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Abstract

Purpose – There are a plethora of putative influencing variables available in the literature for modelling real
estate prices using AI. Their choice tends to differ from one researcher to the other, consequently leading to
subjectivity in the selection process. Thus, there is a need to seek the viewpoint of practitioners on the
applicability and level of significance of these academically established variables.
Design/methodology/approach – Using the Delphi technique, this study collated and structured the 35
underlyingmicro- andmacroeconomic parameters derived from literature and eight variables suggested by 11
selected real estate experts. The experts ranked these variables in order of influence using a seven-point Likert
scale with a reasonable consensus during the fourth round (Kendall’s W 5 0.7418).
Findings –The study discovered that 16 variables are very influential with seven being extremely influential.
These extremely influential variables include flexibility, adaptability of design, accessibility to the building, the
size of office spaces, quality of construction, state of repairs, expected capital growth and proximity to
volatile areas.
Practical implications –The results of this study improve the quality of data available to valuers towards a
fortified price prediction for investors, and thereby, restoring the valuers’ credibility and integrity.
Originality/value –The “volatility level of an area”, which was revealed as a distinct factor in the survey is
used to add to current knowledge concerning office price. Hence, this study offers real estate practitioners
and researchers valuable knowledge on the critical variables that must be considered in AI-based price
modelling.

Keywords Office real estate, Price prediction/modelling, Price determinants, Delphi technique, Subjectivity
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1. Introduction
Office real estate provides a shelter that houses business and industrial activities, and hence,
compared to a factor of production (Kempf, 2016). It is also seen as a financial asset to its
holder, thus an income-producing investment medium that yields proceeds. However, before
any alienation, real estate prices are predicted through models using real estate features as
the determining variables. Such predictions serve as a quantitative estimate of both the
benefits and liabilities of real estate ownership (Selim, 2009). The present trend in price
prediction is the adoption of Artificial Intelligence (AI), which enables the machine to learn,
autonomously, from the dataset provided to it involving the determinant variables (inputs)
alongside the prices as outputs.

Nevertheless, while a large number of price determinants abound in literature (€Oven and
Pekdemir, 2006a) alongside extensive literature on office price determinants (Bera and
Kangalli Uyar, 2019), there is no consensus among researchers on the specific level of
influence of variables on price (Adair et al., 1996). Hence, variable selections depend on a
substantial judgement of the appraiser (Yacim and Boshoff, 2014) which is derived from his
experience cum familiarity of the local market. While this process was initially accepted as a
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reliable and accurate means of price determination (Grissom and Diaz, 1991), researchers in
recent times have continuously criticised the validity of the variable selection process with
concerns bordering around the perceived subjectivity embedded in their selection (Guijarro,
2021; Yan et al., 2007).

As such, these choices are devoid of scientific rigour, which may affect the output of the
established models, and hence, the need to scientifically rate the adopted variables per their
respective significance in the Nigerian real estate sector. Available literature fails to seek the
opinion of experts who are actively involved in professional practice in identifying the
specific and most significant variables to be tested as affecting office real estate. Rather, they
adopt the variables recognised from current studies that fail to include local contents specific
to the Nigerian marketplace such as Oyewole and Ajayi (2016) and Udoekanem et al. (2015b).
Meanwhile, researchers have acknowledged that price-determining factors fluctuate among
real estate sectors (Sanderson, 2015), vary among locations (€Oven and Pekdemir, 2006b; Bera
and Kangalli Uyar, 2019) and vary overtime (Kabaivanov and Markovska, 2021), and hence,
they are not static. Thus, there is a need to explore local experts’ views towards ascertaining
the specific price-influencing variables in northern Nigeria.

It is worth noting that a considerable amount of research has been carried out on variable
determinants as it concerns residential real estate (Bello and Bello, 2007); however, not much
has been done as it relates to commercial office real estate (Ustao�glu, 2003). This neglect in the
office real estate is still visible two decades after the observation by Ustao�glu (2003). Among
those who concentrated on identifying residential real estate determining variables in Nigeria
are Abidoye and Chan (2016), Egbenta et al. (2021) and Oloke et al. (2021).

However, the few that ventured into value determinants of office real estate have mostly
concentrated on themacroeconomic variableswithout giving attention to themicro variables.
Among them are Udoekanem et al. (2015a) whose study considered five macroeconomic
variables including gross domestic product (GDP), inflationary rates, vacancy rates,
monetary policy rates and employment rates in determining office rental variables in Abuja
as well as Udoekanem et al. (2014), Oyewole and Ajayi (2014) and Iroham et al. (2013).

The stance of these Nigerian researchers contradicts the global best practice where
researchers have affirmed micro variables to be significant in price determination. Among
these are those who affirm building age (Olszewski et al., 2018; Kołodziejczyk et al., 2020),
location (Kopczewska and Lewandowska, 2018; Berawi et al., 2019; Tse-Hsiung and Perng,
2019), building type (Kangallı Uyar, 2020), vacancy rate (Kangallı Uyar, 2020) proximity to
transportation facilities (Bera and Kangalli Uyar, 2019; Tse-Hsiung and Perng, 2019).

Hence, valuers have been variously criticized for inaccurate price predictions arising from
the inappropriate selection of price-determining variables including the quality of data (Dunse
et al., 2010). This has implications on the credibility and integrity of appraisers (Adegoke, 2016;
Abidoye and Chan, 2017), plummeting foreign direct investment (Gelos and Wei, 2002; Lim
et al., 2006) and sluggish investment performance (Eziukwu, 2019), among others.

