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Abstract 

The study aims to prepare a neural network model considering predictor variables such as big data in urban planning, effective 
governance, resource management, and knowledge based economy for sustainable development in smart cities. A sample of 212 
survey responses was collected randomly from Oman and analysed in a neural network model. The predictors’ contributing to 
sustainable development in smart cities are big data in knowledge based economy (.299), big data in governance (.251), big data 
in urban planning (.225), and big data in resource management (.224). Overall the neural network model consisting of predictors’ 
was able to predict 60.0% correctly during training and 72.6% during testing for sustainable development in smart cities. 
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1. Introduction 

The United Nations predicts that by 2100,  the number of people living on Earth will increase to more than 10 
billion [1]. The urbanization challenges can be tackled with IT-enabled city planning. A number of researchers 
looked into how smart city initiatives may positively help in the growth of developing countries and further 
proposed a framework that takes into account factors such as, data, services, infrastructure, cultural aptitude and 
context. The modern cities have been actively integrating technologies, such as- Big data, Internet of Things (IoT), 
and Artificial Intelligence (AI) for smart governance, smart economy, intelligent energy management, and resource 
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optimizations to cite a few examples. Smart cities offer new possibilities to address the energy, security, and human 
development challenges. In smart cities cost and energy consumption are reduced, to even more than 40% [2].  

The sustainable development aim is to provide a sustained livelihood, training digitalization, and meeting the 
urban communities' demands. Sustainable development and quality of life form the core of smart cities 
transformation [3]. Bibri and Krogstie [4] investigated and developed a model for smart sustainable city planning 
and development. They reported a need for understanding between social, technological, and scientific solutions for 
smart cities development. It is necessary to develop a model that is both theoretically and practically convincing and 
robust. The existing studies are mainly on the opportunities and challenges of advanced technologies in smart cities 
solutions. The conceptualization of a smart city is based on the notion that a traditional city cannot meet the needs of 
future generations due to rapid urbanization, thus promoting the need for sustainable development, resource 
optimization, knowledge economy, technological innovation, and governance. Therefore the present study proposes 
a sustainable development neural network model for smart cities. There are five sections. Section 2 corresponds to 
literature review. Section 3 illustrates the method and findings. Section 4 presents the discussion. The last section 
summarizes the outcome of the study. 

2. Literature Review 

Smart cities' potential and advantages include smart governance, smart economy, smart living, smart 
environment, quality of life, smart mobility, and sustainable development. The benefits in a smart city are gained by 
data-driven decisions [5]. Big data consists of a large volume of data collected from Internet of Things devices and 
other digital sources in structured/unstructured formats for extracting meaningful information by applying 
AI/machine learning techniques [6]. Big data technology helps in urban planning by data driven decisions [7, 8]. 
The smart mobility concept such as traffic and route can be planned and automatically managed and directed by 
applying AI/machine learning on Big data in real-time [9].  

Fernandez-Anez et al. [10] conducted a study in Italy on smart city implementation. They identified the 
importance of governance and stakeholders. Big data technology is used in effective governance [11]. For instance, 
crime management and tracking by using camera analytics [12, 13], real time traffic management and control via 
sensors and CCTV, management of traffic warnings and navigation systems through satellites. A smart city 
efficiently and effectively manages a resource base [14] utilizing Big data technology  [7, 15, 16]. For instance, 
chip-based tollgate payment, smart grids with smart meters, electricity and water supply monitoring via sensors. The 
knowledge based economy and technological aspects are the key determinants to smart cities’ initiatives. For 
instance, online payment, contactless payment and card less payment [17], intelligent advertisement and promotion 
[18], intelligent shopping [19]. The developing countries face a number of challenges in sustainable development 
including inadequate infrastructure, technical resources for implementation, finance, political stability, inequality, 
and a comprehensive approach to sustainable city development. A city should take initiative for efficient functioning 
and sustainable development. Smart city promotes sustainable development [20, 21], however it needs initiative to 
reach the sustainable development goal by identifying the key determinants [22].  

3. Method and Findings 

Artificial neural network was used to find the non-linear relationship between dependent and 
predictor/independent variables. SPSS 26.0 provides a function for neural network analysis. It consists of input 
layers, hidden layers, and output layers. These layers can be customized depending on the need. Several ethical 
norms were followed during this research including voluntary participation, brief on study purpose and methods. 
The existing literature and team members’ experience were used to design the survey questionnaires based on five 
point Likert scale. The study collected 212 relevant samples from IT engineers, managers, policy makers, and end 
users in Oman. There were 46% female and 54% male. The age were divided into six groups: 20-25 (52.6%), 26-
31(13.6%), 32-37 (10.8%), 38-43 (15.0%), 44-49 (5.2%), and above 50 (2.8%). The 20-25 age group corresponds to 
the maximum responses 52.6%. The sustainable development goal (Mean = 2.17, SD = .952, N = 212) was chosen 
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optimizations to cite a few examples. Smart cities offer new possibilities to address the energy, security, and human 
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data-driven decisions [5]. Big data consists of a large volume of data collected from Internet of Things devices and 
other digital sources in structured/unstructured formats for extracting meaningful information by applying 
AI/machine learning techniques [6]. Big data technology helps in urban planning by data driven decisions [7, 8]. 
The smart mobility concept such as traffic and route can be planned and automatically managed and directed by 
applying AI/machine learning on Big data in real-time [9].  

