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Abstract: Smart cities incorporate fundamental aspects such as sustainability and citizens’
well-being. Therefore, the objective of this study is to analyze the feasibility and effectiveness
of the implementation of an evaluation model of the transformation processes towards smart
cities as a strategy to improve the state of the transformation processes in Lima, Peru. The
research is descriptive and basic. A questionnaire was administered to 80 municipal officials
in Lima, focusing on the variable “smart cities evaluation model”, covering three key
dimensions: open data, smart public transport and energy efficiency, with a total of 15
questions and the variable “state of the transformation processes”, analysed through the
dimensions of educational level of the population and municipal budget, with 10 questions.
The results revealed that 48% expressed a gap in terms of the availability and quality of
accessible information. 53% argued that stronger energy conservation and sustainability
strategies need to be implemented. In addition, 53% felt that the education level needs to focus
on improving local education systems. In conclusion, transformation processes drive economic,
social and environmental development, improving the quality of life and promoting equality
among citizens. This study contributes to a broader understanding of how to address these
challenges in order to build more sustainable and liveable cities in the future.
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1. Introduction

Cities are facing great uncertainty regarding the growth of innovative and
scientific technologies, which generates a need in society to achieve technological
growth that allows for the care of the environment (de la Cruz et al., 2021; Quifiones
et al., 2016). Currently, smart cities are those that use technology to improve the
quality of life of the population, which involves reducing social inequalities and
defending the future of new generations (Alvarado Lopez, 2017). The transformation
of cities into smart cities has been a primary vision in recent years, which is why the
government is creating small, medium and large strategies related to the progress of
cities (Bjerner, 2021). According to (Giffinger et al., 2007), a smart city is
characterized by: smart economy, smart environment, smart life, smart governance,
smart people and smart mobility. However, the limitations that exist in municipal
budgets make it difficult to implement smart city projects (Villarejo, 2015). Budgetary
difficulties are forcing cities to find new formulas to transform themselves and provide
urban services with greater efficiency. An example of this is the Europe 2020 strategy,
which includes commitments to promote the development of smart cities by investing
in information technologies that are essential for infrastructure and the development
of social and human capital. The growth of the world’s population is leading to the
emergence of smart cities that guarantee people’s quality of life (Castilla et al., 2020;
Cérdova, 2017).
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The International Telecommunications Union (ITU, 2016) and Bjerner (2021)
point out that a smart and sustainable city is innovative and uses Information and
Communication Technologies (ICT), among other aspects, to improve the efficiency
of operations, urban services, competitiveness and quality of life, which guarantees
the satisfaction of the needs of present and future generations in a social, economic,
cultural and environmental way. Consequently, cities need to set measurable
objectives, for which indicators are used to measure the state of transformation
processes. In addition, city indicators are used to establish a common language,
provide transparency in governance, communicate the benefits of investments,
manage city operations, evaluate the city’s performance in different areas and support
decision making. Some indicators for measuring smart city standards are ISO 37128
and 37122 (Huovila et al., 2019). In order to move forward with a process of urban
transformation, three main factors are needed: culture, quality architecture and
knowledge as a development factor (Ruiz, 2015). Likewise, sustainable urban
planning must be carried out, which gives the city a new and unique appearance.

In Peru, low levels of ICT innovation and development are hampering the
implementation of smart city plans and pilot projects. This results in unreliable internet
connectivity, inadequate public transport and lack of energy efficiency for a large part
of the population. However, the government is taking initiatives to strengthen the
sector, seeking collaboration with educational institutions and the private sector
(Copaja and Esponda, 2019). It is essential that smart and sustainable city initiatives
are not perceived as a distant and unattainable future, but as a current necessity to
address societal challenges.

