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ABSTRACT:
The overall student performance can be modeled from the behavior of a set of
indicators through a multicriteria approach. The objective of this research was to
evaluate the learning of the Mathematical Fundamentals of the Information
Technology degree course through the application of the multicriteria method, for
decision making in the teaching-learning process. A multi-expert multicriteria
approach is applied where evaluation indicators are identified consisting of four
activities that make up the evaluation process. It is obtained that 80% of the students
evaluated obtain a grade between good and excellent, concluding that the method
applied is valid to measure the teaching and learning process.
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RESUMEN:
El rendimiento global del estudiante puede ser modelado a partir del comportamiento
de un conjunto de indicadores mediante un enfoque multicriterio. La presente
investigación tuvo como objetivo evaluar el aprendizaje de la asignatura Fundamentos
Matemáticos de la carrera Tecnologías de la Información mediante la aplicación del
método multicriterio, para la toma de decisión en el proceso enseñanza-aprendizaje.
Se aplica un enfoque multicriterio multiexperto donde se identifican indicadores
evaluativos formado por cuatro actividades que conforman el proceso de evaluación.
Se obtiene que el 80% de los estudiantes evaluados alcanzan una calificación entre
bien y excelente, concluyéndose que el método aplicado es válido para medir el
proceso de enseñanza y aprendizaje. 
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1. Introduction
In the teaching-learning process, evaluation is the process by which the overall performance of the student is estimated and is essential for the
student to strive to improve the quality of their learning. A good evaluation system can also identify learning problems, from which it is possible to
make decisions about the need to retrain or take advantage of the potential created by influencing individual differences (Rodríguez, 2010; Salas,
2010).
Decision-making represents the process of selection among alternative courses, based on a set of criteria, to achieve one or more objectives (Franklin,
2011; Simon, 1960). It also includes the process of identifying a problem or opportunity and the selection of an alternative action among several
existing, is a key activity in all types of organization.
The decision process consists of four fundamental stages. Diagnosis: is to detect what is the problem or set of problems that affect the process.
Design: it allows to model the different alternatives by means of which, a priori, it is possible to solve the problem diagnosed. Choice: phase in which
the best strategy or alternative of the set is selected. Review: an analysis is carried out on the degree to which the strategy selected and executed has
managed to solve the problem.
Decision-making problems can be classified according to the decision environment as a decision-making problem in an environment of certainty,
uncertainty environment and risk environment (Leyva, 2013). An outline of the decision-making process proposed by Clemen and Reilly (2013) is
shown in Figure 1.

Figure 1
Decision-making process

Source: Own elaboration
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In a decision-making problem in a certain environment, the elements involved in the problem are precisely known, where it is possible to assign an
exact value of utility to the alternative involved. However, for a decision-making problem in an environment of uncertainty, the necessary information
is not available or is inaccurate; it is associated with subjective criteria of the problem being analyzed. The result of the inference is conditioned by the
method and configuration used, considered as a complex decision problem.
For a decision-making problem in a risk environment, one or more elements of the process are subject to chance. For this classification, the resolution
of the decision-making problem is based on the theory of probability where the probabilities are assigned to the alternatives (Bouza, 2016; Grajales-
Quintero et al.,   2013).
When a decision-making problem meets (equation 1):

    (1)

Where: 
C: the number of criteria
m: number of criteria

It corresponds to a problem of multicriteria decision-making. In the decision process there is a set of criteria that are valued to infer certain behavior
on the alternatives (Garza-Rios et al., 2012; Leyva, 2013).
For the Mathematics Fundamentals course of the Information Technology degree at the State University of the South of Manabí (UNESUM) of Ecuador,
an evaluation system has the following characteristics:
Frequent evaluations that are applied in various activities in classes, initial written question as diagnostic evaluation and formative evaluation such as
the verification at the beginning of each conference, practical classes, guides for the observation of these practices based on the theoretical contents
studied, integrative seminars to link the content with their specialty and with life, contributions.
Final evaluation or summative evaluation: partial exams at the end of each period.
From the existing evaluation system, an evaluation process is identified that can be modeled as a problem of multicriteria decision making where, from
a set of indicators to be measured, it is possible to evaluate the alternatives.
Formally, it is represented as:

The evaluation criteria may belong to any of the evaluation forms. Therefore, the problem of decision-making can be modeled for a specific case of the
evaluation of learning as a practical class or a more general application as a final evaluation.
Based on the aforementioned analysis, the objective of the present investigation is defined: to evaluate the learning of the Mathematical Foundations
subject of the Information Technology degree at the UNESUM of Ecuador, through the application of the multicriteria method for decision making in
the teaching learning process.
Soft computing techniques are used, conceived as a branch of Artificial Intelligence that encompasses various techniques used to solve problems that
handle incomplete, uncertain and / or inaccurate information.

