A fuzzy synthetic evaluation of the challenges of

smart city development in developing countries

ABSTRACT

Purpose: This study presents a fuzzy synthetic evaluation of the challenges of smart city
realisation in developing countries, using Nigeria as a case study. By defined and delineating
the problems facing the country, more viable directions to attaining smart city development
can be achieved.

Design/Methodology/ Approach: The study adopted a post-positivist philosophical stance
with a deductive approach. A structured questionnaire was used to gather data from built
environment professionals involved in the delivery of Nigerian public infrastructures. Six
dimensions of the challenges of smart cities were identified from literature and explored.
These are governance, economic, social, technological, environmental, and legal issues. Data
gathered were analysed using Cronbach alpha test for reliability, Shapiro-Wilks test for
normality, Kruskal-Wallis H-Test for consistency, and Fuzzy synthetic evaluation test for the
synthetic evaluation of the challenges of smart city attainment.

Findings: The findings revealed that all six assessed dimensions have a significant impact on
the attainment of smart cities in Nigeria. More specifically, issues relating to environmental,
technological, social and legal challenges are more prominent.

Originality/Value: The fuzzy synthetic approach adopted provides a clear, practical insight
on the issues that need to be addressed before the smart city development can be attained
within developing countries.

Keywords: Smart city development, Industry 4.0, information technology, smart technology,

urban development, construction industry

INTRODUCTION

Past studies have noted that a city is a highly organised community which is a pillar of every
nation’s economy and its sustainability (Bawa et al., 2019; Komolafe et al., 2019).
Unfortunately, in most developing countries, particularly in Africa, most cities have fallen
short of the description of a city. A common culprit of this problem is the rapid urbanisation
being experienced in most African cities in recent time. It is projected that by the year 2050,

over half of Africa’s population will be living in cities (United Nations, 2017). Ogundare and



Ogunbodede (2014) noted that in the case of Nigeria, there is a high rate of urbanisation with
more people concentrating in cities, due to the city’s ability to create settlement change and
development (also cf. Biswas, 2019). This habitually puts severe pressure on the meagre
available resources within these cities, with too many people depending on scant
infrastructure provisions. The resultant effect of this is inadequate and deteriorated
infrastructures, poor living conditions and an unhealthy environment. Therefore, considering
the important nature of cities to socio-economic development and the continuous growth in
population and rapid urbanisation being experienced in most countries, the call for cities to be

‘smart’ has become crucial.

Attempts to explicitly define a smart city have proven problematic. However, Sikora-
Fernandez (2018) has noted that there are certain descriptions in the body of knowledge that
can give pointers to a city that is smart. Silva et al. (2018) described a smart city as a
connected city for humans and cyberspace. From a more comprehensive dimension, smart
city is seen as the improvement of economic and political efficiency, as well as the
development of a social and cultural aspect of cities through networked infrastructures
(Clarke et al., 2019; Hollands, 2008). Following this insight on the description of a smart
city, it can be deduced that its sole purpose is to better the standard of living of humans.
However, no matter how laudable the proposed strategies for achieving smart cities within a
country are, and the intent behind them, they are worthless if they are not contextualised
within the community they are designed for. It is only by critically evaluating the problems
within a city and solving them that the implementation of smart ideas and the realisation of
smart cities can be achieved. Furthermore, the saying that “no two cities are alike” (Cowen,
2017) further buttresses the need to contextualised smart ideas as the ‘one size fits all’
approach proposed for the attainment of smart cities can no longer be considered as
reasonable (Alizadeh, 2017). Cities vary in sizes and their associated problems. Expecting all
cities to align their strategy for achieving smart city given existing complex policy agenda
already in place, might leave the attainment of smart cities in some countries, a dream than a
reality (Angelidou, 2014; Nam and Pardo, 2011). This knowledge has seen studies now
placing emphases on the need to understand the local contexts that may influence the

attainment of a smart city (Alizadeh 2017; Neirotti et al., 2014; Sepasgozar et al., 2019).

It is based on this knowledge that this paper seeks first to determine and then assess the

challenges faced by governments within developing countries (using Nigeria as a case study)
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as they move towards embracing smart city developments. This is done with a view to
guiding government and policymakers in their quest to deliver a better-quality life for their

citizens through improved policies.