Previous studies have shown that smart cities are a promising solution to address
environmental problems and improve the quality of life for citizens (Dai et al., 2024;
Yang and Zhen, 2024; Zhu et al., 2024). Some cases have shown that the
implementation of information and communication technologies, coupled with
sustainable approaches, improves energy efficiency, public transport management and
the use of open data for the benefit of the community (Roustaei et al., 2024). However,
the technology literature lacks solid, accurate and up-to-date evidence on the status of
urban transformation processes towards smart city models. There are gaps in the
understanding of how different aspects, such as the level of education of the population
and the municipal budget, affect the progress towards a smart city. This paper aims to
fill this gap by analysing the proposed smart city assessment model, focusing on the
indicators of open data, energy efficiency and smart public transport. Therefore, the
objective of this research is to propose a model to evaluate the transformation
processes towards smart cities in Lima, Peru. This research contributes to the field of
smart cities by providing a comprehensive and applicable assessment that considers
both the technological and the social and economic aspects involved in this process.
By better understanding these factors, more informed decisions can be made to
promote economic, social and environmental development, with the aim of improving
the quality of life and equality for all citizens.

2. Literature review

Smart cities represent an innovative response to contemporary urban challenges
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by integrating technology, data and citizen participation to improve quality of life,
operational efficiency and environmental sustainability (Déavid and Archi, 2024;
Guenduez et al., 2024). This concept is underpinned by several fundamental
assumptions. First, it is assumed that the integration of information and
communication technologies (ICT) into urban infrastructure can improve the
efficiency and quality of urban services. Second, it is assumed that involving citizens
in city planning and management can generate solutions that are more tailored to local
needs, thus promoting transparency and accountability. Finally, there is the premise
that smart use of resources, such as energy and transport, can mitigate environmental
impacts and promote urban resilience to climate change (Anschiitz et al., 2024; Lim
and Hwang, 2024).

The main components of smart cities are open data, smart public transport and
energy efficiency. Open data is considered essential, as the availability and
accessibility of urban data can drive innovation, government transparency and citizen
participation (Joyce and Javidroozi, 2024). On the other hand, smart public transport
is essential to optimise urban mobility, reduce congestion and reduce greenhouse gas
emissions. This includes the implementation of real-time traffic management systems,
efficient route planning and multimodal integration (Addas, 2023; Hashim, 2024). In
terms of energy efficiency, it is assumed that the adoption of energy efficiency-
oriented technologies and policies can reduce energy consumption and carbon
emissions, while improving the resilience of the urban energy system (Liu et al., 2024).
Together, these components reflect the holistic vision of smart cities as urban
environments that harness technology and data to improve citizens’ quality of life,
promote environmental sustainability and foster economic and social development
(Gracias et al., 2023; Castilla et al., 2023).

A study by Chu et al. (2021) in China examined the environmental impact of
smart cities. These cities helped reduce industrial emissions by 20.7% and 12.2%
respectively, thanks to technological improvements and urban innovation. Slovakia
also demonstrated the ability of municipalities to integrate public transport into the
smart city concept. By choosing the right mode of transport, individual transport was
reduced, improving air quality and the lives of citizens (Bubeliny and Kubina, 2021).
The effective use of ICT and interaction with smartphones is needed to improve
traditional transport systems (Rojas et al., 2017). Open data is also essential for the
development of smart cities. One study evaluated 50 cities and established a
framework for open data on air quality to improve governance, transparency, analysis,
planning and citizen participation (Leung and Lam, 2021; Neves et al., 2020).

On the other hand, Ortiz and Acero Alvarez (2016) highlights the importance of
educating the population, especially young people, in the context of developing cities
as innovation ecosystems. To this end, the “smartkids” programme has been
implemented, which encourages the creativity and active participation of young people
in the construction of smart cities. Through this programme, young people identify
urban problems and propose solutions, while learning to design business models and
understand the relevance of technology in improving quality of life. In addition,
educating the population significantly improves the quality of life of citizens, allowing
for an in-depth analysis of aspects such as demographic behaviour, environmental
behaviour, family relationships and self-discovery (Zas and Molina, 2018).
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In Japan, the attractiveness of smart cities lies in sophisticated area management,
driven by smart social technology and advanced information communication. While
social capital needs to be improved, the government is promoting the construction and
improvement of these cities (Nakano and Washizu, 2021). In New Zealand, interest in
smart cities has grown due to the expansion of mobile technologies and the use of open
data to promote efficiency and environmental sustainability. These technologies are
helping to reduce traffic and improve energy efficiency (Barr et al., 2021). In Cuba,
scientific research on smart cities is scarce, but essential for development. One study
highlights that universities in Havana should focus on research on smart cities to
increase the use of ICT and improve the quality of life of the population (Cobas and
Hernandez, 2018).

