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Abstract: Globally, most higher educational institutions can no longer house their students within
their campuses due to the increased number of enrolments and the unavailability of land for spatial
expansion, especially in urban areas. This leads to studentification which negatively impacts univer-
sity towns. Developing resilience against the negative impacts of studentification will make university
towns more sustainable. However, there is no existing community resilience index designed for that
purpose. Thus, this study develops a composite resilience index for university towns, using Akoka,
a university town in Lagos, Nigeria, as a case study. The composites of the index were determined
by prioritizing online user-generated content mined from Twitter between 1 January 2010 and 31
December 2021 using artificial intelligence, while the elements of resilience and risk reduction were
developed through the Delphi and analytic hierarchy process. The research outcomes showed that
the physical, economic, social, and cultural criteria subjected to comparisons represented >70% of the
total weights. These criteria made up the outcome indicators, while the integrated community-based
risk reduction program model was adopted for the process indicators. Both outcome and process
indicators formed the localized composite resilience index for Akoka, Lagos, Nigeria. This proposed
composite resilience index would help the town to assess and build resilience against the negative
impacts of studentification and provide a methodology for other university towns to create theirs
using similar methods.

Keywords: analytical hierarchy process; delphi method; outcome and process indicators; studentification;
sustainability

1. Background
1.1. Introduction

As the world experiences geometric growth in population and youth bulge in the 21st
century, radical changes have to be made to higher education funding in most countries
to meet the increasing demand for university education [1]. In most countries such as the
United Kingdom and the United States, these changes have also led to a shift in the funding
of most higher educational institutions (HEIs) away from the state, which increased the
marketization of higher education [2,3]. According to Brooks, Byford and Sela [2], the
United Kingdom'’s commercialization of higher education has changed the narratives.
Students now “see degrees as private investments rather than public good”. To obtain
the best “investment”, students now travel far away from home in search of “quality”
when making their higher education choices. Related to this, Kinton, Smith, Harrison, and
Culora [1] emphasized that global competition among HEIs for student “customers” have
made universities more responsive, increased their teaching quality and focus on providing
more conducive learning environments. For students, framing “students-as-consumers”
clearly extends beyond selecting universities and courses, to other aspects of university
life, such as residential decision making, cost of living, and students’ lifestyle. As a result
of the above, there has been a growing global debate on the changing trends of student
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geographies. Housing developments are changing from traditional living pathways (on-
campus accommodation) to off-campus shared housing with multiple occupancies (HMOs)
and purpose built students accommodation (PBSA) enclaves, which gradually change the
morphology of university towns and affect their sustainability [1,4,5]. These changes are
known in the literature as studentification.

Broadly, studentification refers to the processes of community change and the challenges
university towns face because of the growing students’ concentration off-campus due to
the inability of universities to house all their students within their campuses [4,6-8]. These
community changes often have five major dimensions, which include social, cultural, physi-
cal (environmental), economic, and institution and governance [9,10]. Situmorang et al. [11]
posited that socially, studentification leads to structural gentrification and segregation. Cultur-
ally, the social clusters or concentrations of youths with shared students’ culture, lifestyle, and
consumption practices lead to the introduction of new sub-cultures in the area. Physically, the
environment may either be upgraded to cater to the new teaming customers (especially in
retail and service infrastructure) or downgraded to a slum over time. In addition, economically,
housing stock changes carried out to accommodate the students’ population often lead to
higher densities, and inflation of property and rental prices. Local businesses also change
their models over time to satisfy the needs of the students. With such rapid new complexities
in the university towns, governance issues gradually manifest.

Studentification occurs globally in university towns due to several imperatives, which
often include the following: the growth of the knowledge-based economy and the need
for a more skilled global workforce [12,13], funding and expansion of HEIs [13], increased
mortgage financing, low-interest rates and economic capital [14], deregulation in the real
estate sector and the encouragement of the private sector to meet the housing deficit in
some global economies [15], lack of adequate statutory enforcement of planning laws and
the power to regulate free-market economies [16], and finally, the shift in global ideologies
in the transition from childhood to adulthood and the assumption of the right to attain a
college or university degree [17].

Although studentification is often portrayed as a negative phenomenon both in the
media and in the literature, the town—-gown relationship is not all parasitic. Some of the ben-
efits of studentification to the university towns and their residents include the following:
the provision of a young and educated workforce, cheaper labor and increased volun-
teerism [18], bringing diversity and vibrancy to local cultures and raising the aspirations of
the local youths [19], enhancing the spending power, improving the local economy, creating
more jobs and sustaining the local retail businesses [20], supporting the local real estate
sector and its associated trades (agency, insurance, finance etc.), driving up demands for
quality housing provision [16], as well as making the town more attractive to tourists and
investors [21]. However, shreds of evidence from earlier studies show that the negative
impacts of studentification over the years outweigh the benefits [22-24].

To make university towns sustainable, resilience must be improved. To perform this,
the communities within them should be able to identify their challenges and vulnerabil-
ities and build local capacity to withstand the chronic stresses and shocks induced by
studentification. Resilient communities suffer less from the negative impacts of studen-
tification and can build sustainability easily through absorption of the stresses (through
resistance or adaptation), and still be able to maintain their functions [25]. Review of extant
studentification literature show that there are no studies looking at the negative impacts
of studentification from the community resilience perspective or developing a composite
resilience index (CRI) for university towns using user-generated content (textual big data)
to deal with the challenges of studentification [26]. Therefore, the aim of this study is
to demonstrate how a localized CRI for university towns can be developed using user-
generated content. The objectives include helping university towns to identify and analyze
the elements of a resilient university town and the risk reduction elements proposed by the
town’s residents and visitors, using user-generated content from Twitter (textual big data),
the Delphi method, and analytical hierarchy process (AHP) modeling.
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To perform this, this study adopted Akoka, a university town in Lagos, Nigeria,
as a case study. Akoka is home to the university and college with the highest students
enrolments in Nigeria. Both HEIs house less than 20% of their students within campus,
making Akoka the most studentified university town in Nigeria. The proposed CRI would
help Akoka to become resilient, generally contribute to reducing bias in assessing the level
of resilience against studentification, provide a methodology for other university towns to
develop their own CRI, and contribute to the resilience body of knowledge.

