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Abstract

The ac­celerated develop­ment of information and commu­nication technologies followed by several stu­dies in the 
cognitive theory area, have promoted the construc­tion of many visu­al tools (3D conc­rete models, statics or dyna­
mics virtu­al 2D and 3D images, simu­lations, animations, interac­tive software’s, etc) that have been placed to the 
disposition of instruc­tors. When they introdu­ce systematically these tools in there classes, with the purpose of getting 
better learning results, we verify a changing in the teacher’s role. He is no longer the source nor the transmitter of 
knowledge, but the mediator between the source and the stu­dent. The class dynamic frequ­ently changes without the 
percep­tion of the teacher. The information was predominantly presented in the verbal and gestu­ral modes, with some 
punc­tu­al introduc­tion of grap­hics, tables and models, with the purpose of merely illustrating the teacher’s verbal pre­
sentations. With the frequ­ent use of these tools, images became the main vehic­le of information, and if the learning 
impact is bigger so is the risk of misconcep­tions if the image’s choice is inap­prop­riate.  
What pre-service edu­cational training do teachers have to deal with learning/instruc­tion processes strongly sup­
ported in visu­alization tools? What concep­tions they have about visu­alization, rep­resentations and images, etc? 
These are the two qu­estions that we are trying to answer throughout the develop­ment of this work. The research is 
qu­alitative. We ap­plied a qu­estionnaire with 12 open qu­estions answered by 24 pre-service chemistry teachers. We 
conclu­ded that their training course discusses these topics in some sub­jects but in su­perfi­cial way. We also found 
that their concep­tions are not solid, and sometimes even become misconcep­tions.
Keywords: visu­alization, chemistry instruc­ting, teacher’s formation.  

Introduction

In the last years, four very different groups of people ( com­puter software specialists, scientists, 
educationalists and cognitive scientists) have promoted the development, the discussion and the use of 
visual tools in sciences instruction (Gilbert, 2007). Therefore the traditional resistance to change, science 
in­struc­tion and more specifi­cal­ly chemistry teaching has suf­fered some progressive modifi­cations, that 
go from small shifts in the traditional methods of teaching, strongly supported in the teacher, where in 
some punctual moments the students are allowed to built their own knowledge, to a com­plete change in 
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the class dynamic, in teacher’s role and consequently in the way of the students built there own know­
ledge.   

Progressively educators began to recognize the value of the visual com­ponent on the chemical 
knowledge, which was until then, only attributed to the verbal and mathematical language; nevertheless 
the pictorial chemistry language is by itself a higher structured language (Ege, 1994). With Jonhstone 
(1991) the chemical knowledge was divided in three levels of representation (sub-microscopic, macros­
copic and sym­bolic). For a student im­merse into the macroscopic world, the reality, it becomes very 
dif­fi­cult for them to un­derstand the con­cepts and the processes located at the sub-mic­roscopic level and 
represented in the sym­bolic language of chemistry.  There is a stead growing body of research that sug­
gests that the use of visual tools helps students’ transition between these levels of representation and the 
student achievement in science is generally supported by direct access to multi-media modes of repre­
sentation (Ardac & Akaygun, 2004). These studies  refer that if models play im­portant roles in science, 
it’s also ex­pected they are equally im­portant in science education, both for students who may become 
scien­tists and for the majority who will need some level of ‘scien­tific literacy’ for later in life. We al­so 
found literature with some research (Rapp, 2007) that points out the im­portance of the construction of 
men­tal models by the students, without these models learning becomes very dif­fi­cult, especial­ly in che
mistry.  Gilbert says: ‘All stu­dents of chemistry must have a mental model, of some kind of an ‘atom’’ 
(Gilbert, 2007) (p.12)

It is suggested that existing models play three key roles in learning: 
•	 First, they facilitate cognitive engagement by the learner with what is being taught;
•	 Second, in doing so, they enable each stu­dent to interact with the lesson as it progresses;
•	 Third, by being able to respond to a variety of mu­tu­ally sup­portive media formats, they enable 

diverse types of information to be assimilated. (Gilbert, 2007, p. 2). 

