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Young people’s skills and attitudes must be observed, studied and evaluated in order to
create appropriate models that would serve an educational purpose. In this paper, we pro-
pose a decision-making model with the aim to detect certain attitudinal and behavioural
patterns of actively engaged young people. The data used in this research resulted from
a questionnaire drawn up by a group of researchers from 6 European countries with
the aim to investigate the youth’s awareness about the Sustainable Development Goals
and their engagement as active agents of development and change at regional level. For
the purpose of this study, we selected the regional results obtained from administering
this questionnaire in Dolj County (Romania) and La Rioja (Spain). We developed a
neutrosophic model that determines the Mindchanger profile of the respondents based
on a minimal set of questions, which is dependent on the inclusion or exclusion of the
nationality-specific traits. The resulting decisions were then compared with the respon-
dents’ self-evaluations, yielding high precisions (more than 0.83) for all the investigated
evaluation scenarios. Our results were significantly better than the ones provided by
several machine learning models applied on the same set of data. A direct impact of our



March 3, 2023 20:29 WSPC/ws-ijitdm ws-ijitdm

2 Authors’ Names

model is that it can be applied to questionnaires which include linguistic responses that
express, among others, unclear or vague thoughts. Additionally, it offers the possibility
to identify the minimal set of questions that impact the respondent’s answer choice to a
target question.

Keywords: neutrosophic representation, decision-making model, attribute selection, un-
certainty reasoning, questionnaire analysis, youth engagement

1. Introduction

Current realities of the globalised communities have pointed to the stringent need
for a world of greater justice, equality and human rights for all its citizens, a world in
which all actors of society are responsible for reaching the Sustainable Development
Goals (SDGs) included in the 2030 Agenda for Sustainable Development.

Young citizens play a key role in addressing issues of global concern at local
and regional level and in improving the critical understanding of the communities
and the wider public opinion about these issues. They are crucial in promoting
awareness messages, changes of behaviour and active engagement due to their ability
to innovate, communicate and influence their peers by using specific tools that
overcome geographical distances. Moreover, the EU Consensus recognised youths
as agents of development and change and, as such, as essential contributors to the
2030 Agenda. In this context, youths can be considered as actual “Mindchangers”
that can actively support the Decade of Action announced in 2019 by the United
Nations.

In order to identify the elements that foster the active engagement of young
people in six European regions, the questionnaire “Youth engagement in climate
change and migration issues” (henceforth YECCM) was drawn up within the
DEAR-funded project “Mindchangers: Regions and Youth for Planet and People”
and was administered to young people aged 15-35 from Wallonie-Bruxelles (Bel-
gium), Auvergne-Rhone-Alpes (France), Baden-Wurttemberg (Germany), Piemonte
(Ttaly), Dolj County (Romania) and La Rioja (Spain).

According to recent Eurobarometers (Special Eurobarometer 4411 and Special
Eurobarometer 4762), EU citizens are hardly aware about the exact dimensions
of poverty and global environmental emergencies, and even less willing to engage
themselves and change their behaviour and attitudes to contribute to the reaching of
SDGs. 63% of EU citizens have never heard about the SDGs (Special Eurobarometer
441) and just over half of all respondents agree that, as individuals, they can play a
role in tackling poverty in developing countries (53%), whereas four in ten disagree
(43%) and only 44% claim to be personally involved in helping developing countries
(Special Eurobarometer 476). The YECCM questionnaire complements these data,
collected at national level, with references about the local and regional context.
Moreover, it complements the investigation of the engagement and commitment
of local and regional governments to SDGs, carried out in 2021 by the European
Committee of the Regions (CoR) and the Organisation for Economic Co-operation
and Development (OECD), with an analysis of young people’s engagement and
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commitment in the above-mentioned six European regions.

In order to obtain an overview of the current situation at the regional level, the
questionnaire was drawn up with the objective to examine the youths’ awareness
about SDGs and their engagement as active agents of development and change, in
the field of global challenges, specifically on two topics: climate change and migra-
tion. Similarly to the Eurobarometers, about which it was emphasized that “it is not
a tool to collect statistics, it rather provides a snapshot of public opinion perceptions
at a given time”, this questionnaire offers a snapshot of young people’s attitudes,
perspectives, motivations, preferences and reflections on active engagement in the
6 European regions, partners in the Mindchangers project. It additionally provides
a general profile of a Mindchanger, i.e. of a young person willing to get actively en-
gaged in civic activities. However, if a local authority or a civil society organisation
needs to analyse the likelihood to become a Mindchanger, the YECCM presents the
disadvantage of being time consuming because of the large number of questions, re-
sulting from its wide range of objectives. Therefore, despite its complexity, when
taken in its entirety, the YECCM may not be considered an effective tool for local
authorities and civil society organisations interested in working with young people
who already have or are willing to reach a high level of engagement.

Considering all the above, our study addresses the following research questions:

(1) Is there a minimal set of questions in the YECCM questionnaire that allow
us to determine, irrespective of the national context, the young people’s self-
evaluation of the likelihood to become Mindchangers?

(2) Are there any nationality-based characteristics that can influence this self-
evaluation?

To answer these questions, we created a decision-making model that can ac-
curately process the respondents’ answers to a set of questions selected from the
YECCM questionnaire and, based on these answers, to determine for each respon-
dent his/her self-evaluation of the likelihood to become a Mindchanger or shortly,
his/her Mindchanger profile.

There are decision situations in which the information cannot be assessed pre-
cisely in a quantitative form, but it may be qualitatively evaluated using labels such
as “rather agree”, “rather disagree”, etc. As a consequence, Fuzzy Sets (FS)3 are
widely used in decision making problems due to their ability to represent uncer-
tainty or vagueness. Fuzzy Sets were extended to Intuitionistic fuzzy sets (IFS)%?
which provide a better way to manage the inaccuracy, dubiousness, and vulnera-
bilities that are usually found in human information. Designed especially to deal
with imprecision and uncertainty in decision making, Neutrosophic sets (NS)% gen-
eralize the concepts of classical sets, FS and IFS by adding three grades of truth,
falsehood and indeterminacy, being thus more indeterminacy tolerant as compared
to the fuzzy counterparts. The significant level of uncertainty corresponding to the
answers in the questionnaire led us to design and implement a neutrosophic model
for the questionnaire data representation and processing. Our neutrosophic model
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responds to the need to investigate the impact of the uncertainty degrees of the
respondents’ answer choices to a target question.

The model we propose selects a minimal set of questions from the YECCM
questionnaire, based on which the young people’s Mindchanger profile can be deter-
mined with maximum precision. Feature selection is a dimension-reduction method
that diminishes dataset size while maintaining model performance.” The obtained
precision is quite significant (0.83) and stable in the sense that it is not altered
by different training sets with the same distribution,® in our case by national or
regional characteristics. Still, in order to select only those nationality-based char-
acteristics that could result in a higher precision, we explored, for each of the two
countries’ datasets, additional questions from the questionnaire. Our efforts paid
off as we increased the model precision for both datasets considered separately. The
whole study has been implemented and run with the Python environment.

