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Abstract: The purpose of this article is to describe the results of the evaluation of a virtual
learning object to help improve the consumption habits and management of water resources in the
inhabitants of the upper reaches of the Bogotd River. The evaluation was developed in 4
stages.Stages 1 and 2 evaluated 20 users with the profile of students of the systems engineering
program at the Universidad Cooperativa de Colombia.Stage 3 evaluated 10 users with advanced
knowledge of the problems and the management of at least one computer system in the upper
basin of the Bogotd river. Stage 4 evaluated 20 users inhabitants of the upper basin of the Bogotd
river. The surveys of stages 1, 2, 3 and 4 were divided into 5 dimensions distributed by groups of
questions that evaluate the perception of the developer and the users. This information generated
positive results allowing to visualize the scope of the functionality and the perception of the
users, additionally evaluated the impact of the application on the different types of users for the
application of these systems in the upper Bogotd river basin, allowing generating important
conclusions that establish the evaluation of the virtual educational environments as important
supports in teaching, not only of environmental systems, and that should be evaluated by the
users that integrally interact with the system. The above process allows for establishing essential
conclusions resulting from the evaluation of virtual educational environments as necessary
supports in the teaching process, not only of environmental systems; it establishes clear
parameters for measuring virtual learning objects in which different professionals are involved in
the development of educational environments and people in the learning process.
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1 INTRODUCTION

A Virtual Learning Object [VLO] is a digital resource used in different educational contexts
(Salvador et al., 2017). This Virtual Learning Object is used simultaneouslyto complement teaching
processes in which the pedagogical area, the teaching design and the technological area intervene
as actors in its elaboration (Condor-Herrera et al., 2021).

Among the main advantages that Virtual Learning Objects have it is highlighted use as an
extension that manages to know the student’s progress, the generation of evaluative content
processes of knowledge and recognition of information and adaptability to any LMS platform
(Learning Management System) or in virtual platforms (Nohora & Moreno Garcia, 2017). Among the
resources that can be implemented are theories, explanations, didactic resources, activities,
practice exercises and evaluations to facilitate the use through any digital equipment that
facilitates the study and understanding of organized topics, such as, for example, in programmatic
contents of institutional subjects (Barari et al., 2020). The World Wildlife Fund [WWF] defines river
basins as “the exact point where the waters of the upper reaches meet and where the main river
begins to have a defined course.”Due to the high exploitation of natural resources in Colombia
(Muratoglu, 2019), it is necessary to make people aware of the efficient management of resources
that, in addition to generating a great negative impact on the surrounding ecosystem due to
misuse, greatly reduce the sustainable development of the country (Burgos-Ayala et al., 2020),
which is why, because the Bogota river basin has a significant value in the social and economic
development of Colombia (Sanabria-Suarez et al., 2017), the national government has outlined
goals that allow the populations inhabiting the account to access education in the efficient and
sustainable management of the resources that exist in the area, and in particular, that of water
(Ramirez & Santana, 2019). Another problem faced by the population living in the area at the socio-
environmental level is the inadequate management of waste (Sanchez-Alfonso et al., 2020) due to
the inefficient management of water resources in daily tasks, the invasion of populations in the
watershed’s watershed, deforestation and lack of knowledge of water management (Diaz-Casallas
et al., 2019).

It is important to know the causes and consequences of the lack of knowledge of the
negative environmental impact of the inadequate processes carried out in the upper basin of the
Bogota River (Nicolas et al., 2017). Thus, through the implementation of Virtual Learning Objects,
awareness can be generated in managing water resources in the population and sustainable
development in the region (Pesare et al., 2015).