As a result, this study is aimed at methodically ascertaining the critical influencing
variables affecting office real estate prices as affirmed by practising professionals to reduce
the level of subjectivity in variable selection. In accomplishing this goal, the research adopts
the Delphi technique alongside the Relative Importance Index (RII). Thus, the outcome of this
work is an advancement of preceding attempts at isolating the significant variables that
determine office real estate price as we fill the gap created in the current literature. This will
assist researchers and practitioners alike in obtaining an objective price-modelling platform
for the Nigerian office real estate market. In particular, it will guide investors’ resolutions
towards circumventing volatile areas.

This research is fashioned into five sections. The review of the relevant empirical
literature on the factors that affect office real estate prices follows the introductory section.
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Section 3 is themethodology sectionwhile sections 4 and 5 present the results and discussion,
followed by the conclusion in section 5.

2. Literature review
2.1 Modelling techniques in real estate pricing
Modelling is seen as the outcome predictions from known to unknown where known
variables are adopted in predicting unknown variables using statistical analysis and
deductions arising from historic relationships (Hoptroff, 1993). Models in real estate prices
can be categorised into traditional and machine learning models (Clark and Lomax, 2018).
Traditional models stem from the comparative method of valuation evolving to more
advancedmodels includingmultiple regression analysis (MLR) otherwise termed the hedonic
price modelling (HPM). MLR has been criticised for being a statistically imperfect technique
for small data sets (Rossini, 1997) and inadequate for non-linear datasets (Pagourtzi et al.,
2007), and hence, the advent of machine-learning models where practitioners utilised
econometrics and other AI and data mining related techniques.

The econometric models involve time-series analysis such as Box Jenkins’s autoregressive
integratedmoving average (ARIMA), generalised autoregressive conditional heteroskedastic
(GARCH) (Kim, 2004), vector autoregressive model (VAR) (Ge et al., 2019) and other spatial
analysis models. A distinction between these models is that VAR would not perform well if a
huge number of time-series is involved (van deMinne et al., 2021), while ARIMA and GARCH
are capable of processing a large number of time series. ARIMA has both a constant variance
and mean, while GARCH has a varying variance but a constant mean (Crawford and
Fratantoni, 2003). However, most of these econometric models suggest that macroeconomic
variables, particularly GDP which is a demand-side variable, regularly impacts real estate
pricing (Kiehel€a and Falkenbach, 2014).

These techniques are capable of autonomously selecting variables and identifying the
significance of interactions among these variables, and hence, there is an issuance of weights
to them, which enables the capturing of the nonlinearities towards precise and robust price
estimation (Bin et al., 2019). Thus, Yalpir (2014) sees the exploration of AI in valuation as a
necessity to the real estate professionals and thus, considered it as crucial in carrying out real
estate valuation services.

Some of the AI models include artificial neural network (ANN) which uses its network to
compare its predictions with the earlier given outputs. Using a reverse path, these AI models
begin to correct all the weights between the individual neurons based on the contrast between
the two results (Valier and Micelli, 2020). The ANN model has been proved to have a price
prediction accuracy of±10%, better than theHPMwith±15% (Del Giudice et al., 2017). Another
form of the neural network is the fuzzy neural network, otherwise termed adaptive neuro-fuzzy
inference system, which pools theANN and Fuzzy Logic together. It is also seen to have a±10%
error margin (Jian-Jiun et al., 2012). Other data mining related models include support vector
machine, elastic net, XGBoost, Light Gradient BoostingMachine (LGBM), random forest, kernel
ridge, lasso and gradient boost (Dey and Urolagin, 2021); extra trees regression (Hu et al., 2019);
decision tree (Sing et al., 2021) and K-nearest neighbour (Pow et al., 2014).

However, of all thesemodels, random forest is found to be themost successful algorithm in
real estate price modelling (Ja’afar et al., 2021) as Hong et al. (2020) reported a 5.5% error.

2.2 Determinants of office real estate price
Investigation into the determinants of office real estate took its root from early researchers
such as Rosen (1984) who explored the American office real estate market by developing a
structural office model. Gardiner and Henneberry (1989) formulated a spatial disaggregated
model for office rents, while Giussani et al. (1993) explored the European office market and
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concluded that prices are determined by demand-side variables. However, depending on the
model type and field of adoption, there is a broad variation in the ranges of variables
considered in office-price modelling (€Oven and Pekdemir, 2006a).

Generally, variables affecting real estate are divided into micro variables synonymous
with supply factors and macroeconomic variables synonymous with demand factors (Zawir
Simon et al., 2015). Micro variables include the structural parts of the building, such as the
material used in construction, the quality, the design and architectural aesthetics, while the
locational and neighbourhood aspect deals with variables depicted in both absolute and
relative location terms involving general accessibility and relative location in terms of
proximity to a specific use. On the other hand, the macroeconomic variables involve the
pattern of GDP growth influenced by the service sector employment, the inflationary trend,
exchange rate, interest rates and economic growth, among others.

However, Beltratti and Morana (2010) affirm that there is a bidirectional correlation
between the price of real estate andmicro- cummacroeconomic variables. Likewise, Lam et al.
(2009) noted that in assessing real estate prices, both macro and micro variables need to be
considered. Hence, by implication, price-influencing variables are not governed by either
micro- ormacroeconomic variables in isolation, but by both. Consequently, using both groups
of variables will produce better and more befitting outcomes (Granziera and Kozicki, 2015) in
addition to a directional link price prediction (Li and Chen, 2015) (see Figure 1).

