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Abstract. This study analyzes some general Artificial Intelligence competency frameworks, aimed at teachers, and it proposes 

a comprehensive Artificial Intelligence literacy training program, designed to develop in university teachers the necessary skills 

to integrate Artificial Intelligence into their curricula and research. Through a mixed theoretical-practical approach, the program 

addresses the gaps identified in the existing literature. The program covers the foundations of Artificial Intelligence to its specific 

application in teaching, highlighting ethical aspects, critical thinking, and its integration into pedagogy. Based on frameworks 

such as DigiComEdu, the program is presented as a strategic response to empower teachers, ensuring their preparation to lead 

the responsible implementation of AI in the classroom and research. One of the issues to consider is how to apply the program. 

To this end, there were three options: (1) Teaching classes that are 80% theoretical and 20% practical (2) Teaching classes that 

are 50% theoretical and 50% practical (3) Teaching classes that are 20% theoretical and 80% practical. For the general evaluation 

and ranking of each of the program's teaching alternatives, a hybrid method between the neutrosophic 2-tuple linguistic model 

and the Additive Ratio Assessment System (ARAS) was used. Among the advantages of using this method are the possibility 

for experts to use natural language in their evaluations, the accuracy of the evaluations as more possible states of knowledge are 

incorporated, and finally the simplicity in the application of the method. 

 
Keywords: Neutrosophic 2-tuple linguistic model, ARAS method, AI literacy, AI competencies, Artificial Intelligence, AI literacy 

program, Teacher training. 

.

 

1 Introduction 

Artificial intelligence refers to a type of algorithm or computerized systems that imitate human intellectual 

processes, such as the ability to generalize, reason, discover meaning, and learn from past experiences [1]. The 
term “artificial” bears a close similarity to the actual mental decision-making processes in human brains. For ex-
ample, mathematical reasoning and causal reasoning tasks activate an important brain network called the task-

positive network, which includes several brain regions associated with attention and cognition. 
The significance of Artificial Intelligence (AI) in the university environment is not only limited to the imple-

mentation of advanced technologies but also redefines the very nature of research and education. In research, AI 
has proven to be an invaluable tool, enabling massive data analysis, identifying complex patterns, and accelerating 

scientific discoveries. In the educational field, AI introduces innovative personalized teaching and learning meth-
ods, adapting to the individual needs of students. However, this shift towards integrating AI into education and 
research poses particular challenges for university educators, who must acquire specialized skills to fully realize 

the potential of this constantly evolving technology. 
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Given this panorama, the need arises to comprehensively address AI literacy for teachers, particularly univer-
sity teachers. Understanding AI competence frameworks is an essential component of empowering educators, al-
lowing them to not only use advanced AI tools but also foster literacy in these new resources among their students. 

Furthermore, the implementation of a specific training system focused on AI literacy stands as a key strategy to 
close the gap between the rapid evolution of technology and the effective preparation of university teachers. The 
present study proposes a training system that empowers teachers to lead effectively in educational environments 

impacted by AI. 
Within the framework of this study, a mixed and non-systematic exploratory methodology has been 

adopted, guided by the flexibility necessary to address the dynamic, and constantly evolving, nature of the field of 

artificial intelligence literacy for university teachers. Following the guidelines of the European Framework for the 
Digital Competence of Educators (DigCompEdu), our approach has focused on the identification and analysis of 
international initiatives related to AI literacy, specifically focusing on the university context. 

Data collection encompassed an exhaustive search of academic websites, social media, educational and 

scientific databases, as well as digital publishing platforms. This diversified strategy allowed us for a variety of 
perspectives and approaches to AI literacy. The selection of initiatives was based on perceived relevance and 
pertinence to the topic of study, prioritizing those with significant scope, notable innovations, or unique approaches 

to AI literacy. 
The data analysis was carried out using a qualitative approach, seeking to identify the artificial intelli-

gence competencies necessary for university teachers. This qualitative exploration sought to outline common 
trends and strategies, as well as areas of focus within the selected initiatives that relate directly to the development 

of skills essential for the effective and ethical use of AI. Special attention was given to the competencies that are 
considered fundamental to train educators in the integration of AI in their pedagogical and research practices. Thus, 
all of this knowledge collection and analysis yielded to an IA literacy program for teachers. 

