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Abstract: The purpose of this study is to explore the need to adopt the CAMA (computer assisted mass appraisal) based system into the 
Nigerian property market with an example data from Nasarawa in Nasarawa State. Using the hedonic regression models on 312 
samples, the results reveal the linear form to outperform the semi-log specification. This demonstration shows that CAMA system can 
be introduced into the local market of Nasarawa and indeed the whole of Nigeria for property taxes. 
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1. Introduction  

Since its empirical applications in several decades, 

the HRM (hedonic regression models) have become 

notable tools in several assessments to estimate 

implicit price of the influence of wildfire, flooding, 

wind power and natural space attractiveness [1-4]. The 

models are also used to construct price index for 

property and mass appraisals, portfolio management 

and mortgage underwriting [5-7]. Zhang, et al. [8] 

report that HRM serves two major purposes in their 

applications including to draw inferences from the 

different contribution of explanatory covariates to 

response variable, and to test hypothesis relative to 

response variable and individual explanatory variables 

based on their levels of statistical significance. 

Relative to price index and mass appraisal 

assessments, the HRM have been used to price 

property and raise billions of dollars in a number of 

developed countries. According to Borst [9] property 

and related taxes generated an annual revenue of $341 

billion U.S. in 2005, ₤32.7 billion Sterling in 

2004-2005 and $29.7 billion Canadian in 2005, 

respectively [10-12]. In the developing countries, 
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particularly, in South Africa, the most successful 

application of the hedonic regression is probably the 

CVO (city valuation office) Cape Town. Consequently 

the total revenue from property tax that accrue to the 

city of Cape Town for 2013-2014 alone was R6 billion 

(US$ 187m) [13]. However, the Nigerian property 

market has yet to embrace and introduce the CAMA 

system into its mass appraisal assessment. The property 

market is dominated with the use of traditional income, 

cost and market approaches in assessment. 

The inefficient mortgage system in the country 

renders quite a number of property users as tenants thus 

making the market to be characterised by income 

producing properties. The current system of tax 

assessment in council areas that generate tax revenue 

from properties is based on the net annual value. The 

net annual value of properties in Nigeria and 

particularly the Nasarawa property market is 

commonly used tax base. Currently, the assessment is 

manually done in Nasarawa local government council 

like any other council areas in Nigeria. The study of 

Lin [14] earlier reported that the manual assessment 

places huge dollar value on each property but with 

CAMA systems, assessment of a property cost from 

$USD15-$USD20 in the USA. Again, KPMG [15] 

reports that the modernisation of CVO from manual 
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assessment to CAMA (computer assisted mass 

appraisal) system has resulted in the reduction of the 

general assessment cost by R94m (US$7.7m) from 

2000 to 2009. The relative benefits that a number of 

countries are deriving from the use of CAMA system 

should infuse the desire on the property tax actors in 

Nigeria to automate the valuation process.  

Thus far, the value based property tax system has not 

been fully developed in the Nigerian property market. 

Although the property markets of Lagos and Abuja 

offers promise for its introduction, this cannot be said 

of Nasarawa and many other council areas in Nigeria. 

Again, unlike most developed countries, access to 

property ownership in Nigeria is predominantly 

through purchase or grant of land and then 

development might take a very long time to complete. 

The market price is scarcely available and more 

difficult if the property is occupied by the owner. 

However, when the property is developed for the 

purpose of generating rental income, valuers apply the 

annual rental income to assess the market value. 

Specifically in Nasarawa, like most council areas in 

Nigeria, there is high rate of tenant-occupiers than 

owner-occupiers. Therefore, as observed in Pagourtzi 

et al. [16], cost approach, though designed for the 

assessment of property which seldom change hands in 

the market, is used to assess the market value of 

properties that are in owner-occupation.  

This study offers substantial evidence on the 

practicability of adopting the CAMA system with the 

use of the hedonic regression in the assessment of the 

net annual values of residential properties in Nasarawa. 

The results of this research demonstrate that the 

hedonic regression based on the OLS (ordinary least 

squares) techniques is well suited for use in tax 

assessment because of its consistency and uniformity. 

The remainder of this study is organised into four 

sections including: Section two reviews literature on 

pricing of properties with the OLS techniques, Section 

three discusses the underlying philosophies behind the 

OLS techniques and the data, Section four dwells on 

the empirical modelling, and lastly, Section five 

concludes the study.   