The Collaborative Learning methodology based on patterns for the production and use of
Learning Objects (MACOBA) has as its pedagogical foundation the student-centered teaching-
learning paradigm, which allows it to be applied in many areas of education, in this case,
competency-based education (Fuentes et al., 2008; Van Melle et al., 2019), since the methodology
is based on the development of software adding the pedagogical component required for the
educational process, in addition, it can be implemented in the administration of users and classes
in platforms such as Moodle, Exe, among others, added to different programming environments (De
Medio et al., 2020), and in obtaining virtual learning objects, based on three fundamental
elements: requirements level, design/development level and implementation level (Carrillo Rios et
al., 2019).

2 METHOD

The study conducted is of a cross-sectional type that allowed measuring the impact on the
implementation and result of the OVA for the use in the inhabitants of the upper basin of the
Bogota D.C. river evidencing the concepts of apprehension in the management of the water
resource, according to the developed instrument (Villasis-Keever et al., 2018).

For the data collection technique in the development of OVA, virtual surveys with closed
questions were used as a fundamental basis in the initial phase of the MACOBA methodology
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(Margain Fuentes et al., 2009).This was done according to the level of requirements for the
development of the software oriented to the contents to be implemented in the software that will
allow developing the apprehension of knowledge, adding the pedagogical component to be
implemented and the types of evaluation that will be integrated into the software.At the
development level, the diagrams and the integration between them were implemented based on
the data modeling under UML and the user interface (Tutor, students), and finally, the
implementation level, where the prototype was evaluated. Figure 1 allows identifying the different
stages of the MACOBA methodology. The order in the development of the methodology stages
allows the interaction of different professionals to have a quality product that contributes to the
learners and the different professionals involved in the development of a virtual learning object.

ettt |

weees P Aprendizaje (Consumo)

Figure 1. Macoba Methodology(Margain Fuentes et al., 2009).

The implementation was evaluated under three stages; the first stage was evaluated under
the level of coherence that the tool must have, verified by the application developer personnel. In
the second stage, information is collected about the use of the application in advanced users who
know computational tools and the problem generated in the target population, and in the last stage
of evaluation, it is understood what the final user can expect from the management of the water
resource. According to the study, a representative sample would be taken to give weight and value
to the software from the user and developer’s point of view.

3 RESULTS

The following variables were considered in the research results to carry out the evaluation process:

Study population: Men and women between 20 and 30 years of age.

Stage 1 and 2: 20 subjects, 10th semester systems engineering students at the Universidad
Cooperativa de Colombia.

Stages 3 and 4 were divided into 5 evaluation dimensions distributed in the surveys by
groups of questions to evaluate the perception of the developer and user with knowledge of
computer tools but who also knew the problem situation.

The educational, content, aesthetic, functional and accessibility dimensions were
evaluated.

1. Las actividades educativas disponibles poseen instrucciones para su desarrollo
2. Las instrucciones proporcionadas son comprensibles .
2. La herramienta retroalimenta sobre los errores cometidos en las actividades

000

4. Las imagenes utilizadas en las actividades y en la aplicacidon en general son
acertadas con la realidad de lo que quiere representar

-

[N ]

Figure 2, Educational Dimension Results (Garzon Solano et al., 2019).
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Figure 2 shows questions 1 to 4 posed to validate the educational dimension. As a result,
95% of the respondents stated that the tool complies with the educational levels, but the remaining
5% indicated that the images should be improved.

5. La arquitectura general y la jerarquia de los contenidos tienen sentido.

6. Se usa el idioma de forma adecuada y estandar, siendo entendible para todo
tipo de usuario.

7. El contenido presenta un buen uso de la gramatica.

8. El contenido presenta un buen uso de la ortografia.

9. Es posible acceder a los contenidos o recursos educativos sin crear un usuario.

Figure 3.Results Content Dimension (Garzon Solano et al., 2019).

®s 20
. no o
@ Mo Aglics o

Questions 5 to 9 in Figure 3 were designed to evaluate the content dimension of the ICT
tool, and it was observed that 100% of the respondents indicated that the content was simple and
in line with the topic; in essence, it allows learning and understanding of the topics of the main
objective.