CHALLENGES OF SMART CITY DEVELOPMENT

Rana et al. (2019) assessed the barriers of smart cities in India and concluded based on
existing literature that the barriers towards smart city attainment can be categorised into Six
distinct groups. These are, i) economic, ii) social, iii) technology, iv) governance, V)
environmental, and vi) legal and ethical barriers. This classification was based on the
modification of the PESTLE analysis, wherein the political element was modified to
governance, and the ethical aspect was added to the legal dimension. These six dimensions
were adopted in this current study while the variables under each dimension were carefully

sourced from other relevant literature vis-a-vis their applicability to the study area.

Issues surrounding governance are the bane of smart city development in most countries
(Rana et al., 2019). Nam and Pardo (2011) posited that it is practically impossible to have an
all-inclusive smart city in an environment wherein cooperation between city’s network such
as public institutions, private sector, voluntary sector and citizens is absent. Similarly,
instability in government is a hindrance to smart city attainment in the case of cities in the
South and East of the Mediterranean (Monzon, 2015). When governance is poor, and trust
does not exist between the government and its citizen, smart city development cannot be
attained (Ruhlandt, 2018). For instance, in 2016, the Lagos State Governor signed a smart
city deal with Dubai with the sole aim of transforming Lagos - one of the major commercial
cities in Nigeria- into a smart city. Unfortunately, the realisation of this deal is yet to occur
(Ekwealor, 2016). Likewise, in June 2017, the Nigerian government announced the ‘Nigerian
Smart City Initiative” which was aimed at increasing ICT usage in physical infrastructure and
service delivery. The initiative has also failed to bear fruit in major cities of the country.
These scenarios are bound to create significant doubt in the mind of the citizens and distrust

in the government.

Economic instability is also a vital issue. Studies have shown that the resultant effect of
instability and uncertainty in any economy is severe on long-term growth, cost of living and
infrastructure delivery (Adefeso and Mobolaji, 2010; Akanni and Osinowo, 2013).

Unfortunately, Nigeria is confronted with these issues because of its historical economic
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instability (Abioye 2017; Aghimien et al., 2018). Bello-Schiinemann and Porter (2017) noted
that economic growth in Nigeria is influenced by substantive deficit in the country’s basic

physical infrastructure.

Kummitha and Crutzen (2019) and Nam and Pardo (2011) noted the issue of lack of citizens
participation as a problem facing smart cities. Datta (2015) emphasised that in most
developing countries, lack of a supportive environment can deter the actualisation of smart
cities. Monzon (2015) noted that in Europe and South and East Mediterranean, most
countries are faced with social issues such as unemployment, lack of social cohesion, poverty
and inequality and poor education which deters their attainment of smart cities. The situation
is similar in Nigeria as persistent poverty is a common issue (Danaan, 2018). The Vanguard
(2018) reported that the country has the highest number of people living in extreme poverty
when compared to other countries around the world. According to George and Ukpong
(2013), the major culprits of this high level of poverty are unemployment, high level of
dependent population, and overpopulation. Giffinger et al. (2007) noted that one of the
essential dimensions needed for smart city attainment is having smart people derived from a
proper education. A poor education engenders a poor awareness of the concept of smart cities
which is another crucial challenge of attaining smart cities (cf. Kogan and Lee, 2014; Rana et
al., 2019).

Since the advent of industry 4.0 at the 2011 Hannover fair in Germany (Newman et al.,
2020), many developed and developing countries have been embracing the different industry
4.0 related technologies in different sectors of their economy (Crnjac et al., 2017). Internet of
Things, big data analytics, automation and robotics, sensors, drones, cloud-based
manufacturing, digitalisation of services are all becoming common technological features
adopted to improve service delivery in some of these countries (Aghimien et al., 2019; Al-
Nuaimi et al. 2015; Erol et al., 2016; Ghosh et al., 2020). Furthermore, the introduction of
the fifth-generation (5G) wireless communication (which promises the effective spread of
smart city concepts (Marabissi et al., 2019)) has been embraced in most countries in Europe
and the United States of America (Loghin et al., 2020). However, the case is not the same for
most African countries where lack of adoption and poor development is still evident
(Aghimien et al., 2019). This lack of adoption affects the attainment of smart cities in these
countries (Bibri, 2019). For instance, Al-Nuaimi et al. (2015) noted a significant influence of

big data analytics on the attainment of smart cities. However, its proper adoption is mostly
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hindered by factors such as privacy and security of data (Parn and Edwards, 2019). Bawa et
al. (2016), and Rana et al. (2019) also added that virus threats and lack of privacy are
important issues of technology adoption. Another critical issue is the high cost, lack of
access, and slow internet connectivity that has bedevilled most Africa countries. Akamai - a
global content delivery platform - ranked the internet speed of Nigeria at 114 out of 143
countries surveyed in May 2017 (Adepetun, 2017).

