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Abstract

The research was achieved by applying several questionnaires and evaluation tests that have
shown the efficacy of using the computer in building active thought and skills in the graphical
representation of functions f : Ac R — R, within a Cartesian reference system x0y. Our research

was based on the following hypothesis: if we systematically use, in lessons of algebra and mathe-
matical analysis, the GeoGebra software for drawing the graph of a function, then we shall con-
tribute to building attitudes and competences in using the computer for the graphical representa-
tion of functions f:AcR —» R, within a Cartesian reference system xOy. The purpose of our

study is to present a practical computer use model for the students from the Pre- and In-Service
Teacher Training Department, “Vasile Alecsandri” University of Bacau, during their pedagogical
practice stage of continuous training, aimed at building practical skills in supporting the teaching-
learning process with computers. To deal with these issues, we are trying to find the best teaching-
learning strategies by using the calculus technique. The research was conducted at the “Stefan cel
Mare” National Pedagogical College from Bacau, by assisting 20 lessons of mathematics and 20
lessons of Information and Communication Technology, involving a group of 104 students in the
11th grade. In order to verify the hypothesis, we have established several objectives that orient
and guide our activity: knowing the initial level of mathematical training in terms of graphical
representation of functions; identifying the frame and reference objectives of the curriculum for
mathematical education regarding the graphical representation of functions; designing and con-
ducting a teaching process focused on the use of the computer and the GeoGebra software in learn-
ing the graphical representation of functions; final evaluation of the students’ level of training re-
garding the graphical representation of functions in a plane.
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1. Introduction

The mathematician Markus Hohenwarter, creator of the GeoGebra software, started the project in 2001 at the
University of Salzburg. The software was designed and developed like a computerised teaching device to be
used in the teaching-learning of geometry for the level of elementary school, independently or simultaneously
with Algebra, for the level of high-school. In April 2002, the first version GeoGebra 1.0 was freely offered to
pre-university educational institutions.

The worksheet of the latest versions of GeoGebra or the document with the extension GGB contains: the “al-
gebra window” and the “geometry window”, where one may also insert the Excel calculus table for numerical
values. A feature of the latest versions of the application is that it associates “mathematical objects” with three
representations: 1) graphical (points, polygons, representative curves for functions); 2) algebraic (points, coor-
dinates, equations of lines, conics; 3) value representation, in the Excel calculus sheet [1].

As shown in the examples above, the graphical representation of a function implies several stages of calculus
that students may cover after having studied mathematical analysis in the 11" grade. Although these steps are
performed well by students, they still display a certain amount of unskillfulness in achieving the drawings. That
is why we believe that GeoGebra comes to support students in achieving a correct image of the graph of a func-
tion [2].

2. Methodology of Research
2.1. The Research Hypothesis and Objectives

By exploiting work in class during pedagogical practice, we intend to illustrate the role of using GeoGebra for
building attitudes and developing strategies for learning algebra and mathematical analysis with the help of the
computer.

Hypothesis: if, in lessons of mathematics, we systematically use GeoGebra to learn mathematical analysis, we
shall contribute to building attitudes and competences related to the teaching-learning of the graphical represen-
tation of functions in a plane.

Research objectives: The objective of this study is to showcase a practical model for using the computer by
the students from the Pre- and In-Service Teacher Training Department, from the Faculty of Mathematics, at-
tending their continuous training, during their pedagogical practice, by teaching geometry in elementary school.

To verify the hypothesis, we have established several objectives that may orient and guide the activity:

1) Knowledge of the initial level of mathematical training regarding the collinearity of points in a plane;

2) ldentification of the frame and reference objectives of the curriculum for mathematical education regarding
the solving of problems of collinearity of points in a plane;

3) Designing and conducting a teaching process focused on using the computer and the GeoGebra software in
learning geometry;

4) The final evaluation of the students’ level of training regarding the collinearity of points in a plane.

2.2. Characterization of the Experimental Group

The research group comprised 4 (2 experimental and 2 control) classes of 11" graders, at which 20 students
from the Pre- and In-Service Teacher Training Department, the Faculty of Mathematics, continuous training
study programme, conducted, during their pedagogical practice hours, observation, probation and final lessons.

