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ABSTRACT

Aims: To verify the influence of the role of ICT’s (Information and Communication Technologies) as
a teaching and learning process in the classes of chemistry discipline for the 3 years high school
students, and show the importance of computational chemistry programs as a methodological
alternative in the comprehension of chemical concepts of macroscopic and microscopic order.
Place and Duration of Study: The research was carried out in a public high school in the city of
Macapa-AP, Brazil.

Study Design: The sample population was made randomly with 3 year high school students and
the data was collected through surveys.

Methodology: The research was qualitative and initially was made the choice randomly of 54
students of the 3" year of high school. The students were divided into two groups: Control Group
(CG) and Experimental Group (EG), being each group was constituted by 27 students, where were
applied traditional classes for both groups with same contents: chemistry concepts, chemical
bonds, polarity of molecules, electronegativity, molecular geometry, physical and chemical
properties of the molecules of ozone (O3), water (H,O), carbon dioxide (CO,), methane (CH,) and
to analyze the students' comprehension about the importance and presence of these molecules in
contextualization with biotic and environmental factors. The computational chemistry programs
(ChemSketch and PhET Simulations) were used in the intervention classes only for students of the
EG. Data collection was conducted through of a survey with open-ended and closed-ended
questions. Surveys were applied for the groups after the classes (CG) and classes+intervention
(EG). The responses of CG and EG were compared considering the same content studied, in order
to evaluate the student's learning level and their opinions about the use of ICT’s in chemistry
classes.

Results: The students' responses related to the geometry of the ozone (O3), water (H,O) and
carbon dioxide (CO,) molecules showed superiority of GE compared to GC by differences of
40.74%, 29.63% and 37.03%, respectively. Comparing the two groups on the conception of the
influence of the geometry on the behavior of molecules studied in the environment, the effect
observed was a difference between the results of the groups of 18.52%, being 62.96% (CG) and
81.48% (EG). Molecular geometry is influenced by intra-molecular interactions, which may lead to
polar or nonpolar structure and influences the physical properties and increases or decreases the
reactivity of the molecule in the environment. The results show that, according to the students of
EG, the use of ICT’s in the classroom is important and ensures the computational chemistry
programs as a facilitating tool, and can aid to improve the learning of concepts that were previously
difficult to understand.

Conclusion: ICT’s together with the contextualization of the contents have proven themselves as a
very significant methodology and caused a positive influence in the teaching-learning process, due
a strong relationship with the abilities and potentialities that these technological tools. This resource
facilitated the formalization of ideas and consequently the understanding of content, helping
students to obtain greater understanding of the concepts studied. Concerning the application of the
intervention, amid different ideas, for most students the classes with the use of chemical programs
have made the learning more meaningful.

Keywords: Chemistry software; information and communication technologies (ICT);, chemistry
teaching; chemistry teaching methodology.

1. INTRODUCTION

The appropriation of different technologies by
citizens is fundamental for economical and social
development of a nation. The technological
advance experienced by the "information society"
(21th century) provides development, and the
scholar environment cannot be excluded from
the benefits that technological innovation can
provide. The Information and Communication

Technologies (ICT’s) are any kind of technology
created by man that is capable to represent or
convey information, from a simple pen, to
something much more advanced as a computer,
for example. ICTs are important because they
are inserted in various ways in contemporary
society, like the forms of social organization and
practice, health, education, among others. The
school has, among many other functions, the one
to form critical citizens and professionals to enter
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the labor market. In this context, the ICTs are
tool that can be used to aid school on this
formation [1].

New proposals for education, for example
chemical teaching, have been researched in
order to facilitate the teaching and learning
process, without prioritizing a methodology full of
mathematical formulas and scripts that not
always are accessible to students and that may
drive them away from the main objective which is
to understand the chemical science and its
relations with nature, economy and society, as
advocated by the National Curriculum Guidelines
for High School (NCGHS) and in the Law of
Guidelines and Basis of National Education
(LGBNE/9394/1996) [2,3].