Specifically, evaluation work is carried out on three possible ways of applying the proposed program to teach-
ers, which in a simplified manner are differentiated into (1) Teaching classes that are 80% theoretical and 20% 
practical (2) Teaching classes that are 50% theoretical and 50% practical (3) Teaching classes 20% theoretical 

80% practical. A ranking was obtained according to 5 experts of the possible ways of teaching the program based 
on a new model that appeared in the literature where the neutrosophic 2-tuple linguistic model is hybridized with 
the Additive Ratio Assessment System (ARAS) decision-making method [2]. The neutrosophic 2-tuple linguistic 
model is a generalization of the well-known 2-tuple linguistic model, which is a Computing with Words (CWW) 

method to perform symbolic linguistic operations where no information is lost [3]. The generalization to the neu-
trosophic framework allows us to obtain greater accuracy in capturing the opinion of the experts, since apart from 
the opinion on each attribute, there is also the opinion against and the indeterminacy. 

ARAS belongs to the series of decision-making methods, which is characterized by its simplicity. It consists 
of comparing the values of the attributes with a pre-established ideal value [4]. 

The study is carried out based on an Artificial Intelligence literacy training program that is an adaptation of 
the DigCompEdu in universities or higher education centers in Latin America. Specifically, it is studied within the 

campus of the Bolivarian University of Ecuador. Some readings about Neutrosophy applied to Artificial Intelli-
gence and Education can be found in [5-7], for Artificial Intelligence in [8-11], and education in [12, 13]. 

The paper is divided into a Materials and Methods section with the fundamental notions about the Neutrosophic 

2-tuple Linguistic Model, the ARAS method, and the hybrid between both of them introduced in [4]. Section 3 
contains the results of evaluating three didactic strategies for applying the proposed AI literacy program using the 
model explained above. The last section is dedicated to presenting the conclusions. 

2 Materials and Methods 

2.1 Basic Concepts of Neutrosophic 2-tuple Linguistic Model 

Definition 1 ([14-16]). Let S = {s0, s1, … , sg} be a set of linguistic terms and βϵ[0, g] is a value that repre-

sents the result of a symbolic operation, then the linguistic 2-tuple that expresses the information equivalent to β 

is obtained using the following function: 

∆: [0, g] → S × [−0.5, 0.5)  
∆(β) = (si, α)                                                       (1) 
Where si is such that i = round(β) and α = β − i, α ∈ [−0.5, 0.5) and “round” is the usual rounding operator, 

si is the index label closest to β and α is the value of the symbolic translation. 
It should be noted that ∆−1: 〈S〉 → [0, g] is defined as ∆−1(si, α) = i + α. Thus, a linguistic 2-tuple 〈S〉 is iden-

tified with its numerical value in [0, g]. 
Suppose that S = {s0, … , sg} is a 2-Tuple Linguistic Set (2TLS) with odd cardinality g+1. It is defined for 



Neutrosophic Sets and Systems, Vol. 70, 2024 

 

 

Víctor Gustavo Gómez-Rodríguez, Raidell Avello-Martínez , Tomasz Gajderowicz, Noemí Bá-rbara Delgado Álva-

rez, Johanna Irene Escobar Jara, Noel Batista Hernández, Segress García Hevia , Daniel D. Iturburu Salvador, 

Assessment of three strategies for teaching an AI literacy program, based on a neutrosophic 2-tuple linguistic 

mod-el hybridized with the ARAS method 

380 

(sT, a), (sI, b), (sF, c)  ∈  L and a, b, c [0, g], where (sT, a), (sI, b), (sF, c)  ∈  L independently express the degree 
of truthfulness, indeterminacy, and falsehood by 2TLS. 2-Tuple Linguistic Neutrosophic Number (2TLNN) is de-
fined as follows: 

𝑙𝑗 = {(𝑠𝑇𝑗
, 𝑎), (𝑠𝐼𝑗

, 𝑏), (𝑠𝐹𝑗
, 𝑐)}                            (2) 

Where 0 ≤ ∆−1(sTj
, a) ≤ g, 0 ≤ ∆−1(sIj

, b) ≤ g, 0 ≤ ∆−1(sFj
, c) ≤ g, and 0 ≤ ∆−1 (sTj

, a) + ∆−1 (sIj
, b) +

∆−1(sFj
, c) ≤ 3g. 