Similarly, people within an environment have an important role to play in the proper
deployment of smart applications (Al-Nuaimi et al., 2015; Kramers et al., 2014). An increase
in population generates a concomitant increase of data, which if not properly managed, can
serve as a drawback for the attainment of smart cities. Also, population increase generate
traffic congestion, pollution and increased social inequality (Monzon, 2015; Neirotti et al.,
2014). Neirotti et al. (2014) and Rana et al. (2019) have earlier noted that lack of
sustainability consideration (such as proper waste management) can generate poor living
conditions for city’s citizens. Furthermore, legal issues are crucial, especially since big data
collection is involved in the smart city concepts. Khan et al. (2014) noted that there is a fine
line between gathering citizens’ data and ensuring privacy rights are protected. Based on the

above issues, Table 1 reproduced the challenges to smart city development.

<Insert Table 1 about here>

RESEARCH METHOD

The study adopts a post-positivism philosophical stance (Roberts et al., 2018; Al-Saeed et al.,
2020), using a deductive approach (cf. Edwards et al., 2019; Edwards et al., 2020) since the
study sought to identify and assess the challenges of smart city development. A survey
strategy of enquiry was conducted using a structured questionnaire. A questionnaire survey
was used because of the need to solicit a response from respondents across the country vis-a-
vis selecting a state or region to represent the entire country. Tan (2011) described the
questionnaire survey as a simple survey approach which can cover a broader range of
audience within a short period of time. Blaxter et al. (2001) further affirmed that the

questionnaire is among the most widely used social research techniques, hence its adoption.



Two sections were used in the questionnaire to harness information from respondents.
Section one gathered information on the respondent’s background, while section two
harnessed information on the study’s objective. A closed-ended questionnaire design was
adopted. The respondents were provided with 34 variables and were asked to rate them based
on their level of significance using a 5-point Likert scale, with five being very high and one
being very low. Chan et al., (2017), and Wong et al., (2016) adopted a similar approach in
their studies on the strategies for promoting green building, and green building procurement.

The study sought responses from built environment professionals with a minimum of five
years of working experience in the construction industry in the country’s six regions, viz:
South-West (SW), South-South (SS), North-Central (NC), North-West (NW), South-East
(SE) and North-East (NE). These built environment professionals were selected on the
premise that they are primarily involved in the planning, design, delivery and management of
cities and their development. Since the study cut across the entire country, an electronic
questionnaire was adopted for easy sending and collection of feedback. Details of some
respondents were obtained from a professional database, and they were sampled conveniently
based on their willingness to participate. To further increase responses, a snowball approach
was also adopted. Heckathorn (2011) described the snowball sampling as a technique that
assumes that a link exists between the initial sample and others within the same targeted
population. This allows a series of referrals to be made within a circle of acquaintance.
Atkinson and Flint (2001) have earlier stated that the snowball approach is beneficial when
there is a need to increase the sample size — and as an indication of this, Chan et al. (2017)
and Rahman (2014) adopted a similar approach to their study. Based on the approach
adopted, determining the exact number of distributions becomes difficult, thus making the
calculation of a total response rate impossible. However, a total of 154 responses were

collected after one month and three weeks of questionnaire administration.

Data analysis includes first testing the reliability of the questionnaire using Cronbach’s alpha
test. An overall alpha value of 0.782 was derived for all the assessed variables, thus
indicating that the instrument is reliable as suggested by Moser and Kalton (1999). Data
normality was assessed using the Shapiro-Wilk test, which according to Ghasemi and
Zahediasi (2012), is suitable for assessing the normality of data gathered from a sample size
of less than 2,000 as in the case of this study. Shapiro-Wilk test revealed that the p-value of

all the 34 assessed challenges is 0.000, which is < 0.05 required criteria for normality. This
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means that the data gathered is not normally distributed, hence only statistical methods that
do not require a data to normally distributed approach can be adopted. Furthermore, since the
respondents were sampled from different regions, there is the possibility of some disparity in
the way they ranked the assessed challenges. This assumption necessitated the need to
identify the specific factors with a significant disagreement between respondents from the six
different regions. Consequently, the Kruskal-Wallis H-Test, which is a non-parametric test
used in ascertaining the significant difference in the view of three or more group of
respondents was adopted. This test revealed that 32 variables out of the 34 assessed had a p-
value > 0.05. This implies that there is no statistically significant difference in the view of the
professionals from the six different regions of the country with respect to these 32 variables.
Further to this, the impact of the identified challenges of smart city attainment was analysed
using the fuzzy set theory via the fuzzy synthetic evaluation (FSE).

