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Abstract. This work considers the authors experience with the use
of information technology in Mathematics education. A didactic exper-
iment was conducted featuring two different approaches applied in the
teaching of Mathematics to six different classes. Information technology
was employed to teach the three experimental classes, while traditional
teaching methods were offered to the three controls. The impact was
assessed and the experimental results were analyzed.

1. Introduction

“...since we know that the progress and prosperity of future generations
will depend on what we do now to educate the next generation, today I'm an-
nouncing a renewed commitment to education in mathematics and science.” —
remarks by US President Barack Obama at the National Academy of Sciences
Annual Meeting on April 27, 2009.

Without a government policy, it is impossible to implement such a pro-
found change in the education system of any country. Bulgaria is no excep-
tion. This was recognized in 1999 by elaborating and introducing the National
Strategy for Introduction of ICT to Bulgarian Schools [10]. The rapid develop-
ment of the new technologies has necessitated multiple updates of this strategy:
2002, 2005, and 2009 [12]. All deadlines underlying this strategy and its up-
dated versions have been met well in advance, but nevertheless, a delay in ICT
integration has been reported.
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This work presents the outcomes of a didactic experiment conducted to
assess the efficiency of the use of information technology in Mathematics Edu-
cation.

2. Overview of computer integration in education

Systematic research on the use of computers in education began in mid
70s in Great Britain, the Netherlands, the USA, France, the Federal Republic
of Germany, Japan, Russia, and, naturally, in Bulgaria [8]. Investigations and
experiments in this field are still being done today. Based on the results from
such endeavors, three major patterns of computer integration have been identi-
fied: “programming and informatics, use of computers as an auxiliary teaching
aid by teachers, and use of computers as tools in programmed education meant
to replace the teacher” [9].

A government policy is required to introduce computers in education. Ev-
ery country has its own approach but they all tend to be very cautious at the
beginning, to research and analyze before they decide to act on a mass scale.

Although no centralized research has been done in the USA or Great
Britain to date, hundreds of various projects have been launched and imple-
mented. The governments of these countries have employed projects basically
in terms of providing financial support for research and granting 50% discounts
for the schools which purchase locally made computers. The number of comput-
ers in US and British schools significantly exceeds that in the other countries.
As early as in the distant 1985/86, all schools in the USA and Great Britain
had computer rooms. France launched its project “10,000 Computers in the
High Schools” in 1981/82.

The first stage of the research was completed in 1985-1986 and led to the
following conclusions: 1. The study of Programming and Informatics at school
is a necessity (in the Netherlands, this was recommended to begin at the age
of 11 or 12). 2. The use of computers by teachers as an auxiliary educational
aid enhances many-fold the quality and efficiency of learning. 3. The use of
computers as tools for programmed education designed to replace the teachers,
has remained questionable, largely due to the high cost of such lessons [15].

3. E-learning content

Some of the first attempts at elaborating electronic content were made in
the USA in a town called Pravo, Utah, and in the city of Denver, Colorado,
and it was there that numerous lessons were developed (in Denver alone, more
than 2,000 different lessons were created) [9]. The programs used in those
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schools were too sophisticated. The school administrations claimed that a
large part of what the programs did completely replaced the traditional lesson
work. The use of computers as tools in programmed education revealed a
number of new possibilities, which considerably enhanced the efficiency of the
positive aspects of this type of learning. Such training programs are very
expensive, because of the massive labor intensiveness behind their development.
The development of 10-15 lessons costs as much as a computer system. Most
countries government projects for introduction of computers in schools spend
some 40% of the development budget on software [11].

The underlying idea defining the nature of E-learning content is that of
the role of the teacher in computer-aided instruction. The teacher is still the
director and organizer of education. The computer is just a new and, in certain
aspects, more perfect teaching aid compared with the aids preceding it [2]. Even
the most sophisticated machines, however, are not able to orient themselves so
quickly in the possibilities, inferences and mistakes, as a human being can with
his or her subjective evaluation system. This is why opportunities should be
provided for the teachers to decide on where, when, and how to use computers
as their assistants. “With regard to the sensor-motor experience, computer
software is fully comparable with textbooks” [14].

The first computer-aided lesson in Bulgaria involved over two hundred
students and was demonstrated at the National Seminar on the Issues of
Computer-Aided Instruction in Sofia in June 1983, under the title “An Al-
gorithm for Computing Square Roots” [4]. The next lesson was on “Geometric
Progression” [3]. The Division of Mathematics and Informatics Education, to-
gether with the Laboratory of Mathematical Linguistics at the Unified Center of
Mathematics and Mechanics at the Bulgarian Academy of Science were among
the most ardent participants in this endeavor. They developed two lessons,
viz. “Metric Dependences in a Rectangular Triangle” and “The Pythagorean
Theorem” using computer features, such as sound, graphics, and text. During
the time period 1982-1986, teams of high school teachers and students, univer-
sity lecturers and students, as well as research scientists, developed lessons in
a range of subjects taught in Bulgaria schools.

With time, experience was acquired in the use of computers in Mathe-
matics education and in the methodology for E-learning content design and
development.

