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Abstract: The use of the internet as a sales channel provides the consumer with information, facilitating the 

comparison of goods and increasing the already existing competitiveness between companies. The customer 

chooses by analyzing the products in terms of their attributes and according to the purchasing power. In this sense, 

an adequate pricing process is essential for any company. In the construction industry, this issue is even more 

relevant because of the heterogeneity of housing units. Furthermore, the high purchase price compared to other 

products, together with a variety of subjective attributes in the customer's perception, make the pricing process a 

complex undertaking. Thus, one question would be how to devise a distribution of prices in vertical housing, where 

the units in a building vary in size, number of rooms and external views. With the aim of defining a price 

differentiation model between units, this study was carried out based on the price formation process in a 

construction company in Santa Catarina state, Brazil. With the collected empirical data, a hedonic multivariate 

linear regression model was developed, with the aim of constructing an automated price differentiation system. 

The mathematical model showed good results for the numerical adjustment and in its ability to estimate price 

differentiation based on quantifiable attributes. Thus, it provides evidence of the applicability of the method in the 

correlation of the client's subjective attributes with the value of residential units in vertical condominiums. 

Keywords: Pricing; residential property; numerical method; linear regression. 

I.   INTRODUCTION 

According to [1], civil construction represented 6.5% of the national Gross Domestic Product (GDP) in 2012, but 

following a decrease in national GDP, it fell to 3.7% in 2019. The outbreak of the Coronavirus (COVID-19) further 

affected the construction industry, but the sector is referred as a way to downturn the situation ([2]). This economic 

scenario illustrates the importance of civil construction in regional development, as it can lead to an increase in national 

income levels and give greater access to durable goods with a higher market value [3]. In addition to construction 

companies, there are a number of other professions—such as designers, realtors and brokers—which are instrumental in 

developing and selling a property, and the role of the real estate agent is also crucial. Taking into account these factors, 

the real market value can be estimated [4]. Despite this, numerous other factors and fluctuation in demand may affect the 

final price, making the pricing process a difficult task. 

Recently, easier access to information has become evident through the speed at which communication occurs between 

people and different sectors of the market. This development brings a high degree of competition, since when making a 

purchase, the customer has access to a variety of possibilities. This starts to regulate the relationship between supply and 

demand, bringing about a change in real estate prices [5]. As mentioned by [6], the growing use of e-commerce tools and 
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consumer-to-consumer (C2C) platforms have led to increased satisfaction among consumers when buying goods. These 

innovations influence consumer behavior and may enhance their satisfaction with the sellers. In this sense, the issue of 

pricing of products by companies is becoming increasingly important [7]. Companies that do not use these variables in 

their procedures may be at risk, since they may have an inappropriate pricing policy with prices lower (―under-priced‖) or 

higher (―over-priced‖) in relation to the value perceived by the customer. This situation may have an impact on the 

marketability of the property, affecting the selling time and the finances of the company [8]. 

Real estate products have the specific characteristics of being durable and with a long consumer purchase cycle and fixed 

location compared to other sectors. Properties are assets that have a range of distinct attributes and that are perceived in a 

variety of ways by consumers. They are referred to as composite goods, since comparisons between them must be made in 

terms of their specific attributes [9]. The attributes—or package of characteristics—are what define the value as judged by 

the customer. Choices are made not only considering what exists inside, but also taking into account local amenities, 

accessibility to the workplace, and public services in the vicinity of the property [10]. The customer's purchase decision is 

based on his perception of the property’s value, his consideration of the set of attributes, and a number of volatile 

characteristics [11]. 

