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Abstract

Resumen

The following article presents the process to obtain the
kinematic and dynamic model of a Cartesian robot with 3
degrees of freedom. The robot that is used was designed
for educational purposes, it allows two linear movements
and one angular. The kinematic model has two forms,
direct and inverse, the first provides the final position of
the robot if desired values are given to each of the robot's
joints, the second provides the values of the joints if there
are desired values for the effector final. On the other hand,
the obtaining of the dynamic model is presented in detail,
which obtains the torques and forces necessary for the
robot to be able to move to a specific point. The procedure
includes kinematic analysis using Denavit-Hartenberg
parameters and dynamic analysis using Jacobeans. As a
result, responses obtained from a Simulink model are
presented that show the behavior of the developed models.

En este artículo se presenta el proceso para obtener el
modelo cinemático y dinámico de un robot cartesiano de
3 grados de libertad. El robot que se utiliza fue diseñado
con propósitos didácticos, este permite dos movimientos
lineales y uno angular. El modelo cinemático presenta dos
formas, directo e inverso, el primero proporciona la
posición final del robot si se le dan valores deseados a cada
una de las articulaciones del robot, el segundo proporciona
los valores de las articulaciones si se tienen valores
deseados para el efector final. Por otro lado, se presenta a
detalle la obtención del modelo dinámico, el cual obtiene
los torques y fuerzas necesarias para que el robot pueda
desplazarse a un punto especifico. El procedimiento
incluye análisis cinemático mediante parámetros DenavitHartenberg y análisis dinámico mediante Jacobianos.
Como resultado, se presentan respuestas obtenidas de un
modelo en Simulink que muestra el comportamiento de los
modelos desarrollados.

Direct kinetics, Inverse kinetics, Dynamic model

Cinemática directa, Cinemática inversa, Modelo
dinámico
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Introduction
Mechatronics engineering in its development
includes the subject of robotics, which offers
knowledge such as the design of systems with n
degrees of freedom, kinematic modeling,
knowing the energy consumption that the system
will require and also control methods for
positioning.
Although there is a theoretical basis to
carry out analysis of robotic systems in a
systematic way, the current literature uses
similar structures in its development, leaving
doubts that can be cleared in another way if other
examples were available, in addition to exposing
problems to which it can be tackled at some
point in development.
This article will explicitly develop the
procedure to obtain kinematic and dynamic
mathematical models of a structure different
from what is normally seen. All this, raised from
a didactic point of view.
Mechanical design
The design of the robot to be studied is of four
links and three joints in order to have a
demonstrative system with two prismatic joints
and another angular one.
Referential frames and axes, as well as
their respective centers of mass, were assigned
according
to
the
Denavit-Hartenberg
convention. Figure 1.
Direct kinematics
Direct kinematics consists of finding the value
of the final position of the robot, this solution is
a function of the joint values, that is, the
translational or rotational value of the joints. At
present there are different methods to solve this
problem, but in this case the homogeneous
transformation matrices were used, using the
Denavit-Hartenberg systematic representation
method.

Figure 1 Robot RPP
Source: Own Elaboration

The Denavit-Hartenberg representation
is replaced in the homogeneous transformation
matrix 𝑇𝑖 𝑖−1 , it contains information regarding
the position and orientation of the reference
frame attached to the i link of the manipulator in
relation to the reference frame of the i-1
connection; with this, the matrix 01𝑇 represents
the position and orientation of the robot's O1
coordinate system with respect to the O0
coordinate system, if O0 is placed on the
manipulator axis and O1 at the end of a link, the
matrix 01𝑇 represents the position of O1
referenced to the robot's fixed coordinate
system. In this way, the matrix 0𝑖𝑇, in which n is
the degree of freedom, it is the one that
represents the final position of the manipulator
with respect to the reference system; This matrix
is commonly called T and is represented by the
following equations:
𝑇 = 0𝑖𝑇 = 01𝑇 ∙ 12𝑇 ∙ 23𝑇 … ∙
𝑇 = ∏𝑛𝑖=1
𝑐𝜃𝑖
𝑠𝜃𝑖
𝑖−1
𝑖𝑇 = [ 0
0

𝑖−1
𝑖𝑇

𝑖−1
𝑖𝑇

− 𝑠𝜃𝑖 𝑐𝛼𝑖
𝑐𝜃𝑖 𝑐𝛼𝑖
𝑠𝛼𝑖
0

(1)
(2)

𝑠𝛼𝑖 𝑠𝛼𝑖
− 𝑐𝜃𝑖 𝑠𝛼𝑖
𝑐𝛼𝑖
0

𝑎𝑖 𝑐𝜃𝑖
𝑎𝑖 𝑠𝜃 𝑖
]
𝑑𝑖
1

(3)

For the calculation of 𝑖−1𝑖𝑇 DenavitHartenberg parameters must be defined, which
are based exclusively on the geometric
characteristics of each link and the coordinate
systems in each one.
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The characteristics of the parameters are:
ai is the distance from Xi-1 to Xi along Xi
α_i is the angle formed from Xi to Xi-1 around
the Xi axis
di is the distance from Zi-1 to Zi along Zi-1
θi is the angle formed from Zi to Zi-1 around the
axis Zi-1
The coordinate systems must be placed
as in Figure 1, to comply with the characteristics
of the parameters mentioned above. Table 1
shows the Denavit-Hartenberg parameters.
𝒊
1
2
3

𝓪𝒊
0
0
𝒶1

𝛂𝒊
- 90°
- 90°
0

𝒅𝒊
− 𝑑1
𝑞2
𝑞3

1 0
0 0
1
2T = [
0 −1
0 0
1
0
2
3T = [
0
0

0
1
0
0

0
1
0
0

0
0
]
𝑞2
1

0 𝑎1
0 0
]
1 𝑞3
0 1

0
0
− 𝑑1
1 ]

(4)

(5)

=
=
=
=
=
=
=
=

𝐶𝑜𝑠 𝑞1
𝑆𝑒𝑛 𝑞1
0
𝑆𝑒𝑛 𝑞1
− 𝐶𝑜𝑠 𝑞1
0
0
0
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The inverse kinematics of a manipulator is a
term used to denote the calculation of the joint
values of the manipulator, necessary to position
a point in space referenced to the manipulator's
coordinate system.

𝑞3 = − 𝑃𝑧 – 1

(19)

Now with equations 16 and 17 we will
solve for the variables q2 and q1.
For q2 the following is done, first
equations 16 and 17 are squared, the results of
equations 20 and 21 are added, for equation 23
we seek to make the equation as simple as
possible and finally in equation 24 we clear 𝑞2 .
2

𝑃𝑥 2 = 𝐶𝑜𝑠 𝑞1 𝑎1 2 − 2 𝑆𝑒𝑛 𝑞1 𝑞2 ∗ 𝐶𝑜𝑠 𝑞1 𝑎1 +
2

𝑆𝑒𝑛 𝑞1 𝑞2 2

(6)

(20)
2

𝑃𝑦 2 = 𝑆𝑒𝑛 𝑞1 𝑎1 2 + 2 𝑆𝑒𝑛 𝑞1 𝑞2 ∗
2

Obtaining the previous matrices, we
proceeded to multiply them as equation 1 and 2
explains. The resulting matrix 03 𝑇, It is the
matrix that relates the robot from frame 3 to
frame 0, that is, it relates the end effector of the
robot to the base or inertial frame of reference.
The equations of the direct kinematic model are
as follows:
𝑟11
𝑟21
𝑟31
𝑟12
𝑟22
𝑟32
𝑟13
𝑟23

Inverse kinematics

The last three equations of the direct
kinematic model were used. From equation 18
we can solve for the variable q3, which would
look like the following equation.

Replacing the values of Table 1 in
equation 3, we obtain:
0 − 𝑆𝑒𝑛 𝑞1
0
𝐶𝑜𝑠 𝑞1
−1
0
0
0

(15)
(16)
(17)
(18)

There are different ways of approaching
this subject, this time it will be developed
algebraically.

𝛉𝒊
𝑞1
0
0

Table 1 Denavit-Hartenberg parameters
Source: Own Elaboration

𝐶𝑜𝑠 𝑞1
0
𝑆𝑒𝑛 𝑞1
1T =
0
[ 0

𝑟33 = − 1
𝑃𝑥 = 𝐶𝑜𝑠 𝑞1 ∗ 𝑎1 − 𝑆𝑒𝑛 𝑞1 ∗ 𝑞2 )
𝑃𝑦 = 𝑆𝑒𝑛 𝑞1 ∗ 𝑎1 + 𝐶𝑜𝑠 𝑞1 ∗ 𝑞2
𝑃𝑧 = − 𝑞3 − 𝑑1

(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14)

𝐶𝑜𝑠 𝑞1 𝑎1 + 𝐶𝑜𝑠 𝑞1 𝑞2 2

(21)

2

2

𝑃𝑥 2 + 𝑃𝑦 2 = 𝐶𝑜𝑠 𝑞1 𝑎1 2 + 𝑆𝑒𝑛 𝑞1 𝑎1 2 −
2 𝑆𝑒𝑛 𝑞1 𝑞2 ∗ 𝐶𝑜𝑠 𝑞1 𝑎1 + 2 𝑆𝑒𝑛 𝑞1 𝑞2 ∗
2

2

𝐶𝑜𝑠 𝑞1 𝑎1 + 𝑆𝑒𝑛 𝑞1 𝑞2 2 + 𝐶𝑜𝑠 𝑞1 𝑞2 2

(22)

𝑃𝑥 2 + 𝑃𝑦 2 = 𝑎1 2 + 𝑞2 2

(23)

𝑞2 = √𝑃𝑥 2 + 𝑃𝑦 2 − 𝑎1 2

(24)

For q1, equation 16 is multiplied by the
variable q2, the result is seen in equation 25, this
is added with equation 17, the result is simplified
and as a final result in equation 28 the variable is
cleared 𝑞1 .
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− 𝑃𝑥 𝑞2 = − 𝐶𝑜𝑠 𝑞1 𝑞2 + 𝑆𝑒𝑛 𝑞1 𝑞2 2

(25)

− 𝑃𝑥 𝑞2 + 𝑃𝑦 = − 𝐶𝑜𝑠 𝑞1 𝑞2 +
𝐶𝑜𝑠 𝑞1 𝑞2 + 𝑆𝑒𝑛 𝑞1 𝑞2 2 + 𝑆𝑒𝑛 𝑞1

(26)

− 𝑃𝑥 𝑞2 + 𝑃𝑦 = 𝑆𝑒𝑛 𝑞1 (𝑞2 2 + 1)

(27)

𝑃𝑦 − 𝑃𝑥 𝑞2

𝑞1 = 𝑆𝑒𝑛−1 (( 1 + 𝑞

2

2 )

)

(28)

In the previous equation q1 remains in
inverse sine function, however there is the
possibility of changing it to inverse cosine
function. For this, equation 17 is multiplied by
the variable q2, the result is seen in equation 29,
this is added with equation 16, what is obtained
is simplified and as a final result in equation 32
the variable is cleared 𝑞1 .
𝑃𝑦 𝑞2 = 𝑆𝑒𝑛 𝑞1 𝑞2 + 𝐶𝑜𝑠 𝑞1 𝑞2 2

(29)

𝑃𝑦 𝑞2 + 𝑃𝑥 = − 𝑆𝑒𝑛 𝑞1 𝑞2 + 𝑆𝑒𝑛 𝑞1 𝑞2 +
𝐶𝑜𝑠 𝑞1 𝑞2 2 + 𝐶𝑜𝑠 𝑞1
(30)
𝑃𝑦 𝑞2 + 𝑃𝑥 = 𝐶𝑜𝑠 𝑞1 (𝑞2 2 + 1)
𝑃𝑦 𝑞2 + 𝑃𝑥
(𝑞2 2 + 1)

= 𝐶𝑜𝑠 𝑞1

(31)
(32)

Kinematic Model Check
By having the matrix 03 𝑇, the check was carried
out to affirm that the resulting matrix obtained is
correct and describes mathematically and
correctly the RPP robot.