The scoring and accuracy functions allow us to rank 2TLNN. 
Let l1 = {(sT1

, a), (sI1
, b), (sF1

, c)} be a 2TLNN in L, the scoring and accuracy functions in l1 are defined as 
follows, respectively: 

𝑆(l1)=∆{
2g+∆−1(sT1

,a)−∆−1(sI1
,b)−∆−1(sF1

,c)

3
}, ∆−1(𝑆(l1)) ∈ [0, g]                       (3) 

H(l1)=∆{
g+∆−1(sT1

,a)−∆−1(sF1
,c)

2
}, ∆−1(H(l1)) ∈ [0, g]                                      (4) 

2.2 Additive Ratio Assessment System (ARAS) 

The first step in solving the multi-criteria decision-making problem with the support of the ARAS method is 
to create the 𝑚 × 𝑛 following matrix with 𝑚 feasible alternatives per row evaluated according to 𝑛 criteria given 
by columns [4]. 

𝑋 =

[
 
 
 
 
𝑥01 ⋯ 𝑥0𝑗 ⋯ 𝑥0𝑛

⋮ ⋱ ⋮ ⋱        ⋮
𝑥𝑖1

⋮
𝑥𝑚1

⋯
⋱
⋯

𝑥𝑖𝑗

⋮
𝑥𝑚𝑗

⋯
⋱
⋯

𝑥𝑖𝑛

⋮
𝑥𝑚𝑛]

 
 
 
 

𝑖 =  1,2,… , 𝑚; 𝑗 =  1,2,… , 𝑛.               (5) 

Where 𝑚 is the number of alternatives, 𝑛 is the number of criteria that describe each alternative, 𝑥𝑖𝑗 repre-

sents the evaluation of the 𝑖th alternative according to the 𝑗th criterion, while 𝑥0𝑗 is the optimal value of the 𝑗th 

criterion. 

When the 𝑗th criterion is unknown then it is taken: 
𝑥0𝑗 = 𝑚𝑎𝑥𝑖 𝑥𝑖𝑗 , if 𝑚𝑎𝑥𝑖 𝑥𝑖𝑗  𝑖𝑠 𝑝𝑟𝑒𝑓𝑒𝑟𝑎𝑏𝑙𝑒

𝑥0𝑗 = 𝑚𝑖𝑛𝑖 𝑥𝑖𝑗
∗ , if 𝑚𝑖𝑛𝑖 𝑥𝑖𝑗

∗  𝑖𝑠 𝑝𝑟𝑒𝑓𝑒𝑟𝑎𝑏𝑙𝑒 
                                              (6) 

The criteria whose values are maximum are normalized with the following Equation: 

�̅�𝑖𝑗 =
𝑥𝑖𝑗

∑ 𝑥𝑖𝑗
𝑚
𝑖=0

                                                    (7) 

The criteria whose values are minimum are normalized with the following Equations: 

𝑥𝑖𝑗 =
1

𝑥𝑖𝑗
∗ , �̅�𝑖𝑗 =

𝑥𝑖𝑗

∑ 𝑥𝑖𝑗
𝑚
𝑖=0

                                     (8) 

In the other stage, the weights 𝑤𝑗 are taken for the criteria, where 𝑤𝑗 ∈ (0,1) satisfy: 

∑ 𝑤𝑗
𝑛
𝑗=1 = 1                                                  (9) 

Thus, the matrix is obtained: 

�̂� =

[
 
 
 
 
𝑥01 ⋯ 𝑥0𝑗 ⋯ 𝑥0𝑛

⋮ ⋱ ⋮ ⋱        ⋮
𝑥𝑖1

⋮
𝑥𝑚1

⋯
⋱
⋯

𝑥𝑖𝑗

⋮
𝑥𝑚𝑗

⋯
⋱
⋯

𝑥𝑖𝑛

⋮
𝑥𝑚𝑛]

 
 
 
 

𝑖 =  1,2,… , 𝑚; 𝑗 =  1,2,… , 𝑛.            (10) 

This is the matrix with elements normalized by the Equation: 

𝑥𝑖𝑗 = �̅�𝑖𝑗𝑤𝑗; 𝑗 = 1,2,… , 𝑛                                                                     (11) 

The values are calculated below: 

𝑂𝑖 = ∑ 𝑥𝑖𝑗
𝑛
𝑗=1 ; 𝑖 =  1,2, … ,𝑚.                                                               (12) 

Where 𝑂𝑖 is the value of the optimality function of the alternative 𝑖. 
The highest value for 𝑂𝑖 is the best and the lowest value is the worst. 