The sale prices of apartment units in a vertical housing development are also influenced by factors relating to the purchase 

decisions of consumers, which change over time and according to consumers’ characteristics [12]. The calculation of the 

prices of apartments in a building is complex and considers variables such as buying power and market price in addition 

to the total cost of ownership. Thus, one of the principle challenges is to determine the best price differentiation between 

apartments, since a building—in addition to having a large number of individual units—may have many floors, and rooms 

with a variety of sizes and aspects. Currently, many of the methods employed by companies are based on business 

principles such as market research. This research is based on production costs and return on investment (ROI) goals. Due 

to a need for methodologies for the adequate distribution of prices for companies in the construction industry, this study 

aimed to develop a differentiation model for the pricing of apartments in residential buildings, using mathematical 

modeling and parameter adjustment with numerical multivariate regression tools. The mathematical approach to pricing 

with hedonic models is already being applied in the market to gain a better understanding of the relationship between 

demand and supply and the influence of attributes on customer preference, as described by [13] and [14]. 

II.   PROPERTY PRICING 

The method of pricing of a product varies for each company and can be influenced by several factors, such as 

environment, profit margin and competition, among others. For example, [15] found a correlation between the pre-sale 

prices of apartments, taking into account attributes such as the number of towers in the design, local taxes and the level of 

development of the neighborhood. However, the fixing of prices is not always based on a specific methodology but is 

guided by the values practiced by the market or simplified by a mark-up evaluation [16]. This form of pricing, although 

common, can lead to inappropriate values, causing the products to have a lower selling speed or even stagnate in the 

market stock. This illustrates the importance of an adequate pricing methodology and how much it can affect the 

company's sustainability in a volatile economic environment, as mentioned by [17] regarding the importance of risk in the 

pricing process. The authors emphasize the use of market sentiment and risk to model the real estate market yields. In 

view of this, market research is conducted as part of the pricing process, with customers being asked questions such as 

―what price would you not pay (since it would be outside the family budget or you would not see enough value in the 

product)?‖ [18]. 

The literature presents several pricing methods, and the dependent factors can be divided into internal and external 

variables. The internal ones are related to the costs, expenses and the profit margin (mark-up), whereas the external ones 

concern the competition, the value perceived by the customers, and their purchasing intentions [19]. In [20], two ways of 

pricing the product are cited—one uses cost plus profit margin and the other is based on cost targets. According to [21], 

pricing strategies can usually be categorized into three large groups: cost-based pricing, prices based on competition, and 

prices based on the customer’s perception of the value. Companies need certain information before applying a pricing 

methodology, such as customer demand scheduling, cost function and competitors' prices [22]. Similar to previous 

studies, the author describes a number of methodologies for price formation, such as mark-up price, target return price, 

perceived value price and market price. In general, three main methods can be identified for pricing real estate: (1) using 

the average of real estate prices over a period, which disregards the variables of heterogeneity and frequency of sales, (2) 

basing prices on the latest sales of similar properties, the heterogeneity control of which is more favorable, and (3) by 
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applying statistical techniques to correlate price and quality differences (attributes) through hedonic characteristics. The 

latter can lead to greater understanding and control of real estate pricing; however, it requires the collection of detailed 

information about the market and the product itself [23]. 

A. Numerical Methods in Pricing 

The general theory of hedonic models was introduced by [24] and [25]. The first author considered the relationships 

between individuals, goods and characteristics, while the second evaluated an approach to hedonic prices through a 

mathematical function, creating a relationship of dependence between the characteristics and the price of the commodity. 

For [26], it is assumed that the group of attributes contained in a commodity—and not the commodity itself—will enable 

the consumer's desires to be met. The set of attributes is then chosen according to the consumer's needs, and this will 

provide the model constraints. Following the author's definition, the commodity is then expressed as a function of its 

attributes. According to [27], hedonic pricing models use classical regression analyses, where the sales price of a 

commodity is adjusted according to its attributes. That is, the estimations of the market value arise from the characteristics 

of this commodity. In this way, the hedonic price function — also known as the explicit function — determines which are 

the most significant attributes in establishing the price of a heterogeneous commodity. This relationship is built from a 

vector of a quantitative parameter — such as the price (  ) — and the independent variables of the attributes (  ), as 

described by [28]: 