0
1
0
3T = [
0
0

1
0
0
0

0
− 10
0
𝑎1
]
−1 − 10 − 𝑑1
0
1

(34)

In case of checking visually, equation 34
would be obtained.
On the other hand, checking the inverse
model, the position vector of Figure 1 is
provided.
1
⃗
Position vector 𝑃 = [ 10 ] (35). It was solved
−11
for the variables with equations 19, 24 and 32.
𝑞3 = − (− 11) − 1 = 10

(36)

𝑞2 = 10

(37)

𝑞1 = 0°

(38)

Dynamic model
The dynamic model of a robotic system helps to
know the torque and forces required for it to
move to a point. There are different methods to
arrive at the dynamic model, however on this
occasion it was decided to use Jacobian.
It began by obtaining the matrices that
relate the reference frame 0 with each of the
centers of mass, Table 2 shows the DenavitHartenberg parameters for the centers of mass..
𝒊
𝑐𝑚1
𝑐𝑚2
𝑐𝑚3

𝓪𝒊
0
0
𝑙1

𝛂𝒊
0
0
0

𝒅𝒊
−𝑐𝑚1
𝑞2 − 𝑙2
(𝑞3 − 𝑙3 )

𝛉𝒊
𝑞1
0
0

Table 2 Denavit-Hartenberg Parameters for Centers of
Mass
Source: Own Elaboration

Replacing the values from Table 2 in
equation 3, we obtain:

Figure 2 Positioning example
Source: Own Elaboration

𝑞

𝑇

= [90°

10

10]

(33)

With the equations from 7 to 18 we can
deduce the following equation:
ISSN-2444-5002
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𝐶1
𝑆1
0
𝒄𝒎𝟏 T = [
0
0

−𝑆1
𝐶1
0
0

0
0
0
0
]
1 −𝑐𝑚1
0
1

𝐶1
𝑆1
0
𝒄𝒎𝟐 T = [
0
0

0 −𝑆1
0
𝐶1
−1
0
0
0

(39)

−𝑆1 (𝑞2 − 𝑙2 )
𝐶1 (𝑞2 − 𝑙2 ) ] (40)
−𝑑1
1
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𝐶1
𝑆1
0
𝑐𝑚3T = [
0
0

𝑆1
−𝐶1
0
0

0
𝐶1 𝑙1 − 𝑆1 𝑞2
0
𝑆1 𝑙1 + 𝐶1 𝑞2
] (41)
−1 −(𝑞3 − 𝑙3 ) − 𝑑1
0
1

The Jacobians were then calculated for
each center of mass by means of the partial
derivative of the joint position according to
equation 42.
𝑑
𝑑𝑞1
𝑑

𝐽𝑣𝑐𝑚𝑖 =

𝑑𝑞1
𝑑

[𝑑𝑞1

(𝑃𝑥 𝑐𝑚𝑖 )
(𝑃𝑦 𝑐𝑚𝑖 )
(𝑃𝑧 𝑐𝑚𝑖 )

𝑑
𝑑𝑞2
𝑑
𝑑𝑞2
𝑑

𝑑

(𝑃𝑥 𝑐𝑚𝑖 )

…

(𝑃𝑦 𝑐𝑚𝑖 )

…

(𝑃𝑧 𝑐𝑚𝑖 )

…

𝑑𝑞2

𝑑𝑞𝑛
𝑑
𝑑𝑞𝑛
𝑑

(𝑃𝑥 𝑐𝑚𝑖 )
(𝑃𝑦 𝑐𝑚𝑖 )

𝑑𝑞𝑛

(42)

(𝑃𝑧 𝑐𝑚𝑖 )
]

0 0 0
𝐽𝑤𝑐𝑚2 = [0 0 0 ]
0 0 0
𝐽𝑣𝑐𝑚3

(50)

−(𝑙1 𝑆1 + 𝐶1 𝑞2 ) −𝑆1
= [ (𝑙1 𝐶1 − 𝑆1 𝑞2 )
𝐶1
0
0

0
0]
−1

0 0 0
𝐽𝑤𝑐𝑚3 = [0 0 0 ]
0 0 0

(51)

(52)

For the calculation of the inertia matrix,
equation 53 is used.
𝑇

With equation 43 the angular velocity of
the frame of reference was obtained at the i-th
center of mass
0
𝑖𝜔

= 𝜌1 ∙ ⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗⃗
𝑧0 𝑞(1)
̇ … + 𝜌𝑛 ∙ 𝑖−10𝑅 (𝑡) ⃗⃗⃗⃗⃗⃗⃗
𝑧𝑖−1 𝑞(𝑖)
̇

(43)

Where:
𝜌 = {

1 𝑓𝑜𝑟 𝑟𝑒𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛𝑎𝑟𝑦 𝑢𝑛𝑖𝑜𝑛
}
0 𝑓𝑜𝑟 𝑝𝑟𝑖𝑠𝑚𝑎𝑡𝑖𝑐 𝑗𝑢𝑛𝑐𝑡𝑖𝑜𝑛

(44)

With the above in a generalized way for
the n-th frame of reference, equation 43 was
rewritten as follows:
0
𝑛𝜔

𝑧0
= [𝜌1 ⃗⃗⃗

𝜌2 01𝑅 (𝑡) ⃗⃗⃗
𝑧1

⋯

𝜌𝑛 𝑛−10𝑅 (𝑡) ⃗⃗⃗⃗⃗⃗⃗⃗
𝑧𝑛−1

𝑞(1)
̇
𝑞(2)
̇
][
]
⋮
𝑞(𝑛)
̇

𝜌2 01𝑅 (𝑡) ⃗⃗⃗
𝑧1

⋯

𝜌𝑛 𝑛−10𝑅 (𝑡) ⃗⃗⃗⃗⃗⃗⃗⃗
𝑧𝑛−1 ]

(46)

With the above, the following results
were obtained:
0 0
0 0]
0 0

(47)

0 0 0
𝐽𝑤𝑐𝑚1 = [0 0 0 ]
1 0 0

(48)

𝐽𝑣𝑐𝑚1

𝐽𝑣𝑐𝑚2

−(𝐶1 )(𝑞2 − 𝑙2 )
= [−( 𝑆1 )(𝑞2 − 𝑙2 )
0
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− 𝑆1
𝐶1
0

0
0]
0

𝐷11
𝐷 = [𝐷21
𝐷31

𝐷12
𝐷22
𝐷32

𝑖

𝐷13
𝐷23 ]
𝐷33

(54)

𝐷11 = 𝐼𝑧𝑧 + 𝑚2 𝑞2 2 − 2𝑚2 𝑙2 𝑞2 + 𝑚2 𝑙2 2 +
𝑚3 𝑙1 2 + 𝑚3 𝑞2 2 .
𝐷12 = 𝑙1 𝑚3.
𝐷13 = 0.
𝐷21 = 𝑙1 𝑚3 .
𝐷22 = 𝑚3 + 𝑚2 .
𝐷23 = 0.
𝐷31 = 0.
𝐷32 = 0.
𝐷33 = 𝑚3
(55)
The Christoffel symbols were used to
calculate the Coriolis matrix

It is known as the Jacobian of angular
velocity for a robot that has prismatic joints and
that is revolutionary in its structure.

0
= [0
0

𝑖

(45)

Where
𝑧0
𝐽𝑤𝑛 = [𝜌1 ⃗⃗⃗

0
𝑇 0
𝐷 = ∑3𝑖=1 (𝑚𝑖 𝐽𝑣𝑇𝑐𝑚 𝐽𝑣𝑐𝑚 + 𝐽𝜔
𝑅 𝐼𝑅𝑖−0
𝐽𝜔𝑖 ) (53)
𝑖 𝑖−0

(49)

𝑐𝑖,𝑗,𝑘 =

1
2

𝜕𝑑𝑘𝑗

{

𝜕𝑖

+

𝜕𝑑𝑘𝑖
𝜕𝑗

−

𝜕𝑖𝑗
𝜕𝑘

}

(56)

𝐶𝑘𝑗 = ∑𝑛𝑖=1 (𝑐𝑖𝑗𝑘 𝑞̇ 𝑖 )

(57)

𝐶11
𝐶 = [𝐶21
𝐶31

(58)

𝐶12
𝐶22
𝐶32

𝐶13
𝐶23 ]
𝐶33

The results using equation 46
substituting with equation 55 are as follows:
𝐶111 = 𝐶113 = 𝐶122 = 𝐶123 = 𝐶131 =
𝐶132 = 𝐶133 = 𝐶212 = 𝐶213 = 𝐶221 =
𝐶222 = 𝐶223 = 𝐶231 = 𝐶232 = 𝐶233 =
𝐶311 = 𝐶312 = 𝐶313 = 𝐶321 = 𝐶322 =
𝐶323 = 𝐶331 = 𝐶332 = 𝐶333 = 0
𝐶112 = − 𝑚2 𝑞2 + 𝑚2 𝑙2 − 𝑚3 𝑞2
𝐶121 = 𝑚2 𝑞2 − 𝑚2 𝑙2 + 𝑚3 𝑞2
𝐶211 = 𝑚2 𝑞2 − 𝑚2 𝑙2 + 𝑚3 𝑞2

(59)
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Finally, the gravity vector was obtained
through the partial derivative of the potential
energy.
𝑔 =

𝜕𝐸𝑃𝑇
𝜕𝑞𝑖

(60)

The potential energy of our robot is
shown in the following equation:
𝐸𝑃𝑇 = 𝑚1 𝑔 (−𝐶𝑚1 ) + 𝑚2 𝑔 (−𝑑1 ) +
𝑚3 𝑔 (− 𝑑1 − 𝑞3 + 𝑙3 )

(61)

Therefore, the gravity vector was as
follows:
0
𝑔 [ 0 ]
−𝑚3

(62)

Result of the dynamic model by Jacobians.
𝐷(𝑞)𝑞̈ + 𝐶(𝑞, 𝑞̇ )𝑞̇ + 𝑔(𝑞) = 𝜏
𝜏1
𝑑11 𝑑12 𝑑13 𝑞1̈
[𝑓2 ] = [𝑑21 𝑑22 𝑑23 ] [𝑞2̈ ] +
𝑓3
𝑑31 𝑑32 𝑑33 𝑞3̈
𝑐11 𝑐12 𝑐13 𝑞̇ 1
𝑔11
𝑐
𝑐
𝑐
[ 21 22 23 ] [𝑞̇ 2 ] + 𝑔 [𝑔22]
𝑐31 𝑐32 𝑐33 𝑞̇ 3
𝑔33

(63)

(64)

Figure 3 Dynamic model in Simulink
Source: Own Elaboration

The tests were carried out, with the
values shown in Table 3.
Test I
𝝉𝟏 0
𝑭𝟐 10
𝑭𝟑 0
Table 3 Test Parameters I
Source: Own Elaboration

Substituting the results in equation 64:
𝜏1
[ 𝑓2 ] =
𝑓3
𝐼𝑧𝑧 + 𝑚2 𝑞2 2 − 2𝑚2𝑙2 𝑞2 + 𝑚2𝑙2 2 + 𝑚3 𝑙12 + 𝑚3 𝑞2 2
𝑙1 𝑚3
0 𝑞1̈
[
𝑙1 𝑚3
𝑚2 + 𝑚3 0 ] [𝑞2̈ ] +
0
0
𝑚3 𝑞3̈
(−𝑚2𝑙2 + 𝑚2𝑞2 + 𝑚3𝑞2 )𝑞2̇ (−𝑚2 𝑙2 + 𝑚2𝑞2 + 𝑚3𝑞2 )𝑞1̇ 0 𝑞̇ 1
[(−𝑚2𝑞2 + 𝑚2 𝑙2 − 𝑚3 𝑞2 )𝑞1̇
0
0] [𝑞̇ 2] +
0
0
0 𝑞̇ 3
0
𝑔[ 0 ]
−𝑚3

(65)

The following system was implemented
in Simulink, using the dynamic model of the
robot obtained in the previous section.

Graphic 1 Resutss Parameters I
Source: Own Elaboration

The red curve shows the displacement of
q3, the yellow of q1 and finally the blue of 𝑞2 .
The reason why q3 has a displacement is
because a force is not applied, remembering the
equation in the dynamic model, it is appreciated
that, by not applying external torque, (q3) ̈ has a
value of 0, then gravity acts which causes it to
have a displacement.
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It can be seen that q2 has a displacement
and it is because a force is being applied to it. On
the other hand, q1 has a slight displacement
despite not having an applied torque, it is
because when a force is applied to link two, it
has a contrary reaction that is applied to link 1.
The values used for test e are shown in
Table 4.
Test II
𝝉𝟏 10
𝑭𝟐 10
𝑭𝟑 0
Table 4 Test Parameters II
Source: Own Elaboration



Figures 1 and 2 show the results of the
model simulation.