10. Hay suficiente contraste entre el texto y su color de fondo.
11. El contraste de los colores es estéticamente agradable.

[ 17
@ no 3
@ rie aplics 0
@ Cpdind 0

12. Los enlaces y botones son visualmente identificables,

5 0
Mo Aplica o]

13. La distribucidn y tamanio de los elementos es adecuada.
14. La tipografia usada para el texto es legible y permite una adecuada

velocidad de lectura.

Figure 4. Results Aesthetic dimension (Garzon Solano et al., 2019).
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Questions 10 to 14 of Figure 4 allow the evaluation of the aesthetic dimension, and
according to the results obtained, it is evident that the tool has a level of difficulty regarding the
comprehension of the interface with 90% approval. However, the evaluators consider that this
dimension could be approved since what is sought is learning and not presentation.
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15. Se ufilizan los elemento HTML correctos para cada tipo de contenido 27. Se realizan las actividades propuestas con facilidad haciendo uso de los
(encabezados, titulos, enlaces, entre otros). métodos dispuestos para las mismas
16. La herramientz ofrece lz opcién de navegar 2 la pdgina principal desde

cualquier punto de la navegacién. -

17. Tedos los enlaces de la herramienta direccionan al contenido que referencian. o

18. El audio es claro y entendible. ®n
19, La herramienta presenta instrucciones que guian la navegacion. :
20, Las instrucciones son claras,

[ 1
@ NoAglica 0

@ Mo Aglica o

23, Es posible permitir el acceso, como usuario administrador, de un usuario creador
haciendo uso de los medios dispuestos para tal fin.
24, Los elementos multimedia usados son efectivamente reproduc,
ES.E;EIementos multimedia reproducidos son entendioles y ¢l
26,

[ J

simagenes pueden visualizarse sin inconvenientes

21. La herramienta posee varias estrategias para su navegacion (comandes de voz,

botones, atajos con teclado, reconocimiento de voz, acceso a lector de pantalla) @ todsics 0
®:
28, La herramienta presenta un funcionamiento dptimo en los navegadores més
® re comunes, especialmente aguellos que tienen més accesibilidad (Internet Explarer,
Goegle Chrome y Mozilla Firefox).
@ Mo Aplica 29,
Es posible llenar los formularios o test requeridos por la herramienta (registro e
identificacién del perfil de usuario, entre otros) haciendo uso de herramientas
22. Es posible interactuar con la herramienta haciende uso de los comandos de voz asistidas, comandos de voz o el teclado, de acuerdo a la herramienta, sin ninguna
o de botones dispuestos para las acciones, de acuerdo al caso dificultad. . . . o -
30. La herramienta presentd resultados ajustados a los reguerimientos iniciales
cuando se realizaron pruebas de desarrollo,
[ ] 13
@ 2 @ 20
@ o Aglica o ®ro o
@ Mo Apiica o

Figure 5.Results Functional dimension (Garzon Solano et al., 2019).

Questions 15 to 30 presented in Figure 5 allow evaluating the functional dimension, 5 and
according to the results, it is found that 90% comply with the operational objective for the
different processes carried out in the basin in terms of water resource management. However, it is
evident in the results that the instructions are not clear enough. This result is represented in 5% of
the surveyed population, and 95% indicate that they comply.

30. La herramienta presentd resultados ajustados a los requerimientos iniciales 43. Lz herramienta se ubica en los resultados de una bisqueda o en el contenido
cuando se realizaron pruebas de desarrollo. respectivo, una vez la pdgina carga el enlace o botdn presionado.

31. Lz herramienta se basa en varias caracteristicas sensorizles (sonidos, im3genes,

simbolos, entre ofras, de acuerdo al casc) para informacion relacionada con ®: 19

indicaciones de funcisnamiento. .

32. La herramienta explica cual es el error donde se encuentra y cudl es su solucion @ no o

sin depender de una sola caracteristica sensorial.