    (  )   (                 )  Eq. 1 

According to [29] in the hedonic price approach, the attributes of a product add value to that product in their providing 

usefulness to consumers. In this way, the attributes are part of the value of the commodity and it is possible to observe a 

relationship between its characteristics and its value. However, they are not evaluated alone but as a combination of 

attributes. The hedonic approach results in a method that identifies the price structure of the attributes that make up a 

heterogeneous good through the estimation of the function that relates the price of that good with the prices of the 

different attributes of that product (implicit prices). According to [30], there are several modelling techniques for a 

numerical problem, which depend on the system evaluated for the resolution; these include exact methods and non-exact 

(heuristic and meta-heuristic) methods. The meta-heuristic method is a solution strategy to the heuristic processes and, in 

general, has good numerical performance, but requires knowledge of mathematical techniques and availability of high 

computational processing capability. [31] employs these techniques through data taken from internet advertisements to 

train a machine learning algorithm. This algorithm was able to estimate real estate prices in the city of Natal, Brazil. The 

author concludes that the variables for the prediction model were found, but the attributes collected had little influence on 

the final result, indicating possible difficulties in adjusting the pricing model with the available attributes. 

The multiple linear regression technique is one such exact method and was used in the work of [32]. The authors observed 

the degree of influence and correlation of a set of variables in the prices of residential properties offered for sale and lease 

in the city of João Monlevade, Brazil. The methodology was based on real information and on the characteristics of the 

properties, such as the number of rooms and parking spaces, the number of police incidents, and the distance from the 

shopping center, among other variables. According to the authors, although the coefficient of determination (R²) was low, 

it was possible to obtain a set of mathematical equations capable of adjusting the price as a function of the analyzed 

variables and evaluating the correlation between them. Additionally, [33] used multiple linear regression to predict the 

prices of houses for sale in the city of Paranaíba, Brazil according to their characteristics. That model was based on the 

land area, the number of rooms and the state of conservation. The model showed good results in terms of prediction, and 

the authors suggest constant updating is necessary so that it remains significant given the dynamics of the Brazilian real 

estate market. 

B. Builders' Pricing Methodology 

The pricing of housing units can be based on a number of concepts, such as cost and profit margin, suggested market 

price, and price perceived by the customer (hedonic); it can also be based on a combination of these variables, as already 

mentioned by [12]. The process of compiling a price list begins with determining the financial viability of the enterprise 

in terms of costs. This includes the Potential Sales Value (PSV) that the enterprise must have in order to reach the profit 

margin projected by the company, as described in the work by [34]. Usually, the feasibility study is carried out by the real 

estate development company with support from the financial sector (accounting). This phase may influence the final cost 
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of the enterprise; other phases—such as design, contracting and execution—are less influential in this regard [35]. The 

sales administration area would be responsible for the preliminary study of the new venture through the implementation 

project, verifying factors that may influence the price differentiation of the apartments, such as: 

• Sun position (morning/sunrise, afternoon/sunset); 

• Number of towers; 

• Number of floors; 

• Sea view (for buildings located on the coast); 

• Number of apartments per floor; 

• Number of bedrooms and bathrooms; 

• Proximity of the tower to the leisure area; 

• Private area; 

• Location of the apartment units on the enterprise design. 

Generally, the analysis is done subjectively, based on experience and common market practices. This is the case, for 

example, with the valuation of designs that have a greater incidence of morning sun and an increase or decrease in value 

depending on the floor. The valuation by floor depends on the style of the enterprise. When the building has an elevator, it 

is generally considered that the higher the floor, the higher value the unit will have [36]. On the other hand, if the building 

does not have an elevator, then the higher the floor, the lower the value of the unit. However, there is no evidence of 

differing levels of appreciation of apartments between buildings of different heights, as mentioned by [37]. The authors 

have evaluated that the incremental change in the value of the units according to floor is not linear, being smaller between 

floors on higher levels. Therefore, it would be an important design constraint to measure the height and shape of 

residential condominiums to obtain an optimized investment return. These characteristics cause the final price of one 

apartment to differ from another in the same condominium. 

