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Abstract 
A method is presented for multi-criteria analysis using two different families of preference 
functions to identify non-subsidized rental properties and to assist real estate agents and 
people seeking housing accommodations. Apartments are screened for user’s selection of 
apartment characteristics and are further ranked based on regional and neighborhood 
characteristics.  Typically, the existing online apartment search tools only filter apartments 
matching user input criteria and do not consider any neighborhood factors. The present 
study identifies and ranks apartments based on the user preferred neighborhood variables. 
A software application is developed using Visual basic and Arcobjects in ArcGIS 8.3. This 
application first selects apartments based on typical apartment characteristics as desired by 
the user. The user then has further options to choose his/her preferences for the 
neighborhood characteristics for the selected apartments.  This technique adds a new 
dimension to existing search tools to increase the satisfaction level of the user and ranking 
the selected apartments based on individual preferences.  The neighborhood preferences 
that are considered in the present study are socio-economic status of the area, proximity to 
schools and highways, age of the apartment, proximity from work place, and others. Two 
methods of aggregation of dissimilar neighborhood characteristics are presented and 
compared.  The aggregation methods systematically combine dissimilar neighborhood 
characteristics into non-dimensional numbers that are used to rank the apartments filtered 
from the user input apartment characteristics in step one.  Further, the two schemes of 
assigning weightings to neighborhood characteristics are presented and their comparative 
evaluations are demonstrated.  
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1. Introduction 
Finding the desired place to live can be a time consuming activity due to the sheer number 
of rental properties listed in newspapers or on the Internet.  The existing rental property and 
apartment search tools provide descriptive information about characteristics of individual 
apartments without providing any spatial or analytical capabilities. These tools just filter 
out the properties based on certain user input selection criteria without considering the 
regional and neighborhood factors. This lacks the need of many users who would desire a 
method to prioritize the available data and to include important land use information 
beyond the site of the apartment. Most people searching for a place to live want to know 
more about each listing and external neighborhood factors such as: Proximity to place of 
business, schools, shopping malls, neighborhood safety, highways, public transportation. 
Eventually, people seek additional neighborhood information for each apartment by 
acquiring city maps, visiting the area and accessing census data, this is time consuming and 
cumbersome.  
 
Geographic information systems (GIS) provide a powerful tool for storing and 
manipulating large amounts of information based on spatial relationships. The use of GIS 
for this application can enhance the existing tools by adding spatial abilities and increasing 
user satisfaction level by considering the neighborhood factors. However, applications of 
GIS in urban economics and real estate are infrequent. The purpose of this paper is to 
disseminate a new method for multi-criteria analyses of rental housing stock by applying 
custom GIS capabilities. This will fill a partial void to provide an objective appraisal of 
housing data by real estate agents and other related groups. 
 
Sirmans, Sirmans and Benjamin (1989) observed the effects of amenities and external 
factors on rent, e.g., market trends, neighborhood business, and others; yet their models do 
not consider the effects of regional factors and neighborhood characteristics on apartment 
rents. Graham and Bible (1992) note that neighborhood and distance factors, as well as 
physical attributes are important in the classification of apartments. No studies are found 
that use GIS techniques to analyze regional variables (such as distance to work or average 
income or socio-economic characteristics for a uniquely defined neighborhood) useful for 
studying the apartment market. 

Several advantages of GIS applications which Thrall and Marks (1994) discussed are used 
in the current study. These include: 

1) GIS technology makes it possible to measure and evaluate absolute location. Features, 
such as apartment buildings, are precisely located according to latitude and longitude 
coordinates. This allows visualization of real estate data on a map form that includes 
various landscape features. These features have been digitized by the U.S. Bureau of 
the Census and commercial vendors. The base map for this study includes GIS 
shapefile data with basemap features like roads, lakes, railway lines, boundaries, 
political framework data, land cover/land use data and others. (Fig 1) 

2) GIS functions are distinguished from relational database management capabilities 
through the software’s ability to perform spatial measurements and perform polygon 
operations.  
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3) GIS database operations manipulates attribute data assigned to the polygon or point 
 data that can be synthesized and represented visually. 

 
Douglas S. Bible and Cheng-Ho Hsieh (1996) were the first to incorporate regional 
neighborhood factors in the analysis of variations in apartment rents.  
 