As it was referred, all of this is performed with the aid of visualization. In a review of literature 
we find that there are three common academic usages of visualization in psychology and educational 
research (Gobert, 2007): ex­ternal visualization, internal visualization and visualization as a type of spa­
tial skill. In a sim­ple way we can say that ex­ternal visualizations in science refer to graphics, diagrams, 
models, simulations, etc, representations typically used in learning; internal visualizations is used to 
describe internal mental constructs, i.e., mental models; and visualization is also used to describe a type 
of spatial skill, the “ability to manipulate or transform the image or spatial patterns into other arrange­
ments” (Ekstrom, French, Harman & Dermen, 1976). According to Gilbert (2007) this “spatial skill” 
that he cal­led “metavisual capability” en­tail three complemen­tary skills: being able to move fluently 
between two-dimensional and three-dimensional representations of a given model (translate); being able 
to mentally change the perspective from which a given three-dimensional representation is viewed (ro­
tation); being able to operate on the representation itself, particularly in terms of taking mirror images 
of it (reflec­tion and in­version). The development of these metacognitive skills is con­sidered to be very 
im­portant for several authors and include the reformulation of the school curriculum in general, general 
good prac­tice in the use of represen­tations by teachers and in text books and by specific cul­tivation of 
the skills involved. In the particular case of chemistry a necessary condition for a student to  interpret 
specifics aspects of a model is that he has explicitly learned the con­ven­tions associated with the modes 
of representation, and apparently this is not done in a currently and systematic way.

As we can see teachers play a new and im­portant role in instruction, especially in chemistry where 
the num­ber of articles (where visualization term is used in context of chemistry) published between 2000 
and 2008 has increased eighteen times (Bilbokaitè, 2008),  which is a good indicative of the im­portance 
of the visualization in our classes. Therefore it’s urgent to find out if the programs of pre-service che
mistry teachers are supporting sensitive teachers for the im­pact of the apprenticeship strongly based in 
visualization tools (3D concrete models, statics or dynamics virtual 2D and 3D images, simulations, ani­
mations, interactive software’s, etc). It’s also im­portant to know what conceptions about visualization, 
use of representations and images they have. 
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We adopted a qualitative research in our study, applying a questionnaire to a class of 24 pre-service 
chemistry teachers course from University of São Paulo (USP), São Paulo, Brazil. These students had a 
range of academic backgrounds, but the most im­portant is that 8 of them had no ex­perience in teaching, 
but the other 16 had already some teaching ex­perience. We applied an inquiry with 12 open questions 
seeking to know what conceptions about visualization, use of representations, images they have, and at 
the same time what was the contribution of their graduated course on this issue. We also want to know if 
they feel that they are prepared to teach in this new teaching environment.

Re­sults of Re­se­arch  

The first question of the in­quiry was “Do you use visualizations in chemistry teaching classes?” As 
we said before 16 pre-service chemistry teachers had already some ex­perience in teaching. They answe­
red as teachers to the questions the other answered as students of a graduation course.  When we analy­
zed all the answers, we found that only one of the 16 students that has some teaching’s ex­perience said 
“No”, all the others said “Yes”, and when questioned (second question) about the frequency (seldom, 
often, very often),  the majority answered “often”.

To the third question “What kind of visual tools do you usually use in your classes (3D concrete 
models, virtual 2D and 3D images, statics or dynamics, simulations, animations, videos, etc)?”, the most 
of them said that they use virtual 2D statics images and 3D concrete models and a few of them said that 
they also use simulations, animations and videos on their classes. To the fourth question “Why do you 
use visualizations in your classrooms?”, we found two dif­ferent opinions, a large group said that it was 
to make the learning easier - The visu­alizations help stu­dents on the more abstract concept - and others 
said that was to increase the motivation – “break the monotony”- , and few said that it helps to make con­
nections with the quotidian of the students.

To the next question” What do you perceive by visualization?” the large group answered - Visu­al 
tools – others said – The use of images, models and videos - and some said watching and making con­
nections. 

