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Abstract—With the rapid development of computer, artificial intelligence 
and big data technology, artificial neural networks have become one of the most 
powerful machine learning algorithms. In the practice, most of the applications 
of artificial neural networks use back propagation neural network and its varia-
tion. Besides the back propagation neural network, various neural networks 
have been developing in order to improve the performance of standard models. 
Though neural networks are well known method in the research of real estate, 
there is enormous space for future research in order to enhance their function. 
Some scholars combine genetic algorithm, geospatial information, support vec-
tor machine model, particle swarm optimization with artificial neural networks 
to appraise the real estate, which is helpful for the existing appraisal technolo-
gy. The mass appraisal of real estate in this paper includes the real estate valua-
tion in the transaction and the tax base valuation in the real estate holding. In 
this study we focus on the theoretical development of artificial neural networks 
and mass appraisal of real estate, artificial neural networks model evolution and 
algorithm improvement, artificial neural networks practice and application, and 
review the existing literature about artificial neural networks and mass appraisal 
of real estate. Finally, we provide some suggestions for the mass appraisal of 
China's real estate. 

Keywords—artificial neural networks, back propagation neural network, ma-
chine learning algorithms, mass appraisal of  real estate, tax base valuation 

1 Introduction 

China appraisal industry was started in the late 1980s, after nearly three decades of 
development, appraisal industry has grown rapidly. In 2016, the People's Republic of 
China Appraisal Law was formally promulgated, setting the legal status of the ap-
praisal industry for the first time. By the end of 2016, there were more than 3,300 
appraisal firms and over 34,000 appraisers in the country with more than 100,000 
employees. The income from appraisal industry reached 12 billion Yuan(RMB) . 
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Artificial neural networks is a very popular algorithm in machine learning field in 
the 1980s, but declined in the mid-1990s. Nowadays, with the "deep learning" trend, 
artificial neural networks become one of the most powerful machine learning algo-
rithms. Artificial neural networks in the economic, engineering, biology, medicine 
and other fields show good intelligence features. More and more papers about artifi-
cial neural networks are published in influential journals as stated in  [1].  

At present, there is a big gap between our appraisal of the level of industrialization 
information construction and development needs. The research on artificial neural 
networks will help us to solve the challenges faced by the appraisal technology. This 
article defines the concept of mass appraisal of real estate and then reviews the evalu-
ation from artificial neural network and real estate tax base valuation theory, artificial 
neural networks model evolution and algorithm improvement, artificial neural net-
works practice and application, in the end provide some useful suggestions for the 
mass appraisal of China's real estate. 

2 The definition of related concepts 

2.1 The mass appraisal of real estate 

Based on the traditional real estate appraisal theory and model, the mass appraisal 
of real estate is to introduce mathematical statistics, computer technology and geo-
graphic information technology to establish mathematical model, which is a systemat-
ic appraisal of a group of real estate and obtains its market value. Real estate tax base 
valuation is mainly on the tax price of real estate appraisal and estimation. The mass 
appraisal of real estate in this paper includes the valuation of the real estate transac-
tion and the tax base valuation of the real estate holding. The price warning of the 
artificial neural networks in the real estate market is beyond the scope of this article. 

2.2 Artificial neural networks and back propagation neural network 

Artificial neural networks is an information processing system designed to mimic 
the structure of human brain and its functions. It can be regarded as a powerful and 
widely used machine learning algorithm. In the practical application of artificial neu-
ral networks, most of the neural network models use back propagation neural network 
and its variation. back propagation neural network emerged in 1986 and is a multi-
layer feed-forward neural network trained by error back propagation algorithm. The 
outstanding advantage of back propagation neural network is that it has strong nonlin-
ear mapping ability and flexible network structure. 
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3 A review of foreign research work and achievements 

3.1 Artificial neural networks and mass appraisal theory 

Taxpayers feel that they have been treated fairly and that the automated valuation 
model (AVM) meets the criteria of efficiency, fairness and public acceptance as stated 
in [2]. Some Scholars began to study the application of computer in local property tax 
collection and management as stated in [3]. These studies provide the foundation for 
the establishment of the appraisal system and the role that artificial neural networks 
play in mass appraisal. 