Subsequently, the model presented in this paper can be applied to questionnaires
which include linguistic responses that express, among others, unclear or vague
thoughts, with the aim to predict the respondents’ answers to a specific question,
named in our study the target question.

The paper is organized as follows: Section 2 provides a short overview of sim-
ilar studies existing in the literature, Section 3 presents the structure and the ad-
ministration of the YECCM questionnaire, Section 4 is dedicated to the proposed
decision-making model, Section 5 presents the conducted experiments for our model
on different scenarios and the obtained results, while Section 6 summarizes the main
conclusions of the study and opens future research directions.

2. Related Works

The use of questionnaires to collect data about people’s opinions, behaviours or
preferences is a common practice in behavioural and social science research. Even
if there are some disadvantages, such as potential social desirability biases and
excessively rationalized responses,® there are also advantages, such as the easiness
to administer them, the ability to obtain data from different places with distinct
characteristics (wide coverage) and the low cost, among others.'® The questions
included in a questionnaire can be: dichotomous, nominal, or ordinal, the well-known
Likert scales. Many studies were carried out on the number of predefined answers
on Likert scale in order to discuss its influence on their reliability and validity.!!:!?
To facilitate the analysis of the collected responses, questions are usually designed
in closed-response format involving linguistic variable representations.!!

For the data analysis stage, statistical methods, such as descriptive statistics,
correlations, multivariate analysis of variance,'® linear and logistic regression!#?
and structural equation modelling,'® are the most prominent approaches to draw
inferences and reach conclusions from the data sets. Recently, machine learning
techniques, such as random forests,'”>'® ARIMA,' decision trees and SVM,?? have

also been applied to survey analysis in social sciences.
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In contrast to the statistical techniques, these data-driven approaches do not
require prior knowledge about the relationship under study. Furthermore, they are
able to identify complex relationships in data. Thus, the application of machine
learning in survey research can help to tackle research problems that usually involve
specifying parametric regression models.?!

Despite the advantages that machine learning techniques can bring to the anal-
ysis of survey data, we must keep in mind that the rating scales typically used in
survey questions are linguistic variables,?? which are naturally vague.?? As a direct
consequence, the techniques to analyse Likert-type data for statistical purposes are
quite limited.'®24 Indeed, representing these responses as crisp variables and calcu-
lating statistics or training models with them may result in unreasonable bias due
to the ambiguity and uncertainty in the respondent’s mind.2?

Regarding the decision processes, it is obvious that questionnaire data could
not represent the unique source for the decision making, as this data is usually
full of noise, incompleteness and inconsistency.?® These problems can be overcome
by the use of fuzzy sets,27:28:29
information and to minimize the uncertainty in the decision-making problems.3? In
a fuzzy-based approach, responses are encoded by means of appropriate linguistic
descriptors which are assumed to be identified with fuzzy numbers/intervals:3* T
represents the truth, while 7' = 1 — T is the nonmembership (or the falsehood).
Intuitionistic fuzzy sets (IFS)* extend fuzzy sets concept by modelling the vague-
ness or incomplete data and, thus, are more effective in representing the essence of

as they provide ways to deal with uncertainty in

responses in this type of questionnaires.3'32 In IFS, besides the membership (T')
and nonmembership (F'), the indeterminacy called hesitancy is also represented:
H=1-T-F3

Neutrosophic sets (NS) are even more suitable than IFS to represent the re-
sponses to questionnaires, allowing for more accurate representations of the respon-
dents’ true feelings or thoughts. In neutrosophy, we also consider Indeterminacy
membership function (I)3%:36:37
all three components being totally independent from one another, as their sum is
0<T+ 1+ F <3.If compared with IFS, NS allow the uncertainty measurement,
apart from the truth and falsity degrees.?® NS can be restrained to IFS, but the
independence of components is lost and the results of the aggregation operators are

along with the membership and nonmembership,

totally different in the neutrosophic environment as compared to the intuitionistic
fuzzy environment, since Indeterminacy is ignored by IFS operators (indeterminacy
is ignored by the intuitionistic fuzzy aggregation operators). Even if T+ 1+ F =1,
there is still a distinction between IFS and NS: in IFS the operators (union, inter-
section, complement /negation, difference, etc.) are defined for T' and F only, not for
I, while in NS the operators (union, intersection, complement /negation, difference,
etc.) are defined with respect to all components T, I, F'.

In 2019, a new research direction was proposed in the literature under the name
of Neutrosophic sociology or Neutrosociology,3® addressing the studies of sociology
by means of neutrosophic methods. In this case, due to the membership function
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of indeterminacy,® the use of NS is suitable for modelling the lack of knowledge,
doubts or contradictions that can be found in the answers of a survey.4’

3. Youth Engagement in Climate Change and Migration Issues
Questionnaire

The design of the YECCM questionnaire was made according to the stages of survey
design defined by Lavrakas.*! The formulation of the objectives and of the research
questions was followed by the definition of a set of key concepts related to engage-
ment and the development of a conceptual framework, including the issues to be
addressed in the questionnaire.*?*3 Three main organising concepts were identified
for youth engagement: affective, cognitive and behavioural***®> The concepts in-
cluded in the conceptual framework were operationalized into questionnaire items.
The conceptual framework was refined leading to the creation of 64 items that cover
the most important issues regarding youth engagement. Two types of variables were
used: nominal and ordinal, in the form of Likert type questions with 4 and 5-point
rating scales.

3.1. Structure of the questionnaire

The structure of the questionnaire consists of a short introduction to the project
and the research objectives, and the five sections detailed below:

Section 1. Socio-demographic data (10 questions)
Section 2. Sustainable Development Goals (6 questions)
Section 3. Climate change (23 questions)

Section 4. Migration (23 questions)

Section 5. Mindchangers (2 questions)

Each question has a unique ID of the form:
Q. < # of section > . < # of question > . < # of option >*

where < # of option >*, when applicable, corresponds to the structure of the
question and represents the number of the items targeted by the question.

The questions included in Section 1 collected demographic data about the sur-
veyed group: age, gender, nationality, residence, education, employment a.o. More-
over, in question @.1.9, young people were asked to describe themselves by self-
evaluating a list of personal characteristics based on a 1 to 5 rating scale (1 being the
lowest and 5, the highest). The 24 characteristics corresponding to questions ).1.9.1
- .1.9.24 were established by the researchers and considered key characteristics for
an actively engaged young person. As detailed in Section 5, the self-assessment of
these characteristics will contribute to the improvement of the precision rate for
determining the Mindchanger profile.
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Section 2 included a question evaluating the general awareness regarding the
SDGs (question @.2.1), alongside questions aimed at offering a perspective on re-
gional circumstances, capacities and levels of responsibility with regard to the im-
plementation of the SGDs.

Sections 3 and 4 were divided in three scenarios, A, B and C. In Scenario A
entered young people engaged in actions on several occasions (more than twice),
whereas Scenario B included young people engaged in actions at least once or twice.
In Scenario C entered only the young people who have never been engaged in actions
addressing climate change/migration. Sections 3 and 4 were randomly sequenced,
in the sense that some respondents got Section 3 first, others got Section 4, and, at
the end of each section, they were asked if they wanted to continue with the other
section.