1.2. Studentification in Akoka, Lagos, Nigeria

Akoka is located at 6°31'40.9” N and 3°23/34.4"” E. Figure 1 shows the location of
Akoka within Nigeria. Akoka is the home to the University of Lagos and the Federal
College of Education in Lagos, Nigeria. The university town has drastically changed
over the years to cater for the needs of the HEIs located within it and others. In return,
these HEIs have taken over the identity of the town, especially the University of Lagos.
Efforts by the HEIs to make the town more liveable have been ongoing for decades. This
includes co-policing, infrastructure upgrades, and community integration through open-
campus policies, amongst others. However, more efforts need to be put in place to identify
the increasing community challenges and systematically solve them through a holistic
and participatory community engagement. This can be performed through traditional
community consultations or using new innovative and resource-efficient tools that make
the processes faster and cheaper for iteration of the process.
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Figure 1. Map of Nigeria showing Lagos and Akoka.

With recent innovations in big data mining and pre-processing through artificial in-
telligence, identifying community challenges due to studentification has become easier
and more accurate [27]. Building on previous works in the area of textual data mining
(user-generated contents) from microblogs, machine learning (ML) and natural language
processing (NLP) methods for longitudinal studies by Alharbi et al. [28], Asghar et al. [29],
Khan et al. [30], Jansen et al. [31], Abumalloh et al. [32], Carlos et al. [33], Shah et al. [34],
Nilashi et al. [35], Sun et al. [36], Ahani et al. [37], and Ahani et al. [38], and Abdul-Rahman,
Chan, Wong, Irekponor, and Abdul-Rahman [27] developed a comprehensive mining and
pre-processing framework with algorithms that can accurately identify community chal-
lenges for the urban planning sector. Since this framework is recent and has a high accuracy
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level, there is no need to duplicate the effort here. Abdul-Rahman [39] used the framework
to mine textual big data from six university towns, including Akoka, from 1 January 2010
to 31 December 2020 (10 years). This data, in its pre-processed form, are available online
in a repository via Abdul-Rahman [39] and also Abdul-Rahman et al. [40]. These contain
935,822 user-generated contents (Tweets). These tweets were from 935,822 Twitter users
comprising of residents and visitors to Akoka. The residents include students and non-
student residents, property owners, agents, business owners who operate in the town, HEIs
management, and students, markets, and residents” associations official twitter handles.
The algorithm also mined data from twitter users who visited Akoka and complained about
anything related to studentification. Some of these visitors include former residents in the
town. The data mining, pre-processing, topic modeling and sentiments analysis procedures
and algorithms are published in Abdul-Rahman, Adegoriola, McWilson, Soyinka and
Adenle [40] so there is no need to repeat them here. The data extracted for this study are
presented here in Table 1.

The data show 35 major community resilience challenges the town faces as a result of
studentification and the ranking of those community challenges by the residents and visitors
based on the 10 years of big data. In Table 1, the negative tweets (negTweets) represent
displeasure, the neutral tweets (neuTweets) mean the residents are indifferent about the
situation, while the positive tweets (posTweets) mostly contain the residents and visitors’
views on how to fix the community challenges (negative tweets). This study explored the
positive tweets to draw out criteria and elements of a resilient community and elements of
risk reduction needed to develop the CRI for Akoka, instead of using a questionnaire survey
to obtain small data on the challenges faced as a result of studentification in Akoka and the
perceived solutions by the residents and visitors. With this method, 935,822 opinions were
sampled to draw a list of community challenges and potential solutions for expert modeling
using Delphi method and AHP. While AHP helps to fix complex problems involving multiple
criteria and actors (Satty, 1980), Delphi helps the many actors (or experts) to systematically
reach a consensus [41-43]. Both methods are well used in the resilience domain [44,45].

Generally, community resilience challenges vary from one university town to the other.
Therefore, every CRI needs to be localized based on the specific challenges affecting the
university town and the local solutions that work in such a place [25,46].

1.3. Developing a Localized Composite Resilience Index Based on Delphi and Analytical
Hierarchy Process

Theoretically and conceptually, we adopted the definition of resilience steaming from
the ecological resilience concepts [47-49]. This frames community resilience as the ability of
the community to withstand or adapt to shocks or stresses, reorganize itself, undergo some
structural changes and still be able to maintain its function and identity [50]. Community re-
silience is often seen as a step closer to risk reduction and sustainability. However, building
community resilience remains a challenge despite the numerous theoretical underpinnings
over the years due to the complex nature of human communities (as adaptive ecological
systems), especially when they are processes and outcomes from the ecological and social
perspective [51,52]. To date, only a few studies within the community resilience literature
(e.g., Sherrieb, Norris and Galea [46], Cutter et al. [53]) provide suggestions on how the
ecological resilience concept can be quantified and used to build community resilience at
the local level.
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Table 1. Twitter Data Analytics (Result from Topic Modeling and Sentiment Analysis of 935,822 Tweets extracted from Abdul-Rahman, Adegoriola, McWilson,
Soyinka and Adenle [40], pg. 23).

S/N Perceived Negative Impacts of Studentification in Akoka, Lagos—Nigeria Rank NegTweets NeuTweets PosTweets Y Tweets
1 Illegal conversion of family apartments to Homes with HMO and studios 1 79,721 2254 6451 88,426
2 High rental prices 2 79,176 1326 651 81,153
3 High cost of living (goods and services) 3 74,590 1320 101 76,011
4 Increased anti-social behaviour and social disorder 4 61,503 8109 443 70,055
5 High environmental pollution—Noise and indiscriminate waste/garbage disposal 5 57,204 1217 103 58,524
6 Pressure on public transport (Peak periods and school closing hours) 6 48,461 2583 152 51,196
7 Increased level of alcoholism, drugs peddling, and abuse 7 44,874 2012 128 47,014
8 Increased level of prostitution and sexually transmitted diseases 8 28,777 12,824 1024 42,625
9 Weak and disjointed community leadership 9 28,731 9204 992 38,927
10 Changes in community land use 10 31,041 1782 1972 34,795
11 High influx of informal commercial activities 11 24,432 562 4118 29,112
12 (e:r?‘fri;rgr?rr;i;}itzllurrnn;if;ctaetrilzﬁ C(iue to the decline in housing renovations and 12 18,955 6645 292 25,892
13 Change in consumer behaviour and taste leading to changes in business 13 19,980 2641 1002 23,623

models and structures
14 Ghost community during off-semester periods and holidays 14 15,965 3026 1023 20,014

Aversion of crime and barriers to community policing caused by
a transient population

16 Displacement/replacement of established residents (gentrification) 16 11,741 5539 872 18,152
Establishments of night-time entertainment ventures at the detrimental impacts of

15 15 13,352 4478 421 18,251

17 . . . 17 11,900 3776 2111 17,787
residential amenities

18 Defacing nelghbm.lrhoods with graffiti, posters, and writings and rental 18 8563 5172 2516 16,251
boards and advertisements

19 Lucrative studegt housing business deters access to affordable housing for 19 10,672 1231 3648 15,551
non-student residents

20 Neglect by politicians due to low voting power 20 8882 4516 1863 15,261

21 Congestion and overcrowding on the streets and in public places including shops 21 8934 4441 623 13,998

22 Differing standards of acceptable behaviours by different social groups 22 5521 6104 710 12,335

23 Segregation and social stratification 23 8012 3652 109 11,773

24 Increased racism, tribalism, and religious challenges 24 8520 1241 850 10,611
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Table 1. Cont.