Conclusions
The mathematical models and their respective
simulations of manipulative robots were carried
out. To make it more didactic, the examples
showed that the results are mathematically
correct. With these results, it is possible to start
a control to follow trajectories or integrate a
sensory system. This shows that with the help of
current literature, numerous structures can be
made, however, it is sometimes difficult to
understand and it is necessary to show examples
with their mathematical development and
simulation to make learning and development
easier. types of manipulators included in an
automation area.
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below.






Equations 16 to 18 show the value of the
x, y, z coordinates of the end point of the
manipulator with respect to the zero
reference system.
Equations 19, 24, 28 and 32 show the
equations to obtain the value of the
values that each of the robot's joints will
have.
Equation 55 shows the final dynamic
model of the robot.
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Abstract

Resumen

From a totally face-to-face teaching, the
Solfeggio subject, like others included in the
curriculum of a musician, required an
improvement from models that would ensure its
development in the exceptional conditions in
which the world lives after the onset of the
pandemic (Covid-19). This work is to
recapitulate the modifications made to the
instructional design of the Solfeggio for the elearning modality in the Academic Unit of Arts
of the Autonomous University of Zacatecas
(UAAUAZ),
Mexico.
Basically,
the
instructional design was carried out according to
the characteristics of the ASSURE model, which
facilitates the continuity of the teaching-learning
process and the participation of students in a
synchronous and asynchronous manner.

De una enseñanza totalmente presencial, la
asignatura Solfeo, como otras incluidas en el
currículo de un músico, requirió un
perfeccionamiento a partir de modelos que
aseguraran su desarrollo en las condiciones
excepcionales en que vive el mundo tras la
aparición de la pandemia (Covid-19). Este
trabajo tiene por objetivo recapitular sobre las
modificaciones
realizadas
al
diseño
instruccional del Solfeo para la modalidad elearning en la Unidad Académica de Artes de la
Universidad
Autónoma
de
Zacatecas
(UAAUAZ), México. En lo fundamental, se
realizó el diseño instruccional según las
características del modelo ASSURE, lo que
favoreció la continuidad del proceso de
enseñanza-aprendizaje y la participación de los
estudiantes de manera sincrónica y asincrónica.
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Instructional design

Solfeo, Tecnología
instruccional
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educativa,
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Introduction
In 2020, humanity was involved in a series of
changes resulting from the pandemic that has hit
the world (Covid-19). By the end of November,
worldwide, more than fifty-five million people
had contracted the disease; more than 20M of
them in American continent (Minsap, 2020); this
situation has its impact on the different social
spheres, education among them. The educational
institutions responded to the policies of sanitary
control and protection of children and young
people, with alternative measures such as
modifying the school calendar, adjusting the
study plans or using the educational modality elearning, among others. The teachers found it
necessary to adapt the programs taking
advantage of the flexibility offered by the
curriculum, and the instructional designs to the
new conditions, the latter was the case of the
Solfeggio subject in the Academic Unit of Arts
of the Autonomous University of Zacatecas
(UAAUAZ).
The Solfeggio subject is part of the
curriculum of the musician whose preparation
must be comprehensive, this means that in
addition to the requirement of mastery of the
knowledge and technique of the instrument that
he performs, other skills are needed such as
reading and writing music, the esthetic
appreciation of the music, its harmony and
others, which help to guarantee quality in
interpretation. The contribution of the subject in
the training of the musician is essential and has
an important role for any instrument by assisting
in the development of a range of essential skills
for an interpreter, which demands teaching time
and hours of practice in the week. Traditionally
Solfeggio has been taught under a face-to-face
and formal educational model, with a tendency
towards the use of the reproductive method in
order to achieve the required competencies.
The
Autonomous
University of
Zacatecas decided to face the new challenge that
the pandemic launched and not leave the
students who are trained in it unprotected, so by
agreement the use of the different ICT platforms
and tools was implemented to continue the
development of the process of teaching learning from home. This situation has led to a
change in the form and strategies of teaching by
teachers and learning by students, the latter
having the responsibility of self-learning or selftaught learning.
ISSN-2444-5002
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There have been dissimilar obstacles to
overcome to bring the semester to a successful
conclusion during the exceptional health
situation that the world is experiencing today,
among which we can mention the
disproportionate economic situation of students
and their families, the refusal to change the form
of instruction or the little mastery over the tools
of Educational
Technology to
teach
professorships, which motivated the sharing of
experiences through this work that aims to
recapitulate on the modifications made to the
instructional design of the Solfeggio subject for
the e-learning modality at UAAUAZ, Mexico.
Development
For the training of the musician at UAAUAZ,
within the curriculum map, the apprentice must
take the bachelor's level, however, he must
demonstrate, in an admission exam, the mastery
of knowledge and skills corresponding to the
Basic and Upper Middle levels of music, or take
them in the institution in whole or in part
depending on whether or not they present
knowledge.
The Solfeggio subject is present
throughout the Basic level and the first year of
High School. At the Basic level, the subject has
as its main objectives the formation and
development of musical literacy skills, the
correct rhythmic - melodic - harmonic sense, the
evolution of tuning, as well as the understanding
of musical structures and symbols, among
others, from the theoretical to the practical,
providing essential elements and tools for the
academic and professional progress of the
student.
With the use of the reproductive method
for the training and development of
competences, the lessons have historically been
carried out in a face-to-face and formal way, in
the beginning they were taught individually by
the instrument teacher himself, who made sure
that the students knew the different musical
symbols to perform the interpretation of the
works.
According to Lasso (2019), Solfeggio
instruction has its roots in the practice and
wisdom of the teacher. “Historically, the
teaching of music theory is based on a ‘teacherapprentice’ model that allows the student to
obtain reliable feedback based on the experience
and knowledge of the tutor” (p. 4).
RODRÍGUEZ-JUAN, Arién. The E-learning educational model,
a different experience in Solfeggio classes during COVID-19.
Journal of Computational Systems and ICTs. 2020

10
Article

Journal of Computational Systems and ICTs
December, 2020 Vol.6 No.18 8-17

The subject was gaining more
importance over the years and as a consequence
specialists began to emerge in its instruction, the
classes went from being individual to forming
groups (which according to the criteria of the
experts should not exceed a maximum of 12
apprentices), in the same way the practice of
calligraphy, intonation and the recognition of
scales, intervals, chords and melodies, among
other musical elements, were introduced. Taking
as a reference the European schools, among
which was the Real Conservatorio Superior de
Música de Madrid (1830) considered as the first
dedicated to the professional development of the
subject (Loras, 2010), its main teaching methods
were implemented internationally, which were
modified and integrated the folklore and
didactics of each region.
The program of the subject at UAAUAZ
is based on the programs of the Cuban school,
whose methodological roots are from the Soviet
school, however, over the years it has undergone
the necessary restructuring and adjustments
taking into account the needs of the students.
Students who enter the center, their
characteristics, idiosyncrasies, respect for
traditions, capacities and the aptitudes they
possess for academic performance during their
training.
The abilities and particularities are
valued in exams that are carried out for the
entrance to the institution in which two main
elements are appreciated: the first allows the
observance of the physical, emotional and
relaxation characteristics that the applicant
presents; in the second, the auditory, rhythmic
and musical uptake capacities are estimated, and
in the latter it is where teachers play an important
role in establishing the development of the
apprentice. On this basis, during the course of
the semesters the student acquires the skills
required in the program and at the end of the first
year it is expected that competencies such as
tuning, rhythmic-melodic sense and basic
musical literacy will have been developed.
According to Danhauser (s.f.), Solfeggio
is the basis of musical training and presents two
didactic structures, on one side, the practice of
intonation, musical literacy, sight reading,
among other skills; while in theory the necessary
concepts are acquired for the understanding of
musical symbols and styles.
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Regarding the way of teaching the
subject, there are those who promote that it
should be done by first understanding the theory
(musical concepts) to later put what has been
learned into practice; this way of working leads
to the latter being relegated to a less important
position so less time is devoted to exercising and
the achievement of objectives. Personally, the
undersigned adopts the position of scholars who
teach Solfeggio lessons from practice to theory,
it is considered that a definition is easier to
understand if its execution is already mastered.
However, in both cases, the subject is conceived
from the traditional and face-to-face model.
Since the end of last year the world has
been plagued by a disease that, unfortunately,
has claimed many lives; this had an impact on
the development of the teaching-learning
process of the disciplines and subjects in the
educational institutions of the different
educational levels; in many places these entities
embraced new models taking advantage of the
technological potential available to students.
The use of Educational Technology (TE) led to
the continuity of Solfeggio classes during the
pandemic period, which benefited student
learning.
Educative technology
Taking advantage of the benefits of technology
is one of the current challenges in education,
which aims to not be left behind in terms of its
use to benefit the teaching-learning process.
During the last years it has been seen that
technological evolution has penetrated almost all
aspects of the daily and social life of the human
being, among which we can mention
communication, entertainment and even
economics.
Although it is recognized that the
popularization of ET occurs mainly in the 90s,
when the Internet spread as a teaching tool,
dissimilar authors are of the opinion that its
beginnings match with the birth of radio.
González and Flores (2020) express that, as a
discipline, it arises at the University of Indiana
in its graduate program. These authors specify
that Educational Technology constitutes the “…
evolution that integrates communication media
and instructional methods used in education to
provide practical tools that are useful for
learning” (p. 15).
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During the bibliographic review, it was
observed that several authors agree that
educational technology is presented in parts or
moments and despite the fact that some list them
in three and others up to five, all of them agree
that it had a birth, insertion and coupling with the
different learning theories, taking the behaviorist
as a scoop.
Regarding its usefulness in education,
Sosa (2020) establishes as an educational
technology project the effort that is made during
a time or situation in which a technological
product, a benefit or an objective is developed in
which technology plays a fundamental role in
search of a solution to an educational need or
problem. Its introduction and integration into the
teaching-learning process changes the dynamics
of the pedagogical process, and within this the
role of the teacher.
According to Johnson et al (2013) cited
in (Tapia, 2020), the teacher is no longer
restricted to performing the role of presenter in
classes or instructor of activities, TE has induced
this new functions, leading him to become as a
designer, facilitator and learning coach, in order
to show students how to navigate and
discriminate, the recognition of quality and the
need for selection within the abundant
information that technology puts at their
fingertips. All this must be accompanied in turn
by a review of learning theories in
correspondence with the practice of the teacher,
who faces a new challenge where technology
drives the responsibility of self-learning, that is,
the teacher must design environments to
promote and develop learning - learn, learn
responsibly and ethically, as well as learn for
life, among others.
The current scenario demands a critical
review of the positions of teachers regarding the
way in which they have been exercising their
profession. Likewise, of the pedagogical
currents with which they identify their practice;
be it: behaviorist, constructivist, cognitive,
connectivist, socio-critical or other. Today there
is another challenge "mastering technologies as
a means to promote, develop and drive selflearning." (Tapia, 2020, p. 3)
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TE has brought with it new and diverse
modes of teaching and learning, within which
distance models and learning environments are
gaining popularity among educators; which
brings as a consequence that they master certain
digital skills that support their work in the new
era, within which we can mention, the
communicative, pedagogical, technological and
research skills. The use of virtual teachinglearning environments (EVEA), for example,
has been one of the challenges imposed by the
health situation that the world lives today.
Instructional design
When applying the analysis of documents in the
review of several articles, book chapters and
theses, it could be seen that Instructional Design
(DI) is defined as a project that focuses on the
preparation of learning environments and
resource planning, materials and methods that
promote the quality of the teaching - learning
process, based on the characteristics of the
learners. Belloch (2012) states that DI defines
the phases through which the design of the
materials, the didactic work and the content of
the course must pass with a minimum of quality.
According to González and Flores
(2020), the instructional design involves
planning to know what means and how they are
going to be used, starting from the basis that the
objectives and contents have been established,
always having the characteristics and styles as
the central axis of learning that predominate in
the students that make up the group.
With this same perspective, De la Torre
and Sosa (2018) express that the main objective
of instructional design is based on guaranteeing
the level of teaching, efficiency and enjoyment
of learning, increasing the value of it for the
learner, this presents three fundamental
principles: the recognition of the results of the
instruction, how the contents are developed
within it and the form of evaluation of the
teaching - learning process.
In the instructional design it is advisable
to plan the systematic evaluations that lead to the
evaluation of the course from all perspectives,
from the skills acquired by the students, the use
of the means and resources used, as well as the
performance of the instructor during the course.
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Belloch (2012) mentions different
models of instructional design for virtual
learning environments, among which we can
mention: the Gagne model, the Gagne and
Briggs model, the Dick and Carey model, the
Jonassen model, the ADDIE model (for its
acronym) and the ASSURE model (for its
acronym), in essence, their difference lies in
their format and the phases that compose them.
Teaching - virtual learning modalities,
whether e-learning or b-learning, require
training proposals that must cover not only
knowledge of the concepts and contents of the
discipline being taught, but also the use of
technology as a tool transmission of information
and promoter of learning. Under this idea, the
realization of a DI that corresponds with the
environment and virtual models is conceived, to
systematically implement the activities that
facilitate the creation of knowledge.
In summary, an instructional design that
ensures the quality of the teaching-learning
process, avoids tedium, and fosters temporal
effectiveness, must include a planning that has
as its central axis the characteristics of the
students and as a starting point the objectives of
the subject and the analysis of its peculiarities so
that resources, means and tools can be related; It
is also recommended to include the moments
and types of evaluation that will be carried out in
order to assess the progress of the process.
The model assumed for the instructional
design that was modified as a result of the health
situation in which we find ourselves throughout
the year 2020 was the ASSURE model (for its
acronym: Analyzer learners, State objectives,
Select media and materials, Utilize media and
materials, Require leaner participation and
Evaluate and revise) according to De la Torre
and Sosa (2018) is a DI model that presents
behavioral, eclectic, constructivist and cognitive
approaches; However, it offers teachers the
facility to
subordinate
the
planning,
development, review and adaptation of learning
environments to the requirements of the students
under their tutelage.
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This model consists of six phases or
moments that go from the analysis of the group
with which they are going to work to the
assessment of the implementation of the course
both from the point of view of the skills achieved
by the students and the evaluation of resources
and subjects, as well as the teacher's
performance in it.
The first moment that the ASSURE
instructional design raises is to analyze the
characteristics of the students that make up the
group to work, this can be done from three
essential elements, characteristics of the student,
the skills to enter the course and what learning
style is used identifies in each of the students. It
is recommended that this analysis should be as
deep as possible and that all the particularities of
the learners be considered; "(A) Analysis of the
learners: consider all the characteristics of the
types of students or learners such as the general
ones, their skills, knowledge, and attitudes about
the subject, as well as the learning styles" (De La
Torre & Sosa, 2018, p. 7).
In a second moment, the objectives of the
course, the didactic units and the lessons must be
implemented; all must be related to each other
and it is advised that they take special
consideration of the characteristics and needs
determined in the previous phase of the
apprentices. Once these procedures have been
carried out, it is time to select the resources,
means and materials that will be used during the
development of the course and that will
guarantee the construction of knowledge; In this
regard, it is important to take into account not
only the characteristics of the students, but also
the objectives established for each moment of
the instruction.
When selecting and preparing the means,
tools and materials, it is recommended to bear in
mind that in addition to making use of those that
are available, or are found as a result of the
search, said materials can be modified and even
created in a way that contributes to quality in
learning. At this point, the participation of the
learners is required, as a guide to the process the
teacher expresses the importance of the
responsibility of self-learning, which will fall on
them 85%.
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The final phase of the model is the
evaluation of the course, which is recommended
to be carried out according to: academic
development of the student during the course,
implementation of resources, means and
materials for the acquisition of knowledge, and
the performance of the teacher. This assessment
facilitate the adaptation and improvement of the
DI for its future implementation.
Methodology
The promptness in assuming a model that would
allow the continuity of the pedagogical process
in the UAAUAZ determined that methods were
combined to search for theoretical-practical
references that would make possible the
modification of the instructional design of the
different disciplines and subjects, within them
Solfeggio. In this case, the methods used were
document analysis, survey, and pedagogical
observation, from the perspective of the
possibility of applying a model in the subject and
promoting
student
participation.
The
characteristics of the platform and the selected
model enabled the use of resources and tools that
allowed visualizing the creative activity of the
students and the development of the skills
described in the course program, based on the
guidance and instructions of the teachers.
ASSURE Instructional Design Model applied
in the Solfeggio subject with the students of
the 5th semester of the basic level of the Music
career at the UAAUAZ during the COVID-19
The description of the application of the
ASSURE instructional design in the Solfeggio
subject is made from the initials of the model.
A; Analizer learners: for this, the
semester and level of the students that make up
the group are taken into account; their
characteristics are determined, particularly age
range, sex, what instruments they practice and
the number of members of the group. The
identification data of the subject must also be
exposed. The Solfeggio subject that is taught at
the Academic Unit of Arts of the Autonomous
University of Zacatecas, in the area of music
knowledge for the 5th semester of the basic level
of the music career, has a theoretical and
practical orientation, a mandatory nature for the
road. In it, the process is conceived from practice
to theory, taking into account the characteristics
of the students and enhancing those of the
instruments they practice.
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It has two hour / class with teaching
intervention a week and two hours of individual
work; and a total of one SACTA credits.
The groups were constituted on the basis
of a minimum of nine students and a maximum
of sixteen, by characteristics of age ranges and
hours in which students could receive classes
with the intervention of the teacher. In particular,
the group in question is made up of 19 students
of both sexes, an average age of 16 years, they
are secondary level 9 and high school 10
students; they contribute to the family support 8,
a task that sometimes coincides with music
studies.
According to the program, the following
skills must be developed during the semester:






Identify the elements of musical
language, for a good development of
reading and writing.
Stimulate creativity in the student,
through
the
theoretical-practical
application of knowledge of musical
language.
Promote listening skills through the
practice of harmonic, melodic and
rhythmic aspects
Develop, through practice, the correct
musical calligraphy.

As an entrance to the semester
competition, students must master aspects such
as the sense of basic tuning, the recognition and
intonation of scales with up to five accidentals in
the key signature, intervals, triads and their
inversions, rhythmic execution of regular and
irregular figures in simple and compound bars
and sight reading.
At the end of the first phase of the
ASSURE model, a VARK questionnaire was
applied -for its acronym Visual, Aural, Read /
Write and Kinesthetic, presented by Neil
Fleming and Colleens Mills (2006) -, in order to
determine the different styles of learning that
predominates in the students who make up the
group. By learning style Estrada (2018)
understands a “… process through which skills
and abilities are acquired and modified” (p. 223),
that is, the way in which students learn and
acquire knowledge.
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However, he cites Smith (1988), who
had expressed a definition where the qualities of
this concept are identified: “… characteristic
ways by which an individual processes
information, feels and behaves in learning
situations” (Estrada, 2018, p. 223). The
application of the survey allowed the preparation
by phases of the means, materials and resources
that favored a better use of the learning time
according to the prevailing styles in the group.
Of the 19 students that belong to the group, five
of them have a visual learning style, six have
kinesthetic, three have literacy, two are auditory,
and one is composed of visual literacy; This
allowed planning, creating and / or modifying
the tools to guarantee the cognitive process.
S; State objetives allows decreeing what
must be learned in each of the units. These
should be formulated with clear language
establishing the goals, their content and the
degree of acceptance in which these should be
carried out at the end of the activities. It is
suggested to check that the objectives contain
the competencies and / or abilities that were
determined for the entire course.
The particularities in the formulation of
the objectives allow the student to know the level
and quality in which the results must be achieved
at the end of each subject and, based on this,
carry out a systematic self-evaluation.
S; elect media and materials; in this case,
those that favored the acquisition of knowledge
and fostered practice for the development of the
skills described in the program were selected and
used. At all times, the interrelation with the
results obtained by the questionnaire was
weighed, always trying to favor attention to all
the learning styles that predominate in the group.
As experience, it could be seen that there
are three factors to consider in this phase:
modification, editing and / or creation of the
resources that will be used in the teachinglearning process. On this basis, a list of materials
was drawn up, which facilitated the assessment
of their relevance and updating for the correct
evolution of the process. Subsequently, the
modification of those aspects that were
considered outdated or that required it given the
characteristics or needs of the students was
made. Finally, the creation of materials,
resources and means necessary for the
acquisition of content was estimated.
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U; Utilize media and materials. First, the
entire course was mounted on a MOODLE LMS
(Learning Management System) platform,
which would support the entire process during
the course and which also served as a means of
communication between teacher - student group.
Resources such as video conferences,
audiovisual materials, Web 2.0 tools, podcasts,
and mobile applications such as metronomes,
tuning forks and / or tuners, among others,
together with the instructions for synchronous
and asynchronous activities, helped develop the
teaching process - learning during the
contingency period promoting self-learning and
in some cases collaborative work.
R; Require leaner participation, which
was done through the use of resources such as
video recording and podcasting. Creation in the
apprentices was a fundamental factor and not
only were they required to compose melodies or
rhythmic schemes, but they were encouraged to
share their creations with their peers so that they
could interpret them; In this way, constructive
and self-critical criticisms of the works were
encouraged.
Among the positive experiences of the
synchronous activities with the help of the
platform, we can mention the active
participation of the apprentices in the video
classes programmed in mutual agreement, the
exhibitions, advice, talks and debates that were
carried out through the use of chat. Similarly,
asynchronous activities were developed; one of
those that had the greatest weight during
confinement was knowing the platform on
which they were going to work. To this end, an
initiation within a week was developed where it
was shown how the work should be done; during
this time, the students were able to become
familiar with it by editing their profile,
uploading files, editing and creating videos and
podcasts, among others.
E; Evaluate and revise. this last phase
comprised two main moments, a systematic
evaluation and an exam at the end of the course.
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With the systematic evaluation it was
possible to verify the work that was being carried
out during the course, which served to identify
individually the needs presented by each of the
students and where the advice and intervention
of the teacher or another student was required to
skill development.
At the end of the course, the students
took an exam that consisted of two parts, one
written, more focused on theory, whose main
points were literacy, auditory recognition and
correct musical calligraphy; and another oral
part, which was more oriented towards
mastering practical skills. These evaluations
made it possible to verify the academic progress
achieved by the students during the semester.
As part of the evaluation of the course, a
survey was carried out where students were able
to give their opinion in correspondence with how
they felt the development of the instructional
process at this stage; the criteria on the materials,
elements and tools used and designed by the
teacher, as well as the participation of the latter
in the teaching-learning process, had a positive
impact on the improvement of the new course.
Discussion of the results
Facing the new way of working, in an EVEA,
within the subject was something totally new;
There were situations that made the teachinglearning process difficult, among which we can
mention the irregular quality of internet access
that some students had, the economic-social
situation of them and their families, health
situations that some they were presented either
by their relatives, among others, which at the
time led to adverse and negative reactions on the
part of the learners and their attention from the
teachers, as well as the modification of some
individual preparation activities.
At the beginning of the semester, the
entrance skills to the course were assessed with
the expectation of knowing what the domain
over them was; As expected, unlike the
instrument, it was found that the skills in which
a significant evolution was denoted were those
that were closely linked with instrumental
practice; This is due to the fact that Solfeggio is
not a discipline that students practice
conscientiously during the vacation period,
experience indicates that they focus mainly on
the improvement of technique and the practice
of their instrument.
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The initial diagnosis of the semester
could be classified as satisfactory, because
despite everything, the students showed a
mastery of the skills to enter the course; during
the first weeks, the quality of the freelance jobs
was constantly questioned as they were below
the level required of them. However, as the
weeks passed, the management of the platform
became more intuitive and the constant
communication between teacher - student,
teacher - group, student - student and student group, positively influenced learning and
progress academic.
Sharing experiences through video
conferences, study tips to improve practice, that
each student exposed their study methods,
contributing to their classmates and motivating
them to continue their academic development
was reflected in the systematic evaluations that
were carried out, where At the beginning, the
group, for the most part, saw reflected grades of
between 4 and 5 points on average based on 10,
at the end of the semester these rose to 8.
Individually and making use of the
messaging, private and group, offered by the
MOODLE platform, the students expressed
satisfaction in seeing their academic progress, in
the same way, when presenting any doubt or
need for work in any skill, they requested the
intervention of the teacher, or Well, when
receiving feedback on their work, they exercised
and incorporated the elements that the teacher
indicated.
As for the final evaluation, this showed
that of the 19 students who made the initial
diagnosis, 16 managed to improve in aspects
such as intonation of melodies to one, two or
more voices, scales, triads, intervals and
inversions, in tuning, in the reproduction of
rhythmic and polyrhythmic schemes and in sight
reading. Graph 1 shows an assessment and how
the the progress of the students behaved between
the initial diagnosis and the final exams. It
should be noted that for reasons unrelated to the
discipline three of the apprentices could not
complete the course.
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The results showed that collaborative
work could be greater, although it is understood
that the subject is, generally, individual work;
They also expressed that what they learned
during the semester was very supportive in the
practice of their instrument and in their academic
development.