3. Method

3.1. Research design

The present research employs a basic research approach and follows a descriptive
design to analyze the relationship between the smart city assessment model and the
state of transformation processes in the urban context. The study was conducted during
the period from March to May 2023.

3.2. Research problems and objectives

This study aims to address a number of key research problems and objectives in
the context of the transformation towards smart cities in Lima, Peru. Among the
problems identified is the lack of systematic evaluation of urban transformation
processes, as well as the need to understand the feasibility and effectiveness of
implementing a specific evaluation model. In this sense, the research objectives
include analysing the current status of smart city implementation in Lima, focusing on
the dimensions of open data, smart public transport and energy efficiency. It also seeks
to explore the challenges and opportunities associated with improving the state of
urban transformation processes in the city, in order to provide relevant insights for the
development of future policies and strategies in this area.

3.3. Sample and selection procedure

The sample of participants consisted of 80 civil servants belonging to the
municipality of Lima. Participants were selected through simple random sampling,
ensuring representativeness and diversity in terms of experience and job
responsibilities in the municipal sphere. To be included in the study, participants had
to meet the following inclusion criteria: (a) be between 30 and 55 years of age, (b)
give informed consent to participate in the research, (¢) be residents of Lima, and (d)
be permanent employees with at least 6 months of work experience in a Lima
municipality. Incomplete questionnaires and cases where participants expressed
unwillingness to continue their participation were excluded.

3.4. Data collection instrument

The data collection technique used was the survey, implemented through a
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structured questionnaire designed specifically for this study. To ensure the
participation and convenience of respondents, they were provided the opportunity to
complete the survey confidentially through a link sent by email. The questionnaire was
hosted on the Google Forms platform, allowing participants to respond from any
location with Internet access. The questionnaire consisted of two opinion scales based
on Likert methodology, which were validated by expert judgement, demonstrating
high reliability with a Cronbach’s alpha coefficient of 0.804. The first scale assessed
the perception of the smart city evaluation model across three key dimensions: open
data, smart public transport and energy efficiency, comprising a total of 15 questions.
The second scale assessed the status of urban transformation processes, taking into
consideration the dimensions of the level of education of the population and the
municipal budget, and consisted of 10 questions. This methodological approach
allowed for a broad and detailed overview of perceptions and realities related to the
implementation of smart cities in Lima, thus providing a solid basis for the analysis
and interpretation of the results.

3.5. Validation of the measurement tool

The Likert scale used in the questionnaire was subjected to a process of validation
by expert judgement to ensure its suitability and relevance. A panel of experts in the
field of municipal management and urban transformation assessed the clarity,
relevance and coherence of the statements in the scale. Adjustments were made based
on expert comments and suggestions to improve the comprehensibility and
applicability of the scale.

3.6. Data analysis

The collected data were subjected to descriptive statistical analyzes, including
measures of central tendency and dispersion for each dimension of the independent
and dependent variables. In addition, correlation tests were carried out to explore
possible relationships between the different dimensions and the opinions of the
participants. Statistical software tools such as SPSS were used to perform these
analyzes.

3.7. Ethical considerations

The research was conducted in strict compliance with ethical research principles.
Participants gave informed consent prior to their inclusion in the study, ensuring their
voluntariness and confidentiality. All personal information and responses provided
were handled confidentially and used exclusively for research purposes.

4. Results

The questionnaire was applied to 80 employees, on the basis of which the
following results were obtained:

4.1. Workers’ perceptions of the dimensions of the smart cities variable
assessment

The findings obtained from the smart cities assessment provide a critical
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understanding of how workers perceive the implementation of smart cities in several
crucial dimensions. The notable finding that 48% of participants rate the level of open
data as unsatisfactory highlights a significant gap between expectations and reality in
terms of accessibility and availability of data. Furthermore, the 43% of respondents
who consider the multimodal integration of public transport to be deficient point to
challenges in the connectivity and fluidity of the transport system. Furthermore, the
fact that 53% of respondents rate the level of Energy Efficiency as “fair” indicates that
while progress has been made in this area, there is still room for substantial
improvements. These joint results highlight the need to strategically and
systematically address issues related to the availability and use of open data, the
interconnection of public transport and the optimisation of energy efficiency in smart
cities (Figure 1).