The result of the differentiation of price between units is a discrete classification of units, using the value of the base 

square meter ( ) for pricing. This is done by dividing the total PSV of the design by the total private area (sum of the 

private areas of all units), so that the value obtained will correspond to the standard classification of 100%. The other 

classes are arbitrarily defined by the company, being below or above this average value of 100%. In Eq. 2,    denotes the 

classification weight. To determine the value of the square meter of these classes, the percentage adopted is multiplied by 

the value of the base square meter (    ). Finally, the sale price of the units is calculated by multiplying the private area 

(  ) of apartment   with the price per square meter stipulated in the classification. The sum of the individual prices of each 

unit must result in the PSV itself, as indicated by: 

    ∑           Eq. 2 

Pricing strategies may vary according to different companies, as highlighted by [38]. Nevertheless, the pricing 

classification is subject to the decisions and intentions of a particular company. This methodology involves the subjective 

valuation of each unit, taking into account measurable characteristics, such as the private area and number of bedrooms, 

or abstract characteristics, such as the extent of the sea view or amount of sunlight. This makes the process slower and 

more dependent on the people performing the pricing. Therefore, there is a need for greater independence and automation 

of the methodology for price differentiation of units of the same enterprise, as well as for a standardization of results 

between different products. 

III.   METHOD 

The formulation of the problem of a multivariate regression considers that the physical and constructive characteristics 

have a linear correlation with the value of the housing unit ([39]), following an equation such that 

 , - * +  * +  Eq. 3 
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where , - is the matrix of the input data of the characterization of the unit, which are the independent variables, and * + is 

the output vector, representing the unit pricing and dependent on the attributes in , -. The vector * + is the regression 

coefficients and represents the modeling parameters of the system. For a number of   units and   characteristics 

(attributes), the matrix equation can be written as: 
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  Eq. 4 

The last term of the matrix , - of *                       +
  is a unit vector so that      represents the independent 

term of the equation. The other coefficients indicate the slope of the plane in the Euclidean space   , formed by the 

evaluated attributes. The solution of this system of equations, * +      , is obtained from the normal equation: 

, -  , - * +  , -  * +  Eq. 5 

The solution in Eq. 6 represents the global minimum where the coefficients adjust the pricing model based on information 

on the characteristics of housing units (   ) and sales prices (  ), which in this case represents the proportional 

classification value of each unit. 

* +        (, -      
  , -       )

  
 , -      

  * +      Eq. 6 

where , -  is the transposed matrix of the input data and , -   is the inverse of the matrix. 

A. Case study 

The case evaluated in this work is a vertical residential condominium developed by a construction company in Santa 

Catarina state (Brazil), close to the beach, with a sales launch of 3 towers taking place in December 2019. In total, the 

design comprises 296 units, with 98 units in Tower 1, 100 units in Tower 2 and 98 units in Tower 3. Each tower has 16 

floors — each containing 6 units — plus the ground floor. Fig. 1 is an illustration of the design and the layout of the 

buildings. The total land area is around nine thousand square meters and the condominium has a number of leisure 

facilities, such as a swimming pool and a recreation area. 

 

FIG. 1: LAYOUT OF THE PROJECT'S TOWERS IN SANTA CATARINA. 
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In order to perform the linear regression, it was necessary to mathematically describe the attributes of the product. The 

first step was to list the main items used subjectively in the company's current pricing model. The selected attributes are 

shown in Table 1, together with their respective meanings. Nine items were selected for analysis. Among these can be 

seen both quantitative parameters—private area, floor number, number of bedrooms and number of garages—and 

qualitative parameters—morning sun, spatial vision, afternoon sun, sea view and sun exposure. In the case of spatial 

vision and sea view, a scale comprising three possible values was used for the classification: zero (0.0), half (0.5) and one 

(1.0). For spatial vision, which indicates whether there are structures obscuring the view from the apartment, the value can 

vary from free (1.0) to partial (0.5) to without view (0.0), where ―free‖ is the best view and ―without view‖ the worst 

view. Similarly, sea view denotes the extent to which the unit affords views of the sea. The other non-quantitative 

attributes were classified according to a scale of two possible values, as shown in Table 2. The classification of each 

housing unit was adopted manually during the pre-processing of the data by the company responsible for the pricing of 

the apartments. 