S/N Perceived Negative Impacts of Studentification in Akoka, Lagos—Nigeria Rank NegTweets NeuTweets PosTweets Y Tweets
25 Divergent perceptions on what makes up communal obligations 25 5202 3758 1112 10,072
26 Seasonal customer base (on and off term periods) 26 7821 1085 1031 9937

High level of crime due to the concentration of vulnerable young people with a lack

27 . 27 8111 733 512 9356
of security awareness
28 Increased incidents of protests leading to vandalism of the physical environment 28 4726 3512 984 9222
29 Increased competition for privately rented apartments 29 5545 2368 1263 9176
30 Increased population density 30 5662 2120 1223 9005
31 Challenges to existing urban plans and policies 31 6993 1682 218 8893
32 Inconsideration and lack of place attachment 32 7158 1395 33 8586
33 Demographic changes leading to more youths 33 4526 2643 1004 8173
3 ;z;c;ezi (Itjoorgrlﬁzgci)tr}: cohesion and integration due to the transient nature of the 34 7022 1012 28 8062
35 Seasonal availability of some retail and service provision (resort economy) 35 4799 3000 204 8003
Total 777,072 118,963 39,787 935,822

Key: NegTweets—Negative Tweets. NeuTweets—Neutral Tweets. PosTweets—Positive Tweets. ) Tweets—Total Tweets.
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This study proposed a novel approach to develop a CRI for Akoka by synthesizing
residents and visitors’ views on building community resilience into elements of resilient
community and risk reduction elements using Delphi technique and AHP. Delphi technique
is generally used to assess the variables that are intangibles or covered in uncertainty by
extricating on the knowledge and experience of a diverse group of experts through a
method of anonymous and iterative consultation [54]. This method is well-suited for
consensus-building through the use of a series of questionnaire delivered using multiple
iteration process to collect data from the panel of selected experts [55]. The data collected
from this panel of experts is often complicated and unstructured. Therefore, another multi-
criterial decision-making method such as AHP is needed to integrate the subjective and
objective perceptions of the experts and harmonize the criteria and the alternative elements
into a hierarchical structure [56]. These two methods are commonly used together because
they complement each other in a non-fuzzy environment [57]. A common practice in the
literature is to use Delphi technique in the preliminary stage of the research to shortlist
and identify the more prominent variables and use AHP subsequently to determine the
weightage of the selected variables and develop the decision-making model required [58-62].
However, in situations where the criteria and alternative elements are not clear, multi-criteria
decision-making tools based on fuzzy logic can be adopted [63].

In the community resilience and education nexus, this method has been used to
develop indices for the management of coastlines [64], for solving urban decay [65], for
disaster resilience, risk reduction and management [44,45], and management of cooperative
education [66]. Delphi and AHP were used in this study to prioritize the criteria and
elements that best describe a resilient Akoka community from the user-generated contents
(Twitter location-based historic big data) containing potential criteria and elements of a
resilient community and elements of risk reduction. A framework was designed (Figure 2)
and used to determine the outcome indicators of the CRI for resilience against the negative
impacts of studentification in Akoka. The use of social media big data to mine the opinions
of residents and visitors to the university town as well as using selected members of the
town and experts from the HEIs to develop an index using Delphi technique and AHP is
the first of its kind in Nigeria and the studentification corpus.
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Figure 2. The AHP model used for prioritization.

2. Materials and Methods

A hierarchical framework was proposed with three tiers representing components
that best describe a resilient university town in an AHP model (Figure 2). The first tier
represents the overall goal of the university town or the aim the CRI was designed to
achieve (a resilient university town). The second tier contains the criteria determined
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based on the five community resilience dimensions [9,10]. These include cultural criteria
(CQC), social criteria (SC), physical criteria (PC), economic criteria (EC), and institution and
governance criteria (IGC). The third and last tier contains attributes elements under each
of the criterion in the second tier. These attribute elements include elements of a resilient
community (ERC) and elements of risk reduction (ERR). Table 2 contains the attribute
elements under each criterion. The opposites of the 35 community challenges form the
ERC, while the ERR were extracted from the positive using latent Dirichlet allocation
(LDA) [27,67]. This could be conducted manually using the search tool in Excel since the
textual data is saved in .csv but we chose to use LDA. Jelodar, Wang, Yuan, Feng, Jiang, Li,
and Zhao [67] provide good information on how to use LDA so there is no need to repeat
that here. According to Saaty [68], the maximum number of ERC and ERR can only be
seven. Therefore, the decision-makers were asked to validate and reduce the number of
ERC and ERR to a maximum of seven components in the first round of survey.

2.1. The Decision-Makers

The twenty-three decision-makers comprised seventeen resilience and sustainability
experts from the two HEIs in Akoka, two senior management officers in charge of students’
affairs in the two HEISs, one town planner in the local government office and three local
community leaders. The studentification phenomenon was easier for them to understand
because of its huge impacts on the local communities within the university town and their
knowledge and experiences. Delphi method was used for the prioritization process [69-71].

2.2. Weights of Alternative Criteria and Elements in the AHP Model

The weights of alternative criteria and elements for achieving a resilient university
town were calculated in a consistent matrix using paired comparison and ratio-scale. The
formula is:

n(n2 1) 1)
where n = number of alternatives or size of the matrix (aj, az, az ... .an). see Saaty [68] and
Vargas [72].

