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SMART CAMPUS: INDICATORS FOR THE SMARTIZATION 
PROCESS AT UNIVERSITIES 

 
 

ABSTRACT 

Smart campuses transform the university through a range of technological,  sustainable, and 
social actions. This thesis proposes a general framework for Smart Campus and recommends 
indicators  to  monitor  the  smartization  process  for  the  Latin  American  context  based  on 
technology, connectivity, and the Sustainable Development Goals pillars (SDGs). The thesis is 
structured by three papers that used both qualitative and quantitative methodologies. Firstly, 
the study performed a Systematic Literature Review based on PRISMA and SPIDER methods 
to identify the state-of-the-art and propose a smart campus framework, indicating its concept, 
main theoretical, and empirical perspectives. The second paper validated the previous 
framework through a Focus Group Method with a Latin American expert panel to create the 
Latin  American  school  perspective.  The  third  paper  applied  the  framework  in  a  Brazilian 
University to identify its importance and the priorities to decision-makers toward smartization 
processes  of  universities.  The  research  method  was  an  HJ-BIPLOT  methodology  based  on 
Importance-Performance Analysis (IPA). The results have twofold contributions.  
Theoretically, it consolidated a smart campus concept and model; at the same time, opened the 
Latin  American  perspective  of  smart  campuses.  Empirically,  the  thesis  provided  a  tool  for 
academic managers to implement and control the smartization process in universities. Thesis 
Results also offered an integrative framework for the smart campus based upon the SDGs as an 
integrated  and  indivisible  universal  agenda  that  seeks  to  balance  the  three  dimensions  of 
sustainable development: economic, environmental, and social. Also, the research provides a 
Smart Campus Model with eight dimensions and 38 indicators validated by Latin American 
scholars  as  a  Framework  to  the  field.  In  the  end,  this  thesis  gathered  all  findings  in  a 
management tool such as a monitor of smart campus. 
  
 
Keywords: Smart campus. Sustainable Development. Smartization process. Latin American 
Perspective. Smart Campus Monitor. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

SMART CAMPUS: INDICADORES DO PROCESSO DE 
SMARTIZATION EM UNIVERSIDADES 

 
 

RESUMO 

Smart Campuses transformam a universidade por meio de uma série de ações tecnológicas, 
sustentáveis  e  sociais.  Esta  dissertação  propõe  um  framework  geral  para  Smart  Campus  e 
recomenda  indicadores  para  monitorar  o  processo  de  smartization  para  o  contexto  latino-
americano com base na tecnologia, conectividade e nos pilares dos Objetivos de 
Desenvolvimento  Sustentável  (ODS).  A  dissertação  está  estruturada  em  três  artigos  que 
utilizaram  metodologias  qualitativas  e  quantitativas.  Primeiramente,  o  estudo  realizou  uma 
Revisão Sistemática da Literatura com base nos métodos PRISMA e SPIDER para identificar 
o estado da arte e propor um framework de Smart Campus, indicando seu conceito, principais 
perspectivas teóricas e empíricas. O segundo artigo validou a estrutura anterior por meio de um 
Método  de  Focus  Group  com  um  painel  de  especialistas  latino-americanos  para  criar  a 
perspectiva  da  escola  latino-americana.  O  terceiro  artigo  aplicou  o  framework  em  uma 
universidade brasileira para identificar sua importância e as prioridades para os tomadores de 
decisão em relação aos processos de smartization das universidades. O método de pesquisa foi 
uma  metodologia  HJ-BIPLOT  baseada  na  Análise  de  Desempenho-Importância  (IPA).  Os 
resultados têm contribuições duplas. Teoricamente, consolidou um conceito e modelo de smart 
campus; ao mesmo tempo, abriu a perspectiva latino-americana de smart campus. 
Empiricamente, a dissertação forneceu uma ferramenta para gestores acadêmicos 
implementarem e controlarem o processo de smartization nas universidades. Os resultados da 
dissertação também ofereceram uma estrutura integrativa para o de smart campus com base nos 
ODS como uma agenda universal integrada e indivisível que busca equilibrar as três dimensões 
do desenvolvimento sustentável: econômica, ambiental e social. Além disso, a pesquisa fornece 
um modelo de Smart Campus com oito dimensões e 38 indicadores validados por acadêmicos 
latino-americanos como uma estrutura para o campo. Ao final, esta dissertação reuniu todas as 
descobertas em uma ferramenta de gestão como um monitor de campus inteligente. 
  
 
Palavras-chave:  Smart  Campus.  Desenvolvimento  Sustentável.  Processo  de  Smartization. 
Perspectiva latino-americana. Monitor de Smart Campus. 
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1 Introduction 

 The Sustainable Development Goals (SDG), proposed by the United Nations, offers an 

agenda of 17 goals distributed in indicators to implement Sustainable Development initiatives 

on  countries,  cities,  regions,  companies,  and  individuals  (United  Nations,  2015,  2020).  It 

encompasses initiatives to make the world more sustainable and often promotes a wide range 

of technological, social, environmental, and economic changes.  

 In this line, the smart city concept emerged in the 1990s to improve the citizen quality 

of life through smartization processes that comprehend intelligent solutions, smart 

combinations  of  endowments  and  activities  from  aware  citizens,  sustainable  development, 

governance, and multi-stakeholder partnerships (E. Ahmed, Yaqoob, Gani, Imran, & Guizani, 

2016; Gubbi, Buyya, Marusic, & Palaniswami, 2013; Hussain & Jain, 2020).  

 A smart city must be well-performing in a forward-looking way by smart dimensions, 

such  as  economy,  mobility,  people,  governance,  environment,  and  living.  Those  must  be 

provided by integrated and multidimensional systems to form a more intelligent, 

interconnected, and efficient infrastructure of components and services, such as education and 

healthcare  (Fernandez-Anez,  Fernández-Güell,  &  Giffinger,  2018;  Giffinger  et  al.,  2007; 

Washburn et al., 2010).  

 The smartization is also replacing classical education with smart education. The process 

is led by industry 4.0 and technical innovations influenced by the socio-economic challenges 

of  the  post-industrial  era,  changing  the  education  paradigm  of  the  XXI  century  (Elsakova, 

Kuzmina,  &  Kochkina,  2019;  Tikhonova,  2019).  Technology  is  a  fundamental  tool  in  this 

process, promoting context-sensitive, ubiquitous learning, e-learning, and other improvements; 

but technology is not the ultimate goal to pursue a smart education, which needs to introduce 

modern policies, new learning criteria, and methodologies to adapt learning to every student 

individual needs and requirements (Durán-Sánchez, Álvarez-García, Del Río-Rama, & 

Sarango-Lalangui, 2018; Elsakova et al., 2019; Segredo, Miranda, & Leon, 2017).  

 From  an  overlap  with  smart  city  and  smart  education,  emerged  the  smart  campus 

approach. It aims to implement a set of smart services with a wide range of technologies to 

build or improve a university into an interactive, adaptive, and digital learning ecosystem to 

cope  with  novel  and  emerging  needs  from  both  modern  society  and  the  labor  market  in  a 

sustainable, social, and technological way (Atif, Mathew, & Lakas, 2015; Caballero, García-

Valverde, Pereñíguez, & Botía, 2016; Y. Chen, Zhang, & Zhang, 2012; Coccoli, Maresca, & 
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Stanganelli, 2017; Khamayseh, Mardini, Aljawarneh, & Yassein, 2015; Villegas-Ch, Arias-

Navarrete, & Palacios-Pacheco, 2020).  

 However, the smart campus is still at the exploratory stage, also it is a broad concept 

without a unified and common definition (Chiu, Chang, Lee, Chen, & Lee, 2020; Min-Allah & 

Alrashed, 2020; Prandi,  Monti, Ceccarini, & Salomoni, 2020). Nevertheless,  smart campus 

interventions  are  growing  in  various  universities  worldwide,  which  highlights  the  need  to 

pursue more studies in this matter.  

 Thus, this Master thesis questions: How to monitor the implementation of a Smart 

Campus according to an integrative concept and model toward smartization processes 

for Latin American universities? Based on this research problem, the main and specific goals 

follow. 

 

1.1 Objective of the master’s thesis 

 The main research objective is to propose a Smart Campus framework adapted to the 

context of Latin-American universities and recommend indicators to monitor the smartization 

process  for  the  Brazilian  context  based  on  technology,  connectivity,  and  the  Sustainable 

Development Goals (SDG). 

 

1.1.2 Specific Objectives 

• Identify the state-of-the-art and propose a smart campus framework. 

• Formulate and validate a Smart Campus model with indicators to monitor the smartization 

process in the Latin American Context. 

• Identify the essential elements and the most significant deficiencies in the Smart Campus 

dimensions  and  its  variables  from  the  user  point  of  view  to  offer  a  list of  priorities  to 

decision-makers. 

1.2 Justification 

 The smart campus has not a consensual definition, dimensions, and components among 

authors; as well it has a low number of interventions in Latin America. The need to gather the 

literature about the matter and propose a framework adapted to Latin American universities 

justifies this research. Another gap on smart campus is the lack of indicators to monitor the 

smartization process and support the decision-maker in universities. 
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 The novelty of this study is twofold: First, it provides a review of the smart campus 

literature  and  builds  a  theoretical  framework;  secondly,  it  creates  and  validates  a  Latin 

American perspective and a set of indicators to monitor the smartization process of universities 

with both experts and users. The results have double contributions: on the one side, theoretical 

contribution  to  the  model  of  smart  campus;  on  the  other,  it  provides  insights  and  tools  to 

decision-makers of universities seeking to implement smart campus’ projects. 

 

1.3 Thesis Modality  

 This Master's thesis will adopt the structure of Scientific Papers Modality as foreseen 

in the regulations of the Postgraduate Program of Management of the Federal University of 

Campina Grande. It will be conducted as shown in Table 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
Table 1. Thesis structure 

Source: Elaborated by the authors  

PROBLEM:     How to monitor the implementation of a Smart Campus according to an integrative concept and model toward smartization processes for Latin American universities? 

MAIN GOAL:     To propose a framework to Smart University adapted to the context of the Latin-American campus and recommend indicators to monitor the smartization process for the 
Brazilian context based on the technology, connectivity, and SDGs (Sustainable Development Goals).  

SPECIFICS GOALS 
CORREPONDING 

ARTICLE 
SUBMISSION  

METHODOLOGY 

DATABASE ANALYSIS 

1.  Identify the state-of-the-art 
and  propose  a  smart  campus 
framework. 
 

1st article:  Status of 
knowledge on Smart 
Campus: Implications for 
educational institutions and 
sustainability. 

Submitted to the journal 
Review of Educational 

Research. 

Bibliographic: Scopus 
and Web of Science 

databases. 

Qualitative 
Systematic Literature 

Review. 

2.    Formulate  and  validate  a 
Smart Campus model with 
indicators to monitor the 
smartization process in the 
Latin American Context 

2nd article:    Smart Campus 
Monitor: A method to 
support decision-making 
from Latin American 
universities. 

Submitted to the journal 
Technology in Society. 

Interviews with Latin 
American management 
experts and researchers 

Qualitative 
Focus Group 

3. Identify the essential 
elements and the most 
significant  deficiencies  in  the 
Smart Campus dimensions and 
its variables from the user point 
of view to offer a list of 
priorities to decision-makers. 

. 

3rd  article:      Prioritizing 
decision-making: Indicators 
to the  Smartization process 
of universities. 

Submitted to the journal 
Management Decision. 

5-point Likert scale 
survey to UFCG 

students.   

Quantitative 
Importance-

Performance Analysis 
(IPA matrix). 
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Besides this introduction, the thesis project follows this structure:  

• Chapter  1  –  “Status  of  knowledge  on  Smart  Campus:  Implications  for  educational 

institutions and sustainability” is the first article of this thesis. It gathers information about 

the smart campus from 178 articles through a systematic literature review in both Web of 

Science and Scopus databases. Thereby, we identified smart campus definitions, 

dimensions,  interventions,  advancements,  and future  research. By  those  means, we 

proposed a smart campus definition and framework.  

• Chapter 2 – “Smart Campus Monitor: A method to support decision-making from Latin 

American universities” is the second article of this thesis. It focused on the methodological 

procedures to formulate and validate smart campus’ indicators with experts through a focus 

group.  Thus,  it  results  in  an  evolution  of  the  previous  model  for  the  smart  campus, 

according to a Latin American perspective.  

• Chapter  3  –  “Prioritizing  decision-making:  Indicators  to  the  Smartization  process  of 

universities” is the third article of this thesis. We conducted an Importance-Performance 

Analysis to identify the most important and the greatest deficiencies on the smart campus 

concept from students at a Brazilian university. Thus, we validated the final model built 

from both previous articles with campus end-users, i.e., the students.  

• Chapter 4 – At last, we draw our conclusions. It comprises a summary of main findings 

from all chapters and how they interrelate to compose this thesis outcome. Furthermore, 

we present limitations and suggest future studies in the area.  

 We also highlight that each article follows the same structure, citation format, reference 

list, figures and tables listing, as well appendix inclusion, according to the respective submitted 

journals, following the PPGA/UFCG guidelines.  
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Abstract 

The  Smart  Campus  is  a  trending  transformative  initiative  for  universities,  mostly  improving 
processes, livability, and learning through Information and Communication Technologies (ICT) 
and sustainability; although, there is not a standard definition or dimensions among scholars. Thus, 
our research goal is to identify the state-of-the-art and a framework of the Smart Campus through 
a Systematic Literature Review to identify definitions, dimensions, interventions, advancements, 
and future research suggestions on 178 articles. To improve reliability in the search process, we 
followed PRISMA and SPIDER methods. We found 70 definitions for smart campus and related 
terms,  but  overall,  the  smart  campus  concept  relates  to  technology  innovations,  sustainability, 
learning strategies, and stakeholders’ participation to promote changes in educational paradigms 
and livability on universities. We categorized the smart campus characteristics and components 
into nine dimensions according to its resemblance, which were mainly related to ICT. Besides a 
broad  concept  that  includes  more  than  technology,  most  smart  campus  initiatives  and  future 
research agenda relates to the informatization of universities. At last, we conclude that a Smart 
Campus is a higher education ecosystem that uses technology to achieve the tripod of sustainability 
(economy,  environmental,  and  social  aspects)  in  a  model  of  governance,  collaborative,  and 
adaptive learning to promote better livability for its stakeholders. It has an integrative framework 
composed by smart dimensions linked to the Sustainable Development Goals, namely Economy, 
Education, Environment, Living, Mobility, Management, Security, and Technology, which is a 
transversal component to all others. 
 
Keywords: Smart Campus. Information and Communication Technologies. Sustainability. 
Sustainable Development Goals. Systematic Literature Review. 
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1 Introduction 

 The  Smart  Campus  concept  is  an  approach  to  improve  traditional  universities  through 

technology, sustainability, livability, and other implementations, seeking a better quality of life on 

campus,  as  well  as  working  and  learning  processes  to  its  stakeholders.  The  Smart  Campus 

definitions have three main approaches: one acknowledges mostly the informatization of 

universities,  one  relates  to  the  smart  city  concept,  while  another  understands  it  based  on  the 

organizational development.  

 The first approach focuses on the university informatization mainly through Internet of 

Things  (IoT)  and  Information  Communication  Technologies  (ITC)  implementations  (Liang  & 

Chen, 2018; H. I. Wang, 2014; Xia et al., 2018; A. M. Yang et al., 2018). Also, cloud computing 

and data fusion to integrate independent business systems and resources of schools into an organic 

whole  (X.  Liu,  2017)  in  which  school  managers,  teachers,  students,  and  parents  interact  with 

campus resources (Qiu, Lei, & Zhang, 2018).  

 The  second  approach  of  the  smart  campus  is  based  on  the  smart  city  approach  as  it 

transforms  the  traditional  university  through  a  systemic  view  using  more  than  just  technology 

(Uskov et al., 2016). It includes improvements on architecture, learning processes, social services, 

community relationship, resources, favorable places for learning, and shared knowledge between 

all university stakeholders in a seamless way (Atif et al., 2015; Coccoli, Guercio, Maresca, & 

Stanganelli, 2014; Coccoli et al., 2017; Villegas-Ch, Palacios-Pacheco, & Luján-Mora, 2019).  

 Thus, the smart campus concept connects with the goal of a smart city to become smarter 

through even more connected and ubiquitous devices, apps, and wearables, but also developing 

better social resources, services, and products, such as democracy, education, and health (Caragliu, 

del Bo, & Nijkamp, 2011; Giffinger et al., 2007). 

 The third approach of smart campus connects with services provision using technology 

enhancement to lead the services improvement. The ultimate purpose of smart campus services is 

to improve the efficiency of campus management, which is based on organizational development 

and competitive advantage (G. Guo, 2018; Nan, Suo, Jia, Wu, & Shan, 2018). 

 Beyond  these  three  approaches,  the  Smart  Campus  knowledge  field  still  needs  more 

research on its concept, components, and dimensions, due to its novelty in the academic universe 

and lack of consensus from authors (Min-Allah & Alrashed, 2020; Prandi, Monti, Ceccarini, & 

Salomoni,  2020).  Thus,  our  research  goal  is  to  identify  the  state-of-the-art  and  theoretical 
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framework of Smart Campus. We performed a systematic literature review to comprise the best 

information about smart campus and a content analysis to extract and synthesize data concerning 

definitions, dimensions, interventions, advancements, and future research on the field.  

 Systematic  reviews  are  essential  tools  to  summarize  evidence  accurately  and  reliably, 

providing information about theories and practice to any discipline as well as to afford information 

of a research agenda, therefore, it is an adequate research objective for scholars (Liberati et al., 

2009; Tranfield, Denyer, & Smart, 2003). This study contributes to the development of the Smart 

Campus approach providing an integrative overview and framework of the Smart Campus concept, 

highlighting gaps, and offering future research insights to the field. 

 

 

2 Smartization: from city to campus  

 
 Technologies to enhance living are increasing around the world through smart devices and 

services that automate everyday tasks, at the same time that optimize the use of resources based 

on Sustainable Development providing a livable environment (Boni, Xu, Chen, & Baddoo, 2020; 

Cesconetto et al., 2020). A smart environment is a connected world by sensor-enabled devices that 

work collaboratively with Information and Communication Technologies, the Internet of Things, 

computational and information exchanging devices that can perceive the people state and actions 

on the environment to facilitate their lives (Boni et al., 2020; Cesconetto et al., 2020; Gubbi et al., 

2013; Hussain & Jain, 2020; Rashidi, Cook, Holder, & Schmitter-Edgecombe, 2011; Streitz et al., 

2005). 

 The term “smart” relates to the ability to autonomously obtain and apply knowledge, while 

“environment” refers to the surroundings. Thus, the smart environment is capable of acquiring 

knowledge and using it according to its inhabitants’ needs contributing in the analog to the digital 

transition of humankind (E. Ahmed et al., 2016; Boni et al., 2020).  
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 Smart  environments  have  unique  properties,  such  as  ubiquity,  invisibility,  sensing,  and 

memory amplification that aim to facilitate human life in several ways and support positive societal 

changes (Cesconetto et al., 2020; Hussain & Jain, 2020). There is a wide range of applications 

related to smart environments, such as smart health, smart homes, smart offices, smart retail, smart 

agriculture/forest, smart water, smart mobility/transportation, and smart cities (E. Ahmed et al., 

2016; Gubbi et al., 2013; Hussain & Jain, 2020). 

The Smart City concept began in the 1990s with a “Technopolis” perspective and became 

an icon of innovation (de Wijs, Witte, de Klerk, & Geertman, 2017; L. Mora, Bolici, & Deakin, 

2017). However, smart cities go beyond technology, aiming to improve the citizens quality of life 

through smartization processes that comprehend the identification of intelligent solutions, a smart 

combination of endowments, citizens awareness, sustainable development, participatory 

governance, and multi-stakeholder partnership (Caragliu, del Bo, & Nijkamp, 2011; Fernandez-

Anez et al., 2018; Giffinger et al., 2007; Ismagilova, Hughes, Dwivedi, & Raman, 2019; Nesti, 

2020).  

A smart city is a well-performing city in a forward-looking way on several dimensions, 

such as economy, mobility, people, governance, environment, and living integrated with 

multidimensional systems that can make the infrastructure of components and services of a city, 

for  instance,  education,  healthcare,  and  utilities,  more  intelligent,  interconnected,  and  efficient 

(Fernandez-Anez et al., 2018; Giffinger et al., 2007; Washburn et al., 2010).  

Although the smart city concept has two different conceptual lines (Angelidou, 2015; L. 

Mora et al., 2017), its goal reflects a bottom-up citizen-centered approach driven by stakeholders 

to achieve urban development, public-private partnerships, and a better quality of life (Caragliu & 

Del Bo, 2016; De Guimarães, Severo, Felix Júnior, Da Costa, & Salmoria, 2020; Fernandez-Anez 

et al., 2018).  

Smart environments are also a driver for smart campuses, which is a refinement of the term 

and idea (Prandi et al., 2020). The smart campus is a smart environment of teaching, learning, and 

living based on IoT and application services, supporting its development with a wide range of 

technologies, becoming a new form of campus information (Y. Huang et al., 2016; Xing, Yuan, 

Yang, Lai, & Zhang, 2014). Besides, the smart campus could be part of the smart city and share a 

similar base installation, communication network, and traffic network (Janssen & Prasetiyowati, 

2018; Ren, Zhang, & Duan, 2018).  Usually, smart campus projects scale up smart city initiatives 
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(Alvarez-Campana, López, Vázquez, Villagrá, & Berrocal, 2017; Moreno et al., 2017; Ramos, 

Trilles, Torres-Sospedra, & Perales, 2018; Vasileva et al., 2018; Wu et al., 2020). 

 There is not yet a common concept of a smart campus. It is a broad and fragmented research 

area  with  many  issues  to  be  addressed  (Y.  Chen  et  al.,  2012;  Chiu  et  al.,  2020;  Min-Allah  & 

Alrashed, 2020; Prandi et al., 2020; Vasileva et al., 2018) In this sense, this research intends to 

contribute on deepening the theoretical review and define the state-of-the-art of Smart Campus 

scientific perspective. 

  

 

3 Methods 

 
 This study conducts a literature review on smart campus as indicated by Tranfield, Denyer, 

& Smart (2003), which is systematic, transparent, and reproducible. The search process followed 

both PRISMA and SPIDER techniques to improve reability. PRISMA guides authors to conduct 

systematic reviews and meta-analysis; although the method was created to health interventions, it 

is relevant to  any systematic review (Moher et  al., 2009).  We were also guided by Alexander 

(2020) suggestions to enhance the quality of the review process and improve our findings.  

 The SPIDER method is a search strategy tool more appropriate for qualitative and mixed 

methods research. The process comprises Sample, Phenomenon of Interest, Design, Evaluation, 

and Research type (Cooke, Smith, & Booth, 2012). Figure 1.1 shows the methodological design 

merging SPIDER technique inside the PRISMA identification process. 
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Figure 1.1 Methodological design based on PRISMA and SPIDER techniques 

 
Source: Elaborated by the authors based on Cooke et al. (2012) and Moher et al. (2009). 

 

 To systematically review the Smart Campus concept, we used a four-staged method based 

on Kitchenham (2004) and Iwasaki (2020). Figure 1.2 presents the stages and their procedures.    
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Figure 1.2. Four-stage method for the systematic review procedure 

 
Source: Elaborated by the authors. 