With the rise of neural network research, some scholars introduce artificial neural 
networks into property tax valuation as stated in [4], [5], [6] , [7]. Their research re-
ported that compared with the hedonic price model, We can get more effective market 
analysis data,  and the valuation accuracy is higher. Compared multivariate regression 
analysis with computer-based appraisal method, and using real estate data from Lith-
uanian countries to verify it as stated in [8]. Provide a real estate valuation method 
that combines a geographic system (GIS) with a BP neural network as stated in [9]. 
Analyzed the application of multiple regression analysis (MAR), simultaneous auto-
regressive model (SAR), geographic weighted regression (GWR) and artificial neural 
networks (ANNs) in mass appraisal of real estate as stated in [10]. Some scholars 
designed and operated a new real estate valuation system based in Québec, Canada, as 
stated in [11]. Reviewed the guidelines and model methods for automatic valuation 
model (AVM) as stated in [12]. 

3.2 Artificial neural networks model evolution and algorithm improvement 

With the advancement of computer technology and the increasing application in 
the real estate market, the literature on the improvement of model algorithms has also 
been enriched in comparison with various models. Empirically compared artificial 
neural networks with Logistic regression models as stated in [13]. Reviewed the ap-
plication of artificial neural networks in business (1992-1998),  take the valuation and 
finance as one category, and BP neural network is the most widely used algorithm as 
stated in [14]. Compared self-organizing neural networks, hedonic price models and 
multivariate regression analysis, reported that neural networks should be useful com-
plements, not complete replacements as stated in [15]. Some scholar introduced the 
application of interval valued neural networks, reported that the interval between 
model error and network weights is more robust as stated in [16]. Used an algorithm 
that integrates genetic neural networks and fuzzy systems for real estate valuation as 
stated in [17]. Applied a non-parametric artificial neural network to the real estate 
market as stated in [18]. Used a modified regression and genetic algorithm model to 
predict real estate valuations and validated it with real estate data from South Korea 
as stated in [19]. Compared the three artificial neural network models based on differ-
ent algorithms, and concluded that the prediction accuracy of the adaptive neural 
network is the highest as stated in [20]. Aimed at BP neural network can lead to poor 
generalization and slow convergence. The author has developed a variety of sparse 
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response BP algorithm, effectively improve the generalization performance as stated 
in [21]. Some scholar introduced a new model developed by the Real Estate Valuation 
Center at the Polytechnic of Milan and validated the model over artificial neural net-
works using real estate data from Italy as stated in [22]. Validated the research and 
application of machine learning by comparing the predictive accuracy of different 
machine algorithms in real estate values as stated in [23]. 

3.3 The application of artificial neural networks and the experience of 
Chinese cities 

The rapid development of China's real estate market also provides good data for 
scholars to study the application of artificial neural networks. Used real estate data 
from Hong Kong and Nanjing, verified that Support Vector Machines(SVM) is better 
than artificial neural networks and multivariate regression analysis as stated in [24]. 
Applied Particle Swarm Optimization(PSO) based SVM model to real estate price 
forecasting and validated the data from Chongqing, The results show that the pro-
posed method can be used to solve the finite sample learning, nonlinear regression 
and better overcome “ Dimension disaster ” as stated in [25]. Some scholar built the 
spatial weight matrix by using fuzzy mathematics method, improved the spatial error 
model and validated the mass appraisal of Shenzhen commercial real estate as stated 
in [26]. Used artificial neural networks based on Support Vector Machines (SVM) to 
forecast residential prices in Taipei City. The empirical results verify the high accura-
cy of SVM's prediction ability as stated in [27]. 

4 A review of domestic research work and achievements 

4.1 Domestic real estate tax base valuation theory 

In 1999, some scholar began to study the tax base valuation for the first time in 
China as stated in [28]. Although the mathematical model of tax base valuation can 
improve the work efficiency, before establishing a mathematical model, it is neces-
sary to analyze the properties and market environment of the real estate appraisal, the 
appraisal methods and appraisal procedures as stated in [29]. Some scholars Studied 
the concept and application of mass appraisal, further reported that Application Re-
search of AVM in Mass Appraisal Systems of Foreign Countries as stated in [30], 
[31]. Since 2003, drawing lessons from international practice, studying and promoting 
the property tax reform has gradually become a hot and difficult academic problem as 
stated in [32], [33]. In addition, Public Finance Research, Taxation research, Interna-
tional Taxation In China etc have been published some articles on tax reform and 
mass appraisal , Due to the length of the article, will not expand the discussion. 
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4.2 Domestic mass appraisal of practical applications 

In 2003, Shenzhen began to try the mass appraisal of real estate practice. in 2005, 
Beijing established the AVM technology based on cost method. In 2009, Dandong, 
Hangzhou and Nanjing as the pilot cities to establish their own mass appraisal hous-
ing transaction tax pricing appraisal system, Dandong based on direct comparison 
method, Nanjing adopt indirect method, Hangzhou choose hedonic price model. In 
2011, Chongqing and Shanghai governments impose property taxes on individual 
non-operating properties respectively. 