2. Literature Review 

Mass appraisal is the assessment of market values 

on a number of properties over a given time period 

using standardised techniques [17, 18]. These 

techniques, especially the OLS, have been integrated as 

a part of CAMA systems by the property tax 

assessment community [19]. Several studies have been 

undertaken on pricing of properties with the OLS. 

Since the economic theory gave little insight into the 

best functional form to specify the OLS [20], different 

specifications are used by scholar while making 

reference to goodness of fit criterion to select the best 

form [20, 21].  

Accordingly, Goodman [21] used the OLS on a data 

base of 1835 single family dwellings in the New Haven, 

SMSA (standard metropolitan statistical area) and 

found the linear form to be overly restrictive but 

support the Box-Cox transformation. Crooper et al. [22] 

used the linear, semi-log, log-log, quadratic, linear 

Box-Cox and quadratic Box-Cox transformed 

variables on 200 property samples in Baltimore, U.S. 

and found the linear Box-Cox as the most preferred 

model. Mok et al. [23] used the linear, log linear and 

Box-Cox, OLS on 1,027 sample data in Hong Kong 

and found the Box Cox as the best model. Yang [24] 

used the Box-Cox, linear and semi-log specifications 

on 226 apartments in Beijing, China and found the 

semi-log model as the most preferred form. Schulz et al. 

[25] used 18,444 property sales stratified into 

development step (sales from 2000 to 2005 (8,429 

observations)) and validation step (sales from 2006 to 

2011 (10,015 observations)) in Berlin, Germany. The 

results reveal the semi-log to provide a better fit. 

McCluskey [26] used 40,138 apartment sales in Astana, 

Kazakhstan and found the linear model to provide a 

good fit than the semi-log. Yacim and Boshoff [18] 

utilised the linear, semi-log and log-log specification 

on 3242 observations in Cape Town, South Africa and 
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found the semi-log as the most preferred regression 

based model. 

The reviewed studies above centred on the value 

based assessment but the concern of this current study 

is on the net annual value of properties. There are few 

studies that utilised rents as the dependent variable 

during the OLS assessment, with some comparing 

performance with other techniques. The studies used 

the net annual value or monthly rent in their assessment. 

For instance, Valente et al. [27] used apartment rents in 

eight markets of the US. The results are provided 

relative to each market and indicate the superiority of 

spatial modelling over the OLS. Löchl and Axhausen 

[28] used residential rents in Canton, Zurich, 

Switzerland to test the predictive accuracy of the OLS, 

and spatial models. The results reveal the limitation of 

the OLS in completely dealing with spatial effects but 

favour the spatial models (geographically weighted 

regression and simultaneous autoregressive model). 

Also Füss and Koller [29] used apartment rents as 

dependent variable to test the relative accuracy of OLS 

as baseline with other models in Zurich, Switzerland. 

The result shows the importance of modelling rental 

values with spatial models than the OLS. 

The reviewed studies particularly those that utilised 

rent as the response variable reveal the importance of 

spatial and or temporal modelling of residential rents. 

This study does not intend to incorporate spatial 

analysis because of the nature of data. The data used in 

this analysis do not contain geo-coordinates of the 

properties; hence, locational characteristics will be 

reflected using binary dummies of the nine 

neighbourhoods that housed the properties. 

3. Method and Data 

3.1 Method 

The hedonic regression assumes that the rental 

values of a property are described by a vector of 

continuous and dummy variables as follows: 
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where, b0 is the regression constant, ε is the error term 

and b1, b2, …, b10 are regression coefficients. The rental 

values, numbers of room, size and age of properties are 

continuous variables while all other variables (location 

of properties, sources of water supply to the property, 

type of toilets, walling materials) are dummy variables. 

The hedonic regression became models of interest in 

housing and related fields following the framework 

provided in Refs. [20, 30-32]. The OLS is the most 

commonly used method for estimation of the hedonic 

regression. McCluskey et al. [33] give a catalogue of 

countries that used the OLS relative to other pricing 

techniques and report that the OLS is the most 

extensively utilised tool in property assessment (see 

Table 1 for details). 

The models measure the relationship that exists 

between bundle of property characteristics and market 

value or rental value. Yang [24] reports that the 

techniques are used to bring out the marginal implicit 

value that household are willing to pay or bring to fore 

the contribution of each property feature to the price. 