Land Planning including geographical, envoirnmental and planning factors has become 
increasingly complex now. Progress in computing sciences, including Geographical 
Information Systems (GIS) and Multi Criteria Analysis (MCA) can help handle this 
complexity. Choosing an appropriate location for an activity or a facility is related to 
decision support and MCA. The problem can be generalized as a question of what must be 
done and where it should be realized. The purpose of planning can involve a hospital 
(Malczewski and Ogryczak 1990, Malczewski 1991 ), a solid waste transfer station (Gil 
and Kellerman 1993 ), or more generally, any type of public facility (Joerin 1995, Yeh and 
Hong 1996 ). In a series of two articles, Malczewski and Ogryczak (1995, 1996 ) clearly 
defines the multiple criteria location problem. They also compare the advantages and the 
disadvantages of different MCA methods. Localization problems have also been treated 
with a more intensive use of GIS. Carver (1991 ) uses GIS to evaluate various alternatives 
for nuclear waste sites. Then, he evaluates the effectiveness of three MCA techniques used 
to compare scenarios in order to select the best one. 
 
Land suitability assessment is similar to choosing an appropriate location, except that the 
goal is not to isolate the best alternatives, but to map a suitability index for the entire study 
area. Senes and Toccolini (1998 ) combine UET (Ultimate Environmental Threshold) 
method with map overlays to evaluate land suitability for development. Hall et al. (1992 ) 
also use map overlays to define homogeneous zones, but then they apply classification 
techniques to assess the agricultural land suitability level of each zone. Combining GIS and 
MCA is also a powerful approach to land suitability assessments. GIS enables computation 
of the criteria while a MCA can be used to group them into a suitability index. Following a 
similar approach, Eastman et al. (1993 ) produced a land suitability map for an industry 
near Kathmandu using IDRISI (a raster GIS) and AHP (Analytical Hierarchy Process) 
(Saaty 1990 ). Pereira and Duckstein (1993 ) have used MCA and raster GIS to evaluate a 
habitat for endangered species. Finally, some other papers have focused on the technical 
aspects of combining GIS and MCA (Jankowski 1995, Laaribi et al. 1996 ) 
 
The present study focuses on analysis of multiple criteria’s using preference function 
method to compare and rank the rental properties based on preferences for apartment and 
neighborhoods characteristics by the user. The preference function method is also 
compared to an alternative method for MCA, called the discrete interval method where the 
variable is mapped into discerte intervals as compared to the continious function in 
preference function method. Advantages of preference function are explained over discrete 
interval method. 
 
This study incorporates some of the previously mentioned approaches involving GIS 
techniques for data synthesis and develops a search tool using VBA and ArcObjects in 
ArcGIS. Real data for the cities of Ann Arbor and Ypsilanti in the State of Michigan have 
been used (Fig. 1).  The search application selects apartments matching user criteria and 
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ranks these apartments based on user neighborhood preferences and give users the three 
best ranked apartments. It is important to create an index for all the dissimilar apartment 
characteristics to compare and rank apartments using the comprehensive information. 
Preference function method used in the study converts these characteristics into a non-
dimensional number, which, can be then compared and ranked. 
 
 
 

 
Fig. 1. Rental properties in and around Ann Arbor and Ypsilanti Cities in Michigan. 
 
 
2. Data and Methodology 
2.1. Data 
The database for this study consists of current rents, apartment characteristics data, and 
neighborhood characteristics for cities of Ann Arbor and Ypsilanti for all the non-
subsidized apartment complexes. The apartment characteristics data such as number of bed 
rooms, fireplace, fitness center, air conditioning, playground, and others are obtained from 
“apartmentguide.com” and neighborhood characteristics data such as education level, 
household income, employment type, and others are obtained from the US Census bureau.  
The apartment point shapefile is created by digitizing precise apartment locations from 
apartmentguide.com. The database is created for apartment and neighborhood 
characteristics and the two databases are joined to create a complete data set. Several 
basemap features such as roads, railways, lakes, rivers, political boundaries, land use/land 
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cover etc are obtained from “Center for Geographic Information- MI Geographic Data 
Library”. 
 
2.2. Methodology 
The currently available apartments search applications filter unwanted apartment 
information and allow the user to select desired characteristics.  Even though users may 
have rigid as well as flexible specifications of apartment characteristics, any apartment that 
does not meet even one of the less important specifications will not be filtered.  These 
shortcomings were identified by few of the existing applications like 
“apartmentguide.com” and thus, their improved versions, shows a  list of apartments based 
on how much percentage of the user’s conditions are matched.  The two major 
disadvantages of the existing tools are lack of ability to rank and to account for 
neighborhood characteristics. Therefore, the tools restrict further analytical capability 
desired by many people seeking rental opportunities.  
 