Smart city assessment variable dimensions

45 53%
48%
10 43%
35 40%
36%
30
25 28%
20 20%
15 13%
13%
E I I “
5
0 00 0% 0
. |
Very good Good Regular Bad Very bad
mOpendata  m Multimodal integration of public transport Energy efficiency

Figure 1. Smart cities assessment.

4.2. Workers’ perceptions of the dimensions of the transformation
process variable

The results derived from the analysis of the transformation processes provide
essential insights into how workers interpret the ongoing transition. The prominent
finding that 55% of respondents assess the education of the population as “fair”
suggests that there is a widespread perception that the level of education is not reaching
its full potential in this context of transformation. In parallel, the strong figure of 50%
of respondents rating the municipal budget as “bad” highlights concerns about the
allocation of resources to support the changes implemented. These combined results
highlight the need to address both the improvement of the education system and the
optimisation of financial management in the ongoing transformation processes
(Figure 2).
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Transformation process status variable
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Figure 2. Status of transformation processes.

4.3. Correlation coefficient

As can be seen in Table 1, Pearson correlation results have been obtained that
provide information on the relationships between the different dimensions analyzed in
this study. A statistically significant positive correlation of moderate strength was
found between the open data and education dimensions of the population (» = 0.624,
p < 0.001). This indicates that as levels of open data increase, workers reported a
higher level of education of the population. Similarly, a strong positive correlation was
found between the dimensions multimodal transport integration and population
education (» = 0.890, p < 0.001). This suggests that as the levels of multimodal
integration of public transport are higher, so is the level of education of the population.
Similarly, there is a strong positive correlation between the dimension’s multimodal
integration of public transport and municipal budget (» = 0.798, p < 0.001). This
indicates that as levels of multimodal public transport integration increase, workers
report higher municipal budgets. On the other hand, a weak relationship was found
between the dimensions open data and municipal budget (» = 0.515, p < 0.001). This
means that the behaviour of one dimension has no direct influence on the other.

Table 1. Interrelationships between smart city assessment dimensions and transformation process status dimensions.

M (DE) 1 2 3 4 5
1) Open Data 3.69 (1.16) 0.611" 0.212 0.624" 0.515"
2) Multimodal Integration of Public Transport  3.06 (1.09) 0.611™ —0.087 0.890™ 0.798"
3) Energy Efficiency 225 (0.934) 0212 ~0.087 0.197 ~0.337"
4) Education of the population 3.25(1.152) 0.624™ 0.890™" 0.197 0.732*
5) Municipal Budget 2.81 (0.96) 0515  0.798" ~0.337" 0.732"

Note: ** p <0.01.

5. Proposal

Based on the results of the survey, the following model is proposed to evaluate
the transformation processes of smart cities, which helps us to evaluate the current
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state of cities and then apply the model and obtain ideal results.

Figure 3 presents us the proposal of this research with a city evaluation model
based on the Smart City concept. Through the open data, energy efficiency and smart
public transport indicators of the Smart City variable, it highlights the importance of
maintaining a high level of social, urban and cultural development in order to be
considered a Smart City. Likewise, it should be noted that Smart Cities are the result
of society’s need to build a sustainable future for future generations, enabling a longer
quality of life. To achieve this, ICT will be used to help reduce energy consumption
and CO; emissions. On the other hand, the government must have management plans
to advance the transformation process, taking into account three factors: culture,
quality architecture and knowledge for development.

Ideal State

Promote open data to improve

q q q Open data .
Lack of innovation, creation governance, transparency, analysis,
and adaptation of technology. citizen participation and collective
Smart public intelligence
Municipal budget transport

Increase the level of technology,
science and efficiency to reduce
environmental pollution.