The OLS can assume several functional forms such as 

linear, semi-log and log-log forms. The form is largely 

dependent on the type of variables used and their 

interactions [34]. In this study, two forms namely linear 

form in Eq. (1) (where both the response and 

explanatory covariates are left in their linear format) 

and semi-log form in Eq. (2) (where only the response 

variable is log transformed while the covariates are left 

in their linear format) were evaluated. 
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Table 1  Property pricing techniques in various countries.  

Country Department Method 

Australia Department of Lands OLS 

British Columbia BC Assessment Authority OLS 

Hong Kong Rating & Valuation Department OLS, indexation 

Malaysia Valuation Division Expert  

New Zealand Valuation New Zealand OLS 

Northern Ireland Valuation and Lands Agency OLS, ANNs & CSA 

Singapore Singapore Valuation Authority Indexation 

Sweden National Tax Board OLS 

Tasmania Valuer General’s Office OLS, AEP 

USA Assessment Offices OLS, AEP, CSA 
Notes. AEP = adaptive estimation procedure; CSA = comparable sales analysis; Expert = expert system; Indexation = indexation of 
existing assessment.  
 

3.2 Data  

The Nasarawa property market is under-developed. 

Property data like in most Nigerian cities and towns are 

largely unavailable, except where local authorities 

utilised valuation experts to carry out detailed survey 

and inspection of properties. Additionally, tertiary 

institutions in Nigeria had previously utilised students 

to gather relevant property data for the local authorities 

or academic exercise. Consequently, rental values are 

fixed relative to recent letting (comparison method) 

and sometimes making reference to the cost of land and 

building. The property tax system is not consistent as 

many properties are exempted because they have not 

been assessed or a result of total dereliction of 

responsibility by the tax authority. One major reason 

for lack of interest in revenue from properties is over 

dependence on oil money that accrues to the Nigerian 

federation. The usual practice is for the oil money to be 

proportionately shared monthly among the three tiers 

of government (federal, state and local government 

authorities) as stipulated by law. However, the recent 

economic down turn exacerbated by decline in oil 

revenue has force the Nigerian government to 

commence the process of diversification to other 

sectors including agriculture and real estate. Thus, the 

main justification for this study is to show stakeholders 

the relevance of automating the valuation process 

through the use of hedonic regression modelling of 

rental value. 

The data used for this analysis were supplied by the 

department of Estate Management and Valuation, 

Federal Polytechnic, Nasarawa. The data were 

collected during the period, October 2017 to December 

2017, which reflect the rental transactions for the year 

2017. In all, the database comprises of a total of 828 

residential property data and 18 property attributes. 

The sample data contain observations that are 

incomplete, wrongly entered, extreme and unrealistic. 

The data were pared down to 312 after the removal of 

suspected observations. Also to avoid problems of 

multicollinearity and dimensionality relative to larger 

number of explanatory covariates, the 18 property 

attributes were also pared down to 9 (Table 2), under 

the premise that they are value significant relative to 

the local market and also in line with previous 

multivariate analysis.  

The 312 sample is considered adequate for analysis 

since the efficiency of the techniques is not in any 

circumstance measured by the number of properties 

[34]. Again, the categorical ordering was used to 

change text data to numeric values on deserving  
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Table 2  Property variables.  

Variable Description 

Net annual value Annual rents of property measured in Naira ($1USD = N360) 

Room Actual number of rooms in a property (continuous) 

Water Source of water in the property (dummy)  

Property size Size of property in square metres (continuous) 

Wall material Type of material use for wall construction (dummy)

Toilet Type of toilet (dummy)  

Condition Condition of property (dummy) 

Age Age of property in years (continuous) 

Location Neighbourhoods where properties are located (dummy) 
 

Table 3  Descriptive statistics of variables.  

Variable Mean SD Min Max 

Net annual value 120,381.41 114,436.99 10,000 480,000 

Log net annual value 11.3 0.948 9.21 13.1 

Number of rooms 5.55 4.77 1.00 24.0 

Property size 139.0 55.8 37.4 377.0 

Age of property 22.4 20.0 2.00 98.0 
 

covariates such as condition of properties, type of toilet, 

water, wall materials and locational description of 

properties. However, during analysis binary dummy 

was used to reflect variables since the OLS is 

compatible with dummy variable. For instance, 

condition of property has four (4) bands namely poor = 

“0”, good = “1”, average = “2” and excellent = “3”; 

similarly source of water has four (4) bands—no water 

= “0”, pipe borne = “1”, borehole = “2” and well = “3”. 