The approach developed in this study is a two-step approach.  The first step is similar to the 
existing tools where the apartments are filtered based on apartments characteristics as 
desired by users. The second step allows users to specify weighted values in the form of 
simple options for all neighborhood factors for the apartments selected in step one.  In the 
current study few of the neighborhood characteristics such as socio-economic status of the 
locality, age of the building, average distance from work place and schools and others are 
exemplified to demonstrate the approach.  
 
Two different schemes of assigning weighted values to neighborhood characteristics are 
presented.  In the first scheme, the user assigns weightings to all neighborhood 
characteristics in the range of 0 to 10, ten being the most important.  In the second scheme, 
users may assign weights in a quantitative way.  Users have a choice to pick one of three 
qualitative options on individual neighborhood characteristics, viz.  a) important, b) not so 
important or c) do not care much about it. 
 
The application then extracts the neighborhood characteristics of only those apartments that 
meet user apartment characteristics requirements specified in step one.  For a particular 
apartment, these dissimilar neighborhood characteristics are aggregated to evaluate a non-
dimensional number called net satisfaction level (NSL). The apartments are then ranked 
using net satisfaction level and only the best three apartments are presented.  The two 
different methods of evaluating the NSL are presented below. 
 
The first step in evaluation of the NSL for an apartment is to convert individual 
neighborhood characteristics into a non-dimensional number referred to as satisfaction 
level.  It typically varies between 0 to 100, 100 being completely satisfied.  The two 
methods presented are referred to as (1) Discrete Interval Method (2) Preference Function 
Method.   
 
2.2.1. Discrete Interval Method 
In this method, any individual neighborhood variable, which varies between its minimum 
and its maximum value, is mapped into 0 to 100  satisfaction level in discrete intervals.   
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For examples, the age of the apartment can vary between zero years to 50 years.  
 
Apartment age (yrs)                    Satisfaction level 
0 to 10     100%  
10 to 20    75% 
20 to 35    50% 
35 to 50    25% 
 
 Thus the apartment’s age in years is converted to a non-dimensional number called the 
satisfaction level.  Since the conversion is in a discrete interval fashion, the method is 
refereed to as a Discrete Interval Method. 
 
2.2.2. Preference Function Method 
In this method, a neighborhood variable ranging between a minimum to maximum value is 
mapped on a satisfaction level through a continuous mathematical function known as  the 
preference function.  Two different families of preference functions are used to model 
“higher the better” and “lower the better” types of variables.  The typical example of 
“higher the better” is income level, while for “lower the better” is age of apartment (Fig. 2). 
The preference function equations are not unique.  The analyst has a choice to conceive 
his/her function that logically depicts the relationship between variable value and 
Satisfaction level. The preference function is just an alternative to discrete interval method.  
The major difference between the two methods is while preference function is a continuous 
versus the discreet interval representation of the data (Fig. 3).   
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Fig. 2. Higher the better and Lower the Better type of Preference Functions 
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A Comparison
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Fig. 3. A Comparision of Preference Function method and Discrete Interval Method 
 
When variable values lie at the cusp, and using the discrete interval method, it becomes 
increasingly difficult to rationally justify the satisfaction level.  For example, when age of 
apartment is 19 years, it is assigned a 75%.; yet when comparing apartment A which is 19 
years old to apartment B which is 21 years old, where apartment A gets 75% satisfaction 
level while apartment B gets 50 %.  The difference of two years indicates a 25% difference 
in the satisfaction level that may be a misleading representation for the user. Conversely, 
the preference function curve depicted in Fig.2 would give 43.2 % satisfaction level to 
apartment A and 38.5 % to apartment B. This provides a greater level of value to the user. 
It should be noted that when variables are divided into finer discrete intervals, it behaves in 
a similar manner as piecewise preference function.  In principle, when variables are divided 
into infinitesimally small intervals, it approaches a preference function behavior. 
 
2.3. Aggregation of Neighborhood Preferences 
Once all the neighborhood variables are converted to satisfaction levels, the next task is to 
add them systematically.  When users define their preferences/weighing factors in a 
quantitative way then the net satisfaction level can be computed as 

Net satisfaction level = (W1 x S1 + W2 x S2 + …..+ WnSn) / (W1 + W2 +…+ Wn) 

Wi is the weight assigned to ith neighborhood variable and Si is the satisfaction level as 
computed by either using the discrete interval method or preference function method. 
This approach is further referred to as a weighted sum.  It should be noted that the weighted 
sum works for the discrete interval method as well as the preference function method.  It 
can be used when weights are assigned to neighborhood variables in a quantitative fashion.   
 