TABLE 1: LIST OF ATTRIBUTES SELECTED FOR PRICE DIFFERENTIATION OF HOUSING UNITS. 

 Attributes Description 

1 Area Dimensions of the unit's private area 

2 Floor Floor number where the apartment is located 

3 # Bedrooms Number of bedrooms in the unit 

4 Morning sun Whether the unit receives sunlight in the morning (summer) 

5 Spatial vision 
Whether the view from the apartment is clear, good, and 

unobstructed by other buildings 

6 Afternoon sun Whether the unit receives sunlight in the afternoon (summer) 

7 Sea view Whether the unit has a sea view 

8 Garage Number of garages available to the unit 

9 Sun exposure Period that the unit receives the most sunlight 

TABLE 2: QUANTIFICATION USED FOR SUBJECTIVE ATTRIBUTES. 

Morning sun 1 (yes)  0 (no) 

Afternoon sun 1 (yes)  0 (no) 

Spatial vision 1 (unobstructed) 0.5 (partial vision) 0 (obstructed) 

Sea view 1 (yes) 0.5 (lateral view) 0 (no) 

Sun exposure 1 (morning) 0.5 (afternoon)  

Quantitative items, such as private area, were normalized according to the highest value of the attribute. For example, if 

120 m² is the largest private area, it corresponds to the maximum value of 1.0, and the values of the other units are divided 

by 120. The same normalization procedure was applied to other items, such as number of bedrooms, garage spaces and 

floor. The matrix , -, containing the information on the attributes per unit, is assembled in the sequence shown in Table 

3. The table displays 24 lines of the original matrix , -, presented as an example. The output vector with differentiation in 

prices, * +, is the percentage value (  ) applied in the classification of each unit employed by the company from the usual 

pricing process from Eq. 2. 

B. Model tuning and validation 

The model adjustment was made using data from Tower 1 to determine the regression coefficients by Eq. 6. These 

coefficients also indicate the sensitivity of each attribute in influencing the unit's selling price. With the model fitted, these 

coefficients were tested with data from towers 2 and 3, evaluating the quality to predict the company's original price 

differentiation. In this work, the calculations were performed using MATLAB software. As an assessment of the fit, the 

coefficient of determination    (r-squared) was calculated. This coefficient describes the proportion of variance in the 

dependent variables related to the independent variable, formulated by: 

     
∑ .              

/
  

   

∑ (    ̅)
  

   

  Eq. 7 

Where  ̅ is the average of the price differentiation of all housing units and   is the housing unit. The closer    is to 1.0 

(100%), the better the model fits the modeling input. 
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TABLE 3: SECTION OF THE DATA INPUT MATRIX, CONTAINING 24 HOUSING UNITS OF TOWER 1. 

THE REAL VALUE IS GIVEN IN BRACKETS. 