The degree of usefulness of the 𝑖th alternative is obtained by comparing it with the ideal degree 𝑂0 , which is 

obtained according to Equation 13: 
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𝐾𝑖 =
𝑂𝑖

𝑂0
; 𝑖 =  1,2,… ,𝑚.                                                                       (13) 

Figure 1 contains a diagram of the algorithm to follow in the ARAS method. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Scheme of the ARAS algorithm for multi-criteria decision-making. Source: [4]. 

2. 3 The algorithm of hybridized neutrosophic 2-tuple Linguistic model and ARAS Model 

In this subsection, we recall the characteristics of the model that combines the neutrosophic linguistic 2-tuple 
model with the ARAS multi-criteria decision-making model [4]. See other approaches to Neutrosophic ARAS in 

[17, 18]. We explain this in the following steps: 
1. Let us start from a set 𝐸 = {𝑒1, 𝑒2, … , 𝑒𝑘} of 𝑘 ≥ 1experts, and 𝐶 = {𝑐1, 𝑐2, … , 𝑐𝑛} are 𝑛 criteria to meas-

ure 𝑚 feasible alternatives 𝐴 = {𝑎1, 𝑎2, … , 𝑎𝑚}, as in the original ARAS method. 

For each criterion, there is a linguistic measurement scale consisting of a set 𝑆𝑖 = {𝑠1
𝑖 , 𝑠2

𝑖 , … , 𝑠𝑙𝑖
𝑖 } where 𝑙𝑖 is 

an odd number. 

2. Each expert 𝑒𝑝 evaluates each alternative 𝑎𝑗  according to the criterion 𝑐𝑖, giving a triad 

(𝑠𝑗𝑝𝑞𝑇

𝑖 , 𝑠𝑗𝑝𝑞𝐼

𝑖 , 𝑠𝑗𝑝𝑞𝐹

𝑖 ) where 𝑠𝑗𝑝𝑞𝑇

𝑖 ∈ 𝑆𝑖  means the linguistic evaluation given by the expert 𝑝 that the alter-

native meets the given criterion. See that 𝑞𝑇  is the index of the linguistic term within the set 𝑆𝑖. Simi-

larly, 𝑠𝑗𝑝𝑞𝐼

𝑖  indicates the linguistic label for indeterminacy and 𝑠𝑗𝑝𝑞𝐹

𝑖  for falsehood. 

This includes the evaluation of an ideal alternative 𝑎0 for each of the criteria. The evaluations of this 

ideal alternative are obtained from experts either as the maximum of the values obtained when the maxi-

mum is preferable, or the minimum when this is preferable. 

3. The triads (𝑠𝑗𝑝𝑞𝑇

𝑖 , 𝑠𝑗𝑝𝑞𝐼

𝑖 , 𝑠𝑗𝑝𝑞𝐹

𝑖 ) are aggregated for each criterion and each alternative for all experts. To 

do this, the arithmetic mean is used concerning all the experts of the given evaluations. In this way, the 

following values are obtained: 

(�̅�𝑗𝑞𝑇

𝑖 , �̅�𝑗𝑞𝐼

𝑖 , �̅�𝑗𝑞𝐹

𝑖 ) with 𝛽𝑇 =
∑ 𝑞𝑇

𝑘
𝑝=1

𝑘
, 𝛽𝐼 =

∑ 𝑞𝐼
𝑘
𝑝=1

𝑘
, and 𝛽𝐹 =

∑ 𝑞𝐹
𝑘
𝑝=1

𝑘
                  (14) 

To simplify the notations, there are 𝑟𝑗
𝑖 = (𝛽𝑇𝑗

𝑖 , 𝛽𝐼𝑗
𝑖 , 𝛽𝐹𝑗

𝑖) ∈ [0, 𝑙𝑖]
3 where beta values are obtained for 

each of the evaluations for truthfulness, falsity, and indeterminacy, respectively. 

This is how the matrix that appears in Equation 15 is formed. 

𝑋𝛽 =

[
 
 
 
 
 𝑟0

1 ⋯ 𝑟𝑜
𝑗

⋯ 𝑟0
𝑛

⋮ ⋱ ⋮ ⋱        ⋮

𝑟𝑖
1

⋮
𝑟𝑚

1

⋯
⋱
⋯

𝑟𝑖
𝑗

⋮

𝑟𝑚
𝑗

⋯
⋱
⋯

𝑟𝑖
𝑛

⋮
𝑟𝑚

𝑛
]
 
 
 
 
 

 𝑖 =  1,2,… ,𝑚; 𝑗 =  1,2,… , 𝑛                             (15) 