4.3 Domestic artificial neural networks application and model evolution 

In 1988, artificial neural networks first introduced into the field of real estate val-
uation in china as stated in [34]. Applied BP neural network into urban house rental 
valuation system as stated in [35]. Later, some scholars continued to combine various 
models with artificial neural networks to continuously improve and optimize the cal-
culation algorithm: Proposed to improve the BP neural network recognition system 
using Euclidean distance as stated in 0. Used the Rough Set Theory to eliminate re-
dundant information between real estate price factors and combines them with the BP 
Neural Network Model as stated in [36]. Constructed an integrated commercial real 
estate valuation model based on improved Particle Swarm Optimization (PSO)and 
neural network algorithm as stated in [37]. Used genetic algorithms in combination 
with neural networks for real estate valuation as stated in [38]. Used the data of Wu-
han City to conduct real estate tax base valuation and verification through the im-
proved Particle Swarm Optimization(PSO) algorithm as stated in [39]. Constructed a 
Spatial BP Neural Network Model and Outperformed Common BP Neural Networks 
and Spatial Lag Models (SLM)by Data Verification as stated in [40]. 

5 Conclusions and future prospects 

The literature review of this paper mainly includes three aspects: The first is the 
theoretical research, which combines the artificial neural networks with the real estate 
tax base valuation theory. The second is the evolution of the artificial neural networks 
models and the improvement of the computer algorithms. It includes traditional fuzzy 
mathematics, multiple regression analysis, expert scoring method, and improved re-
search on spatial geographic information model, BP artificial neural network, genetic 
algorithm, support vector machine and particle swarm optimization. The third is to 
expand the application of research, artificial neural networks began to be applied to 
residential real estate, commercial real estate, school district room etc, and through 
the data from different cities to verify it. 

At present, real estate taxes are mainly taxed in the holding part in the world, Au-
tomatic valuation model and mass appraisal technology are the keys to the mass ap-
praisal of real estate. With the constant development of China's real estate market and 
the continuous reform of fiscal and taxation system, as one of the important support-
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ing measures for the reform of real estate tax, tax base valuation plays an important 
role in standardizing real estate tax behavior and enhancing tax credibility. 

In the future, how to utilize the advantages of several artificial neural network 
models, to improve the accuracy and robustness of the appraisal, and to let the public 
know more information about the appraisal process become the focus of  the mass 
appraisal of real estate .Continue to summarize the useful experience of international 
mass appraisal of real estate , combined with the valuation of China's pilot cities prac-
tice, to absorb the latest research results of artificial neural network to promote the 
theory and practice of the mass appraisal of real estate forward. 

6 References 

[1] Michal Tkác., Robert Verner. (2016). Review Article Artificial neural networks in busi-
ness: Two decades of research. Applied Soft Computing 38 , 788–804 
https://doi.org/10.1016/j.asoc.2015.09.040 

[2] Robert Carbone., Richard L. L. (1977). A Feedback Model for Automated Real Estate As-
sessment. Management Science,24( 3),241-248. https://doi.org/10.1287/mnsc.24.3.241 

[3] Charles C. Cook. (1983). Computers in Local Property-Tax Administration. Proceedings 
of the Academy of Political Science, Vol. 35, No. 1, The Property Tax 
https://doi.org/10.2307/3700948 

[4] Do. A. Q., Grudintski. G. (1992).  A neural network approach to residential property ap-
praisal. The Real Estate Appraiser, 58 (3), 38–45 

[5] Ruud M.K. (1993).  Neural networks for the mass appraisal of real estate, In Computers, 
Environment and Urban Systems, Volume 17, Issue 4, Pages 373-384 

[6] Worzala. E., Lenk. M.,  Silva. A. (1995). An exploration of neural networks and its appli-
cation to real estate evaluation. The Journal of Real Estate Research, 10 (2), 185–201. 