Fuzzy set theory has the capability to solve issues surrounding ambiguity, subjectivity and
poor precision in the judgement of problems (Pedrycz et al., 2011; Zhao et al., 2013) as in the
case of the identification of challenges of new developments such as smart city attainment.
Unlike the other second-generation multivariate analysis, fuzzy set theory can, in a precise
and objective manner, explain and quantify information that is not correctly defined. This is
achievable since the fuzzy set theory adopts linguistic variables and terms to create the
distinctive imprecision in the human cognitive process (Wuni et al., 2020). Ma and Kremer
(2015), Xia et al. (2011), and Zimmermann (2001) all reiterated that with the fuzzy set theory
mathematical operators can be applied to the fuzzy domain, and linguistic facet of available
data can be quantified. Preferences for individual or group decision-making can also be
achieved. FSE, which is an application of the fuzzy set theory (Zhao et al., 2016) was
adopted for this current study. Xu et al. (2010) describe FSE as an approach that helps assess
multiple criteria decision-making. The application of FSE for this study was premised on the
need to determine the synthetic evaluation of the challenges of smart cities development in
Nigeria in a fuzzy decision environment with multiple criteria (cf. Mu et al., 2014).
Moreover, this analysis approach has been adopted in different built environment researches

to solve complex issues (Ameyaw and Chan, 2015; Wuni et al., 2020;).

RESULTS AND DISCUSSION

Background information of respondents



The demographic profiles of respondents revealed that more responses were obtained from
the SW with a 27.9% response rate; this is followed by NC with 20.1% and SS with 18.8%.
Reasons for this can be attributed to the fact that the Lagos state (the country’s commercial
city with a significant number of construction companies and professionals) is located in the
SW. The Federal Capital Territory (Abuja) which is the country’s administrative city (with a
considerable number of construction projects being executed) and is in the NC (Aghimien et
al., 2018). The least represented regions in the study are SE, NW and NE with 11.7%, 11.7%
and 9.7% respectively. More Engineers and Quantity Surveyors participated in the study with
21.4% and 23.45 respectively. This was followed by Builders (17.5%) and Architects
(11.7%). The least represented professionals were Town planners, Land Surveyors, Estate
Valuers and Project managers. Most of these respondents work within contracting (41.6%)
and consulting (31.8%) organisations. The least was the government entity with 26.6%. Most
of these respondents (40.9%) possess a bachelor’s degree. This is followed by post-graduate
diploma (18.8%), master’s degree (16.2%) and Higher national diploma (15.6%). The least
qualifications are ordinary national diploma and doctorate with 5.8% and 2.6% respectively.
The average years of working experience of the respondents were calculated as 9.3 years.
Overall, background information revealed that significant response was received from the
country’s different regions, and key professionals working within the built environment were
represented. Also, these respondents have significant academic qualifications to understand
the questions posed and they equally have a considerable amount of experience to give

reliable responses needed for data analysis.

Fuzzy synthetic evaluation of the challenges of smart city development

In using FSE, first, the evaluation of the different challenges is undertaken at the third
level, while the criticality of the dimensions (wherein these challenges are grouped) is
determined at the second level. The first level then gives the overall index of the

challenges of smart city development.

Development of suitable weightings for the dimensions and their sub-attributes

To determine the principal challenges of smart cities development using FSE, suitable
weightings for the main six dimensions and 34 sub-attributes were first determined using
equation 1. Table 2 shows that the mean ratings and weightings of the challenges of smart

city development in Nigeria.