3

Conclusions

2
1
0

Semester start

End of semester

Graphic 1 Comparison of scores of diagnoses at the
beginning of the semester and at the end of the same.
Source: Self Made

To assess the implementation of the
course, as well as the role that the teacher played
in it, a survey was used where the students were
able to express their opinions. From their results
it was possible to perceive that the students did
not feel neglected, there were some who
requested more practical exercises, while others
requested more time for the delivery of external
activities, having a lot of study load; The
teacher-student-group communication was
valued as positive, expressing their satisfaction
with the work through forums, wikis, chats and
messages where they could express their doubts
and concerns and in a synchronous and / or
asynchronous way, both the teacher and their
peers provided various solutions.
It was observed that the majority of the
students declared that the LMS - Moodle
platform was very user-friendly and works
satisfactorily, although they expressed that
among the main drawbacks of the course was the
problem of internet access, not being able to
participate synchronously in the video classes
due to work reasons, health or family issues,
however, they expressed satisfaction with the
opportunities that the teacher gave them to carry
out activities at the wrong time and to take into
account the special situations that were
unexpectedly presented to them.
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The exceptional conditions in which the course
has been developed and within this the Solfeggio
subject during 2020, in which the pandemic that
still plagues the world has claimed many lives,
led to the assumption of educational models that
would enable distance work in subjects that
traditionally they developed the teachinglearning process in person.
The characteristics of an instructional
design that adopts the ASSURE model favored
the assembly of the Solfeggio subject on the
MOODLE platform, which facilitated the
continuity of the process and the creative
participation of students regardless of the
problems and difficulties they faced during the
course.
The instructional design based on the
ASSURE model made it possible that during the
teaching-learning process the characteristics of
the learners and the objectives were addressed;
and taking into consideration the above aspects,
the means, resources and materials could be
selected, discriminated, modified, edited and
created that will promote the participation of
students for the proper development of learning.
Finally, the design allowed to carry out a
satisfactory assessment on the implementation
of the course from the three main elements: the
academic evolution of the students and their
opinion about the role played by the teacher and
the tools used during the course. At the end of
the semester, the students expressed good
opinions about the application and use of the
Moodle platform for work, as well as the use of
resources and tools that allowed a greater
understanding of the contents. In the same way,
they stated that the teacher-student-group
communication was effective throughout the
semester and with the use of the ICT tools that
were enabled for it.
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Abstract

Abstract

The recent COVID 19 pandemic has brought with it a
different way of living for all humanity, in this situation
the way we communicate, socialize, shop and work among
many other activities has changed considerably. The main
objective of this research is to detect whether
psychological problems such as: anxiety, depression,
stress, exhaustion, and low concentration are factors that
influence work and school deterioration in people who
carry out activities ON-LINE. The investigation was
realized in the municipality of Nezahualcóyotl during
confinement at home due to the COVID-19 pandemic. The
research results highlight that the main psychological
problems presented by students and employees is
"exhaustion" (27%), followed by "low concentration"
(26%) and "stress" (18%). More than half of the
interviewees consider that the origin of these
psychological problems are workloads and tasks; While
11% say it is due to the situation of the pandemic and in
the presence of these problems, 89% say that they have
caused the deterioration of their activities.

La reciente pandemia por COVID 19 ha traído consigo una
forma de vivir diferente para toda la humanidad; ante esta
situación la forma de comunicarnos, socializar, comprar y
trabajar entre otras muchas actividades, han cambiado
considerablemente. La presente investigación tiene como
objetivo central detectar si los problemas psicológicos
como: ansiedad, depresión estrés, agotamiento, y baja
concentración son factores que influyen en el deterioro
laboral y escolar en las personas que realizan actividades
ON-LINE. La investigación se desarrolló en el municipio
de Nezahualcóyotl durante el confinamiento en su hogar
por la pandemia de COVID-19. Los resultados de la
investigación destacan que los principales problemas
psicológicos que presentan los estudiantes y empleados es
el “agotamiento” (27%), seguido de la “poca
concentración” (26%), el “estrés” (18%). Más de la mitad
de los entrevistados consideran que el origen de estos
problemas psicológicos son las cargas de trabajo y tareas;
mientras que el 11% dice ser por la situación de la
pandemia y ante la presencia de estos problemas el 89%
dice que han sufrido enfermedades psicológicas, lo que
provoca el deterioro de sus actividades.
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Introduction

General

Given the emergence of the COVID19 pandemic
that originated in the country of China and
spread to Mexico in April 2020, citizens have
had to remain in confinement to avoid massive
infections.

Detect if psychological problems such as:
anxiety, depression, stress, exhaustion and low
concentration are factors that influence work and
school deterioration in people who carry out
activities ON-LINE in the municipality of
Nezahualcóyotl, during confinement at home
due to the pandemic of COVID-19.

This confinement has brought with it that
education and many work activities are carried
out from homes and more than 8 months of
working or studying at home (ON-LINE), some
people have begun to suffer some psychological
problems such as stress, depression, anxiety ,
low concentration and exhaustion among others.
The main objective of this research is to know to
what extent the population of students and
workers of Ciudad Nezahualcóyotl have
presented some of these symptoms to the
detriment of their health, school and work
performance.
It is worth mentioning that some people,
when
presenting
the
aforementioned
psychological problems, do not give it the
required importance, however they begin to
decrease in their daily tasks or affect their
personal relationships.
At the same time, it is very important to
raise awareness and analyze ourselves as people
if confinement is causing us some of these
psychological problems and if it has any
repercussions on school or work life. It is vitally
important that they can be detected and treated
in time, to help improve their emotional state and
work or school performance.
This research can provide important
information that supports municipal authorities
and educational institutions to carry out social
campaigns that help people improve their
emotional state. In this sense, the following
question arises:
What are the psychological problems
that cause deterioration in work and school
performance in people in their ONLINE
activities who inhabit the municipality of
Nezahualcóyotl
during
the
COVID-19
pandemic?
Likewise, the following objectives are
established in the investigation:
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Specific


Know which are the psychological
problems that students and employees
who carry out activities ON-LINE during
confinement present the most.



Detect the levels of stress, chronic
exhaustion, anxiety, low concentration
and depression caused by ON-LINE
activities during confinement due to
COVID 19.



Detect factors external to work that cause
lack of concentration in students and
employees.



Know which or which of the
psychological problems (stress, chronic
exhaustion, anxiety, low concentration
and depression) are causing the
deterioration in the performance of their
ON-LINE activities.



Know the type of stress (chronic or
acute) students and employees consider
to be presenting due to confinement at
home during their ON-LINE activities.



The following sections present the
method, theoretical framework, results
of applied research with a sample of 123
people, conclusions and bibliographic
references.

Method
The study had a quantitative, descriptive and
non-experimental approach, the data were
analyzed through absolute and relative
frequencies, in addition, in some cases statistical
measures such as the mean were obtained, the
variables were not manipulated to perform the
analysis, only the findings of each of these.
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Universe and study population

Theoretical framework

It was taken as the universe of study Ciudad
Nezahualcóyotl that according to data from the
INEGI, 2015 census are 1,039,867 being the
population to be investigated ages between 15
and 50 years that corresponds to 54.2%
equivalent to 563,608 (INEGI Population and
Housing Census 2015) and of There, they took
students and employees who carry out activities
ON-LINE that, according to the Study of Media
and Device Consumption among Mexican
Internet Users, Internet users against COVID19, 45% take online actions to work and 33% to
study , resulting in 439,614 elements that make
up the population under study.

In order to carry out this research, it was
necessary to document various topics to
understand what are the main psychological
problems that the COVID19 pandemic is
causing from the point of view of some
specialists in the field in addition to what is
confinement First it is important to mention that
according to the International University of
Valencia psychological problems are considered
mental disorders and one in five people in the
world suffers from one. The three most common
are: anxiety disorder (AD), mood disorder
(depression or mania, bipolar, dysthymia,
premenstrual dysphoric or seasonal affective),
with depression and finally externalization
disorder; This includes attention deficit and
hyperactivity disorder, oppositional defiant
disorder, conduct disorder and intermittent
explosive disorder (International University of
Valencia, 2017)

Sample
To calculate the sample size, we worked with the
formula for finite populations of the normal
distribution curve, a confidence interval of 95%
was used, probability in favor and against 50%
and standard error of 9%, giving as resulted in a
sample of 123 items.
Sampling
To select the sample, the non-probabilistic
"Snowball" was used, this is based on
recommendations, an element is randomly
selected and references to other elements are
requested until the sample under study is
selected. The information was collected through
the Microsoft Teams platform, where the
questionnaire was elaborated and edited with 18
questions, most of the questions were closed
with nominal and ordinal scales. The
compilation of the aforementioned information
was carried out by the students of the
Technological University of Nezahualcóyotl of
the TSUDNM 42M group. The questionnaire
was piloted and validated in advance with 20
people, once it was corrected and adapted, the
link was taken and shared via email, Facebook
and WhatsApp, among acquaintances to be
answered.
Once the 123 questionnaires were
answered and the data obtained on the platform,
they were edited in EXCEL and the results tables
and graphs were made to analyze the
information.
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Although for some medical specialists
they also consider post-traumatic stress as a
mental disorder. On the other hand, what is
COVID19 is defined, according to the WHO
(World Health Organization) it is the infectious
disease caused by the coronavirus that has been
discovered more recently. Both this new virus
and the disease it causes were unknown before
the outbreak broke out in Wuhan, China, in
December 2019. Currently, COVID 19 is a
pandemic that affects many countries around the
world. (WHO 2020).
Within the measures to prevent the
spread of this virus. The WHO has established
the Public Health and Social Measures (MSPS)
considering that they are crucial to contain the
transmission of COVID-19 and reduce mortality
from this disease.
MSPS include those related to personal
protection (such as hand washing, protection
against coughing and sneezing, and the use of a
mask); environmental ones (such as cleaning,
disinfection and ventilation); surveillance and
response (including contact tracing, isolation
and quarantine); physical distancing (eg,
limiting the number of people gathered,
maintaining distance in public places or
workplaces, internal mobility restrictions); and
those related to international travel. (WHO
2019)
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In this sense, confinement refers to
isolation or quarantine that was one of the
measures that was established at the beginning
of the pandemic, this is how the Educational
Institutions of the Country decided to suspend
classes in April 2020 and start online education,
in the same way, many companies also
implemented the Home Office work strategy.
So far they have already been working on
education and online work for approximately 9
months to try to maintain social isolation.
Online
distance
education
is
conceptualized as the teaching / learning
activities in the cognitive and / or psychomotor
and affective domains of an individual learner
and a support organization. It is characterized by
non-contiguous communication and can be
carried out anywhere and at any time, which
makes it attractive to adults with social and
professional commitments. On the other hand,
Keegan (1988, p. 30) distinguishes it from other
modalities by: a) the physical separation
between teacher and students; b) by the
existence of an educational institution that
orders the process; c) by the use of
communication means in student-teacher
communication (means that have evolved over
time and that some of them must necessarily be
two-way); and, finally, d) because it is an
industrialized form of education, which radically
differentiates it from other more "artisanal"
educational modalities. Holmberg (1989, p. 168)
In the same way, the Home-Office is defined as
the telework possibilities that we currently have
thanks to new technologies that have allowed
many professionals to make their home their
own workplace, their office. This is what in
English is called home office, a term that is also
used in Spanish.
Continuing with the previous line of
language, in our reality the home office has
another meaning: the central headquarters (home
as home) of a company that has several
headquarters, buildings or delegations. In this
sense, home office would mean the place where
the highest management positions work, and
where global decisions are made.
Home office is made up of two words:
home, which means "home", and office, which
means office.
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One of the main problems that is
presented by school and work is stress
Orlandini (1999), following the tradition
that conceives stress as excessive tension, points
out that “from preschool grades to postgraduate
university education, when a person is in a
learning period they experience tension. This is
called academic stress, and it occurs both in
individual study and in the school classroom ''
(Barraza, 2004, p. 143).
Along the same lines, Caldera, Pulido
and Martínez (2007) define academic stress as
that which is generated by the demands imposed
by the educational environment. Consequently,
both students and teachers can be affected by this
problem. However, we are going to focus on the
academic stress of the students.
On the other hand, there is a
psychosocial approach to academic stress, which
emphasizes the psychosocial factors that can
cause it, and which conceives it as: the
discomfort that the student presents due to
physical, emotional factors, whether of an
interrelational or intrarelational nature, or
environmental that can exert significant pressure
on individual competence to face the school
context in academic performance, metacognitive
ability to solve problems, loss of a loved one,
taking exams, relationship with peers and
educators, search for recognition and identity,
ability to relate the theoretical component to the
specific reality addressed (Martínez and Díaz,
2007, p. 14).
And work stress, where the growing
pressure in the work environment can cause the
physical and / or mental saturation of the worker,
generating various consequences that not only
affect health, but also their immediate
environment since it generates an imbalance
between work and the personal. Its symptoms
are: Emotional (Anxiety, fear, irritability).
Behavioral (decreased productivity, making
mistakes). Cognitive (Difficulty concentrating,
confusion, forgetfulness, reduced ability to solve
problems. Physiological (Contracted muscles,
headache, back or neck problems, upset
stomach, fatigue, infections, palpitations, rapid
breathing, increased pressure blood pressure,
exhaustion, increased risk of obesity and
cardiovascular problems, memory impairment,
sleep problems (IMSS, Instituto Mexicano del
Seguro Social).
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With confinement some of the problems
that have been presented are: feeling
overwhelmed, that is, an anxious clinical
condition. Even if it lasts a little longer, clinical
related to depression: having less desire to do
things, to enjoy a little less. If anxiety becomes
chronic, there may be symptoms of low spirits.
There are also people with deceased relatives
these days and they have not been able to say
goodbye to them. These are more critical
situations that can lead to a greater increase in
anxiety or depression, and even turn into acute
stress syndromes; a maximum anxiety caused by
impotence in the face of the situation. If these
symptoms last over time, it can cause certain
mental illnesses, related to anxiety and
depression (Ruiz M, 2020)
Brooks et al. (2020). In a recent review,
they exposed the psychological impact of
quarantine on some epidemics that have plagued
humanity so far in the 21st century (SARS-CoV,
MERS-CoV, A / H1N1 flu and Ebola), noting
that this measure has had a negative effect on
people's mental health. The authors described a
higher prevalence of mental symptoms, such as
distress, anxiety, sadness, low self-esteem,
anger, rage, isolation, low mood and insomnia,
and the appearance of disorders such as
depression, anxiety, obsessive-compulsive
disorder , post-traumatic stress and suicide,
among others.
These mental consequences are the result
of the stressors associated with quarantine and
can be extrapolated to the context of the current
COVID-19 pandemic. Among the stressors are
the long duration of the quarantine, frustration,
boredom, loneliness, fear of contracting the
disease or infecting someone, lack of
information, lack of sufficient supplies
(medicine and food), financial losses, the stigma
of discrimination, economic imbalance or the
processing of a grief without culturally learned
rituals to be able to watch over and fire the
family member, among others. (Jordan R.E et.
Al. 2020).
These problems have arisen in people
due to quarantine and confinement; conditions
that have caused notable changes in their habits
and that have led them to implement a work or
study method adapting their environment (space,
time, lighting, furniture and resources in
general) to fully and efficiently comply with
their activities
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However, it is important to mention that
the study refers to the psychological problems
that students and employees who are working
online are having, which is the central objective
of the research, to have a status of the part of the
population that in Mexico is carrying out these
activities, the “Study of Media and Device
Consumption among Mexican Internet Users
was reviewed; The Internet user facing COVID19 ".
The following Graph describes that the
45% who carry out online activities, do it to
work and 33% to take classes-courses (study).