This study, therefore, had 10 comparisons involving 5 alternative criteria each with 3 to
21 comparisons of alternative elements. The products of the paired comparisons represent
the judgments of the decision-makers over another pair based on a pair-wise rating scale
(Table 3) with values ranging from 1-9 [72-74]. In cases where decision-makers decide that
both alternatives i and j are equally important, the comparison formula becomes aj; = aj; =
1. However, when alternative i is considered to be extremely important compared to j, then
ajy =9 and a;—1/9. The distribution of these score in a square matrix gave us the reciprocal
matric in Equation (2) [75].

1 a. ain
% 1... azn
]
A=[a5] =4 . @)
11
ain azn

where A = [a;;] represents the intensity of decision-makers preferences for one alternative
over another ajj and for all compared alternatives ij=1, 2, 3,4, ... n. The comparison was
conducted over three rounds until there was stability in the sum of scores. To generate
good approximations for the elements” weights for each alternative, comparison scores of
the alternative criteria and elements were multiplied in each row of the reciprocal matrix,
and taking the nth root of the products as follows:

Element weight = p/aj-anj - - ann 3)
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Table 2. Components of a resilient university town based on residents and visitors’ aspiration for Akoka and experts’ prioritization.

Criteria

Elements of a Resilient Community

Elements of Risk Reduction

CcC Cultural Criteria CCERC1 Low crime rate and respect for law and order CCERR1 Effective community co-policing
CCERC2 Acceptable standards of behavior by all groups CCERR2 Increasm,g the safe’Fy and security awareness of the
students’ community
CCERC3 Place attachment and considerations for others CCERR3 Settlr.lg community standards and enlightening the
public on such standards
CCERC4 Unified and acceptable communal objectives CCERR4 Improving social capital within the communities
CCERC5 Community cohesmn between students and CCERR5 Properly .1r.1tegratmg students into the local
non-student residents communities through events
CCERC6 Tribal, racial, and religious tolerance by all CCERR6 Pfeach‘mg the gams of cultural and religious
diversity within the town
SC Social Criteria SCERC1 Orderhngss and good social behavior SCERR1 Enacting strict laws to curb social disorders
by all residents
SCERC2 Well managed and secure students’ clusters SCERR2 Working with I_.IEIS and property owners to manage
off-campus major students clusters
. Crackdown on drug peddlers and users and
SCERC3 A drug-freje town with reduced alcohol SCERR3 enacting laws prohibiting the sale of alcohol to
consumption and abuse
persons under 18
SCERC4 Zero tolerance for prostitution on and off-campus SCERR4 PrOhl.bm.ng and enlightening students against
prostitution
SCERC5 Reduced competition for privately rented SCERR5 Increasing thfe ngmber of purpose-built students
apartments accommodation in the town
SCERC6 Regulated night-time entertainment ventures SCERR6 Prohibiting th.e conversion of communali lancyuses
in the town and commercial properties to cater for nightlife
SCERCY Protected and well-maintained family leisure parks

and amenities
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Table 2. Cont.

Criteria Elements of a Resilient Community Elements of Risk Reduction
Enforcement of planning laws that prohibit illegal
PC Physical Criteria PCERC1 PrOh%blthI} of conversion of fam.lly homes to PCERRI1 conversion of land uses anc.l fam{ly homgs and
housing with multiple occupancies private apartments to housing with multiple
occupancies
PCERC2 PreserYat1on of the town’s original land use PCERR2 U?ba.n renewal and upgrade of rundown areas
according to the masterplan within the town
Increasing the carrying capacities of the existing
PCERC3 Constantly upgraded communities PCERR3 urban basic services and expansion of
shopping/commercial areas
PCERCA Reduced congestion and overcrowding in public PCERR4 Regul.atmg the popt}latlon density through urban
spaces and com. areas planning and planning laws
PCERC5 A balanced and well-distributed population density PCERR5 Reduction in noise pollution from students’ clusters
Improving the waste management systems within
PCERC6 Reduced environmental pollution PCERR6 the town and creating more awareness on waste
recycling
Improving the traffic management systems,
PCERC7 A better public transport system PCERR7 introducing more mass transit buses and working
with HEI to schedule the closing hours
EC Economic Criteria ECERC1 Regulated rental prices within the university town ECERR1 Intrc?ductlon of a rental an d price (goods and
services) control mechanism in the town
.. . Creating more opportunities and giving incentives
ECERC2 Provision of more affordable housing for ECERR2 to affordable housing developers to enter the
non-students’ residents :
property market in the town
ECERC3 Affordable cost of living ECERR3 Setting up a task force to control and regulate
informal commercial activities in the town
ECERC4 Controlled informal commercial activities
Institution and Participatory leadership involving the local
IGC Governance IGCERC1 Good community leadership IGCERR1 government, non-students’ residents, the students’
Criteria representatives, the HEIs and other groups
Giving students who are eligible to vote the right to
IGCERC2 A politically grounded community IGCERR2 vote within the community instead of going back to
their original homes to vote
IGCERC3 Up-to-date physical plans and policies IGCERR3 Periodically review and update the town’s master

plan




Sustainability 2023, 15, 3057 11 of 27
Table 3. The rating scale for pair-wise comparison.
Scale Degree of Preference Explanation
1 An equal level of importance Two criteria or elements equally contribute to the goal
. A criteri 1 tis slightly f d th

3 Moderate level of importance criterion or element is slightly favored over another
criteria or element

5 Fssential level of importance A.criterion or element is strongly favored over another
criteria or element

7 Very strong level of importance A'critferion or element is very strongly favored over another
criteria or element

. The evidence favoring one criterion or element over another

9 An extreme level of importance . . - . .

is of the highest possible order of affirmation
' ' h g -
2468 Intermediate values between alternatives When a compromise is needed between two criteria or

elements

The summations of weights in a column were used to calculate the normalized eigen-
vector wj for each alternative as shown below:

B Element weight
Y Element weights in column

Wij 4
When wj; was multiplied by matrix A or by the maximum eigenvalue Apax, @ new
priority eigenvector nwj; was formed [76].
The significance of the criteria and elements in achieving a resilient university town was
determined by a high nwy;; value for each criterion and element. This is the sum of the products
of the normalized wj; in each column and the elements in each row as seen in Equation (5).

n
nwi = ) aj wj ®)
=12

Since this is a consistent matrix, the values of nwj; for each criterion and element
represent the weights.