[7] Lewis, O. M., Ware, J. A., Jenkins, D. (1997).  A novel neural network technique for the 
valuation of residential property. Neural Computing &Applications, 5 (4),  224–229. 
https://doi.org/10.1007/BF01424227 

[8] Vilius Kontrimasa., AntanasVerikas. (2011). The mass appraisal of the real estate by com-
putational intelligence. Applied Soft Computing 11 , 443–448 
https://doi.org/10.1016/j.asoc.2009.12.003 

[9] Liu Xiaosheng., Deng Zhe., Wang Tingli. (2011). Real estate appraisal system based on 
GIS and BP neural network. Transactions of Nonferrous Metals Society of China , 21 (S3) 
: 626-630 https://doi.org/10.1016/S1003-6326(12)61652-5 

[10]  W.J. McCluskey., M. McCord., P.T. Davis., M. Haran & D. McIlhatton. (2013). Predic-
tion accuracy in mass appraisal: a comparison of modern approaches, Journal of Property 
Research, 30:4, 239-265 https://doi.org/10.1080/09599916.2013.781204 

[11]  Ossama Kettani., Muhittin Oral. (2015). Designing and implementing a real estate ap-
praisal system: The case of Quebec Province, Canada. Socio-Economic Planning Sciences 
49,1-9 https://doi.org/10.1016/j.seps.2014.12.003 

[12]  Maurizio d. Amato. (2017). A Brief Outline of AVM Models and Standards Evolutions. 
Springer International Publishing 

[13]  Akhil., Kumar, Vithala R.R., Harsh Soni. (1995).  An Empirical Comparison of Neural 
Network and Logistic Regression Models. Marketing Letters, Vol. 6, No. 4 , 251-263 

iJOE ‒ Vol. 14, No. 3, 2018 185



Short Paper—Artificial Neural Networks and the Mass Appraisal of Real Estate 

[14]  Vellido., P.J.G. Lisboa., J. Vaughan. (1999).  Neural networks in business: a survey of ap-
plications (1992–1998). Expert Systems with Applications 17, 51–70 
https://doi.org/10.1016/S0957-4174(99)00016-0 

[15]  Tom Kauko. (2003). On current neural network applications involving spatial modelling 
of property prices. Journal of Housing and the Built Environment, Vol. 18, No. 2 , pp. 159-
181 https://doi.org/10.1023/A:1023977111302 

[16]  D. Chetwynd.,  K. Worden., G. Manson. (2006). An Application of Interval-Valued Neu-
ral Networks to a Regression Problem. Proceedings: Mathematical, Physical and Engineer-
ing Sciences, Vol. 462, No. 2074, pp. 3097-3114 

[17]  Olgierd Kempa., Tadeusz Lasota., ZbigniewTelec., Bogdan Trawi!ski. (2011). Investiga-
tion of Bagging Ensembles of Genetic Neural Networks and Fuzzy Systems for Real Es-
tate Appraisal. International Conference on Intelligent Informational database systems , 
6592 (4) :323-332 

[18]  Manuel Landajo., Celia Bilbao., Amelia Bilbao. (2011). Nonparametric neural network 
modeling of hedonic prices in the housing market. International Conference on Intelligent 
Informational database systems , 42(3): 987–1009 

[19]  Jae JoonAhn., Hyun Woo Byun., Kyong Joo Oh., Tae Yoon Kim. (2012). Using ridge re-
gression with genetic algorithm to enhance real estate appraisal forecasting. Expert Sys-
tems with Applications 39,8369–8379 https://doi.org/10.1016/j.eswa.2012.01.183 

[20]  Sükran Yalpır. (2016). Enhancement of parcel valuation with adaptive artificial neural 
network modeling. Artificial Intelligence Review ,1-13 

[21]  Jian Wang., Yanqing Wen., Zhenyun Ye., Ling Jian.,  Hua Chen. (2017). Convergence 
analysis of BP neural networks via sparse response regularization. Applied Soft Compu-
ting 61 , 354–363 https://doi.org/10.1016/j.asoc.2017.07.059 

[22]  Leopoldo Sdino., Ferruccio Zorzi., Paolo Rosasco., Sara Magoni. (2017). The Mass Ap-
praisal Tool: Application of a Pluri-Parametric Model for the Appraisal of Real Properties. 
Springer International Publishing  

[23]  Sendhil Mullainathan., Jann Spiess. (2017). Machine Learning: An Applied Econometric 
Approach. The Journal of Economic Perspectives, Vol. 31, No. 2, pp. 87-106 
https://doi.org/10.1257/jep.31.2.87 

[24] K.C. Lam., C.Y. Yu., C.K. Lam. (2009). Support vector machine and entropy based deci-
sion support system for property valuation. Journal of Property Research, 26:3, 213-233 
https://doi.org/10.1080/09599911003669674 

[25]  Xibin Wang., Junhao Wen., Yihao Zhang., Yubiao Wang. (2014). Real estate price fore-
casting based on SVM optimized by PSO.Optik125 ,1439– 1443 https://doi.org/10.1016/ 
j.ijleo.2013.09.017 