Section 5 referred to the characteristics of a Mindchanger and to the participants’
self-evaluation of the likelihood to achieve a high level of engagement in actions
addressing climate change and migration.

3.2. Questionnaire administration

To facilitate its administration at the regional level, the YECCM questionnaire
was translated into five languages and made available online using the LimeSurvey
tool.*® Data cleaning was done in accordance with the decision reached by the
regional researchers that only the answers that exceeded 20 minutes were taken
into consideration (at least 10 minutes per section).

The recommended number of respondents at regional level was approx. 100
young people. The research was organised in compliance with the EU’s 2016 General
Data Protection Regulation (EU Reg. 2016/679). Prior to their participation, the
respondents were informed that the data collected would be processed and disclosed
exclusively in aggregated form, that is without examining or describing in any way
characteristics and opinions individually; the results obtained would be used only
for research purposes; the data collected would be kept in a protected place, and
would not be disseminated in any way outside the research group. Moreover, this
research got the ethical approval from the Bioethical Committee of the University
of Torino (Decision no. 0438557,/13.07.2021).

Table 1: Demographics of Romanian and Spanish respondents participating in the
survey

Gender Age
Female Male Other |15-20 21-25 26-30 31-35
Romania [100| 71 29 0 33 44 11 12
Spain 102 74 27 1 5 61 18 18

Country | N

In this study, we refer to the answers provided by the respondents from Dolj
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Importance of Climate change and Migration
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Fig. 1: Importance of climate change and migration, based on YECCM data
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Fig. 2: Importance of young people’s engagement on climate change and migration,
based on YECCM data

County (Romania) and La Rioja (Spain). Table 1 shows demographic information
about the respondents. The average age of the Romanian respondents was 24 years
and of the Spanish ones 25-26 years.

The questionnaire data showed that young people paid a greater importance to
the issues of climate change as opposed to migration and even the level of their
personal concern about climate action is higher (see Figure 1).

Moreover, when asked to rate the importance of young people’s engagement in
addressing climate change (Q.3.14) or migration (Q.4.14) issues by using a 4-level
Likert scale (1:not at all, 2:not important, 3:important, 4:very important), a great
majority of the respondents admitted that their engagement is important, with more
importance attributed to climate change issues than to migration. Both Romanian
and Spanish respondents consider that young people’s actions have a higher impact
on climate change issues than on migration (Figure 2).
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Fig. 3: Correlations between questions from Section 2 and 3 and Mindchanger op-
tions for each dataset.

Considering the above, the study presented in this paper and detailed in the
following sections refers to young people’s engagement in climate change actions.
We create our model taking into consideration the questions related to this topic
which are included in Section 3 of the questionnaire, as well as those included in
Section 2, referring to the SDGs.

We built the correlation matrix (see Figure 3) for the questions of Sections
2 and 3 of the questionnaire in terms of responses’ correlation with the target
question Q.5.2, which asks the respondents to evaluate their Mindchanger profile.
In this case, Spearman’s correlation (r) was used because we dealt with Likert-scale
items. Overall, as illustrated in Fig. 3, the relationship between questions on the
SDGs (Q.2.z) and on climate change (Q.3.z) with @.5.2 is weak. There is only a
moderate positive relationship between the attractiveness to participate in climate
change-related actions in the future (Q.3.8) and the Mindchanger profile of the
respondents (Q.5.2) (r = .51,p < .001 for both data sets).

Regarding the questions in Section 2, respondents from both countries agree
on the role that both national and regional authorities should play in the fight
against global inequalities and poverty (Q.2.4.2 and Q.2.4.3): r = .72,p < .001
for Romanian respondents and » = .68,p < .001 for Spanish respondents. On the
other hand, there is a moderate positive relationship between the importance of cli-
mate change for the respondents (Q.3.1) and their concern about this issue (Q.3.2)
(r = .51,p < .001 and r = .54,p < .001 for Romanian and Spanish data, respec-
tively). Finally, for both Romanian and Spanish respondents, there is a moderate
positive relationship between their awareness of measures/projects addressing cli-
mate change at the three levels considered: local (Q.3.10.1), national (Q.3.10.2) and
international (Q).3.10.3).
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To sum up, the correlation values are poor for both Romanian and Spanish data.
Nevertheless, with the neutrosophic approach detailed in the next section we achieve
more than 0.8 precision in determining the respondents’ Mindchanger profile based
on their responses to a set of selected questions from Sections 2 and 3.

4. A neutrosophic decision-making model to determine the
Mindchanger profiles

Neutrosophic Set theory focuses on the importance of indeterminacy, while in other
set theories this is completely or partially ignored. This theory is considered the
right tool to handle and represent data with a high degree of indeterminacy, such as
the answers to Likert scale questions*® because we can define not only membership
functions of truthfulness and falseness, but also indeterminacy, independently of the
membership function of falseness.4%:37

We construct a neutrosophic decision-making model by means of the following

two algorithms:

e Algorithm 1. to determine the Mindchager profile of a specific respondent
by computing an overall score based on his/her answers to a set of selected
questions. For each respondent, this overall score will be used to decide one
of the four possible values (alternatives) of the Mindchager profiles using a
Ranking algorithm for Single-Valued Neutrosophic Triplets. The alternatives
of the decision are as follows: unlikely / rather likely / likely /| most likely to
become a Mindchanger.

e Algorithm 2. to identify the minimal set of questions from Sections 2 and 3
of the YECCM questionnaire which lead to the best precision rate for deter-
mining the Mindchanger profile. The answers to these questions will represent
the attributes under consideration in the proposed decision-making model.

We test the proposed model on several datasets: two datasets specific to a certain
country (in our case Spain and Romania), but also one combined dataset, which
includes the previous two. The results show that the proposed model achieves its
highest precision (more than 80%) on the combined dataset but also maintains the
precision on the Romanian and Spanish datasets taken separately, which means
that the model’s precision is stable regardless of the nationality of the respondents.

In what follows, we describe the proposed model in detail.

4.1. Questionnaire answers as single-valued neutrosophic triplets

For a specific question Q.z of the YECCM questionnaire, we can have multiple
answer options, written as: Ansg, ., i > 2.

In the YECCM questionnaire, the user’s choices when answering the questions
are expressed in natural language using linguistic terms. The linguistic approach is
the solution to qualify the user’s perception, which, in natural language, is often
expressed with words instead of numerical values.