The wall materials have two (2) bands, namely 

sandcrete “1” and mud blocks “2”. Again, type of 

toilets provided in the property has three (3) bands 

namely WC (water closet) “1”, pit latrine “2” and 

squatting “3”. Relative to the use of binary dummy, if a 

particular state occurs, like poor condition, “1” is used 

to reflect it otherwise “0”, relegating the most 

occurring category to avoid the dummy variable trap 

noted in Refs. [9, 35]. The detail descriptive statistics 

reveal the variability in the property data for 

continuous variables (Table 3). 

The sample data comprise of properties located in 

nine (9) neighbourhoods in Nasarawa including 

Shagari road, Student Village, Lowcost Area, GSSS 

Area, Angwanmadaki, Angwanbage, Angwanmai-reke, 

Kofar Michael and Angwandutse. This also reflects the 

locational/spatial characteristics within the property 

sample. Furthermore, in Table 3, the mean rental value 

of a property is N120,381 per annum with a range from 

N10,000 to N480,000 rental values per annum. Also 

properties in the sample have an average of six rooms, 

and this range from one room to 24 rooms. The mean 

size of the properties is 139 square metres with a 

standard deviation of 55.8 (40% of the mean).  

4. Empirical Results and Discussion 

Two model specifications of the hedonic regression 

based on the OLS were estimated. These are linear and 

semi-log specifications. However, because of the 

different specifications, regression coefficients could 

not be directly compared. More so since the objective 

of this study is to demonstrate how the CAMA system 

could be employed in the Nigerian property market 

relative to the available net annual value, the R2 and 

adjusted R2 is appropriate in this study. The study of 

Borst [9] reports that a more detailed statistics such as 

the RMSE, MAE (mean absolute error), PRD (price 

related differentials), COD (coefficient of dispersion), 

and AIC (akaike information criterion) are more 

appropriate for model comparison. Table 4 explains   

68% variations in rental values, while Table 5 explains 
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64% variations in rental values. Unlike many empirical 

analysis that reveal the benefit of log transformation of 

the dependent variable with an enhancement in 

goodness of fit [18, 25], the result in this study reveals 

otherwise. The quality of data used in this assessment 

would not permit a categorical statement on the best 

functional form specification for the local market.  

As a priori expected, the coefficient on age of 

property for Table 4 and Table 5 is negative, thus 

revealing a negative correlation to rental values. The 

coefficient of size has a negative relationship to rental 

values in both Tables 4 and 5, indicating that renters do 

not attach much emphasis on size as long as the 

numbers of room increases. The coefficient for number 

of rooms is positively related to rental values in both 

Table 4 and Table 5. 

The current economic recession being experienced 

in Nigeria has affected the property market. Thus, 

many tenants are not able to pay rent for properties 

occupied, leading to a surge in the number of tenants 

leaving bigger to smaller properties with 

commensurate number of smaller sized rooms. In the 

student arena, i.e. location at proximate distance to the 

Polytechnic, there is high number of smaller sized 

rooms designed for students living outside the school 

premises. In the area, the more the number of rooms, 

the more return for the investor (property owner). 

Relative to location of properties, the base location is 

Shagari road. It thus follows that properties in Lowcost 

and Angwanmai-reke are worth more, while properties 

in all other location are worth less in Table 4. Similar 

results are found in Table 5 for properties in Lowcost, 

while properties in all other locations including 

Angwanmai-reke are worth less. 

The base for condition of properties is good 

condition. Thus as expected, average and excellent 

properties are worth more, while properties that are in 

poor condition are worth less in Table 4. In Table 5, 
 

Table 4  OLS, using observations 1-312. 

