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ABSTRACT

Real estate appraisal is needed in assessment of the value of
properties and contribute the regional economy of any
country. Real estate valuation is thus an important subject,
which has to be studied carefully as there are many individual
subjective criteria, which often results in variations, which
makes the traditional valuation methods to be inadequate.
This work aimed at coping with the complexity of real estate
valuation, by putting forth the advantages of artificial neural
network, one of the novel model of real estate appraisal. The
review of literature has helped to establish that the neural
network model is better than the traditional model previously.
This work opens up a new and better understanding to the
principle of real estate evaluation.

Key words: Appraisal, Artificial Neural Networks, price
prediction, real estate valuation, risk assessment.

1. INTRODUCTION

Real estate remains one of the most viable investment
options which is often characterized by high return on
investment. The value of money and current state of economy
are predictors of the returns accruable from real estate
investment. Real estate appraisal is a means of assessing how
the aforementioned factors determine the value of real estate
in any given country. Rapid urbanization and population
growth have helped to increase the use of estate appraisal
since it is needed to assess the availability, demand and supply
of housing to cater the needs of ever increasing population
and urbanization. [1]. However, with the emergence and
growth of real estate transactions, a series of social
contradictions have arisen since real estate valuation reports
are used in many areas such as taxation, acquiring loan
facility in banks, socialization, buying and selling of
properties, amongst others. In all the areas that real estate
valuation report is needed, different approaches and
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estimation of the value are done. For this reason, each
application’s results show differences according to various
studies carried in this aspect [2-3]. This situation is
worrisome for the real estate industry. To improve this
unfavorable situation, Ibisola, et al. [4] have stated that there
is the need to determine real estate values objectively, truly
and safely, which is of great importance for social economy.

Currently, the real estate industry is becoming more
computerized over the years with many real estate brokers and
appraisers developing online services, such as an automated
valuation model, to estimate the house price for clients
automatically using optimization algorithms or evolutionary
computational methods [5-8].

Acrtificial neural networks (ANN) commonly known as
neural networks are computational methods or systems
uniquely inspired by the biological networks of brains and the
neurons that constitute the nervous system, hence, ANN
mostly mimics the human brain. ANN model is designed to
perform tasks (computation) by learning from given example
without necessarily following specific rules or without
specific prior knowledge of the tasks. However, they generate
results from the example that they process. ANN is a member
of evolutionary computational methods [9].

Artificial neural networks have been used in different fields
and areas such as computer vision, pattern recognition (action
[10], image [11], speech [12], handwriting [13], number
gesture [14], data mining [15], virtualization, machine
translation, email spam filtering, social network filtering,
cybernetics [16] and medical diagnostics [17] to mention but
a few. Various variants and modifications of the method exist
and several platforms have been designed for the
implementation. Modifications are necessary to improve on
the very aspects of ANN. Modification to ensure a faster rate
of learning has been reported [18]. Besides, modification has
been done to incorporate evolution into the learning method
[19]. Moreover, using ANN demands the following.

a). The choice of the model (data structure and
application).

b). The relevant learning algorithm, robustness and
convergence considerations.

Generally, the major strength of the ANN is in the
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following;

a). Function or fitness approximations and modeling [20].

b). ANN is very robust in handling multimodal and
multiobjective constrained optimization problems [21].

c). Classification [22-23].

d). Data processing for example clustering.

e). Robotics for example motion planning.

f). Control [24-25].

Other details of ANN can be obtained in [26-27].

Neural networks are one of the sophisticated machine
learning techniques presently attracting attention from
scientists, engineers, and statisticians, among others. They
have gained popularity in recent years. However, the use of
neural networks by architects, builders and valuers in the real
estate sector industry and real estate valuation, in particular,
does not appear to have gained much popularity.