2.3. Building Consensus on the Criteria and Elements

The final scores were determined using the Delphi technique which helps multiple
experts to arrive at a consensus in a systematic manner [41-43]. The scores of the paired
comparisons for all the criteria and elements were calculated based on their geometric
means. All scores were entered into the matrix once a consensus was met. Both nwj; values
and the consensus scores were accepted once they meet a certain degree of consistency
determined by the consistency index (CI) (Equation (6) below).

Cl= (Amax —1n)/(n—1) (6)

where Apax is the maximum eigenvalue calculated by taking the average of all eigenval-

ues and n represents the number of criteria and elements listed for prioritization. The

eigenvalues are individually calculated using Equation (7) below.
nwij

@)

"~ Normalized Wij

The CI was then compared to the consistency random index (RI) of the paired com-
parisons in the matrix to generate the consistency ratio (CR) presented in Table 4, using
Equation (8). The CR is used to determine the acceptability of the scores and weights of the
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criteria and elements. A decision-maker’s judgment or prioritization was accepted to be
valid if the CR score or weight is <0.10 [72,75].

e

R= —
¢ RI

®)

Table 4. Random index of consistency for n = 10 [68,73,76].

Size of Matrix (n)

1

2 3 4 5 6 7 8 9 10

Random Index (RI)

0.00

0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49

The criteria and elements were selected using a top-down approach. This entails the
selection of alternative elements for achieving a resilient university town and subjecting
them to comparison once their criteria are prioritized by the decision-makers. New nwj;
values with consistency ratios < 0.10 (now assigned as respective weights) are used for
ranking both the criteria and elements within the AHP model.

Within the AHP model, an analytical process was used to adopt criteria and elements
with >70 per cent representation within the second and third tier of the model. This per-
centage was introduced to provide an optimal number of components in each hierarchy and
to reduce the criteria and elements to only those with high importance for the achievement
of the overall community goal in tier one. Criteria and elements below this benchmark
were discarded. The percentage represents the sum of the ratio of individual criteria and
elements weights and the overall weight, as expressed in the equation:

D

Individual nwj; > 70% 9
Overallnwy;  — ’ ©)

3. Results

The matrix at the second tier of the AHP model (criteria for building a resilient
community) was consistent with a CR value of 0.07 (Table 5). From the computed weights,
“PC” and “IGC” ranked the highest and lowest, respectively. The top-ranked criteria; “PC”,
“EC”, “SC”, and “CC” were picked based on the sum of their weights which represented
92% of the total weights in tier two of the AHP model. The alternative elements of these
four criteria were further subjected to prioritization and selection. Elements of a resilient
community; PCERC1, PCERC3, PCERC4, PCERC6, and PCERC? and elements for risk
reduction; PCERR5, PCERR6, PCERR1, PCERR3, and PCERR7 make up 90% and 81%,
respectively, of the physical criteria (PC) for achieving a resilient university town. Both
groups of elements have CR scores of 0.03 and 0.10 (Table 6).

Table 5. Ranking the criteria for a resilient university town using weights (priority vector values nwj).

Code Criteria Weight Rank
CcC Cultural criteria 0.73 4
SC Social criteria 0.88 3
PC Physical criteria 1.81 1
EC Economic criteria 1.49 2

1GC Institution and governance criteria 0.40 5
Amax= 4.12
CI=0.08

CR =0.07
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Table 6. Ranks and weights of the elements that make up the selected criteria for a resilient university town.
Criteria Elements of a Resilient Community Weights Ranks Elements of Risk Reduction Weights Ranks
Prohibition of conversion of Enforcement of planning laws that prohibit illegal conversion
PC PCERC1 family homes to housing with 1.55 1 PCERR1  of land uses and family homes and private apartments to 1.22 3
multiple occupancies housing with multiple occupancies
PCERC2 Preservation of .the town’s original 0.28 PCERR2 U.rba'n renewal and upgrade of rundown areas 0.79
land use according to the masterplan within the town
PCERC3 Constantly upgraded communities 1.32 3 PCERR3 Incre;asmg the carrymg CapaC1t1e§ of the ex1st1n.g urban basic 1.10 4
services and expansion of shopping/commercial areas
Reduced congestion and . . . .
PCERC4 overcrowding in public spaces and 0.97 5 PCERR4 Regulatmg the population density through urban planning 0.70
. and planning laws
commercial areas
PCERC5 A balanFed and Well-dlstrlbuted 0.42 PCERR5  Reduction in noise pollution from students’ clusters 1.63 1
population density
PCERC6 Reduced environmental pollution 151 2 PCERRG  |MProving the waste management systems within the town - 3¢ 2
and creating more awareness on waste recycling
Improving the traffic management systems, introducing more
PCERC7 A better public transport system 1.21 4 PCERR7  mass transit buses and working with HEI to schedule the 0.99 5
closing hours
Amax=7.26; CI = 0.03; CR = 0.03 Amax="7.81; CI = 0.14; CR = 0.10
EC ECERC1 Regulat?d rental prices within the 1.26 5 ECERR1 Introduction of a rer'ltal and price (goods and services) 132 1
university town control mechanism in the town
- . Creating more opportunities and giving incentives to
ECERC2 Provision of 1’1’101‘(/3 affprdable housing 0.40 ECERR2 affordable housing developers to enter the property market 1.19 2
for non-students’ residents .
in the town
ECERC3 Affordable cost of living 151 1 ECERR3  -etting up a task force to control and regulate informal 0.61 3
commercial activities in the town
ECERC4 Controlled informal 1.08 3 Amax=3.12; CI = 0.06; CR = 0.10

commercial activities
Amax= 4.25; CI = 0.08; CR = 0.09
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Table 6. Cont.