2. Methodology
The methodology used to develop the research is based on a quantitative approach, where the observation and evaluation of the object is carried out.
The degree of foundation of the proposal is demonstrated from the use of the scientific method as addressed by Hernández et., (2010). Next, a
description of the main elements is made:

The objective of the study is based on the use of multicriteria methods for the evaluation of learning.
The research is delimited from the implementation of Soft Computing techniques to represent the uncertainty about the evaluation of learning.
The result of the evaluations obtained by the students was used as a source of information.
the research uses the literature review as a basis for the theoretical support used to conceptualize the proposed solution.
The case study is used as an information collection technique to demonstrate the applicability of the proposed method.

The proposed method is designed to ensure workflow management in the decision-making process on learning assessment. It uses a multi-expert
multicriteria approach where evaluative indicators are identified to nourish the functioning of the inference made by the method.
The evaluation process infers the behavior of the reasoning from the processing of the evaluation indicators (Singh, 2011; Cornelio, and González,
2018). The method consists of four activities as shown in Figure 2:

Figure 2 
Activities that make up
the evaluation process

Source: Own elaboration.

Next, a description of the proposed activities is made.
Activity 1: the activity consists in identifying the evaluation indicators to be used (I), which represents the basis of the evaluation instrument that is
applied to the students to obtain preferences on the indicators. The activity must comply to represent a multicriteria approach that the domain of
values (n) obtained is finite, according to equation 2).

              (2)

Activity 2: Based on the use of a multi-expert approach, the activity of the group of evaluators becomes important and, through their daily interaction
with the evaluation criteria, will allow refining the weight assigned to the indicators.



The weight is the value attributed to an indicator; weights will be determined through the assessments of the process experts. The experts are made
up of a group of specialized professors with experience in the subject. These may express their preferences over the indicators through a linguistic
label that corresponds to a numerical value. Table 1 shows the domain of values to use.

Table 1 
Domain of values to assign 

weight to the indicators

Value Impact

0,1 Without importance

0,2 Not much important

0,3 Slightly important

0,4 a little important

0,5 Medium importance

0,6 Important

0,7 Very important

0,8 Strongly important

0,9 Very strongly important

1 Extremely important

Source: Own elaboration

From the preference obtained from each expert (E), the weight vectors (W) are obtained. The aggregation of knowledge allows improving the
reliability of the final model, making it less susceptible to errors (Stach et al., 2010). As a result, a process of aggregation and standardization of the
indicators is carried out according to equation 3: 

           (3)

Where:
VA: normalized added value attributed to an indicator
E: the number of experts participating in the process
Wij: vector of importance expressed by experts for indicators Ci.

The domain of values (0,1; 1) express the importance of the indicator, the greater the value of the importance, the greater the weight attributed to
the indicator. 
Activity 3: In order to obtain preferences, an evaluation form prepared previously with a group of proposed questions with their respective results is
used, which in turn contribute to the fulfillment of the evaluation indicators. They are evaluated using a numerical scale so that the level of compliance
of the indicators is expressed. 
Once the evaluation of the indicators assigned in the evaluation form is concluded, the preferences (P) are obtained for which the scale proposed in
Table 2 is used.

Table 2
Domain of values to evaluate indicators

 Value Impact

0 Default (Poor)

0,25 Complied with recommendations

0,5 Completed (Adequate)

0,75 Complied with merits

1 Envelope fulfilled (Superior)

Source: Own elaboration.

Activity 4: The activity represents the core of the method processing. It is done by aggregating information through the information aggregation
operator OWA (Ordered Weighted Averaging), Ordered Weighted Media (Yager, 1988). The proposed operator unifies the classic criteria of uncertainty
decision in an expression (Filev and Yager, 1998; Cornelio et al.,   2017).
The aggregation is based on the idea of converting the multiobjective problem into a scalar one so that an objective function is constructed that is the
sum of the objective starting functions, weighted according to a relative weight assigned to each of them. Thus, for each possible weighting, a scalar
problem is obtained consisting of minimizing the resulting function, subject to the restrictions of the original problem (Rodríguez, 2015). The process
of aggregation of information uses an important function described in equation 4, the competency vector is calculated.