2.2.1Micro variables that influence real estate price. Inmodelling real estate price generally,
many researchers have verified micro variables and hence, physical features of office
buildings, as the defining variable in their rent cum price determination (€Oven and Pekdemir,
2006a); thus, it is a fundamental price determination criteria (Chiarazzo et al., 2014; Zawir
Simon et al., 2015).

Figure 2 shows the number of researchers that acknowledge each of the micro variable
determinants as affecting office real estate price. Fourmajor variables are commonly adopted
in literature. For instance, the variable, “distance from transportation hubs” such as highway
interchange, transit station, airports and other public squares appear in 23 pieces of literature
and are hence the most commonly acknowledged micro factor in literature. Some of the
researchers that considered distance from transportation hubs include Dunse et al. (2002),
Nappi-Choulet and Maury (2009), Farooq et al. (2010) and Wan Rodi et al. (2019).

Vacancy rates within the vicinity record 17 appearances, while the distance from a
shopping mall and Central Business District (CBD) alongside building characteristics and
architectural design qualities and aesthetics take nine points each. Another equally
commonly adopted variable in literature is the age of the building as it was adopted by eight
researchers in the literature considered.

2.2.2 Macroeconomic variables. Macroeconomics concerns the effect of all economic
decisions in a system as a whole, taking into account all capital investments, purchases,
levels of exports, price levels and even employment (Wyatt, 2013). Therefore, Razali (2015)
pointed out that trends in real estate prices often affect a nation’s macroeconomic settings,

Macroeconomic variables

Micro variables

Structural
characteristics

Locational
characteristics

Neighbourhood
characteristics

Office Real
Estate Value

Figure 1.
Factors affecting office

real estate price
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leading to the adoption of macroeconomic variables by researchers in ascertaining real
estate prices (Ojetunde, 2014; €Oven and Pekdemir, 2006a; Radonji�c et al., 2019; Udoekanem
et al., 2015b).

A summary of variables adopted in the literature concerning office real estate is shown in
Figure 3.

As seen from Figure 3, GDP ranked highest with 19 counts, while lending rates and rate of
employment rates in the office sector closely followed with 18 and 17 counts respectively.
GDP is well acclaimed in literature as a major determining variable of real estate generally.
Other significant macroeconomic variables in the literature include expected rental growth/
capital growth (12), inflationary trend/rates (eight) and available office stock (market
portfolio and density of office buildings) which also recorded eight appearances.

3. Methodology
The Delphi technique was used in this analysis to explore possible variables for use in office
real estate price modelling. Delphi is a consensus-seeking approach using a set of
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Adoption of micro
variable determining of
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in the literature
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Adoption of
macroeconomic
variable determining of
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in the literature
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questionnaires provided to experts. It is conducted through repeated rounds giving the
experts the ability to rethink their answers confidentiallywithout any intervention fromother
panellists (Kim and Yeo, 2018). The result is then analysed using a variety of statistical
calculations and conclusions (Roy et al., 2014). It is agreed that the Delphi approach is useful
because it only deals with the opinion of experts who are interested in the subject matter,
thereby gaining legitimacy through intersubjectivity (Hasson et al., 2000).

Moreover, Gough (2015) affirm that mixing research paradigms by combining qualitative
and quantitative research techniques allows for multiple levels and perspectives in research.
Hence, the first round of the Delphi was used as a qualitative means of data collection in this
research. To elucidate the field of knowledge involving variable adoptions in real estate price
prediction, the subsequent rounds were adopted in the form of quantitative rounds.

In choosing the ideal number of rounds, Ludwig (1994) states that a range of 3–5 rounds
can be assumed to be sufficient, depending on the research, whereas Pivo (2008) believes that
three to four rounds are adequate to attain convergence. Therefore, in their survey, Gani et al.
(2015) and Pivo (2008) adopted three rounds. However, rather than pegging the number of
rounds, Brady (2015) argues that once the predetermined thresholds are reached by
consensus, the implementation of the Delphi process should be terminated. Hence, this study
continued the Delphi rounds until consensus was reached at the fourth round.

Therefore, as a preliminary round, the first round of the survey presented the research
subject and collected reactions from the panellists using open-ended questions on factors
affecting prices of office real estate. Hence, this approach gave the panellists a degree of
freedom to answer questions that contributed to a large amount of information produced, as
additional themes were developed from these responses in conjunction with the factors
derived from the literature. These were formed into a single questionnaire which was passed
to two real estate practising professionals and one in academia who vetted and corrected the
questionnaire prior to implementation. This led to the modification of the parameters and
their subcategories through grouping and characterisation.

Hence, the improved questionnaire was implemented in the second round consisting of
closed-ended questions. This round serves as the commencement of the consensus-seeking
rounds as a seven-point Likert scale ranking was adopted by the experts in ranking the level
of influence that the factors have on office real estate prices. At this stage, the experts were
allowed to further suggest vital variables and rate the variables in the questionnaire. After
reviewing the answer in each round, the subsequent rounds were integrated with feedback
and recirculated to inspire the panellists while allowing them a chance to re-evaluate their
initial responses. The third and fourth rounds were a repetition of the second round where
they reviewed the variables while reducing the scores of uninfluential variables that were
highly scored in the previous round. The first round of the Delphi sessions lasted five weeks
which resulted in reminders being sent to some of the panellists. However, responses from the
subsequent sessions were faster, except for a fewmembers of the panel. In total, all responses
were retrieved within four months.