To the sixth question “Do you think that students need some special skills to learn using visualiza­
tions?”, the large majority answered “No”, a few of them said “Yes”, but without specifying any skill, 
and one student said - The stu­dents will need lesser skills, than in a class without the use of images, be­
cau­se they make easier the ap­prenticeship. 

To the next question (seventh)”How you defi­ne image?” we achieved several dif­ferent kinds of ans
wers. Some graduates answered only –“rep­resentations” , but others said -”fi­gu­res”- or “ a way of com­
mu­nication”- , -“something conc­rete”- , -“photos”-, -“illustrations”- and we have also a few graduates 
that tried to relate image to something that is built by our brain or a way to ex­press ideas and thoughts. 
One graduate said that it was everything different from text. 

To the eighth question” Do you find any special reason to the frequently use of models in chemistry 
in­struc­tion?” most of the them said that the use of models help student’s comprehen­sion of the abstract 
con­cepts that we find in chemistry, some of them said that it’s usage inc­reases the class dynamic, and one 
graduate said – “Chemistry science is full of models, so when we learn chemistry we must use models”.

The ninth question was “Did you ever read something about the issue visualization? What? On­ly 
four graduates said “Yes” but they don’t remem­ber what it was, the other twenty graduates said “No” or 
that they don’t remem­ber.

To the tenth question “How do you defi­ne visual capability?”, when we analyzed all the answers 
we found that a large num­ber of graduates didn’t give any type of answer, and some said that –“Visu­al 
capability is to be able of interpret or understand an image”.

The eleventh question “Do you think that your educational training allows you to be sensible to this 
issues related with in­struc­tion stron­gly supported on computers and visualization tools?” The majority 
of the graduates said “Yes”, but most of them also said that it was necessary another deep approach, they 



PROBLEMS 
OF EDUCATION 
IN THE 21st CENTURY
Volume 16, 2009

51

Celeste Ferreira, Ag­naldo Arroio. Teacher’s Education and the Use of Visualizations in Chemistry Instruction

tal­ked about this superfi­cial­ly in some disciplines. The rest of the graduates said “No”, some of them, just 
said that they never talked about this issue, others referred that - “With what we discuss in our formation 
we won’t have conditions to work properly with this kind of instruc­tion.” 

Final­ly to the last question “Throughout your educational training has this issue been discussed? 
Do you believe that in the specific case of chemistry in­struc­tion this issue is fun­damen­tal in the teaching 
process (to the teacher) and learning process (for the student)?” Ac­cording to the eleventh question the 
most part of the graduates said that they had discussed a little bit this issue, and they believe that is very 
im­portant for the chemistry instruction. The other graduates said that they never discuss this matter in 
their graduation, but they thought that it is im­portant to have some training in this area. 

Conclusions and Dis­cus­sion

As we can see by our results only one of the 24 pre-service chemistry teachers said that he never 
used visualizations as a teacher or a student. The result obtained in this sam­ple is coherent with several 
studies that emphasize that the ready availability of powerful com­puters made this visualization tools 
very popular, and now it is very dif­fi­cult to find novice students, expert students or even teachers in exer
cise that  have never had any contact with this tools. 

The results of the second and third questions reinforce these notions, the use of these tools is inc­
reasing in num­ber and frequency, the classroom dynamics is changing, and the information is being dis­
played in many forms. Tex­tual and visual information sources are at least com­peting side by side. These 
sources differ in the fact that, tex­tual information presents information in a linear sequence, whereas vi­
sual information sources provide all the information to the learner simultaneously (Thorndyke & Stasz, 
1980; Larkin & Simon, 1987). When we have a tex­tual display, the cognitive processing is directed by 
the structure of the text, but when we have visual display the processing of information is directed by the 
learner, so additional atten­tional  processes for ac­quiring in­formation from scien­tific visual in­formation 
is needed (Gobert, 2007). 	Thus, teachers must be aware of these demands and find knowledge ac­quisi
tion strategies for acquiring information from com­plex visualizations in chemistry. 