Graphic 1
Source: iab Mexico Televisa Digital. (2020), Study of
Media and Device Consumption among Mexican Internet
Users, The Internet user against COVID-19

According to the study, online actions
during the COVID 19 pandemic have also
brought the use of applications such as mail and
online search engines, downloading of Apps:
videos, food delivery service, video calls,
increased frequency of purchases in online,
diversification of categories and payments for
services, listening to radio in traditional and
online media, consumption of content on
altruism and social causes in the face of
contingency,
online
education,
online
transactions have accelerated that already
presented an evolutionary trend, such as :
banking transactions and payment of services
and "Home Office", which was already in a
growing trend and accelerates in the face of
COVID-19.
The results show which are the
psychological alterations-disorders that people
are presenting the most as a result of academic
and work-at-home activities, and that these data
are useful to companies and institutions to
implement actions-strategies that contribute to
people to counteract these effects on personal
health and improve their respective performance
conditions.
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Results
As mentioned above, the research was carried
out with a sample of 123 people from the
municipality of Ciudad Nezahualcóyotl. with the
objective of determining how the psychological
problems caused by the confinement to which
the population has been subjected due to COVID
-19; have impacted on job or school
performance.

During the period of the investigation,
100% of the respondents carried out their
activities ON LINE. In relation to the problems
they have suffered from confinement,
exhaustion and poor concentration stand out, and
thirdly stress, although it should be mentioned
that the first two can also be the result of stress
due to the different activities carried out ON
LINE and being the most some of the time at
home. See the following Graphic.

Of the 123 people surveyed, 51%
correspond to males and 49% to females, as
shown in the following Graphic.
Gender

Problems due to confinement
27%

18%

26%

17%

123 People

12%

Male

51%

Female

0%
Stress
disorders

49%

47%

48%

49%

50%

51%

52%

100% of the interviewees live in Ciudad
Nezahualcóyotl and 37% are workers and 63%
students.
Ocupation

Perccentage

Aanxiety.

A Few
Depression
concentration

Regarding the frequency with which they
suffered psychological problems, more than half
of those investigated (54%) expressed having
suffered them once a week.
123 People

Frequency
54%

17%
11%
Worker
37%

123 People

None

Graphic 5

Graphic 2

70%
60%
50%
40%
30%
20%
10%
0%

Exhaustion

Student
63%

Daily

Once a week

Every 15 days

17%

Twice a month

Graphic 3

Graphic 6

The ages of the interviewees fluctuate
between 15 and 50 years, with the highest
percentage being 19 years (24%) and 20 years
with 11%.

The main reason why psychological
problems occur, according to the interviewees,
overload of work and tasks and the demands in
these activities (85%).

Age
25%
20%
15%
10%
5%
0%
0

10

20

30

Age

40

50

60

123 people

Graphic 4
Graphic 7
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89% expressed having suffered
deterioration in the performance of their
activities due to the psychological problems
presented, especially due to exhaustion and
stress as shown in the following Graphic.

In relation to the frequency of the
problems presented, it is observed that more than
half also answered that once a week and when
obtaining the average, it gives 10 times a month.
Frequency

Impairment due to psychological problems

123 People
54%

123 People

Answer

No

11%
17%

Yes
0%

50%

17%

11%

89%
100%

Percentage

Daily

Graphic 8

Once a week Every 15 days Twice a month

Graphic 11

In the investigation, they were
questioned about the consequences suffered by
the deterioration of their work and the main
answers given were: low grades in students and
penalties at work.

The level of exhaustion due to
confinement and work ON LINE, showed
“Much” according to the average, as expressed
by the respondents.
Exhaustion level

Consequences

123 People

Answer

123 People

None
Sanctions
School dropout
Low grades
Unemployment.

60%

11%

29%
30%

11%

5%
46%
8%
0%

Much
20%

40%

A few

Graphic 12

Percentage

Graphic 9

Considering that stress is one of the main
psychological problems that can affect activities
in students and workers, they were asked the
type of stress that has influenced during
confinement and it was detected that 53%
chronic stress and only a third answered that
none.

According to irritability, 79% answered
that they have suffered from this problem.
Irritability
79%

21%

Yes

What kind of stress disorder influences your
online activities?

Graphic 13

Answer

33%

Chronic stress
Episodic stress

No

123 People

123 People

None of the above.

Nothing

60%

53%

With regard to anxiety and the average
obtained, it can be said that this psychological
problem has suffered "a little".

15%
Percentage
0%
20%

40%

60%

Graphic 10
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Anxiety
123 People

54%

30%

And on the problem of depression, a quarter
of those surveyed stated that they had presented a lot,
while 41% of those surveyed had a low level, in such
a way that when obtaining the average the indicative
is "Little".

16%

Depression
60
A few

no anxiety

Graphic 14

41%

50

Percentage

Much

123 People

40

30%

28%

30
20

Regarding the control of their emotions,
opinions are very similar, let's say that half if they
control them and the other half do not; as shown in
the following Graphic.

10
0
Much

A few

None

Graphic 18
46%

Control of Emotions
44%

11%

Derived from depression, the respondents
were asked if it influenced their isolation with the
family, 37% expressed having suffered from this
problem.
Family Isolation

No

Sometimes

123 People

Graphic 15

Of the 123 people surveyed, half indicated
that they suffered a lack of concentration in the
confinement and the ONLINE work states that it is
due to technical failures.

123 People

100

Percentage

Yes

63%

80
60

37%

40
20
0

Yes

No

Graphic 19
Lack of concentration
123 People
50%

20%
14%

11%

6%
Noise

Technical failures

Famiy

Other responsibilities

None

Graphic 16

67% of the people surveyed responded that
they had lost interest in their activities, due to
ONLINE work.
Lack of interest
123 People

67%

23%
11%
Yes

No

Conclusions
Psychological problems are considered mental
disorders, however for the research they were
classified as problems. Those who suffer the
most are anxiety and depression, with posttraumatic stress also being considered a disorder.
According to WHO studies, those that are
occurring the most in the pandemic caused by
COVID19 are feeling overwhelmed, anxious
and depressed due to confinement or health
problems and deaths of family or friends.
Considering that the general objective of the
research was to detect if psychological problems
such as: anxiety, depression, stress, exhaustion
and low concentration are factors that influence
work and school deterioration in people who
carry out activities ON-LINE in the municipality
of Nezahualcóyotl , during confinement at home
due to the COVID-19 pandemic.

Sometimes

Graphic 17
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According to the research carried out, the
main psychological problems that students and
employees who work ONLINE claim to have are
exhaustion (27%), low concentration (26%)
(symptoms of stress due to overwork) and with
percentages less than 19% stress anxiety and
depression. According to the averages (means)
obtained in the analysis, the interviewees
consider that they have a lot of exhaustion, little
anxiety and little depression. But if you have a
chronic stress 53%. 79% answered having
suffered irritability and 67% lack of interest to
carry out their activities.
The psychological problems they have
had; say they are overworked and demands on
their performance, however less than half say
they have control of their emotions.
Finally, it is concluded that all the
psychological problems that they have presented
if they are deteriorating the performance of their
work and academic activities, 89% answered
that they were affected in this sense and as
mentioned above it is having an impact on the
exhaustion, lack of concentration and stress that
is is giving in ONLINE activities during
confinement due to the pandemic caused by
COVID19.
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Resumen

Globally, education changed dramatically due to the
SARS-CoV-2 virus pandemic. Consequently, literacy
became important as an adaptive response measure of
basic education students in virtual classes. In this research,
it analyzes the development of digital literacy as an
effective tool in the teaching-learning process in virtual
education. For them, an evaluation instrument with 40
variables on a ratio scale and 5 on a nominal scale (final
Cronbach's alpha of 0.950) is used. This instrument was
applied to basic education teachers in Oaxaca,
Aguascalientes and Durango. Statistical test was
performed to determine the factor analysis and ANOVA
in order to find the main variables that are related to digital
literacy in the three selected states. The main conclusions
were: 1) the teachers overcame the difficulties in the use
of virtual platforms and digital media during the pandemic
and, 2) they achieved the understanding of the contents by
the students. Greater emphasis is suggested on monitoring
and evaluating distance education in order to find viable
strategies according to the needs of the students