4. Now the values of the matrix 𝑋𝛽 are normalized as follows: 

The criteria whose ideal values are maximum are normalized with Equation 16. 
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�̅�𝑖
𝑗
=

𝑟𝑖
𝑗

∑ 𝑟
𝑖
𝑗𝑚

𝑖=0

                                                  (16) 

Thus, �̅�𝑗
𝑖 = (

𝛽𝑇𝑗
𝑖

∑ 𝛽𝑇𝑗
𝑡𝑚

𝑡=0
,

𝛽𝐼𝑗
𝑖

∑ 𝛽𝐼𝑗
𝑡𝑚

𝑡=0
,

𝛽𝐹𝑗
𝑖

∑ 𝛽𝐹𝑗
𝑡𝑚

𝑡=0

). 

The criteria whose values are minimum are normalized with the following Equations: 

𝑟𝑖
𝑗
=

1

𝑟
𝑖
𝑗∗, �̅�𝑖

𝑗
=

𝑟𝑖
𝑗

∑ 𝑟
𝑖
𝑗𝑚

𝑖=0

                                         (17) 

5. Then, we have the values �̅�𝑖
𝑗
= (𝛾𝑇 , 𝛾𝐼 , 𝛾𝐹) ∈ [0, 1]3. To convert them to a scalar value in [0, 1], formula 

18 is used. 

𝜆(�̅�𝑖
𝑗
) =

2+𝛾𝑇−𝛾𝐼−𝛾𝐹

3
                                   (18) 

Let us call it �̅�𝑖𝑗 = 𝜆(�̅�𝑖
𝑗). 

6. The original ARAS method is applied to the above results, applying Equations 7-13 to the values �̅�𝑖𝑗. 
 

Figure 2 contains a schematic of the proposed algorithm. 

 

 
Figure 2: Scheme of the ARAS algorithm hybridized with the neutrosophic 2-tuple linguistic model for multi-criteria decision-making. 

Source [4]. 

3 Analyzing the AI Literacy Program 

3.1 Keynotes on DigCompEdu 

The European Framework for the Digital Competence of Educators (DigCompEdu) is a scientifically solid 

framework, which describes the meaning of digitally competent educators. DigCompEdu identifies the digital 
competencies necessary to perform the teaching role effectively. The framework is designed to be used by profes-
sionals at all educational levels, from early childhood education to higher education, as well as by educators work-

ing with students with special needs or in non-formal learning contexts. 
DigCompEdu is composed of six areas of competence: 

 Competency 1: To understand the basic concepts of digital technology; 
 Competency 2: To use digital technologies for learning and teaching; 

 Competency 3: To create digital content; 
 Competency 4: To evaluate the use of digital technologies; 
 Competency 5: To participate in the digital society; 

 Competency 6: To guide students in the use of digital technologies. 
Additionally, the framework also provides a progression of competencies, allowing educators to evaluate 

their progress over time (Figure 3). 
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Figure 3 . DigiCompEdu Progression Model. 

 
Although DigCompEdu is a robust framework, it could be updated by adding a new competence area on 

AI literacy. This competence area would cover topics such as the basic concepts of AI, its applications in education, 
and its ethical implications; and the review of existing competence areas to reflect the role of AI in education such 
as the “Use digital technologies for learning and teaching”. Given the interest, development, and widespread use 

of DigComp in general and DigCompEdu in particular, we understand that it is a proposal that can be valid as a 
guide to propose a teacher training program in the short and medium term. 

Concerning the integration of Generative AI in the Latin American educational context, we have to highlight 
the importance of developing digital teaching competencies within a framework adapted to the cultural, discipli-

nary, and technological access particularities of the region. Questioning the direct applicability of the European 
DigCompEdu framework, an adaptation is advocated, which respects diversity and guarantees equitable and cul-
turally relevant digital training for teachers, see Figure 4. This perspective emphasizes the need to consider the 

different realities of educational communities and, if necessary, promote the creation and customization of frame-
works that maximize local strengths and opportunities. 

 

Figure 4. DigCompEdu framework for teachers' AI competence. 
 