Each student has conducted probation lessons in the Computer science laboratory, initiating the high-school
students in using the GeoGebra software for geometrical representations and calculus applied in solving prob-
lems of plane collinearity.

This fact has determined us to conduct a process of individualizing the instructive-educational act, given the
fact that true pedagogical art springs from the student’s ability to combine harmoniously the active-formative
strategies, the children’s individual development with digital competences in using the computer [3].

2.3. The Research Stages

The experimental research was conducted during the 1% semester of the 2014-2015 school year, in three stages:
The stage of initial evaluation (observational) was conducted between 20-27 October, 2014. At this stage,
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there were applied tests aimed at identifying the initial development level of the ability to represent functions
graphically.

The ameliorative stage was conducted between 1 November-20 December 2014. At this stage, there were or-
ganized and conducted lessons of mathematics, with frontal activities as well as differentiated for small groups and
individual work. The aim was to build cognitive, psychomotor, socio-emational elements and the accent was put
on developing skills in the graphical representation of functions and using the computer by using the GeoGebra
software.

The stage of final evaluation was conducted between 12-23 January 2015. At this stage, there were conceived,
adapted and applied tests to establish the progress recorded by the high-school students in terms of building the
ability to use the GeoGebra software in the graphical representation of functions (Figure 1).

2.4. Research Methods and Techniques

To verify the hypothesis and achieve the research objectives, the students have applied the following research
methods and techniques: the portfolio, the questionnaire, observation, psycho-pedagogical experiment, conver-
sation, analysis of the activity products and research of documents, the method of the tests, as well as the tech-
niques for the mathematical-statistic presentation and processing of the research data (Table 4 and Figure 2).

3. Results of Research

3.1. Questionnaire Results

The pre- and post-test questionnaires included a series of questions regarding the use of the GeoGebra software
in teaching-learning geometry in elementary school.

% GeoGebra

File Edit View Options Tools Window Help
D

DNREFENEFENTEE

W V| | |
~ Algebra ~ Graphics

__||:v -v ............... -

= Function

e flx) = x et
=/ PenStroke

s stroked 5-

.
1

a=2

)

A
L]
]

Figure 1. Graphical representation of functions f:R >R, f(x)=x-e".



C. Lupu

To what extent do you believe that using the computer and the GeoGebra software is useful in learning ge-
ometry in the present context? The answers will be provided on a scale from 1 to 5, where: 1 = to a very small
extent/not at all and 5 = to a very large extent (Table 1).

In percentages, the students’ answers to the 6 questions from the pre- and post-test questionnaires were:
computer confidence: 62% - 67%; confidence in mathematical training: 62% - 65%; attitude towards using the
computer: 55% - 64%; relevance of the experience in using the GeoGebra software: 65% - 78%; engagement for
exploration as a learning strategy: 61% - 65%.

Relevance of graphical representation as support in solving problems: 64% - 70%.

In fact, we may notice a slight percentage increase regarding computer confidence, confidence in mathematics
and the attitude towards the computer over the semester. Also, there is a slight percentage increase regarding the
two strategy scales.

When answering question 7 regarding what they liked in relation to using the computer, the students made
frequent references to the following aspects: 1) graphics and visualization also support understanding; 2) the
speed and ease of building geometrical forms and calculating quickly; 3) clarity in understanding problems fol-
lowing graphical and calculus exploration; 4) The ability to verify written calculi and confirm answers [4].

Many students responded to using the computer in solving equations as if it were a game. Approximately half
of the questioned students said they would keep on using the GeoGebra software. The mentors have also re-
ported certain difficulties related to the use of computer science laboratories and the specific software. There
were no relevant differences according to gender, but there was acknowledged the importance of knowing the
English language.

3.2. The Final Evaluation Test Results

We shall further present only the final evaluation test (Table 2).
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Figure 2. The results of the experimental group to the final test.

Table 1. Questionnaire on the use of the computer and the GeoGebra software in learning mathematical analysis.