In 2006, the Ministry of Education and Science announced a competition
in design and development of E-learning content in most subjects taught at
the upper high schools in Bulgaria. The authors of this paper took part in
this competition and were awarded the design and development of E-learning
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content in Mathematics for the compulsory courses for 11th and 12th graders.
The proposals complied with the MoES standards and were made publically
available via the National Education Portal. There is a forthcoming follow-
up project for launching a system designed to upgrade and supplement this
curricular content due to the “Panta rei” syndrome (i.e. everything flows,
everything changes). Needless to say, our achievements then cannot satisfy us
now, five years later.

E-learning content also brings about changes in the role of the teacher.
With the first training software, the teachers role was neglected, as teachers
were involved (to a certain extent) in the development of the training program,
after which they made a straightforward direct use of computers in the class-
room [13]. Recently, experiments have been made with software whereby the
teacher is able to intervene in the running of the program, to “instruct it”, to
modify some of its features. At no stage so far, however, has the fear of teacher
replacement been substantiated.

Resorting to these specific methods in the classroom can excite and main-
tain students interest in a manner that traditional teaching methods are not
up to. Thus, personalized training and creative approaches are encouraged in
the acquisition of knowledge and skills, as the students take a central place in
the learning process.

4. Didactic experiment on the quality and efficiency of learning
trigonometric functions by using information technology

Should information technology be used in every lesson? Definitely not!

We chose a topic that was suitable to produce the required effect as a
result of a lesson conducted with the use of information technology. Our goal
was to conduct a didactic experiment in order to assess this effect and analyze
the results.

The topic “Trigonometric Functions” is a section from the compulsory
training curriculum for 10-graders and is very challenging both for students
and teachers. This E-lesson is published on the National Education Portal [7]
and can be used with some of the approved textbooks without replacing them.
Methodology-wise, it is structured as follows: (Main Menu):

e New Knowledge — in addition to becoming acquainted with the facts, this
page features four dynamic tables through which students can illustrate
what they have learned. Each page allows the student to play some music
while being introduced to the core concepts or while solving the problems,
but this feature is limited to home settings only.
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e Training Problems — two types of problems: solved or with hidden solu-
tions. These problems are clarified by the teacher and it is recommended
that students write down some of them in their notebooks.

e Self-Study Problems — featuring both solved problems and ones with
hidden solutions. Depending on the computers performance, the solutions
can be displayed with a delay of a couple of minutes.

e Test — performance assessment with a key role to play. The test is not
lengthy, but bears a direct relevance to the taught material. It is made
up of 5 problems and the score is calculated in terms of the number of
problems that have been solved correctly. There is a key provided for
self-assessment. This test has been designed for self-assessment and has
not been used as a student assessment tool.

According to the State Educational Standards in Bulgaria, this section is
meant to be taught over 8 to 10 periods of 45 minutes each. To carry out
our experiment, we involved four classes from a high school of Mathematics
and two from an average high school. Three of these classes constituted the
experimental groups, and the other three were assigned to be the controls, each
with 26 respondents. The experimental classes were taught using information
technology, and the controls were taught in the traditional way. Two teachers
were involved in the experiment and they taught both with and without using
information technology, as necessary. Initially, we conducted a twenty-minute
placement test to identify the knowledge levels of all students before the ex-
periment. To cover the New Knowledge part, the experimental group spent 4
periods in a computer room, unlike the control, which was taught in a tradi-
tional classroom. During the following 4 periods, both groups practiced the
new material and finally did a progress test.

The students in the control group made drawings on the blackboard and
in their notebooks, which took a lot of time although the teachers were expe-
rienced and did their best.

In the experimental groups, however, the teachers gave a number of exam-
ples and the students experimented using the plotter integrated in the E-lesson.
Due to the good skills demonstrated by the students, the examples implemented
on the computers were extremely numerous. A lot of students were creative
and proactive, and the students interest was immense. The problems solved by
the experimental groups during the first 4 periods largely outnumbered those
solved by the controls. A disadvantage was in that their notebooks remained
almost intact.
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5. Results from the experiment

In the assessment of the initial knowledge level, both the experimental and
the control groups demonstrated similar performance, which was a sound basis
to undertake the experiment.

The experiment revealed that during the next class periods meant for
practice, the students from the experimental groups were able to solve twice as
many problems as their peers from the control groups.

After the unit was completed, tests were administered in the traditional
way and performance was compared. The average grade from the tests of the
experimental groups was compared with that from the tests of the controls
and was found to be higher by 0.48 on a 2(Fail)-to-6(Excellent) scale. That
confirmed the expected, i.e. teaching that material with the use of information
technology was not only appropriate, but also, perhaps, mandatory in order to
ensure a better quality of Mathematics education.

At the end of the experiment, the students were asked to complete a ques-
tionnaire. The question “Should computers be used in Mathematics Educa-
tion?” scored a 100% Yes responses by the experimental group and 93% Yes
responses among the control. We cannot, but take into account that the stu-
dents made a very accurate remark that not all lessons are suitable to be taught
in this way.