Area Floor 
# 

Bedrooms 

Morning 

sun 

Spatial 

vision 

Afternoon 

sun 

Sea 

view 
Garage 

Sun 

exposure 

0.99 0.06 (1) 1.00 (4) 1.00 1.00 1.00 1.00 0.67 (2) 1.00 

1.00 0.06 (1) 1.00 (4) 1.00 1.00 1.00 1.00 0.67 (2) 0.50 

0.55 0.06 (1) 0.50 (2) 1.00 1.00 0.00 0.50 0.33 (1) 1.00 

0.55 0.06 (1) 0.50 (2) 0.00 1.00 1.00 0.50 0.33 (1) 0.50 

0.68 0.06 (1) 0.75 (3) 1.00 1.00 0.00 0.50 0.33 (1) 1.00 

0.68 0.06 (1) 0.75 (3) 0.00 1.00 1.00 0.50 0.33 (1) 0.50 

0.99 0.12 (2) 1.00 (4) 1.00 1.00 1.00 1.00 1.00 (3) 1.00 

1.00 0.12 (2) 1.00 (4) 1.00 1.00 1.00 1.00 0.67 (2) 0.50 

0.55 0.12 (2) 0.50 (2) 1.00 1.00 0.00 0.50 0.33 (1) 1.00 

0.55 0.12 (2) 0.50 (2) 0.00 1.00 1.00 0.50 0.33 (1) 0.50 

0.68 0.12 (2) 0.75 (3) 1.00 1.00 0.00 0.50 0.33 (1) 1.00 

0.68 0.12 (2) 0.75 (3) 0.00 1.00 1.00 0.50 0.33 (1) 0.50 

0.99 0.18 (3) 1.00 (4) 1.00 1.00 1.00 1.00 0.67 (2) 1.00 

1.00 0.18 (3) 1.00 (4) 1.00 1.00 1.00 1.00 0.67 (2) 0.50 

0.55 0.18 (3) 0.50 (2) 1.00 1.00 0.00 0.50 0.33 (1) 1.00 

0.55 0.18 (3) 0.50 (2) 0.00 1.00 1.00 0.50 0.33 (1) 0.50 

0.68 0.18 (3) 0.75 (3) 1.00 1.00 0.00 0.50 0.33 (1) 1.00 

0.68 0.18 (3) 0.75 (3) 0.00 1.00 1.00 0.50 0.33 (1) 0.50 

0.99 0.24 (4) 1.00 (4) 1.00 1.00 1.00 1.00 0.67 (2) 1.00 

1.00 0.24 (4) 1.00 (4) 1.00 1.00 1.00 1.00 0.67 (2) 0.50 

0.55 0.24 (4) 0.50 (2) 1.00 1.00 0.00 0.50 0.33 (1) 1.00 

0.55 0.24 (4) 0.50 (2) 0.00 1.00 1.00 0.50 0.33 (1) 0.50 

0.68 0.24 (4) 0.75 (3) 1.00 1.00 0.00 0.50 0.33 (1) 1.00 

0.68 0.24 (4) 0.75 (3) 0.00 1.00 1.00 0.50 0.33 (1) 0.50 

IV.   RESULTS AND DISCUSSIONS 

The model adjustment is made from the information of Tower 1, as described in the method section. For characterization, 

the data contained in the attributes are presented in Figs. 2 & 3 as a histogram with the frequency distribution and a 

boxplot of variability in price differentiation as a function of floor (a) and number of bedrooms (b), respectively. In Fig. 2, 

the histogram of the attributes displays a relatively uniform distribution of the classes, since several characteristics are 

repeated across floors—number of bedrooms and garage spaces, for example. Nevertheless, for some attributes—such as 

area, solar incidence and sea view—greater differences are revealed. These are parameters influenced by the constructive 

design of the tower and the layout of the whole development. Therefore, in the model of price differentiation between 

units, these parameters could potentially influence the final values. 

 

FIG. 2: HISTOGRAM OF INFORMATION ON THE ATTRIBUTES OF TOWER 1, USED TO ADJUST THE 

MODEL 
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The distribution in the boxplot in Fig. 3a indicates that the price differentiation of the unit increases with the floor level, 

as can be seen by the increase in the median with each higher floor. Also, the variation of this differentiation, seen 

between the lower and upper quartiles for a given floor, is considerable, but approximately constant from one floor to 

another. As for the differentiation in pricing by the number of bedrooms (Fig. 3b), there is little variation in the median 

between two-, three- or four-bedroom units. However, the price of two-bedroom units was slightly higher than that of 

three- and four-bedroom units, as illustrated by the limits of the first and third quartiles. This price profile is established 

by differentiating the prices of the apartments according to the criteria that the company adopts in the commercialization 

of its products. 

 

FIG. 3: BOXPLOT OF THE FLOOR NUMBER (a) AND NUMBER OF ROOMS (b) DUE TO THE 

DIFFERENTIATION IN THE PRICING OF UNITS IN TOWER 1. 

A. Adjustment by linear regression (Tower 1) 

The input data is the set of attributes in matrix , -; in this case it is a matrix of 98 x 10, with each row representing a unit 

of the enterprise, and the columns containing the data of each attribute (9 columns) with an additional column vector of 

those presented previously. The output variable * + is a 98 x 1 column vector that contains the pricing percentages 

generated by the company with real data from the enterprise. The regression coefficients, which represent the model of 

the price differentiation, were determined by Eq. 6 and presented in Table 4. The R² found for the adjustment was 

99.55%, demonstrating that the model has relatively high accuracy and achieves the estimation of the original pricing. 