March 3, 2023 20:29 WSPC/ws-ijitdm ws-ijitdm

Instructions for Typing Manuscripts (Paper’s Title) 11

For example, let us consider a question .z from the questionnaire with the
following set of possible answers: Not at all, Not much, Much, Very much. As
shown below, this combination of answers is frequently encountered in the ques-
tionnaire. In our approach, each answer is represented as a neutrosophic fuzzy set
commonly named single-valued neutrosophic triplet number because the components
are single-valued numbers. Thus, each alternative for the ).z answers is represented
as Ansy , = (Th 4o 1 4> Fb.o)> © = 1,4, such that T3, ,, 1§, ., FY . € [0,1], where:

e T}, is the truth (or membership) component, quantifying the positive quality
of the answer;

. Iég‘x is the degree of indeterminacy (neutrality), more precisely the unclear or
confused aspect of the answer, which is neither true nor false;

. Féw is the degree of falsehood (or nonmembership) of the i-th answer of ques-

tion @.x, which is opposed to the truth degree Téw

This representation follows the neutrosophy’s triad (< A >, < neutA >, <
antiA >), where < A > is an item (concept, idea, proposition, etc.), < antiA >
is its opposite, while < neutA > is the neutrality (indeterminacy) between these
opposites. There are many such neutrosophic triads (triplets) in our everyday life,
such as: (positive, neutral, negative), (win, draw, loose), (accept, undecided, reject),
(membership, indeterminacy, nonmembership), (truth, indeterminacy, falsehood),
etc.4”

We must point out that if a question Q. has only two dual opposite answers,
such as Yes and No, the model can also be applied on this crisp data, but no
indeterminacy will be represented, because the answer Yes determines the (1,0,0)
neutrosophic number representation, where Téix =1 and Ié_x = Féx = 0, while
No determines the (0,0,1) representation, Fém =land I3, = Té.m =0, so in
both cases the indeterminacy is 0.

In the Neutrosophic Set (NS) literature, there are several cases that can be
encountered for the sum of the components T, I and F' as NS is an extension
of Intuitionistic Fuzzy Set (IFS), even if the sum of single-valued neutrosophic
components is < 1, or > 1, or = 1:48

e when T, I, F are independent from one another, their sumis 0 < T+ 1+ F < 3,

e when T, 1, F are totally dependent, as in [F'S, the sumis 0 <T 4+ 1+ F <1,

e when T, I, ' are partially independent and partially dependent, then 1 < T +
I+ F <3.

As presented in Tables 2 and 3 below, the neutrosophic representations we propose
consider that all the questionnaire answers are in the totally dependent case in
which T}, , + I, + F, = 1 where Ansyy , = (T} ., I ., Fh.0), @ > 2, is the
representation for the i-th answer to the question @.x. In this way, the answers of
all considered questions have equal importance in the study, even the crisp ones.
But even when the components are totally dependent and their sum is 1, as in
our case when Té.w + I, . + F} , = 1 for any i-th answer to any question Q.z from
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the questionnaire, we can apply the neutrosophic operators and get different results
than in the case of applying the intuitionistic fuzzy operators.?:5° This is due to
the fact that in NS the indeterminacy is included in the operators’ formulas, but in
IFS the indeterminacy (hesitancy) is not present in the IF operators (hesitancy is
completely ignored).

All neutrosophic-triplet numbers that represent the questionnaire answers take
into account the level of truthfulness, indeterminacy and falsity corresponding to
the semantics of the answers’ linguistic descriptors. The existing literature suggests
taking the elements of a linguistic term set as primary ones and distributing them
on a scale on which a total order is defined.’! For example, a set of seven terms S:

S = {so = none;s; = very low; sz = low;s3 = medium;sy = high;ss =
very high; s¢ = per fect}, s, < sp iff a < b
is often required to satisfy the following:%!

(1) There is a negation operator, e.g., Neg(s;) = s;; j = T —i (I + 1 is the
cardinality);

(2) There is a maximization operator: Max(s;;s;) = s; if s, > s5;

(3) There is a minimization operator: Min(s;;s;) = s; if s; < s;.

For each question ).z, the set of the linguistic terms of Q).x answers form an
n-terms set noted as Sg.,n > 2. In line with the existing literature, we consider
the neutrosophic representation of the QQ.x answers based on the cardinality of the
term set, that is | Sg., |, and according to the semantics of its elements as shown

below.
The set of single-valued neutrosophic triplet numbers corresponding to a respon-
dent’s answers to a selected set of questions Q1,...,Qn, n > 1 are aggregated into a

single-valued neutrosophic triplet. When applying a neutrosophic aggregation oper-
ator we can obtain a different result from that obtained when applying intuitionistic
fuzzy operators, since the intuitionistic fuzzy operators ignore the indeterminacy,
while the neutrosophic aggregation operators take into consideration the indeter-
minacy at the same level as truth-membership and falsehood-nonmembership are
taken.36

Most of the aggregation operators are linear combinations of the fuzzy t-norm
(denoted by Ar) and fuzzy t-conorm (denoted by V), but non-linear combinations
may as well be constructed. In this study, we use the arithmetic average aggregation
operator.

Let us consider a specific respondent I/ and its answers to a set of selected
questions extracted from the questionnaire: @1, ..., Q, represented as:

u u
AnsG, -, Ansg,

where the superscript denotes the answer option selected by the user U to each of
the questions @);.
We consider the answers of the user U represented as a set of n single-valued
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neutrosophic triplet numbers. We obtain:
n
Answersy = U{Ansgi | Anszéi = (1§, Igi, Fg)}
i=1
We aggregate these answers representations into a single-valued neutrosophic-
triplet number and we note this operation by means of Agg function defined on the
set of n tuples of Answersy:

TG S I8, Y FY,
Agg(AnsweTSzz):(Zz_; Q”,Zl_; Q’yz“; -)

Based on the resulted single-valued neutrosophic-triplet
number Agg(Answersy) the model decides the best choice of the Mindchanger
profile value for the user U.

Let us use the following notations for the possible answer options of the target
question QT": How likely are you to become a Mindchanger?:

Anst corresponding to the answer “unlikely to become a Mindchanger”;
AnsQQT corresponding to the answer “rather likely to become a Mindchanger”;
Ans3QT corresponding to the answer “likely to become a Mindchanger”;

AnséT corresponding to the answer “most likely to become a Mindchanger”.

As previously pointed out, these answers represent the four possible values of the
Mindchager profile and also the four alternatives of the proposed decision-making
model.

The neutrosophic representation corresponding to the questionnaire answers is
defined based on their level of truthfulness, indeterminacy and falsity. In order
to identify a proper representation for the QT answers, we mapped the linguistic
terms of Sgr =unlikely, rather likely, likely, most likely on an ordered structure of 7
linguistic terms: S7_terms = So=not at all, sy=very unlikely, ss=unlikely, ss=rather
likely, sy=likely, ss=most likely, ss=definite®" in which s; < s; if i < j. We obtain:

S0 < §1 < sa=unlikely < ss=rather likely < sy=likely < ss=most likely < sg
in which the terms of Sgr are put mostly in the positive half-part of S7_terms
structure.