 

3.1 Planning  

 The planning stage defines a set of research questions to guide the primary goal of the study 

that is to identify the state-of-the-art and a theoretical framework of the Smart Campus approach. 

Thus, we defined five questions and its rationale (Figure 1.3) offering a concise and informative 

overview of what has been established and what remains to be explored (Alexander, 2020). 

 

Figure 1.3. Research Questions 

 
Source: Elaborated by the authors. 
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3.2 Search  

 In  September  2020,  we  searched  in  the  Web  of  Science,  Scopus,  and  Google  Scholar 

databases to identify relevant papers about smart campus to determine better keywords and optimal 

search terms. By these initial searches, we defined “iCampus” (as an abbreviation for Intelligent 

Campus) and combined both adjectives “Smart” and “Intelligent” with “Universit*”, “Campus”, 

and “Education”. Thus, seven quest terms with the “OR” Boolean operator guided the search in 

both Web of Science and Scopus databases. As criteria, the words should be in Title, abstract, 

keyword, and topic of the paper.  

 We did not set any language restriction during the selection process, so scientific articles 

published in a language other than English, or Spanish were translated to assess their eligibility. 

The limiters restricted the search to only peer-reviewed journals and reviews, following Ordanini 

et al. (2008) indications. Thus, we excluded proceeding papers, editorial revisions, books, data 

papers, and early access papers. There were no lower publication time limits, and the upper limit 

was the time of completing the search, that means, studies published until September 2020. 

 We collected 560 papers from the databases; then we used Mendeley software to manage 

references from both Web of Science and Scopus databases that allowed us to remove duplicates 

resulting in a sample of 410 papers. Then,  we conducted the screening  process based on title, 

abstract,  and  keywords  according  to  the  following  exclusion  criteria:  (1)  papers  focused  on 

education  institutions  other  than  universities,  colleges,  or  faculties,  and  (2)  papers  without 

definition or intervention of a Smart Campus feature or project.  

 To  ensure  a  higher  degree  of  confidence  and  reliability  in  the  screening  process,  two 

researchers evaluated all papers independently to define the pertinence to the final sample. The 

differences of choice were discussed and solved by consensus, resulting in 188 eligible pieces that 

fit both focus and scope. After the reading of full-text versions of the eligible studies, we excluded 

10 papers based on the exclusion criteria. The final sample was composed by 178 papers selected 

for content analysis (Figure 1.1). 

3.3 Analysis 

 The  qualitative  content  analysis  aims  to  describe  a  phenomenon,  being  appropriate  to 

theory or literature on a limited phenomenon, allowing the categories to flow from the data (Hsieh 
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&  Shannon,  2005).  We  chose  the  content  analysis  direct  approach  to  extend  conceptually  a 

theoretical framework that is a deductive application to identify and categorize all instances of a 

phenomenon on a structured and reasoned manner (Hsieh & Shannon, 2005). We read the full-text 

versions and used a Microsoft Excel spreadsheet to synthesize data following the rationale exposed 

in Figure 1.3: definitions, dimensions, interventions, advancements, and future research. 

3.4 Report 

 We  reported  and  discussed  the  results  following  the  same  rationale  from  Figure  1.3, 

exposing  a  timeline  from  the  most  cited  authors  and  its  approaches,  the  different  dimensions 

proposed, and interventions conducted on the field, as well the advancements related with future 

research. Then, we identify a Smart Campus framework based on the results found from the data.  

  

4 Results 

 From the data analysis, the phenomenon named “Smart Campus” have different 

understandings  among  scholars,  therefore  it  still  has  a  vague  concept  and  components.  The 

literature review showed eight names given to the phenomenon (Figure 1.4). Four variations are 

interchangeable terms since they are synonyms referring to the same circumstance. According to 

Cambridge  Dictionary  (2020),  smart  is  an  adjective  that  means  “intelligent,  or  able  to  ‘think 

quickly or intelligently in difficult situations”; while intelligent means “showing intelligence, or 

able to learn and understand things easily”.  

 The smart campus is also understood as any entity that uses technology and infrastructure 

to  improve  its  processes.  At  the  same  time,  the  smart  university  focus  on  improving  the 

infrastructure of universities through technology to enhance the quality of the education provided 

by  institutions.  Thus,  the  smart  university  approach  derived  from  the  smart  campus  concept 

(Sanchez-Torres, Alberto Rodriguez-Rodriguez, Willmer Rico-Bautista, & Guerrero, 2018).  In 

this matter, the term “campus” relates to any entity, but according to the Cambridge Dictionary 

(2020), it is “the buildings of a college or university and the land that surrounds them”. 

 There are no significant differences among the approaches of Smart University and Smart 

Campus. The smart university is a dynamic and innovative place that implements technologies and 

new  education  methods  to  replace  “classical  education”  with  smart  education  to  improve 

experiences to its stakeholders with open learning systems, education customization, mobile free 
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access to educational content, and smart organizational systems (Elsakova, Kuzmina, & Kochkina, 

2019; Khamayseh, Mardini, Aljawarneh, & Yassein, 2015; Rico-Bautista, Maestre-Góngora, & 

Guerrero, 2020; Tikhonova, 2019; Zapata-Ros, 2018). The same ideas are presented in the Smart 

Campus approach. 

 Similar results showed the comparison with the term intelligent campus. It is a multi-agent 

system providing ambient intelligence as a new paradigm for supporting and integrating all the 

academic activities that take place at universities. Intelligent Campus is an effort to enrich the end-

to-end learning lifecycle of a knowledge ecosystem, including several areas of intelligence for the 

university  life  (Bromuri  et  al.,  2010;  Bureš,  Tučník,  Mikulecký,  Mls,  Blecha,  et  al.,  2016; 

Caballero, Munoz, Soto, & Botía, 2014).  

 
Figure 1.4 Different names used by scholars to express smart context in universities 

 
Source: Elaborated by the authors.   

 

4.1 Definition 

 From 178 papers, we found 70 definitions of smart campus or similar terms. To synthesize 

this finding, we chose the most cited articles of each year and created a timeline of the smart 

campus concept to present its evolution (Figure 1.5). There is a lack of definitions in some years 

– 2009, 2011, and 2013, for instance – also some of the most cited papers did not offer a concept, 

so we chose the next most cited article with a smart campus definition. Kaneko, Sugino, Suzuki 

and Ishijima (2000) coined the term smart campus to represent a web-based environment built in 
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cooperation between university and industry with video-conferencing facilities and technologies 

mostly related to internet and networking system (Min-Allah & Alrashed, 2020). 

 Although the concept of Smart Campus emerged from technologies, the oldest paper of our 

sample  focused  on  creative  learning  as  the  driver  for  a  sustainable  smart  campus  (Clark  II  & 

Eisenberg, 2008).  In the sequence, another concept is toward inclusion  and accessibility as an 

iCampus (Bromuri, Urovi, & Stathis, 2010). Despite the diverging focuses, both concepts indicated 

an experimental phase towards the universities smartization.  

 However,  in  2012  the  tech  context  is  highlighted  by  the  smart  campus  representing 

informatization,  high-tech  and  modern  architecture  (Y.  Chen  et  al.,  2012).  The  2012  concept 

evolved from the multi-agent system proposed by the earlier years; however, it expressed a focus 

on a convenient daily life based on technology, therefore, being beyond inclusion. 

 The  Smart  Campus  in  2014  retrieved  the  idea  from  creative  learning  of  2008  but 

highlighted shared knowledge among stakeholders. The concept of Coccoli et al. (2014) did not 

use  the  term  technology,  although  it  is  the  base  to  promote  shared  knowledge.    In  2015  the 

presented  idea  of  smart  campus  gathers  some  previous  approaches  on  stakeholders,  learning 

spaces, social services, and emphasizes that technology is the way to augmented physical resources 

efficiency (Atif et al., 2015). Thus, the concept of the smart campus started a broader view. In the 

same line, in 2016 was presented a systemic view but highlighted the use of IoT and application 

services in the smart campus (Y. Huang et al., 2016).  

 Since 2017, the concept of smart campus pointed out a two-pillar structure – social and 

sustainable – mediated through technology tools to the future university (Coccoli et al., 2017). 

However, in 2018 emerged worries about cybersecurity issues. Tian et al. (2018) highlighted that 

technology became the foundation of all university processes; thus, technology also represents a 

weak point or risk.  

 In 2019, the smart campus concept returned to its origin, i.e., the smart city approach. It 

rethought the university as a small city, based on innovation and emphasized the importance of 

management (Fortes et al., 2019). Nowadays, in 2020, the smart campus definition encompasses 

all previous approaches to create an intelligent ecosystem to meet stakeholders needs. It includes 

the university community, society, and environment, using ICT as a mediator (Villegas-Ch, Arias-

Navarrete,  et  al.,  2020).  Technology  assumes  the  place  of  the  mediator  or  the  way  to  the 

smartization process (Figure 1.5).  
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Figure 1.5. Timeline of smart campus concepts 

 
Source: Elaborated by the authors  
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Most definitions link some technology implementation, for instance, cutting-edge 

technologies such as the Internet of Things (IoT) and Information Communication Technologies 

(ITC) to enhance the informatization level in colleges and universities (Celdran et al., 2020; Luo, 

2018; Rico-Bautista, Medina-Cárdenas, et al., 2020; Rico-Bautista, Maestre-Góngora, et al., 2020; 

Tian et al., 2018; Xu et al., 2019; Xu, Wang, & Yu, 2018). Interconnection of physical and virtual 

systems become a crucial point to a smart campus. Some authors characterize the smart campus as 

an advanced digital campus pattern (Y. Chen et al., 2012; Janssen & Prasetiyowati, 2018; Nan et 

al., 2018; Yange, Xiaopin, Zhili, & Liang, 2016). That is an integration platform that combines 

various systems to provide information management service (Y. Chen et al., 2012).  

 The smart campus is also understood as an open, innovative, collaborative, and integrated 

information service platform in which the technology is a key to ensure the service system to run 

efficiently and continuously in daily life. Its purpose is to achieve the intelligent management and 

service on campus, offering sophisticated services and individual information to its stakeholders 

(Jurva, Matinmikko-Blue, Niemelä, & Nenonen, 2020; A. M. Yang et al., 2018). The smart campus 

utilizes and integrates physical and digital spaces to establish responsive, intelligent, and improved 

services to  create  a productive, creative,  and sustainable environment  (Min-Allah & Alrashed, 

2020).  

 The Organizational perspective highlights a new set of intelligent services into campus to 

replace old manual services to integrate new service concepts, management service, and 

information sharing mechanisms to optimize processes (Khamayseh et al., 2015; G. Guo, 2018; 

Nan et al., 2018). It is necessary to focus on processes and organizational systems, motivate people 

to  workgroups  connected  to  decision  processes,  new  knowledge  creation,  and  organizational 

learning (Staškevičiute & Neverauskas, 2008). Then, intelligent management is another key-point 

to a smart campus. 

 Besides, a smart campus adequately manages resources within the university and provides 

a better coexistence between the university population and its surroundings (Villegas-Ch, Palacios-

Pacheco,  et  al.,  2019).  Segredo,  Miranda,  &  Leon  (2017)  encouraged  the  development  of 

computing thinking as a driver in the transformation process to smartization. They highlighted that 

technology should not be the goal if the university pursues smart education, instead it should focus 

on a Sensitive, Manageable, Adaptable, Responsive and Timely (SMART) education.  
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 Thus, “being smart” should not be confused with “being digital”. Instead, the smart campus 

is a composition of learning spaces in which physical learning resources are augmented through 

digital and social services. It should focus on shared knowledge between stakeholders to enrich 

the learning ecosystem to prepare them to novel and emerging needs of both the modern society 

and the labor market in a sustainable, social, and technological way (Atif et al., 2015; Caballero, 

García-Valverde,  Pereñíguez,  &  Botía,  2016; Coccoli,  Maresca,  &  Stanganelli,  2017;  Coccoli, 

Maresca, Stanganelli, & Guercio, 2015; Coccoli, Guercio, Maresca, & Stanganelli, 2014). 

 The  smart  city  concept  is  linked  to  smart  campus  approach  (Fraga-Lamas  et  al.,  2019; 

Janssen & Prasetiyowati, 2018; Ren et al., 2018; Wu et al., 2020), which integrates economic, 

environmental,  and  social  dimensions  with  technologies  to  offer  a  better  quality  of  life  to  its 

inhabitants (Caragliu et al., 2011; Giffinger et al., 2007; Nesti, 2020).  

 The broad view of the Smart Campus concept generates many points of view. However, 

the definitions can be categorized in three approaches, as categorized as: (a) technology-driven, 

(b) smart city concept adoption, and (c) based on the development of an organization or business 

process (Gilman et al., 2020; Prandi et al., 2020). To sum up, the smart campus is a refinement of 

the umbrella term smart environment. It is a broad concept with no unified definition, and it still 

is at the exploratory stage (Y. Chen et al., 2012; Chiu et al., 2020; Min-Allah & Alrashed, 2020; 

Prandi et al., 2020).  

 

4.2 Dimensions  

  The dimensions, characteristics and components of smart campuses respond the question 

'what composes a smart campus'. Figure 1.6 summarizes the set of dimensions and elements cited 

by the scholars aggregated according to its resemblance, despite the different titles used by authors. 



 

Figure 1.6. Dimensions of a Smart Campus 

Source: Elaborated by the authors. 
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 Smart Mobility comprises actions mainly related to transportation within and outside 

campus, combining technologies to enhance the experience through location-based services. 

For instance, smart parking, intelligent signage, maps-based services, bicycle rental service, 

forecast  traffic  service,  and  bus  information  systems.  Also,  the  scholars  associate  products 

related to sustainability in the mobility sector, such as electric and autonomous vehicles, smart 

streetlights, and energy trading systems. The dimension’s primary goal is to combine 

technologies to make mobility more comfortable, effective, and sustainable on campus.  

 Smart Education is the core business of a university since it is an education facility. It 

is one of the most studied dimensions by the scholars involving learning improvements through 

new methodologies, such as game-based, optional supplementary courses, collaborative, open 

and adaptive learning; technology innovation through computerized adaptive testing, e-learning 

and  smart  teaching  services.  Besides,  it  includes  living-lab  environments,  open-innovation 

framework, and a community-based knowledge transfer. The dimension has the primary goal 

of building an open, active, and collaborative environment for learning and teaching through 

smart services and technologies. 

 The Smart Security dimension focuses on better security, privacy, and protection in the 

campus  through  cybersecurity,  smart  locks,  video  monitoring,  surveillance,  evacuation,  and 

face recognition systems. It also promotes campus disaster prevention, that is management and 

risk mitigation systems. The aim is to provide a secure physical and virtual environment for all 

stakeholders in the university. 

 Smart Living is related to health, fitness, special needs services, and smart life services 

to improve the livability in campus, but also concerns poverty-stricken student support. This 

dimension involves context-aware applications, health monitoring and medical systems, smart 

lawns, noise level monitors, robot platforms for welfare services, student electronic profile and 

development systems. Thus, the aim of this dimension is to provide better livability on campus 

through health encouragement and support, student development, and smart living services. 

 Smart  Environment  Sustainability  aims  to  bring  an  "IntelliSense",  eco-friendly  and 

sustainable environment in the university with smart consumption, ecological awareness, and 

monitoring  systems,  such  as  waste,  water,  air  quality,  and  weather.  Also,  this  dimension 

objectives  to  reduce  waste  generation,  improve  recycling,  and  promote  a  net-zero  energy 

consumption. Smart  Management  brings  a  unified,  paperless,  and  intelligent  management 

based on a shared vision with stakeholders to campus. It claims transparency and 

communication  in  the  management,  providing  contingency  plans,  dashboards,  reporting, 
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strategic planning, and shared decision-making. Thus, it aims to build an integrative, 

transparent, and open environment to manage campus with its stakeholders. 

 Smart  Utility  and  Facility  relates  to  a  plethora  of  technologies  that  enhance  energy, 

buildings, surroundings, facilities, and utilities of smart campuses. It uses Information 

Communication  Technologies,  Internet  of  Things,  Edge  computing,  Big  data,  Cloud  core 

networks, Fog computing, Mobile Edge Computing, Neural networks, and others to provide 

seamless interconnected systems. It is interesting to highlight that despite increasing focus on 

technology, there is not a specific dimension for it, such as Smart technology, instead, it is a 

mix of tech services to different uses on all dimensions. 

 Smart Economy includes information support systems, unified, friendly-use and 

personalized services based upon business cognition, innovation, patentability, 

commercialization,  employability,  and  entrepreneurship  on  smart  campuses.  It  focuses  on 

improvements to the economy inside the campus with smart payment services, service-oriented 

architecture, e-wallet, dashboard services, e-transaction, and e-payment. Besides, it boosts the 

local economy and business ideas.     

 The Smart People dimension relates to the campus' personnel and public opinion since 

it proposes a sustainable employee management system. Also, the dimension focuses on open 

and collaborative research, work environment based on connectivity, collaboration, diversity, 

crowdsourcing and crowdsensing initiatives. It relates to how people connect inside campus 

through  social  networks,  Opinion  mining,  User  experience,  User  interface,  and  creating  a 

campus own social network. 

 The results showed that technology initiatives exist in all dimensions as a transversal 

tool to improve the several areas of smart campuses, as well to interconnect them. For instance, 

a student can submit to the smart campus social network and receive personalized information 

about  services  and  products  inside  campus,  parking  and  bus  information  based  on  classes 

schedule, access the university system and places, pay, and have their attendance through a 

smart card. Thus, the technology promotes the interconnection of  all dimensions to build a 

smart campus. 

4.3 Interventions 

 The empirical evidence presented by papers and the article goals showed the 

interventions conducted or studied. We clustered them on nine categories according to the type 

of  intervention,  as  shown  on  Figure  1.7.  The  highest  number  of  studies  was  related  to 
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Technology  System  Architectures  (59),  as  already  noted  by  the  technology  presence  on  all 

dimensions of a smart campus. The concept and model are the second cluster with 17 papers, 

followed by Learning (16); Mobility and Transportation (16); Management and Organizational 

Intelligence (15); Energy and Power (14); Living (13); Security and Privacy (11); and Data 

Management (10).  

 

Figure 1.7 Smart Campus Interventions  

 
Source: Elaborated by the authors. 

 

  The  Technology  System  architecture  is  the  most  researched  topic  on  smart  campus, 

bringing innovation based on various technologies, networks, sensors, and so on. For instance, 

it relates to build the campus systems based on web service middleware (e.g. G. Stavropoulos 

et al., 2013), virtual and augmented reality (e.g. Y. Huang et al., 2016; Ramos et al., 2018), 

internet, Wi-fi, 5G, bandwidth and IoT systems (e.g. Arshad et al., 2018; Bin Ismail & Habaebi, 

2019;  Y.  Guo  et  al.,  2016;  Jurva  et  al.,  2020;  Khamayseh  et  al.,  2015),  education  network 

platform (F. Jing, 2018), mobile and network edge computing (Santa et al., 2018; Q. Xu et al., 

2018), cloud computing (Ma & Fu, 2019; Zhang et al., 2018), fog computing (Amadeo et al., 

2019;  Fraga-Lamas  et  al.,  2019),  sensors  system  (Prandi  et  al.,  2020),  network  function 
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visualization  with  software-defined  networking  (Celdran  et  al.,  2020),  deep  convolution 

network (Banerjee et al., 2020), and deep neural network (Chiu et al., 2020). 

 Also, the results highlight an evolution in the empirical research timeline related to the 

campus technology architecture that started with web service middleware and currently focus 

on deep neural networks. Although other technologies like those associated with IoT are present 

along the years.  

 In this way, empirical research to smart technology architecture relates to attendance 

and occupancy systems (e.g. Bae & Cho, 2015; Griffiths et al., 2019; Husni, 2017b, 2017a; 

Witayangkurn, & Saengudomlert, 2020;), utility-driven services (Soldatos, Kefalakis, Serrano, 

& Hauswirth, 2014), web of events system (Y. Sun, Yan, Lu, Bie, & Zhou, 2014), self-service 

terminal (Xing et al., 2014), payment systems (R. Li et al., 2018; Ruttala, Balamurugan, & 

Chakravarthi, 2015), services computing systems framework (Kurniawan, Suhardi, Bandung, 

Prasetyo, & Yustianto, 2019), campus information system and information panel (Bi, Yang, & 

Ren, 2017; Pisařovic, Koubek, Ondroušek, & Procházka, 2018), unified system (Y. Guo et al., 

2017), Platform-as-a-Service (Coccoli et al., 2015), agent-based modelling (Seidita & Chella, 

2017), activity abstraction (Wen et al., 2018), social networks (Lim & Ahn, 2013; Peng, Zhou, 

Sun,  Su,  &  Ji,  2019),  situational  awareness  system  (A.  M.  Yang  et  al.,  2018),  cyber-range 

service (Tian et al., 2018). 

 Management and organizational intelligence were built in a smart campus based upon 

archive and files management (Delgado-Dominguez et al., 2018; Reilly et al., 2006; J.-F. Yu et 

al., 2017), organizational processes (Staškevičiute & Čiutiene, 2008), iManagement (Caballero 

et al., 2014), assets management (Prasad et al., 2016), knowledge management and 

organizational  learning  (Passailaigue  Baquerizo,  Márquez  Sánchez,  Ortega  Maldonado,  & 

Febles Estrada, 2017), policies (Zapata-Ros, 2018), teaching performance evaluation (Xu et al., 

2018),  lean  tools  (Nikolaeva,  Demyanova  V,  Aetdinova,  &  Mestnikova  I,  2018),  decision-

making (Chang et al., 2018; Villegas-Ch, Arias-Navarrete, et al., 2020), smart tools (Valks, 

Arkesteijn, & Den Heijer, 2019), water management (Alharbi, Soliman, et al., 2020a), and key-

performance  indicators  (Alrashed,  2020).  This  shows  the  technology  as  a  driver  to  build 

intelligence in management of a smart campus.  

 Articles concerning the concept and models for a smart campus focus on administrative 

aspects  (Staškevičiute  &  Neverauskas,  2008),  IoT  (Achenkunjujohn  &  Venkatesh  Kumar, 

2020; Zong, Zhu, Huang, & Xu, 2010), service encapsulation (Y. Chen et al., 2012), green 

campus (H. I. Wang, 2014), smarter universities (Coccoli et al., 2014), mobile platform (Dong, 

Kong, Zhang, Chen, & Kang, 2016), privacy (Anirudh, Pandey, Sodhi, & Bagga, 2017), smart 
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methodologies and smart education (Segredo et al., 2017; Tita, Bold, Popescu, & Nijloveanu, 

2018), state-of-the-art on applications (Fernández-Caramés & Fraga-Lamas, 2019), sustainable 

smart campus (Villegas-Ch, Palacios-Pacheco, et al., 2019), strategic map of smart universities 

(Rico-Bautista, Medina-Cárdenas, et al., 2020), intelligent technologies (Rico-Bautista, 

Maestre-Góngora, et al., 2020), smart space (Gilman et al., 2020), stakeholders (V. Ahmed, 

Alnaaj, & Saboor, 2020), and smart city concepts (Min-Allah & Alrashed, 2020). This shows 

integration  of  the  smart  campus  concept  with  similar  terms  and  advancements  in  strategy, 

technology, and methodologies.  

