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Abstract

The objective of the present work was to apply a methodology in the teaching of the Techniques of
Design and Analysis of Computational Algorithms, for the construction of optimal algorithms in
the solution of problems. The methodology followed in the investigation began with the
construction and selection of measurement tools. The subject of the Techniques of Design and
Analysis of Computational Algorithms in Computer Science is very important, since they are a
tool for the optimal and effective solution in the solution of problems through the design of
computer algorithms, being necessary to investigate what ideas students have or preconceived
ideas through diagnostic tests. This document first describes the methodology followed and the
results obtained when applied through the virtual material implemented with Gowin's UVE and
the conceptual maps (MMCC) to achieve significant learning in the topic of algorithm analysis.
The data recorded at the beginning, during and at the end of the course were analyzed qualitatively
and quantitatively in a comparative manner. This research was carried out in the School of
Mechanical and Electrical Engineering of the Culhuacan Unit of the National Polytechnic

Institute of Mexico in the course of the analysis of algorithms of the fifth semester of.
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1. Introduction
The present work aimed to apply a methodology for the teaching of Algorithm Analysis

and Design Techniques, through the virtual laboratory which was applied in the Algorithm
Analysis subject during the August-December 2018 semester under the postulates of the theory of
significant learning of Ausubel and Novak. The previous statement is based on the use of the
concept maps and the Gowin UVE in virtual environments, in the solution of problems to be solved
in the computer lab. Applying the above, satisfactory results were achieved which resulted in an
improvement in significant learning and a better school performance in the student in this subject.
Considering that the use of new education technologies has allowed a great advance in the
teaching-learning process. Working in virtual environments allows both the teacher and the student
to have a greater approach that results in a better learning and interest of both parties in education,
in addition to the work of the teacher beyond their homework in the classroom.
It is a fact that the work of both the teacher and the student to resort to aspects related to the new
information technologies (Multimedia, programming languages, application software and
Internet), which have revolutionized teaching and learning methods, opening every day new
possibilities to expand the coverage with the use of computer areas that have been developed in
such a way that they have been key points in graphic applications and animations.
These technologies have allowed the development of more innovative pedagogical approaches,
which simplify access to databases, distance education, virtual networks and online courses, thus
generating new learning, which are better structured, in which the student has automated and
directed learning by controlling and directing their educational process, the Internet on the other
hand represents a support for teaching and research to innovate both in the classroom and in the
laboratory, as well as for the dialogue between teachers and student through email, facilitating
tutoring and face-to-face counseling.

The concern to achieve quality in the practice of teaching has stimulated the search, design
and implementation of teaching materials in virtual environments that support the teacher in their
homework, and the student in their learning process. It is expected that Higher Education
institutions will respond to new productive and social needs, wrapped in a renewed technological

culture, which should be based on the comprehensive reform of their educational models, assuming
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original visions regarding the need for change that imposes global competition, the intensive use
of digital media as a new tool in the educational field.

All of the above follows the existence of a need to create flexible, versatile and
multidisciplinary education opportunities closely linked to innovation and technological
advancement plans, as well as an emerging knowledge society, considering the new emphasis on

education such as learning to know, learning to do, learning to live and learning to be.

TDA

TEORIA GRAFO METODOLOGIA
1. Nombre
TDA
2. Objeto
L ahstracto
TDA
L GRAFO )
3. Invariant
[ APLICACIONES ] 4. Operacion

Figure 1: UVE TDA Directed Graph

The laboratory associated with the subject of algorithm analysis represents the most
important part of the learning of the subject since it is the verification of the theoretical part, it is
where the student develops his skills of both ingenuity and creativity and ideas, where his
contribution goes beyond a simple class exercise where you can make simulations of solving real
problems and where the student can visualize both the theoretical content and the result of their
applications. This virtual teaching material is related to the electronic notebook of the students in
the theoretical part, the two materials are closely related because the practice and theory of a

subject are complementary, where knowledge is not enough theoretical so that student learning is
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Figure 2: UVE Directed Graph

The figure 1 shows a Gowin UVE built by the student on the subject of directed graphs,
where the theoretical and methodological part was evaluated as well as the definition and analysis
of the problem each part of the UVE has weighting points for an evaluation of the student’s learning
about the subject and the understanding to integrate the theoretical part and the practical part in
solving the proposed problems.