NCGHS are the basic reference for the
development of common content for high school.
NCGHS were designed to spread the principles
of the curriculum reform and to guide teachers in
the search for new approaches and
methodologies. NCGHS establish a profile for the
curriculum, based on the basic abilities to insert
young, guide teachers on the significance of
school knowledge, which must be contextualized
in an interdisciplinary approach, and encourage
logical thinking and the ability of students to
learning [3].

The informatics as an educational tool can
provide opportunities of improvement in learning
environments, making feasible the exchange of
information, experiences and knowledge, thus
functioning as mediator in construction of new
knowledge and potentialities. It's noteworthy that
the new ICT’s are not the solution to the
educational problems, but a resource that must
be adapted to education [4]. Distant from that,
indeed, in most of schools the use of ICT’s
happens in disjointed and compartmentalized
way, perpetuating the traditional teaching without
much interactivity between subject and student
[5]. Studies pointed that overloaded curriculum,
lack of equipment and inappropriate training are
some reasons for the absence or bad use of ICT
by teachers [6].

It is notable that education now crosses a crucial
moment in respect to ICTs use, and in recent
years efforts have been make these resources
available to schools [6,7]. But it is not simply
about that such resources are available at the
school, but it's a matter of to know how to use
them, considering the deficiencies, and mainly,
the socio-educational needing existing in the

school. However, before possible applications, it
must be defined how the technological resources
will be applied. Science teachers need to be able
to use a range of ICT related resources
effectively in the science classroom [7]. The
possibility of the teacher of appropriating these
technologies integrating them to the chemistry
teaching and learning environment can generate
a more dynamic teaching of chemistry, and more
closer to the constant changes that society has
experienced, creating new knowledge spaces
[8,9]. In previous history and current times,
difficulties of this kind are proceeding from
particular, abstract and non-observable nature.

ICT’s can be a facilitating tool in this
understanding, reducing the gap left in this
learning process, where the students have
difficulties in establishing relations between the
learning levels in chemistry. In this way, it seems
quite likely that the use of analogical models and
computational graphs in structured teaching
situations could be productive for students to
appropriate of forms of chemical thoughts,
according to what some studies have shown [10].

The use of computers is a natural practice at all
levels of teaching and learning process, whether
at the school or outside it, practically from the
moment they were created. Computers have the
capability of simulate situations and phenomenon
which are not naturally observed a fundamental
resource in educational environments, once it
stimulates imagination about the behavior of a
given phenomenon, transforming the monitor
screen in a laboratory [11]. Such capability of
experimentation, whether by software or in the
internet, makes the students experimenters
through the various possibilities that are offered
and through the unexpected results, being
surprised with the unpredictable, what makes
them more inventive and creative. The use of the
computer has to be done in cultural manner,
generating a favorable environment to the
meaningful learning. The teacher becomes the
mediator between student and computer,
organizing the knowledge in systematic way,
strengthening teaching actions and also the
learning processes and development of higher
mental functions [12].

In virtual environments, students can perform
simulations of situations that are not available in
the traditional classroom. Other authors on
previous research addressed the question of
whether the lessons with simulations or virtual
labs had the same efficiency on student learning
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than lessons in real laboratories, and these
studies have shown that both methods resulted
in improvement of students' knowledge with no
significant differences in the acquisition of
scientific concepts [13,14]. These virtual
environments are promising in improving school
performance, ensure greater involvement and
development of abilities such as investigation,
critical  thinking, use of technology and
communication [15]. The integration of ICT into
teaching methods benefits not only the students,
but also provides cumulative development of
competencies in the teachers who use it [16].
The first reference to the use of information
technology by chemistry teachers at school dates
back to 1959, in the United States. Only after
1969, at Texas University, a project was
developed to evaluate and perform simulation of
laboratory experiments to be used in chemistry
classes [17].