Criteria Elements of a Resilient Community Weights Ranks Elements of Risk Reduction Weights Ranks
Orderliness and good social . . 1o
SC SCERC1 . . 1.55 1 SCERR1  Enacting strict laws to curb social disorders 1.61 1
behaviour by all residents
SCERC2 Well mar}aged and secure 127 4 SCERR?2 Working with HEIS and property owners to manage 0.60
students’ clusters off-campus major students clusters
A drug-free town with reduced Crackdown on drug peddlers and users and enacting laws
SCERC3 alcohol consumption and abuse 149 2 SCERR3 prohibiting the sale of alcohol to persons under 18 1.58 2
SCERC4 Zero tolerance for prostitution on 0.91 5 SCERR4  Prohibiting and enlightening students against prostitution 0.66
and off-campus
SCERCS Reduced competition for privately 0.34 SCERR5 Increasing th.e nu}nber of purpose-built students 132 3
rented apartments accommodation in the town
SCERC6 Regulatec} night-time entertainment 1.44 3 SCERR6 Proh1b1t1r.1g the conversion of communal la?djuses: and 0.36
ventures in the town commercial properties to cater for students’ nightlife
SCERC7 Protected and well-maintained 057 Amax= 6.13; CI = 0.03; CR = 0.02
family leisure parks and amenities
Amax=7.57; CI = 0.10; CR = 0.07
CcC CCERC1 Low crime rate and respect for law 1.59 1 CCERR1  Effective community co-policing 1.54 1
and order
CCERC2 Acceptable standards of behavior by 061 CCERR2 Increasn}g the safefy and security awareness of the 0.68
all groups students” community
CCERC3 Place attachment and considerations 145 5 CCERR3 Setting community standards and enlightening the public on 0.63
for others such standards
Unified and acceptable . . . 1 .
CCERC4 S 0.46 CCERR4 Improving social capital within the communities 1.29 3
communal objectives
CCERC5 Community cohesion betwee.n 133 3 CCERR5 Properly integrating students into the local communities 1.40 2
students and non-student residents through events
CCERC6 Tribal, racial, and religious tolerance 101 4 CCERR6 Preaching the gains of cultural and religious diversity within 0.98 4

by all
Amax= 6.45; CI = 0.09; CR = 0.07

the town
Amax= 6.52; CI =0.10; CR = 0.08
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Prioritizations were further conducted for EC, SC, and CC as shown in Table 6. For EC,
elements of a resilient community; ECERC3, ECERC1, and ECERC4 and elements for risk
reduction ECERR1, ECERR2, and ECERR3 represented 81% and 99% of the total elements,
respectively. Both groups also have 0.07 and 0.09 CR scores.

For SC, the elements SCERC1, SCERC3, SCERC6, SCERC2, and SCERC4 were selected
as elements of a resilient community, while SCERR1, SCERR3, and SCERR5 were selected
as elements of risk reduction (Table 6). Both groups of elements accounted for 88% and 74%
and have 0.07 and 0.02 CR scores, respectively. Finally, the elements of a resilient community
CCERC1, CCERC3, CCERCS5, and CCERCS6, and risk reduction elements CCERR1, CCERR5,
CCERR4, and CCERRG6 (Table 6) accounted for 83% and 80%, respectively, of all attributes
within the physical criteria for achieving a resilient university town. Both groups of
elements have CR scores of 0.07 and 0.08, respectively.

4. Discussion
4.1. Harmonizing the Criteria and Alternative Elements in an AHP Model Using a Delphi Technique

The Delphi technique was used to obtain the consensus on the scores of paired com-
parisons within the AHP model. The multi-stakeholder decision-making process was fully
harmonized after three rounds with the help of a strong facilitator. The decision-makers
were of various educational backgrounds with varying experiences and knowledge of both
the university town and the resilience domain, so a facilitator was needed to expound and
organize the opinions of the decision-makers until consensus was met on all criteria and
alternative elements [77].

Following the work of Yu et al. [78], a rating scale for the pair-wise comparison was
adopted for easy scoring (Table 2). This made it easier for the decision-makers to assign
quantitative measurements to the qualitative data (alternatives). Since the paired compar-
isons were in a consistent matrix, alternatives placed diagonally across from each other
(Equation (2)) were scored using the rule of thumb [79]. This means when a prioritiza-
tion favors the alternative on the left-hand side, an absolute score was given (1-9), but
when the alternative on the right-hand side is prioritized, a reciprocal score was assigned
(1/2-1/9) [80].

4.2. The Prioritized Criteria and Elements for a Resilient Akoka Town

Although the four major criteria for achieving a resilient university town are similar
to the five core dimensions of resilience [9,10,81], their importance was never investigated,
measured or ranked for achieving resilience in any university town or community against
the negative impacts of studentification.

The PC was the most important criterion for describing a resilient Akoka. This is
because the impacts of studentification on the environment are usually the highest in
most university towns around the world [1,22]. The decision-makers came to a consensus
defining a resilient Akoka town to be one in which the conversion of family homes to HMOs
is prohibited. Hubbard [15] posited that this will reduce the competition for residential
housing, control the increase in rental prices, and reduce the gentrification of non-students’
residents (PCERC1). Other elements that represent a resilient Akoka town include reduced
environmental pollution (noise from students clusters and talking loudly on the streets,
playing loud music from their car stereos and homes, defacing the environment with graffiti
and posters as well as indiscriminate waste disposal) (PCERC6), constantly upgrading the
run-down areas of the town (buildings, roads, and infrastructure) to reduce the broken-
window effect in the town [82] (PCERC3), functional mass transport system to reduce traffic
congestions during rush hours (PCERC4), and reduced congestions and overcrowding in
public spaces and commercial areas such as shops and markets.

To reduce the physical (environmental) risks imposed by studentification in Akoka,
the decision-makers proposed reduction in noise in students clusters (off-campus halls)
(PCERRYS), improving the waste management system within the town and continuously
enlightening the residents on recycling and other best practices (PCERR®6), enforcements of
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existing planning laws that prohibit the illegal conversion of land-uses and family homes to
HMOs without proper permits (PCERR1), increasing and upgrading the carrying capacities
of existing urban basic services and shopping facilities within the town (PCERR3) and
improving the traffic management systems, introducing more mass transit buses, and
working with HEI to schedule their closing hours so that not all students resume lectures
same time in the morning and all of them end their lectures at the same time in the afternoon
or evening (PCERR?7).

The EC was the second most important criterion prioritized by the decision-makers. This
is because studentification often leads to a higher population density and competition for
scarce resources [15,83,84]. Prioritized elements that define a resilient Akoka town include
affordable cost of living (ECERC3), regulated rental prices within the town (ECERC1), and
controlled informal sector activities such as selling alcohol to underage students or commercial
activities by the walkways that cause human traffic (ECERC4). The decision-makers also
proposed the introduction of a rental and price (goods and services) control mechanism in
the town to regulate inflation due to high demand and check the artificial manipulation of
the market (ECERR1), creating an enabling environment for real estate investors and giving
them incentives to develop more affordable housing in places that are less congested within
the town (ECERR?2) and setting up a task force to control and regulate the activities of the
informal traders within the town (ECERR3), as the risk reduction elements to eliminate the
studentification-induced economic shocks and stresses in Akoka.