The teachers opinion was also invited and they were enthusiastic to share
that they were satisfied with the use of the electronic version of the teaching
materials. They were explicit that the leading role in conducting the lesson is
to be played by the teacher. S/he directs, monitors and facilitates the learning
process. They also highlighted that the methodology of teaching is similar to
that applied in teaching Informatics.

6. Conclusions and suggestions

The use of information technology provides an environment for: flexible
personalization of the pacing of acquisition of the content knowledge; self-
regulation; solving more problems in less time; development of spatial imagi-
nation in terms of 2-D and 3-D graphical images; identification and systemati-
zation of error patterns; more teachers time spent on coaching their learners;
creative and innovative work by each and every student.

These advantages of training with the use of information technology, how-
ever, do not rule out certain shortcomings from a pedagogical and psychological
point of view, such as confining the sensor inputs and to a certain degree the
direct contact with the teacher.
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Summarizing the above mentioned advantages and disadvantages, we can
assert that education that integrates information technology will lead to a re-
duction in the time period needed for the acquisition of the subject content
and will enhance the efficiency and quality of training. This is taking place at
a range of educational institutions and involves various teachers, but should
become regular practice in the teaching of certain lessons in Mathematics at
all schools. One of the goals is to accelerate the process of its growing on a
mass scale without waiting for a centralized body to coordinate the efforts to
that end. A teacher should be able to make the decision of when and how to
efficiently use information technology in the classroom and, hence, to accept or
reject pedagogical hypotheses with a precisely evaluated certainty.

The E-lesson used in this experiment was static. There is an ever growing
need for a new type of E-learning materials: dynamic, self-developing, and
intelligent. Each of them is subject to further development and fine-tuning by
the teacher to match the knowledge level of the students and their personal
capabilities. To that end, they can use popular software environments and
integrated systems, such as Planimetry, GeoNext, Mathematica, etc. [5].

7. Conclusion

Due to the use of information technology in education, some of its tradi-
tional features have undergone certain changes. The initial fears among the
teachers have been overcome and a growing number of them are successfully
integrating information technology in their teaching practice [16].

Given enough time and appropriate training, a lot of teachers would de-
velop efficient E-learning materials for their school, but as a rule they are short
of time and are not treated as professionals who can contribute to their school
system in addition to the day-to-day classroom teaching. What is more, should
the school system be willing to train certain teachers in computer integration in
the teaching and learning process, the possibilities for such training are limited.

The integration of information technology into the teaching and learning
process normally requires restructuring of the pedagogic practice in place. This
is extremely difficult to implement by the local school systems without the avail-
ability of external guidance, consulting services and training materials, which
are hard to get. The strongest support for such a change comes perhaps from
the hardware and software manufacturers, as well as from textbook publishers,
driven by their own goals — to sell their products.

It is often the case that innovations and changes are made, but the need
for long-term training of teachers and follow-up support is neglected. Expe-
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rience shows that a teacher needs two years to get accustomed to the use of
information technology in their classes. Unfortunately, the school system of-
fers short-term, mostly two-week courses [6]. The commercial developers also
underestimate training and support, while focusing on profits.

A critical factor in introducing technology is the involvement of teachers in
planning the projects and in the decision-making. If teachers advice is sought
and they are treated as professional collaborators, there are great chances that
they will really use the new technology and software.

Let us learn from the experience of others, e.g. the Stevens project in
the USA suggests, “Empower teachers with training, time, and support by the
school system, the community, and the corporations, and you shall receive ...”
[1]. The Stevens project called for wider use of computers in Mathematics
lessons and was focused on teachers. Efforts were made not only to provide
teachers with knowledge and experience, but also with a better working en-
vironment, and the outcome was the publication of over 1,000 textbooks in
a year. Provided that our school systems were encouraged to more actively
develop e-learning content, then within a year or two we could reach a more
satisfactory level. Consideration, focused on teachers needs for time, resources,
and recognition is key to success.
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NHTEH3NOUNKAIINA HA OBYYEHUETO IIO
MATEMATUKA YPE3 U3IIOJIBBAHE HA
NMHPOPMAIIMOHHU TEXHOJIOI'I

Wgaitio Crapubparos, Acen Paxues

Pestome. B paborara ce criozesist omuT oT n3M0J3BaHe Ha MTHOOPMAINOHHN
TEXHOJIOTUH B 00y 9IEeHUEeTO 10 MaTeMaTuka. I[poBeJIeH € eKCIIepUMEHT 3a IIPerto-
JIaBaHe B IIECT MAPAJIETIKHI Ype3 JIBa PA3JIMIHU OX0/a. B ekcriepuMeHTaIHnTe
TPU IAPAJIEJIKU Ca U3I0JI3BAHN NH(MOPMAIIMOHHU TEXHOJIOTHH, 8 B KOHTPOJIHUTE
TPU — TPAIUIUOHHN MeTou 3a oOyderue. OrieHer e edeKTa U ca aHATU3UPAHU
pe3yJITaTuTe OT €KCIEPUMEHTA.
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