33. Las imagenes tienen texto alternativo. @ Mo Aglica o

34. La herramienta proporciona encabezados que facilitan su navegacion.

35. Las imagenes decorativas son invisibles al lector de pantalla.

36. Los enlaces y mends son descriptivos.

37. Bl etiguetado de los enlaces y menus permite entender su funcionalidad.

38. La herramienta proporciona combinaciones de teclado para accesos ripidos a
las diferentes funciones.

39. El etiquetado de los cuadros de texto permite conocer la informacidn con que

44, Es posible modificar el tamario de |a letra.

este debe ser rellenado,

40, Cuando se hace uso de listas desplegables, el lector de pantalla reconoce la _ .

posibilidad de seleccionar otros elementos. o %

41, Cuando es necesario rellenar campos de fecha, se indica el formato en que @ -

debe hacerse. . -

@ Mo Aglies 1
[ B 20
® - 0
@ MoApica 0
45. La herramienta permite inhabilitar el reconocimiento de voz y el sintetizador de
voz cuando se prefiera usar un lector de pantalla.

42, Las alertas presentan diferentes opciones de presentacién (visual y auditiva) 46. Se proporcionan alternativas accesibles para los cédigos Captcha.
4 | y
@ 5 @ 1
@ Mo Apic [ @ Mo Aplica 18

Figure 6.Accessibility Dimension Results (Garzon Solano et al., 2019).

Finally, in Figure 6, questions 30 to 45 were designed to evaluate the essential elements for
accessing the tool and the indications to both users and administrators of the application. The
evaluation evaluated the speed of user navigation within the tool, ease and management of the
interface, and it was obtained that 85% of respondents indicated that it complied satisfactorily,
compared to 5% where it did not meet this feature, on the other hand, the evaluators added 10% as
not applicable to the tool since this last item was not taken into account.
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The following are the results of the survey applied to advanced users and population
experts, which consists of 7 questions to evaluate the tool.

1. ;Considera que Iz herramienta seria de ficil manejo para |z poblacién a la que se ) . . L
5. En general, ;qué aspectos considera que deben modificarse o eliminarse por

dirige?
completo de la herramienta, tanto de su interfaz comeo de su contenide educative?
®: ]

® ' @ Las evahuacionss 3
Mo Aglic L
® o : @ Latimagenss 3
@ Ersendimiento 4
@ caenciadeconocimiertodes.. 4 6. ;Qué aspectos considera que deben reforzarse para gue la herramienta sea mas

provechosa a los procesos educativos de la poblacion a la gue se dirige?

@ Todo ¢l comenido

2. Si encuentra alguna dificultad en lz interaccién de la poblacién con la

- P S No modificaria nada 1
herramienta, especificamente jcudl seria ésta? L]

@ Rechazo hacla los medics tecn.. 1

@ MNoencuentro ninguna dificult.. 1
@ EL contenido 2
3. ;Considera que seriz una herramienta Gtil para afianzar los procesos de @ Lus evaiuaciones 2

zprendizaje de la poblacidn a la que se orienta?
@ Ls manipulacion 4
@ Ls heramisnta esta bien estru.. 2
®: ]

® - ! 7. Tiene alguin aspecto que aportar que permita Ia mejora tanto de la interfaz como
del contenido educativo v que pueda hacer mas sendlla la interaccién de la
poblacidn con la herramienta.

4. ;Considera que el material educativo es comprensible a la poblacidn para la cual
ectd dirigide?

@ ©runsocelanemamiens O
[ 7 @ Mejora de la interfaz [

@ 1 @ Mo requisre mejorsmients e 4

Figure 7.Results Stage 3 advanced users and population experts (Garzon Solano et al.,
2019).

According to the results obtained in Figure 7, the evaluator establishes that the ease of use
can positively impact the vast majority of the population since 90% of these users agree that the
tool is easy to use.

