centers will be able to 
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plan the number of security guards by estimating the number of customers arriving, will 

be able to draw up the plans of the number of stores and advisors in the shopping center 

and increase the number of employees when reaching the high customer number. In 

addition, Shopping centers will be able to plan and optimize energy costs and other 

costs according to these numbers. From the point of view of marketing strategies, it will 

be possible to create a good experience for new customers by estimating the number of 

future people by making special marketing studies for them, and also to ensure that 

customers remain loyal with existing marketing campaigns. Shopping centers will also 

have the chance to change their strategic plans according to market situation variability 

or traffic density variability.  

In the future studies in order to strengthen this study, the number of customers in all 

shopping centers in the selected province will be examined, the scope of the analysis 

will be deepened and the data used will be enriched. At the same time, other potential 

machine learning algorithms will be applied and the success rate will be increased. 
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