In analysing the responses received, the RII alongside MVs (mean value (MV)) and
Standard Deviation (SD) were applied. RII was adopted to further confirm the MV and
formally rank the indicators as Lam et al. (2007) affirm that MV and RII produce related
results when rating variables. Johnson and LeBreton (2004) affirm that RII is one of the most
dominant and successful analytic tools, which considers the effect of a predictor in solitude
from other predictors, and is thus commonly used for Likert scale based data analysis (Aghili
et al., 2019; Binoy et al., 2020).

In creating the class interval for the RII values, a 0.14 interval was adopted for scores 1 to 6.
However, a higher target, and therefore a smaller range was set out for the highest rank (7),
thus only 0.10 was allowed. Likewise, for the MV, a range of 1.04 was allowed between scores
1 and 6. Thereafter only 0.70 was allowed for the highest rank of 7 (see Table 1).
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RII ¼
X W

AN
* 100 ð0≤RII≤ 1Þ

where W 5 7n7 þ 6n6 þ 5n5 þ 4n4 þ 3n3 þ 2n2 þ 1n1

(W is therefore seen as theweight assigned to each variable by the expertmultiplied by the
number of experts that allotted the same weight)

N 5 number of respondents

A 5 highest Likert scale weight

Hence, RII 5
7n7þ6n6þ5n5þ4n4þ3n3þ2n2þ1n1

7 *N
At each round, the MV, SD and the RII were calculated alongside Kendall’s Coefficient of
Concordance (Kendall’s W). The SD is seen as the benchmark index of variability. It is the
spread of the figures from the mean; therefore, lower SD of a mean distribution indicates a
more precise estimate. Khodyakov et al. (2017) adopted only SD ≤ 1 and MV > 5 which
corresponds with 71% in a seven-point Likert scale, while Smythe et al. (2017)
accepted SD < 2.

However, in determining the acceptability criteria, this research adopts MV of 4.55 and
above at the preliminary rounds (rounds 2 and 3) which represent RII of 65%, while only
MV≥ 5.25 which is equivalent to 0.75 (RII) is tolerable at the final round. Therefore, since the
solitary aim of this research is the identification of the most significant real estate price-
determining variables, only “extremely influential” and “very influential” variables were
selected. The “very influential variables” are those that met the threshold of 5.25≤MV≤ 6.29
equivalent to 0.75 ≤ RII ≤ 0.89, while the “extremely influential” variables represent those
with scores of 6.30 ≤ MV ≤ 7.00 and 0.90 ≤ RII ≤ 1.00 respectively.

Concerning SD, SD ≤ 2 is acceptable for inclusion at the preliminary rounds, while SD
value ≤ 1 is acceptable at the final round (Table 2).

Guide RII values Mean values Score

Extremely influential 0.90 ≤ RII ≤ 1.00 6.30 ≤ MV ≤ 7.00 7
Very influential 0.75 ≤ RII ≤ 0.89 5.25 ≤ MV ≤ 6.29 6
Mostly influential 0.60 ≤ RII ≤ 0.74 4.20 ≤ MV ≤ 5.24 5
Somewhat influential 0.45 ≤ RII ≤ 0.59 3.15 ≤ MV ≤ 4.19 4
Slightly influential 0.30 ≤ RII ≤ 0.44 2.10 ≤ MV ≤ 3.14 3
Neither influential nor uninfluential 0 0.15 ≤ RII ≤ 0.29 1.05 ≤ MV ≤ 2.09 2
Completely uninfluential 0 0.00 ≤ RII ≤ 0.14 0.00 ≤ MV ≤ 1.04 1

Note(s): RII, Relative Importance Index

Preliminary rounds (2nd–3rd) Final round (4th)

Mean score Accept: If score (f) ≥ 4.55 (65%) Accept: If score (f) ≥ 5 (71%)
Standard
deviation

Accept: If SD ≤ 2 (2 points away from the
mean)

Accept: If SD ≤ 1 (1 point away from the
mean)

RII values Accept: If score (f) ≥ 0.65 (65%) Accept: If score (f) ≥ 0.71429 (71%)

Note(s): RII, Relative Importance Index; SD, Standard Deviation

Table 1.
Level of influence

Table 2.
Decision tool in each
round (variable
inclusion criteria)
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In measuring the level of consensus among the panellists when using non-parametric
statistical tests, Kendall’s W is rated the most recognised rating methodology (Okoli and
Pawlowski, 2004). Kendall’s W is a consensus benchmark that represents the rate of
consensus in a survey among the various contributors (Habibi et al., 2014; Schmidt et al., 2001;
Siegel, 1956).

Kendall’s W ¼ 12 S

m2ðn3 � nÞ �mT

S ¼ Pn

i¼1

ðRi −RÞ2

Ri 5 Total rank of a factor

m 5 number of the raters (judges)

n 5 number of ranked factors or phenomena (questions being ranked) and

T 5 the correction factor (only used when there is a tide rank, otherwise 5 0

3.1 Demographic analysis
The experts’ selection stage is acclaimed to be a crucial aspect towards attaining a
successful Delphi survey (Chan et al., 2001). Hence, experts were selected using
purposeful sampling with the target population being professionally registered members
of Nigerian Institution of Estate Surveyors and Valuers (NIESV). Subsequently, the study
adopts a snowball sampling approach which involves a situation where the researchers
contacted only two estate surveyors and valuers (ESV) through an introduction by the
Kano chapter chairman as suggested by Bryman (2012) who opined that few participants
that could refer to additional partakers should be contacted in a snowball sampling.
Thereafter, the two ESVs further referred and introduced the researchers to other
specialists in office real estate valuation. However, to ascertain their reliability and
professional status, the ESVs were cross-checked against NIESV 2020 membership
directorate (NIESV, 2020). Thereafter, invitation letters were drafted and sent to the
proposed panellist through their email addresses, and subsequently, with the aid of
Google form, the survey instrument was administered online through WhatsApp phone
numbers of the panellists.