On the other hand, the importance of comprehensive professional development for teachers is highlighted, 
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which not only covers knowledge of AI but also a deep understanding of its ethical implications and limitations. 
Likewise, the importance of staying up to date on emerging technologies such as the Metaverse, blockchain, and 
cloud computing is highlighted, as disruptive technologies that students will face in their professional future, for 

which we must prepare them, but first, they must be trained in this sense. 
In this context, a training program is proposed that is distinguished by its flexibility and adaptability, which 

allows its effective implementation in various educational contexts, whether in institutions of the same level or at 

different educational levels. Its modular design must cover everything from the fundamentals to the specific ap-
plication of artificial intelligence in education, allowing it to be adjusted according to the particular needs of each 
institution. This feature not only ensures that the program is relevant to different academic realities, but also facil-

itates the incorporation of context-specific pedagogical approaches. 
The scalability of the program is supported by its well-defined structure and the inclusion of periodic evalua-

tions, which allow measuring participants' progress. The results obtained from these evaluations will serve to pro-
vide feedback to adapt the program in real-time and provide valuable data for future implementations in other 

educational institutions. 
The institution Bolivarian University of Ecuador is distinguished by its youth and determined commit-

ment to entering into scientific research. In line with an innovative vision, the Bolivarian University of Ecuador 

recognizes the urgent need to prepare its teachers and students to address emerging challenges in technological 
development, especially AI. As an incipient and dynamic educational entity, this academic institution is in a crucial 
stage of its evolution, seeking not only to consolidate its presence in the academic field but also to place its pro-
fessionals at the forefront of educational and technological transformations. 

Based on the analyses carried out on the AI competence frameworks, aimed at teachers, the following 
training program is proposed: 

General goal: To develop the necessary skills for teachers to use Artificial Intelligence effectively and 

ethically in the teaching and learning process. 
Program Duration: The training program can be carried out over 3 months, with regular training sessions 

and practical activities. 

Module 1: AI Fundamentals: 
 History and evolution of Artificial Intelligence. 
 Basic concepts. Types of AI and their applications in various sectors 
 Fundamental principles of operation of AI. 

 Ethics and responsibility in the development of AI. 
Module 2: Application of AI in Education: 

 Personalization of learning: Strategies and tools. 

 Intelligent feedback and adaptive assessment. 
 Integration of AI in curricular planning. 
 Educational gamification that is supported by AI. 
 Impact of AI on educational equity and diversity. 

Module 3: Ethics and Critical Thinking about AI: 
 Ethical and social implications of AI in the educational field. 
 Reflection on equity and diversity in the use of AI. 

 Ethical decision-making in educational situations with AI. 
 Individual and collective responsibility in the use of AI. 

Module 4: Integration of AI in Pedagogy: 
 Design of innovative educational activities with AI. 

 Effective AI-assisted teaching strategies. 
 Evaluation of the impact of AI on the learning process. 
 Development of educational content with a focus on AI. 

Module 5: Application of AI in Research (Optional: Aimed at University Professors): 
 Use of AI in research data collection and analysis. 
 Advanced AI tools and techniques for research. 

 Innovations and advances in research facilitated by AI. 
 Integration of AI in the publication and dissemination of results. 
 Ethics in research supported by AI. 

Training methodology: 

The training program will adopt a holistic approach, combining theoretical sessions, workshops, practical 
activities, group discussions, and case studies. The active participation of teachers will be encouraged by promot-
ing collaboration and the exchange of experiences. Additional resources, such as supplemental readings and access 

to educational AI platforms, will be provided to enrich learning. 
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Evaluation and monitoring: 
Periodic evaluations will be carried out to measure teachers' progress in developing AI competencies. 

Additionally, individualized feedback and follow-up sessions will be conducted to address the specific needs of 

participants. To this end, as the next phase of research, a test is being developed to measure AI literacy based on 
the analyzed frameworks, which can help diagnosing the current and desired state considering the development of 
teachers' AI competencies. 

The AI literacy framework is presented as a comprehensive and well-structured tool for the development 
of artificial intelligence competencies among educators. It consists of seven key areas ranging from the fundamen-
tals of AI to preparing educators for the future of work. The clear progression and three levels of mastery provide 

a gradual and adaptive approach for educators who want to improve their AI skills. Its holistic approach and clear 
structure position it as a guide to consider for continuous professional development in an educational context 
transformed by AI. The framework consists of seven key areas: 