An alternative to the weighted sum method is especially useful when priorities to 
neighborhood variables are assigned qualitative values suitable for preference function type 
only. These are inherited from the property of preference function.  Instead of assigning 
weights explicitly, the weights are assigned implicitly by defining different shapes of 
preference function for a neighborhood variable.  A typical example for the “higher the 
better” type of variable is documented in appendix A.  Similarly, a typical example for 
“lower the better” type is described in appendix B.  It should be noted, that for the same 
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value of neighborhood variables, the satisfaction level is different for all the three 
qualitative weightings that users may assign to it.  The method, for further description, is 
called an implicit weighting scheme, which is more suitable for a situation when weights to 
neighborhood variables are assigned in a qualitative way.  When using an implicit 
weighting scheme, the satisfaction levels for each neighborhood variable are algebraically 
added to get net satisfaction level for an apartment. The computations based on preference 
function and when weights to neighborhood variables are assigned in a qualitative way 
(Table 1). 

Table 1: Ranking an apartment based on Preference function and implicit weighing 
scheme 
Apartment Income Education SchoolHighwayAge WorkSum AverageRank 
A 0.30 0.50 0.10 0.80 0.80 0.90       
B 0.70 0.10 0.95 0.20 0.30 0.60       
C 0.50 0.60 0.60 0.50 0.90 0.20       
D 0.10 0.90 0.20 0.95 0.80 0.50       
The above values are the normalized values. Following are the two cases with different user 
preference options. Note that all neighborhood variables are converted into satisfaction 
levels using preference function described in appendix A and B 
Options 3 3 1 1 3 1       
A 83.47 95.02 54.88 0.82 69.880.45 304.5350.75 1 
B 98.50 45.12 0.33 30.12 98.502.73 275.3145.88 2 
C 95.02 97.27 2.73 4.98 45.1230.12 275.2445.87 3 
D 45.12 99.55 30.12 0.33 69.884.98 249.9841.66 4 
Options 1 1 3 3 1 1       
A 1.50 4.98 99.55 99.30 0.82 0.45 206.6034.43 3 
B 16.53 0.45 25.92 99.01 16.532.73 161.1726.86 4 
C 4.98 9.07 90.93 99.05 0.45 30.12 234.6039.10 2 
D 0.45 54.88 99.18 99.74 0.82 4.98 260.0543.34 1 
Options: 1-Very Important    2- Not so Important    3- Do not care 
This illustrates how two users choosing different preference options in a qualitative fashion 
get different ranking results.   The values for the neighborhood characteristics like income, 
education and others are converted to non-dimensional numbers, i.e., satisfaction levels 
expressed in percentages.  It is significant to note, that based on the preference functions 
selected, the same apartment produces different satisfaction levels for both the users. This 
illustrates the core of the study, which combines the user behavior and preferences into the 
ranking process for the apartments. 
 
3. Application Developed and Final Product: 
The search application is developed using Visual Basic for Applications (VBA), embedded 
in ArcGIS 8.2 mapping environment – ArcMap. The modules in ArcObject’s Component 
Object Model (COM) are used in VBA to develop the application and achieve the desired 
customization. ArcObjects are sets of components of the ArcGIS platform, which can be 
accessed through any COM-compliant development language e.g. VB, VBA, C++ and 
others. 
 
A two step approach is followed in the study. The first step uses a SQL query filter in VBA 
to filter apartment data based on individual characteristics specified by the user. The result 
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shows the selected apartments visually on the map. The second step works on the selected 
apartments from step one. Users input their weights and preferences for all the 
neighborhood variables. These preferences are converted to satisfaction levels using the 
preference function method. The apartments are then ranked based on their satisfaction 
levels.  
 
Two simplified user forms are developed in Visual Basic for the users to input their 
selection criteria and neighborhood preferences (Fig. 4a, Fig. 4b). The first is a typical 
search tool, where the users can select one or more apartment characteristics as desired. By 
executing the search, the results select all the apartments matching the user criteria 
 

  
Fig. 4a 
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Fig. 4b 
                                                                                   
The second form gives further options to the users to either input their preferences 
qualitatively or input quantitative weights for neighborhood factors of the selected 
apartments (Fig.4b). The user inputs for different neighborhood factors are converted to a 
non-dimensional number called the satisfaction level. The apartments are ranked based on 
net satisfaction levels for each apartment. The first three ranked apartments are displayed to 
the user with their net satisfaction levels (Fig. 6b). 