Fernandez-Anez et al. [10] conducted a study in Italy on smart city implementation. They identified the 
importance of governance and stakeholders. Big data technology is used in effective governance [11]. For instance, 
crime management and tracking by using camera analytics [12, 13], real time traffic management and control via 
sensors and CCTV, management of traffic warnings and navigation systems through satellites. A smart city 
efficiently and effectively manages a resource base [14] utilizing Big data technology  [7, 15, 16]. For instance, 
chip-based tollgate payment, smart grids with smart meters, electricity and water supply monitoring via sensors. The 
knowledge based economy and technological aspects are the key determinants to smart cities’ initiatives. For 
instance, online payment, contactless payment and card less payment [17], intelligent advertisement and promotion 
[18], intelligent shopping [19]. The developing countries face a number of challenges in sustainable development 
including inadequate infrastructure, technical resources for implementation, finance, political stability, inequality, 
and a comprehensive approach to sustainable city development. A city should take initiative for efficient functioning 
and sustainable development. Smart city promotes sustainable development [20, 21], however it needs initiative to 
reach the sustainable development goal by identifying the key determinants [22].  

3. Method and Findings 

Artificial neural network was used to find the non-linear relationship between dependent and 
predictor/independent variables. SPSS 26.0 provides a function for neural network analysis. It consists of input 
layers, hidden layers, and output layers. These layers can be customized depending on the need. Several ethical 
norms were followed during this research including voluntary participation, brief on study purpose and methods. 
The existing literature and team members’ experience were used to design the survey questionnaires based on five 
point Likert scale. The study collected 212 relevant samples from IT engineers, managers, policy makers, and end 
users in Oman. There were 46% female and 54% male. The age were divided into six groups: 20-25 (52.6%), 26-
31(13.6%), 32-37 (10.8%), 38-43 (15.0%), 44-49 (5.2%), and above 50 (2.8%). The 20-25 age group corresponds to 
the maximum responses 52.6%. The sustainable development goal (Mean = 2.17, SD = .952, N = 212) was chosen 
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as dependent variable and (1) Big data technology enables resource management (Mean = 2.02, SD = .779, N = 212), 
(2) Big data technology enables urban planning (Mean = 2.04, SD = .856, N = 212), (3) Big data technology enables 
effective governance (Mean = 2.03, SD = .859, N = 212), and (4) Big data technology enables knowledge based 
economy (Mean = 2.06, SD = .896, N = 212) were the independent varaibles. Furthermore, The Cronbach’s Alpha 
(α) was .809 ( recommended value .5 and above) and calculated values of Kaiser-Meyer-Olkin measure of sampling 
adequacy were .729, with Bartlett's Test of Sphericity as Chi-Square 299.460, df = 6, p < .001. For modelling the 
sample was divided into testing and training as 70.8% and 29.2% respectively and fed into a multi-layer perceptron 
network of SPSS 26.0. The input layer consisted of four (04) units of independent variables viz. Big data technology 
enables resource management, Big data technology enables urban planning, Big data technology enables effective 
governance, Big data technology enables knowledge based economy. The number of hidden layers chosen were one 
(01) with four units (H (1:1) to H (1:4)) and hyperbolic tangent (1) was used as activation function. The output layer 
consisted of dependent variables (Sustainable development goal) with Softmax (2) as activation function and Cross-
entropy as error function. The Softmax has vector of real-valued arguments as domain and transforms it into to a 
vector whose elements lies in the range (0, 1) and sum to 1.  

 , Domain = , Range = ;      

Figure 1 shows the sustainable neural network model for Big data in smart cities. The labels in the figure is 
referred as; Management = Big data technology enables resource management, Planning = Big data technology 
enables urban planning, Governance = Big data technology enables effective governance, Economy = Big data 
technology enables knowledge based economy, SD = Sustainable development, blue line = when synaptic weight 
equals to zero, green line = when synaptic weight is < 0, and grey line = when synaptic weight is > 0 

 
Figure 1. Sustainable development neural network model for Big data in smart city 

 
While training and testing the percent incorrect predictions were 40.0% and 27.5%. The Cross entropy error was 

15.748 during training and 50.931 during testing. Overall the model was able to predict 60.0% correctly during 
training and 72.6% during testing. Table 1 shows the neural network model summary. 

Table 1. Neural network model summary 

Training Cross Entropy Error 156.748 
Percent Incorrect Predictions 40.0% 
Stopping Rule Used 1 consecutive step(s) with no decrease in errora 
Training Time 0:00:00.04 

Testing Cross Entropy Error 50.931 
Percent Incorrect Predictions 27.4% 

a. Error computations are based on the testing sample. Dependent Variable: Sustainable development goal 
The output of neural networks also includes the importance of independent variables with respect to dependent 
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variables. Generally, it is available both in tabular and graphical forms. In the present study, figure 2 shows the 
importance of independent variables both in units and normalized form. 