Studentification also affects the socio-cultural fabric of the communities within the uni-
versity towns, especially those with a high concentration of undergraduate students’ popula-
tion [6,85,86]. To be resilient against the social and cultural negative impacts of studentification
in Akoka, the decision-makers chose SC and CC as the third and fourth criteria to make Akoka
resilient. Under the SC, prioritized elements for a resilient town include orderliness and good
social behavior (SCERC1), a drug-free town with regulated alcohol consumption to reduce al-
cohol abuse (SCERC3), regulated night-time entertainment ventures to reduce night-time noise
and insecurities (SCERC6), well managed and secure students clusters including purpose-built
students accommodation quarters (SCERC2), and a zero-tolerance for prostitution on and
off-campus which is common within university towns in Nigeria (SCERC4). To reduce social
risks and promote resilience in Akoka, the decision-makers proposed the enactments of strict
laws to curb social disorder (including gangsterism and cultism) (SCERR1), a crackdown on
drug peddlers and users, enacting a law prohibiting the sale of alcohol to persons under 18
years of age (SCERR3), and increasing the number of purpose-built students” accommodation
in the town to reduce the pressure on family homes and to cluster the students in specific
areas for easy management (SCERRS5).

Culturally, the decision-makers also envisioned a resilient Akoka with a low crime
rate and respect for law and order (CCERC1), place attachment and consideration for all
(CCERCS3), community cohesion between students and non-student residents (CCERC5)
and a place with great tolerance for tribal, cultural, racial, and religious diversity (CCERC6).
To achieve the CC envisioned, the decision-makers prioritized effective community co-
policing (CCERR1), integrating the students into the local communities through events
(CCERR4), improving the social capital within the communities (CCERR5), and preaching
the gains of cultural and religious diversity within the town (CCERRS6).

4.3. Framing the Index and Matrices

A framework (Figure 3) was developed for the OI of the CRI using the important
criteria and their associated elements in Section 4.2. The Ol serves as a tool to evaluate
and build the resilience of the university town. However, viewing resilience based on
its outcomes alone creates limitations [51]. These include limitations in terms of human
involvement and limitations in decentralizing the process of developing community re-
silience. To overcome these limitations, PI were added to the overall CRI [87]. Since the
AHP model only provides the OI (Figure 4), the PI components were adopted from the
ICBRR model. The ICBRR model (Figure 5), developed and used by the Canadian and
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Indonesian Red Cross Society [88,89] contains 10 key steps (processes) for implementing
the ERR in the proposed AHP model which makes up the OI. As a result, the proposed CRI
(Figure 6) for building a resilient and sustainable university town was developed based on
the four criteria and their elements from the AHP model (OI) and the PI that contains the
implementation processes.

- ~ ~

Cultural criteria Physical criteria

N\ %
>

A resilient university town

Social criteria Economic criteria

N S Y

Figure 3. The Analytic Hierarchy Process framework for the Outcome Indicator.

Elements of Risk Reduction
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Figure 4. The output indictors from the AHP model.
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Figure 5. Process indicators adapted from ICBRR [88,89].

Literature reviews conducted by de FSM Russo and Camanho [90] on AHP showed
that most indices developed using AHP stop after identifying the OP. Manyena [51] identi-
fied this shortcoming within the resilience literature but the research gap still remains. The
practice generally, is to leave the implementation strategies for the management team to
decide. This does not provide a holistic solution and gives room for bias [88,89].

4.4. Proposed Weighted Linear Combination Measurement for the Index

The CRI metrics followed a weighted linear combination (WLC) process for both the
OI and PI [91]. The OI were given weights based on the intensification of the indicator
scores taken from nwj; values which determined the elements’ ranks in the AHP model.
The linear scaling method [91] was used as shown in Equation (10).

Wn = (Wact - Wmin)/(wmax - Wmin) (10)

where W, is the criterion or element’s normalized weight. W, is the original weight, and
Whin and Wpax are the minimum and maximum weights within the group.
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Figure 6. A Composite Resilience Index (CRI) for Akoka, Lagos, Nigeria.
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While computing the matric for the four criteria and their elements, ECERR3 was not
selected because its normalized weight was zero [92]. This left the economic criteria with
only two risk reduction elements (ECERR1 and ECERR?2). Table 7 shows the WLC outputs
for all the selected criteria and elements.

Table 7. Ranking Scale for the indicators.

Scores Description of Level
0 Non-existence of disaster risk reduction element in the town or zero progress
1 Limited awareness of the intervention(s) and little efforts to implement them
2 Awareness of the interventions and willingness to implement them, but capacity and resources remain limited
3 Capacity and all resources are available, but implementation of interventions is slow
4 Interventions are in place, positive impacts are materializing, but interventions and their results are not sustainable
5 Interventions and their results are sustainable, the element(s) is/are contributing to making the town resilient, and it

is/they are embedded in the town’s relevant policies, collective attitudes, and behaviors of residents

The OI was calculated based on the element scores (ES) and ES were computed
based on the attainment of a level of agreement among the decision-makers. On the scale
used to attain the level of agreement, level five was the highest and one was the lowest.
This scale was modified with adaptations from Twigg [25] for ranking indicators and
measuring the progress of the CRI implementation. An additional level with a zero score
was added to imply the non-existence of disaster risk reduction element(s) in the town or
zero progress [93] (see Table 8).

All ES within each criterion were summed up to obtain the criteria score (CS) using
Equation (11) [94].

CS = Y )~2 ERC(W;ES;) + Y /~) ERR(W;ES)) (11)

where ERR represents elements of a resilient community and ERR represent elements of risk
reduction. W represents the weights of all elements i, and ES; represent elements scores j.
All the CS were combined to give the outcome indicator score (OIS) [95] as expressed by
Equation (12).

OIS = Y =2 C(WiCS)) (12)

where C represent criteria, W; represents the weights of all elements i, and CS; represent
the scores of each criterion j.
Similarly, the process indicator score (PIS) was calculated using Equation (12).

PIS = Y " P(WiR;) (13)

where P represents the process indicators based on the ICBRR model, W; represents the
weights of all elements i, and R; represents ranks or value of the process indicator j.

The rating of both indicators (OI and PI) is based on the scale in Table 8. Since both
indicators have W; whose sum is 1, the W; for each PI is 0.10.

The overall composite resilience index score (CRIS) [96] is the combination of both OIS
and PIS as shown in Equation (14).