 Coefficient Std. error t-ratio p-value  

Constant 122,953 17,597.6 6.987 < 0.0001 *** 

Age of property −227.157 353.683 −0.6423 0.5212  

Angwandutse −34,248.0 16,248.3 −2.108 0.0359 ** 

GSSS  −146,033 20,098.3 −7.266 < 0.0001 *** 

Kofar Michael −119,219 35,702.1 −3.339 0.0009 *** 

Bage −90,165.6 19,598.3 −4.601 < 0.0001 *** 

Angwan Madaki −78,216.6 30,641.7 −2.553 0.0112 ** 

Student village −11,1304 17,651.4 −6.306 < 0.0001 *** 

Lowcost 218,736 17,321.8 12.63 < 0.0001 *** 

Agwanmai-reke 5,326.89 14,935.7 0.3567 0.7216  

Number of rooms 5,591.94 1,090.13 5.130 < 0.0001 *** 

Size of property −39.6047 84.7476 −0.4673 0.6406  

Poor condition −35,207.9 12,206.9 −2.884 0.0042 *** 

Average condition 42,394.8 11,459.6 3.700 0.0003 *** 

Excellent condition 23,444.5 32,043.6 0.7316 0.4650  

No water −6,382.42 10,146.8 −0.6290 0.5298  

Pipe borne water 33,832.6 41,761.0 0.8101 0.4185  

Bore hole water 11,902.8 11,119.0 1.070 0.2853  

Mud block −3,080.95 13,639.8 −0.2259 0.8215  

Pit latrine −2,886.29 13,490.0 −0.2140 0.8307  

Squat WC −12,617.2 10,551.8 −1.196 0.2328  

Dependent variable: annual rental value     

R-squared = 0.6811; Adj. R-squared = 0.6591    
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Table 5  OLS, using observations 1-312.  

 Coefficient Std. error t-ratio p-value  

Constant 11.9058 0.154923 76.85 < 0.0001 *** 

Age of property −0.006486 0.003114 −2.083 0.0381 ** 

Angwandutse −0.651735 0.143045 −4.556 < 0.0001 *** 

GSSS  −1.71546 0.176939 −9.695 < 0.0001 *** 

Kofar Michael −1.98271 0.314310 −6.308 < 0.0001 *** 

Bage −1.28443 0.172538 −7.444 < 0.0001 *** 

Angwan Michael −0.761289 0.269760 −2.822 0.0051 *** 

Student village −1.27739 0.155398 −8.220 < 0.0001 *** 

Lowcost 0.829292 0.152496 5.438 < 0.0001 *** 

Agwanmai-reke −0.150482 0.131490 −1.144 0.2534  

Number of rooms 0.026660 0.009597 2.778 0.0058 *** 

Size of property −0.000354 0.000746 −0.4750 0.6352  

Poor condition −0.342721 0.107466 −3.189 0.0016 *** 

Average condition 0.445240 0.100886 4.413 < 0.0001 *** 

Excellent condition −0.093221 0.282102 −0.3305 0.7413  

No water −0.066151 0.089329 −0.7405 0.4596  

Pipe borne water 0.032234 0.367650 0.08768 0.9302  

Borehole water −0.001389 0.097888 −0.01419 0.9887  

Mud block −0.103696 0.120080 −0.8636 0.3885  

Pit latrine −0.053447 0.118762 −0.4500 0.6530  

Squat WC −0.119109 0.092895 −1.282 0.2008  

Dependent variable: log annual rental value     

R-squared = 0.6394; Adj. R-squared = 0.6147    
 

contrary to expectation properties that are in excellent 

condition are worth less. Though, there is no plausible 

explanation for this, it might be that renters are concern 

about affordability relative to current economic 

realities. The supply of water in Nasarawa town is a 

major challenge; hence, many residences sourced their 

water from borehole and well. Those without water 

supply buy from “truck pusher” popularly known as 

“mairuwa”, with very negligible number relying on the 

public authorities for supply [36]. The base for water 

supply is well water. Properties with pipe borne water 

and borehole are worth more while properties without 

water are worth less in Table 4. Again, in Table 5 

properties with pipe borne water are worth more while 

properties without water and borehole supply are worth 

less. An immediate reason could not be adduced for 

this because it is expected that renters should include 

water in their checklist of which borehole should be of 

priority. The base for type of toilet is WC. Thus, 

properties with pit latrine and squatting WC are worth 

less.  

There are explanatory covariates that are not 

significant in this analysis. This might be connected 

with the quality of data used. The sample used in this 

analysis represents a small part of the initial database 

supplied. This is because of high number of spurious or 

suspected observations in the sample. Again since this 

study is exploratory the result thus serves the purpose 

of revealing to local authorities that CAMA systems 

can be employed into the property tax administration. 

Although the semi-log transformation does not 

improve the predictive accuracy, it thus serves the 

purpose of quality control check as noted in 

McCluskey [26]. 