Real estate valuation or appraisal is the estimation of the
value of real estate for the purpose of sales, loan application,
investment, listing, taxation and insurance, amongst other
purposes. The computation of the value of real estate usually
considers different factors. Examples of such factors are
physical attributes of the subject property like the fixtures and
fittings within the property, neighborhood qualities,
socioeconomics, government controls and regulation, which
are ultimately, influenced by demand, utility, scarcity and
transferability. The valuation report generated from real
estate appraisal or valuation is used by businesses, credit
agencies, regulatory agencies, government, mortgage,
individuals and investors (local and foreign) when making
informed decisions regarding real estate transactions. In
addition, investment in real estate remains an interesting area
that benefits from foreign direct investment (FDI).

Volatility of the variables renders the available models less
effective as the uncertainty or changes in the variables present
inherent risks of undervaluing or overvaluing of real
properties. This is exacerbated by the time value of money.
The uniqueness of properties entails deviations from
established valuation or appraisal methods. Apart from the
time and value of money, the following factors could be
culpable;

a). Location: Prices of properties vary significantly from
one location to another. Properties located in an affluent
neighborhood is very likely to be expensive than those located
in slums. Siting of industries, churches and other big
establishments in a certain location is most likely to affect the
price of properties within such a neighborhood positively. On
the other hand, proximity to pollution prone factories,
military or nuclear sites, and cemetery can equally affect the
value of properties within a certain radius of such site
negatively.

b). Purpose or use: Residential buildings are most likely to
be less valued than commercial buildings.

c). Government policies: Government decisions can affect
the price of properties. Examples include; approval of public
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or private universities, citing of government agencies,
airports, seaports, markets, stadiums and sports facilities.

d). Age and conditions of the buildings. The market value
of some property depreciates over time. Depreciation in this
aspect can come in form of physical, functional and
economic. The most form of physical depreciation is
structural defects or problems, which subject the property to
the likelihood of collapse.

e). Sale circumstances: The threat of foreclosure is most
likely to affect the price of buildings. Also,

f). Physical attributes of the property: These include; size,
landscape, number of rooms, ventilation, lighting, quality of
construction, floor type, privacy, greenness, interior
decoration, heating, cooling, swimming pool, car parking lot,
garden, etc. In some cases, weather, security and climate
change affects the price of houses.

The aim of this paper is to review different aspects of
application of ANN in real estate valuation. It will show that
the price estimation or forecasting is not the only use of ANN
in this context. The motivation is derived from the result of
numerous research activities on the use of ANN in forecasting
[28]. The research will present research information to
experts in this area.

2. ARTIFICIAL NEURAL NETWORKS
ESTATE APPRAISAL

IN REAL

Researches exploited the computational capacity and
robustness of the artificial neural networks and used them in
real estate valuation or appraisal. This review has successfully
classified the application into three different areas. They are:

a). Estimation of the value of real estate.

b). Price prediction or forecasting of real estate.

c). Other applications as listed in Table 1.

The research articles used for the classification were
sourced from different peer-reviewed academic databases.

3. ESTIMATION OF VALUE OF REAL ESTATE

This area is further classified into three, namely; evaluation
models, mass appraisal, and risk assessment and evaluation.
All are different dimensions of real estate valuation and
appraisal.