 
Figure 2. Independent variables importance both in units and normalized form (in %) 

Furthermore, on closer look at the data on sustainable development goals and Big data technology in the 
knowledge economy and effective governance found more respondents agreeing on the subject than disagreeing. 
The respondents believe in importance of Big data in knowledge base economy. For instance, strongly agree 
(28.2%), agree (45.1%), unsure (21.6%), disagree (3.3%) strongly disagree (1.9%). The respondents also believe in 
importance of Big data in effective governance. For instance, strongly agree (30.0%), agree (40.8%), unsure (25.4%), 
disagree (2.3%), and strongly disagree (0.9%). The sustainable development goal and Big data technology in the 
knowledge economy and effective governance are plotted in figure 3 and 4. 

 
Figure 3. Sustainable development goal and Big data technology in knowledge economy 

 

 
Figure 4. Sustainable development goal and Big data technology in effective governance 
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4. Discussion 

The result shows that the independent variables including 1) Big data technology enables resource management, 
2) Big data technology enables urban planning, 3) Big data technology enables effective governance, and 4) Big 
data technology enables knowledge based economy have influence on sustainable development goals. The 
knowledge based economy recorded the highest importance (.299) towards sustainable development. In the 
changing world, sustainable development should be the part of every city [22]. Big data technology contributes to a 
knowledge based economy [23] with diverse economic opportunities [24, 25]. The second highest importance 
corresponds to effective governance (.251). The past studies have shown the importance of Big data technology in 
effective governance such as [11], controlling crime (camera analytics for illegal intrusion) [12],  e-governance for 
the benefit of all its residents [3], e-services (electronic voting, signature) [26]. Additionally, the urban planning is 
multifaceted, linked to environment, health care, lifestyle, energy usage, education, communication, transport, etc. 
Big data technology enables urban planning (.225) and effectively contributes to sustainable development. 
According to Hao et al. [8] Big data technology helps in urban planning, in various forms such as renewable energy 
networks, automatic traffic management, etc. Similarly, the resource management is another independent variable 
which contributes to sustainable development. In the current study the derived importance of this variable is .224 in 
sustainable development goals. Several researchers have studied the area. For instance, Big data technology enables 
resource management [16], efficiently and effectively manages its natural resource base [14]. Figure 5 shows the 
relationship between predictors and sustainable development goals in smart cities.  

 
Figure 5. Relationship between predictors and sustainable development goals in smart cities. 

5. Conclusion 

The research has demonstrated predictor variables and their importance in sustainable development. With the 
changing world scenario the United Nation is pushing countries towards realization of sustainable development 
goals. Big data technology acts as an enabler to the predictor variables which are resource management, urban 
planning, effective governance, and knowledge based economy in the context of sustainable development goals. The 
order of importance of predictors variables in the sustainable development goals of smart cities are: knowledge 
based economy > governance > urban planning > and resource management. Nevertheless, there are more predictor 
variables for sustainable development. Their impact and importance vary from region to region which could be an 
avenue for future research. 
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4. Discussion 

The result shows that the independent variables including 1) Big data technology enables resource management, 
2) Big data technology enables urban planning, 3) Big data technology enables effective governance, and 4) Big 
data technology enables knowledge based economy have influence on sustainable development goals. The 
knowledge based economy recorded the highest importance (.299) towards sustainable development. In the 
changing world, sustainable development should be the part of every city [22]. Big data technology contributes to a 
knowledge based economy [23] with diverse economic opportunities [24, 25]. The second highest importance 
corresponds to effective governance (.251). The past studies have shown the importance of Big data technology in 
effective governance such as [11], controlling crime (camera analytics for illegal intrusion) [12],  e-governance for 
the benefit of all its residents [3], e-services (electronic voting, signature) [26]. Additionally, the urban planning is 
multifaceted, linked to environment, health care, lifestyle, energy usage, education, communication, transport, etc. 
Big data technology enables urban planning (.225) and effectively contributes to sustainable development. 
According to Hao et al. [8] Big data technology helps in urban planning, in various forms such as renewable energy 
networks, automatic traffic management, etc. Similarly, the resource management is another independent variable 
which contributes to sustainable development. In the current study the derived importance of this variable is .224 in 
sustainable development goals. Several researchers have studied the area. For instance, Big data technology enables 
resource management [16], efficiently and effectively manages its natural resource base [14]. Figure 5 shows the 
relationship between predictors and sustainable development goals in smart cities.  

 
Figure 5. Relationship between predictors and sustainable development goals in smart cities. 

5. Conclusion 

The research has demonstrated predictor variables and their importance in sustainable development. With the 
changing world scenario the United Nation is pushing countries towards realization of sustainable development 
goals. Big data technology acts as an enabler to the predictor variables which are resource management, urban 
planning, effective governance, and knowledge based economy in the context of sustainable development goals. The 
order of importance of predictors variables in the sustainable development goals of smart cities are: knowledge 
based economy > governance > urban planning > and resource management. Nevertheless, there are more predictor 
variables for sustainable development. Their impact and importance vary from region to region which could be an 
avenue for future research. 
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