Continuing to analyze our inquiry results we can conclude that there is a group of teachers that still 
use the visualization as an entertainment, to break the monotony, to make classroom more interesting for 
students, but they don’t valorize in terms of model-based teaching and learning, many times the student 
are not engaged with the visualizations. But, we also found a large group of teachers that are beginning 
to realize the potential of visualization tools; they have the perception, sometimes through their own ex­
perience or by reading some studies that they can get better learning results with the aid of visualizations, 
even thought, as we could see in several answers, they don’t have theorical knowledge in this area. 

This is completely con­firmed in the answers to the direct question “What do you perceive by visu
alization?” all the graduates related the tool or type of display with the defi­nition and nature of visua
lization.   We think that probably this is the most com­mon situation; teachers aren’t yet sensible to the 
nature of the processes that underlie this learning, which is very depending of the visual perception of 
the learner. In this type of learning the construction of the knowledge is supported by how the brain deals 
with ex­ternal visualizations and builds their own internal model.   

Following the answers to the inquiry we can be more certain that there is a lack of training in this 
area, revising the sixth question “Do you think that students need some special skills to learn using visu­
alizations?” this graduates show that they don’t make distinc­tions between learn from textual displays 
and learn from visual displays. Even those who said yes to this question couldn’t specify what kind of 
skills students must have to learn from visualizations. First they don’t show any particular understanding 
that is necessary to im­prove metavisual com­petence on the students and that they must know previously 
the codes of representation, the conventions that underlie the visualizations, and second it seems that so­
me of them begin to believe that visualizations could be a panacea for teaching some dif­fi­cult scien­tific 
topics. These situations can lead students to build misconceptions or com­plete failures in the learning 
process. A poorly designed and im­plemented visualization is no better than a poorly designed lecture, an 
incoherent tex­tbook ex­planation, or a ram­bling conversation, without the use of appropriate cues, colors, 
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by the visualization (Rapp, 2007).

When we asked them to defi­ne images, they show some reasonable un­derstand, like we men­tioned 
before most of the graders write “represen­tations”, “fi­gures”. They show that in most cases they make 
the distinction between object and images, but we found also some incom­plete ideas about this issue that, 
they never considerer the existence of mental images.

On the eighth question we found again that is some missing training in this area, even they have the 
perception that using models helps students understanding the com­plex and abstract concepts of chemist­
ry; they don’t show any theoretical background that supports that perception. 	

Em­pirically, by their own ex­perience as students or as teachers, or by readings they know that vi­
sualizations can lead to enhanced learning beyond traditional teaching techniques. Only one graduate 
related the im­portance of models in science with their role in science education. Chemistry science is full 
of scien­tific models that can func­tion as a bridge between scien­tific theory and the world-as-experien­ce, 
as simplified depic­tions of a reality as observed, produced for specific purposes, to which the abstrac
tions of theory are then applied, or be idealizations of a reality as imagined, based on the abstractions of 
theory, produced so that com­parisons with reality as observed can then me made (Gilbert, 2007), so it’s 
ex­pected that these models are im­portant in science education.  

Analyzing our inquiry outcomes we also found that only four graduates said that they had read so­
mething about this issue but they don’t remember specifi­cal­ly what. On­ce again this con­firms that their 
chemistry course may not introduce these novel tools with effectiveness.  

To the question “How do you defi­ne visual capability?”, as we referred before most of the pre-ser
vice chemistry teachers sim­ply didn’t give any answer, it show that they feel uncom­fortable with this 
issues. Literature in learning theory present an emergent field of research that is focused in the importan
ce and development of “visual capability”, “metavisual capability” (Gilbert, 2007) and “representational 
competen­ce” (Kozma & Russell, 2007). The first two terms are related with in­ternal represen­tations of 
information and ex­periences from the outside world, the process of mental models construction and the 
skills needed for these operations, the last term is related to the skills and practices that is needed to a 
person build and use a variety of representations or ex­ternal visualizations, to think about, to com­muni­
cate with their peers, etc. 