The value of PSV for Tower 1 of Eq. 2 resulted in a difference of 0.16% in relation to the original PSV ($12.660.227,00), 

obtaining an overall result similar to the original data. 

The differentiated pricings were estimated by the regression model, multiplying these coefficients by the data matrix , -. 

Then, the total number of units that are correct in the estimate — with a maximum of 5% variation in relation to the 

original data as an acceptable variation reference — was used to assess the degree of proximity between the actual and 

estimated data. In this count, it was found that all samples (100%) were correct in relation to the real data, reflecting the 

high degree of precision of the adjusted model. From the quality of the fit, it can be inferred that the attributes selected to 

represent the price differentiation between apartments are suitable for the model. 

TABLE 4: REGRESSION COEFFICIENTS IN THE ADJUSTMENT OF THE TOWER 1 MODEL. 

 Attributes Coefficients 

1 Area 0.2257 

2 Floor 0.1368 

3 # Bedrooms -0.2102 

4 Morning sun 0.0843 

5 Spatial vision 0.0224 

6 Afternoon sun 0.0964 

7 Sea view 0.0904 

8 Garage 0.0087 

9 Sun exposure 0.0224 

10 Constant term 0.7273 
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Fig. 4 shows the values of the coefficients found in the linear regression for each pricing item in the form of a bar graph. 

The abscissa represents the attributes and the ordinate represents the values of the coefficients obtained for each item. The 

higher the absolute value of the coefficient, the greater its relevance in the price differentiation, and the lower the value, 

the lower its impact on the price differentiation. The coefficient that has a negative value is inversely proportional to 

pricing, and positive coefficients are directly proportional. The first three attributes — private area (1), floor (2) and 

bedroom (3) — have higher coefficient values, indicating that they have a greater influence on price differentiation 

between units. However, the dependence on the number of rooms is inversely proportional as it is negative. This trend has 

already been observed in the analysis of Fig. 3b. Attributes 4, 6 and 7 — related to solar incidence and sea view — have 

positive and similar amplitudes. The other parameters (5, 8 and 9) have less relevance in the pricing of the units. The last 

coefficient (10) is a numerical term of the adjustment and is not associated with the physical parameters of the design. 

 

FIG. 4: SENSITIVITY LEVEL OF ATTRIBUTES IN DIFFERENTIATING PRICING BETWEEN HOUSING 

UNITS. 

The probability distribution of pricing differentiation data is similar to a normal distribution. To verify this hypothesis, the 

Kolmogorov-Smirnov test was used for the null hypothesis of a Gaussian distribution. The results of processing of the 

values of the three towers is shown in Fig. 5. The solid blue curve is the cumulative distribution function of the price 

differentiation data and the dashed red curve is the reference, that would be obtained for a normal distribution. For all of 

the three towers, the empirical curve is close to the theoretical one, indicating a tendency of the data to follow a Gaussian-

type distribution profile. The P-value obtained in each one was 28.63%, 94.07% and 43.29% for Tower 1, 2 and 3, 

respectively. These values indicate that the price differentiation data can be represented by a normal distribution. Thus, 

analysis of variance (ANOVA) can be performed to compare the percentages of differentiation in the pricing of the 

original and estimated units. In this case, single-factor ANOVA was used for Tower 1. The means and variances are 

presented in Table 5, and the resulting P-value was 99.96%, indicating hypothesis H0 to be correct; thus, there is no 

statistical difference between the two data (empirical and estimated). 

TABLE 5: STATISTICAL COMPARISON BETWEEN THE ORIGINAL AND ESTIMATED PRICE 

DIFFERENTIATION IN THE MODEL FOR TOWER 1. CALCULATED P-VALUE OF 99.96%. 