CRIS = OISW; + PISW; (14)

where OIS and PIS are the outcome and process indicator scores, and W;j represents the
weights of the outcome and process indicators i.
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Table 8. Selected and normalized criteria and elements for a resilient Akoka.
Criteria W, Elements of a Resilient Community Wh Elements of Risk Reduction Wh
PC 0.44 PCERC1 PrOhl.bltlon of conversion of family homes to housing with 0.28 PCERR5 Reduction in noise pollution from students’ clusters 0.29
multiple occupancies
PCERC6 Reduced environmental pollution 0.24 PCERR6 Improving the waste management systems within Fhe 0.23
town and creating more awareness on waste recycling
Enforcement of planning laws that prohibit illegal
PCERC3 Constantly upgraded communities 0.19 PCERR1 conversion of land uses and family homes and private 0.20
apartments to housing with multiple occupancies
Increasing the carrying capacities of the existing urban
PCERC?7 A better public transport system 0.18 PCERR3 basic services and expansion 0.15
of shopping/commercial areas
. Lo . Improving the traffic management systems, introducing
PCERC4 Reduced congestlon and overcrowding in public spaces 0.11 PCERR7 more mass transit buses, and working with HEI to 0.13
and commercial areas :
schedule the closing hours
EC 0.25 ECERC3  Affordable cost of living 0.48 ECERR1  [niroduction of a rental and price (goods and services) 0.53
control mechanism in the town
Creating more opportunities and giving incentives to
ECERC1 Regulated rental prices within the university town 0.29 ECERR2 affordable housing developers to enter the property 0.47
market in the town
ECERC4 Controlled informal commercial activities 0.23
SC 0.21 SCERC1 Orderliness and good social behavior by all residents 0.25 SCERR1 Enacting strict laws to curb social disorders 0.39
SCERC3 A drug-free town with reduced alcohol consumption 0.22 SCERR3 Crac1.<d.0.wn on drug peddlers and users and enacting laws 031
and abuse prohibiting the sale of alcohol to persons under 18
SCERC6 Regulated night-time entertainment ventures in the town 0.20 SCERR5 Increasing th.e ngmber of purpose-built students 0.30
accommodation in the town
SCERC2 Well managed and secure students’ clusters 0.18
SCERC4 Zero tolerance for prostitution on and off-campus 0.15
CcC 0.10 CCERC1 Low crime rate and respect for law and order 0.31 CCERR1 Effective community co-policing 0.32
CCERC3 Place attachment and considerations for others 0.27 CCERR5 Properly integrating students into the local communities 0.27
through events
CCERC5 Community cohesmn between students and 0.23 CCERR4 Improving social capital within the communities 0.21
non-student residents
CCERC6 Tribal, racial, and religious tolerance by all 0.19 CCERR6 Preaching the gains of cultural and religious diversity 0.20

within the town
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4.5. Limitations of the Index and Future Research Directions

The CRI is made up of both outcome and process indicators developed through an
analytic hierarchy process. Adopting Tsai, Lee, Lee, Chen, and Liu [54] and Liu and
Zhang [97] methodology, the CRI was also designed to assess the level of attainment of
each indicator. This helps during the periodic review of the implementation of the CRI
in the town and allows fewer performing elements to be adjusted or upscaled [98]. The
outcome indicators were developed from the mined opinions of the town’s residents and
visitors from Twitter [39] and prioritized by 23 experts (decision-makers). However, the
process indicators were directly adopted from the ICBRR model [88,89]. This follows the
assumption that since such indicators were developed using a similar procedure that was
tested and widely used by the International Red Cross Society in both developing and
developed countries including Indonesia and Canada, they are also suitable for use in
Nigeria. The weights of the outcome indicators vary because they were generated from the
computations in the AHP model, but the process indicators were assigned equal weights
manually. This may cause some limitations to the accuracy of the measurements since the
weights are used in intensifying the scores of the assessments. Although the ranking scale
(Table 7) will reduce the effects of any bias as a result of the above, future research can be
carried out to test this assumption. Another AHP modeling can also be conducted for the
process indicators to increase the objectivity of the overall evaluation.

Lastly, the distribution of tweets across demographics cannot be determined because
the metadata does not include personal identifying data due to the Twitter API restriction to
protect users’ privacy. Although, we could see the diversity of the users which ranges from
students, non-student residents, agents/property managers, landlords, and institutional
twitter handles, among others, from the tweets and sentiment analysis, the percentages
cannot be accurately determined. Future studies can fix this limitation by developing a
programmatic algorithm to classify users using their tweets or metadata.

5. Conclusions

The negative impacts of studentification in university towns across the world have
been well documented in the literature. Some universities around the world have also
implemented policies to make their university towns resilient against the shocks and
stresses brought about by studentification, especially in the United Kingdom (University
of Leeds, University of Durham, University of Salford, Loughborough University, Univer-
sity of Nottingham, University of Manchester, University of Northumbria, University of
Brighton, etc.), the United States (Clemson University, University of Illinois, Texas State
University, Colorado State University, University of Maryland, Miami University, Bowl-
ing Green State University, Georgetown University, Washington University, University of
Massachusetts-Amherst, University of Oregon, etc.), and Canada (University of Guelph,
Bishop’s University, etc.). However, there is no known index or model specifically designed
to assess and develop community resilience in any university town. This motivated the
need to develop a localized CRI for university towns starting with Akoka as a case study.

Delphi and AHP were used as a multicriteria decision-making tools to prioritize and
select the criteria and elements that best describe a resilient Akoka. The Delphi method
was coordinated by a strong facilitator to achieve the preferences of the decision-makers
in selecting the final criteria and their elements. Physical, economic, social, and cultural
criteria were the four criteria selected to describe the outcome indicators for a resilient
Akoka, while the ICBRR model was adopted for the process indicators. Both outcome and
process indicators were combined to form the CRI. A six-level scale was then developed to
rate the existence and performance of the criteria, their elements, and the overall index.

The proposed CRI is expected to contribute to the holistic measurement of community
resilience in Akoka, it will help to minimize bias in assessing the level of resilience, help
to develop resilience in Akoka against the negative impacts of studentification, provide a
methodology for other university towns to develop their own CRI, and generally contribute
to the resilience body of knowledge. This study also lays the foundation of future research
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combining Al and textual big data [40] and multicriteria decision-making tools to develop
indices for community resilience and sustainability, beyond studentification.
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