Figure 2 shows the concept map with respect to the topic of directed graphs as well as
figure 2, weighting points are taken, with respect to the construction of the concept map.
Evaluating the hierarchy of the concepts and the link words that give a logical sense of learning

the subject.
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Conceptual

Teoria: se refiere a un pintor que primero
dibuja los elementos lejanos de una escena
y después los cubre con los mas cercanos.
El algoritmo del pintor ordena todos los
poligonos de una escena en funcion de su
profundidad y después los pinta en ese
orden, pintando encima de las partes que no
son visibles v solucionando asi el problema
de la visibilidad.

+Como funciona?

El algoritmo del pintor o método de ordenamiento en

profundidad lleva a cabo las siguientes funciones:

1. Se ordenan las superficies en orden decreciente de
profundidades,

2. Se dipitalizan las superficies por orden, comenzando
por la superficie de mayor profundidad.

X
N
B
Comprobaciones antes de pintar P (1/2) \ i

4
P se podra dibujar antes de Q st F
P se podra dibujar antes de Q st \
Q

5t efectivamente es posible pintar Q antes que P,
Se dibuja Q
Se elimina Q de la lista de pendientes
Se inserta P en la lista de pendientes [se considerard después si
s¢ puede dibujar]

Comprobaciones fallidas: dividir el poligono. Si no podemos asegurar
que P pueda pintarse antes que los demés, ni tampoco Q antes que P,
entonces
Se divide P en dos partes, usando el plano que contiene a Q, se
obtienen P1y P2
Se insertan en la lista de peligonos pendientes las partes P1 y P2

Que &l atumno entienda la utitidad del
algoritmo, para los métodos de
graficacién por computadora.

Algoritmo del

Conceptos:

Global Research &

Development Services

CrossMark

Objetivo:

Metodico

Prohlema: Pintar e siguiente paisaje por el
algoritmo del pintor.

Pintor

0 Poligonos

0 Profundidad
0 Visibilidad
0 Graficos 3D

Solucién

Aplicacidn

El artista ha
estampado su nombre
—impronunciable—
&1 Una esquina
inferior de su lienzo:

Andlisis del algoritmo

min Gmax DEx [log D
(o1+E2 log(2 D(GHzll]

Figure 3: Gowin UVE-1 Built by the Student
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Ohjetivo:

Conceptual Que el alumno pueda dibujar rectas Metodico
en los dispositivos de gréaficos

rasterizados, como por ejemplo un Ejercicio:

monitor  de  ordenador, que
determina qué pixeles se rellenaran,
en funcién de la inclinacion del
anpulo de la recta a dibujar.

Teoria: Es un algoritmo preciso para la
generacion de lineas de rastreo que convierte
mediante rastrec las lineas al ufilizar solo
calculos incrementales con enteros que se
pueden adaptar para desplegar circunferencias v
curvas. Los ejes verticales muestran las -
posiciones de rastreo v los ejes horizontales

identifican columnas de pixel. F

Conceptos:
. R?SUEO . 1. Dependiendc del valor que tome el Parametro
1 Circunferenciaz Co C .
. nstante P se evallla v determina la coordenada a
3 C.urvas Aplicaciones dibujar que puede ser:
U Pixel . 2. Se calculan los parametros que permiten decidir cual
En ecuaciones de seré el proximo pixel a dibujar (Delta X, Delta Y y
e " rectas, Constante P).
PEUSOCOdIQO Bresenham lineas circunferencias, 3. Se dibuja el primer pixel correspondiente al extremo
CE——— pixeles, etc. izquierdo de Ia finea[P1)
1 ﬁf;lf;;gt:f{joxy%’]’u‘m Y se almacena el extremo 4. Se Lralza el p:Lxel cuye valor d<.a Ydela 1'inea de rastreo se
2, Caleular consiantes: Dx= x1-x0, Dy=y1-y0, 20y, 2Dy- aproxima mas a la tra}:ectona de la linea. Se capturan
20 los dos extremos de la linea P10, Y, v P2(Xe Yy
3.di=20y-Dx 9. Se desplaza una columna (incrementando la posicion
4.x=x0,y=y0 - en X
5. Para i = 0 hasta Dx 6. Punto inicial P1[X,, Yy; (X+1.Y) para Constante P< 0
6. dibujapixel(x.y) Sino (X+1,Y+1)
1o x=x+1 El proceso anterior debe repetirse 4DeltaX veces.