 Mobility and Transportation cluster has interventions that improve the accessibility of 

People with Disabilities (PWD) (Bromuri et al., 2010), bus monitoring system (Feng et al., 

2018; Hannan, Mustapha, Basri, & Hussain, 2010), guidance and navigation applications (L.-

W. Chen, Chen, Chen, Liu, & Tsai, 2018; Romli, Sen, Ghazali, & Zahri, 2020; Torres-Sospedra 

et al., 2015; Yim, Joo, Lee, & Shim, 2014; C. Yu, Qi, Chen, Zhao, & Wang, 2019), indoor 

positioning  systems  (Azmitia,  Mohnke,  &  Wiechers,  2016;  Fernández,  Santa,  &  Skarmeta, 

2020), parking (Singh, Ravi, & Krishnan, 2018), electric and autonomous vehicles services (M. 

A. Ahmed, El-Sharkawy, & Kim, 2020; M. A. Ahmed & Kim, 2018; Marin-Plaza, Hussein, 

Martin, & de la Escalera, 2019), and prediction (Toutouh, Arellano, & Alba, 2018). This cluster 

is mostly composed by access and indoor mobility in a smart campus.  

 The interventions related to Learning are based upon ubiquitous learning (Atif et al., 

2015), online and mobile learning (Y. Song, 2020), learning ecosystems and ambient 

intelligence (Bureš, Tučník, Mikulecký, Mls, & Blecha, 2016; Galego, Giovannella, & Mealha, 

2016), big data (Ying, 2017), IoT (Chauhan, Goswami, & Patel, 2019; Elsaadany & Soliman, 

2017;  Nithin  Rao  &  Sreenivasa  Ravi,  2017),  social  e-learning  platform  (Dascalu,  Bodea, 

Moldoveanu, & Dragoi, 2017), learning and teaching process (Coccoli et al., 2017; Elsakova et 

al., 2019), gamification methodologies (D. Song, Shi, Wang, & Xu, 2018; Zhai, Dong, & Yuan, 

2018), and smart classrooms (Kwet & Prinsloo, 2020). This shows that the learning process in 

smart campuses is driven by technology enhancement in physical and virtual environments, but 

also to new methodologies.  

 The cluster composed by Living interventions show research in real-time monitoring 

(Alahmadi,  2020;  Nan  et  al.,  2018),  routine  gamification  (Janssen  &  Prasetiyowati,  2018), 

space use (Valks, Arkesteijn, Den Heijer, & Vande Putte, 2018), predicting frameworks (Qu, 

Li, Zhang, & Wang, 2018), music service (Y. Liu, 2019), digital culture (Tikhonova, 2019), 

dormitory applications (Lin, Shieh, & Lin, 2019), students association and support (X. Y. Li, 

Yu, Zhang, Dai, & Yin, 2020; Wu et al., 2020). Living comprises environment, people flow 
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and opinion monitoring, changes in educational paradigm, student support, and applications to 

improve the campus livability.  

 Energy  and  Power  interventions  in  a  smart  campus  relates  to  sustainable  power 

generation (Clark II & Eisenberg, 2008), monitoring systems (Qian, Ma, Peng, Ju, & Xu, 2014), 

microgrid (Alonso & Donsión, 2016), innovative energy and monitoring management (Alharbi, 

Alahmadi, et al., 2020; Bates & Friday, 2017; Moreno et al., 2017; Stavropoulos, Koutitas, 

Vrakas, Kontopoulos, & Vlahavas, 2016; Ullah et al., 2020; Weng, Zhang, & Xia, 2019; C. T. 

Yang, Chen, Liu, Liu, & Chang, 2020; W. Zheng, Yang, Feng, Fu, & Shi, 2019), and energy 

conservation (Jing, Li, Cheng, & Guo, 2020; Siddiqui et al., 2019). This cluster concerns about 

Sustainable Development in energy management, conservation, and monitoring.  

 Data  management  in  a  smart  campus  relates  to  a  data  management  architecture  and 

infrastructure (Williamson, 2018), data information standard system (X. Li & Zeng, 2018), data 

collection and analysis (Luo, 2018), learning analytics (Lewis, 2018), big data (Villegas-Ch, 

Molina-Enriquez, et al., 2019; Zhang & Jiang, 2018), open data (Vasileva et al., 2018), data 

mining and data online backup system (Tao, Wei, Yuan, & Huang, 2019).  The research on 

Security and Privacy of smart campuses is based upon intelligent security system (Zeng & Li, 

2018), cybersecurity (Sanchez-Torres et al., 2018), authentication protocol (L. Zheng et al., 

2018), secure image extraction (Xia et al., 2018), compressive sensing (Zhu, Jiang, Deng, & 

Hu, 2018), virus propagation model (L. Wang, Yao, Yang, & Yu, 2018), disaster mitigation 

planning (Hatzivasilis, Papaefstathiou, Plexousakis, Manifavas, & Papadakis, 2018), 

anonymous  region  construction  (R.  Sun,  Xi,  Yin,  Wang,  &  Kim,  2018),  IoT  (Abdullah, 

Thanoon, & Alsulami, 2019), and video surveillance system (Zhou, Yu, & Shi, 2020).  

 We  clustered  Context-aware  interventions  on  a  specific  category  because  it  has 

applications in various areas of smart campus, such as management (B. Guo, Zhang, Sun, Yu, 

&  Zhou,  2013),  ambient  systems,  service  access  (Lehsten,  Bader,  &  Tavangarian,  2014), 

solution for people with disabilities (Kbar, Abidi, Mian, Al-Daraiseh, & Mansoor, 2016), and 

smart  classrooms  (L.-S.  Huang,  Su,  &  Pao,  2019).  This  show  that  interventions  provide 

services, systems and applications related to the real context using technologies.  

 As seen in the smart campus dimensions, its interventions are also interconnected with 

overlapping  systems,  technologies,  and  applications  to  improve  the  user  experience  of  all 

stakeholders.  It  promotes  a  unified  progress  of  smart  campuses,  but  still  allows  specific 

improvements in small areas, for instance a manager could focus attention on its own campus 

priority areas.  
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4.4 Advancements and Future Research  

 The last research questions proposed in the methodological design aimed to present the 

advancements of smart campus compared with traditional universities and to show what future 

research the scholars indicated.  However, some papers did not point out future research. Figure 

1.8 summarized these findings.  

 We grouped the results into eight clusters, namely: technology, environment, 

management, education, mobility, security, and economy. Technology is the most prominent 

cluster in both advancements and future research. On the one side, the improvements were in 

information systems, social networks, electronic environments, infrastructures, and solutions 

based  on  technologies,  sensors,  protocols,  methods,  and  algorithms.  On  the  other  side,  the 

scholars propose more future research to extend, develop, and enhance the existing systems, 

besides designing new models and algorithms.  

 
Figure 1.8 Advancements and Future Research on Smart Campus

 
Source: Elaborated by the authors 
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 Smart  campus  implementations  improved  the  university  management  by  promoting 

intelligent actions in processes, decision-making, policies, and systems. It also incorporated 

governance actions through stakeholders’ assessments, public opinion awareness, and context-

aware management and planning. Future research proposes the development of management 

systems in various university areas, such as libraries, but also related to policies and processes, 

for instance, health and people with disabilities’ needs.   

 Concerning  education,  the  advancements  were  ubiquitous  and  e-learning  systems, 

active methodologies, interdisciplinarity, and collaboration that promoted changes in 

educational paradigms of universities. Further research proposes to detect the smartness level 

in  other  learning  ecosystems.  The  smart  campus  also  produced  changes  in  the  relationship 

between the university and the environment by actions related to the Sustainable Development, 

green  campus,  and  smart  monitoring  systems.  Future  research  also  points  out  to  educating 

programs for the green concept, to expand systems, and actions of Sustainable Development. 

 Universities may be considered as small-scale cities, so Mobility is an important topic 

of  a  smart  campus  that  promotes  advancements  in  bus,  parking,  and  positioning  systems 

through  smart  route  systems,  for  instance.  Security  is  also  an  important  topic  that  smart 

campuses  promote  improvements  and  future  research  on  cybersecurity,  smart  privacy  and 

security systems, smart disaster monitoring systems, image encryption, real-time information, 

and  mechanisms  integration.  Economic  services  are  also  part  of  universities  that  smart 

campuses promote self-service terminal, smart payment services, service-oriented networks, 

and  utility-driven  services.  Future  research  on  these  areas  mostly  proposes  to  improve  the 

developed systems.  

 

5 Conclusions 

 This  study  aimed  to  identify  the  state-of-the-art  and  propose  a  framework  of  smart 

campus through an in-deep literature review based on definitions, dimensions, interventions, 

advancements,  and  indications  for  future  research  on  the  field.  The  methodological  design 

followed the PRISMA and SPIDER methods since they are techniques suitable for systematic 

reviews. 

 Our findings are summarized in two groups of conclusions about the smart campus: (i) 

a  framework  proposition  and,  (ii)  a  research  agenda.  Firstly,  the  results  showed  that  smart 

campus  concept  relates  to  technology  innovations,  sustainability,  learning  strategies,  and 
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stakeholders’  participation  to  promote  changes  in  educational  paradigms  and  livability  on 

universities.  

 The  smart  campus  dimensions  are  similar  to  Giffinger  et  al.  (2007)’s  Smart  City 

approach composed of six smart dimensions: economy, mobility, people, governance, 

environment and living. Although some authors propose different dimensions terminologies, 

there is an overlap of variables. The results showed the characteristics and components of each 

smart campus dimension since our framework proposition summarizes the findings into eight 

smart campus dimensions. We already expected that technology was the core of the 

smartization process. However, the findings highlight that technology is more than a core, it is 

a crossline component in all dimensions; technology is the hub, process, and result at the same 

time.  

 The advancements of smart campus, compared with traditional universities, exposed 

extensive technology implementations, as well as the scholars indicated further research based 

on technology solutions. Although the smart campus is a broad concept that includes more than 

technology, mostly initiatives are related to universities informatization. The focus on 

technology appears in the smart campus interventions mainly focused on Technology System 

Architecture, Concept and Model, Living, and Mobility and Transportation. 

 Based on the results, we offer an integrative framework for the smart campus based on 

the Sustainable Development Goals, which is an integrated and indivisible universal agenda 

that seeks to balance the three dimensions of sustainable development (economic, 

environmental, and social) through partnership of countries and organizations (UN, 2015).  

 Thus, we define Smart campus as a higher education ecosystem that uses technology to 

achieve  the  tripod  of  sustainability  (environmental,  economic,  and  social)  in  a  model  of 

governance, collaborative, and adaptive learning to promote better livability for its 

stakeholders. Eight smart dimensions compose a smart campus (Figure 1.9):  

1.  Smart  Education  builds  an  open,  active,  and  collaborative  environment  for  learning  and 

teaching through services and technologies, which implements action towards SGD 4. 

2. Smart Mobility combines technologies to make mobility more comfortable, effective, and 

sustainable on campus, which implements action toward SGD 7 and 11. 

3. Smart Management builds an integrative, transparent, and open environment and a workplace 

to manage campus with active stakeholder participation, which attends to SGD  7, 9, 11, 16 and 

17. 

4. Smart Environment makes a sustainable campus through implementations of actions toward 

the SGD 6, 13, 14 and 15. 
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5. Smart Economy promotes personalized, safe, and smart services and payment systems, which 

attends SGD 8, 10, 12 and 17. 

6. Smart Living includes health encouragement and support, student development, and smart 

living services, which implements action towards the SGD 1, 2, 3 and 5. 

7. Smart Security to protect the people in both physical and virtual context, which attends SGD 

11 and 16. 

8. Smart Technology is a transversal dimension that connects and supports all others.  

Figure 1.9 Smart Campus Framework 

 
Source: Elaborated by the authors 

 
The second group of findings identify a research agenda of Smart Campus to improve 

the knowledge and help practitioners transform traditional universities. Four main topics are 

the  new  frontier  to  the  smart  campus  knowledge.  Thus,  they  should  be  in  the  researchers' 

agenda: 

i) The focus on people, livability and economy complements the smartization process. 

All  services,  processes,  and  technologies  used  to  improve  the  living  of  stakeholders  and 

universities' surroundings. Therefore, Smart Campus studies should consider people’s needs 

and preferences. 

ii) Research to develop tools to monitor the universities' smartization process, such as 

models,  variables,  indicators,  and  metrics  to  support  the  decision-makers,  i.e.,  academic 
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managers.  We  suggest  a  general  monitor  creation  to  be  standard  and  to  allow  comparison 

between universities.  

iii)  Studies  to  adapt  the  indicators  and  metrics  of  smart  campus  to  the  country's 

economic development and adjust to the cultural context. 

iv) Research focused on specific dimensions of smart campus should be replaced by 

integrative perspectives of the smart campus approach because the smartization should achieve 

all organization levels and the SDGs. 

Although we performed a deep analysis, the use of peer-reviewed articles published on 

the Web of Science and Scopus was a limitation of this study. Thus, a further literature review 

can include conference papers and the grey literature to extract more smart campus approaches.  

Finally,  the  smart  campus  is  undoubtedly  the  future  of  universities,  but  its  integral 

concept is far from being achieved in most universities. There is an extensive road to run in 

which scholar research can support the academic managers.  
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Abstract 

"Smart" is no longer a characteristic exclusive to products, as phones and computers, but now 
it  reaches  institutions,  homes,  offices,  cities,  and  universities.  According  to  the  social  and 
economic contexts, Smart Campus initiatives may differ. This research formulates and validates 
a Smart Campus model with indicators to monitor the Latin American context's smartization 
process. The study used a qualitative methodology of online Focus Group (FG) in two steps. 
Firstly, an asynchronous and online FG; then, synchronous, and online FG. The participants 
were experts on Smart Campus, both scholars, and practitioners. Our results validated a Smart 
Campus  definition  and  defined  variables  to  monitor  eight  smart  dimensions:  economy, 
education, environment, living, management, mobility, security, and technology. The 
discussions mainly concerned how decision-makers and stakeholders need to address 
sustainability, technology, and social issues in smart campuses. Also, our research pointed out 
three groups of findings relating to an integrative concept, model, and managerial implication 
for smart campuses. The results indicated that a smart campus must be connected inside and 
outside  its  walls.  The  experts'  discussions  mainly  concerned  sustainability,  technology,  and 
social issues. The results provided a helpful model to any context. Still, it highlighted a Latin 
American point of view, which shows that social and economic regional level can change the 
concept  of  “smart”.  Technologies  and  sustainability  are  the  basis  for  the  smart  campus. 
However, developing countries may consider other components as priorities for a smart living 
environment, such as improvements in infrastructure, mobility, education, and social services. 
 
Keywords: Smart Campus. Focus Group. Smartization Process. Latin American Universities. 
 

1 Introduction 

 Smart initiatives are constantly evolving and changing the way we perceive the world, 

mainly through a smart environment and technologies able to acquire information and use it to 

better meet human needs (E. Ahmed, Yaqoob, Gani, Imran, & Guizani, 2016; Boni, Xu, Chen, 

& Baddoo, 2020). The wide range of applications and technologies are connected to perceive 

people's state and to act on the environment to facilitate their lives, which include the Internet 

of Things (IoT), Information and Communication Technologies (ICT), Artificial Intelligence 
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(AI), and others. These smart technologies associated with Sustainable Development Goals can 

improve human livability (Boni et al., 2020; Cesconetto et al., 2020; Gubbi, Buyya, Marusic, 

& Palaniswami, 2013; Hussain & Jain, 2020).  

 The  “smart”  is  no  longer  a  characteristic  exclusive  to  products,  as  phones  and 

computers, but it is reaching institutions, homes, offices, cities, and universities. The 

smartization process, i.e., the way to become smart (Nesti, 2020) takes diverse approaches on 

the Global North and South, given the different development levels. Smart cities on the Global 

North build technology and network frameworks on established institutions and well-developed 

infrastructures.  On  the  other  hand,  cities  in  the  Global  South  have  more  deficient  public 

services, a lack of resources, a dynamic informal economy, and weaker institutions that pose 

distinct modes and articulations for smart city projects (Offenhuber, 2019; Söderström, 2020).  

 Smart  Campus  initiatives  promote  new  educational  paradigms  and  improvements  in 

technology, environment, management, education, mobility, living, security, and economy of 

universities (Ahmed, Alnaaj, & Saboor, 2020; Min-Allah & Alrashed, 2020). It is an increasing 

research topic that needs more studies due to its novelty and lack of consensus from authors on 

its  definition  and  dimensions  (Min-Allah  &  Alrashed,  2020;  Prandi,  Monti,  Ceccarini,  & 

Salomoni, 2020).   

To be 'smart' may also assume another perspective to universities located on the Global 

South compared to the Smart Campus perspectives to Global North. Despite a need to reach an 

integral  view  of  the  concept  and  dimensions  of  Smart  Campus,  the  university  region's 

economic, social, and cultural characteristics may influence its smartization process. Therefore, 

our research question is: “How the smartization process of a Smart Campus in a Latin American 

context can be monitored?". 

Thus,  this  research  aims  to  formulate  and  validate  a  Smart  Campus  model  with 

indicators  to  monitor  the  smartization  process  in  the  Latin  American  Context.  This  paper 

proposes a Latin American school’s perspective through a qualitative exploratory study based 

on a Focus Group with Smart Campus experts and a Content Analysis.  

 This paper further presents a theoretical background section focused on the Sustainable 

Development Goals (SDG) and Smart Campus literature; Section 3 shows the methodological 

design to perform a Focus Group; Section 4 presents and discusses the results. At last, section 

5 presents the conclusions, implications, limitations, and suggest further research. 
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2 Smart Campus 

 Sustainable Development may be composed of objective-based actions for people, the 

planet, and prosperity to be achieved by all countries and stakeholders, such as the 2030 Agenda 

proposed  by  the  United  Nations  (United  Nations,  2015).  The  plan has  17  Sustainable 

Development Goals (SDGs) and 169 targets to end poverty and set a path of peace, prosperity, 

and  opportunity  for  all  on  a  healthy  planet  by  2030.  However,  global  efforts  were  still 

insufficient to deliver the changes, jeopardizing the agenda’s promise, even before the COVID-

19 pandemic (United Nations, 2020).  

 Technology  and  Sustainable  Development  are  means  to  build  smart  environments, 

processes, and things to improve human livability to the present and future generations (Boni 

et al., 2020; Cesconetto et al., 2020). Smart institutions must focus on SDGs; for instance, the 

Smart campus, which is a path for the future university, should attend to its stakeholders’ needs 

sustainably, becoming drivers to accomplish Sustainable Development (Clark II & Eisenberg, 

2008; (Coccoli, Maresca, & Stanganelli, 2017). 

 The term “Smart Campus” was coined in 2000 with a technology perspective of video-

conference facilities and internet networking systems in cooperation between university and 

industry (Kaneko et al., 2000). Although the technology is still a significant part of a university 

smartization, other characteristics were also added as pillars to build a smart campus over the 

years,  such  as  creative  learning  (Clark  II  &  Eisenberg,  2008),  accessibility  (Bromuri  et  al., 

2010), high-tech and modern  architecture  (Y. Chen et al., 2012), shared  knowledge  (Mario 

Coccoli et al., 2014), social services and stakeholders interaction (Atif et al., 2015), systemic 

view with IoT and applications services (Y. Huang et al., 2016), social and sustainable structure 

based  on  technology  tools  (Coccoli  et  al.,  2017),  cybersecurity  issues  (Tian  et  al.,  2018), 

innovation and management (Fortes et al., 2019), and intelligent ecosystems (W Villegas-Ch, 

Arias-Navarrete, et al., 2020).  

 The  smart  campus  is  at  the  exploratory  stage;  thus,  it  lacks  a  unified  concept, 

dimensions, or characteristics (Chiu, Chang, Lee, Chen, & Lee, 2020); Min-Allah & Alrashed, 

2020; Prandi et al., 2020). Nevertheless, the literature reveals three different perspectives to 

conceptualize  the  smart  campus:  1)  technology-driven  approach,  2)  organizational  process-

driven and 3) the smart city approach (Gilman et al., 2020; Muhamad et al., 2017; Prandi et al., 

2020).  

 The technology-driven perspective of smart campus highlights universities' 

digitalization and informatization as the way to improve education and life on campus. This 
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smartization process is accomplished through the development of systems composed of ICT, 

IoT, big data, 5G, and other computing technologies, devices, sensors, and readers that builds 

an open, intelligent, and integrated information service platform (Chen et al., 2012; Fernández-

Caramés & Fraga-Lamas, 2019; Xu et al., 2018; Yang et al., 2018; Yange, Xiaopin, Zhili, & 

Liang, 2016; Zheng, Yang, Feng, Fu, & Shi, 2019).  

  The Organizational process-driven approach of smart campus provides modernization 

of  all  university  processes  to  build  more  smart  management  and  services  for  stakeholders 

(Soldatos, Kefalakis, Serrano, & Hauswirth, 2014; Staškevičiute & Neverauskas, 2008). The 

smart  campus  is  accomplished  by  a  high  degree  of  interconnected  systems,  resources,  and 

applications to promote personalized, intelligent, and humanized services for campus users. At 

the  same  time,  it  is  indispensable  to  managers  since  it  improves  efficiency  in  campus 

management (Guo, 2018; Nan, Suo, Jia, Wu, & Shan, 2018).   

 Based on the smart city perspective, the digitalization of a university should not become 

the outcome of its smartization process. Instead, universities should use technologies to build a 

comprehensive and sustainable living environment (Janssen & Prasetiyowati, 2018; Segredo, 

Miranda,  &  Leon,  2017).  The  Smart  city  is  a  well  performing-city  in  smart  dimensions 

(economy, people, governance, mobility, environment, and living) fueled by technologies to 

optimize  the  citizens  quality  of  life  through  an  integration  of  social,  environmental,  and 

economic spheres (Caragliu et al., 2011; Giffinger et al., 2007; Silva-Da-Nóbrega & Chim-

Miki, 2021). Similarly, the smart campus is part of a smart city or, it has a similar structure 

formed by smart dimensions that prompt the technology and processes enhancement to other 

areas, such as environment, mobility, living, and health (Fraga-Lamas et al., 2019; Vasileva et 

al., 2018; Wu et al., 2020). 

 The smart campus dimensions follow a similar structure of a smart city (Fraga-Lamas 

et al., 2019; Torres-Sospedra et al., 2015). Nevertheless, there is no standard since there are 

different  characteristics, components, architectures, frameworks, themes,  and phases for the 

implementation of a smart campus (Ahmed, Alnaaj, & Saboor, 2020; Alrashed, 2020; Gilman 

et  al.,  2020;  Jurva,  Matinmikko-Blue,  Niemelä,  &  Nenonen,  2020;  Min-Allah  &  Alrashed, 

2020; Prandi et al., 2020). Based on the literature review, Table 2.1 shows a synthesis of smart 

campus dimensions with the main characteristics aggregated according to their resemblance. 
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Table 2.1. Dimensions and main characteristics of Smart Campus 
CHARACTERISTICS AUTHORS 

ECONOMY 
Personalized services; Information services; Unified and 

friendly-use services; Business cognition; Innovation; 
Patentability; Commercialization; Employability; 

Entrepreneurship; Smart Services; Improved Campus 
Services; Economic Sustainability. 