In context of ICTs, four concepts are relevant:
media, multimedia, hypertext and hypermedia.
Media is characterized by texts, images, sounds,
movies, cartoons, and graphics. Multimedia
corresponds to the use of different forms of
media together in a specific medium, for
example, the computer. Hypertext refers to the
nonlinear writing, where the reader access the
segments that make up a text in different
sequences, from its personal interest, face of
alternatives presented interactive resources of
computer. Hypermedia is then the union of
multimedia and hypertext [18]. Programs are
classified as hypermedia, allowing the interaction
with the user through links offered by hypertexts,
where each element that makes it up is
structured, so that there is contribution of
different media [19]. Computational chemistry
programs permits to access models, illustrations,
equations, phenomenon, interactions  of
microscopic order, besides relate concepts from
an interactive interface [20]. The combination of
iconographic characteristics with the
convergence of representation means in window
ambience is also particularly attractive for
education in sciences, especially when
considering the transposition of the phenomenon
from natural environment to the computer [10].

The development and the further use of
programs in classroom help in the resolution of
chemistry problems, and the versatility of
computational chemistry allows not only its
application in chemistry teaching, but also in
research and development areas. Many
programs are available on the internet for

download and free access and others can be
bought from their manufacturers. These tools,
when properly applied, besides motivates
learning, collaborate with the adaption of the
student in a increasingly technological society.
The advantages of the use of chemistry software
are related with the modes of knowledge
construction, because simulations offer an
interactive environment for the student to
manipulate and observe immediate results,
proceeding to the modification of situations and
conditions [21-23].

Computational modeling has great potential to
allow students to understand the theoretical
principles of the natural sciences and
mathematics. It supports the student's perception
to the construction of knowledge, because it can
incorporate in a single moment many forms of
representation of the system in study, whether
they are written, visual and sound. Using just
exposing class, it's almost impossible to describe
the dynamics of a phenomenon, it's necessary
that the students develop a certain degree of
abstraction to the comprehension of the content.
In this way, computational modeling in Chemistry
contributes to the cognitive development in
general; facilitate the construction of relations
and meanings, potentiating the pedagogical
possibilities of interaction between teacher and
student [24,25].

This work aimed to verify the influence of the role
of ICT’s as a teaching and learning process in
the classes of chemistry discipline for the 3
years high school students with ChemSketch [26]
and PhET Simulations [27] programs in a public
high school in the city of Macapa-AP, Brazil, and
show the importance of computational chemistry
programs as a methodological alternative in the
comprehension of chemical concepts of
macroscopic and microscopic order.

2. MATERIALS AND METHODS
2.1 The Study Object of the Research

The study was conducted in a public high school
in the city of Macapa-AP, Brazil. Initially 54
students randomly of the 3™ years of high school
were divided into two groups, control group (CG)
and experimental group (EG), being each group
constituted by 27 students, where were applied
traditional classes for both groups on the content
of chemistry concepts, chemical bonds, polarity
of molecules, electronegativity, molecular
geometry, physical and chemical properties of
the ozone (Oj), water (H,O), carbon dioxide
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(CO,), methane (CH,4) molecules by the same
teachers. In addition to evaluate the students'
comprehension about the importance and
presence of these molecules in contextualization
with biotic and environmental factors, and the
opinion of students about factors related to the
use of the ICTs and, featured in, the use of
chemical programs.

2.2 Computational Chemistry Programs
Used for Intervention

The computational chemistry programs (Chem
Sketch and PhET Simulations) were used in the
intervention only for students of the EG as a
facilitating tool in the teaching and learning
process. In the EG emphasized the use of the
programs with respect to three-dimensional (3D)
simulations of the studied molecules (O3, H,0O,
CO, and CH,), that is, the teacher helped the
construction of the chemical structures
attempting to lead an alternate reality with the
use of the software in order to motivate students
in the teaching and learning process.