While 18 experts made the proposal list and were issued invitation letters, only 11
responded positively and subsequently served as the panellists. This number was considered
adequate as there is no specific process for determining a panel size for any given analysis
using the Delphi method (Hallowell and Gambatese, 2010; Williams and Webb, 1994).
Therefore, the number of panel members is always decided following the nature and type of
study by the respective researchers (Hallowell and Gambatese, 2010). Some scholars,
however, suggest less than 10 panellists as appropriate (Strasser et al., 2005), while some
suggest 7–15 panellists (Andre et al., 1976), 10–18 (Okoli andPawlowski, 2004; Lok et al., 2018)
and 10–50 panellists (Linstone and Turoff, 1975).

The eleven-member experts that make up the panel are registered members of the
professional body (NIESV) and are equally registered with the registration body
(ESVARBON). Of these panellists, 46% of them are Fellows, while 54% are in the
Associate membership cadre in addition to having at least ten years cognate experience and
holding a managerial post or being a principal partner in an estate firm (Table 3).
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3.2 Test of concordance and significance of Kendall’s W
Rowe and Wright (1999) uphold that attainment of consensus remains the basic aim in a
Delphi process; thus Kendall’sW was considered, at the end of each Delphi round, to assess
the level of consensus in the responses gotten from the panel. At the second round, a Kendall’s
W of 0.307 was attained, thereafter a 100% improvement was recorded at the subsequent
stage (third round) which recorded 0.616. However, this improvement was still far from the
benchmarks of 0.7 as spelt out by Appalasamy et al. (2019) and Schmidt (1997), thus
signifying a lack of acceptable consensus in the ranking of the variables, and thus, the need
for a further Delphi round. At the fourth round, the baseline was attained having recorded
Kendall’s W of 0.742, signalling an end to the survey (see Table 4).

4. Results
During the first round, the panellists identified 24 variables, whichwere grouped into themes.
These themes were compared with the variables obtained from the existing literature and
were found to share similarities with most of the 35 established variables in the literature.
However, there were eight variables whose traces were not found to directly affect office real
estate prices in the literature. These variables comprise the basic amenities involving
consistency of both electricity and public water supply in the neighbourhood, construction
cost, quality of building construction, the proportion of toilets to office space, waste disposal
services including drainages, political stability, occupancy title and conformity with land

Panellist background n Percentage (%)

Professional affiliation NIESV 11 100
ESVARBON 11 100

Membership status Fellow 5 45.5
Associate 6 54.5

Sex Male 8 72.7
Female 3 27.3

Position held Principal partners 9 81.8
Senior partner/head of valuation 1 9.1

Years of experience Branch manager 1 9.1
20 years and above 7 63.6
11–20 years 3 27.3

Sector of practice highest qualification 6–10 years 1 9.1
Real estate practising firm 11 100
PhD 1 9.1
Second degree (MSc, MPhil) 5 45.5
Postgraduate diploma 2 18.2
Higher national diploma or first degree 3 27.3

Test statistics (n 5 11) Round 2 Round 3 Round 4

Kendall’s coefficient of concordance (Kendall’s W) 0.3071 0.6157358 0.7418
Chi-square 145.2711 196.41972 195.8276
Df 43 29 24
Asymptotic significance (Asymp. Sig.) 5.0652E-13 8.7509E-27 6.6964E-29

Note(s): Table 4 reveals that the asymptotic significance (Asymp. Sig.) of the p-values are less than 0.05 per
chi-square approximation in all rounds 2 to 4. This indicates that the response is not likely to have arisen by
chance (Creswell and Creswell, 2018), hence signifying that the results are statistically significant

Table 3.
Bio-data of panellists

Table 4.
Kendall’s W (at
each stage)
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zoning. Hence, when these variables were summed with the 35 existing variables in the
literature, a total of 44 variables was adopted in the second round.

In the second round, an additional two variables were recommended by the experts that
make up the Delphi panel comprising of “level and quality of professional facilities
management/services” and “proximity to volatile areas concerning insurgency and riots”,
and hence, making 46 variables as shown in Table 5.

4.1 Elimination of variables
Following the scrutiny and ranking of these variables by the panellists, which was done in
order of significance, some variables were eliminated. During the second round, 16,
equivalent to 37%, of the 44 variables had been eliminated where three out of the eight
suggested variables were also included. Both “type of occupancy title” (RII 5 0.571 and
MV5 4.000) and “cleanliness of surroundings” (RII5 0.610 and MV5 4.273) were unable to
meet the threshold of RII < 0.65 and MV < 4.55, respectively. “Political stability” on the other
hand attained the RII and MV thresholds (RII5 0.701 and MV5 4.909), nevertheless failed
the SD assessment as it recorded 2.256, which is greater than 2. However, the experts
suggested two other variables at the end of the second round, namely “quality and level of
professional facilities management” and “proximity to a volatile area”.

At the third round, 30 variableswere documented comprising the 28 variables, whichwere
recorded at the second round in addition to the two suggested variables at the end of the
second round. However, 17%of these variableswere unable tomeet theMVandRII threshold
of <4.55 and 0.65 respectively and were thus eliminated. Whereas, in terms of SD, only one
variable “size of office spaces” recorded an SD of slightly higher than 1 (1.044), and hence, a
more stable SD where the majority recorded <0.6.