5. Conclusion 

The objective of this study was to explore the 

applicability of the CAMA system with the use of 

hedonic regression modelling based on the OLS into 

the local market of Nasarawa. With an example data 
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from the jurisdiction, linear and semi-log OLS were 

specified. The results show that the linear model 

provides a better fit to the semi-log model. Though, 

quality of data does not permit a categorical statement 

on the findings, it nonetheless provides a good platform 

for take-off of CAMA system into the local market for 

property tax. The implication of this study to policy 

makers is to consider the introduction of CAMA into 

the mass assessment environment in not only Nasarawa 

local market but the Nigerian property market. This 

will imply that there must be training for CAMA based 

valuation and revaluation for market participants (local 

authorities in charge of property tax and property 

valuers). Again, to have quality and workable data, 

property valuers must be given the task of updating the 

current valuation rolls for jurisdictions that have them 

and or carry out a complete assessment of all properties 

in jurisdictions that do not have property data.  

References 

[1] Chivers, J., and Flores, N. 2002. “Market Failure in 
Information: The National Flood Insurance Program.” 
Land Economics 78: 515-21. 

[2] Mueller, J. M., and Loomis, J. B. 2008. “Spatial 
Dependence in Hedonic Property Models: Do Different 
Corrections for Spatial Dependence Results in 
Economically Significant Difference in Estimated Implicit 
Prices?” Journal of Agricultural and Resource Economics 
33 (2): 212-31. 

[3] Heintzelman, M. D., and Tuttle, C. M. 2012. “Values in 
the Wind: A Hedonic Analysis of Wind Power Facilities.” 
Land Economics 88 (3): 571-88.  

[4] Daams, M. N., Sijtsma, F. J., and van der Vlist, A. J. 2016. 
“The Effect of Natural Space on Nearby Property Prices: 
Accounting for Perceived Attractiveness.” Land 
Economics 92 (3): 389-410. 

[5] Páez, A., Long, F. and Farber, S. 2008. “Moving Windows 
Approaches for Hedonic Price Estimation: An Empirical 
Comparison of Moving Techniques.” Urban Studies 45 
(8): 1565-81. 

[6] Bourassa, S. C., Cantoni, E. and Hoesli, M. 2010. 
“Predicting House Prices with Spatial Dependence: A 
Comparison of Methods.” Journal of Real Estate 
Research 32 (2): 143-60. 

[7] Bourassa, S. C., Cantoni, E. and Hoesli, M. 2016. “Robust 
Hedonic Price Indexes.” International Journal of Housing 
Markets and Analysis 9 (1): 47-65. 

[8] Zhang, Y, Cromley, R. G., and Hanink, D. M. 2016. “A 
Spatial Hedonic Model Application of Variance Function 
Regression to Residential Property Prices in Beijing.” 
Letter and Spatial Resource Science 9: 93-101. 

[9] Borst, R. A. 2007. “Discovering and Applying Locational 
Influence Pattern in the Mass Valuation of Domestic Real 
Property.” Ph.D. thesis submitted to the Faculty of 
Engineering, University of Ulster, UK. 

[10] U.S. Census. 2007. “State and Local Government Finance 
and Employment.” U.S. Census Bureau, Statistical 
abstract of the United States, 2007. 
http://www.census.gov/prod/2006pubs/07statab/stlocgov
pdf. 

[11] ODPM. 2005. “Collection Rates for Council Tax and 
Non-domestic Rates 2004-05, England.” 
http://www.local.odpm.gov.uk/finance/ctax/data/cp045rel
ease.pdf. 

[12] Statistics Canada, 2006. “Local Government Revenue and 
Expenditures.” 
http://www.40.statcan.ca/101/cst01/govt52a.htm. 

[13] Barlow, C. 2015. “Meeting the Challenges of Land and 
Property Administration in Developing Countries.” Fair 
& Equitable 5 (8): 3-8. 

[14] Lin, C. 2010. “Critical Analysis and Effectiveness of Key 
Parameters in Residential Property Valuations.” Ph.D. 
thesis, University of Buffalo, State University of New 
York, U.S.A. 

[15] KPMG. 2015. “Exploring the Benefits of Technology to 
Government and Society: A Study of Thomson Reuters 
Aumemtum in the City of Cape Town, South Africa.” 
KPMG, LLP, Delaware. 