The analysis flow diagram explains the two-step software development process identified 
as form 1 and form 2 (Fig. 5). This allows the computer programmer to understand the 
detailed software structure necessary for application customization.   
 
The Final product display shows apartments in bright red stars selected from the user input 
criteria (Fig. 6a). The users can further select their preferences using the neighborhood 
preferences form shown on the map (Fig. 6a). The Final Results are displayed in the 
message window showing the best three ranked apartments and their satisfaction levels 
(Fig. 6b). 



 11

 
 
Fig. 5. Analysis Flow Diagram 
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The Final product display shows apartments in bright red stars selected from the user input 
criteria (Fig. 6a). The users can further select their preferences using the neighborhood 
preferences form shown on the map (Fig. 6a). The Final Results are displayed in the 
message window showing the best three ranked apartments and their satisfaction levels 
(Fig. 6b). 
 

 
 
Fig. 6a. User Input form I with selected criteria showing the  results highlighted with star 
symbols. 
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Fig. 6b. Neighborhood preference form II showing selected preferences and the results 
displaying the best three ranked apartments with their satisfaction levels. 
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4. Summary and Conclusions 
The paper presents the contribution of Geographic Information System in searching for 
rental properties. The methodology and application development illustrates the selection of 
apartments based on user desired apartment characteristics that ranks these apartments 
based on user’s neighborhood preferences.  The paper focuses primarily on the method for 
ranking the selected apartments by aggregating dissimilar neighborhood characteristics 
using individual’s preferences.  This is achieved by converting neighborhood 
characteristics into a non-dimensional number called satisfaction level.  Two alternative 
methods discrete interval method and preference function method to weigh and rank the 
properties are  presented in the study.  The advantage of the discrete interval method is a 
simplistic understanding, however the major disadvantage occurs when the values of 
neighborhood variables lie at the boundary of  discrete intervals.  Since the boundary level 
is abrupt the satisfaction level maybe disputable to the user.  The preference function is 
presented as an alternative.  The major advantage of the preference function is to produce a 
continuous function shape. This can be adjusted by conceiving an appropriate mathematical 
function to represent the logical relationship between neighborhood variables and the user 
satisfaction level, and ease of using the continious function in computer programming. As a 
result, the preference function approach gives realistic values of the satisfaction levels.  Its 
only disadvantage is that it lacks uniqueness. Different analyst may choose different 
transfer functions and hence would obtain different satisfaction levels 
 
All the non-dimensional satisfaction levels for different neighborhood variables are 
aggregated to give the net satisfaction level.  The net satisfaction level for each apartment 
is used for comparing, sorting and ranking the apartments.  The paper describes qualitative 
and qauntitative schemes of aggregation.  When the neighborhood preferences are 
expressed quantitatively, the net satisfaction level is computed as weighted sum of the 
satisfaction levels.  When neighborhood preferences are expressed in a qualitative way, the 
implicit weighting scheme is an effective method, which uses preference function 
approach. The study thus presents an approach to avail the new emerging GIS technology 
in developing a more useful and meaningful computer search tool for commercial rental 
properties. 
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Appendix A 
Higher the value, better the satisfaction level of the user. 

Graph1 
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Very important:       y = 100 *  exp (-α(1-Xn)) 
Not so important:     y = 100 * Xn 
Do not care:              y = 100[1- exp (-α * Xn)] 
 
Where: 
Xn = (X-Xmin)/(Xmax-Xmin) 
 
Where: 
Xn = (X-Xmin)/(Xmax-Xmin) 
Where Xn = normalized value between 0 and 1, X = actual value 
Xmin = Minimum value  
Xmax = Maximum value 
α = 6.0 
 
Neighborhood characteristics considered under this type: 
-Household Income, More the income level better the satisfaction level 
-Education level of the neighborhood 
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Appendix B 

Lower the value, lesser the satisfaction level of the user. 

Graph2 
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Very important:       y = 100 *  exp (-α * Xn) 
Not so important:     y = 100 * (1- Xn) 
Do not care:              y = 100[1- exp (-α(1-Xn))] 
 
Where: 
Xn = (X-Xmin)/(Xmax-Xmin) 
Where Xn = normalized value between 0 and 1 
X = actual value 
Xmin = Minimum value  
Xmax = Maximum value  
 
α = 6.0 
 
Neighborhood Characteristics considered under this type: 
Age 
Distance from Schools, Highways, Work place. 
- More the traveling distance to these locations, less the value of the area, less the 
satisfaction level for the user. 
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