 Mean Variance 

Original pricing 1.0414 0.0056 

Estimated pricing 1.0414 0.0054 
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FIG. 5: CUMULATIVE DISTRIBUTION FUNCTION OF THE PRICE DIFFERENTIATION DATA OF 

TOWERS 1, 2 AND 3. 

B. Model validation as a predictor (Towers 2 and 3) 

The coefficients found in the case of Tower 1 were used to obtain a new differentiation of pricing between units for 

Towers 2 and 3. That is, a new pricing index was obtained for the units of the development, applying the adjusted model 

of Tower 1 to the input data of Towers 2 and 3. In the analysis of the proximity of the estimated value to the original 

value, it was found that 47.0% (Tower 2) and 94.9% (Tower 3) of the units fell within a difference threshold of less than 

5% of the empirical value. Fig. 6 presents a three-dimensional graph of pricing, area and floor position to illustrate the 

distance between the sample and the estimate. Table 6 displays the results (for Towers 2 and 3) of verification of the 

statistical equivalence between the original and estimated data using ANOVA. Since the P-value is above 5% for both 

towers, it can be inferred that, statistically, there is no significant difference between the pricing percentage adopted by 

the company and that predicted by the model. In addition, the difference between the original PSV and the estimated PSV 

was observed to be -2.61% and -0.17% for Tower 2 and Tower 3, respectively. It can be concluded that the model results 

are very close to the real values in a global assessment, albeit with some variability in the individual estimated values. 

The difference in the predicted results between Tower 2 and Tower 3 can be attributed to the difference in the position of 

the towers in relation to the modeling tower (Tower 1). In Fig. 1, it can be seen that Towers 1 and 3 are adjacent to each 

other and both afford an extensive view of the sea; however, Tower 2 is positioned behind — and at a 90° angle to — the 

other two towers, with the view partially being obstructed by the construction of the other towers. These physical 

differences lead to different pricing strategies for the units of each tower being adopted by the company. In this case, the 

adjusted model could be used for all towers without having a considerable impact on the final PSV; alternatively, different 

models could be used depending on the design's layout. Thus, the methodology presented here for differentiating prices 

between units of the same enterprise is proven to be viable and, furthermore, reduces the subjectivity of the pricing 

process and the time required for analysis. 

 

FIG. 6: VIEW OF THE ORIGINAL AND ESTIMATED DATA FOR TOWER 2 (a) AND TOWER 3 (b). 
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TABLE 6: STATISTICAL COMPARISON BETWEEN THE ORIGINAL AND ESTIMATED PRICE 

DIFFERENTIATION IN THE MODEL FOR TOWERS 2 AND 3. 

Building Pricing Mean Variance P-Value 

Tower 2 
Original pricing 0.9827 0.0034 

24.82% 
Estimated pricing 0.9993 0.0171 

Tower 3 
Original pricing 1.0419 0.0059 

96.28% 
Estimated pricing 1.0414 0.0054 

V.   CONCLUSION 

By modeling the company's pricing data, the objective was to develop a methodology for differentiating prices between 

units in vertical residential condominiums based on a numerical tool. Since the model used had a high correlation of 

adjustment and prediction in estimating prices based on the quantifiable attributes of the property, it has high potential as 

a mathematical tool for enabling the automation of the price differentiation process. However, the model presented a 

significant variation in the individual values of prediction in the comparison between the different towers. This fact can be 

explained by the difference between the original pricing criteria used by the company in each tower. 

The regression model makes it feasible to identify the characteristics that have the greatest influence on the price of the 

property and on the formation of value as understood by customers purchasing residential units. This methodology would 

help companies in the pricing processes currently used, would provide information for decision making, and would 

ultimately lead to significant competitive gains in the evaluation and processing of market information. Marketing efforts 

could be directed toward the specific factors that bring value to customers, the design team could prioritize the most 

significant features to improve the development of new products, and the sales team could offer solutions with a greater 

focus on customer needs, among other possibilities. It is clear that the methodology reduces the use of subjectivity and 

standardizes the pricing process of a company; additionally, it facilitates the improvement of the method, since it reduces 

the dependence on people with experience. 
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