8. sidi<0, entonces: di =di+ 20y
9. singy=y+1,di=di+20y-2Dx
10. Fin

T(f(n)) = 0(1) + 0(para) + 0(si)
Al razar una linea recta sobre papel con un | Analisis del algoritmo y céleulo de

lapiz, no existen ‘impedim'emos para colocar su complejidad =0(1)+0(n+2)+0(n+1)
una regla v seguir una linea completamente
recta. En cambio cuando se opera sobre un ) =0(1)+0(n) +0(n)

sistema  mapeado [como s la propia (excepto para las lineas horizontales y
representacion pixelada) en filas v columnas verLic? ales]p siemore cortard los cuadra do.‘s = Opegz(L,m,m)
[cuadriculado), una linea siempre seguird un 4 dk % diendo al -
trazado imperfecto, ya que la propia linea por donce pase, CIVICIENCO ?unto fnimo =0(n)
- en dos areas de diferente tamario.

imaginaria trazada entre dos puntos.

Figure 4: Gowin UVE-2 Built by the Student

The subject of algorithm analysis is of great importance for being the mathematical part of
computing, both for its applications and for the technological advances that have been made in this
area, since it is the beginning in the design and analysis of the algorithms of the students who go
to the middle of the computer engineering career, then the bases, skills and abilities acquired in
this subject will be relevant to develop efficient and optimal algorithms using optimization design
techniques, knowing that this science has great social impact and approach to the general public.
The term of algorithm analysis is the study of the resources of time (time complexity) and space
(spatial complexity), which occupies an algorithm when executed. Computers have become a
powerful tool to produce images quickly and economically. There is no area where it is not possible

to apply computer graphics with any benefit, so the use of these has become widespread. Today,
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computer graphics are routinely used in various areas, such as science, engineering, business,
industry, government, art, entertainment, advertising, education, training and graphic

presentations.

2. Methodology

In the practical part that is the laboratory, it supports the teacher in several lines by virtue
of the characteristics and parts of a virtual laboratory to achieve significant student learning. The
parts that comprise it are: diagnostic knowledge test, solution to the diagnostic test, support
tutorials for the reinforcement of the previous knowledge that the student must have to integrate
the new ones, links to the teacher's email in various parts of the page of the subject where the
material was included: theoretical content of each practice, syllabus, basic bibliography,
bibliographic suggestions, proposed projects, simulation of solution to real problems through
software developed by the student, examples and solved exercises and proposed exercises
(including the use of concept maps and the heuristic UVE). The work shows four examples of the
concept maps and the GOWIN UVE constructed by some of the students, of reports of the practices
carried out in the computer laboratory.

This material has as background the didactic material built with interactive conceptual
maps and the virtual heuristic UVE used as learning techniques in the subjects of Programming
Fundamentals and Data Structure, these same techniques form the basis of the didactic material
developed, both in the subjects of content of the subject as in the practical part of it in the examples
and the proposed exercises.
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Algoritmo general

Un algoritmo se puede definir como una
secuencia  de  instrucciones  que
representan un modelo de solucién para
determinado tipo de problemas. O bien
como un conjunto de instrucciones gue
redlizadas en orden conducen a obtener
la solucion de un problema

iQué es un
algoeritmo?

Ejemplo:

function DYC(x)

IF x es suficientemente simple
RETURN algoritmoBasico(x)

ELSE

descomponer % en %[11,%x[2]::::.%([58]

FOR i ::= 1 7T0 s
yli] = DYC(x[i])
ENDEFOR
combinar y[i] en una solucidn y a x
RETURN y

El algoritmo es muy ENDINF

Importante

Fundamental
Clave
Para la resolucion de problemas

Figure 5: Gowin UVE-3 Built by the Student
At the beginning of the semester, the student will have the virtual laboratory material.

It is explained how to use material of the virtual laboratory.

The student has access to the virtual laboratory material.

A e e

Send to the teacher via email doubts and solution to the problems raised through algorithms
exchange solutions with their peers.
5. Teacher advises, coordinates and reviews exercises performed by students, supported by the
virtual laboratory material.

6. When sending the answers and the evaluation of the solution given by the students to the
problems, according to the result, suggestions are given:

» Access to the tutorial of C.

« Access to the knowledge review class with examples and proposed exercises.

« Examples solved using learning techniques.