2.2.1 Chemsketch program

ChemSketch is an integrated package to the
Advanced Chemistry Development (ACD)
program and has a module of generation and 3D
visualization of molecules namely ACD/3D
Viewer, which were taught to the students of EG
several forms of representation of the chemical
structure of the ozone (O3), water (H,O), carbon
dioxide (CO,), methane (CH,;) molecules, for
example: wireframe (type of 3D representation
that shows the molecule in form of "lines"), Sticks
(type of 3D representation that shows the
molecule in form of "sticks"), Ball & Sticks (type
of 3D representation that shows the molecule in
form of "balls and sticks"), Space fill (type of 3D
representation that shows the empty spaces of
the molecule as "filled" (similar to Stuart model),
Dots Only (type of 3D representation that shows
"only dots" representing the atoms and bonds in
molecule), Disks (type of representation that
show atoms in form of disks, very similar to
Space fill form, however without the 3D effect),
With Dots (shows the "dots" of 3D representation
in any form of visualization), with Dots combined
with Ball & Sticks, as well as chemistry concepts
and chemical bonds.

2.2.2 PhET simulations program

PhET Interactive Simulations (Physics Education
Technology) is an initiative of Colorado

University, whose purpose is to offer a package
of simulations that may help in the way the
Sciences (physics, chemistry, mathematics and
biology) are taught and learned. PhET
Simulations is available on the internet through
the site http://phet.colorado.edu [27] and can be
freely used. The provided ambience of simulation
can be executed directly in the internet or in an
installation package (available for different
operational systems), that can be downloaded
and installed in local machines [27]. PhET
Simulations program was used for investigations
on chemistry teaching of the contents of polarity
of molecules, electronegativity, molecular
geometry, physical and chemical properties of
the ozone (Oj), water (H,O), carbon dioxide
(CO,) and methane (CH,4) molecules.

2.3 Construction of the Questionnaires

Conduction of survey in a qualitative way with the
application of open-ended and closed-ended
questionnaires. The questionnaires had objective
of evaluate the student's concepts related to the
geometry of molecules, conceptions about the
influence of molecular geometry in substances'
behavior in the environment, conceptions on the
difference between physical states of the
substances in environment, use of other
methodological resources in chemistry classes,
student's opinion related to the content taught in
the intervention and student's opinion related to
the use of chemical programs as an educational
tool.

2.4 Collection and Evaluation of Data

Data collection was conducted by the application
of a survey with open-ended and closed-ended
questions, which were applied after the classes
(CG) and classes+intervention (EG) for both the
Control and Experimental groups. The teachers
were present to inhibit interaction between the
students during the survey. Then, the responses
of CG and EG were compared considering the
content studied, in order to evaluate the student's
learning level and their opinions about the use of
ICT’s by the teacher in chemistry classes.

2.5 Ethical Aspects

Questioning of ethical aspects, where
participants were instructed that there would be
assurance of anonymity, because their ID’s in
their respective evaluation activities were treated
in a respectful and confidential manner, and
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aimed to defend the interests of research
participants in its entirety dignity to contribute to
the development of research within ethical
standards.

3. RESULTS AND DISCUSSION

In this section are explained the student's
concepts related to the geometry of molecules,
the conceptions about the influence of molecular
geometry in substances' behavior in the
environment, the conceptions on the difference
between physical states of the substances in
environment, the use of other methodological
resources in chemistry classes and the student's
opinion related to the content taught in the
intervention

3.1 Student's Concepts Related to the
Geometry of Molecules

The student's conceptions about the geometry of
the ozone (O3), water (H,O) and carbon dioxide
(CO,) molecules were assessed through the
following question: "What is the type of geometry
of molecules of Oz, H,O and CO,?", for both the
groups (CG and EG). The Results are shown in
Figs 1, 2 and 3.

Fig. 1. corresponds to the understanding of the
molecular geometry of the ozone (O3) molecule,
comparing both groups, CG and EG, with such
question in closed nature, having just one correct
answer among the following assertions: angular,
linear, pyramidal, trigonal, tetrahedral. It can be
seen that the yield of EG was higher than the
CG, that is, students of the first group
significantly assimilated the concept related to
the issue, but students of CG did not have clear
understanding of the geometry of O;. Taking the
difference between the yields of GC (33.33%)
and EG (74.07%), 40.74% is obtained. The
wrong item most repeated by the students was
the one that pointed the geometry of O; as linear,
contributing expressively to the increase of errors
in CG. This did not occur with the EG due to the
use of the programs, which facilitated the
understanding of the concepts of geometry.