The following image shows the results obtained by the evaluator.

Easy tool of the tool "90% agree
asy toolotthe too *10% Disagree

O e e oo i *Understanding of how to use the tool
populationwith the tool eLack of knowledge

Use of the tool forlearning = PYsTy Yy V-1es
about water resource

o M
i *10% Disagree

*10% Disagree
90% agree

. *Manipulation
Aspects of tool improvement

. eInterface
Aspects of graphic enhancement

Figure 8. Analysis of results in stage 3 (Garzon Solano et al., 2019).
As shown in Figure 8, the analysis results from stage 3, the evaluator performed a
percentage analysis for each of the cases and concluded that the design, applicability, ease and

understanding in 90% agree and that this can benefit the community in training for the management
of water resources.
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The results obtained by dimensions were as follows:

1. Lz herramienta puede contribuir a los procesos de aprendizaje de la poblacion

a la gue se dirige?
2. Hay intencion de volver a utilizar esta aplicacion? 0

3. Serecomienda esta herramienta a ofras personas de |a poblacion objetivo
Promatores 16 \

NPSE

4, La herramienta cumple su objetivo.

35\

NPSE

5. Los elementos multimedia utilizados en la herramienta facilitan el proceso de

ensefianza/aprendizaje. ;

Figure 9.Results educational dimension in stage 4 (Garzon Solano et al., 2019).

In Figure 9, questions 1 to 5 are presented to evaluate this dimension, according to the
evaluator, indicating a fairly high level of acceptance since 75% of the respondents stated that it
contributed to the learning processes, according to the answers to question 1.

The other responses evaluated the intention to use the application again, whether they
considered that it would benefit other inhabitants outside the town, and finally, the improvement
of the educational content.

6. El contenido presentade es claro y coherente.

80

Diwtractores

7. El contenido presentado es de calidad.

70

8. El contenido presentado presenta una adecuada gramética y ortografia.

17

Figure 10. Results dimension content in stage 4 (Garzon Solano et al., 2019).

Questions 6 to 8 shown in Figure 10 were classified for the evaluation of the content of the
tool. In Figure 9, it is evident that for the respondents, the contents are clear and coherent and
oriented to the water resource management procedures. The evaluator indicates that 80% agree
with question 6, but 70% indicate that in terms of quality, it complies with the requirements of the
tool.
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9, La eleccion y descripcion de imdgenes, sonidos, colores y otros elementos
multimedia es adecuada.

95

o .. 90

11. La tipografiz, el color y el tamafo utilizado para el texto es legible permitiendo una
adecuada velocidad de lectura

: | 85

Figure 11. Results aesthetic dimension in stage 4 (Garzon Solano et al., 2019).

Questions 9 to 11, shown in Figure 11, are taken to evaluate the aesthetic dimension of the
tool, and the results show that it complies with the combination of environmentally oriented
colors.

According to the evaluator, the tool is effectively articulated with the environment in
which it is being applied since the user concatenates the colors and the environment in which they
visualize daily and compares it with the environment of the tool on which they are focused.

12, La interfaz de la herramienta es facil de usar,

90

13, Las |nst'uccmres presentadas fueron suficientes y claras para permltlr su adecuada
navegacion en lz herramienta.

{ 80

NPSE

14, Los procesos gue se llevaron a cabe con |z herramienta son faciles para el usuario.

95

15. El rendimiento de la herramienta fue el adecuado para permitir su interaccion con
la misma.

90

Figure 12. Results functional dimension in stage4 (Garzon Solano et al., 2019).