While the second round recorded as high as 2.378 SD, the third round recorded a relatively
stable SD < 1.5 with its peak at 1.044. The stability improved during the fourth round, with
96% of SDs recording ≤0.505 having the variable “size of office spaces” as the highest at
0.522, which coincidentally was the lone variable with the highest SD during the preceding
round. The result indicates a stabilised response from the panellists, and hence are within
acceptable limits.

Similarly, round 4 recorded the highest RII of 0.961 and had seven variables with RII > 0.9,
representing 28% of the variables. Consequently, no further variables were advocated all
through the third and fourth rounds. However, only a single variable was unable to meet the
MV baseline criteria of 0.5 and was thus eliminated, bringing the total to 48%.

In conclusion, the RII succeeded in aiding the selection of the 24 most influential variables
havingRII ranging from 0.714 to 0.961whileMV ranged from 5.00 to 6.727 as shown inTable 5.
However, 16 of thesewere rated as themost critical variables having recorded aminimumRII of
0.75 equivalent to MV of 5.25, thus categorised as “extremely influential” and “very influential”
variables, where two of these were variables suggested by the experts “proximity to volatile
areas” and “quality of construction” both attaining fourth position in rank.

5. Discussion
The variables identified as most influential in this research as shown in Table 5 are
categorised into four as follows.

5.1 Property structural attributes
Property structural related attributes had 18 identified variables, thus the highest variables
among the four groups. However, the Delphi process ranked eighth of these factors as part of
the 16 most influential variables representing 50%. This is in contrast with the study carried
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Variables  
2nd Round  3rd Round  4th Round  

 Mean  SD  RII  Mean  SD  RII  Mean  SD  RII  
Elasticity, flexibility and 

adaptability of design 

(partitioning) 
5.091 1.446 0.727 6.273 0.786 0.896 6.727 0.467 0.961 

1 

Accessibility to the building 5.545 1.635 0.792 6.364 0.505 0.909 6.636 0.505 0.948 2 
Size of office spaces (total 

space provided) 
5.455 1.508 0.779 5.909 1.044 0.844 6.545 0.522 0.935 3 

Quality of construction of the 

building 
5.091 1.221 0.727 6.000 0.632 0.857 6.364 0.505 0.909 4 

Condition of the building 

(state of repairs) 
5.818 1.401 0.831 6.364 0.505 0.909 6.364 0.505 0.909 4 

Expected rental growth/capital 

growth and capitalisation rate 5.364 0.674 0.766 5.455 0.688 0.779 6.364 0.505 0.909 4 

Proximity to volatile areas 

(insurgency and riots) 
   6.273 0.467 0.896 6.364 0.505 0.909 4 

Level of neighbourhood 

security (crime rate) 5.818 1.250 0.831 6.091 0.539 0.870 6.273 0.467 0.896 8 

Gross domestic product (gdp) 4.727 1.489 0.675 5.545 0.522 0.792 6.000 0.000 0.857 9 
Quality of the region (situated 

in a prime and prestigious 

neighbourhood or otherwise) 
6.000 1.000 0.857 5.909 0.701 0.844 5.909 0.302 0.844 

10 

Proportion of build-up area to 

land size (% total area of the 

building) 
5.273 1.489 0.753 5.545 0.522 0.805 5.818 0.405 0.831 

11 

Proportion of rest rooms 

(toilets) to office space  5.182 1.537 0.740 5.455 0.522 0.792 5.818 0.405 0.831 11 

Urban proximity (connectivity 

and accessibility to CBD) 5.909 0.701 0.844 5.636 0.505 0.818 5.818 0.405 0.831 11 

Closeness/distance from 

highways interchange, transit 

stations etc. 
5.000 0.775 0.714 4.818 0.874 0.714 5.818 0.405 0.831 

11 

Quality and standard of 

finishing (floor and wall) 5.273 1.272 0.753 5.727 0.467 0.831 5.727 0.467 0.818 15 

Availability, quality and 
functioning of facilities and 

services (e.g. lifts, air- 
conditioning and electricity 
generation) 

5.455 0.522 0.779 5.364 0.505 0.779 5.273 0.467 0.753 16 

Vacancy/occupancy rates 

within the vicinity (average 

“void” duration in the district)  
5.273 0.905 0.753 5.273 0.467 0.766 5.182 0.405 0.740 

17 

Basic amenities (consistency of 

public water supply and 

electricity in the 

neighbourhood) 
5.455 0.934 0.779 5.273 0.467 0.753 5.182 0.405 0.740 

17 

Office market portfolio and 

Density of office buildings  5.273 0.905 0.753 5.182 0.603 0.740 5.182 0.405 0.740 17 

Building age  4.818 0.982 0.688 5.091 0.539 0.740 5.091 0.302 0.727 20 
Social infrastructures and 

services within the 

neighbourhood  
4.636 0.505 0.662 4.818 0.603 0.688 5.091 0.302 0.727 

20 

Construction cost  5.273 0.905 0.753 5.182 0.405 0.740 5.091 0.302 0.727 20 
Conformity with land Zoning 

for commercial properties  4.636 1.120 0.662 5.182 0.405 0.753 5.000 0.000 0.714 23 

Availability of transportation 

services  
4.818 1.328 0.688 5.000 0.632 0.714 5.000 0.447 0.714 23 

Security provision in the 

building 
4.818 0.982 0.688 5.000 0.632 0.727 4.909 0.302 0.701 25 

Height of building and number 

of floors 
4.818 0.603 0.688 4.455 0.522 0.636     

(continued )

Table 5.
Rating of office real
estate price
determinants by
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out by €Oven and Pekdemir (2006b) on the determinants of real estate office rents in Istanbul.
The study reported thatmany of the building-related variables used in their studywere found
not to be influential. However, the findings arising from this study align with Bera and
Kangalli Uyar (2019), a study that found that the physical characteristics of real estate have a
significant impact on rents.