In these terms, ozone is a dark-blue atmospheric
gas, which concentrates in stratosphere, in a
region between 20 and 40 kilometers of altitude
in the atmosphere, has a structure if form of V,
due to the presence of not-bonding electron pairs
present in central atom. In another words, its
structure is Angular [28,29].

Geometry type of the ozone (O;) molecule

74.07%
80% 66.67%
70%
60%
50%

]
]
40% -‘
J
4
1

M Hits
H Errors
30%
20%
10%
0% -

33.33%
/

pg

/

Control Experimental

Fig. 1. Geometry of the ozone (O;) molecule,
according to CG and EG

Fig. 2. corresponds to the student's
understanding about molecular geometry of
water (H,O), comparing both groups (CG and
EG), where the question is of closed nature, with
just one correct answer among the following
assertions: angular, lineal, pyramidal, trigonal,
tetrahedral. A little difference occurred among
right and wrongs in CG (3.70%). Such difference
can be justified by the fact that water molecule
representation is one of the most showed in high
school and students can easily observe this
model. The difference in yields of CG (51.85%)
and EG (81.48%) was of 29.63%. Water
molecule presents an Angular molecular
geometry, of AX, type, where "A" is the central
atom and X are the ligands. It is noteworthy that
there are quite molecules that presents Angular
geometry, like OF, and SO,. Water geometry is
due to the presence of two non-ligands electron
pairs in the central oxygen atom, that causes
great repulsion in the electrons of the ligand
atoms, thus acquiring a stable geometry, with
angle of 104° 27’ [29,30].

Geometry type of the water (H,0)
molecule

81.48%

51.85%

48.15%
M Hits

HErrors

/!

Control Experimental

Fig. 2. Geometry of the water (H,O) molecule,
according to CG and EG

Fig. 3. Corresponds to the student's
understanding about molecular geometry of
Carbon Dioxide (CO,), comparing both groups
(CG and EG), being the question of closed
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nature with only one correct answer among the
following assertions: angular, lineal, pyramidal,
trigonal, tetrahedral. Fig. 3. shows a satisfactory
yield of EG relative to the CG. A comparison of
the GC (37.04%) and EG (74.07%), shows a
difference of 37.03%. The use of chemical
programs has facilitated the understanding of the
students, as seen in Figs. 1, 2 and 3, because
they allowed a clear view of the spatial
conformation adopted by each molecule.

Geometry type of the carbon dioxide
(CO;) molecule

74.07%

80% 1
70% A
60% -
50% A
40%
30%
20%
10% A
0%

37.04%
M Hits

M Errors

Control Experimental

Fig. 3. Geometry of the carbon dioxide (CO,)
molecule, according to CG and EG

Structure of CO, has two double bonds, O=C=0.
In this case, the type is AX,, the central atom
does not presents ligand electrons, thus, unlike
water molecule, the repulsion between the non-
ligand electrons and the shared electrons does
not exist, and consequently, the geometry of the
Carbon Dioxide molecule is linear [30,31].

The use of programs in the intervention exerted a
fundamental paper in the comprehension of the
concepts about the molecules, what is found by
the discrepancy of right answers between CG
and EG, proving, therefore, that a problem
frequently faced by students is the conducting of
activities that requires ability of tridimensional
imagination as well as mental visualization of
molecules that are represented in two
dimensions in the books. Hence, with the use of
program, it was considerable increased the
capability of students to Vvisualize the
tridimensional geometry of molecules.
Geometries, when represented in a more
animated and dynamic form, improves the ability
of tridimensional visualization of students,
tending to provide a significant perception of
microscopic world [10].

Similar results were found by other authors, who
studied the effects of ICTs in science and
mathematics teaching, and stated that students

acquired a better understanding of targeted
chemistry concepts during the multimedia
courses [32], and also that the use of ICTs for
mathematics instruction has a significantly
positive effect on teaching high level concepts to
students in grade eight or above [33].