3.1 Evaluation Models

Evaluation models are dedicated to estimating the price of
real estate properties. Many quantitative and qualitative
variables affect the value of an estate. Estate valuers or
practitioners using evaluation models routinely do the
estimation of the value of an estate. The models capture
different quantitative and qualitative variables that affect the
value of the given property. This means that multivariate
models are preferred in estate appraisal. Regression analysis,
time series [29] and quantitative comparative
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approach [30] are some of the available tools used in this
aspect. A combination of regression analysis and ANN
performed better than the individual models [31]. It has also
be shown that some data mining models and evolutionary
computational methods have shown to be effective when
combined with regression analysis or used in solitude for real
estate valuation. These include Support VVector Machine [32],
K nearest neighbor [33], decision tree [34], particle swarm
optimization algorithm [35] and genetic algorithm [36]. The
precision of the data mining models could be improved by
bagging [37] or a combination of bagging and other
algorithms [38]. The use of regression analysis or other
similar models is plagued with nonlinearity of relationship
among the variables, the presence of unnecessary information
and the absence of key information that greatly affects the
evaluation. Autocorrelation of some variables also presents
some challenges during real estate valuation [39]. Hence,
ANN tackles the problem, for instance, when it is combined
with geographic information system (GIS) [40-41]. Failure to
capture the necessary information by the given model
impedes the accurate determination of the financial viability
of real estate, increases the risk of borrowing and erodes the
credibility of real estate valuation [42]. Traditional valuation
methods are handicapped in estimation of property value
arising from huge (big) data that captures the location,
socioeconomic, physical, environmental and demographic
characteristics of real estate [43-44]. ANN has shown to be
very keen on tackling the problem [45].

The advantage of ANN over the traditional evaluation tools
is that the learning function [46] and nonlinear processing
ability of ANN can improve the randomness and uncertainty
of existing evaluation methods thereby minimizing the
likelihood of information loss [47]. Hence, ANN is one of the
major evaluation tools that guarantees accurate property value
estimation, even though in the presence of large
datasets [48].

The application of ANN has been extended to the
evaluation of real estate companies in order to determine their
competitive advantage, viability and strength [49-50]. The
application has been extended to the appraisal and
monitoring of real estate market [51]. Government agencies
depend on accurate property valuation estimation for
computation of property taxes [52].

3.2 Mass Appraisal

Conventional evaluation methods cannot be applied in the
estimation of prices of large amount of properties. The
complexity of the nature of the characteristics underneath the
mass houses means that advanced computational methods are
needed to create a reasonable evaluation model. Artificial
neural networks have been used in this context to estimate
values between properties [53]. The big data usually
encountered in mass appraisal can be handled by the
application of ANN and a combination of other data mining
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tools such as decision trees, random forest, boosted trees,
KNN [54] and others. The application of ANN in the mass
appraisal of properties has improved the credibility and
efficiency of the evaluation system [55]. Unarguably, this area
remains a fertile ground for more research activities as
revealed by [56].

3.3 Risk Assessment and Evaluation

Apart from the usual valuation of real estate, valuers also
determine the risk associated with properties. The risk of the
individual variables (components) is assessed to determine
the net risk of the property. Risk evaluation is very crucial
since real estate carries a lot of risks and adequate knowledge
of the risk is essential for investment and business decisions.
The level of risk determines the extent of investment.
Traditionally, qualitative methods are used in the risk
assessment in this context, which is highly subjective and
often inaccurate. ANN can be used in this aspect by
leveraging on its self-organization and learning capabilities
in order to accurately quantify the risk by excluding the
subjective factors [57] in real estate [58] and credit risk of
real estate in banks [59]. The adoption of ANN in risk
assessment ensures credibility and is necessary to avoid waste
of scarce resources and foreclosures [60]. In the case of credit
risk, ANN helps to determine the state of credit rating and to
handle complex relationships that are inbuilt in credit
management in banks [61].

ANN and its combination with fuzzy comprehensive
evaluation have been used to determine the weight of every
risk factor and relate them to the overall risk of the real
estate [62]. Risk assessment of contracting in real estate has
also been reported [63]. This was done by the use of ANN and
SVM. Thereal estate risk assessment remains an integral part
of the general risk assessment of which the ANN has proven
to be an efficient tool for estimating the former [64].