To ensure a proper granularity among the neutrosophic representations of the
QT answers we considered the following triplet numbers: AnleT = (0.35,0.3,0.35),
AnséT = (0.7,0.2,0.1), Ans3QT = (0.85,0.1,0.05), Ansé}T = (1,0,0) (see Figure
4). Because of the high level of positiveness for the QT answers, we cannot define
the negation operator on these neutrosophic representations as suggested in®' but
we can define the Max and Min operators using the neutrosophic intersection and
union:

(1) Min(Anshy = (Thp Ior For), Anshy = (Thp Ihr Fhp)) = Ax
(Ansgp, Ansgyp) = (min{Thy, Ty}, max{Ihy, Iy}, max{Fhr, Fhp}) = Ansgy
fori<j,i,5€{l,...,4} where Ay denotes the neutrosophic intersection
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Fig. 4: The single-valued neutrosophic-triplet numbers corresponding to the linguis-
tic variables unlikely, rather likely, likely, most likely

(2) MaX(A”SZQT = (TQT’ IQTa FQT) Ansé)T = (Tg)T’ Inga Fj r) = \(N
(Ansgp, Ansgyr) = (max{TQT,TQT} mm{IQT,IQT} mm{FQT,FQT}) = Ansgyr
for i < j,4,5 € {1,...,4} where Vy denotes the neutrosophic union.

By making use of the Single-Valued Score, Accuracy, and Certainty Functions
introduced by Smarandache,3 we can determine a total order on the set of neutro-
sophic triplets (T, I, F). This total order is used in our study to determine, for a
specific user, the Mindchanger profile value corresponding to his/her answers to a
set of selected questions from the YECCM questionnaire.

4.2. Decision-making model using Ranking algorithm for
Single- Valued Neutrosophic Triplets

In our model, the possible answers to the target question QT represent the four
Mindchanger profile values (linguistic descriptions) that the proposed model must
determine, denoted by Profile;, for i = 1,4. Table 2 summarises these profiles
together with their neutrosophic representations in our study.

Table 2: The four Mindchanger profiles and their representations

Profile Neutrosophic representation Linguistic value
Profile; (0.35,0.3,0.35) unlikely to become a Mindchanger
Profiley (0.7,0.2,0.1) rather likely to become a Mindchanger
Profiles (0.85,0.1,0.05) likely to become a Mindchanger
Profiley (1,0,0) most likely to become a Mindchanger

In order to determine the Mindchanger profile for a specific user U we apply a
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total order relation for the value of Agg(Answersy) and for the values corresponding
to the neutrosophic representations of the four profiles: Profiley, ..., Profile,.

To this aim, we make use of single-valued score, accuracy, and certainty functions
defined for single-valued neutrosophic triplet numbers that provide a total order on
the set of these numbers.?® All these functions are used by the Ranking algorithm
for Single-Valued Neutrosophic Triplets introduced by Smarandache.?® We apply
this algorithm to determine the respondents’ Mindchanger profiles.

If M is a set of single-valued neutrosophic triplet numbers, M = {(T,I,F) |
T,I,F €[0,1],0 < T+I+F < 3}, the Single-Valued Neutrosophic Score Function3%
was defined as s : M — [0, 1] such that:

T+(1-0)+(1-F) 24T—I1—-F

T,1,F)=
ST, F) ; ;

The minimum possible value of the score function is 0 (zero), which occurs when
(T,1,F)=(0,1,1) - the maximum neutrosophic falsehood value, which is opposite
of (1,0,0) - the maximum neutrosophic truth value.

If M is a set of single-valued neutrosophic triplet numbers, M = {(T,I,F) |
T,I,F € [0,1],0 < T+ I+ F < 3}, the Single-Valued Neutrosophic Accuracy
Function® was defined as a : M — [—1, 1], such that:

ao(T,I,F)=T—F

If M is a set of single-valued neutrosophic triplet numbers, M = {(T,1,F) |
T,I,F € [0,1],0 < T+ 1+ F < 3}, the Single-Valued Neutrosophic Certainty
Function®® ¢ : M — [0,1] was defined such that:

oT,I,F)=T

If we consider (T, I1, F1) and (T, Iz, F») two single-valued neutrosophic triplets
from M, ie. Ty, I, F1,Ts, 15, Fy € [0,1], the Ranking algorithm for Single-Valued
Neutrosophic Triplets®® was defined as follows:

Apply the Neutrosophic Score Function.

1. If S(T]_, 117 Fl) > S(TQ, 127 Fg), then (Tl, 117 F1> > (TQ, IQ, FQ)
2. If S(Tl, I, Fl) < S(TQ, I, Fg), then (Tl, 1y, Fl) < (TQ, I, FQ)
3. If (T, I1, F1) = s(Ty, I, F3) apply the Neutrosophic Accuracy Function:

3.11f a(Tl,Il,Fl) > CL(TQ,IQ,FQ), then (Tl,Il,Fl) > (TQ,IQ,FQ).
3.2 If CL(Tl,Il,Fl) < CL(TQ,IQ,FQ), then (Tl,Il,Fl) < (TQ,IQ,FQ).
3.31If a(Ty, I, F1) = a(T3, Iz, F3) apply the Neutrosophic Certainty Func-
tion.
3.3.11If C(ThIl,Fl) > C(TQ,I27F2)7 then (Tl,Il,Fl) > (TQ,IQ,FQ).

3.3.2If C(Tl,Il,Fl) < C(TQ,IQ7F2), then (Tl,Il,Fl) < (TQ,IQ,FQ).
331 If C(Tl,Il,Fl) = C(TQ,IQ,FQ), then (Tl,Il,Fl) = (TQ,IQ,FQ), 1e
Ty =T, Iy = I, F1 = F>.
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Fig. 5: The five threshold values used for the Mindchanger profiles scale

By using the Ranking algorithm defined by means of the single-valued neutro-
sophic score, accuracy, and certainty functions, we can locate the value correspond-
ing to the scores of a respondent’s answers on the Mindchanger profiles scale (see
Figure 5). We note that the YECCM questionnaire does not provide a possible pro-
file for the maximum neutrosophic falsehood value. Nevertheless, we consider the
threshold 79 in order to obtain a complete scale for all the possible Score function
values.

Algoritm 1. Algorithm for determining the Mindchanger profile value of a user
U using his/her answers to Q1, ..., Q, questions:
function getMindchangerProfile(U, {Q1,...,Q,},QT)

1. Take Answersy: {(Tgi,l&,F&) | Ans%i = _(chzlizfnggi)’i =1,n}

2. Take Profiley, ..., Profiles: Profile; = (Tyr, Igr, For),i = 1,4

3. Aggregate the answers of user U: Agg(Answersu) = (T, 1Y, F") where

TZ/{ — i T IZ/{ 2o Ql FZ/{ i FQl

n n n
4. Compute the Score functlon of user U:

TV + (1 - 1Y) + (1 — FY)

3

5. Locate the value of Sy among the five thresholds values defined as fol-
lows: 79 = S(0,1,1), 71 = S(Profile1), o = S(Profiles), 73 = S(Profiles),
74 = S(Profiley):

6. Identify the pair of consecutive thresholds (7;,7;11),i = 0,3 such that
7, < S(TY, 1Y, F¥) < 7,4, and then compute the percentage distances between
S(TY, 1Y, F4) and 7; and ;1 respectively:

Sy = S(TY, 1Y, FY) =

S U U U .
SyProfile; = S(TTIH—_FTH represents the percentage distance of
S(TY, 1", FY) from 7;, i > 0 and
U qu U
SuProfile; 1 = w represents the percentage distance of

S(TY, 14, FY) from 7,41

7. return Profile;, iff Sy Profile; is minimal, with ¢ > 0.
endfunction
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Therefore, at Step 5 of Algorithm 1 we consider as thresholds the values of the
score functions corresponding to the neutrosophic representations of Mindchanger
profiles. For a specific user U, the values T, I¥ and FY corresponding to the aggre-
gated triplet Agg(Answersy) (Step 3) can be different from the resulted threshold
values, but we got four intervals: |19, 71] , [71, 72|, [T2, T3], [T3, T4] and we compute the
score function of the triplet Sy = S(TY, I, FY) we get from the user’ questionnaire
answers (Step 4) and place it into the interval in which it fits and then we test if the
resulted score function Sy, is closer to the left or right side of the interval it belongs
to (Step 6). As a direct consequence, we approximate the result corresponding to a
user U with its closer threshold, and thus we determine our prediction for the user’s
Mindchanger profile.

For example, if we get the following aggregated values for a wuser U:
Agg(Answersy) = (0.6,0.3,0.1), its score function is Sy = S(TY,IY,FY) =
(0.6 + 0.7 4+ 0.9)/3 = 0.733. But 0.733 belongs to the interval [ry, 2] = [0.57,0.8]
and it is closer to 0.8, since 0.733 is above the average of the interval. So, we ap-
proximate the result to 0.8 = 75 = S(Profiles) and the algorithm returns Profiles
= rather likely to become a Mindchanger for the user U.

4.3. Selection of the relevant questions from the YECCM
questionnaire

To select the minimal set of attributes that maximizes the decision rate of the
Mindchanger profile value, we run Algorithm 1 in a question selection mechanism
described in Algorithm 2. The scope of the subsequent steps of Algorithm 2 is
to identify the minimal set of relevant questions from the YECCM questionnaire
that influence the Mindchanger profile decision of the respondents. The resulted set
of such questions is represented as Core_Set.

Algorithm 2. Algorithm for attribute selection by considering a set of questions
from the YECCM questionnaire and a target question Q7.
function CoreSetSelection(Set of YECCM questions, Dataset, QT

1. Generate all subsets of the Set of YECCM questions.

1.1. For each subset S:

1.1.1. For each respondent U from Dataset:

1.1.2. Take Profile = getMindchangerProfile(U, S, QT)

1.1.3 If Profile¥ equates to Anng then increase the number of correct deci-
sions

1.2. Take Precisiong = % ;f choigeszoiff;iti;ms

2. Take Core_Set = the minimal set S with a maximal Precisiong value

3. return Core_Set, Precisioncore_Set

endfunction
As already specified in the previous section, in order to obtain a good decision
rate, the questions upon which our model is built are selected according to a specific
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topic and according to their correlation values with the target question Q7. The
statistics performed on the overall data of the questionnaire guided us through the
questions included in Sections 2 and 3 (see Figure 3).

By applying Algorithm 2 on this data, we obtained a set of five questions that,
taken together, determine the maximum decision score, more precisely:

Core_Set, Precision= CoreSetSelection(Questions of Sect. 2 and 3,
RO and SP Datasets, Q).5.2)
where Core_Set = {Q.2.6,Q.3.2,Q.3.5,Q.3.8,Q.3.14} and Precision = 0.8366.

Table 3: Neutrosophic representations for the answer options of the Core_Set ques-
tions

Question  Options Neutrosophic triplet number
Truth Indeterminacy Falsehood

Not at all 0 0 1

Q.2.6 Not much 0,25 0.5 0.25
o Much 0.75 0.25 0
Very much 1 0 0
Not at all 0 0 1

Q.3.2 Not much 0.25 0.5 0.25
e Much 0.75 0.25 0
Very much 1 0 0
Never 0 0 1

Rarely 0.25 0.5 0.25
Q35 Often 0.75 0.25 0
Always 1 0 0
Not at all 0 0 1

Q.3.8 Not enough 0.25 0.5 0.25
e Enough 0.75 0.25 0
A lot 1 0 0
Not important 0 0 1

Q.3.14 Rather important 0.25 0.5 0.25
Important 0.75 0.25 0
Very important 1 0 0

The questions of the Core_Set are as follows:

e Q.2.6 How much are you willing to change your personal behaviour to reduce the
impact of global issues? (with possible answers Not at all/ Not much/ Much/
Very much)
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e Q.3.2 How much do you feel concerned about climate change? (with possible
answers Not at all/ Not much/ Much/ Very much)

e Q.3.5 Do you keep up with the news about climate change? (with possible
answers Never/ Rarely/ Often/ Always)

e Q.3.8 How attractive is the idea of participating in actions addressing climate
change in the future? (with possible answers Not at all/ Not enough/ Enough/
A lot)

e Q.3.14 How much do you think young people’s engagement on climate change is
important to address the issue? (with possible answers Not important/ Rather
important/ Important/ Very important)

In Table 3, we present the questions of the Core_Set together with their pos-
sible answers and the corresponding neutrosophic representations. Because all the
questions of the Core_Set have dual answers, Ansg, , is the negation of Ansg,
and Ansg, , is the negation of Ansg, .. The neutrosophic-triplet numbers are de-
fined using the scale [0, 0.25, 0.5, 0.75, 1] and cover all the operators suggested for
linguistic terms set:>!

(1) Neg(Ansgy) = Anng with j =5 — 1,
(2) Min(Ansé?T,AnsjéT) = AnsiQT fori < j,4,5€{l,...,4}
(3) Mam(AnszzT,AnségT) = Anng fori < j,4,5€{l,...,4}

As a direct consequence, for a specific respondent, the entire set of selected
questions from the YECCM questionnaire generates, in our internal representation,
a set of single-valued neutrosophic triplet numbers (Step 1 of Algorithm 1) which
characterizes the respondent’s knowledge about the investigated questions targeting
global problems (hunger, poverty, etc.) or climate change.

5. Experiments and Results

The evaluation process of the proposed decision-making model was designed in two
phases. The main purpose of Phase 1 was to find the minimal set of questions based
on which the model decision rate for the whole dataset (including both Romanian
and Spanish datasets) is maximum. As already specified, the best precision was
obtained for the questions of the Core_ Set:

Core_Set = {Q.2.6,Q.3.2,Q.3.5,Q.3.8,Q.3.14}

As can be seen in Table 4, for the whole dataset (in short ALL Dataset), the
obtained precision is 0.8366. We have also evaluated the precision obtained with the
Core_Set questions by considering each dataset separately (Romanian and Spanish
datasets). We found out that the precision score is stable as it is preserved when
the Romanian and Spanish datasets are evaluated separately.