3.2 Conceptions about the Influence of
Molecular Geometry in Substances’
Behavior in the Environment

The students' comprehension on the influence of
geometry in the behavior of the molecules in the
environment was assessed through the following
question: "Does the geometry of the molecules
influences its behavior in the environment?",
which was made for both CG and EG, being this
questions of closed nature and with the following
assertions: Yes or No. The results are shown in
Fig. 4.

In Fig. 4 there is a higher yield of EG (81.48%)
compared to CG (62.96%) with a difference of
18.52%. The geometry of the molecule is
influenced by intra-molecular interactions, what
may lead to polar or a polar structures, that
consequently can influence physical properties,
and increase or decrease the reactivity of the
molecule in environment. The programs greatly
influenced the EG, due to simulation capability,
making then possible to manipulate the variables
related to a given phenomenon.

Students understanding on the influence
of geometry in the environment

100% - 81.48%

80% -
60% - M Yes
ENo
40% A

20% -

Control Experimental

Fig. 4. Students understanding on the
influence of geometry in the environment
molecules, according to CG and EG

The programs requires, in a playful manner,
attention and imagination of students, which
expands the capacity to interfere and modify the
environment in which they find themselves. This
is one of the objectives proposed by the National
Curriculum Guidelines for Secondary Education
(PCNEM) and Transversal Themes with
Environmental Education [3].
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Rivers, lakes and oceans exist because its
molecules strongly attract each other and form a
liquid. Without liquid water there would be no life.
Without the force between the molecules, our
meat flesh would separate from the bones and
oceans would turn into gas. Saying in a less
dramatic form, the force between the molecules
govern the physical properties of matter and
contributes to explain the differences between
the substances around us. These forces explain
why the carbon dioxide is a gas which we exhale,
why the wood is a solid in which we can stay on
feet over it, and why ice floats in water [31,34].

3.3 Conceptions on the Difference
between Physical States of the
Substances in Environment

In Fig. 5 is shown the students' yields about their
conceptions on the differences of physical states
of water and methane. This was assessed
through the following question: "Why the water
(H,O) at room temperature is a liquid and
methane (CH,;) is a gas?". The question was
made for both CG and EG, being of closed
nature and with only one correct answer among
the following assertions:

A) Because of the difference between the
number of moles of the molecules

B) Because of the difference between the
molecular masses

C) Because of the difference between the
intermolecular interactions (H,O = Hydrogen
Bonds / CH,4 = Induced dipole)

D) Because of the nature of the chemical
species (H,O=inorganic substance/CH,=
organic substance)

The intermolecular interactions are responsible
for altering the melting and boiling points of
substances, thereby changing their behavior in
the environment in relation to changes of
physical state of matter [31]. Therefore, "C" is the
correct one, because the difference is in the
intermolecular interaction, which in water are
hydrogen bonds, whereas in methane there are
induced dipole. As seen in Fig. 5, the results for
the CG (70.37%) and EG (88.89%), shows a
difference of 18.52%, which is believed to be due
to the simulation provided by programs, showing
the difference in  electronegativity and
intermolecular forces in the studied molecules.

Intermolecular forces are responsible for the
existence of various phases of matter. A phase is
a form of matter which has both chemical
composition and physical state uniform. The
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studied interactions are three: London forces,
dipole-dipole and hydrogen bonds. London
forces occur in non-polar molecules, is a very
weak interaction, its compounds have low
melting and boiling points, and at room
temperature they are in gaseous state, for
example, methane (CHy,).

Dipole-dipole interactions happens between
polar molecules and are stronger than London
forces. Substances which have dipole-dipole
interactions usually presents intermediate
melting and boiling points compared to other
substances whose molecules make different
intermolecular interactions. Substances
presenting dipole-dipole interaction can be in
solid, liquid or gaseous state at room
temperature, where the main factor to determine
its aggregate state will be the molecular mass.
They also conduct electricity when dissolved in
water, through the process known as ionization
(formation of ions).

The hydrogen bond is the strongest interaction
compared to London forces and dipole-dipole,
and happens when hydrogen atom (H) is
attracted by Fluorine (F), Oxygen (O) or Nitrogen
(N) atoms. The bond arises from the great
difference between the atom's electronegativity,
what causes the electrostatic force to strongly
approximate the atoms. That's why the melting
and boiling points of substances whose
molecules make hydrogen bonds are very high
compared to those who have different
interactions.