[16] Pagourtzi, E., Assimakopoulos, V., Hatzichristos, T., and 
French, N. 2003. “Real Estate Appraisal: A Review of 
Valuation Methods.” Journal of Property Investment and 
Finance 2 (4): 383-401. 

[17] d’Amato, M., and Kauko, T. 2008. “Property Market 
Classification and Mass Appraisal Methodology.” In Mass 
Appraisal Methods: An International Perspective for 
Property Valuers, edited by T. Kauko and M. d’Amato. 
Oxford: Wiley-Blackwell, 280-303. 

[18] Yacim, J. A., and Boshoff, D. G. B. 2018. “Combining BP 
with PSO Algorithms in Weights Optimisation and ANNs 
Training for Mass Appraisal of Properties.” International 
Journal of Housing Markets and Analysis 11 (2): 290-314. 

[19] Eckert, J. K. 1990. Property Appraisal and Assessment 
Administration. International Association of Assessing 
Officers. 

[20] Rosen, S. 1974. “Hedonic Prices and Implicit Markets, 
Product Differentiation in Pure Competition.” Journal of 
Political Economy 82: 218-33. 

[21] Goodman, A. C. 1978. “Hedonic Prices, Price Indices and 
Housing Markets.” Journal of Urban Economics 5: 



The Hedonic Modelling of Rental Values of Properties in Nasarawa, Nigeria 

  

390

471-84. 
[22] Crooper, L. M., Deck, L. B., and McConnell, K. E. 1988. 

“On the Choice of Functional Form for Hedonic Functions.” 
The Review of Economics and Statistics 70 (4): 668-78. 

[23] Mok, H. M. K., Chan, P. P. K., and Cho, Y. S. 1995. “A 
Hedonic Price Model for Private Properties in Hong Kong.” 
Journal of Real Estate Finance & Economics 10: 37-48. 

[24] Yang, Z. 2001. “An Application of the Hedonic Price 
Model with Uncertain Attribute: The Case of the People’s 
Republic of China.” Property Management 19 (1):  
50-63. 

[25] Schulz, R., Wersing, M., and Werwatz, A. 2014. 
“Automated Valuation Modelling: A Specification 
Exercise.” Journal of Property Research 31 (2): 131-53. 

[26] McCluskey, W. J. 2016. “Real Property Taxation in the 
Republic of Kazakhstan.” Land Tenure Journal 2: 119-38.  

[27] Valente, J., Wu, S., Gelfand, A., and Sirmans, C. F. 2005. 
“Apartment Rent Prediction Using Spatial Modelling.” 
Journal of Real Estate Research 27 (1): 105-36. 

[28] Löchl, M., and Axhausen, K. W. 2010. “Modelling 
Hedonic Residential Rents for Land Use and Transport 
Simulation While Considering Spatial Effects.” Journal of 
Transport and Land Use 3 (2): 39-63. 

[29] Füss, R., and Koller, J. 2015. “The Role of Spatial and 
Temporal Structure for Residential Rents Predictions.” 

Working paper on finance no. 2015/23, Swiss Institute of 
Banking and Finance. 

[30] Lancaster, K. J. 1971. Consumer Demand: A New 
Approach. New York: Columbia University Press.  

[31] Lancaster, K. J. 1966. “A New Approach to Consumer 
Theory.” The Journal of Political Economy 74 (2): 
132-57. 

[32] Griliches, Z. 1971. Price Indexes and Quality Change: 
Studies in New Methods of Measurement. Cambridge, MA: 
Harvard University Press. 

[33] McCluskey, W., Deddis, W., Mannis, A., McBurney, D., 
and Borst, R. 1997. “Interactive Application of Computer 
Assisted Mass Appraisal and Geographic Information 
Systems.” Journal of Property Valuation and Investment 
15 (3): 448-65. 

[34] McCluskey, W., and Anand, S. 1999. “The Application of 
Intelligent Hybrid Techniques for the Mass Appraisal of 
Residential Properties.” Journal of Property Investment 
and Finance 17 (3): 218-38. 

[35] Greene, H. W. 2003. Econometric Analysis (5th ed.). 
Upper Saddle River, New Jersey: Prentice Hall. 

[36] Yacim, A. J., and Bello, V. A. 2013. “Willingness to Pay 
for Improved Water Supply in Nasarawa, Nasarawa State, 
Nigeria.” In Proceedings of 2nd International Conference 
on Infrastructure Development in Africa (ICIDA), 257-65. 

 

 