Phase 1 led to a successful result since it provided the minimal set of questions
based on which the precision of the model reached its maximum value, without
being altered by the nationality-specifics traits of the respondents.
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The Core_Set questions are consistent with the three main components that
are the base of youth engagement, which “consists of a behavioural component (such
as spending time doing the activity), an affective component (for example, deriving
pleasure from participating), and a cognitive component (for example, knowing about
the activity)”.** Tt includes the minimal set of questions that need to be addressed
in order to determine the Mindchanger profile of the respondents. In other words,
this selection emphasises that it is necessary to interrogate young people about all
three components of engagement in order to determine their Mindchanger profiles
with maximum accuracy:

- the affective component (Q.2.6 and Q.3.2),
- the cognitive component (Q.3.5) and
- the behavioural component (().3.8 and Q.3.14).

This interplay between the three components also confirms that engagement is a
multidimensional construct®? and an ongoing process.

In Phase 2 of the evaluation, we considered each dataset separately. We aimed
at identifying other questions that, added to the C'ore_Set questions, increase the
precision of the model by considering the particularities of each national group.

Table 4: Neutrosophic model evaluation results

Evaluation Set of Questions RO SP ALL
Phase Dataset Dataset Dataset
Phase1 ~ Core-oet 0.84 0.8333 0.8366

Core_Set U {Q.1.9.07,Q.1.9.10,
Q.1.9.11, Q.1.9.19,Q.2.1}
Core_Set U {Q.1.9.07,Q.1.9.14,
Q.1.9.19, Q.1.9.20,Q.3.1}

0.87 0.67 0.73
Phase 2

0.78 0.8725 0.8267

We ran Algorithm 2 for the Romanian dataset (in short RO Dataset) and we
obtained the following results:

Core_Setgro, Precisiongro =
CoreSetSelection(Q.1.9.2 U Questions of Sect. 2 and 3, RO Dataset, Q).5.2)
where Core_Setro = Core_Set U {Q.1.9.07,Q.1.9.19, Q.1.9.10,Q.1.9.11,Q.2.1}
and Precisiongo = 0.87.

@.1.9.z denotes the set of questions ().1.9.1, ..., ).1.9.24 targeting the 24 char-
acteristics that the respondents were asked to self-evaluate. As can be seen, we
obtained 0.87 precision for the Romanian Dataset adding supplementary questions
to the Core_Set.
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For the Spanish dataset (in short SP Dataset) the maximum precision of 0.8725
was obtained for the following set of questions:

Core_Setgsp, Precisiongp =
CoreSetSelection(Q.1.9.2 U Questions of Sect. 2 and 3, SP Dataset, Q.5.2)
where Core_Setgp = Core_Set U {Q.1.9.07,Q.1.9.19, Q.1.9.14,Q.1.9.20,Q.3.1}
and Precisiongp = 0.8725.

The maximum precision scores are represented in Table 4 in green rectangles,
while minimal precision scores are represented in red rectangles.

It is worth highlighting the two important variables that may largely explain
these results, as well as some of the differences found between the two analyzed
datasets.

Table 5: The additional questions resulted from Phase 2 of the model evaluation

Romania (Dolj county) Spain (La Rioja)
Responsible (Q.1.9.07)
Personal Open to international solidarity (¢).1.9.19)
characteristics Good communicator with young peo- Extroverted (Q.1.9.14)
ple from my own culture (Q.1.9.10)
Good communicator with young peo- Interested in global issues

ple from other cultures (Q.1.9.11) (Q.1.9.20)
Awareness Have you ever heard or read about How important do you
level the Sustainable Development Goals consider the issue of cli-

agreed by the international commu- mate change? (Q.3.1)
nity? (Q.2.1)

The model determines with a precision score of 0.87 the Mindchanger profile
for a young person about whom we know, besides the answers to the Core_Set,
the level of awareness about the SDGSs (RO Dataset) or the importance of climate
change (SP Dataset), and the self-attributed rate for the characteristics considered
in Phase 2 of our evaluation (Table 5). The characteristics resulting from Phase 2
are targeted by the following questions:

- for Romania: questions .1.9.x N Core_Setgro,
- for Spain: questions @.1.9.x N Core_Setgp.

The table 5 shows the self-attributed characteristics of the young people from
Dolj County (RO Dataset) and La Rioja (SP Dataset) considered in Phase 2 of the
evaluation. In this analysis, there are two common personality traits that influence
the decision rate (i.e. responsible and open to international solidarity), and also two
different ones, which can be explained by looking into the regional/cultural context.



March 3, 2023 20:29 WSPC/ws-ijitdm ws-ijitdm

22  Authors’ Names

5.1. A Comparison between the neutrosophic model and different
machine learning models

In this section, we compare the results of the neutrosophic model with several ma-
chine learning (ML) models, such as decision trees, random forests and support
vector machines (SVM). The performance of the ML models was evaluated using
5-fold cross-validation. In addition, to avoid overfitting, we performed hyperparam-
eter tuning for each model via grid search using 5-fold cross-validation with five
repetitions. The procedure for each ML model and dataset is as follows:

(1) The grid search is created.

(2) The data set is split into five subsets or folds.

(3) The previously created grid and 4-folds from step 2 (training data) are used to
find the optimal hyperparameters:

(a) The training data is again split into five folds.

(b) For each possible combination of parameters, a model is trained with 4-folds
from step 3.a.

(¢) Each model is evaluated on the remaining part of the data, i.e., the fold that
was not used in step 3.b.

(d) Steps 3.b and 3.c are repeated five times (each time using a different fold for
evaluation). This process is repeated five times. Thus, in total, 25 models
are trained and evaluated for each combination of parameters.

(4) The model trained with the optimal hyperparameters is used to predict the
target question QT for the fifth fold (test data), which was not used in Step 3.

(5) Steps 3 and 4 are repeated five times (each time using a different fold for
evaluation) and the performance measure is calculated by averaging the values
obtained in the loop.

Table 6: Machine learning models evaluation results

Set of Questions Trained RO SP ALL
Model Dataset Dataset Dataset
Core_Set Decision Tree 0.6784 0.7553 0.773
Random Forest 0.6669 0.7858 0.7472
SVM 0.6659 0.8358 0.7679
Core_SetU{Q@.1.9.07,Q.1.9.10, Decision Tree 0.6157 0.7337 0.7267
Q.1.9.11, Q.1.9.19,Q.2.1} Random Forest 0.6268 0.7232 0.701
SVM 0.6449 0.7126 0.6806
Core_SetU{Q.1.9.07,Q.1.9.14, Decision Tree 0.6479 0.7958 0.7004
Q.1.9.19, Q.1.9.20,Q.3.1} Random Forest  0.6359 0.8047 0.7370

SVM 0.6750 0.7942 0.7112
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The results presented in Table 6 show that the ML models are not able to
reach the precision scores obtained with the neutrosophic model. For the whole
dataset, the best precision is 0.773, while for the Romanian dataset, the precision is
even lower, with a value equal to 0.6784. Finally, for the Spanish dataset, the best
precision is 0.8358, which is not bad, but also lower than the best score obtained with
the neutrosophic approach. It should be noted that the best results were obtained
with the Core_Set, i.e., with the fewest number of questions.