Low levels of energy efficiency
Education level of the regular
population

(Bjgrner, 2021) {Nakano & Washizu, 2021)

Implement programs that allow
learning and devising solutions for the
construction of Smart cities.

Population
education

: (Alvarado, 2018)
= = (Copaja & Esponda, 2019) ,‘ s
Las ventajas y las barreras Will smart cities enhance o Sy e Ciudad inteligente y

towards the smart city

sostenible. Hacia un modelo
de innovacién inclusiva.

para ser inteligente en una the social capital of
ciudad inteligente residents

Figure 3. Strategic proposal for assessing smart city transformation in Lima.

6. Discussion

In the graphical representation denoted as Figure 1, it can be seen that a
significant percentage of 48% of the participants gave a negative evaluation of Lima’s
open data. This highlights the lack of innovative initiatives and technological
adaptation in the region. This lack has an impact on the ability of companies to take
advantage of the available information and turn it into substantial sources of revenue.
The situation outlined here is in line with the views of Leung and Lam (2021) and
Neves et al. (2020), who identify open data as essential to the progress of smart cities.
They also highlight its role in improving urban governance, enhancing transparency,
analytical capabilities, accurate planning, citizen participation and collective
intelligence.

Figure 1 shows that 43% of respondents expressed a negative perception of the
multimodal integration of public transport in Lima. This figure points to a relevant
issue, namely the need for local governments to take responsibility for managing the
technological advances necessary to implement a smart public transport system, in line
with the notion of a Smart City. This finding is in line with the approaches presented
by Bubeliny and Kubina (2021) and Rojas et al. (2017), who underline the demand for
technological improvements in conventional transport systems. These improvements,



Journal of Infrastructure, Policy and Development 2024, 8(8), 5744.

in turn, would optimise the efficiency of transport services, an objective that could be
achieved by incorporating information and communication technologies to provide
additional conveniences and facilities to users.

Figure 1 shows that 53% of the participants consider energy efficiency in Lima
to be in a fair state. This indicates the importance of expanding efforts to improve
energy efficiency levels in the city. Such an improvement is seen as an essential means
to boost the well-being of society through smart actions, which in turn prevent the
waste of resources. This is in line with Barr et al. (2021) and Chu et al. (2021), who
support this perspective, highlighting how smart cities, as drivers of innovative
advantages, reinforce both the technological component and energy efficiency. The
latter, in turn, relates to the reduction of environmental pollution, contributing to a
healthier environment.

Within the analysis of Figure 2, it stands out that a significant 55% of the
respondents evaluate the level of education of the population as “fair”. This percentage
reveals a consensus among a substantial part of the participants regarding the
educational situation in the community. This perception implies a key recognition that
there is clear scope for improving the educational component in the society. The
situation outlined here is in line with the views of Ortiz and Acero Alvarez (2016),
who considers that educating the population, especially the youth, implies the
development of cities in an innovation ecosystem where learning processes and active
participation are developed.

In the context presented in Figure 2, it stands out that a considerable 50% of the
respondents negatively evaluate the municipal budget as “bad”. This provides a clear
picture of the general perception of municipalities’ financial management. This
assessment suggests the need for an in-depth review of the way in which resources are
allocated and administered, with the aim of achieving a more effective execution of
plans, projects and programmes aimed at fostering economic and social development.
The assessment presented in this figure is in line with the arguments presented by
Giffinger et al. (2007) and Villarejo (2015), who point out that the limitations that
exist on the municipal budget make it difficult to undertake smart city projects, forcing
cities to find new ways to transform themselves and provide urban services more
efficiently.

7. Conclusion

This study reveals significant aspects of the current state and process of
transformation towards smart cities. While confirming the promising potential of these
cities to address environmental challenges and improve citizens’ quality of life, it is
crucial to recognise the key areas for improvement identified through the assessment
of the smart city model.

The results underline the need to drive innovation and technological adaptation,
particularly evidenced by the low appreciation of open data by municipal officials.
This highlights the importance of promoting the reuse of information to generate
revenue and improve urban governance. It also highlights the importance of improving
public transport management, especially in terms of multimodal integration and
service facilitation through information and communication technologies.
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