1. AI Fundamentals: It covers the basics of AI, such as the history of AI, different types of AI, and the 

working principles of AI. 
2. Data flow: It focuses on the use of data to train and improve AI systems. Educators at this level must 

demonstrate a basic understanding of data collection, preparation, and analysis techniques. They must 

also be able to identify and interpret data patterns relevant to AI applications in education. 
3. Critical Thinking and Fact Checking: It explores how educators can critically evaluate AI technologies, 

communicate and collaborate effectively with AI, and use AI as a tool online, at home, and in the work-
place. They must be able to assess the credibility and reliability of information generated by AI, identify 

potential biases and limitations, and use AI ethically and responsibly. 
4. Diverse AI use cases: It examines how AI is used in different fields, such as education, medicine, and 

business. Educators must be able to understand the potential benefits and challenges of AI in various 

contexts and identify suitable applications for AI in their teaching practice. 
5. Ethics of AI: It recognizes the ethical and social implications of using AI. Educators should be aware of 

potential ethical issues surrounding AI, such as bias, discrimination, and privacy, and be able to make 

informed decisions about integrating AI into their classrooms. 
6. AI Pedagogy: It focuses on educators' ability to use AI to improve teaching and learning. They must be 

able to identify and select appropriate AI tools and resources that suit their teaching objectives and the 
needs of their students. They must also be able to seamlessly integrate AI into their lessons and adapt 

their pedagogy to accommodate AI-enhanced learning experiences. 
7. Future of Work: It explores how AI is transforming the world of work and how educators can prepare 

students for future success. They must understand the impact of AI on various professions and be able to 

guide students in developing the skills and competencies necessary to thrive in an AI-driven workforce. 
The framework also defines three levels of mastery: 

1. Introductory: Students at this level develop a basic understanding of the topic. They can identify and 
describe key concepts but may lack in-depth knowledge or practical application of the subject. 

2. Intermediate: At this level, learners demonstrate a deeper understanding of the topic. They can analyze, 
evaluate, and synthesize information, and can apply their knowledge to solve problems or make informed 
decisions. 

3. Advanced: Lastly, they do not only deeply understand the topic, but they also contribute to it. They can 
create and curate content, provide intellectual leadership, and engage in strategic activities within the 
field. They can also actively participate in the community, consult with others, and share their experience. 

So, these preceding aspects serve as the attributes and scale to assess the proposed program. See the next 

subsection. 

3.2 Proposed assessment at Bolivarian University of Ecuador (BUE) 

To evaluate the relevance of the program, five academics from the BUE were involved, who are acknowledged 

pedagogical authorities and knowledgeable about AI applied to teaching. As previously specified, the five experts 
must evaluate three alternatives (A1) Teaching classes 80% theoretical 20% practical (A2) Teaching classes 50% 
theoretical and 50% practical (A3) Teaching classes 20% theoretical 80% practical. 

The evaluation criteria were specified previously, they are based on evaluating how the alternative allows 
achievements in the following aspects: 

C1: AI Fundamentals. 
C2: Data flow. 

C3: Critical Thinking and Fact-Checking. 
C4: Diverse AI use cases. 
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C5: Ethics of AI. 
C6: AI Pedagogy. 
C7: Future of Work. 

The evaluation scale contains three elements: 
𝑆 = {𝑠1, 𝑠2, 𝑠3} where they mean the following: 
𝑠1: By applying this alternative in the measured aspect, the teacher will reach an “Introductory” level in the 

short or medium term. 
𝑠2: By applying this alternative in the measured aspect, the teacher will reach an “Intermediate” level in the 

short or medium term. 

𝑠3: By applying this alternative in the measured aspect, the teacher will reach an “Advanced” level in the short 
or medium term. 

a0 was defined with the following values (𝑠3, 𝑠3, 𝑠1) for all the criteria, where the first two terms are equal 
because it means that there is no indeterminacy. 

The five specialists issued their opinions after carefully studying the program, consulting the designers if nec-
essary, and analyzing possible variants of class delivery. 

The results of the experts' evaluation of each of the attributes and alternatives are summarized below. 

 

Criterion/Alterna-

tive 

a0 = Optimal A1 A2 A3 

C1 (3,3,1) (3,3,1) (3,2,1) (2,2,1) 

C2 (3,3,1) (2,2,1) (3,2,1) (3,3,1) 

C3 (3,3,1) (3,3,1) (3,2,1) (2,2,1) 

C4 (3,3,1) (3,3,1) (3,2,1) (2,2,1) 

C5 (3,3,1) (3,3,1) (3,2,1) (2,2,1) 

C6 (3,3,1) (2,2,1) (3,3,1) (2,2,1) 

C7 (3,3,1) (2,2,1) (3,3,1) (3,2,1) 

Table 1: Matrix of evaluations with the triple betas added for all experts for each alternative. 