A nivel mundial la educación cambió drásticamente
debido a la pandemia por el virus SARS-CoV-2. A
consecuencia, la literacidad se volvió importante como
una medida de respuesta adaptativa de los estudiantes de
educación básica en las clases virtuales. Esta investigación
busca analizar el desarrollo de la literacidad digital como
una herramienta eficaz en el proceso enseñanzaaprendizaje en la educación virtual. Para ello se utiliza un
instrumento de evaluación con 40 variables en escala
razón y 5 variables nominales (alfa de Cronbach final de
0.960). El instumento fue aplicado a docentes de
educación básica en los estados de Oaxaca,
Aguascalientes y Durango. Se realizaron pruebas
estadísticas para análisis de factores y un ANOVA con la
finalidad de encontrar las principales variables que se
relacionen con la literacidad digital en los tres estados
seleccionados. Entre los principales hallazgos se
encuentran: 1) los docentes superaron las dificultades en
el uso de las plataformas virtuales y medios digitales
durante la pandemia, y 2) lograron la comprensión de los
contenidos por parte de los estudiantes. Se suguiere mayor
énfasis en el monitoreo y evaluación de la educación a
distancia con el objetivo de encontrar estrategias viables
según las necesidades de los estudiantes.
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1. Introduction
At the beginning of the year 2020 with the
arrival of the SARS-CoV-2 virus that causes the
COVID-19 disease, the normal development of
each country began to take a drastic turn in
different perspectives of daily life. One of the
most affected aspects was education, where
teachers and students found it necessary to
change their classes in person to work through
various digital platforms. The sudden adaptation
to the virtual modality implied a series of
changes and adaptations in the teaching and
learning processes, mainly in the use of virtual
media. It is important to note that interacting
with digital media is a process that does not
necessarily require a formal educational context,
in fact, the appropriation of devices, programs
and information systems could occur through
non-formal educational contexts of trial and
error. This form of learning takes up
constructivist aspects and proposes a coherent
way of how the teacher and / or student can
instrumentally appropriate digital technology.
In this sense, the important thing is not to
identify, but to know how to train teachers and
guide students, so that apart from being users of
the internet or of various digital devices, they
know how and when to use audiovisual media
correctly. In both cases, it is important to
promote an intellectual growth focused on
academics and professionals, it is to learn to use
digital resources and media for education with
the help of learning in literacy. For the
educational context, knowing how, for what and
how much students and teachers use
technologies at different educational levels is a
priority today. We talk about audiovisual
resources and media every time they are more
systematized with a person's daily life, causing
them to be placed in a position where it is easier
to fall on the side of leisure and entertainment,
instead of personal, academic or training.
professional.

In the present research work, an analysis
was carried out about the development of
literacy in students of basic education, through
digital media, during virtual education derived
from the COVID-19 pandemic. A comparison is
presented in three states of the Mexican
Republic, one in the north (Durango), the center
(Aguascalientes) and the south (Oaxaca) to
know how the educational process was during
this school period in terms of the use of
technology and literacy development.
2 Study Background
2.1 Literacy
At first, reading and writing in the history of
mankind has been associated with the literacy
process, although this term has only been related
to learning a technique to decode a certain
written system that states that for the Romans
“Reading was giving his voice back to the text”
(Ferreiro 1997).
The educational situation faces an
important challenge, the transition from
classroom teaching to digital. In this context,
institutions such as the OECD (Organization for
Economic Cooperation and Development) are
conducting numerous studies by collecting data
and analyzing to face this transformation,
coordinating in turn, policies that allow
addressing this important challenge with
alternatives that provide strategies for this
transition (OECD, 2018).
In this way, the practices of reading and
writing have been simplified to the oralization of
linguistic signs (linguistic approach) or the
interpretation of the text from the cognitive
abilities of the reader (psycholinguistic
approach). However, it is important to
understand literacy as a set of social practices, in
which reading and writing are thought of as
social tasks (Barton, et al., 2000).

The importance of continuing to address
issues related to digital media in education lies
in the use of these to carry out academic
activities. The global health emergency caused
by the COVID-19 disease is forcing educational
institutions to implement the use of technology
as an unprecedented academic lifestyle, for
which in the educational field the main actors
had to rethink each one of them. their teaching
and learning strategies.

Ferreiro (1995) argues that reading and
writing have social uses, since it is not reduced
to the interpretation and production of graphic
marks, but the culture of writing is present in the
daily life of the human being. On the other hand,
for Cassany (2005) the understanding of written
codes is understood as a social act that brings
together the set of individual interpretations that
constitute the collective meaning.
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Regarding the social practices of
language in digital spaces, Cassany (2003)
describes and analyzes the impact of new
technologies on the domestic and academic
literate practices of a group of Mexican adults
who work abroad, seeking to categorize them
according to a type user of ICTs (Information
and Communication Technologies). This new
reception process is translated into new learning
based on collaboration, active involvement and,
ultimately, an interactive relationship that
directly affects communication between the
instructor and the students, thanks to the new
spaces and new tools offered by the internet.
Similarly, it is pertinent to understand
that contemporary reading and writing take as a
starting point the interpretation of individuals for
the construction, which, from a given
community, is made of the culture of writing.
Thus, Freire (2004) states that "literacy has to do
with individual and class identity, it has to do
with the formation of citizenship".
From the previous approach, literacy is
related to criticality competence, which is
required in the formation of society. Taking into
account the literacy-democracy relationship,
Pérez (2004) places some functions of the school
as a setting for the development of political
consciousness, since reading and writing from
the perspective of sociocultural practices require
the exercise of society.

The previous approach invites us to think
about the new forms and mediations by the
teacher to generate new alternatives to the social
practices of language.
Faced with the challenges posed by the
new ways of reading and writing, Levrato (2014)
emphasize that in internet media literacy a new
culture begins, identifying the forms, practices
and perceptions of digital reading. In addition,
there is critical reflection, media transition,
humanism and creativity.
It is important to highlight that literacy is
linked to digital contexts, since a person in his
wake at different academic levels develops
search, analysis, criticism and comprehension
skills due to the tasks that are presented to him.
From this new perspective, literacy
forces us to rethink how the social dynamics
around reading and writing open ways to
reconfigure the meaning of the social practices
of language that circulate in school, emphasizing
the interactions of the subjects and their
relationship with culture.
2.2. Digital media

Learning a language implies the
recognition of a common space for the citizens
of a certain community. Ferreiro (2013)
recognizes that when the child enters the culture
of writing, skills and competencies in reading
and writing are built to strengthen participation
and development of autonomy. Although, it
should be taken into account that this concept
focuses on literacy processes, differing from the
conception of reading and writing as literacy
practices.

The progress of the initiatives that the education
sector has carried out in the use and
incorporation of digital media and computer
technology in schools can be observed in: 1)
level of availability and use of technology, 2)
innovation in environments of learning, 3)
content design and production, 4) development
of didactic strategies, 5) application in the
classroom and, 6) the impact obtained. Attention
can be transferred from the classroom to the
student, making a different pedagogical effort;
which includes the organizational structure of
human, administrative and teaching teams. The
foregoing to achieve educational attention at
least as good as the face-to-face one in the
current classroom (González, 2011).

Furthermore, the emergence of ICTs has
generated transformations in social practices,
that is, the culture of writing has evolved and
new reading guidelines have emerged. Ferreiro
(2013) maintains that “there are new demands
towards the reader. The reader in search of
information lacks the indicators, built over
centuries of editorial practice, that allow giving
reliability to a text before being read”.

The digital medium (audiovisual) for
Moore (1996), is part of the didactic resources
called multisensory and tries to approximate
teaching to direct experience using perception,
hearing and sight as channels. In this way, the
audiovisual medium recreates images, words
and sounds. The supports can be both printed
and electronic; for example: photography, film,
radio, television, comics.
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Audiovisual media are becoming
accessible to everyone and have increasing
power with families within their homes and in
educational institutions. Reason why, it implies
a great challenge for the educational system in
general.
In this sense, McLuhan (2011) mentions
that written language can be accessed not only
through the book, but also with camera
movements, gestures, photographic or digital
montages. Likewise, he brings language closer
to its true, more complete social reality,
transcends the oral, adds the possibility of sound,
gestural symbols, all kinds of reality, including
virtual reality; the creativity of the human race
and the technical advances that make the earth a
world without communication borders.
One of the positive aspects, a result of
this paradigm shift in the development of
training experiences and the implementation of
technological tools or resources for online
teaching during the COVID-19 pandemic, has
been the internationalization of learning by
promoting, and very actively implement
collaborative and interdisciplinary actions
online, favoring global citizenship and
community impact (Martín-Barbero, 2020).
2.3 Virtual education
In relation to the global pandemic generated by
COVID-19 and the social distancing that it
implies, there is no other option than to adapt to
virtual education to give continuity to
educational processes. The fact that managers
and teachers develop digital skills for the
management of resources that are useful in their
classes and of benefit to students becomes
relevant.
Virtual education is an educational
method or system of independent training, not
face-to-face, mediated by various technologies.
Specialists define it as planned teaching and
learning, teaching occurs in a different place
than learning, it requires communication
through technologies and special institutional
organization (Nieto, 2012).
Virtual education changes traditional
patterns in the teaching-learning process, for
both the teacher and the student, there is no
direct relationship in real time.
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Student learning is more flexible, there is
no physical coincidence in terms of place and
time, it demands greater independence and selfregulation on the part of the student body. In the
same way, it adopts various peculiarities
depending on the intermediation, the time and
the channel to be used.
The information and knowledge society
demand continuous learning throughout life, this
is not alien to the educational institution in
charge of the initial and continuous training of
education professionals. Therefore, the revision
of the curricular contents is imposed to
determine if the knowledge, abilities and skills
that are intended to be developed in the students
are those required by today's society, if they
respond to the internationalization of the
economy, to the new economic blocks, to
international trade, to the new human sensitivity
and to the problems of man in general.
Teachers have reacted to the new
emergency situation posed by COVID-19 by
opting for known, learned or contributed
resources by their universities or educational
institutions, in addition to attending to the
various learning styles and methodologies that
allow promoting the acquisition of skills .
Knowing these telematic tools, virtual spaces,
usability, as well as the impact on learning, is of
great relevance to obtain an overview of best
practices, in favor of a correct transformation of
universities, institutions and educational centers
to virtual teaching. For this reason, it is highly
significant to identify how the training of
teachers has been for their development and
implementation of these new teaching processes
and how the different learning spaces have been
adapted (Mampaso and Carrascal, 2020).
In correspondence with the approach
offered by García (2014), one of the fundamental
difficulties for the teacher to assume the role that
corresponds to him in virtual education is in the
contradiction between the traditional training he
has received and the new context of education.
At the same time, the completion of these
competencies and the training processes that
guarantee the active, reflective, creative,
responsible and contextualized learning of the
student have not been prioritized with the aim of
acquiring competences in accordance with the
curricula and social demands .
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Based on this context, various problems
often arise. Students may carry out superficial
and incomplete learning, get distracted by online
games and not focus on the objectives set;
therefore, a rejection of virtual training as a valid
learning method has a negative effect. Other
disadvantages are quality and unresolved
technical problems, due to the lack of reliability
of online exams.
According to Dorfsman (2012), with the
advances in society related to information,
teaching undergoes transformations that
correspond to the acquisition of new skills and
that are in correspondence with the so-called
digital dimension. Likewise, it is linked to the
impact they have on teaching, the components of
the information society and that will enable
teacher training in the following aspects: 1)
produce their own content and expand it, 2)
share their tasks with colleagues and students, 3)
exceed local and institutional frameworks, 4)
design work spaces, creativity, cooperation,
encounter and reflection, 5) generate, participate
and lead teaching-learning communities, 6)
research, 7) production, and 8) recreation with
colleagues, students and interested public in
general.
"Move freely through the real and virtual
world, thereby consolidating their social,
cultural and professional potential" (Dorfsman,
2012). This process requires time and certain
objective conditions that guarantee the adequate
preparation of teachers; as well as subjective
conditions that are related to the understanding
of the need and importance of distance
education. The challenge is to renew educational
methods that allow adequate planning of the
teaching-learning process, that are capable of
mastering
new
technologies,
provide
information in an understandable way about
their
teaching
work,
maintain
close
communication with students in an audiovisual
way and with text simultaneously, teach to
search, analyze and facilitate learning.
Finally, we can establish that “The model
of teaching and learning in virtual education will
be applicable in an educational institution where
the learning contents are articulated to the study
plans and that these, in turn, are integrated into
the institutional strategic plans and academic
units ”(Domínguez et al., 2013).
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3. Methodology
The objective of the research was to analyze the
development of literacy in basic education
students, through digital media, during virtual
education derived from the COVID-19
pandemic; making a comparison in three states
of the Mexican Republic, one in the north
(Durango), the center (Aguascalientes) and the
south (Oaxaca).