Questions 12 to 15 are taken to evaluate the functional dimension for the visual
environment that the user has and are shown in Figure 12, taking as a conclusion that according to
the selected sample, the interface complies in a significant way according to the knowledge that
the population of the basin has, however, the difficulties presented were evaluated the evaluator
determined that they were minimal due to the clear handling of the instructions given.
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16. La herramienta presenta audios o sintetizadores de voz y estos son claros y
entendibles, i )
17. La estructura que presenta la herramienta facilitd su navegacion,

0}

18. La estructura y accesibilidad de la herramienta le permitieron terminar las
actividades propuestas en la prueba / actividades educativas.
18, La herramienta le permitié hacer uso de todos los enlaces, botones, listas

desplegables y similares que usted desed utilizar

Figure 13. Results of accessibility dimension in stage 4 (Garzon Solano et al., 2019).

Finally, Figure 13 shows the results of questions 16 to 19, which were designed to evaluate the
essential elements for accessing the tool and the indications to both users and administrators of the
application, and evaluated the speed of user navigation within it, 85% of the respondents indicated
that it complied satisfactorily, while 5% did not. On the other hand, the evaluators added 10% as
not applicable to the tool since this last item was not considered.

4 Discussion

It can be identified that according to the target population, the results are very positive in terms of
functionality and user perception. The fieldwork gave a clearer idea of the needs of the population
inhabiting this Basin regarding the management and consumption of water resources. The
application of the tool to the selected population allowed visualizing a positive impact on the
management and consumption of water resources by the inhabitants of the upper basin of the
Bogota River. This validates the evaluation processes with the MECOBA methodology and the water
resource management proposed by Villasis (Villasis-Keever et al., 2018).

5 Conclusions

According to the surveys, the basic requirements determined in the fieldwork carried out by the
upper Bogota River Basin environmental engineers were measured.These requirements were
developed with the population living in the upper Bogota River Basin in mind, without forgetting
the impact that can be generated in the middle and lower basins of the same river (“Experiencias y
Contribuciones Del CATIE Al Manejo y Gestion de Cuencas Hidrograficas En América Tropical,”
2017), many of the contents that were implemented in the tool are mainly focused on water
resource management and on the levels of contamination that the discharge of wastewater can
generate into the riverbed that mainly affects flora and fauna and logically the population found in
the following sections of the River. This is how the fieldwork gave a clearer idea about the needs of
the population living in this basin for water management and consumption, and it is also mainly
oriented to the verification of the current processes that are being carried out for this procedure
and to achieve the reuse of water, minimizing waste and the best treatment of the water that is
discharged into the Bogota riverbed.

When implementing the web application, according to the results obtained, there is
evidence of a fairly high degree of acceptance in the population to which the tool was applied. This
is demonstrated in the results obtained in advanced users in systems and in web platform
management. Although there were some shortcomings in the presentation interface of the tool, as
in the evaluations, it also shows a positive impact on the management and visual environment that
the users had and developed for the education that needed to be implemented in the Basin.
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According to the results obtained, some important points were identified during the
methodological process that could be considered for future studies or more precise evaluations. For
this reason, the following methodological suggestions identified during the research process are
made:

Regarding the selection of the sample, it is suggested first to expand the sample in each of
the stages, especially in the last stage, which is aimed at the end user, to generate inclusion and
exclusion criteria according to each of the proposed methodology stages [stage 1, 2, 3 and 4], not
to use convenience sampling to give more weight to the research.

For the measurement instrument used, it is recommended to define whether it should be
self-administered or guided by an interviewer; it is important to provide further reliability to the
instrument by determining the intra- and inter-evaluator error.

Finally, in the presentation of the results, it is suggested that in order to obtain more
quantitative data and be able to present descriptive data, it is important to characterize the
population by age, sex, academic level, stratum and occupation.

It would be important to implement a pilot test of the survey to reduce research biases and
give it greater weight, as well as to present levels of association between the questions posed
within each of the dimensions by stages.

And for the presentation of the final results, it would be convenient to make frequency
tables according to the population characteristics [age, sex, academic level, stratum, occupation]
for each of the dimensions by stages since the results for this case were presented in a general way
without classifying the sample.
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