(V. Ahmed et al., 2020; Anirudh et al., 2017; Chen et al., 2012; 
Fraga-Lamas et al., 2019; Min-Allah & Alrashed, 2020; 

Vasileva et al., 2018; Xing et al., 2014; Xu et al., 2018; Yang et 
al., 2018; Yange et al., 2016; Bi et al., 2017) 

EDUCATION 

Collaborative Learning; Open Learning; Smart Teaching 
Service; Community-Based Knowledge Transfer; E-

Learning; Adaptive Learning; Open Innovation 
Framework; Educational Services. 

(V. Ahmed et al., 2020; Coccoli et al., 2017; Coccoli et al., 
2014; Elsaadany & Soliman, 2017; Fernández-Caramés & 

Fraga-Lamas, 2019; Fortes et al., 2019; G. Guo, 2018; Min-
Allah & Alrashed, 2020; Rico-Bautista, Medina-Cárdenas, et 
al., 2020; Villegas-Ch, Arias-Navarrete, et al., 2020; X. Xu et 

al., 2019, 2018; Yange et al., 2016) 
ENVIRONMENT 

Environment Platforms; “Intellisense” Environment; 
Environmental Awareness; Sustainability; Environmental 
Monitoring; Smart Consumption; Eco-Friendly Campus; 
Environment Efficiency; Smart Environment Solutions. 

(Alrashed, 2020; Chiu et al., 2020; Clark II & Eisenberg, 2008; 
Elsaadany & Soliman, 2017; Janssen & Prasetiyowati, 2018; 
Lin et al., 2019; Min-Allah & Alrashed, 2020; Prandi et al., 
2020; Torres-Sospedra et al., 2015; Villegas-Ch, Palacios-

Pacheco, et al., 2020; Xu et al., 2018) 

INFRASTRUCTURE 

Smart Building; Smart Room; Smart Energy Systems; 
Smart Microgrid; Smart Campus Surroundings; Seamless 

Interconnection; Massive Data Support; Data Sharing; Full 
and Integrated Networks; Sustainable Energy; Facility 

Management Smart Systems; Information and 
Communication Technologies (ITC); Internet Of Things 
(IoT); Edge Computing; Cloud Core Networks; Room 
Occupation; Building Management System; Intelligent 
Buildings; Renewable Energy; Building Information 

System; Mobile Edge Computing; Fog Computing; Neural 
Networks; Wireless Sensor Network (WSN); Situational 

Awareness. 

(V. Ahmed et al., 2020; Alrashed, 2020; Anirudh et al., 2017; 
Bromuri et al., 2010; Chen et al., 2012; Clark II & Eisenberg, 
2008; Dong et al., 2016; Fernández-Caramés & Fraga-Lamas, 
2019; Fortes et al., 2019; Fraga-Lamas et al., 2019; Gilman et 
al., 2020; Guo, 2018; Jurva et al., 2020; Luo, 2018; Min-Allah 
& Alrashed, 2020; Nan et al., 2018; Prandi et al., 2020; Torres-

Sospedra et al., 2015; Vasileva et al., 2018; Xu et al., 2018, 
2019; Yang et al., 2018; Yange et al., 2016) 

LIVING 

Health and Fitness; Special Needs Services; Smart Life 
Services; Poverty-Stricken Student Support; Lifestyle for 

Education; Smart Living Services. 

(V. Ahmed et al., 2020; Chiu et al., 2020; Coccoli et al., 2017; 
Coccoli et al., 2014; Dong, Kong, Zhang, Chen, & Kang, 2016; 
Fortes et al., 2019; Fraga-Lamas et al., 2019; Lin et al., 2019; 

Min-Allah & Alrashed, 2020; Villegas-Ch, Arias-Navarrete, et 
al., 2020; Wu et al., 2020) 

MANAGEMENT 

Smart Governance; Unified Management; Shared vision 
with stakeholders; Paperless campus; University Key 

Operations; Resource Management. 

(V. Ahmed et al., 2020; Anirudh et al., 2017; Chiu et al., 2020; 
Clark II & Eisenberg, 2008; Coccoli et al., 2017; Fernández-
Caramés & Fraga-Lamas, 2019; Gilman et al., 2020; G. Guo, 
2018; Luo, 2018; Min-Allah & Alrashed, 2020; Villegas-Ch, 

Palacios-Pacheco, et al., 2020; Xing et al., 2014) 

MOBILITY 

Location-based services; Energy trading system, 
Transportation; Parking 

(V. Ahmed et al., 2020; Anirudh et al., 2017; Elsaadany & 
Soliman, 2017; Fortes et al., 2019; Lin et al., 2019; Min-Allah 

& Alrashed, 2020; Torres-Sospedra et al., 2015) 

PEOPLE 

Connectivity and Collaboration; Research and work 
environment; Diversity; Crowdsourcing and crowdsensing 

initiatives; Open collaborative working; People 
Management; Social Sustainability. 

(V. Ahmed et al., 2020; Chiu et al., 2020; Coccoli et al., 2014; 
Janssen & Prasetiyowati, 2018; Min-Allah & Alrashed, 2020; 
Nan et al., 2018; Prandi et al., 2020; Torres-Sospedra et al., 
2015; Vasileva et al., 2018; Villegas-Ch, Arias-Navarrete, et 

al., 2020; Villegas-Ch, Palacios-Pacheco, et al., 2020) 

SECURITY 

Safety; Privacy and Security Systems; Protection Systems; 
Disaster Management; Campus Disaster Prevention; Risk 

Mitigation. 

(V. Ahmed et al., 2020; Alrashed, 2020; Anirudh et al., 2017; 
Chiu et al., 2020; Fortes et al., 2019; Lin et al., 2019; Min-

Allah & Alrashed, 2020; Nan et al., 2018; Yange et al., 2016) 
Source: Elaborated by the authors. 
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   The smart economy dimension supports better commercial services inside the 

university with intelligent and connected services, innovation, entrepreneurship, and business 

cognition. These service-oriented systems promote economic sustainability and employability 

for local commerce and personalized friendly-use products and services. 

 Education is the university's core business that is improved through e-learning 

technology, Artificial Intelligence, Cloud sharing platforms, and Virtual Reality. It should also 

change the education paradigm to include collaborative, adaptive, and open learning; 

community-based knowledge transfer; and innovative educational services, such as intelligent 

libraries and living labs.  

 The smart environment needs to be eco-friendly. Thus, monitoring systems – such as 

water,  energy,  and  waste  –  are  innovative  environment  solutions  that  promote  universities' 

consumption  efficiency.  Also,  the  smart  campus'  environmental  dimension  demands  other 

practices, such as waste generation reduction, recycling, and reuse of products. 

 A  smart  campus  needs  a  smart  infrastructure  using  technology  to  accomplish  its 

concept.  A  system  architecture  composed  of  a  plethora  of  hardware  and  software  builds  a 

seamless  interconnection  and  supports  massive  data  management.  It  is  mainly  related  to 

wireless and internet technologies – IoT, ICT, 5G, Bluetooth, Long-Term Evolution (LTE). 

However,  these  systems  also  need  a  physical  structure  of  sensors,  devices,  actuators,  and 

terminals. 

 The  smart  living  dimension  focuses  on  improvements  in  the  campus'  quality  of  life 

through intelligent life services that monitor noise levels, and support health and welfare. Also, 

services and apps are built to support poverty-stricken students and those with special needs, 

such as people with disabilities. The lifestyle for education promotes translation support for 

international  students  and  professors,  creating  a  multi-cultural  and  diverse  environment  in 

universities.  

 The smart campus needs smart management that promotes a unified vision and active 

participation among stakeholders to build a governance-based administration. With technology 

aid,  the  processes  run  through  electronic  systems  that  turn  the  university  into  a  paperless 

campus.  Strategic  planning,  contingency  plans,  and  decision-making  processes  relate  to 

Information Systems and build upon transparency and reporting to better communicate with 

stakeholders.   

 Smart  mobility  provides  location-based  and  connected  services  and  systems  that 

modernize inner streets  and transportation of a  university to make better access on  a smart 

campus. Other methods, such as Global (GPS) and Indoor Positioning Systems (IPS), relate to 
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new technologies and the internet to enhance signaling, traffic, and parking. Fleet tracking, 

streetlights, bus shelters, and maps-based services are improved and connected to provide better 

information for users and planners, such as forecast traffic.  

 The  smart  people  dimension  helps  the  university  to  accomplish  its  goal  of  human 

development through connectivity, collaboration, and social sustainability. Technologies such 

as chatbots are used to rapidly deliver information and better solutions based on user experience 

and opinion mining. User interface and a campus social network improve employee 

management systems and encourage an open and collaborative working environment.  

 Smart security is essential to provide a safe physical and virtual environment in a smart 

campus. Face recognition systems and smart locks improve campus safety, together with video 

monitoring and cybersecurity systems. Connected services also promote better disaster 

management and prevention through more accurate information. Questions around data privacy 

become crucial in a technology-centered environment, such as an innovative campus that needs 

to build solid applications and privacy systems to prevent hacker attacks.  

 

3 Methodology 

 We used a qualitative exploratory approach to formulate and validate a Smart Campus 

model with indicators to monitor the smartization process in the Latin American Context. We 

performed  a  three-step  method:  (1)  Literature  Review,  (2)  Focus  Group  (asynchronous  and 

synchronous), and (3) Content Analysis. To ensure quality and rigor in our research, we adapted 

the methodological design from Villarreal and Calvo (2015), as summarized in Figure 2.1.   
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Figure 2.1. Methodological design 

  
Source: Elaborated by the authors based on Villarreal and Calvo (2015). 

 
A previous Systematic Literature Review of 178 papers published in Web of Science 

and Scopus on Smart Campus allowed the formulation of a definition for Smart Campus and a 

model with eight dimensions (Figure 2.2). In the sequence, both asynchronous and synchronous 

focus group sessions analyzed the proposition. 
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Figure 2.2. Smart Campus Dimensions 

 
Source: Elaborated by the authors. 

 
 A  Focus  Group  is  a  discussion  organized  to  explore  a  set  of  specific  issues.  It  is  a 

collective activity to capitalize the communication between research participants to generate 

data  (Kitzinger,  1994,  1995).  The  technique  gathers  data  about  a  specific  matter  based  on 

personal experiences, beliefs, attitudes, perceptions, and opinions (Guest et al., 2017; Morrison 

et al., 2020).  

 The sessions should have between 6 to 12 participants with a facilitator or moderator, 

i.e. a peripheral position in the focus group (Guest et al., 2017; O.Nyumba et al., 2018). This 

study  focuses  on  Latin  American  smart  campuses;  thus,  the  criteria  to  select  Focus  Group 

participants  were  (1)  be  a  researcher  or  professional  working  in  themes  related  to  Smart 

Campus, and (2) have work experience in Latin American universities. 

 Due  to  COVID-19  pandemic  restrictions,  we  could  not  conduct  a  traditional  focus 

group. Instead, we adopted the online focus group. Recent studies used web conferences to 

conduct the focus group sessions during the pandemic related to public health (Zhang, Young 

Leslie,  Sharafaddin-Zadeh,  Noels,  &  Lou,  2021)  and  education  (Khlaif,  Salha,  Affouneh, 

Rashed, & ElKimishy, 2020). Also, some authors used social media to conduct sessions, such 

as WhatsApp, to understand the psychological effects of the pandemic (Radic, Lück, Ariza-

Montes, & Han, 2020; Colom, 2021). 

 Despite the differences between online and offline Focus Groups, the content extracted 

from the data are similar (Woodyatt et al., 2016). An online focus group can occur through 
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synchronous or asynchronous internet-based techniques (Morrison et al., 2020; Tuttas, 2015). 

To provide more reliable results, we used both synchronous and asynchronous sessions.  

 At  first,  we  sent  invitations  to  participants  for  the  asynchronous  session  via  email 

containing a link to a questionnaire hosted in Google Forms (Appendix 1). This phase allowed 

the participants to agree or disagree with our smart campus definition, as they also indicated 

how  to  improve  the  concept.  Similarly,  the  participants  analyzed  our  eight  smart  campus 

dimensions regarding concepts and variables (Figure 2.2), and we requested them to suggest 

indicators for each dimension. This phase occurred in May/2021 with 7 participants of different 

scientific  backgrounds,  such  as  Management,  Architecture,  and  Technology,  from  Brazil, 

Colombia,  Cuba,  Ecuador,  England,  Mexico,  and  Spain.  The  participants  from  Europe  had 

experience with Latin American universities.  

 The  asynchronous  Focus  Group  data  were  clustered  and  used  as  a  guide  for  the 

synchronous Focus Group that occurred on June 29, 2021, hosted on the Google Meet platform. 

We sent invitations for the same participants from the previous session, but in this phase, all 

attendees were scholars and practitioners from Colombia and Brazil. Since all were fluent in 

Spanish, we presented the statements and conducted the session in Spanish. One native Spanish 

speaker senior researcher helped to run the focus group, and two experts on smart campus acted 

as  moderators.  Thus,  our  total  sample  was  composed  of  10  panelists  and  one  secretary 

(Appendix 2). The procedures followed both O.Nyumba et al. (2018)’s research design and web 

conference to focus group procedures indicated by Tuttas (2015). 

  Some qualitative analysis techniques support the focus group data analysis, such as 

Grounded Theory and Discourse Analysis, but Content and Ethnographic Analysis are more 

recommended  (O.Nyumba  et  al.,  2018).  Thus,  we  chose  Content  Analysis  to  provide  data 

interpretation through a systematic classification process of coding and identifying themes or 

patterns of the phenomenon under study (Hsieh & Shannon, 2005).  

 We used a deductive approach to code data since it uses pre-existent categories about 

the phenomenon from theories or models and tests it against the collected data (Graneheim et 

al., 2017; Seuring & Gold, 2012). According to the smart dimensions of a smart campus, we 

identified and defined groups of codes that share common characteristics (Graneheim et al., 

2017). 

  To  improve  data  reliability  and  minimize  researcher  bias,  we  invited  two  fluent 

Spanish-speaking independent researchers to take notes from the Focus Group synchronous 

session, which helped to compose the final framework along with the authors’ notes. Also, with 

the  participants'  permission,  we  recorded  the  session.  We  compared  the  results  of  both 
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synchronous and asynchronous sessions to find consensus and acquire an in-depth 

understanding that supported the final framework.  

 

4 Results and analysis 

4.1 Smart Campus concept 

 According  to  the  literature  review,  we  proposed  a  definition  for  the  smart  campus: 

“Smart campus is a higher education ecosystem that uses technology to achieve the tripod of 

sustainability  (environmental,  economic,  and  social)  in  a  governance,  collaborative,  and 

adaptive learning model to promote better livability for its stakeholders.” The discussions in 

the asynchronous phase were soft with one comment about the physical space and its formative 

implications.  

 In the sequence, we presented our Smart Campus concept in the synchronous Focus 

Group session. The experts debated if there were differences between a smart campus and a 

smart university. Some participants defended that the first is related to the environment and 

physical space, while the second is connected to the overall higher education system. However, 

the literature considered no difference among the concepts.  

 The smart university has the same goal as the smart campus since it is an innovative 

university  that  implements  technologies  and  new  education  methods  to  replace  “classical 

education” with smart education thus improving experiences to its stakeholders (Khamayseh et 

al., 2015; Rico-Bautista et al., 2020; Zapata-Ros, 2018). Since the term “campus” is usual in 

the literature, we continued using it. 

Another discussion emerged about the ecosystem term inclusion in the smart campus 

concept.  An  ecosystem  is  an  aligned  structure  of  a  multilateral  set  of  partners  that  need  to 

interact for a focal value proposition through innovation, cooperation, connection, and 

interdependency of stakeholders (Adner, 2016; Cohen, 2006; Cohen & Muñoz, 2015; Ritala et 

al., 2013). Therefore, the participants agreed that a smart campus could be a higher education 

ecosystem that covers the relationship of all stakeholders, the inner spaces, and the 

environment. 

 Other  issues  emerged  demanding  grammatical  changes  in  the  concept  for  it  to  be 

broader or more specific and, e.g., extend the sustainability and specify technology aspects, 

such as ICT. Based on the results of both asynchronous and synchronous Focus Groups, we re-

wrote  the  definition:  “The  Smart  Campus  is  a  higher  education  institution  that  creates  an 
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ecosystem using Information and Communication Technologies (ICT) to achieve sustainability 

in a governance, collaborative, and adaptive learning model to promote better livability for its 

stakeholders”.  

4.2 Smart Economy 

 Table 2.2 shows the definition of Smart Economy in the context of Latin American 

universities that we proposed to the experts in both Focus groups sessions. Also, during the 

synchronous  session,  we  presented  three  statements  from  the  literature  related  to  the  smart 

economy. The participants agreed with the statements, and they suggested indicators to verify 

the level of the smart economy on campus. 

 

Table 2.2. Smart Economy  
SMART ECONOMY – PROPOSED DEFINITION 

Smart Economy promotes smart, secure, and personalized payment systems and services that focus on 
improvements to the on-campus economy and drive the local economy and business ideas. 

INDICATORS 
- A smart economy supports better commercial services inside a smart campus. 

o Requirements and evaluations by international standards (e.g., ISO)  
o Availability of electronic means for transactions  
o Availability of services. 

- A service-oriented architecture promotes economic sustainability and employability. 
o Promotion of commercial ideas  
o Success in terms of economic benefits, such as the level of innovation and entrepreneurship  
o Collaborative economy. 

- The smart economy improves all economic aspects of the smart campus and its stakeholders.  
o Better local and global economy  
o The levels of impact on local development  
o Cost optimization, such as student cost  
o Purchasing capacity. 

DEFINITION AFTER THE FOCUS GROUP 
Smart Economy promotes personalized, safe, and smart economic services and systems focused on improvements 

in the university economy to promote collaborative consumption, promotion of business creation, and 
employability. 

Source: Elaborated by the authors. 

 

 The first main point debated in the synchronous session was the difference between 

public and private universities' inner economy. Some participants exposed that since public 

universities in Latin America often offer free services, they need few or no payment systems. 

Thus, they defended that the dimension should focus on the technology applicability to move 

the economy inside the campus, such as promoting employability and collaborative 

consumption.  

 We obliterated "payment" and placed "economic systems and services" to adapt the 

concept to the participants' consensus. In this way, we broadened the concept to any economic 
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service  on-campus,  either  from  university  or  third  parties.  Also,  we  added  collaborative 

consumption or shared economy in our definition to consider this socioeconomic phenomenon, 

since according to the experts, universities should promote this way of consumption (Table 

2.2).  

In the end, both scholars and practitioners from the focus group agreed that a smart 

economy, even in a public university, needs to include electronic transactions. Also, universities 

should support entrepreneurship and business ideas to promote economic sustainability and 

employability for local commerce. The literature already proposed personalized friendly-use 

products and services (Bi et al., 2017; Anirudh et al., 2017; Yang et al., 2018), however, the 

inclusion  of  collaborative  economy  in  the  dimension  of  the  smart  economy  is  new  in  the 

literature. 

4.3 Smart Education 

 The expert group debated the smart education definition and three statements from the 

literature  (Table  2.3).  The  discussion  involved  technology  enhancement,  changes  in  the 

educational paradigm, and student-centered methodologies. In the end, a new definition for the 

smart education dimension emerged after two Focus Group sessions. 

 

Table 2.3. Smart Education  
SMART EDUCATION – PROPOSED DEFINITION 

Smart Education creates an open, active, and collaborative environment for learning and teaching through smart 
services and technologies. 

INDICATORS 
- Technology enhancement (e.g., Artificial Intelligence and Virtual Reality) and e-learning improve the 

education on campus. 
o Use of Smart Technologies (Cloud Computing, IoT, AI, Big Data ...) for teaching. 
o IT-supported courses. 
o The number of free terminals. 
o Bandwidth and coverage. 

- Changes in the education paradigm (e.g., collaborative, adaptive, and open learning; and smart 
educational services) improves education in a smart campus. 
o Accordance with the Ministry of Education regulations. 
o Accordance with the community needs. 

- Student-centered methodologies (e.g., Student Behavior Analysis, Computerized Adaptive Testing, and 
Student self-assessments) must take place in a smart campus. 
o Student and staff satisfaction. 
o Results-based learning. 

DEFINITION AFTER THE FOCUS GROUP 
Smart Education provides an active and collaborative education in the university with learning and teaching 

through smart services and technologies adapted to different pedagogical models. 
Source: Elaborated by the authors. 
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 The  group  disagreed  with  the  term  “open”  in  the  definition  since  Latin  American 

universities adopt restrictions, such as entrance exams. For this, the experts did not consider a 

smart campus an open environment for the overall public. Thus, we excluded the term from our 

definition. Also, the group debated the inclusion of pedagogical models in the smart education 

concept.  

 The  experts  concluded  that  each  university  has  its  methods,  syllabus,  and  structure, 

despite national and international instructions and protocols. Therefore, the results remained 

composed  of  a  general  assumption  using  the  statement  “adapted  to  different  pedagogical 

models”.  Eight  indicators  to  verify  this  dimension  were  extracted  from  the  Focus  group, 

including ways to verify the IT support to education, student and staff satisfaction, and results-

based learning (Table 2.3). 

 Therefore, a smart education in the smart campus is composed of technology-enhanced 

teaching,  adaptive  education  paradigms,  and  innovative  educational  services.  Despite  the 

“open”  term  divergence  in  the  concept,  it  was  agreed  that  a  dynamic  learning  environment 

based on the community needs benefits stakeholders. 

4.4 Smart Environment  

 To the Smart environment dimension, we proposed a simple definition focused on the 

assumption of eco-friendly context and three statements based on the literature (Table 2.4).   

 

Table 2.4. Smart Environment 
SMART ENVIRONMENT – PROPOSED DEFINITION 

Smart Environment makes a sustainable and eco-friendly campus. 
INDICATORS 

- A smart campus is a sustainable and eco-friendly university. 
o Consult the ITU (UN) indicators. 
o Attitudes towards climate change. 
o Protection of biodiversity and ecology. 

- Smart monitoring systems promote intelligent consumption and environmental efficiency in a smart 
campus. 
o Use of bioenergy.  
o Use of Smart Technologies for energy and water resources management. 
o Smart buildings. 
o Optimization of services that lead to the reduction of emissions. 

- Traditional solutions (e.g., recycling) must also be prioritized in a smart campus. 
o Reduction of air and water pollution. 
o Biodiversity studies. 

DEFINITION AFTER THE FOCUS GROUP 
Smart Environment implements environmentally sustainable actions at the university towards sustainable 

development based on international guidelines and adapted to the local context. 
Source: Elaborated by the authors. 
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The participants considered the definition as limited and narrow. After discussions, they 

indicated to extend and direct it to higher education institutions. The main points focused on 

sustainability and the differences between a sustainable and an ecologic campus. Thus, to attend 

the group consensus, we addressed the concept towards sustainability and ecology on campus 

through “environmentally sustainable actions”. 

 The participants also debated the use of sustainability index in the smart campus to be 

adapted  to  its  surroundings,  as  well  as  to  each  territory  and  culture.  They  concluded  that 

international standards could guide and measure environmental practices on campus, such as 

the Green Metric Report. Therefore, based on the analysis, we proposed that ecological actions 

in the university should be towards sustainable development guided by international guidelines 

but adapted to the local context. Also, the content analysis of the Focus Group discussions 

indicated  seven  indicators  to  monitor  the  level  of  smartization  in  the  Smart  Environmental 

dimension at Latin American universities. For instance, social action to preserve the 

environment, biodiversity studies, and technologies to optimize resources. 