These eight property-related variables have MV ranging from 5.272 to 6.727 as shown in
Table 5 (fourth round). “Flexibility and adaptability of design” ranked the highest having MV
of 6.727 and an RII of 0.961 (close to 1). Aitken et al. (2020) affirm that real estate designed with
easier adaptability features in case the occupants need to make changes tend to be preferable.
Likewise, Schilke (2020) observed that office real estatewith added flexibility such as the ability
to be let to a diverse number of tenants would make it more readily adaptable to a market shift,
thus marketable. Furthermore, an increased cost towards making an office real estate flexible
and adaptable would eventually lead to higher valued investment. Thus, Poort and Hoo (2008)
and Schilke (2020) note that, in the long run, there are positive connotations to flexibility in
building projects as it could add value to such projects. Likewise Remøy et al. (2011) found that
adaptability in an office building only costs 3%higher than the normal cost of construction, but
may lead to a higher value in the future.

Quality/level of professional 

facilities anagement/services 
4.455 0.522 0.636

Panoramic view, ambience and 

serenity (non-congestive 

atmosphere) 
4.909 1.578 0.714 4.182 0.405 0.597

Interest/lending rates 4.909 1.044 0.701 4.182 0.405 0.597

Foreign direct investment 

(FDI) 
4.909 1.136 0.701 4.364 0.505 0.623

Political stability 4.909 2.256 0.701

Inflationary trend/rates 4.455 1.572 0.636

Landscaping, pavements and 

trees planting beds
4.364 1.804 0.623

Office sector employment 

rates
4.364 1.859 0.623

Exchange rates 4.364 1.286 0.623

Cleanliness of surroundings 

(waste disposal services and 

drainages) 
4.273 1.737 0.610

Availability of financial 

institutions in the vicinity 
4.273 1.794 0.610

Consumer price index (CPI) 4.273 1.618 0.610

Liquidity rate (money in 

circulation and credit spread) 
4.182 1.250 0.597

Operational expenses as 

regards to; electricity; pipe 

borne water; waste disposal 

system and neighbourhood 

security 

4.000 1.095 0.571

Type of occupancy title 

(statutory or customary rights)
4.000 2.236 0.571

Social facilities within the 

building including restaurant, 

conference room
4.000 1.000 0.558

Lifespan of building 3.636 2.378 0.532

Risk multiplier/premium 3.636 1.748 0.519

Government bond (stock 

market indices)
3.455 1.440 0.494

Population density 

(demography)
3.273 1.679 0.468

Table 5.
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While adaptability is seen as the ease to physically alter, reconfigure or transform a
building (Ross et al., 2016), flexibility is said to determine the use of a building’s internal space
configuration, thus involving the layout of columns, walls and floor plates, among others
(Vimpari et al., 2014). Hence, adaptability is considered to be synonymous with “flexibility”
(Rockow et al., 2019).

Concerning the “size of office spaces”, while Oyewole and Ajayi (2016) affirm that
average floor space was not found to be statistically significant considering office real
estate in Nigeria, results from this study indicate a strong positive relationship with an MV
of 6.545 and RII of 0.935, which are very close to 1. In line with this study is the study by
Ozus (2009) which found that the floor area of rented offices in Istanbul is a significant
determinant of office rents. Likewise, Nappi-Choulet et al. (2007) affirm that the total surface
area of office real estate accounts for almost 60% of the variance in transaction prices of
offices in Paris.

The third variable confirmed by this study serves as an extension to existing literature
concerning structural attributes having significant impacts on office real estate involving
“quality of construction of the building” (RII 5 0.909).

5.2 Neighbourhood attributes
The neighbourhood attributes make up the next largest group of variables influencing office
real estate. This group consists of 10 identified variables, out of which three variables (19%)
were rated as part of the 16 most influential variables. However, out of these three influential
variables, “proximity to volatile areas” is one of the variables suggested by the panellists, and
hence not found in available literature as regard office real estate pricing. Coincidentally, this
particular variable emerges as the most influential in this group with an MV of 6.545 and RII
of 0.909. The other two vital variables include “quality of the region” (0.844) and “urban
proximity and connectivity cum accessibility to CBD” (0.831).

On a general note, “proximity to volatile areas” may seem the same as “neighbourhood
security” as both dwell on security. Conversely, the experts made a distinction between the
two stressing that while occupiers and investors yearn for the proximity of police posts
close to their buildings to curb criminal activities in the case of “neighbourhood security”,
most occupiers cum investors demand areas not close to security outposts since such places
have become easy targets for insurgents and rioters in the case of “proximity to volatile
areas”. Similarly, neighbourhood crime may be seen as criminal activities, which may not
often lead to loss of property and lives, and consequently may be narrowed to mere thefts
and other similar criminal activities. However, volatile areas in terms of riots and
insurgencies may experience burning down of properties including loss of lives and
maiming (Peterson, 2015).

This leads to the present situation in Nigeria which is battling with the Boko-Haram
insurgency with chains of assaults on both property and human lives in the northern parts
including the federal capital, holding the country hostage for the past decade as confirmed by
Ibrahim and Sabri (2018). Similarly, other non-secular, partisan and socio-economic conflicts
relating to the end-SARS alongside el-Zakzaky demonstrations have led to certain areas
becoming more volatile than others with adverse effects on investments in such areas.