3.1 Participant profile: Talk about the
population and sample
The study population considered basic education
teachers from Mexico since the entire country is
affected by the pandemic. Most of the teachers
found it necessary to work synchronously and
asynchronously in a virtual way, in some
educational institutions in the first months in
which the quarantine began, classes were taught
80% virtual and 20% face-to-face. The latter
were required in the middle of the year that due
to the critical contagion situation it was only
virtual.
The sample that was selected for the
study considers three states, this to compare the
educational situation in the north (Durango), the
center (Aguascalientes) and the south (Oaxaca).
from the country. This allows an overview of
virtual education using digital media.
3.2 Assessment instrument
This divided into five nominal variables. The
first indicates the state to which they belong,
considering Oaxaca, Aguascalientes and
Durango. Subsequently, the gender of the
interviewee, the level of study, the years of
service and finally the degree they teach is
considered.
There are also interval variables that are
divided into three parts, the first corresponds to
digital media, where variables such as
knowledge and use of technology, the
technological conditions of teachers and
students, counseling are established. from
educational authorities to teachers in the use of
technology. The second section corresponds to
digital literacy, where variables are established
that consider the pedagogical aspects of reading
comprehension and issues related to the social
practices of language.
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The last section of the instrument focuses
on virtual education considering elements of
educational practice, such as planning,
application, development and evaluation. Se
aplicaron dos pruebas piloto. Se aplicó un
instrumento de 40 indicadores por medio de
Google Formularios enviados por vía WhatsApp
a 20 docentes, donde las respuestas estaban
diseñadas en base a la escala de medición de 0 al
100; en donde el 0 indicaba la ausencia del
aspecto que se está evaluando y el 100 el valor
máximo que se puede otorgar. Finalmente se
obtuvo un Alpha de Cronbach de .96 según el
programa STATICS (Hernández et al., 2018) La
información recabada de la aplicación de los
instrumentos, se analizó mediante el programa
de STATISTICA considerando: análisis de
factores y el análisis comparativo ANOVA.
3.3 Análisis de factores
Se utilizó factores, el cual es una “técnica de
reducción de la dimensionalidad de los datos.
Que sirve para encontrar grupos homogéneos de
variables a partir de un conjunto numeroso de
variables” (De la Fuente, 2011). En este estudio
se seleccionaron 40 variables, con un máximo
número de 10 factores y un factor de carga de α=
.95, además como principal factor de análisis
comunalidades = múltiple R2 y el factor de
rotación Varimax normalizada (De la Fuete,
2011).
3.4 Análisis comparativo
Two pilot tests were applied. An instrument of
40 indicators was applied through Google Forms
sent via WhatsApp to 20 teachers, where the
responses were designed based on the
measurement scale from 0 to 100; where 0
indicated the absence of the aspect being
evaluated and 100 the maximum value that can
be granted. Finally, a Cronbach's Alpha of .96
was obtained according to the STATICS
program (Hernández et al., 2018) The
information collected from the application of the
instruments
was
analyzed
using
the
STATISTICA program considering: factor
analysis and comparative analysis ANOVA.
3.3 Factor analysis
Factors were used, which is a “technique for
reducing the dimensionality of the data. Which
is useful to find homogeneous groups of
variables from a large set of variables ”(De la
Fuente, 2011).
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In this study, 40 variables were selected,
with a maximum number of 10 factors and a load
factor of α = .95, also as the main factor of
analysis communalities = multiple R2 and the
normalized Varimax rotation factor (De la Fuete,
2011).
3.4 Comparative analysis
The statistical method of analysis of variance
(ANOVA) was used. The nominal variable of
STATE was considered against the 40 interval
variables considered in the instrument that was
applied. The “One way” method was used with
a significance level α = 0.05
4. Results
With the information obtained, it is intended to
show a clear analysis of the research
phenomenon in order to know the development
of digital literacy in basic education students in
virtual classes derived from the COVID-19
pandemic. According to descriptive statistics,
the first task is to describe the data, values or
scores obtained for each variable. Factor
analysis and comparative analysis were used.
Integrational or factor analysis works on
variance and data reduction that works to locate
homogeneous groups of variables from a set.
Next, table 1 is presented, where the variables
with a factorial load above 0.6 were selected.
Variable
Analysis of the use of digital media
Knowledge on the part of the student and purpose
of the writing.
Relationship of the development of reading and
writing with virtual education.
Link learning to read with the ability to function
properly in the digital world.
Digital media in the educational evaluation
process.
Digital media in school and extracurricular
counseling.
Strategies to help / teach citing sources and
preventing plagiarism.
Use of digital media in the design of strategies that
promote active learning and comprehensive
training of students.
Analysis of student access to selected
technological resources, so that it is equitable.
I promote the understanding of the texts around the
sociocultural environment in which the text takes
place.
I organize the contents of the reading in concept
maps, diagrams, drawings, pictograms, among
others.
I encourage the use of reading material from
various current information sources, such as the
internet and the press.

Factorial
load
0.810248
0.715273
0.778087
0.651487
0.798088
0.644477
0.685015
0.737042

0.733360
0.826041

0.802478

0.825759

Table 1 Análisis de factores
Source: Self Made
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In general terms, since virtual classes
were implemented in Mexico derived from the
pandemic, the teacher assesses the aptitudes,
attitudes and cultural capital of the students
before implementing activities that involve the
use of digital media in the classes. Likewise, he
guides the students in relation to the design of
the text, informing about the purpose of each
activity, asks them to use previous experiences
to produce texts, encourages them to orally
communicate their ideas regarding the content
covered in the activity. In the same way, it
promotes the understanding of the texts around
the sociocultural context in which the text takes
place and finally it is mentioned that to work the
contents of the reading are organized in concept
maps, diagrams, drawings, pictograms using
tools and / or digital applications.
Despite the little experience and training
that teachers had in the virtual world, it is shown
that the teacher uses digital media in different
school activities, to advise and solve
extracurricular situations. Under this same
theme, he seeks with its application active
learning and comprehensive training of students,
reflects on the benefits and / or difficulties
involved in the use of digital media in the
learning processes of students.
The digital literacy processes are considered as a
type of competence of great importance in the
teaching and learning processes of teachers.
Given that this type of competences allows
subjects to obtain information for later use and
scriptural communication (Caro and Arbeláez,
2009; Zavala, 2011), it is also considered as an
instrument of educational processes, a
competence to relate to others in daily life or an
essential tool in the construction of new
knowledge
In virtual education, the teacher
participates in work networks that promote the
integration of digital media in the planning,
development and evaluation of their classes,
generates ideas and offers suggestions that allow
the updating of the technological resources that
the school has.
According to Martínez-Garcés and
Garcés-Fuenmayor (2020), pertinent and
strengthening strategies must be implemented in
a preventive manner to achieve an innovative
level of competencies for the processes
developed by teachers.
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To achieve meaningful learning, the
teacher asks students to make connections
between what they read and the world around
them. She guides them in the development of
writing with the ability to function adequately in
the digital world. Although nowadays these
tasks are carried out in the virtual context (use of
search engines, text annotation tools, etc.), their
acquisition is not linked to the computer skills of
the users, but to a structure and logic of thought
that allows the user to undertake searches of
academic documents to break them down and
create a constructive criticism that leads to the
generation of meaningful learning.
The contributions made by Marín and
Luna (2020) showed that literacy in digital
media is detailed by four main factors: age,
initial profession, educational focus and
specialty served. It is important to train and
develop this type of skills for teacher training in
this area.
Hernandez and collaborators (2018)
detail that educational institutions were facing
changes, where virtual innovation is one of the
tools to consider to face the adaptations of
society and the technological world that new
generations are experiencing.
On the other hand, the results of the
application of the instruments were also studied
using the analysis of variance (ANOVA) that
can determine if the means of three or more
groups are different.
Considering that according to INEGI
(2015) in the state of Oaxaca, out of every 100
people 15 years of age and older, only 84% know
how to read and write a message, placing them
in last place at the national level. This data does
not guarantee a success in the implementation of
virtual classes in this pandemic. However,
teachers in Oaxaca made greater use of networks
and integration of digital media in planning, as
well as the constant updating of technological
resources. Likewise, they have a greater
development of writing in the digital world, as
well as a greater understanding of the texts
around their communicative function and show
the ability to function in the digital world than
teachers in Aguascalientes and Durango (See
graph 1).
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Teachers living in the south of the
country managed to establish agreements to
develop their educational practice during the
COVID-19 pandemic, considering their real
situation and starting from it to make the
necessary adjustments.

The same thing happens with teachers,
adding aspects such as lack of practice in the use
of technology, delivery time for jobs, long
working hours, among others. According to
Paredes-Chacín and collaborators (2020) the
effects of COVID-19 marked a disruptive
process in education. Therefore, to strengthen
the transition process to an education to virtual
media, it is important to train teachers and
students, as well as investment in technologies
in order to improve the teaching-learning
process. Although the latter is not a guarantee or
viable for various educational institutions.

Teachers living in the south of the
country managed to establish agreements to
develop their educational practice during the
COVID-19 pandemic, considering their real
situation and starting from it to make the
necessary adjustments.
An important aspect to consider that
stipulates the (United Nations (UN) in its August
2020 report, is that it does not always include
timely educational strategies to offer efficient
distance education, causing a deficit in their
learning. that it is pertinent that educational
institutions find alternatives and offer training to
teachers for an equal and inclusive education.

Similarly, some applications such as
Whats App and You Tube have served as
support in Mobile Learning technology (mlearning) and its use has increased in virtual
subjects as a mechanism of innovation and
entrepreneurship as a means of response to
health crisis (Rodríguez and Formoso, 2020).
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Graphic 1 ANOVA “One Way” analysis for the nominal
variable “State” where the number represents: 1) Oaxaca,
2) Aguascalientes and 3) Durango. The ordinal variables
are distributed as follows: (Red) counseling in digital
media, (Blue) digital media in the educational process,
(Green) digital literacy, (black) literacy in the digital
world, and (Pink) reading of understanding

Considering that public education is the
same for each state of Mexico, the reality is
different, the educational process cannot be
homogenized, if each state has different
organizations not only economically but also
socially. Therefore, considering that a single
system or form of work in virtual education can
develop learning in students is totally false. This
depends on many aspects, some of them are the
geographical location of the students, the
material and / or technological equipment it has,
the support from the parents, etc.
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By carrying
out
the
methodological
development proposed in this research, it has
been possible to reflect on the influence of the
use of digital media in virtual education derived
from the COVID-19 pandemic for the
development of digital literacy of elementary
school students.
Social confinement has made it possible
to generalize virtual education, according to
Gros and García-Peñalvo (2016) as “an
increasingly important way of learning and
teaching in recent decades and has been
recognized as an efficient and effective learning
method”. For education in Mexico it was a new
experience, different from what is generally used
in basic education. Despite this, teachers and
students overcame the difficulties in using
virtual platforms and found that this type of
education offers new learning opportunities in
an interconnected society, where its use is
necessary today.
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It is appropriate to reflect on current
education at the basic level, due to social
isolation, physical classrooms and distance
education. For the moment, education has
moved into the homes of students, but the
tendency is to stay there. Learning spaces
deserve to be transformed in order to guarantee
the optimization of learning. Distance education
means for students and teachers the development
of responsibility, autonomy and a flexible option
for teaching (González-Zamar and AbadSegura, 2020; Teba et al., 2020).
Teachers in virtual education work
developed different skills to achieve student
learning using tools such as audiovisual media.
It is important to mention that before this
modality the teachers managed to develop
literacy in their group. This was achieved
through a previous analysis of the student's
situation, of all the curricular elements, of her
needs and interests, visualizing the audiovisual
media that were appropriate to achieve learning.
On the other hand, it will be a very
complicated task to achieve optimal learning in
virtual education, while there are inequalities,
there are families where each member of the
household has one or more computers, in others
there is only one computer for the whole family,
there being no other options but to alternate its
use and in other cases the students connect to
class from their cell phones.
This new mode of education requires
certain conditions consistent with what Cabero
(2006) stated, where it establishes that certain
mastery of information technology by teachers
and students are related to skills for autonomous
learning; knowledge of applications, willingness
to change and excellent internet connection.
Finally, the importance of developing in
future research aspects that allow the monitoring
and evaluation of educational practices in virtual
education is mentioned, since the return to
classes will be blended (hybrid) and it is
necessary to analyze the return, considering the
strategies undertaken before, during and after the
health crisis derived from the COVID-19
pandemic.
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