1)
Where:
Wi is the weightings of each dimension or sub-attributes
M;j is the mean rating of each dimension or sub-attributes
> M;is the summation of mean ratings of all dimensions or sub-attributes
For example, EC1 has a mean score of 3.73 while the total mean for the economic dimension

is 13.12. The weighting for ECL1 is therefore derived using equation 2:

3.73 3.73

W = = =
EC1 ™ 373 4+273+3.94+272  13.12

0.28

)
The weight for all other challenges can be calculated using the same procedure as above.
Similarly, the total weight for each dimension can be derived by using the same approach.
For example, the total mean for the economic dimension is 13.12; the total weight can be

calculated using equation 3:

13.12 _ 1312
13.12 + 28.77 + 25.42 + 16.57 + 20.77 + 14.01  118.66

Weeco =0.11

@)

<Insert Table 2 about here>

Determination of membership functions for each dimension and their sub-attributes

Based on the three basic elements of the FSE as noted by Xu et al. (2010), the basic factors
can be written as f = {fy, f2, f3, ..., ..., .., f}, while the grading alternatives are E =
{1,2,3,4,5} following the Likert scale adopted. The membership function of each factor can
be computed, as seen in equation 4. For example, taking the first factor under the economic
dimension (economic instability, EC1), the percentage response shows that while 2% of the
respondents believe this factor has very low significance, 19% noted that it has low
significance. However, 10%, 41% and 28% all noted that the level of significance of this
factor is on the average, high and very high respectively. Thus, the membership function of

this factor can be given as:

0.02 0.19 0.10 0.41 028 002 019 010 041 0.28

EC1 = =
Veryl0w+LOW+Average+High+Veryhigh 1 + 2 + 3 + 4 + 5

(4)



The membership function for this factor can be expressed as (0.02, 0.19, 0.10, 0.41, 0.28).
Using this same approach, the membership function for all other factors can be computed, as

seen in Table 3.

<Insert Table 3 about here>

Fuzzy synthetic evaluation for the challenges of smart city development

Following the evaluation of the challenges of smart city development (level 3) and the
determination of the criticality of these dimensions (level 2), the next step was to determine
the model that best explains the challenges facing city smartness. To achieve this, the four
different model approach in the fuzzy environment were explored (cf. Xu et al., 2010; Chan
etal., 2011) viz:

Model 1: M(AV), bj = V2, (wi ATij) VbjEB
Model 2: M(-V), bj = V™, (wi X rij) Vbj € B

Model 3: M(-,®), bj = min(1, X2, wi X rij) Vbj €B
Model 4: M(A, +), bj = X% (wi ATij) VbjEB

While these four models have their unique characteristics, only model 3 is most suitable for
this study as it can be adopted when many factors are being considered, and the difference in
their weight is minimal (refer to Table 2). Models 1 and 2 are only suitable for problems that
have single items as only the major criteria are considered, while model 4 has the tendency to
ignore factors with very small weightings. Because numerous factors are assessed in this
study (34) and they can be grouped into six major criteria, model 3 offers the most suitable

solution in explaining the challenges facing city smartness in Nigeria.

M(,®), bj = min(1, X7, wi x rij) Vbj € B

Where wi = the weighting of a factor affecting smart city attainment

rij = the membership function of a factor affecting smart city attainment

@ = the sum of the product of weighting and membership function

Thus, level 1, which is the overall index of the challenges of smart city development, is

attained by:
(0.11x0.07+0.24x0.03+0.21x0.05+0.14x0.07+0.18x0.06+0.12x0.04,
0.11x0.23+0.24x0.20+0.21x0.18+0.14x0.22+0.18x0.28+0.12x0.24,
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0.11x0.20+0.24x0.216+0.21x0.14+0.14x0.15+0.18x0.21+0.12x0.13,
0.11x0.30+0.24x0.32+0.21x0.29+0.14x0.26+0.18x0.32+0.12x0.28,
0.11x0.22+0.24x0.29+0.21x0.34+0.14x0.26+0.18x0.27+0.12x0.31) =

Membership function for all challenges of smart city development (Level 1) = (0.05 0.22,
0.16, 0.30, 0.29).

Based on the values derived on level 1, the overall impact of the identified challenges on the

attainment of city smartness can be derived using equation 5.