6. Conclusions and Future Work

Communication, a transversal skill of sustainable education,®® is fundamental for
any kind of human interaction or interpersonal exchange of information, ideas and
emotions. Being a key competence included in the Romanian core curriculum (as
part of the Language and communication area of learning), it lays at the foundation
of the entire educational system. Thus, the Romanian young people are encouraged
to develop communication-associated skills from a very early age. Moreover, further
emphasis is placed on intercultural communication, which has become a priority for
the Romanian educational system and is aimed at helping to integrate young Ro-
manians in the present world.’*5® Recent migration phenomena have brought along
the need to interact and adapt, especially since half of the young Romanian respon-
dents reported to have experienced migration stories in their families. Additionally,
the Romanian society is characterized by cultural diversity, so intercultural commu-
nication has always been a prerequisite in mediating relationships in diverse social
and cultural environments. On the other hand, the fact that more than half of
the sample are graduates of higher education and one in three is employed may
impact their concern for their future and their conscientiousness about the world
they live in, especially with regard to sustainable solidarity goals in general, and
climate change in particular. Moreover, recent international events confirmed the
level of responsibility and solidarity of young people from Dolj, since in the par-
ticular case of the unfortunate events in Ukraine, which brought massive waves of
refugees to Romania, numerous young volunteers and young representatives of the
civil society organizations initiated local actions and offered their support. All these
characteristics may lead to a good precision rate for the Romanian group if they
are investigated in correlation not only with the Core_set, but also with the level
of awareness about the SDGs.

In the specific case of La Rioja (Spain), where almost nine out of ten respon-
dents are employed and about 73% of the participants have a Bachelor’s or Master’s
degree, we refer to the possible influences of the socio-economic context and the per-
sonal characteristics associated with the young respondents. In terms of context,
the social and economic development of the region is oriented towards agriculture,
the food industry and the service sector. In this sense, the perceived negative effects
for this socio-economic development as a consequence of global phenomena, such
as climate change, may determine the high impact of some questions on climate
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change in predicting the young people’s Mindchanger profile. On the other hand,
some personal characteristics related to the age, employment status and university
education of most of the young people surveyed (e.g. responsibility), seem to be
determinant in the transition from awareness to active participation that will en-
able their personal and professional development, as well as the common welfare
within a framework of sustainable development. Finally, and closely related to the
idiosyncrasies of La Rioja, some distinctive personality traits, such as extroversion,
seem to have an impact on the self-estimated likelihood to become a Mindchanger.

The statistical analysis of the 24 characteristics from questions @.1.9.x depicted
in Figure 6 shows the mean score and standard deviation of all the characteris-
tics analysed, ordered from the highest to the lowest overall score (represented by
the red line). In addition, the mean scores per country are represented. Although
there are no significant differences between the responses of the two countries, Ro-
manian participants scored higher than Spanish participants in almost 63% of the
characteristics analysed. The highest consensus (lower standard deviation) and the
highest scores (around 4.5 points out of 5) in the self-assessments made by all partic-
ipants correspond to the personal traits open-minded and responsible. In contrast,
the lowest overall scores correspond to actively engaged in community life and well-
informed on local and international issues. Moreover, in the Spanish data, the lowest
mean score is given to leadership skilled.

The Q.1.9.z characteristics selected by Algorithm 2 in Phase 2 of the eval-
uation, namely Q.1.9.x N Core_Setro and Q.1.9.2 N Core_Setgp, only partially
coincide with the ones statistically-determined to have the highest consensus and
the highest scores. This means that the highest scored characteristics are not the
most relevant for determining the Mindchanger profile and confirms the fact that
the proposed decision-making model complements the statistical analysis, providing
a specific tool for obtaining a high precision rate.

Therefore, this study was aimed at increasing the understanding of what makes
young people actively engaged with SDGs and of what determines them to develop
a pro-environmental behaviour.

Based on the data collected through the YECCM questionnaire, we explored the
likelihood of young people to act as Mindchangers, that is to reach a high level of
civic engagement. By means of a neutrosophic approach we determined the minimal
set of questions that allows for a high decision rate of the respondents’ Mindchanger
profile. We demonstrated that the neutrosophic model offers a quite significant and
stable precision rate (0.83), in the sense that it is not altered by national or regional
characteristics. In order to improve the decision rate, we further explored, for each of
the two countries’ datasets, additional questions targeting specific national features.
This decision-making model proved to be successful for both datasets, considered
separately.

In conclusion, we highlight several advantages of using the proposed model on
questionnaire data. Firstly, this model can be applied to questionnaires which in-
volve linguistic responses that express, among others, unclear or vague thoughts.
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Q.1.9.1. Open—-minded
Q.1.9.7. Responsible

Q.1.9.5. Empathic

Q.1.9.16. Conscientious

Q.1.9.6. Critical thinker

Q.1.9.15. Open to new challenges

Q.1.9.23. Consistent with his/her
values

Q.1.9.24. Digitally skilled

Q.1.9.22. Open to accept multiple
perspectives

Q.1.9.10. Good communicator with
young people from my own culture

Q.1.9.8. Sociable

Q.1.9.19. Open to international
solidarity

Q.1.9.12. Flexible

Q.1.9.21. Optimistic

Q.1.9.20. Interested in global
issues

Q.1.9.17. Able to solve complex
problems

Q.1.9.9. Promoter of change

Q.1.9..4. Creative

Q.1.9.11. Good communicator with
young people from other cultures

Q.1.9.18. Active on social media

Q.1.9.14. Extraverted

Q.1.9.13. Leadership skilled

Q.1.9.2. Well-informed on local and
international issues

Q.1.9.3. Actively engaged in
community life

1 2 3 4 5
Mean score = SD

Romania #F Spain @ Average

Fig. 6: Mean values of the respondents’ self-evaluated characteristics (questions

Q.1.9.z)
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The model can be configured to work on any combinations of questions, for each
combination the precision being calculated by considering the sum of correct deci-
sions versus the number of respondents. In this manner, one could easily identify
the minimum set of characteristics based on which the decision of the target choice
(in this study denoted as Mindchanger profile) can be done with a maximum pre-
cision. Also, the model can be configured to work on different datasets in order to
identity the particular combination of questions which maintains its precision on
the considered data.

A direct impact of our approach is the possibility to identify the minimal set of
questions that influence the respondent’s answer choice to a target question. More
precisely, the proposed decision-making model allows the identification of a minimal
set of attributes (e.g. attitudes, beliefs, behaviour) that can generate a high rate of
precision. In the context of youth engagement, the obtained Core_ Sets correspond
to the conceptual framework of engagement (affective, cognitive, behavioural) and
can be used by a trainer or a teacher to enrich young people’s attitudes and beliefs
that impact their choices to become Mindchangers.

Our study was performed on a set of specific topic questions which included only
4-point Likert scale. Further investigation can be made to generalise the decision-
making model and consequently develop it in order to process other types of ques-
tions, such as open-ended questions, whose answers are natural language texts, or 5
and 7-point Likert scale questions, which give a better reflection of the respondents’
opinions.
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