4. PRICE PREDICTION AND FORECASTING OF
REAL ESTATE

Estate wvaluation is not just limited to valuing or
appraising a property, it also predicts the price using
historical data on various variables affecting the price or value
of the property. The act of prediction involves the extraction
of useful information from a given raw data in other to
forecast or predict the unknown. Comparisons are
subsequently made with the current selling prices. Predictions
are often cumbersome using the traditional evaluation
methods but the advent of computers and algorithms such as
ANN has made it easy to explore the correlations between the
variables that affect the price of real estate and create patterns
within multi-dimensional variables [65]. Data mining tools
are widely used in this aspect [66]. Often, the evaluation
models used in real estate appraisal are used in price
prediction. As stated earlier, the randomness of the variables
reduces the predictive accuracy of evaluation models which
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are mainly modeled as deterministic [67]. The prediction has
to be accurate and a pointer to the success or failure of real
estate [68]. High positive correlation coefficient is desirable
to indicate that the prediction is accurate [69]. Different
residential real property variables can be used [70]. Examples
are location, prior prices, building conditions, housing area
and number of rooms [71], consumer spending [72], value of
money [73], demand and supply, government policies,
security [74], disposable income and rediscount rate [75].
ANN has been combined with fuzzy methods [76],
ordinary  least  squares  regression [77], logistic
regression [78], Markov chain [79], support vector regression
(SVR) [80], principal components analysis [81], particle
swarm optimization (PSO) algorithm [82], decision tree [83],
gradient boosting machines [84] and genetic
algorithm [85-86] in prediction of price of properties. The
unique strength of ANN is that it captures the uncertainties of
the variables that constitute the predicting model at a reduced
computational time and increased accuracy. Unique cycles or
seasonal variations in the price of real estate can be
precipitated using the ANN [87]. ANN model help to identify
the unique factors that are most likely to affect the price of
properties [88]. This helps to facilitate quick decisions by
investors, buyers, government and financial institutions.

Table 1: Related areas of Application of
ANN in real estate valuation

Reference
Image classification of houses [95]
to aid in real estate appraisal
Identification of opportunities [96]
in real estate market
Incorporation of energy demand [97]
in real estate valuation
Image classification of interior
of properties [98]
Image classification of both [99]
interior and exterior of buildings
Clustering of fund of real [100]
estate derived via valuation
l\i/rlﬁr;?g]zrggrr\]t of real estate [101]
Core competence estimation
) [102]
of real estate firms
Core competence estimation [103]
of real estate firms
Selection of _tax check in [104]
real estate firms
Development of decision
. [105]
support system for evaluation
v 26
Real estate problem solving [107]
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Comparison of ANN over other methods showed that

despite the predictive capability of ANN, some other models
performed better than it. SVM performed better than ANN for
small training data [89]. A combination of SVR and rough
sets yielded better prediction than ANN [90]. Neuro-Fuzzy
Inference System (ANFIS), performed better than ANN [91].
On the other, it has been reported that ANN performed better
than linear regression and random forest algorithm in real
estate price prediction [92].
An emerging trend in this area is the use of virtual
characteristics in the prediction of price of properties using
ANN. Datasets used here are the photos of the interior and
exterior of the property. This approach has also shown to be
better in real estate evaluation than other notable offline and
online methods [93]. The use of satellite images, street views
and the accessibility in real estate price predictions have been
reported [94].

5.0THER APPLICATIONS

Researchers have applied ANN to different areas in real
estate based on the objectives of their studies. Hence, the
application of ANN is restricted to mass appraisal,
evaluation, risk assessment and price prediction. The
summary of the miscellaneous applications of ANN is
presented in Table 1.

6. CONCLUSION

In this study, the challenges with real estate evaluation
were studied and a real estate evaluation model based on
artificial neural networks was put forward. This study
proposes the use of ANN for real estate appraisal. It has
presented a review of the state of the art view of the depth and
breadth of Neural Network optimization in real estate
valuation. Other significant conclusions made from the
review are summarized as follows: ANN can successfully
produce an error-free valuation result. It has the ability to
select tax check in real estate firms, as well as help in the
development of decision support systems for evaluation and
also the auditing of real estate evaluation process, amongst
other benefits.
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