OIL=Y7_,(W xR,) X L (5)
Where;

OIL = Overall impact level

W = the weighting of each factor assessed

R = the degree of membership function of each factor assessed

L =is the linguistic variable (1=Very low, 2=Low, 3=Average, 4=High, 5=Very High)
Therefore OIL = 0.05x1 + 0.22x2 + 0.16x3 + 0.30x4 + 0.29x5 = 3.62

Similarly, for each of the main dimensions, the overall impact is calculated using the above
process, thus giving the impact levels in Figure 1. Considering the Likert scale of one to five
with three being average, the OIL of 3.62 derived implies that all the assessed 34 variables
have a high impact on the attainment of a smart city in Nigeria as this is above average of 3.0.
However, on an individual basis, variables relating to the environment have a higher
significance level with an overall level of 3.87. This is followed by technology, social and
legal-related variables with an impact level of 3.71, 3.64 and 3.57 respectively. Despite being
the dimensions with the least impact level, the economic and political/governance dimensions
still have impact level of above average. Figure 1 presents significant variables from these
different dimensions. These variables were selected based on their average impact of 3.0 and

above (refer to Table 2).

<Insert Figure 1 about here>
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Discussion of findings

The study’s findings revealed that the attainment of a smart city in Nigeria depends mostly on
the government and stakeholders’ ability to overcome critical challenges in the six different
dimensions assessed. Although Rana et al. (2019) discovered that the critical issues facing
smart city development is mostly governance related, the situation is slightly different in
Nigeria. Despite governance having a significant impact, it was observed that the major
challenge facing smart city development in Nigeria lies in the environment. More
significantly, the issue of rapid urbanisation emanating from the continuous rise in
population. At present, Nigeria has the highest population in Africa, with over 196 million
people (United Nations, 2019). The resultant effect of this is the severe pressure on scarce

resources and high urban migration in search of green pastures.

Furthermore, the study found that the epileptic internet connectivity in Nigeria and the lack of
embrace of digital technologies are critical technological issues facing smart city
development in the country. With the internet being the backbone of any connected city
(Silva et al., 2018) a failure in the availability of functional connectivity will impede smart
city development. The research findings further stressed the negative influence of the slow
adoption of technology on cities development that has been observed in previous studies (Al-
Nuaimi et al., 2015; Bibri, 2019; Rana et al., 2019). Other crucial challenges discovered
include lack of awareness and poverty that has characterised the country in recent times.
Before, thinking about smarty city, the government must tackle issues surrounding the basic
needs of its citizens. Reducing the number of people living in extreme poverty which

unfortunately is currently high (Danaan, 2018) should be a priority.

The implication of these findings is that smart city development will continue to be more of a
dream than a reality in Nigeria unless policymakers find a way to checkmate the issue of high
rate of urbanisation and increased population through proper development of rural areas. The
government must also strive to improve basic infrastructure delivery, especially in the area of
power supply which, according to Fabiyi et al. (2016), keeps deteriorating daily. There is the
need to encourage and support internet service providers and ICT developers in a bid to
encourage increased and efficient use of these facilities. Sensitisation of the public in terms of
the need to actively participate in the attainment of smart city development and to imbibe the
culture of proper maintenance of public infrastructure is equally important. With that being

said, there is a high possibility of citizen’s corporation not being achieved if the government
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fails to provide necessities such as a better education system, improved security from both
cybercrime and terrorism and improved job opportunities. The government can equally
champion the case of smart cities by creating policies and legislations that will support city

smartness in the country.

CONCLUSIONS

The study’s findings contribute to the body of knowledge as it illuminates the significant
challenges of smart city development in Nigeria; a country that has gained less attention in
the prevailing smart city discourse. Theoretically, the work creates a strong theoretical
foundation for future studies on the attainment of a smart city in developing countries,
particularly in Africa where the situations are similar to those observed in the current study
area. Practically, the study’s findings revealed that the country has more urgent issues to
tackle before considering city transformation. These issues include high urbanisation,
increased population growth, poor basic infrastructure, poverty, poor legislation and
regulations, economic instability, poor governance etc. Thus, the findings afford practical
insight to government and other stakeholders saddled with the responsibility for city
development and the issues to be tackled. This is important if policy makers are to deliver

social equality for their citizens.