 Thus,  the  smart  environment  relates  to  smart  technologies,  biodiversity,  SDGs,  and 

other sustainability practices, such as recycling. Innovative solutions promote environmentally 

sustainable actions to improve the university's environmental efficiency towards sustainable 

development based on international guidelines.  

4.5 Smart Living 

 
 The literature review supported our definition and three statements related to the quality 

of life, livability, health support, and student development (Table 2.5). 

Table 2.5. Smart Living 
SMART LIVING – PROPOSED DEFINITION 

Smart Living provides better livability on campus through encouragement and support of health, student 
development, and smart living services. 

INDICATORS 
- A smart campus promotes a better quality of life for its stakeholders through health and welfare 

support. 
o Levels of quality of life and well-being. 
o Occupational Health and Wellness Programs. 

- Poverty-stricken students and people with special needs must be supported by a smart campus. 
o Levels of social inclusion. 

- The educational lifestyle of a smart campus must promote a multi-cultural and diverse environment.  
o Livability levels. 
o Extracurricular activities for the community. 
o Additional livability services, such as leisure spaces. 
o Habitability allowances. 

DEFINITION AFTER THE FOCUS GROUP 
Smart Living provides better livability in the university through smart actions and services to support the 

stakeholders' well-being and development. 
Source: Elaborated by the authors. 
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The participants discussed how the smart campus could support health and how the 

resources  efficiency  impacts  the  stakeholder's  health.  They  also  questioned  smart  living 

services in a smart campus and concluded it is “livability”. Thus, the definition changed. “Well-

being”  replaced  health  and,  “smart  living  services”  were  replaced  by  "smart  actions  and 

services".  

Therefore, Quality of Life is the guide for Smart Living to support health and welfare. 

Scholars highlighted the need for services towards people with disabilities and poverty-stricken 

students, while practitioners added the need to measure the level of social inclusion. Leisure 

and free time were considered a vital matter to improve livability on campus, as well as the 

building of a multi-cultural and diverse environment in universities. Our results pointed to seven 

indicators  to  this  dimension  related  to  wellness  programs,  social  inclusion,  extracurricular 

activities, leisure spaces, and livability. 

4.6 Smart Management 

 We proposed a smart management dimension supported by a management model based 

on transparency, inclusion, and efficiency (Table 2.6). In the synchronous session, we presented 

three statements and the participants referred to new management models, open governance, 

active participation of the stakeholders, and constant evolution.  

 

Table 2.6. Smart Management 
SMART MANAGEMENT – PROPOSED DEFINITION 

Smart Management creates an inclusive, transparent, and open environment and a campus management model 
with the active participation of stakeholders and focused on the efficient use of resources. 

INDICATORS 
- A smart campus needs management with active stakeholder participation. 

o Efficient and sustainable use of resources. 
o Result reports. 
o Dynamic management. 

- Transparency and governance are the foundation for strategic planning and administration of a smart 
campus. 
o Strategic projects supported by ICT. 

- Managerial processes must use Information Systems to become paperless and faster in a smart campus.  
o ICT Infrastructure Projects. 
o Data management platforms. 
o Open data. 
o Digital twins. 

DEFINITION AFTER THE FOCUS GROUP 
Smart Management creates an inclusive, transparent, and open management in the university through a model 

with the active participation of stakeholders, continuous improvement, and focused on the efficient use of 
resources. 

Source: Elaborated by the authors. 
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 The participants also indicated ICT improvements and audit processes to be part of the 

university  management.  Thus,  we  added  “continuous  improvement”  to  the  definition.  We 

extracted  eight  indicators  to  smart  management  regarding  the  efficient  use  of  resources, 

openness, data management, dynamism, and management tools based on technology. 

 Thus,  smart  management  needs  the  active  participation  of  stakeholders  to  build  a 

governance-based administration. Besides that, actions related to sustainability, transparency, 

and process efficiency are driven by smart technologies and information systems, which were 

agreed upon between both scholars and practitioners. 

4.7 Smart Mobility  

Smart  mobility's  proposed  definition  and  statements  included  technologies,  systems, 

and  services  to  promote  better  mobility  on  campus  through  improvements  in  comfort, 

efficiency, and sustainability (Table 2.7).  

 

Table 2.7. Smart Mobility 
SMART MOBILITY – PROPOSED DEFINITION 

Smart Mobility combines technologies to make mobility more comfortable, efficient, and sustainable on campus. 
INDICATORS 

- Location-based services and systems modernize smart campus mobility. 
o Number and style of trips. 
o Increased use of low-carbon vehicles. 

- New technologies and the internet are necessary to provide smart mobility services (e.g., smart 
signaling, traffic, and parking). 
o Use of travel time. 
o Circulation routes vs programmed stays. 

- Connected smart services improve mobility for users and planners. 
o Bicycle Availability. 
o Chargers for electric cars. 
o Incentives for collaborative transportation. 
o Efficiency and quality of transport. 

DEFINITION AFTER THE FOCUS GROUP 
Smart Mobility implements actions and technologies to make mobility more comfortable, efficient, and 

sustainable on and off-campus. 
Source: Elaborated by the authors. 

 

The participants discussed that one of the main problems for mobility was out of the 

university  limits,  referring  to  the  city.  Latin  American  cities  often  have  deficient  public 

transportation services. Also, they highlighted stakeholders often lose time on traffic, mainly in 

big cities, to access their universities. One participant added that people could take two hours 

to get to education centers, sometimes they needed more than one type of transport or spend 

more than 20 minutes finding a parking spot next to the university.  
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The  group  concluded  that  each  university  should  implement  smart  mobility  actions 

according to its context. For instance, one participant cited a university in Colombia placed on 

top of a mountain with many stairs, which makes bike usage not adequate. The analysis showed 

us that the concept needed more than technologies to accomplish mobility. Thus, we included 

"actions" in the definition. As noted before, mobility goes beyond the campus limits. Thereby 

we added "on and off-campus" in the concept. Finally, the analysis showed eight indicators 

towards eco-efficiency and quality of transport and innovation. 

Thus,  smart  mobility  is  mainly  based  upon  accessibility,  efficiency,  comfort,  and 

sustainability through connected location-based services and systems. Practitioners also 

highlighted that universities should seek partnerships with the city to promote better access to 

the  university,  such  as  exclusive  lanes  and  buses.  Despite  technology  enhancement,  smart 

mobility needs “offline” actions and to adopt initiatives to the university's local context. 

4.8 Smart Security 

 A  smart  security  definition  and  statements  were  based  on  the  literature  mainly 

concerned with physical and virtual safety, technology systems, and disaster prevention and 

management (Table 2.8). The participants questioned and discussed what a safe  campus is. 

They considered that security is more than leaving criminals out of campus. They agreed smart 

security needs to promote safety on and off-campus, not building "little paradises inside the 

universities’ walls” to protect against external threats and violence. 

 

Table 2.8. Smart Security 
SMART SECURITY – PROPOSED DEFINITION 

Smart Security protects people in both physical and virtual contexts on campus. 
INDICATORS 

- Technology systems (e.g., face recognition systems and smart locks) improve security in a smart 
campus. 
o Community Safety. 
o Levels of criminal cases prosecuted. 

- A cybersecurity system is necessary for a smart campus to prevent hacker attacks. 
o Online information security. 
o The number of cyber-attacks. 
o Security levels on technology platforms. 

- Connected services and technologies improve disaster management and prevention in a smart campus.  
o IT Risk Management and Mitigation. 
o Quick response to threats. 

DEFINITION AFTER THE FOCUS GROUP 
Smart Security promotes physical, virtual, technological, and biosafety protection to people on campus. 

Source: Elaborated by the authors. 
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 The content analysis presented those smart campuses should promote social 

development  inside  and  outside  the  university.  Also,  participants  highlighted  security  goes 

beyond  physical  protection  and  integrity.  They  emphasized  other  safety  aspects,  such  as 

technological,  virtual,  and  biosafety,  as  necessary;  thus,  we  added  to  the  concept.  Results 

designated seven indicators to monitor this dimension related to using IT to manage and reduce 

many risks. 

 Therefore, it was agreed between both scholars and practitioners that universities should 

promote beyond physical and material safety. Cybersecurity was highlighted as necessary in a 

technology-centered  environment,  as  well  as  biosafety  procedures  are  needed  in  a  post-

pandemic reality. Other aspects were noted, such as actions towards disaster prevention and 

management, and support to off-campus security. 

4.9 Smart Technology  

 We identified Smart Technology as a transversal dimension since it is necessary for all 

dimensions to build the smart campus.  The experts debated the transversality considering how 

to get a level of technology in the smart dimensions and discussed three statements presented 

(Table  2.9).  The  participants  highlighted  the  speed  of  technology  innovations.  Thus,  they 

suggested the Smart technology should not focus on a specific technology.  

 

Table 2.9. Smart Technology 

SMART TECHNOLOGY – PROPOSED DEFINITION 
Smart Technology is a transversal dimension that connects and supports all others to build a Smart Campus. 

INDICATORS 
- Internet technologies (e.g., IoT, ITC, 5G) are necessary to build a smart campus. 
- Data management and interconnection optimize the processes of a smart campus. 

- A smart campus must have physical systems (e.g., sensors, devices, actuators, and terminals) to provide a 
seamless interconnection. 

DEFINITION AFTER THE FOCUS GROUP 
Smart Technology is a transversal dimension that connects and supports all others with technological innovations 

that build a Smart Campus. 

Source: Elaborated by the authors. 

 

 Also, the experts debated how universities could implement technology innovations in 

their context, for instance, in public and private universities or rural and urban contexts. To 

respond to the participants’ demands we added "technological innovations" in the definition, to 
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neither relate to a specific technology nor context. From the experts’ comments, we designated 

four indicators to monitor this dimension related to using IT to manage and reduce many risks. 

 Thus, smart technology  is a transversal component that is present in all others.  It is 

composed of a broad technology system architecture to interconnect and support massive data 

processes  and  management.  It  does  not  focus  on  a  specific  technology  but  comprehends 

technological innovations that adapt according to the university dimensions. 

 

4.10 Smart Campus model: Validated indicators 

 Our results presented a Smart Campus with eight smart dimensions namely economy, 

education, environment, living, management, mobility, security, and technology, which is a 

transversal  dimension  in  the  others.  The  findings  synthesized  indicators  and  variables  to 

monitor the smartization process on the campus (Table 2.10). 

 

Table 2.10. Smart Campus indicators 
DIMENSION INDICATORS VARIABLE 

Smart 
Economy 

On my campus, it is possible to do electronic transactions, such as to pay 
university fees or to do payments in stores. 

Electronic services 

My Campus supports business ideas through  entrepreneurship centers, 
innovation centers, entrepreneurs incubators, specialized centers, etc. 

Entrepreneur and 
innovation support 

My  campus  has  collaborative  economy  networks  or  actions  of  shared 
economy 

Collaborative 
Economy 

My  campus  supports  local  economic  development  with  projects  and 
actions toward the community 

Local development 

My campus has a department or sector to support employability. Employability 

Smart 
Education 

My campus uses Smart Technologies for teaching, for example, Cloud 
Computing, IoT, IA, Big Data, etc. 

Smart Education 
Technologies 

My campus has open and available internet bandwidth for all. Internet access 
My campus consults the community about its educational needs (e.g., 
courses availability). 

Community needs 
awareness 

My campus monitors the satisfaction level of students and staff. Satisfaction 

On my campus, the teaching methodology is Results-based learning. 
Results-based 
learning 

Smart 
Environment 

My  campus  develops  actions  towards  the  Sustainable  Development 
Goals (SDGs). 

SDGs 

On my campus, there are actions to protect the local biodiversity. Biodiversity 
My campus uses bioenergy and Smart Technologies to manage energy 
and water resources, such as automatized lighting. 

Eco-friendly 
resources 

My campus has smart buildings, e.g., buildings with automatized 
management of resources  

Smart Buildings 

My campus recycles residues. Recycling 

Smart Living 

On my campus, there is quality of life and well-being monitoring. Quality of Life 
My campus implements occupational health and wellness programs. Health 
My campus measures the level of social inclusion among students. Social Inclusion 
My campus has adequate leisure spaces. Leisure 

On my campus, there are extracurricular activities for the community. 
Extracurricular 
activities 
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Smart 
Management 

My campus has management focused on the sustainable use of resources. 
Sustainable 
management 

My campus publishes the accountability annually Transparency 
My campus performs participatory strategic planning. Participation 
My campus has an online process management platform. Process efficiency 

Smart 
Mobility 

There is adequate public transport to access my campus. Accessibility 
There is traffic signaling on campus. Signaling 
My campus encourages or uses low-carbon transport. Sustainable transport 

My campus encourages collaborative transport, such as rides. 
Collaborative 
economy 

My campus has support facilities for bikes. 
Eco-friendly 
transport 

Smart Security 

My campus ensures physical and material security. Security 

My campus has biosafety protocols. Biosecurity 

My campus has technological systems to support security (e.g., facial 
recognition system). 

Smart Technologies 

My campus has protection from cyber-attacks. Cybersecurity 

My campus has protocols for the prevention and management of risks 
and disasters 

Disaster prevention 

Smart 
Technology 

My campus uses internet technologies, such as the Internet of Things. Internet technologies 
My campus has systems for data management and interconnection. Data management 
My campus has technological control systems, such as sensors. Information Systems 
My campus has systems (e.g., webpage) to offer and manage services to 
its stakeholders. 

Internet Technologies 

Source: Elaborated by the authors.  

 

 

5 Conclusions 

 This study aimed to formulate and validate a Smart Campus model with indicators to 

monitor the smartization process in the Latin American Context through a qualitative approach 

mainly  based  on  a  focus  group.  We  proposed  definitions  for  the  smart  campus  and  its 

dimensions,  as  well  as  variables  and  indicators  that  were  evaluated  by  experts  from  Latin 

America. The smart campus does not have a unified concept, dimensions, or characteristics in 

the literature (Chiu et al., 2020; Min-Allah & Alrashed, 2020; Prandi et al., 2020).  

Our  research  provided  three  groups  of  findings.  First,  we  developed  an  integrative 

concept  according  to  the  literature  and  experts’  evaluation.  A  smart  campus  is  a  higher 

education institution that creates an ecosystem using Information and Communication 

Technologies  (ICT)  to  achieve  sustainability  using  a  governance-based,  collaborative,  and 

adaptive learning model to promote better livability for its stakeholders.  

Second, we validated with experts a model (Figure 2.3) with dimensions and variables 

to express the smartization process to universities. Although many authors already proposed 

indicators, to the best of our knowledge, there was not an integrative model associated with 
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SGDs. Thus, both findings contributed to consolidating the smart campus approaches according 

to the SGDs' perspective.  

 

Figure 2.3. Smart Campus Framework 

 
Source: Elaborated by the authors. 

 

Finally, the third finding is a managerial implication. Since we provided indicators to 

each variable of smart dimensions, the model can become a tool to manage the university's 

evolution towards  a smart campus. That is, the final model helps the  academic  manager to 

monitor the smartization process. It is a tool to support decision-makers, prioritize actions, and 

optimize resources.  

 Our research indicated that a smart campus must be connected inside and outside its 

walls. The experts’ discussions mainly concerned sustainability, technology, and social issues 

that  smart  campuses  need  to  address.  It  is  necessary  to  implement  open  and  collaborative 

actions towards management, partnerships with the city government, protect the environment, 

and promote well-being and safety for stakeholders.  

 Thus, we could identify differences between the previous literature perspectives and our 

results from a Latin American perspective.  
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Our  concept  and  model  have  broader  connections  with  the  community  and  city,  leading  to 

partnerships  with  stakeholders  to  achieve  the  smart  campus  goals.  The  Latin  American 

perspective of the Smart campus follows a similar structure of a smart city (Fraga-Lamas et al., 

2019;  Torres-Sospedra  et  al.,  2015).  However,  it  focuses  on  sustainability,  governance, 

collaborative  systems  and  adaptive  learning  models.  From  the  Latin  American  Perspective, 

technology  is  the  way,  not  the  end  itself.  It  is  the  way  to  promote  better  livability  for  its 

stakeholders.  In  resume,  the  core  concept  in  the  Smart  city  Latin  American  perspective  is 

livability.    

Although the model is helpful in any context, our findings provided a Latin American 

point of view. The novelty found here relates to how the social and economic regional level can 

change  the  idea  of  a  smart  context.  Most  studies  on  Smart  Campus  analyzed  developed 

countries.  Thus,  they  usually  focus  more  on  technologies  and  sustainability  than  other 

dimensions. Smart campuses in developing countries may prioritize other components, such as 

infrastructure, mobility, and education improvements.  

 The  number  of  participants  has  limited  this  study.  However,  we  minimized  this 

limitation  following  the  Focus  group  technique;  that  is,  there  was  a  range  of  participants, 

representatives from different areas, Latin American countries, and diversity of roles inside the 

campuses. We indicate further studies to  apply the model in a sample of universities using 

quantitative methods to provide another validation and, at the same time, to define the weights 

to the dimensions and variables. 
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Abstract 

Universities  first  emerged  in  medieval  times  and  through  the  centuries  they  have  changed 
personal and national realities through education and critical thinking. Technology 
improvements  accelerated  the  digital  transition  of  universities  which  built  a  path  for  smart 
campuses.  Although,  the  smartization  process  is  more  than  just  promoting  digitalization 
procedures.  This  research  aims  to  identify  the  essential  elements  and  the  most  significant 
deficiencies in the Smart Campus dimensions and its variables from the user viewpoint to offer 
a list of priorities to decision-makers. Through an Importance-Performance Analysis performed 
in both Microsoft Excel and IBP SPSS 26, we tested, in a Brazilian university, an integrative 
smart  campus  framework  previously  validated  with  Latin  American  Experts.  Our  results 
confirmed eight dimensions are important for a smart campus evaluation and provided a list of 
priorities  to  academic  managers.  The  method  indicated  the  main  gaps  among  Importance-
Performance.  We  concluded  that  the  smartization  process  could  not  rely  on  technology 
attributes only. Universities should meet the present and emerging needs of modern society and 
the labor market in a sustainable, social and technological manner.  
 
Keywords: Smart Campus Indicators. Importance Performance Analysis. Higher Education. 
Decision-making.  
 
 
 

1 Introduction 

 For many centuries, universities have changed individual and national realities through 

education and critical thinking. Indeed, since scholasticism in medieval European monasteries, 

universities  became  a  significant  component  of  societal  change,  sustainability,  and  digital 

transitions (De Vaujany, Walsh, & Mitev, 2011; Melé, 2016). It has a crucial role in recent 

matters,  such  as  fighting  the  COVID-19  pandemic  through  partnerships  and  support  of 

governments and civil society (Arrais, Corcioli, & Medina, 2021).  

 Change and freedom highlight the history of universities with diverse roles to make the 

institution always fresh and aware of novelties both in national and global contexts. Technology 
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is a fundamental tool in replacing classical education with smart education led by industry 4.0, 

technical innovations, and socioeconomic challenges (Elsakova et al., 2019; Tikhonova, 2019).  

In  this  way,  universities  are  towards  the  smartization  process,  that  is,  to  become  smart 

campuses. 

 The smartization process of universities aims to change the current framework to evolve 

an open university concept, adapt the management model, infrastructures, and relationships 

with  the  community,  public  and  private  sectors  towards  a  common  goal:  sustainability  and 

quality of life (Rico-Bautista, Maestre-Góngora & Guerrero 2020).  

 Smart campuses use Information and Communication Technologies (ICT) to interact 

with  stakeholders  to  create  an  ecosystem  that  integrates  physical  and  digital  spaces.  It 

establishes responsive, intelligent, and improved services to create a productive, creative, and 

sustainable environment (Min-Allah & Alrashed, 2020; Villegas-Ch, Arias-Navarrete, et al., 

2020).  

 Open and integrative participation of stakeholders is part of the Smart Campus' primary 

purpose to achieve sustainability and quality of life. Therefore, it is necessary to assess how 

university  stakeholders  evaluate  the  importance  and  performance  of  the  Smart  Campus 

dimensions and its variables. Studies from the user's viewpoint can provide a map to academic 

managers to optimize the smartization process and improve the users' satisfaction level. Thus, 

this study contributes with an educational management tool, a list of prioritization items to 

decision-makers. 

 The Smart Campus concept, dimensions, and indicators are recent approaches, and the 

prioritization  order  of  its  elements  varies  according  to  the  cultural,  social,  and  economic 

context. Thus, our research question is: "What should be the decision-making priorities in the 

Smartization process of a Brazilian university?" 

 This research aims to identify the essential elements and the most significant 

deficiencies in the Smart Campus dimensions and its variables from the user point of view to 

offer  a  list  of  priorities  to  decision-makers.  We  used  a  quantitative  descriptive-exploratory 

approach through an Importance-Performance Analysis (IPA) to accomplish our goal with a 

sample of students from the Federal University of Campina Grande, located at the Paraiba State 

in Brazil. After this introduction, the study follows a section of Literature Review presenting a 

background  of  university  history  and  smart  campus.  Then,  we  indicate  the  methodology, 

results, and conclusions.  
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 2 Literature Review 

 In the western world, universities emerged in European Christian monasteries by the 

11th century. They became one of the oldest institutions of the western world, with an academic 

structure  composed  of  theology,  arts,  law,  and  medicine  (De  Vaujany  et  al.,  2011;  Scholz, 

2020). In the first universities, the teaching followed the scholasticism, a scientific practice or 

method  based  on  the  rigorous  conception  of  different  positions  through  the  analysis  and 

presentation of authorized texts in a phase of Lectio, followed by a step of debates, namely 

disputatio (Beck, 2016; De Vaujany et al., 2011; Melé, 2016).  

 Universities remained under the responsibility of the Christian church for centuries (De 

Vaujany et al., 2011). Although, the Protestant Reform and its political and cultural changes in 

the 16th century affected the university curricula, systems, and frameworks (Kintzinger, 2017). 

To  spread  the  Reformed  faith,  new  higher  education  institutions  were  founded  throughout 

Europe, mainly supported by Lutherans and sovereigns that made universities a territorial state 

and a confessional formation (Kintzinger, 2017; Te Velde, 2016). 

 The university conception remained the same until the French Revolution, which also 

marked the decline of universities and the appearance of vocational schools, such as the École 

Polytechnique, with a focus on engineering (De Vaujany et al., 2011; Scholz, 2020). While in 

Germany, a new type of university introduced teaching and research as the inseparable core 

responsibilities  of  professors,  committed  to  a  humanistic  education  that  became  the  classic 

university of the 19th and 20th centuries (Kintzinger, 2017; Scholz, 2020).  

 The  development  of  universities  continued  to  follow  state  and  political  directives, 

structuring new pedagogical landscapes, and founding new kinds of universities, such as the 

technical university, focused on business and commerce in France and later in the United States 

(De  Vaujany  et  al.,  2011;  Kintzinger,  2017;  Scholz,  2020).  World  War  I  also  changed 

universities, introducing new courses, alterations of subjects, and ways of research, including 

the  curtailing  of  academic  freedom  by  soviets  and  destructive  ideology  by  the  Nazi  Party 

(Scholz, 2020).  