» Exercises proposed with odd solution at the end of each topic.
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Intergrantes del equipo:
Buendia Ramirez ebesten
Lapen L per David Eduerdo

i ot e s . - H-
K : Sive pare: A 0sta
Rosales Gonzdlez Leonardo Jair N N— P

SCM3 Io Sigueste:

Serefierea
/'-UMW’_’-
o dey o S
Debe de contar con
Seutiiza

ura
Seemplea

Ksiom De marera e

Sudaclaraciin es

Alfinalde esto

Dekido 2 esto

Figure 5: Concept Map Built by the Student
At the end of the course, the student will have to send the evaluation to the course without
a name as well as their opinion on the virtual material of the virtual laboratory with their respective
comments and suggestions. Analysis and validation of the teaching strategy, through:
-Post-Evaluation Exam - Final Opinion Questionnaire - Attitude Test - Behavior Test Comparative

Analysis of Results and Conclusions.
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3. Results

The material of the virtual laboratory. It was a great help to both the student to achieve
meaningful learning and therefore to have a better performance to school, as well as to the teacher
for their support in the various functions that he performs as coordinator, tutor, guide, among others
for the benefit of good student performance, preparing it for self-learning not only in this subject
but in others, but especially for his performance as a professional.

- To achieve the integral formation of the student to follow up through virtual instruments that will
help in this task.

- Better academic performance in the participating groups

Resultados de evaluaciones
10

Pre-test departamental 2 post-test

B Grupol M Grupo2

Graph 1: Pre-test and Postest
The graphic 1 shows the conceptual and practical progress of the students, Graph one
shows the results obtained when applying a diagnostic test at the beginning of the course and
another at the end of the course, in the departmental exam, this evaluation included the analysis of

the UVE and the conceptual maps developed throughout the course in the laboratory of calculation.
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RESULTS MMCC

®FIN DEL CURSO  m INICIO DEL CURSO
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0 2 - 6 8 10 12

Graph 2: Evaluation of Student Concept Maps

In the Graph 2 Gowin's V used in both the computer lab and the theoretical class was
developed based on the theory of meaningful learning (Ausubel, 1983), as a methodological
resource that allowed us to see the process of knowledge construction as well as the research and
evaluation, in a dynamic and flexible way, which can be considered “... research as a way to
generate structure of meanings, that is, to relate concepts, events and facts” (Moreira, 1977: 7),
which are elements of the structure that arises. Gowin and Novak touch on the theme of the purpose
of any educational event, which is to develop cognitive faculties in students, in this way the teacher
must resort to implementing instructional resources that help the elements involved such as
teacher, student, curriculum, medium, authorities and evaluation in all educational events must
interact to achieve progress in learning.

The points of the concept maps from 1 to 5 make reference to the fact that both the student
was able to rank the concepts of a certain topic, to evaluate the progress in learning the topic to be

treated.
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5 COMPARISON OF GOWIN UVE BUILT BY THE STUDENTS

4.

]

1
|
35'
N
25‘
N
15‘
1
0.5
0

V6 V7

V9 '

V10

m DEFINITION OF THE PROBLEM m PROBLEM ANALYSIS
mTHEORY CONCEPTS EMETHODOLOGY AFFIRMATIONS

B ALGORITHMIC COMPLEXITY

Graph 3: Evaluation of Student Goein's UVE
In relation to graph 3 it was observed that el analysis of Gowin's UVE built by students
allowed us to evaluate the construction of students' knowledge and the way theory and practice
interact. The use of the method used reverses the Piagetian statements about reasoning, since it
assumes that students of any age may appear to operate at the concrete level or at the formal level,
depending on how appropriate their relevant conceptual frameworks are. We assume that students
think rationally, and that almost all of them are capable of using what Piaget calls developed formal

Thinking, Provided It Has an Adequate Structure of Relevant Concepts. For This Analysis They
Built Two Observation And Evaluation Sheets.

4. Conclusions

The virtual laboratory material was of great help to both the teacher and the student and
represents a compilation of experiences of application of different evaluation instruments such as
diagnostic tests and pre-evaluations, of the use of learning techniques such as concept maps and
the Gowin UVE in electronic environments, used in the teaching process of other subjects such as
data structure and analysis of algorithms in which very good results were achieved. From the
above, it can be concluded that this material will be very useful because it is more complete and
brings together many suggestions and contributions from students of some parts of the teaching
material of the experiences in previous semesters, however nothing Perfect or unquestionable, it
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may have deficiencies and points not considered that will be integrated at the time of detecting its
failures. It is in the process of building the instruments for evaluating and monitoring the operation
of the material, as well as the final results in the teaching-learning process, and the integration of
the practical application of the theory.

Within the future works, comparative studies of learning through these heuristic
techniques, not only in the computer lab, must be applied virtual and face-to-face in both group

and individual tutoring work.
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