While this study highlights significant insights into the challenges of smart city development,
the findings were limited by certain factors. Most significant is the method adopted. Future
studies can benefit from a mixed-method approach by first employing a Delphi method to
validate the challenges gathered from literature before employing other quantitative methods
of assessment. This will help bring a more subjective view of the challenges of smart city

development.
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Table 1 - Challenges of smart city development

Challenges

Authors

Economic

Economic instability (EC1)

Absence of foreign investors (EC2)

High cost of IT training and skills development (EC3)

Lack of competitiveness among local firms (EC4)

Bello-Schiinemann and Porter (2017); Monzon (2015)
Kumar and Dahiya (2017)

Al-Nuaimi et al. (2015); Chourabi et al. (2012); Rana et al.
(2019)

Monzon (2015)

Social

Poverty (S1)

Poor education (S2)

High rate of unemployment (S3)

Terrorism (S4)

Poor infrastructure maintenance culture (S5)
Lack of citizen participation (S6)

Lack of awareness of the concept of smart cities among
citizens (S7)
Fear of potential systems failure (S8)

Danaan (2018); Monzon (2015)

Monzon (2015)

Danaan (2018); Monzon (2015)

Danaan (2018)

Abigo et al. (2012)

Datta (2015); Kogan and Lee (2014); Kummitha and Crutzen
(2019); Nam and Pardo (2011)

Kogan and Lee (2014)

Datta (2016)

Technology
Cyber insecurity (T1)

Poor utilisation of digital technologies (T2)

Poor internet connectivity/provision (T3)

Absence of a common information system (IS) model (T4)
Lack of technological knowledge among city planners (T5)
Lack of integration and convergence across IT networks
(T6)

Poor information storage and data retrieval (T7)

Al-Nuaimi et al. (2015); Bawa et al. (2016); Rana et al.
(2019)

Bibri (2019); Olugboyega et al. (2020)

Adepetun (2017); Datta (2016)

Chourabi et al. (2012); Monzon (2015)

Scuotto et al. (2016)

Bawa et al. (2016);

Al-Nuaimi et al. (2015)

Politics/Governance

Lack of cooperation and coordination between city’s
networks (PG1)

Epileptic power supply (PG2)

Poor governance/lack of trust in government (PG3)
Absence of public-private partnership participation (PG4)
Political instability (PG4)

Kogan and Lee (2014); Nam and Pardo (2011);

Oladapo (2007)

Ruhlandt (2018)

Koppenjan and Enserink (2009)

Kogan and Lee (2014); Monzon (2015)

Environment

Poor planning of cities (EN1)
High rate of urbanisation (EN2)
Increase in population rate (EN3)

Traffic congestions in cities (EN4)
Lack of sustainability consideration (EN5)
Poor waste management (EN6)

Ogundare and Ogunbodede (2014)

Al-Nuaimi et al. (2015); George and Ukpong (2013); Kramers
et al. (2014); Neirotti et al. (2014)

Neirotti et al. (2014)

Bibri (2019); Neirotti et al. (2014); Rana et al. (2019)

Neirotti et al. (2014); Rana et al. (2019)

Legal

Lack of regulatory norms, policies and directions for smart
city (L1)

Cultural diversity (L2)

Lack of standardisation (L3)

Legal restrictions impeding easy access to data (L4)

Chourabi et al. (2012)

Chourabi et al. (2012); Nam and Pardo (2011)

Bawa et al., (2016); Kogan and Lee (2014)

Al-Nuaimi et al. (2015); Khan et al. (2014); Kogan and Lee
(2014)
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Table 2 - Kruskal-Wallis Test, mean ratings and weightings of the challenges of smart city
development

Kruskal-Wallis
Dimensions Sub- Chi-Sa. Sig. Mean Weighting Total weighting
attributes score Total mean for for each
each dimension dimension
Economic EC1 6.233 0.284 3.73 0.28 13.12 0.11
EC2 8.465 0.132 2.73 0.21
EC3 9.709 0.084 3.94 0.30
EC4 2.621 0.758 2.72 0.21
Social S1 3.157 0.676 3.81 0.13 28.77 0.24
S2 6.608 0.251 3.42 0.12
S3 3.773 0.583 3.16 0.11
S4 6.432 0.266 3.39 0.12
S5 2.887 0.717 3.79 0.13
S6 4,116 0.533 3.60 0.13
S7 2.229 0.817 4.38 0.15
S8 6.319 0.276 3.22 0.11
Technology T1 11.409 0.044 3.88 0.15 25.42 0.21
T2 4.902 0.428 4.02 0.16
T3 3.302 0.654 4.23 0.17
T4 4.189 0.523 2.95 0.12
T5 3.874 0.568 3.60 0.14
T6 3.908 0.563 2.88 0.11
T7 8.885 0.114 3.85 0.15
Politics/Governance PGl 10.469 0.063 2.85 0.14 16.57 0.14
PG2 15.902 0.007** 3.94 0.24
PG3 3.067 0.690 4.03 0.24
PG4 2.650 0.754 2.95 0.18
PG4 6.628 0.250 2.81 0.17
Environment EN1 10.146 0.071 3.06 0.15 20.77 0.18
EN2 3.480 0.626 3.67 0.18
EN3 4.200 0.521 3.56 0.17
EN4 10.675 0.058 3.32 0.16
EN5 23.702 0.000** 3.65 0.18
EN6 4.213 0.519 3.52 0.17
Legal L1 13.296 0.021 4.03 0.29 14.01 0.12
L2 3.362 0.644 2.71 0.19
L3 3.866 0.569 3.64 0.26
L4 9.436 0.093 3.62 0.26
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Table 3 - Membership function of the challenges of smart city development