The Nigerian state of affairs is representative of many African states. Kenya and Somalia
face the El-Shabaab insurgency (Jones et al., 2016; Momanyi, 2015) and South Africa battles
with xenophobia (Dauda et al., 2018; Ezennia and Mutambara, 2020). Consequently, as the
safety of properties, occupants alongside their clients is a key consideration in real estate
investments, “proximity to volatile areas” may emerge a vital factor in considering
investments in office real estates and hence affecting its price determination in these
countries.
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5.3 Locational attributes
Locational attributes are seen as the major driving factors concerning real estate pricing
generally. Ustaoglu et al. (2013) affirm that locational attributes explain the spatial variations
in rental value of real estate offices. The results of this survey indicate that three of the four
identified variables are significantly influential, thus recording a 75% success. Of these
variables, accessibility to the building records the highest MV (6.636) and RII (0.948) in this
category, emerging as the second-highest ranked overall. This is in line with the available
literature; thus, the results of our study lend some credence to the popular phrase that location
advantages raise office price (Chegut et al., 2015; Liang et al., 2018), that is a pivotal point on
which real estate activities revolve (Pagourtzi et al., 2003).

Other vital variables according to their ranking include the distance from highway
interchange and transit stations (0.831) and urban proximity involving connectivity and
accessibility to the CBD (0.831). This is in line with the studies of Murakami and He (2018)
who concluded that highway investments influence office real estate prices as a result of
better market accessibility within the interchanges. Likewise, Chalermpong and Wattana
(2010) found that the proximity to transit stations is closely related to real estate values.

5.4 Macroeconomic attributes
Althoughmacroeconomic attributes identified 14 variables after the panellist’s scrutiny, only
two (12%) were certified as having significant influence. Hence, expected rental growth
serves as the most significant with an RII of 0.909 followed by GDP with 0.857 RII.

Relating expected rental growth to office real estate price, Nwuba (2008) acknowledged
that, although the rental growth rate of offices in Abuja did not exceed inflation rates, it
followed the same pattern as inflation trends, thus showing a link between inflation as a
macroeconomic indicator and real estate prices.

On the other hand, Ng and Higgins (2007) observed that GDP is a major determinant of
office properties as investors’ confidence is often reposed when an economy is strengthened,
thus stimulating alienation of real estate. Likewise, Kiehel€a and Falkenbach (2014) affirm that
GDP, a demand indicator that exposes the level of economic activities in a nation, serves as an
office price determinant because as the economy rises, there is also a boom in demand for
office space to satisfy the need for growing businesses and other economic activities.
Udoekanem et al. (2014, 2015a) concluded that the most significant macroeconomic variable
affecting real estate rental growth is the GDP, even though both studies appraised
commercial real estates in general rather than office real estate.

6. Conclusion and policy implications
The research, which is geared towards analysing the significant variables affecting office real
estate prices in Nigeria, employed the Delphi method in conjunction with theMV cumRII and
SD to reduce subjectivity in variable selection. The approach was found to be adequate in
ascertaining and handpicking the influencing variables through their relative level of
importance as rated by professionals in the field.

The study vetted the 46 variables comprised of variables found in the existing literature
and those suggested by the panel of experts practising in Nigeria to cover all variables that
may influence office real estate prices. These variables were grouped into themes and
subjected to four distinct Delphi rounds comprised of qualitative and quantitative
approaches.

Hence, employing acceptability criteria of 5.25 (MV), 0.75 (RII) and an SD≤ 1.00, the study
reveals that 16 variables are the most influential price determinants concerning office real
estate. Seven of these variables stand out, and hence are the most critical variables, having
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recorded RII > 0.9 and MV > 6.36. These include “flexibility and adaptability of design”
(MV 5 6.727 and RII 5 0.961) and “accessibility to the building” (MV 5 6.36 and
RII5 0.9148). Others include “size of office spaces” (MV5 6.545 and RII5 0.935); “quality of
construction of the building” (MV 5 6.364 and RII 5 0.909); “condition of the building”
(MV 5 6.364 and RII 5 0.909); “expected rental growth/capital growth and capitalisation
rate” (MV 5 6.364 and RII 5 0.909) and “proximity to volatile areas” (MV 5 6.364 and
RII 5 0.909).

Conclusively, the outcome of this research, which is the first study to adopt the Delphi
technique cum RII in exploring office real estate pricing in Nigeria, advances previous
attempts at identifying the significant price-determining variables regarding office real
estate. Thus, the study extends the existing literature by adding three variables including
“the volatility level of the area”, “the proportion of restrooms to office space” and “quality of
construction of the building” to the existing literature as substantial variables not previously
identified concerning office real estate pricing. Consequently, this study, which provides
significant findings on critical factors required for objective modelling of the Nigerian office
real estate market, offers some practical implications. First, it will aid practitioners’ and
investors’ resolutions towards circumventing volatile areas. Second, the practical application
of these variables in modelling office real estate will improve the quality of data available to
ESVs and thereby enhancing his/her valuation competency and leading to the fortification of
the valuers’ credibility and integrity. Third, with the growing trend in the application of AI in
price prediction, the real estate regulatory body in Nigeria, NIESV, can adopt the findings of
this study in creating a central repository for real estate price determinants in northern
Nigeria. These will create an enhanced policy implication towards sustainable investment
decisions in land and landed properties.

7. Future research
Being part of research on office price modelling using AI, this study was only anticipated to
serve as an identification criterion for determining the critical variables adoptable in the
proposed pricing model. However, it is necessary to view the generalisation ability of these
chosen variables through an exposure of the variables to a wider range of professionals in
the field.
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