The last two questions of the inquiry address the opinion of the graduates about their training in 
this area in their graduation course and the degree of importan­ce they attributed to this new field. As we 
referred earlier most of them said that they discussed these topics in a superfi­cial way, and they feel that 
they aren’t prepared to work properly with this type of teaching. Almost all of the graduates think that 
it is im­portant to have some training in this area that allows them to apply these new teaching strategies 
in a useful way.  

As a fi­nal conc­lusion we can say through this sample that is necessary to improve the educational 
training of our future chemistry teachers and supply them with all the theoretical background necessary 
for them to apply this new tools with effectiveness in chemistry teaching.   

Re­fe­rences

Ardac, D., & Akaygun, S. (2004). Effectiveness of multimedia instruction that emphasizes molecular representa­
tions on students’ understanding of chemical change. Journal of Research in Science Teaching, 41 (4), 317-337.

Bilbokaité, R. (2008) Visualization: The usage of the term during last eight years in various research areas. In.: Infor­
mation and Commu­nication Technology in Natu­ral Science Edu­cation-2008 (Proceedings of In­ternational Scien­tific 
Conference, 28-29 Novem­ber 2008). Siauliai: Siauliai University Press, p. 150-154.

Ege, S. N. (1994). Organic Chemistry. Struc­tu­re and reac­tivity. 3d Ed., D.C. Health and Com­pany, Lexington, Ken­
tucky.

Ekstrom, R. B., French, J. W., Harman, H. H., and Dermen, D. (1976). Manu­al for Fac­tor Referenced Cognitive 
Tests. Princeton, NJ: Educational Testing Service.

Gilbert, J. K. (2007). Visualization: a Metacognitive Skill in Science and Science Education. In. John K. Gilbert 
(ed.) Visu­alization in Science Edu­cation. Springer, p. 9-27.



PROBLEMS 
OF EDUCATION 
IN THE 21st CENTURY
Volume 16, 2009

53

Celeste Ferreira, Ag­naldo Arroio. Teacher’s Education and the Use of Visualizations in Chemistry Instruction

Gobert, J. D. (2007). Leveraging Technology and Cognitive Theory on Visualization to Promote Students’ Science 
Learning and Literacy. In John K. Gilbert (ed.) Visu­alization in Science Edu­cation. Springer, p. 73-90.

Johnstone, A. H. (1991). Why is scien­ce dif­fi­cult to learn? Things are sel­dom what they seem. Journal of Compu­ter 
Assisted Learning, 7, 701-703.

Kozma, R. & Russell J. (2007). Students Becoming Chemists: Developing Representational Com­petence. In John 
K. Gilbert (ed.) Visu­alization in Science Edu­cation. Springer, p. 121-146.

Larkin, J. H., & Simon, H. A. (1987). Why a Diagram is (Sometimes) Worth Ten Thousand Words. Cognitive Scien­
ce, 11, 65-99.

Rapp, D. (2007). Mental Models: Theoretical Issues for Visualizations in Science Education. In John K. Gilbert (ed.) 
Visu­alization in Science Edu­cation. Springer, p. 43-60

Thorndyke, P., & Stasz, C. (1980). Individual differences in procedures for knowledge acquisition from maps. Cog­
nitive Psychology, 12, 137-175.  

Adviced by Vincentas Lamanauskas,
Šiau­liai University, Lithu­ania

Ce­les­te Fer­rei­ra Lec­tu­rer, Uni­versi­ty of São Pau­lo, 
São Pau­lo, Brazil. 
E-mail: rsilva1111@yahoo.com.br
Websi­te: http://www.usp.br/internacional/home.php?idioma=en 

Ag­naldo Ar­roio Professor, Uni­versi­ty of São Pau­lo, 
São Pau­lo, Av. da Uni­versi­dade 308, Brazil. 
Phone: 55 11 35421419. 
E-mail: ag­naldoarroio@yahoo.com 
Websi­te: http://www.usp.br/internacional/home.php?idioma=en 