 
In Table 1 the triads appear in the form of evaluation indices, where each index is the result of calculating the 

median and not the arithmetic means of the evaluations given by the experts, which are the beta values. Note that 
the tables are represented with the transposed matrices. 

 
Table 2 summarizes the normalized triads. 
 

Criterion/Alternative a0 = Opti-

mal 

A1 A2 A3 

C1 (0.27,0,0.25) (0.27,0,0.25) (0.27,0.25,0.25) (0.18,0,0.25) 

C2 (0.27,0,0.25) (0.18,0,0.25) (0.27,0.25,0.25) (0.27,0,0.25) 

C3 (0.27,0,0.25) (0.27,0,0.25) (0.27,0.25,0.25) (0.18,0,0.25) 

C4 (0.27,0,0.25) (0.27,0,0.25) (0.27,0.25,0.25) (0.18,0,0.25) 

C5 (0.27,0,0.25) (0.27,0,0.25) (0.27,0.25,0.25) (0.18,0,0.25) 

C6 (0.3,0,0.25) (0.2,0,0.25) (0.3,0,0.25) (0.2,0,0.25) 

C7 (0.27,0,0.25) (0.18,0,0.25) (0.27,0,0.25) (0.27,0.25,0.25) 

Table 2: Matrix of evaluations with the triple betas from Table 1 normalized. 

 

Note that in Table 2 in the indeterminacy component, the formula 𝑎𝑏𝑠(𝑡 − 𝑖) was used and then normalized. 
Next, Equation 18 is applied in Table 3. 
 

Criterion/Alterna-

tive 

a0 = Optimal A1 A2 A3 

C1 0.67333 0.67333 0.59 0.64333 

C2 0.67333 0.64333 0.59 0.67333 

C3 0.67333 0.67333 0.59 0.64333 

C4 0.67333 0.67333 0.59 0.64333 

C5 0.67333 0.67333 0.59 0.64333 

C6 0.68333 0.65 0.68333 0.65 
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C7 0.67333 0.64333 0.67333 0.59 

Table 3: Matrix of evaluations with the results of Table 2 converted into numerical values. 

 

The data obtained from Table 3 are normalized according to Equation 7. 
 

 
 
 
 

 
 
 

 

Criterion/Alterna-

tive 

a0 = Optimal A1 A2 A3 

C1 0.260981632 0.26098163 0.22868306 0.24935368 

C2 0.260981632 0.24935368 0.22868306 0.26098163 

C3 0.260981632 0.26098163 0.22868306 0.24935368 

C4 0.260981632 0.26098163 0.22868306 0.24935368 

C 5 0.260981632 0.26098163 0.22868306 0.24935368 

C 6 0.256249391 0.24375061 0.25624939 0.24375061 

C 7 0.260981632 0.24935368 0.26098163 0.22868306 

Table 4: Matrix of the normalized elements of Table 3. 

 

The summary of the results of the classic ARAS applied to the data in Table 4 can be observed in Table 5 

with the weights 𝑤𝑗 =
1

7
. 

Alternative a0 = Optimal A1 A2 A3 

Optimality 0.260305597 0.25519779 0.23723519 0.24726143 

Utility 1 0.98037763 0.91137182 0.94988903 

Ranking - 1 3 2 

Table 5: Optimality and utility values of the ARAS crisp method for the results of Table 4. 

 
According to the results of Table 5 and the experts' criteria, it is preferred to apply a pedagogical strategy with 

a proportion of 80% theoretical and 20% practical. 

Conclusion 

Artificial Intelligence is one of the scientific disciplines that is currently causing the greatest social impact in 
today's world. Its correct application depends on access to technological means, but also on the preparation of 

citizens for their correct use, including ethics. Its teaching is essential at all school levels so that students are then 
able to incorporate it into their daily lives and also professional. The purpose of this paper was to determine the 
pedagogical strategy to follow for a program where DigiComEdu is adapted from the European level to the con-

ditions of a Latin American country, specifically at the Bolivarian University of Ecuador. A group of experts was 
consulted to evaluate three strategies: (1) Teaching classes 80% theoretical 20% practical (2) Teaching classes 
50% theoretical and 50% practical (3) Teaching classes 20% theoretical 80% practical. The criteria to be evaluated 
were seven. A linguistic scale was used to carry out the evaluations and a hybrid method of neutrosophic linguistic 

2-tuple model and the ARAS method was applied for decision making. It was concluded that the best strategy is 
teaching 80% theoretical classes and 20% practical classes. 
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