Student's yields about their conceptions of
physical states of (H,0) and (CH,)

88.89%
100%
80% A

60% - M Hits

29.63%

ok M Errors

Control Experimental

Fig. 5. Student's yields about their
conceptions on the difference of physical
states of water (H,O) and methane (CH,)

This explains the fact that water is liquid at room
temperature (25°C) although it has molecular
mass (18 g/mol) smaller than carbon dioxide (44
g/mol). This is because the first makes hydrogen
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bonds and the last does dipole-dipole interaction
[31].

The consolidation of this link between technology
and transversal themes, which in this case is the
environmental education, offers a significant
learning about environmental questions, so that
there is concepts fixation, in organized,
systematic and effective manner [35], what was
proved from the data previously obtained
(sections 3.1, 3.2 and 3.3).

3.4 Use of  other Methodological
Resources in Chemistry Classes

To verify the real perception of students related
to other methodological resources that could be
used by the teacher in chemistry classes,
besides pen and magnetic board, through the
following question: "Do you think the use of other
instruments besides pen and magnetic board
would improve the comprehension of chemistry
classes? Which ones?". The question was made
for both, CG and EG, and consists of a question
of semi-open, thus observing the students’
perception related to the use of other resources,
with the assertions Yes or No, but also citing
some proposals. The results are in Fig. 6 and
Table 1.

It is observed in Fig. 6. that 100% of the EG
students affirmed the importance of ICTs in the
classroom, while in the GC only 55.56% said the
same. The positive answers were more in EG in
comparison with CG, since that CG have not had
direct contact with resources used with EG.
Then, part of CG do not know the potentialities
that ICT's bring with, causing some participants
to answer "no".

The number of students and the cited resources
by CG and EG are in Table 1. The amount of
response exceeds the number of students per
group because they cite more than one didactic
resource option. In EG, after contact with ICT's,
students came to often cite programs,
computers, multimedia projector. Interaction with
these resources facilitate de settlement of
problems regarding the understanding of the
microscopic world, and this can increase the
student's field of view, stimulating imagination
and the construction of new concepts [26]. With
CG the ICT's were cited but not used, what may
have caused the lowest mentions of these
didactic means. However, an important data is
observed in CG, the experimentation, what leads

one to infer that teacher may have made use of
this methodology in chemistry classes.

The teacher can use in many ways the
programs, being of extreme importance the
knowledge and mastery of ChemSketch [18] and
PhET Simulations [27]. These can be used in the
preparation of tests, exercise lists, work
presentations in congress or for a periodic, as
well as using them in their own classes
interactively to contents that require comments at
the microscopic level [36].

Importance of ICT’s in chemistry classes
100.00%

100%

80% 55.56%
44.44%

60% M Yes

HNo
40%

20% 0.00%

Control Experimental

Fig. 6. The importance of ICT’s in chemistry
classes, according to CG and EG

Table 1. Methodological resources most
mentioned by the students

Resources GC GE
Multimedia projector 17 18
Computers 15 23
Programs 12 24
Experimentation 15 5

3.5 Student's Opinion Related to the
Content Taught in the Intervention

The following question was applied to both CG
and EG to assess the student's opinion about the
content taught: "In your opinion, was the class
sufficient to understand the course content?
Why?". This question is of closed nature, with the
assertions Yes or No, and also justifying the
answer. The obtained results are shown in Fig. 7.