1 2 3 4 5

1) To what extent does the computer, by means of the GeoGebra software, support you in
learning mathematical analysis?

2) To what extent does your level of mathematical training support you in learning mathematical analysis?
3) What role does your attitude towards using the computer in learning mathematical analysis play?

4) What role does your experience of using the GeoGebra software play in learning mathematical analysis?
5) What is the degree of engagement for exploration as a learning strategy?

6) How important is graphical representation (visual strategies) in solving equations?

7) Mention what you liked about using the GeoGebra software in learning mathematical analysis?

8) Will you keep on using the GeoGebra software in learning?
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1) Lettherebe f:R—>R, f (x) = x-e*. Determine: the definition domain, the intersection with the axes,
the limitsto oo,

2) Lettherebe f:R —>R, f(x)=x-e*. Calculate: the first derivative, the second derivative.

3) Lettherebe f:R >R, f(x)=x-e".Determine the asymptotes and the variation table (Table 3).

4) Let there be f:R—>R, f (x)= x-e". Discuss the equation f (x)=m, according to the values of the
real parameter m [1].

Following the analysis and the interpretation of the data collected in the initial evaluation, there was con-
ducted differentiated work, providing support particularly to children with knowledge gaps, no mathematical
skills, looking for methods and procedures to remove such issues (exercises of drawing accurately the graphs in
a plane and solving equations with a parameter) (Table 4).

These elements have changed the children’s attitude towards mathematics. The students organized their ac-
tivities better, becoming more critical towards them, as well as towards the actions of others. Concerned with
ensuring the children’s active participation in the activities they conducted, the students tried to give tasks a
clear motivation, catch and maintain interest by means of emotionally engaging procedures, make them use the
computer and other attractive teaching materials at the most appropriate moments of the lesson [5].

Table 2. Giving marks based on performance descriptors.

T Mark
No. Very well Well Satisfactory
lim, £ (x)=lim_ = =[f] —lim__ -0,
: e o - G, nOx: f(x)=0=>x=0;
Item 1 y=0 isahorizontal asymptote towards |-co ; G, NOy: f(0)=0. E=R.
im,, f(x)=c0.
We have: f”"(x)=(x+2)-e*, and the equation The equation f'(x)=0 has
ttern 2 f(x)=0 hasthe solution x=-2 whichisa the solution x =1, point of The function f is differentiable
em ) 1 on R and f'(x)=(x+1)-e".
point of inflexion, f(—2)=—e—2. extreme, f(—l):—g.
Item 3  The graph (Figure 1). Table of variation (Table 3). Horizontal y=0 towards oo .
Ifme@mm,m%mmmm%Mmmmmumnmm 1 1
Item4 X <-1, X e(-10).If m>0, the equation has one If m =~ - the equation If <=7 the equation has
real root x,>0. has double root x=-1. no solutions.
Table 3. The table of variation, f:R—>R, f(x)=x-e.
X -0 -2 -1 0 +o0
f'(x) - - - - 0 + + + + + + + +
-2 -1
f(x) 0 N N NN N — 220 A7 7 7 7 7 4w
e e
£7(x) - - - 0 + + + + + + + + + +
Table 4. The obtained results.
Marks Frequency
Very well 39
Well 38
Sufficient 14
Insufficient 13
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Figure 3. The comparative analysis of the results to the evaluation tests.

4. Conclusions

Their attitudes towards mathematics by using the computer and the role of technology in the process of learning
mathematics are also analysed in connection to the paradigm of scientific, pedagogical, psychological and tech-
nological training for the teaching-learning-evaluation of mathematical knowledge, conducted in faculties by
means of lectures, pedagogical and technological training but, particularly, through pedagogical practice. The
questionnaire confirms the formative and emotional potential of using the technology (Figure 3).

All the mentors and students appreciate the relevance of efficiently using the computer to raise motivational
potential and learn mathematics, and the graduates of the Faculty of Mathematics should build the necessary
competences to exploit the available technological resources. The students from the pedagogical practice and the
pupils are encouraged to use, during their lessons of mathematics, the AEL lesson packages that are widely
available, as well as special software [6].
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