 After World War II, universities increased the applied sciences and interdisciplinarity, 

such as Game Theory and operational research, but were also marked by student movements 

(Scholz,  2020).  Those  movements  paved  the  way  to  build  a  contemporary  university  that 

focuses  on  methods,  research  paradigms,  disciplines,  institutions,  and  epistemologies.  New 

universities are transdisciplinary with an active role in society (Scholz, 2020).  
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2.1 Latin American Universities 

 The  first  Latin  American  universities  appeared  in  the  16th  century  with  the  Spanish 

colonization  as  a  copy  of  the  medieval  model  subordinated  to  the  Crown  and  the  Church 

(Arocena & Sutz, 2005). After the independence of Hispano-American countries, a new kind 

of university emerged: the republican university, inspired by the Napoleonic model that was 

connected with professional schools (Arocena & Sutz, 2005; J. G. Mora, Serra, & Vieira, 2018).  

 Those Latin American universities had the same structure and aimed at an intellectual 

elite and classical studies until the beginning of the 20 th century when the University Reform 

Movement  or  Cordoba  Reform  took  place  in  1918  (Arnove,  1967;  Arocena  &  Sutz,  2005; 

Baptista, Vasen, & Soto, 2019; J. G. Mora et al., 2018). The University Reform started as a 

student  protest  against  the  old  universities’  regime  controlled  by  traditional  oligarchies  in 

Córdoba University in Argentina.  This thinking quickly spread throughout Latin America and 

became one of the most important social movements of the continent (Arnove, 1967; Arocena 

& Sutz, 2005; J. G. Mora et al., 2018).  

 The  Cordoba  Reform  also  became  the  starting  point  for  Latin  America  to  mark  the 

history of universities with its original contribution (Arocena & Sutz, 2005). The movement 

had broad goals related to political, cultural, economic, and social demands. However, the most 

relevant point was democratizing universities through autonomy, co-governance, and outreach 

or extension (Arocena & Sutz, 2005; Baptista et al., 2019; J. G. Mora et al., 2018).  

 The social engagement brought by the Reform changed the ethos of Latin American 

universities by the inclusion of outreach as the third mission of universities along with teaching 

and research (Arocena & Sutz, 2005; J. G. Mora et al., 2018). Currently, the Latin American 

universities  profile  includes  autonomy,  i.e.,  independence  from  state  and  church,  and  co-

governance  regarding  the  inclusion  of  professors,  students,  and  alumni  in  the  institution 

government. Also, it has outreach activities towards the community or disadvantaged sectors 

of society through technical assistance and projects, which is the most prominent characteristic 

of public Latin American universities (Arocena & Sutz, 2005; Baptista et al., 2019).  

 With  a  different  history  from  its  neighboring  countries,  Brazilian  universities  only 

emerged in the early 1920s (Arocena & Sutz, 2005; de Nez, 2018). Although, the movements 

claiming for the democratization of society from the Cordoba Reform and later on with the 

students' protests against the military dictatorship also marked the history of universities in the 

country (Arocena & Sutz, 2005; de Nez, 2018). Those social movements mainly contributed to 

the legal bounding of the integration and inseparability of teaching, research, and outreach as 
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the mission of universities, consecrated by the Brazilian Constitution of 1988 (Arocena & Sutz, 

2005; de Nez, 2018).  

 2.2 Smart Campus  

 The  digital  transition  of  universities  accelerated  in  2020,  due  to  the  COVID-19 

pandemic  and  restrictions,  through  Information  and  Communication  Technologies  (ICT), 

digital management, and distance teaching (Ramírez-Montoya, 2020). Along with technology, 

the future university needs to sustainably attend to its stakeholders’ needs and promote better 

livability and quality of life, which is the main goal of smart campuses (Clark II & Eisenberg, 

2008; Coccoli, Maresca, & Stanganelli, 2017; Durán-Sánchez, Álvarez-García, Del Río-Rama, 

& Sarango-Lalangui, 2018). 

 Starting in 2000 (Kaneko, Sugino, Suzuki, & Ishijima, 2000), the smart campus concept 

is  still  at  the  exploratory  stage,  with  no  common  agreement  for  definition,  dimensions,  or 

characteristics (Chiu et al., 2020; Min-Allah & Alrashed, 2020; Prandi et al., 2020). However, 

three  different  perspectives  conceptualize  smart  campus  based  on  a  (1)  technology-driven 

approach,  (2)  organizational  process-driven  approach,  and  (3)  smart  city  driven  approach 

(Gilman et al., 2020; Muhamad et al., 2017; Prandi et al., 2020). 

 Technology is the driver of smart campuses, mainly through the Internet of Things (IoT) 

and Information Communication Technologies (ITC) to enhance the informatization level in 

colleges and universities  (Alonso & Donsión, 2016; Celdran et al., 2020; Luo, 2018; Rico-

Bautista, Maestre-Góngora, & Guerrero, 2020; Rico-Bautista et al., 2020a; Tian et al., 2018; 

Xu et al., 2019; Xu, Wang, & Yu, 2018). The wide range of technologies support and digitalize 

processes, teaching, research, and services to improve the university’s efficiency in a rapid, 

intelligent, and harmonious manner (T. Bi, Yang, & Ren, 2017; Celdran et al., 2020; Fernandez-

Carames & Fraga-Lamas, 2019; Sanchez-Torres et al., 2018; Yange et al., 2016).  

 The Organizational process perspective focuses on replacing old manual services with 

smart ones to optimize processes through information sharing mechanisms (Khamayseh et al., 

2015;  G.  Guo,  2018;  Nan  et  al.,  2018).  The  management  should  also  provide  personalized 

guidance and assistance for specific tasks based on the users’ requirements to achieve the smart 

management and service on campus (Caballero et al., 2014; Soldatos et al., 2014; Yang et al., 

2018).  

 The  smart  city  promotes  the  integration  of  social,  economic,  and  environmental 

awareness into a well-performing city, mainly based on smart dimensions (economy, people, 
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governance, mobility, environment, and living) to optimize the citizens quality of life through 

cutting-edge technologies, such as ICT and IoT (Caragliu et al., 2011; Giffinger et al., 2007; 

Silva-Da-Nóbrega & Chim-Miki, 2021). The smart campus is part of smart city movements 

that use technologies and sustainability to improve universities as an advanced pattern of digital 

and  sustainable  universities  (Janssen  &  Prasetiyowati,  2018).  Thus,  they  share  a  similar 

structure and smart campuses may be used as a small-scale city for smart city projects (Alvarez-

Campana et al., 2017; Fortes et al., 2019; Ramos, Trilles, Torres-Sospedra, & Perales, 2018; 

Ren, Zhang, & Duan, 2018; Vasileva et al., 2018).  

 Despite the various analytical perspectives, according to our definition, a smart campus 

is a higher education institution that creates an ecosystem using Information and 

Communication  Technologies  (ICT)  to  achieve  sustainability  using  a  governance-based, 

collaborative,  and  adaptive  learning  model  to  promote  better  livability  for  its  stakeholders. 

Also,  we  proposed  a  smart  campus  model  with  dimensions  connected  to  the  Sustainable 

Development Goals, namely economy, education, environment, living, management, mobility, 

security, and technology, which is a transversal one, i.e., present in all dimensions (Figure 3.1).  

 

Figure 3.1. Smart Campus framework 

 
Source: Elaborated by the authors. 
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3 Methodology 

 
 The  goal  of  this  study  is  to  identify  the  essential  elements  and  the  most  significant 

deficiencies in the Smart Campus dimensions and its variables from the user point of view to 

offer a list of priorities to decision-makers. We conducted a quantitative descriptive-exploratory 

approach  through  an  Importance-Performance  Analysis  (IPA)  based  on  the  Smart  Campus 

framework previously validated.  

 The IPA technique was proposed by Martilla & James (1977) to develop more effective 

marketing feedback from consumers and help decision-makers to better manage resources and 

strategies through the service/product performance and importance. Thus, it aims to diagnose 

the  performance  of  attributes  and  promotes  management  actions  to  prioritize  the  optimal 

allocation of resources and improve customer satisfaction (Sever, 2015).  

 Currently,  it  is  employed  in  research  in  other  areas,  such  as  Smart  Cities  (Silva-da-

Nóbrega & Chim-Miki, 2021), tourism  (Boley, McGehee, & Tom Hammett, 2017), service 

satisfaction  (H.  Chen,  Weiler,  Young,  &  Lee,  2016),  and  satisfaction  in  higher  education 

(McLeay, Robson, & Yusoff, 2017).  

 

3.1 Data collection 

Although  the  case  choice  was  intentional  and  by  accessibility,  we  established  some 

criteria: i) The university should gather standard Brazilian Universities' characteristics, i.e., to 

be a public institution with different undergraduate and graduate programs; ii) The university 

should have some smart campus project or intention to start; iii) The university should have 

some recognition at the national level.  

Thus,  we  chose  the  Federal  University  of  Campina  Grande  (UFCG)  located  in  the 

northeast of Brazil that has approximately 20,000 students, 124 programs of degree 

(undergraduate, master, and Ph.D.), 1500 professors, and 1400 employees (Federal University 

of Campina Grande, 2021b). Besides, UFCG has seven campuses, and recently it created the 

Smart  Campus  Project  on  its  main  campus.  Also,  in  2020,  UFCG  was  highlighted  by  the 

national media for it led the National Ranking of Resident Depositors of Invention Patents, 

released by the National Institute of Industrial Property (Federal University of Campina Grande, 

2021a; Madeiro, 2021).  
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Data  collection  was  in  November  2021  through  an  online  survey  hosted  in  Google 

Forms  sent  to  UFCG  students.  The  university  has  20,427  students  (Federal  University  of 

Campina Grande, 2021b), thus considering a random sample with a 95% confidence level and 

5% error, the sample should be 378 respondents. The questions are from a previous framework 

that was pre-validated by a Latin American expert's panel. The validation occurred through 

online focus group sessions composed of 10 participants from different scientific backgrounds, 

such as Management, Architecture, and Technology, from Brazil, Colombia, Cuba, Ecuador, 

England, Mexico, and Spain. 

The IPA results rely on the attributes' perception, so it is crucial to appropriately select 

each indicator and use the same set in both importance and performance. For this reason, we 

used a framework previously validated by international experts of smart campus (Table 3.1). 
 

Table 3.1. Smart Campus indicators 
DIMENSION INDICATORS VARIABLE 

Smart 
Economy (EC) 

On my campus, it is possible to do electronic transactions, such as to pay 
university fees or to do payments in stores. 

Electronic services 

My Campus supports business ideas through entrepreneurship centers, 
innovation centers, entrepreneurs incubators, specialized centers, etc. 

Entrepreneur and 
innovation support 

My  campus  has  collaborative  economy  networks  or  actions  of  shared 
economy 

Collaborative 
Economy 

My  campus  supports  local  economic  development  with  projects  and 
actions toward the community 

Local development 

My campus has a department or sector to support employability. Employability 

Smart 
Education 
(ED) 

My campus uses Smart Technologies for teaching, for example, Cloud 
Computing, IoT, IA, Big Data, etc. 

Smart Education 
Technologies 

My campus has open and available internet bandwidth for all. Internet access 
My campus consults the community about its educational needs (e.g., 
courses availability). 

Community needs 
awareness 

My campus monitors the satisfaction level of students and staff. Satisfaction 

On my campus, the teaching methodology is Results-based learning. 
Results-based 
learning 

Smart 
Environment 
(EN) 

My  campus  develops  actions  towards  the  Sustainable  Development 
Goals (SDGs). 

SDGs 

On my campus, there are actions to protect the local biodiversity. Biodiversity 
My campus uses bioenergy and Smart Technologies to manage energy 
and water resources, such as automatized lighting. 

Eco-friendly 
resources 

My campus has smart buildings, e.g., buildings with automatized 
management of resources  

Smart Buildings 

My campus recycles residues. Recycling 

Smart Living 
(LI) 

On my campus, there is quality of life and well-being monitoring. Quality of Life 
My campus implements occupational health and wellness programs. Health 
My campus measures the level of social inclusion among students. Social Inclusion 
My campus has adequate leisure spaces. Leisure 

On my campus, there are extracurricular activities for the community. 
Extracurricular 
activities 

Smart 
Management 
(MA) 

My campus has management focused on the sustainable use of resources. 
Sustainable 
management 

My campus publishes the accountability annually Transparency 
My campus performs participatory strategic planning. Participation 
My campus has an online process management platform. Process efficiency 
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Smart 
Mobility (MO) 

There is adequate public transport to access my campus. Accessibility 
There is traffic signaling on campus. Signaling 
My campus encourages or uses low-carbon transport. Sustainable transport 

My campus encourages collaborative transport, such as rides. 
Collaborative 
economy 

My campus has support facilities for bikes. 
Eco-friendly 
transport 

Smart Security 
(SE) 

My campus ensures physical and material security. Security 

My campus has biosafety protocols. Biosecurity 

My campus has technological systems to support security (e.g.,  facial 
recognition system). 

Smart Technologies 

My campus has protection from cyber-attacks. Cybersecurity 

My campus has protocols for the prevention and management of risks 
and disasters 

Disaster prevention 

Smart 
Technology 
(TE) 

My campus uses internet technologies, such as the Internet of Things. Internet technologies 
My campus has systems for data management and interconnection. Data management 
My campus has technological control systems, such as sensors. Information Systems 
My campus has systems (e.g., webpage) to offer and manage services to 
its stakeholders. 

Internet Technologies 

Note: SD – Standard Deviation; I-P: Importance - Performance 
Source: Elaborated by the authors. 

 

 We conducted a content validity test with Brazilian undergraduate and graduate students 

and  Smart  Campus  professors  to  improve  the  questions'  reliability.  We  requested  them  to 

evaluate and suggest improvements related to each item's clarity and adequacy. We analyzed 

and changed to queries according to all suggestions. Also, a pilot test was conducted in October 

2021 with UFCG's undergraduate and graduate students. 

 The  questionnaire  link  was  promoted  through  emails  to  academic  secretaries  and 

professors, as well as social networks, namely Instagram, Facebook, WhatsApp, and Telegram, 

to reach  a broader range of students. However, to ensure that only UFCG's students would 

answer the survey, we included a filter question, asking the respondent which connection they 

had with the university. They had three options: (1) undergraduate student, (2) graduate student, 

or (3) no connection with the university. The questionnaire opened only if the student answered 

the first and second options. Also, we assured anonymity in completing the questionnaire since 

no email or identification data was collected.  

 Firstly, the questionnaire presented the Smart Campus concept. Second, we asked the 

respondents  for  a  twofold  evaluation  of  38  indicators  (Table  3.1).  On  the  one  hand,  they 

indicated the importance of each attribute to a smart campus. On the other hand, they evaluated 

the indicator performance. We chose a 5-points Likert scale, of which one was equal to the 

lowest level to both importance and performance, and five was the highest. Finally, there are 

demographic questions, such as sex and age. 
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3.2 Data Analysis 

 On Microsoft Excel, we managed the data, and on IBM SPSS 26, we performed data 

analysis through the IPA matrix, composed of four quadrants (Figure 3.2). The first quadrant 

concenters  the  most  important  variables  but  with  low  satisfaction,  meaning  that  managers 

should  prioritize  those;  the  second  quadrant  indicates  items  with  good  performance  and 

importance, therefore the managers should keep the good work on those; the third quadrant 

gathers underperforming and non-important items, which need to be kept as low priorities; and 

the fourth quadrant comprises items with high performance but low importance, indicating a 

possible overkill of resources (Martilla & James, 1977).  

 Selecting the optimal cut-off points in IPA is one of the biggest issues in this method 

(Sever, 2015). We chose the data-centered method to discriminate the IPA thresholds since it 

is the most applied method and has higher discriminative power than the scale-centered method 

(J. W. Bi, Liu, Fan, & Zhang, 2019; Lai & Hitchcock, 2015; Sever, 2015). Thus, our IPA uses 

the mean values to specify the threshold. 

 

Figure 3.2 IPA Matrix 

 
Source: Elaborated by the authors based on Martilla & James (1977). 
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4 Results and Analysis 

 We obtained 450 answers, but only 379 were valid because 45 respondents were not 

UFCG students, and 26 questionnaires had missing data. The main sample characteristics were 

54.8% female in an age range of 18-30 years old (79.8%) from undergraduate courses (80.2%) 

in the main campus in Campina Grande city (76.4%), as shown in Table 3.2.  

 

Table 3.2. Demographics 
Charactheristc Number of respondents Percentage (%) 

Sex   
     Female 213 56.2 
     Male 166 43.8 
Age   

Less than 18 years old 2 0.5 
Between 18 and 30 years old 315 83.1 
Between 31 and 40 years old 40 10.6 
Between 41 and 50 years old 15 4.0 
Between 51 and 60 years old 5 1.3 
More than 61 years old 2 0.5 

Course type   
Undergraduate 304 80.2 
Graduate and Postgraduate 75 19.8 

Campus   
Campina Grande city 291 76.8 
Cajazeiras city 10 2.6 
Cuite city 16 4.2 
Patos city 13 3.4 
Pombal city 10 2.6 
Sousa city 29 7.7 
Sume city 10 2.6 

Source: Elaborated by the authors. 

4.1 Descriptive analysis 

 Descriptive statistics quickly describe the data characteristics through a simplified set 

of values (Potter, Kniss, Riesenfeld, & Johnson, 2010). To graphically summarize our results, 

we chose Tukey's (1977) boxplot, as it is one of the most used techniques for displaying and 

summarizing univariate data (Goldberg & Iglewicz, 1992; Hubert & Vandervieren, 2008; Potter 

et al., 2010). It mainly uses the data median and quartiles that compose the 5-number summary: 

minimum and maximum range values, marking the interval length by putting whiskers as the 

lines. Thus, it draws a box from the first to the third quartile that equals in the interquartile 

range (IQR = Q3 – Q1) and puts a line at the median (Q2) (Goldberg & Iglewicz, 1992; Hubert 

& Vandervieren, 2008; Potter et al., 2010).  

 The left side of Figure 3.3 summarizes the descriptive data for Importance scores with 

a 1-point scale (4-5). The respondents majorly considered all attributes as very important to 

measure a smart campus, as the range of 93% of the data was between 4.49 and 4.84. Even the 
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farthest outliers, which compose 7% of data, at the graph lower end scored 4.30, indicating a 

high level of importance. The interquartile range representing 50% of scores is relatively short, 

comprising a 0.13-point difference. Also, the median is closer to the boxplot upper end, with 

half the scores grouped higher than the mean. This result indicates that overall students have a 

high level of agreement with each other.  

 Also, the right side of Figure 3.3 shows the descriptive data of Performance scores with 

a 3-point scale (1-4). Students considered that the university underperformed as a smart campus 

since the overall data was plotted between 2.23 and 2.86. The interquartile representing 50% of 

the  data  is  relatively  short,  as  it  ranges  between  2.86  and  2.23,  resulting  in  a  0.63-point 

difference. It points out a high level of agreement among respondents. Although, the upper 

whisker is more prolonged than the lower, which means that students' opinions varied in the 

most positive quartile. While in the most negative quartile, represented by the lower whisker, 

the students’ views were more similar, which is also indicated by the median’s position closer 

to the box lower end. 

 

Figure 3. Importance and Performance boxplots in different scales 

 
Source: Elaborated by the authors.   

  

 When compared using the same scale (Figure 4), the difference between Importance 

and Performance scores is clear. While respondents majorly agreed that all items are important 

to evaluate a smart campus as indicated by the higher and shorter boxplot, the university had a 

mild to bad performance, with students holding different opinions as represented by the lower 

and taller boxplot.  
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Figure 3.4. Importance and Performance boxplots 

 
Source: Elaborated by the authors.   

 

4.2 IPA Analysis 

 To  ensure  data  reliability,  we  extracted  the  Cronbach’s  alpha  coefficient  for  both 

importance and performance samples before conducting the IPA. All dimensions scored higher 

than 0.7, which is considered reliable and indicates adequate internal consistency of the dataset 

(Lai  &  Hitchcock,  2015).  Table  3.3  presents  the  scale  indexes  and  the  general  score  by 

dimension.  

 The most important dimension is Smart Living with a mean of 4.713 and a standard 

deviation of 0.024 (Table 3.3). These results represent that students highly regard issues relating 

to their quality of life in a smart campus, such as health, leisure, and well-being. On the other 

hand, the less important dimension for students was Smart Economy, with a mean of 4.44 and 

a standard deviation of 0.107. However, we note EC is less important but had no low score. 

Thus, students highly value entrepreneurship, economic innovation, electronic payment 

systems, and other economic-related issues.  

 Regarding Performance  results, the best dimension in UFCG is Smart Management, 

with  a  mean  of  2.898  and  a  standard  deviation  of  0.578  (Table  3.3).  However,  the  score 

attributed  is  medium,  not  high.  This  dimension  includes  process  efficiency,  sustainable 
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management,  transparency,  and  participation.  The  worst  performance  relates  to  the  Smart 

Security dimension with a mean of 2.382 and a standard deviation of 0.463. Thereby, students 

consider that UFCG underperforms in disaster prevention, biosecurity, cybersecurity, and other 

issues associated with this dimension. Despite the position in the ranking of performance, all 

dimensions indicate low functioning, as mentioned before.   

Furthermore, we found considerable gaps between the students' expectancy of a smart 

campus and their reality in UFCG in all dimensions. The I-P Gaps vary between 1,779 to 2.325 

on a scale of 1-5 points (Table 3.3). 

 

Table 3.3 Dimensions statistics 

Ranking 
IMPORTANCE PERFORMANCE GAP 

Dimension Mean SD Alpha Dimension Mean SD Alpha Dimension I-P 

1 LI 4.713 0.024 0.911 MA 2.898 0.578 0.737 MA 1.779 

2 TE 4.710 0.082 0.845 TE 2.783 0.657 0.754 EC 1.878 

3 SE 4.707 0.077 0.916 EC 2.562 0.289 0.775 TE 1.927 

4 MA 4.677 0.042 0.907 ED 2.527 0.234 0.779 ED 2.122 

5 EN 4.672 0.086 0.924 EN 2.495 0.484 0.815 EN 2.177 

6 ED 4.649 0.040 0.887 LI 2.473 0.129 0.839 MO 2.221 

7 MO 4.633 0.135 0.898 MO 2.412 0.726 0.745 LI 2.240 

8 EC 4.440 0.107 0.893 SE 2.382 0.463 0.818 SE 2.325 

- TOTAL 4.650 0.074 0.976 TOTAL 2.566 0.445 0.950 TOTAL 2.08 

Note: SD – Standard Deviation; I-P: Importante - Performance 
Source: Elaborated by the authors. 

 

 Table  3.4  summarizes  the  average  scores  by  indicators,  presenting  both  mean  and 

standard  deviation  results,  as  well  as  a  ranking  for  higher  values  in  both  Importance  and 

Performance.  It  also  shows  the  gaps  between  importance  and  performance  that  represent 

unsatisfaction levels among respondents. The gaps point out the faultiest items to achieve the 

status  of  a  smart  campus  and  the  way  to  guide  academic  managers  towards  a  smartization 

process. In this case, the interpretation of gap ranking is for lower values since the smaller the 

gap, the better the quality of that attribute from the respondent's perspective. 

 The results indicated that the most important items for a smart campus are Accessibility 

(4.84), Security (4.83), and Internet Technologies (4.79). While the less important attributes are 

Electronic  services  (4.30),  Collaborative  Economy  (4.35),  and  Entrepreneur  and  innovation 

support (4.49), all from the Economy dimension. However, as previously mentioned, all items 

are considered important. They have a score above 4, a mean of 4.65, and a standard deviation 

of 0.7.  
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 In the first look, these responses can represent low discriminant power since all items 

are important. Nevertheless, these results support our proposition that a smart campus needs an 

integrative  model  and  a  balance  among  technology  and  other  dimensions.  It  confirms  that 

universities need to sustainably attend to their stakeholders’ needs and promote better livability 

and quality of life, which is the primary goal of smart campuses (Clark II & Eisenberg, 2008; 

Coccoli,  Maresca,  &  Stanganelli,  2017;  Durán-Sánchez,  Álvarez-García,  Del  Río-Rama,  & 

Sarango-Lalangui, 2018). 