[26]  Ran Zhang., Qingyun Du., Jijin Geng., Biao Liu., Yikun Huang. (2015).  An improved 
spatial error model for the mass appraisal of commercial real estate based on spatial analy-
sis: Shenzhen as a case study. Habitat International,46 ,196-205 https://doi.org/10.1016/ 
j.habitatint.2014.12.001 

[27]  Jieh-Haur Chen., Chuan Fan Ong., Linzi Zheng., ShuChien Hsu. (2017). Forecasting spa-
tial dynamics of the housing market using Support Vector Machine, International Journal 
of Strategic Property Management, 21:3, 273-283 https://doi.org/10.3846/16487 
15X.2016.1259190 

[28]  Ji Yicheng. (1999). Research on Related Issues of Tax Base Appraisal. State Assets Man-
agement 6 , 26-28 (in Chinese). 

[29]  Zhou Shumin. (2005). Tax Base Valuation approaches in Levies on Real Property. Ap-
praisal Journal of China 7, 8-11 (in Chinese). 

186 http://www.i-joe.org



Short Paper—Artificial Neural Networks and the Mass Appraisal of Real Estate 

[30]  Ji Yicheng., Fu Chuanrui. (2005). Mass Appraisal: A Tax Base Appraisal Method for Ad 
Valorem Tax. Appraisal Journal of China 11,5-9 (in Chinese). 

[31]  Ji Yicheng., Wang Chengjun., Fu Chuanrui. (2006).  Application Research of AVM in 
Mass Appraisal Systems of Foreign Countries. Appraisal Journal of China 3,13-17 (in 
Chinese). 

[32]  Sun Fengyi. (2013). Review of the Mass Appraisal of Real Estate Tax Base. Local finan-
cial research 3, 54-57 (in Chinese). 

[33]  Wang Qichao ., Liu Yuping. (2014). Improving Tax Base Assessment System of the Real 
Estate Tax in China by Referring to International Experiences. International Taxation in 
China 4, 31-34 (in Chinese). 

[34]  Sheng Ling., Tang Anhuai. (1998).  A Method of Real Estate Market Comparison Ap-
proach Appraisal Based on Neural Networks. Systems Engineering Theory and Practice 
3,52-56 (in Chinese). 

[35]  Yang Li. (2002). Designing the System of Real Estate Rent Appraisal Based on BP Neural 
Network. Chinese Journal of Management Science 4, 23-27 (in Chinese). 

 Yang L.M., Liu K.D. (2004). Application of BP neural network in real estate ap-
praisal. Journal of Hebei Institute of Architectural Science and Technology,Vol.21, 
No.2, 105-109 (in Chinese). 
[36]  Zhang Wei. (2011). Application on Real Estate Price Prediction Based on RS and PBNN. 

Computer Simulation 7, 365-368 (in Chinese). 
[37]  Mo Lianguang. (2014). Commercial Real Estate Price Evaluation In the Circumstance of 

Imposing Real Estate Tax: Based on Improved Particle Swarm Optimization BPNN. Jour-
nal of ZHONGNAN University of Economics and Law 4,38-43 (in Chinese). 

[38]  Lv Ji. (2014). Real Estate Appraisal Model and Empirical Research Based on Genetic Al-
gorithm to Optimize Neural Network. Computer Science 11, 75-78 (in Chinese). 

[39]  Wu Tongyi., Deng Dason. (2015). Property Tax Base Assessment Based on Particle 
Swarm Optimization Algorithm--Data form 10 Districts in Wuhan. Research on Econom-
ics and Management 2, 136-144 (in Chinese). 

[40]  Chi Jiao., Jiao Limin. (2017) . Spatial BP Neural Network Model in Evaluation of Resi-
dential Real Estate Price. Geospatial Information 2, 86-90 (in Chinese). 

7 Authors 

Gang Zhou is a Ph.D. Candidate of Xiamen University, Department of Public Fi-
nance, School of Economics, Xiamen, China. 

Yicheng Ji is a professor of Xiamen University, Department of Public Finance, 
School of Economics, Xiamen, China. 

Xiding Chen is an associate professor of Wenzhou Business College, Department 
of Finance, Zhejiang, China. 

Fangfang Zhang is an assistant professor of Wenzhou Business College, Depart-
ment of Accounting, Zhejiang, China. 

Article submitted 11 February 2018. Final acceptance 05 March 2018. Final version published as sub-
mitted by the authors. 

iJOE ‒ Vol. 14, No. 3, 2018 187


	iJOE – Vol. 14, No. 03, 2018
	Artificial Neural Networks and the Mass Appraisal of Real Estate