From the result processed by the importance function, a vector is obtained that represents the learning of a student. Figure 3 shows the mastery of
values that are used by the method in making decisions for the evaluation of student learning.



Figure 3
Domain of values for 

decision-making on evaluation

Source: own elaboration

2.1. Sample Selection
To determine the sample size (n) of a finite population, equation 5 according to Sampieri (2018) is used. For the present study there is a population of
500 students from the State University of the South of Manabí (UNESUM) of Ecuador.

             (5)
Where:
N = Total population
Zα= 1.96 (for 95% security)
p = expected proportion (in this case 5% = 0.05)
q = 1 - p (in this case 1 - 0.05 = 0.95)
d = accuracy (5% is assumed for the study).

3. Results and discussion
The case analysis allows to demonstrate hypotheses raised by researchers in the course of an investigation. For the context of the present
investigation, a case study was implemented with the objective of applying the proposal to a real environment and assessing the results.
The proposal was applied to a group of students of the Information Technology of the UNESUM of Ecuador for the Mathematical Foundations course. It
was taken as an object of learning in the diagnostic evaluation that is carried out at the beginning of a certain subject. This type of evaluation was
chosen because it allows us to understand what state the students are at the beginning of the topic and from the results make decisions that facilitate
and improve learning during the development of the educational process.
Below are the assessments achieved by each stage:

Activity 1
For the activity, we start from the normative documents of the subject under study and identify the indicators that represent the main objectives to be
evaluated by a subject or the subject in general. Indicators are the key element for further processing. Table 3 displays the evaluation indicators
obtained from the activity.

Table 3
Evaluation indicators obtained

    # Evaluative indicator

I1 Resolution of different types of numerical problems of an
operation

I2 Initiative, participation and active collaboration in cooperative
work to investigate, solve and invent problems

I3 Meaning and usefulness of natural numbers in everyday life
situations

I4 Properties of operations and relationships between them using
natural numbers

I5 Approximate Calculation Use of different strategies to estimate
and round the result of a calculation.

I6 Expression of a measurement simply and in the appropriate unit

I7 Comparison and classification of geometric figures and bodies
with elementary criteria

Sources: Own elaboration

Activity 2
To determine the weights on the criteria a multiexpero approach is used, in which between 7 and 13 experts must participate (Artola, 2002; Salina,
2004; Garza et al., 2012). For this investigation, 7 experts were employed. From the scale proposed in Table 1 and the standardization applied by
equation 3, weights of the 7 evaluation indicators were obtained. Table 4 shows the result of the weight vectors resulting from the activity.

Table 4
Weights of indicators based on expert criteria

# W weight vectors for indicators I

I1 0,1764

I2 0,0980

I3 0,1294

I4 0,0862



I5 0,1333

I6 0,2156

I7 0,1607

Sources: Own elaboration

Activity 3
In the experimentation, 64 students participated as a result of the calculated sample, which are randomly selected to demonstrate the applicability of
the method.

Activity 4
From obtaining the importance function attributed to each student through the aggregation operator described in equation 4, a system of fuzzy values
that are located in the domain of values for decision-making on the evaluation of learning proposed in Figure 3. In Figure 5, using a Pareto chart it can
be concluded that 80% of the grades are between good and excellent.

Figure 4
Evaluation behavior applying

multi criteria method

Source: Own elaboration

From the data presented in Figure 5, outstanding students in their learning could be identified, which expresses an opportunity for use. By classifying
students, the teacher can exploit this potential by guiding challenging activities. However, in the case of students who did not achieve satisfactory
results, the project work strategy proposed by Llanes-Cedeño et al., 2018) can be applied, to thereby take advantage of the potential of 80 %
satisfactory obtained in the evaluation of learning.
The inclusion of some activities, such as the evaluation indicator (I4) in the study program, has allowed us to increase the understanding of the
minimum contents coinciding with the results obtained by Guardia et al., 2018) and Llanes et al., 2019).

4. Conclusions
From the implementation of the proposed method, it was possible to add weight vectors for the evaluation of the evaluation criteria that represented
the basis of the decision-making process on the evaluation of student learning.
With the application of a case study it was possible to demonstrate the applicability of the method in a real context for the evaluation of learning, it
was also identified from the learning behavior, the need to use the unexploited potential that obtained outstanding results and the need of training for
students who did not achieve satisfactory results.
The application of the proposal was made in the Mathematical Fundamentals of UNESUM, although it can be extended to other subjects as it
represents a work tool that will allow teachers to measure student learning.
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