 Regarding  performance,  the  most  prominent  items  are  Process  efficiency  (3.71), 

Internet  Technologies  (3.63),  and  Accessibility  (3.22).  The  worst-performing  variables  are 

Sustainable transport (1.68), Smart Buildings (1.84), and Smart Technologies (1.96). Indeed, 

all items presented low-regular performance since they scored under 3, with a mean of 2.55 and 

a standard deviation of 1.2.  

 On the other side, the best levels of student satisfaction are related to Process efficiency 

(1.03), Internet Technologies (1.16), and Electronic services (1.52), as noted by the lowest gap 

between importance and performance. In comparison, the worst levels of satisfaction belong to 

Sustainable transport (2.87), Smart Buildings (2.69), and Smart Technologies (2.67).   

 Those higher results in technology-related attributes indicate that UFCG follows the 

smart campus technology-driven approach. In this view, a university enhances its 

informatization level through an interconnection of physical and virtual systems, characterized 

as an advanced digital campus (Y. Chen et al., 2012; Janssen & Prasetiyowati, 2018; Nan et al., 

2018; Yange et al., 2016). However, recent smart campus perspectives promote new 

educational paradigms and improvements in different dimensions to better meet the 

stakeholders’  needs  (Ahmed  et  al.,  2020;  Min-Allah  &  Alrashed,  2020;  Villegas-Ch  et  al., 

2020). Thus, our results indicate that UFCG needs to amplify its perspective about what is a 

smart campus. 

 Also, it shows the difference from the Brazilian perspective from developed countries 

since  basic  infrastructure  items  are  still  not  satisfied,  such  as  accessibility,  transport,  and 

buildings. Indeed, developed countries build technology and network frameworks on 

established institutions and infrastructures, while developing countries suffer  from deficient 

public  services,  lack  of  resources,  and  weaker  institutions  (Offenhuber,  2019;  Söderström, 

2020). 
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Table 3.4. Importance-Performance Analysis 

Variables 
 Importance Performance Gap 

Code Mean SD Rank Mean SD Rank I-P Rank 

Electronic services  EC-01 4.30 0.92 38 2.78 1.31 13 1.52 3 
Entrepreneur and innovation 

support EC-02 
4.49 0.83 36 2.64 1.18 16 1.85 11 

Collaborative Economy EC-03 4.35 0.90 37 2.28 1.19 26 2.07 17 

Local development EC-04 4.53 0.77 32 2.87 1.24 9 1.66 6 

Employability EC-05 4.52 0.86 34 2.23 1.11 28 2.29 26 

Smart Education Technologies ED-01 4.64 0.68 25 2.72 1.16 15 1.92 15 

Internet access ED-02 4.70 0.70 13 2.21 1.19 30 2.49 30 

Community needs awareness ED-03 4.61 0.74 27 2.46 1.12 21 2.16 20 

Satisfaction ED-04 4.68 0.64 19 2.45 1.21 23 2.23 24 

Results-based learning ED-05 4.61 0.69 28 2.80 1.17 12 1.81 9 

SDGs EN-01 4.75 0.61 5 2.93 1.10 7 1.81 10 

Biodiversity EN-02 4.72 0.61 10 2.85 1.29 10 1.86 12 

Eco-friendly resources EN-03 4.65 0.70 22 2.12 1.15 32 2.53 32 

Smart Buildings EN-04 4.53 0.81 33 1.84 1.01 37 2.69 37 

Recycling EN-05 4.71 0.67 11 2.72 1.21 14 1.99 16 

Quality of Life LI-01 4.69 0.65 18 2.27 1.18 27 2.41 28 

Health LI-02 4.70 0.65 12 2.43 1.15 24 2.28 25 

Social Inclusion LI-03 4.70 0.65 14 2.50 1.23 20 2.20 23 

Leisure LI-04 4.75 0.59 6 2.57 1.27 18 2.18 21 

Extracurricular activities LI-05 4.73 0.62 8 2.59 1.23 17 2.13 18 

Sustainable management MA-01 4.65 0.72 24 2.45 1.16 22 2.20 22 

Transparency MA-02 4.67 0.68 21 2.91 1.29 8 1.75 8 

Participation MA-03 4.65 0.70 23 2.52 1.21 19 2.13 19 

Process efficiency MA-04 4.74 0.63 7 3.71 1.24 1 1.03 1 

Accessibility MO-01 4.84 0.51 1 3.22 1.34 3 1.62 5 

Signaling MO-02 4.70 0.68 15 3.17 1.35 4 1.53 4 

Sustainable transport MO-03 4.55 0.87 31 1.68 0.97 38 2.87 38 

Collaborative economy MO-04 4.51 0.87 35 1.98 1.20 35 2.53 33 

Eco-friendly transport MO-05 4.57 0.83 30 2.01 1.15 34 2.56 34 

Security SE-01 4.83 0.48 2 2.95 1.28 6 1.88 13 

Biosecurity SE-02 4.72 0.67 9 2.81 1.28 11 1.91 14 

Smart Technologies SE-03 4.63 0.72 26 1.96 1.18 36 2.67 36 

Cybersecurity SE-04 4.67 0.76 20 2.17 1.16 31 2.51 31 

Disaster prevention SE-05 4.69 0.73 16 2.03 1.10 33 2.66 35 

Internet technologies TE-01 4.76 0.60 4 2.30 1.19 25 2.47 29 

Data management TE-02 4.69 0.64 17 2.98 1.24 5 1.71 7 

Information Systems TE-03 4.60 0.74 29 2.23 1.20 29 2.37 27 
Internet Technologies TE-04 4.79 0.52 3 3.63 1.29 2 1.16 2 

AVERAGE - 4.65 0.70 - 2.55 1.20 - 2.10 - 
Note: SD – Standard Deviation; I-P: Importante - Performance 

Source: Elaborated by the authors. 

 



81 
 

 Figure 3.5 presents the IPA matrix with all quadrants to provide the priorities for UFCG 

towards  the  smartization  process.  The  first  quadrant  gathered  28.9%  of  the  attributes  (11), 

indicating  that  they  are  important  to  respondents,  but  should  receive  more  attention  from 

decision-makers  to  improve  their  low  performance.  The  most  relevant  attribute  is  Internet 

technologies (TE-01), which is also fourth in the general ranking, but its performance is ranked 

at 25 and satisfaction at 29. Quadrant 1 has variables of six different dimensions: Education (2), 

Environment (1), Living (3), Management (2), Security (2), and Technology (1). 

 Quadrant 2 collected the most attributes (13), representing 34.2% of variables, 

indicating that decision-makers should keep the good work. Thus, variables in this dimension 

have high importance for respondents and good performance in UFCG. The most significant 

item  of  the  general  ranking  is  in  this  quadrant,  Accessibility,  which  is  also  third  in  best 

performance  and  fifth  in  satisfaction.  This  quadrant  comprises  variables  of  six  dimensions, 

namely Environment (3), Living (2), Management (2), Mobility (2), Security (2), and 

Technology (2).  

 The third quadrant consists of 23.7% of the attributes (9) corresponding to low-scoring 

items for both importance and performance. Thus, managers should keep those at low priority. 

Smart Technologies (SE-03) is the most highlighted attribute in this quadrant; however, it is 26 

at the general ranking, and even lower at performance and satisfaction (36). Quadrant 3 also 

aggregates variables of six dimensions: Economy (2), Education (1), Environment (1), Mobility 

(3), Security (1), and Technology (1).  

 At last, quadrant 4 clustered 13.2% of variables (5) that have high performance but are 

not much important for students, representing a possible overkill of resources. Smart 

Technologies (ED-01) is the most underlined attribute, but it ranks at 25 in the general ranking 

with both performance and satisfaction levels at 15. This quadrant included variables of two 

different, namely Economy (3) and Education (2).  
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Figure 3.5. IPA Matrix results 

 
Source: Elaborated by the authors. 

 

 According to Figure 3.5, we may establish a priority list for the university to improve, 

based on Quadrant 1. IPA results showed decision-makers should prioritize actions towards 

Internet access (ED-02), Satisfaction (ED-04), Eco-friendly resources (EN-03), Quality of Life 

(LI-01), Health (LI-02), Social Inclusion (LI-03), Sustainable management (MA-01), 

Participation  (MA-03),  Cybersecurity  (SE-04),  Disaster  prevention  (SE-05),  and  Internet 

technologies (TE-01). 

 Quadrant  1  gathers  almost  all  dimensions,  emphasizing  Smart  Living  that  has  three 

variables related to the students' quality of life, health, and social inclusion. As foreseen in the 

previous analysis, UFCG needs to implement actions towards the students’ needs and 

sustainability to improve its smartization process.  

 These findings align with the statement that being smart should not confound with being 

digital. Since the smart campus composes a learning ecosystem of digital and social services to 

meet  the  present  and  emerging  needs  of  both  modern  society  and  the  labor  market  in  a 

sustainable, social and technological manner (Atif et al., 2015; Caballero et al., 2016; Coccoli 

et al., 2017; Coccoli et al., 2014; Villegas-Ch et al., 2020).  
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5 CONCLUSIONS 

 This  research aimed  to  identify  the  essential elements  and  the  most  significant 

deficiencies in the Smart Campus dimensions and its variables from the user point of view to 

offer a list of priorities to decision-makers. Our starting point was an integrative perspective of 

eight  dimensions  and  their  overlap  with  SGDs.  Also,  we  used  a  perspective  from  Latin-

American experts to consider the social and economic context influence.  

Our  research  offered  threefold  results:  theoretical,  methodological,  and  empirical.  

Theoretically, we reinforce the use of an integrative perspective to analyze or implement a smart 

campus. A smartization process cannot focus only on technology attributes, but  universities 

should use technologies to build a comprehensive and sustainable living environment (Janssen 

& Prasetiyowati, 2018; Min-Allah & Alrashed, 2020; Segredo et al., 2017). Thus, this research 

results tested eight smart dimensions: economy, education, environment, living, management, 

mobility, security, and technology.  

Methodologically, we developed a set of indicators adapted to an IPA matrix, offering 

a management tool to decision-makers in the academic context. Empirically, our research has 

findings specifically to the Federal University of Campina Grande. The results indicated a route 

to the academic managers toward a smart campus, including a priority list.  

The  research  used  a  quantitative  approach  based  on  the  Importance-Performance 

Analysis technique. We synthesize our findings in two groups: (1) the test of the integrative 

model of smart campus and its indicators; (2) the position of UFCG as a smart campus and its 

priorities for improvements in each smart dimension.  

Our  framework  qualitative  validation  previously  performed  with  Latin  American 

experts is now quantitatively validated by users, i.e., the students. Performed in a statistically 

significant  sample  with  a  95%  confidence  level  and  5%  error,  we  gathered  sufficient  and 

reliable data. The alpha test results higher than 0.7 in all dimensions confirmed an adequate 

internal consistency of the dataset for an IPA analysis (Lai & Hitchcock, 2015). Consequently, 

we validated our smart campus integrative concept with the complete framework composed of 

eight smart dimensions connected to the SDGs. We can apply this framework to universities 

worldwide, but it has a closeness with the Latin American reality since its validation was in this 

context.  

The participants validated all items as suitable for a smart campus evaluation since they 

attributed  high  importance  (>4)  to  all  variables.  On  the  other  side,  the  performance  rating 

reflected how is the smartization level for this university. The low-performance average score 
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(2.55) and the high discrepancy between importance and performance (2.10) expose the user's 

dissatisfaction and the distance of UFCG as a smart campus.    

Despite technology-related items being ranked as high importance, Quadrant 1 (Figure 

3.5) exposes that issues related to life on campus have priority. This confirms that recent smart 

campus  perspectives  promote  new  educational  paradigms  and  improvements  in  different 

dimensions to better meet the stakeholders’ needs in a sustainable, social, and technological 

manner (Coccoli et al., 2017; Ahmed et al., 2020; Min-Allah & Alrashed, 2020; Villegas-Ch et 

al., 2020). 

 Overall,  the  most  important  dimensions  for  a  smart  campus  are  Living  (4.713), 

Technology (4.71), and Security (4.7). This finding is aligned with the literature that presents 

smart  campuses  composed  of  technology,  sustainability,  and  social  actions  to  support  the 

quality of life and needs of stakeholders (Coccoli et al., 2017; Villegas-Ch et al., 2020). The 

best-performing dimensions by UFCG in the students' opinion are Management (2.9), 

Technology (2.78), and Economy (2.56).  

 According to the results, the UFCG smart campus performance achieved only medium 

values;  no  indicator  had  excellent  performance.  Among  these  median  values  of  the  UFCG, 

some  show  a  mild  best  performance  and  indicate  that  UFCG  is  building  an  integrative, 

transparent, and open workplace to manage campus with active stakeholder participation in the 

Smart Management, which attends to SGDs 7, 9, 11, 16, and 17. On the other side, the university 

needs to improve Smart Security, the worst-performing dimension. By doing this, UFCG will 

better protect people in both physical and virtual contexts, which attends SGD 11 and 16. 

 This  study  was  limited  by  the  students'  unilateral  opinion,  rather  than  a  multi-

stakeholder perspective. Also, students were absent from presential activities in the university 

due to COVID-19 restrictions that could imply different perceptions. Thus, we suggest further 

research comprising the assessment of managers, employees, professors, and other 

stakeholders.  Also,  the  sample  expansion,  using stratification-based  sampling  to  understand 

better how a specific campus may improve its performance.  
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CONCLUSION 
 
 This Master thesis aimed to propose a Smart Campus framework adapted to the context 

of Latin-American universities and recommend indicators to monitor the smartization process 

for the Brazilian context based on technology, connectivity, and the Sustainable Development 

Goals (SDG). We followed the article's modality as regulated by the Postgraduate Program of 

Management (PPGA/UFCG). Each paper represents an individually published but 

interconnected study that culminates in a validated Smart Campus framework (Table 4.1). All 

papers were submitted to high-quality international journals to obtain peer-review evaluation 

and improvement (Appendix 4-6).  

 Motivated by the smartization process in smart cities and their monitors, we decided to 

research smart campuses and their applicability to improve educational institutions. We first 

needed  to  understand  the  smart  campus  to  later  identify  and  validate  a  framework,  and 

ultimately  apply  it  in  a  university.  The  first  chapter  highlighted  the  concept  evolution 

throughout the years, dimensions proposed by the authors, interventions of smart campuses in 

different contexts, advancements in universities, and a research agenda for further studies.  

 Thereby, we formulated an integrative concept (Chapter 1), defining smart campus as a 

higher education institution that creates an ecosystem using Information and Communication 

Technologies  (ICT)  to  achieve  sustainability  using  a  governance-based,  collaborative,  and 

adaptive learning model to promote better livability for its stakeholders. 

 Still in the first chapter, but improved in the second, we proposed a framework of eight 

smart dimensions. Thus, smart campuses are composed of Economy, Education, Environment, 

Living, Management, Mobility, Security, and Technology, which is a transversal dimension, 

i.e., present in all others. A sample of smart campus experts composed of both academics and 

practitioners  validated  our  framework  through  two  focus  group  sessions,  synchronous  and 

asynchronous (Chapter 2).  

 The experts’ discussions mainly concerned sustainability, technology, and social issues 

that smart campuses need to address. Thus, as we validated definitions and indicators for each 

dimension, we provided a monitor for the university smartization process.  Additionally, the 
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findings  consolidated  that  while  universities  improve  their  smartization  process,  they  also 

achieve the SGDs.  

 At  last,  we  evaluated  a  Brazilian  university  in  chapter  3  since  the  final  framework 

comprehends a Latin American perspective (Chapter 2). It was a test of our framework. The 

Importance-Performance Analysis indicated that all smart campus attributes were considered 

important by the students for a university evaluation. These findings also provided a ranking of 

the most important dimensions for a smart campus: Living, Technology, and Security. Thus, 

our data agree with the literature that presents the smart campus composed by technology and 

actions towards stakeholders' quality of life. Table 4.1 summarizes the main results, 

contributions, limitations, and future studies suggestions from all articles.   

 

Table 4.1. Summary of conclusions 

ARTICLES MAIN RESULTS CONTRIBUTIONS LIMITATIONS 
FUTURE 
STUDIES 

1st article:  Status 
of knowledge on 
Smart Campus: 
Implications for 

educational 
institutions and 
sustainability. 

It presented the 
overall trajectory 

and the smart 
campus's actual 

state based on its 
definition, 
dimension, 

interventions, 
advancements, and 

future studies. 

It proposes an 
integrated definition 

for the smart 
campus, along with a 

standard set of 
dimensions and how 

they contribute to 
the SDGs 

achievement. 

Only peer-
reviewed papers on 
the Web of Science 

and Scopus 
databases were 

covered, thus we 
disregard grey 

literature and other 
journals not 

indexed in those 
platforms. 

Formulation of 
tools to monitor 
the smartization 

process, as well as 
studies that express 

the integrated 
nature of smart 

campuses. 

2nd article:    Smart 
Campus Monitor: 

A method to 
support decision-

making from Latin 
American 

universities. 

This article 
validated a smart 

campus framework 
from the Latin 

American point of 
view. 

From the Latin 
American experts’ 

consensus, we 
defined the smart 

campus dimensions 
and proposed 

indicators to monitor 
its smartization 

process. 

The small range of 
participants may 
not express the 

various contexts of 
Latin American 

universities. 

Conduct new focus 
group sessions 

with more 
participants from 
different locations 

to confirm the 
framework. 

3rd article:    
Prioritizing 

decision-making: 
Indicators to the 

Smartization 
process of 

universities. 

It validated and 
tested the proposed 

framework from 
the user viewpoint, 

as well as 
evaluated a 
Brazilian 

university. 

The students from a 
Brazilian university 

confirmed the 
framework's 

importance in 
evaluating smart 
campuses, at the 
same time they 
assessed their 

context. 

The article only 
evaluated the 

students’ opinions. 

Conduct further 
studies appraising 

a broader and 
structured range of 

participants, 
including a multi-
perspective from 
all stakeholders. 

Source: Evaluated by the authors. 

  

Consequently, we conclude that the articles are interdependent and have reached general 

and specific goals regarding our results. The use of different methods,  both qualitative and 



88 
 

quantitative, to build data yielded contributions for both academic research and society. We 

presented an evolution to the smart campus field. While applicable to any smart campus, our 

framework closely relates to Latin American universities as we validate with Latin American 

Scholars and empirically apply in a Brazilian university.  

We provided a priority list for the Federal University of Campina Grande to become a 

smart  campus.  Thus,  our  results  also  have  a  social  impact,  as  it  is  applied-social  research. 

Therefore, we hope this model may boost the smartization process of similar universities in this 

region and around Latin American. 

 The limitations of this study are related to the lack of consensus in the smart campus 

literature and the high number of indicators since it is a multidimensional concept. Another 

limitation is  in the  test phase.  We  evaluated  only  one  Brazilian  university  that  may  have  a 

context bias despite sharing common characteristics with Brazilian public universities. Thus, 

we  suggest  further  studies  with  a  comparative  sample  of  Latin  American  universities  and 

comparative analysis among developed countries to understand the difference of importance 

levels attributed in other social and economic contexts. 

 Finally, we recommend conducting a multivariate analysis, using both Exploratory and 

Confirmatory  Factorial  Analysis  to  evaluate  this  framework  quantitatively.  Additionally,  to 

academic managers, we  recommend applying our model in the universities to identify their 

performance,  monitor  their  smartization  process,  and  prioritize  decision-makers  toward  the 

Smart Campus and SGDs. 
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APPENDIX 1. FOCUS GROUP ASYNCHRONOUS SESSION QUESTIONNAIRE 

 

CUESTIONÁRIO - FOCUS GROUP  

 
¡Saludos! 
 
Le invitamos a contribuir con el Focus Group para la investigación de disertación del estudiante 
Pedro Ivo Silva da Nóbrega del Programa de Posgrado en Administración de la Universidad 
Federal de Campina Grande - UFCG (Brasil), bajo la dirección de la profesora Dra. Adriana 
Fumi  Chim  Miki  (UFCG)  y  co-dirección  de  la  Profesora  Dra.  Marysol  Castillo  Palacio 
(Pontíficia Universidad Javeriana, Colombia). 
 
El objetivo del grupo focal es definir indicadores para las dimensiones del Smart Campus en el 
contexto Latinoamericano. Entendemos que usted es un experto en Smart Campus, que reside 
o ha vivido en Latinoamérica, o que tiene experiencia con Smart Campus en la región.  
 
La información recopilada será organizada, analizada, y posteriormente presentada, en forma 
de artículo y tesis.  No hay riesgos para los participantes de la investigación que respeta la ética 
y el rigor científico. No se pagará ningún tipo de bonificación por su participación. Los datos 
recopilados  formarán  parte  de  una  tesis  de  máster,  y  podrán  ser  difundidos  en  eventos 
científicos y publicados en revistas nacionales o  internacionales. Los investigadores estarán 
disponibles para cualquier aclaración durante todo el proceso de desarrollo de este estudio. 
 
Agradecemos su participación. 
 
Antes de continuar con el formulario, necesitamos que comprenda algunos requisites: 
Acepto participar en esta investigación, manifestando que he sido debidamente informado 
sobre  los  objetivos  de  la  investigación,  los  procedimientos  a  los  que  seré  sometido  y los 
posibles  riesgos  que  pudieran  derivarse  de  dicha  participación.  Se  me  garantizaron  las 
aclaraciones  que  puedo  solicitar  durante  la  investigación  y  el  derecho  a  retirarme  de  la 
participación en cualquier momento, sin que mi retirada implique ningún daño para mí. Por 
tanto, autorizo la publicación de los datos de la investigación. 
Acepto participar en una reunión a través de Google Meet, a una fecha y hora previamente 
establecida,  dando  consentimiento  para  grabarla,  con  el  único  propósito  de  apoyar  la 
investigación. 
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SESIÓN 1 - ¿Qué es un Smart Campus? 
 
Como resultado del primer artículo de la tesis propusimos una definición y un modelo para 
Smart Campus, a saber: 
 

 
 
El Smart Campus es un ecosistema de educación superior que utiliza la tecnología para lograr 
la tríada de la sostenibilidad (ambiental, económica y social) en un modelo de gobernanza, 
aprendizaje colaborativo y adaptativo para promover una mejor habitabilidad para sus partes 
interesadas. 
Estoy de acuerdo. 
No estoy de acuerdo.  

 
No estoy de acuerdo con la definición, ustedes podrián mejorar... 
 

 
SESIÓN 2 - Smart Dimensiones 

 
También propusimos un conjunto de dimensiones que conforman un smart campus.  
 
A  medida  que  continúe,  se  encontrará  con  cada  definición  de  las  dimensiones  y  propondrá 
indicadores en consecuencia. Además, puedes sugerir cambios según su experiencia. 
 