Dimensions Sub-attributes Weighting Membership function level 3 Membership function level 2
(sub-attributes) (Dimensions)
Economic EC1 0.28 (0.02, 0.19, 0.10, 0.41, 0.28) (0.07,0.23, 0.20, 0.30, 0.22)
EC2 0.21 (0.18, 0.29, 0.27, 0.18, 0.09)
EC3 0.30 (0.01,0.14,0.12, 0.36, 0.37)
EC4 0.21 (0.10, 0.36, 0.31, 0.16, 0.06)
Social S1 0.13 (0.01,0.11, 0.26, 0.31, 0.31) (0.03, 0.20, 0.16, 0.32, 0.29)
S2 0.12 (0.08, 0.19, 0.21, 0.26, 0.25)
S3 0.11 (0.07, 0.30, 0.24, 0.18, 0.21)
S4 0.12 (0.03, 0.29, 0.14, 0.34, 0.20)
S5 0.13 (0.01, 0.21, 0.14, 0.29, 0.36)
S6 0.13 (0.04, 0.23, 0.08, 0.39, 0.26)
S7 0.15 (0.00, 0.05, 0.02, 0.44, 0.49)
S8 0.11 (0.06, 0.27,0.21, 0.27, 0.18)
Technology T1 0.15 (0.03,0.14,0.14, 0.32, 0.37) (0.05, 0.18, 0.14, 0.29, 0.34)
T2 0.16 (0.00, 0.14,0.11, 0.33, 0.42)
T3 0.17 (0.00, 0.08, 0.10, 0.34, 0.49)
T4 0.12 (0.08,0.38, 0.21, 0.18, 0.16)
T5 0.14 (0.10, 0.18, 0.07, 0.34, 0.32)
T6 0.11 (0.12,0.29, 0.27, 0.20, 0.11)
T7 0.15 (0.05,0.16, 0.12, 0.27, 0.42)
Politics/Governance  PG1 0.14 (0.10,0.34, 0.27,0.16, 0.12) (0.07,0.22, 0.15, 0.26, 0.97)
PG2 0.24 (0.01, 0.15, 0.12, 0.32, 0.40)
PG3 0.24 (0.07,0.08, 0.05, 0.35, 0.45)
PG4 0.18 (0.12,0.32,0.18,0.24, 0.14)
PG4 0.17 (0.08, 0.39, 0.25, 0.19, 0.09)
Environment EN1 0.15 (0.11, 0.25, 0.27,0.21, 0.16) (0.06, 0.28, 0.21, 0.32, 0.27)
EN2 0.18 (0.05,0.18,0.17, 0.24, 0.36)
EN3 0.17 (0.03,0.23,0.12, 0.40, 0.23)
EN4 0.16 (0.06, 0.25, 0.19, 0.27, 0.21)
EN5 0.18 (0.01,0.21, 0.14, 0.39, 0.25)
ENG6 0.17 (0.03,0.27, 0.14, 0.28, 0.29)
Legal L1 0.29 (0.00, 0.14, 0.10, 0.36, 0.40) (0.04,0.24,0.13, 0.28, 0.31)
L2 0.19 (0.14,0.40, 0.21, 0.10, 0.14)
L3 0.26 (0.02,0.24,0.12,0.32, 0.30)
L4 0.26 (0.05,0.22,0.12,0.27, 0.34)
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Figure 1 - Significant challenges of smart city attainment in Nigeria
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