Fig. 7. shows that the class was meaningful in
the opinion of most of students of EG (81.48%),
and for more than half of CG (59.26%). It's noted
that the use of ICT’s influences the students'
answers. Below, the answers of some students
from CG and from EG are exhibited.
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CG:

1. “No, because need more demonstration,
as experiments". (Student A)

2. “No, because the time is short and the
content are long and complicated".
(Student B)

EG:

1. “Yes, because the class was productive,
by the use of programs.” (Student C)

2. “Yes, because was used a not so common
resource.” (Student D)

Student's comprehension on the content taught

81.48%

0% -
80% -
70% -
60% -
50% -
40% +
30% o
20% A
10% A

0% +

HVYes

HNo

Control Experimental

Fig. 7. Student's comprehension on the
content taught, according to CG and EG

By means of the cited answers is evidenced that,
in CG, students point the need of experimental
classes. It's also observed that the use of
programs optimized the use of class time,
because students need less time to understand
the content. The opposite is evidenced in CG,
and student (2)' answer emphasizes this idea. It's
noted that in EG the use of chemical programs
profoundly improves the understanding about the
content, making the class productive (answer (3).

The students' responses allow inferring that the
association of theory and use of programs
improves the understanding about the chemistry
contents at microscopic level. It's worthy to
emphasize that chemical programs must not to
substitute experimentation but, instead, must be
a methodological alternative, since experiments
are fundamental to describe the various
phenomena at macroscopic world, however
programs, in other cases, are irreplaceable to
explain the micro world, as exemplified in
molecular geometry content.

3.6 Student's opinion related to the use of
chemical programs as an educational
tool

The question "What is your perspective about the
use of chemical programs as educational tools in
the process of teaching and learning?" was used
to assess the students' opinion about the
importance of the use of chemical programs, and
was directed only to EG. The question is of
closed nature, with the assertions listed below,
with the respective numbers. The results are
shown in Fig. 8.

(1) Improves the students' comprehension.

(2) As ateaching and learning object.

(3) Does not contributes to the pedagogical
practice.

(4) Serves to help the practice of teaching.

(5) Does not contribute to learning, being
merely illustrative

It can be inferred that the majority of students
(96.00%, questions 1, 2 and 4) conceptualizes
the use of chemical programs as a tool that can
help to improve the learning of concepts that
were difficult to understand before; the
introduction of these ICT seeks to cultivate
updated forms of reasoning. Previous researches
about the relation of students with ICT's had
achieved similar conclusions, such as that
student attitudes toward computers and
computer related technologies improve as a
consequence of exposure to them [33,37]. The
use of different resources, such as programs,
can drive students to one of the actual imposed
purposes for chemistry teaching, that is the
ability to understand, intervene and change the
medium in which it is inserted through the ability
of manipulation and modification of matter [1,3].

Perspective ofthe use of software in chemistry lessons

48.00%
50% 7
45% o
40%
35% - 30.00%
30% -
25%
20%
15% A

10% A

M Experimental

0% +

Fig. 8. EG perspective related to the use of
programs in process of teaching and learning
in chemistry lessons
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Some difficulties encountered in chemistry
teaching can be remedied through the use of
chemical programs, due to the potential and
feasibility that software can offer [38].
Technological culture is in exponential growth
and the school does not have access to the ideal
technology, so there is the need for integration
between school and technology [39]. Students
and their teachers need to deeply consider their
own teaching and learning practice as well as the
social and cultural implications for digital use for
different disciplines. They also need to consider
that different groups of students may be more or
less able to explore and critique the programs
and hardware (computer) [40].

4. CONCLUSION

The main purpose of this work was to verify the
influence of the use of programs in chemistry
teaching as a distinguished methodology. The
development of concepts regarding ICT's
showed positive results when compared GC and
GE, where the EG showed that learning
difficulties were reduced. This resource facilitated
the formalization of ideas, and consequently, the
understanding of certain content, helping
students obtain greater understanding of the
concepts of molecular geometry and
intermolecular interactions.

The contact with ICT’s enabled a more significant
idealization of the importance and what these
technologies  represent. Concerning  the
application of intervention, it was found the
existence of different conceptions, and for most
students the classes with the wuse of
computational chemical programs have made
learning be easier and meaningful.

Given the above, with the intention of
collaborating with the theme, it is suggested that
ICT’s must be used more often, particularly,
computational chemical programs as an
alternative tool in the teaching and learning
process, which may enable students transpose
the barriers of chemical knowledge in order to
answer questions that may arise.
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