2.1. Smart Economy 
 
Smart Economy promueve servicios y sistemas de pago personalizados, seguros e 
inteligentes  que  se  enfocan  en  mejoras  a  la  economía  dentro  del  campus  e  impulsa  la 
economía local y las ideas comerciales. 
Estoy de acuerdo. 
No estoy de acuerdo.  
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No estoy de acuerdo con la definición, ustedes podrián mejorar... 
 

 
Sugiero como indicadores para componer una Smart Economy de un Smart Campus... 
 

2.2. Smart Education 
 
Smart  Education  crea  un  entorno  abierto,  activo  y  colaborativo  para  el  aprendizaje  y  la 
enseñanza a través de servicios y tecnologías inteligentes. 
Estoy de acuerdo. 
No estoy de acuerdo.  

 
No estoy de acuerdo con la definición, ustedes podrián mejorar... 
 

 
Sugiero como indicadores para componer una Smart Education de un Smart Campus... 
 

 
2.3. Smart Environment 
 
Smart Environment hace un campus sostenible y eco-friendly. 
Estoy de acuerdo. 
No estoy de acuerdo.  

 
No estoy de acuerdo con la definición, ustedes podrián mejorar... 
 

 
Sugiero como indicadores para componer una Smart Environment de un Smart Campus... 
 

 
2.4. Smart Living 
 
Smart Living proporciona una mejor habitabilidad en el campus a través del estímulo y el 
apoyo a la salud, el desarrollo de los estudiantes y los servicios de vida inteligente. 
Estoy de acuerdo. 
No estoy de acuerdo.  

 
No estoy de acuerdo con la definición, ustedes podrián mejorar... 
 

 
Sugiero como indicadores para componer una Smart Living de un Smart Campus... 
 

 
2.5. Smart Management 
 
Smart Management crea un entorno integrador, transparente y abierto y un modelo de gestión 
del campus con la participación activa de las partes interesadas y enfocado en el uso eficiente 
de los recursos. 
Estoy de acuerdo. 
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No estoy de acuerdo.  
 
No estoy de acuerdo con la definición, ustedes podrián mejorar... 
 

 
Sugiero como indicadores para componer una Smart Management de un Smart Campus... 
 

 
2.6. Smart Mobility 
 
Smart Mobility combina tecnologías para hacer que la movilidad sea más cómoda, eficaz y 
sostenible en el campus. 
Estoy de acuerdo. 
No estoy de acuerdo.  

 
No estoy de acuerdo con la definición, ustedes podrián mejorar... 
 

 
Sugiero como indicadores para componer una Smart Mobility de un Smart Campus... 
 

 
2.7. Smart Security 
 
Smart Security protege a las personas tanto en el contexto físico como virtual dentro del 
campus. 
Estoy de acuerdo. 
No estoy de acuerdo.  

 
No estoy de acuerdo con la definición, ustedes podrián mejorar... 
 

 
Sugiero como indicadores para componer una Smart Security de un Smart Campus... 
 

 
SESIÓN 3 – Datos demográficos 

 
Nombre 
 

 
Universidad/Organización/Local de trabajo 
 

 
¿Cuál es tu conexión con Smart Campus? 
Investigo sobre el tema 
Trabajo en un Smart Campus 
Trabajé en un proyecto de Smart Campus 
Otro 

 
¿Cuál es el mejor momento para realizar la reunión (GMT-5)? 
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Mañana (8:00 - 10:00) 
Mañana (10:00 - 12:00) 
Tarde (14:00 - 16:00) 
Tarde (16:00 - 18:00) 
Noche (18:00 - 20:00) 
Noche (20:00 - 22:00) 

 
Gracias por tu participación, te enviaremos por correo electrónico el resultado de los 

formularios para justificar mejor la reunión, además de enviarte información sobre el día del 
focus group. 
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APPENDIX 2. FOCUS GROUP PARTICIPANTS 

 
NAME UNIVERSITY COUNTRY FUNCTION 

Researchers 
Adriana Fumi Chim 

Miki 
Universidade Federal de Campina 

Grande 
Brazil Support 

Marysol Castillo 
Palacios 

Pontifícia Universidad Javeriana 
de Cali 

Colombia Support 

Pedro Ivo Silva da 
Nóbrega 

Universidade Federal de Campina 
Grande 

Brazil Host 

Invitees  
Ailyn Febles Estrada Unión de Informáticos de Cuba Cuba Panelist 
Auta Inês Medeiros 

Lucas D'oliveira 
Universidad San Buenaventura de 

Medellín 
Colombia Panelist 

Dewar Willmer Rico-
Bautista 

Universidad Francisco de Paula 
Santander Ocaña 

Colombia Panelist 

Emanuel Barbosa de 
Carvalho 

Universidade Federal de Campina 
Grande 

Brazil Secretary 

Gina Paola Maestre-
Góngora 

Universidad Cooperativa de 
Colombia 

Colombia Panelist 

Ignacio Aguaded Universidad de Huelva Spain Panelist 
Leonardo Correa 

Velasquez 
Universidad Pontificia 

Bolivariana 
Colombia Panelist 

Lucelia Rodrigues University of Nottingham England Panelist 
Mauricio José Cortes 

Rodríguez 
Pontifícia Universidad Javeriana 

de Cali 
Colombia Panelist 

Paúl Oswaldo Sarango-
Lalangui 

Universidad Técnica Particular de 
Loja 

Ecuador Panelist 

Regiane Relva Romano Centro Universitário FACENS Brazil Panelist 
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APPENDIX 3. SURVEY FOR THE STUDENTS 

 

QUESTIONÁRIO SOBRE SMART CAMPUS 

 
Olá,  o  questionário  que  você  vai  responder  agora,  tem  o  objetivo  de  coletar  dados  sobre  a 
Universidade Federal de Campina Grande, para uma pesquisa de Dissertação do Programa de 
Pós-graduação em Administração pela UFCG (PPGA/UFCG) do estudante Pedro Ivo Silva da 
Nóbrega, sob orientação da professora Dra. Adriana Fumi Chim Miki (UFCG) e co-orientação 
da professora Dra. Marysol Castillo Palacio (Pontíficia Universidad Javeriana, Colombia). 
 
As  informações  coletadas  serão  organizadas,  analisadas  e,  posteriormente,  apresentadas  na 
forma de artigo e dissertação. Não há riscos para os participantes de pesquisas que respeitem a 
ética e o rigor científico. Nenhum bônus será pago pela sua participação. Os dados coletados 
farão parte de uma dissertação de mestrado, podendo ser divulgados em eventos científicos e 
publicados em periódicos nacionais ou internacionais. Os pesquisadores estarão à disposição 
para qualquer esclarecimento ao longo do processo de desenvolvimento deste estudo. 
 
Caso haja alguma dúvida, favor contactar o pesquisador: pedro.nobrega@estudante.ufcg.edu.br  
 
Desde já, MUITO OBRIGADO por sua participação! =) 
 
Antes de seguir respondendo o formulário, precisamos que você compreenda: 
Concordo em participar desta pesquisa, informando que fui devidamente informado sobre os 
objetivos  da  pesquisa,  os  procedimentos  a  que  serei  submetido  e  os  possíveis  riscos  que 
possam advir de tal participação. Foram-me garantidos os esclarecimentos que posso solicitar 
durante a investigação e o direito de desistir da participação a qualquer momento, sem que a 
minha desistência me prejudique. Portanto, autorizo a publicação dos dados da pesquisa. 

 
Você tem vínculo com a UFCG? 
Sim, sou estudante de graduação. 
Sim, sou estudante de pós-graduação. 
Não tenho vínculo na UFCG. 

 
SESSÃO 1 - O QUE É UM SMART CAMPUS (universidade inteligente)? 

 
O  Smart  Campus  é  uma  instituição  de  ensino  superior  que  cria  um  ecossistema  usando 
Tecnologias  de  Informação  e  Comunicação  (TIC)  para  alcançar  a  sustentabilidade  em  um 
modelo de governança, colaboração e aprendizagem adaptativa para promover melhor vivência 
aos seus stakeholders. O smart campus é composto por oito dimensões inteligentes, sendo a 
Smart Tecnologia uma dimensão transversal, ou seja, ela está presente em todas as outras. 
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Ok, entendi. Vamos lá! 
 

SESSÃO 3 - AVALIE A UFCG – ECONOMIA 
 

Nesta seção, você irá avaliar a Universidade Federal de Campina Grande, com relação a alguns 
QUESITOS. Ao lado de cada um, você terá que marcar em duas colunas, uma de IMPORTÂNCIA, em 

que você vai dar sua opinião de 1 (nada importante) a 5 (muito importante); e outra de REALIDADE, em 
que você vai dar sua opinião de 1 (não funciona) a 5 (ótimo funcionamento). 

 
ATENÇÃO - Para facilitar quando abrir no celular, puxa pro lado que tem opção até o 5. 

ITEM IMPORTÂNCIA 

 

REALIDADE 
Em meu campus, é possível efetuarmos transações 
eletrônicas como: pagar taxas de faculdade ou fazer 

pagamentos em lojas. 
DICA: Nesse sentido, deve-se avaliar as transações 

eletrônicas existentes na universidade, como compras. 

1 2 3 4 5 1 2 3 4 5 

Meu Campus apoia ideias de negócios. 
DICA: Por exemplo, por meio de centros de 

empreendedorismo, spin-offs, centros de inovação, 
incubadoras de empreendedores, centros 

especializados, etc. 

1 2 3 4 5 1 2 3 4 5 

Meu campus possui redes de economia colaborativa ou 
ações de economia compartilhada. 

DICA: A economia colaborativa promove ações 
colaborativas, como um grupo de alunos 

compartilhando transporte 

1 2 3 4 5 1 2 3 4 5 

Meu campus apoia o desenvolvimento econômico local 
com projetos e ações voltadas para a comunidade. 

DICA: Você vai avaliar se sua universidade apoia o 
desenvolvimento de estabelecimentos comerciais locais, 

por exemplo abrindo espaço para comércio local 
dentro da universidade, oferecendo cursos básicos de 
negócios para os comerciantes locais, entre outros. 

1 2 3 4 5 1 2 3 4 5 

Meu campus possui um departamento ou setor para 
apoiar a empregabilidade. 

1 2 3 4 5 1 2 3 4 5 
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DICA: Você vai avaliar se a universidade promove 
ações que contribuam para a inserção e/ou manutenção 

de seus alunos no mercado de trabalho. 

 
SESSÃO 4 - AVALIE A UFCG – EDUCAÇÃO 

 
Nesta seção, você irá avaliar a Universidade Federal de Campina Grande, com relação a alguns 

QUESITOS. Ao lado de cada um, você terá que marcar em duas colunas, uma de IMPORTÂNCIA, em 
que você vai dar sua opinião de 1 (nada importante) a 5 (muito importante); e outra de REALIDADE, em 

que você vai dar sua opinião de 1 (não funciona) a 5 (ótimo funcionamento). 
 

ATENÇÃO - Para facilitar quando abrir no celular, puxa pro lado que tem opção até o 5. 
ITEM IMPORTÂNCIA 

 

REALIDADE 
Meu campus possui e/ou utiliza tecnologias 

inteligentes para o ensino. 
DICA: Nesse sentido, você deve avaliar o 

uso de tecnologias inteligentes para o 
ensino, como Inteligência Artificial, 

Internet das Coisas, entre outras. 

1 2 3 4 5 1 2 3 4 5 

Meu campus possui Internet banda larga de 
boa qualidade aberta e disponível para 

todos. 
DICA: Por exemplo, disponibilidade de 

Internet WiFi em todos os departamentos e 
salas de aula. 

1 2 3 4 5 1 2 3 4 5 

Meu campus consulta a comunidade sobre 
suas necessidades educacionais. 

DICA: Você avaliará se a universidade 
consulta a comunidade sobre as 

necessidades educacionais, por exemplo, 
um curso mais relevante. 

1 2 3 4 5 1 2 3 4 5 

Meu campus monitora o nível de satisfação 
dos alunos e funcionários. 

DICA: Você vai avaliar se a universidade 
mede a satisfação, por exemplo, por meio 

de questionários. Lembrando que você 
valoriza a importância disso para as 

universidades em geral e como funciona na 
sua universidade. 

1 2 3 4 5 1 2 3 4 5 

Meu campus utiliza metodologias de ensino 
e aprendizagem baseadas em resultados.  
DICA: Você avaliará se a universidade 

utiliza a aprendizagem baseada em 
resultados, ou seja, são realizadas 

atividades de aprendizagem com foco em 
resultados e com competências específicas 

e demonstráveis. 

1 2 3 4 5 1 2 3 4 5 

 
 
 

SESSÃO 5 - AVALIE A UFCG – AMBIENTE 
 

Nesta seção, você irá avaliar a Universidade Federal de Campina Grande, com relação a alguns 
QUESITOS. Ao lado de cada um, você terá que marcar em duas colunas, uma de IMPORTÂNCIA, em 

que você vai dar sua opinião de 1 (nada importante) a 5 (muito importante); e outra de REALIDADE, em 
que você vai dar sua opinião de 1 (não funciona) a 5 (ótimo funcionamento). 

 
ATENÇÃO - Para facilitar quando abrir no celular, puxa pro lado que tem opção até o 5. 
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ITEM IMPORTÂNCIA 

 

REALIDADE 
Meu campus desenvolve ações voltadas aos 
Objetivos de Desenvolvimento Sustentável 

(ODS). 
DICA: Nesse sentido, as ações da 

universidade em relação aos ODS devem ser 
avaliadas, por exemplo, na promoção da 

redução das desigualdades. 

1 2 3 4 5 1 2 3 4 5 

Em meu campus, existem ações para proteger 
a biodiversidade local. 

DICA: Por exemplo, catalogação de espécies 
locais, proteção de espaços verdes dentro do 

campus, etc. 

1 2 3 4 5 1 2 3 4 5 

Meu campus utiliza bioenergia e tecnologias 
inteligentes para gerenciar recursos de água e 

energia, como iluminação automatizada.  
DICA: Você vai avaliar se a universidade 

usa tecnologias inteligentes para gerenciar 
energia e água no campus, por exemplo, 

acendendo e apagando luzes com sensores. 

1 2 3 4 5 1 2 3 4 5 

Meu campus possui edifícios inteligentes, por 
exemplo, edifícios com gerenciamento 

automatizado de recursos. 
DICA: Você vai avaliar se a universidade 

utiliza prédios inteligentes, com interligação, 
automação de recursos elétricos e hídricos, 

entre outros. 

1 2 3 4 5 1 2 3 4 5 

Meu campus realiza ações de reciclagem. 1 2 3 4 5 1 2 3 4 5 

 
SESSÃO 6 - AVALIE A UFCG – GESTÃO 

 
Nesta seção, você irá avaliar a Universidade Federal de Campina Grande, com relação a alguns QUESITOS. 
Ao lado de cada um, você terá que marcar em duas colunas, uma de IMPORTÂNCIA, em que você vai dar 
sua opinião de 1 (nada importante) a 5 (muito importante); e outra de REALIDADE, em que você vai dar 

sua opinião de 1 (não funciona) a 5 (ótimo funcionamento). 
 

ATENÇÃO - Para facilitar quando abrir no celular, puxa pro lado que tem opção até o 5. 
ITEM IMPORTÂNCIA 

 

REALIDADE 
Meu campus possui uma gestão focada no uso 

sustentável dos recursos.  
DICA: Você vai avaliar se a universidade foca 
na sustentabilidade dos recursos que utiliza. 

1 2 3 4 5 1 2 3 4 5 

Meu campus divulga sua prestação de contas 
anualmente. 

DICA: Por exemplo, a publicação de 
rendimentos no site da universidade. 

1 2 3 4 5 1 2 3 4 5 

Meu campus realiza planejamento estratégico 
participativo. 

DICA: Você avaliará se a universidade realiza 
seu planejamento estratégico de forma 
participativa com professores, técnicos, 

funcionários e alunos. 

1 2 3 4 5 1 2 3 4 5 

Meu campus tem uma plataforma de 
gerenciamento de processos online. 

DICA: Você vai avaliar se a universidade 
possui uma plataforma virtual para gerenciar 

processos. 

1 2 3 4 5 1 2 3 4 5 
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SESSÃO 7 - AVALIE A UFCG – VIVÊNCIA 
 

Nesta seção, você irá avaliar a Universidade Federal de Campina Grande, com relação a alguns 
QUESITOS. Ao lado de cada um, você terá que marcar em duas colunas, uma de IMPORTÂNCIA, em 

que você vai dar sua opinião de 1 (nada importante) a 5 (muito importante); e outra de REALIDADE, em 
que você vai dar sua opinião de 1 (não funciona) a 5 (ótimo funcionamento). 

 
ATENÇÃO - Para facilitar quando abrir no celular, puxa pro lado que tem opção até o 5. 

ITEM IMPORTÂNCIA 

 

REALIDADE 
Qualidade de vida e bem-estar são 

monitorados em meu campus. 
DICA: Você vai avaliar se a universidade 
mede os níveis de qualidade de vida, por 

exemplo, por meio de questionários e 
pesquisas. 

1 2 3 4 5 1 2 3 4 5 

Meu campus implementa programas de 
saúde ocupacional e bem-estar. 

1 2 3 4 5 1 2 3 4 5 

Meu campus mede o nível de inclusão 
social entre os alunos. 

DICA: Você vai avaliar se a universidade 
mede os níveis de inclusão social, por 
exemplo, por meio de questionários e 

pesquisas. 

1 2 3 4 5 1 2 3 4 5 

Meu campus possui espaços de lazer 
adequados. 

1 2 3 4 5 1 2 3 4 5 

Meu campus desenvolve atividades 
extracurriculares para o lazer da 

comunidade universitária. 
DICA: Você vai avaliar se sua 
universidade possui atividades 

extracurriculares voltadas para o lazer, 
como esportes ou artes. 

1 2 3 4 5 1 2 3 4 5 

 
SESSÃO 8 - AVALIE A UFCG – MOBILIDADE 

 
Nesta seção, você irá avaliar a Universidade Federal de Campina Grande, com relação a alguns 

QUESITOS. Ao lado de cada um, você terá que marcar em duas colunas, uma de IMPORTÂNCIA, em 
que você vai dar sua opinião de 1 (nada importante) a 5 (muito importante); e outra de REALIDADE, em 

que você vai dar sua opinião de 1 (não funciona) a 5 (ótimo funcionamento). 
 

ATENÇÃO - Para facilitar quando abrir no celular, puxa pro lado que tem opção até o 5. 
ITEM IMPORTÂNCIA 

 

REALIDADE 
Há transporte público adequado para acessar 

meu campus. 
DICA: Você vai avaliar se há transporte 

adequado para acessar a universidade, por 
exemplo, ônibus. 

1 2 3 4 5 1 2 3 4 5 

Meu campus tem sinalização de trânsito 
adequada. 

DICA: Irá avaliar se a universidade possui 
semáforos dentro do campus, faixas de 

pedestres, por exemplo. 

1 2 3 4 5 1 2 3 4 5 

Meu campus incentiva ou usa transporte de 
baixo carbono. 

DICA: Você vai avaliar se a universidade 
usa transporte de baixo carbono, como 

carregadores para carros elétricos, 
bicicletas. 

1 2 3 4 5 1 2 3 4 5 
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Meu campus incentiva o transporte 
colaborativo. 

DICA: Por exemplo, grupo de alunos para 
compartilhar transporte. 

1 2 3 4 5 1 2 3 4 5 

Meu campus possui instalações de apoio para 
bicicletas. 

DICA: Por exemplo, bicicletário, instalações 
adequadas para tráfego e estacionamento. 

1 2 3 4 5 1 2 3 4 5 

 
SESSÃO 9 - AVALIE A UFCG – SEGURANÇA 

 
Nesta seção, você irá avaliar a Universidade Federal de Campina Grande, com relação a alguns 

QUESITOS. Ao lado de cada um, você terá que marcar em duas colunas, uma de IMPORTÂNCIA, em 
que você vai dar sua opinião de 1 (nada importante) a 5 (muito importante); e outra de REALIDADE, 

em que você vai dar sua opinião de 1 (não funciona) a 5 (ótimo funcionamento). 
 

ATENÇÃO - Para facilitar quando abrir no celular, puxa pro lado que tem opção até o 5. 
ITEM IMPORTÂNCIA 

 

REALIDADE 
Meu campus garante segurança física e 

material. 
DICA: Por exemplo, presença de 

vigilantes e câmeras de vigilância na 
universidade. 

1 2 3 4 5 1 2 3 4 5 

Meu campus tem protocolos de 
biossegurança. 

1 2 3 4 5 1 2 3 4 5 

Meu campus possui sistemas de 
tecnologia para oferecer suporte à 

segurança. 
DICA: Por exemplo, sistemas de 

identificação para entrada no campus, 
reconhecimento facial, entre outros. 

1 2 3 4 5 1 2 3 4 5 

Meu campus tem proteção contra ataques 
cibernéticos. 

1 2 3 4 5 1 2 3 4 5 

Meu campus possui protocolos de 
prevenção e gestão de riscos e desastres. 

1 2 3 4 5 1 2 3 4 5 

 
SESSÃO 10 - AVALIE A UFCG – TECNOLOGIA 

 
Nesta seção, você irá avaliar a Universidade Federal de Campina Grande, com relação a alguns 

QUESITOS. Ao lado de cada um, você terá que marcar em duas colunas, uma de IMPORTÂNCIA, em 
que você vai dar sua opinião de 1 (nada importante) a 5 (muito importante); e outra de REALIDADE, 

em que você vai dar sua opinião de 1 (não funciona) a 5 (ótimo funcionamento). 
 

ATENÇÃO - Para facilitar quando abrir no celular, puxa pro lado que tem opção até o 5. 
ITEM IMPORTÂNCIA 

 

REALIDADE 
Meu campus usa tecnologias da Internet 

de boa qualidade. 
DICA: Meu campus possui 

gerenciamento de dados e sistemas de 
interconexão. 

1 2 3 4 5 1 2 3 4 5 

Meu campus possui gerenciamento de 
dados e sistemas de interconexão. 

DICA: Por exemplo, plataforma de 
gerenciamento de dados do aluno. 

1 2 3 4 5 1 2 3 4 5 

Meu campus possui sistemas tecnológicos 
para controle.  

DICA: Por exemplo, sistemas de 
gerenciamento de recursos, como 

1 2 3 4 5 1 2 3 4 5 
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sensores para acionar luzes / ar 
condicionado, entre outros. 

Meu campus possui uma pagina na web 
(homepage) para oferecer e gerenciar 

serviços para seus stakeholders (partes 
interessadas).  

DICA: Por exemplo: uma plataforma ou 
aplicativo para acesso ao cadastro 

escolar, cadastro, entre outros. 

1 2 3 4 5 1 2 3 4 5 

 
SESSÃO 11 – DADOS DEMOGRÁFICOS 

 
Sexo  
Masculino 
Feminino 
Prefiro não declarar 
Outro 

 
Qual sua unidade acadêmica? 
 

 
Qual seu campus da UFCG? 
Sede - Campina Grande 
Cajazeiras 
Cuité 
Patos 
Pombal 
Sousa 
Sumé 

 
Faixa etária 
Abaixo de 18 anos 
Entre 18 e 30 anos 
Entre 31 e 40 anos 
Entre 41 e 50 anos 
Entre 51 e 60 anos 
Acima de 61 anos 
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APPENDIX 4. ARTICLE 1 SUBMISSION 
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APPENDIX 5. ARTICLE 2 SUBMISSION 
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APPENDIX 6. ARTICLE 3 SUBMISSON 
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