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The most important result of the long-term project entitled Computer literacy is that the majority of
Slovenian primary and secondary schools are now equipped with multimedia computers and with LCD
projectors. However, these computerised classrooms should not be used only for teaching computer
science and informatics; they should also serve for teaching and learning other subjects e.g. chemistry,
physics, languages, etc. Internet offers chemistry teachers previously unavailable possibilities for
bridging the gap between concrete and abstract chemical concepts and processes. Research on the
spatial ability of students and the quality of knowledge show that well developed spatial abilities enable
better results when solving complex chemical problems, especially when dealing with 2-D
representation of 3-D chemical structures. In this article we discuss how chemistry teachers can use
specialized Internet websites for visualising chemical structures and processes on the macro- and
microscopic level, and correlate properties of molecules with their structure. We also present results
which demonstrate the effects of different visualisation elements on the quality of chemical knowledge.

1 Introduction

The ancient Chinese knew that one picture can symbolise
the meaning of ten thousands words, and modern neuro-
psychological studies have proved this is possible. A
human being can remember 20% of what has been read,
30% of what has been heard, 40% of what has been seen,
55% of what has been told, 60% of the content after
personal involvement in a subject, and 90% if all the
elements are combined [1].

The pioneer work in the field of visual methods has been
done by Jan Amos Komensky in his Orbis sensualium
pictus (1657). His basic idea is that teachers should
present everything through pictures, thus trying to
visualise the subject-matter presented at school. Modern
technology offers numerous possibilities to achieve these
goals, especially through websites which offer various
possibilities for making chemistry classes more
attractive, thus helping the student to bridge the gap

between concrete and abstract notions of chemical

concepts and processes.

The significance of the visualisation of abstract
knowledge structures can be linked with Gibson’s theses
of ecological visual perception, which state that mental
conditions depend on the interactions between the
entities and the objects from the environment. The
objects can be either concrete, direct observations of
phenomena or processes at a macroscopic level, or
visualised microscopic explanations of processes, or
their symbol presentation, using chemistry knowledge. In
all these cases of perception the underlining idea is that
visualisation supports cognitive processes [2].

The research so far indicates that a well developed spatial
ability can have a significant impact on solving chemical
problems [3, 4, 5, 6]. The correlation between
visualisation and understanding is particularly strong
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when solving problem-based tasks, or those which
require memorisation, but less so for algorithmic tasks.
In chemistry there are some difficult areas, e.g.
visualising three dimensional objects from a two-
dimensional presentation. Even more difficult is to
visualise objects from another perspective, or visualising
a picture of an object after rotation, reflection,
inversions, etc. In such cases, visual presentation can

2 Visualisation elements and the
Internet in view of chemistry
curricula for primary and
secondary schools

The need for more extensive use of visualisation tools
has been highlighted in the new chemistry curriculum for
Slovenian schools. The Internet, which can provide
quick access to various useful visual elements, can play
an important role. In order to help Slovene chemistry
teachers to access the relevant websites more easily, a
special website, KemiInfo (Slovenian Chemical
Information Network) was designed at our Department.
It offers numerous links to other relevant websites;
including a special module on the visualisation of
chemical structures and processes, organised according
to relevant curricular chemistry topics. These have been
analysed for primary and secondary schools and after
extensive Internet searches we found a number of
visualisation elements, which could be wused for
supporting presentations of chemistry themes. The
summary of this search is listed below:

¢ images; visualisation at the
microscopic level.

e films; visualisation at the
microscopic level.

e process animations; visualisation at a macroscopic
or microscopic level.

e molecular models; microscopic visualisation of
structures.

e symbol presentation of molecules and reactions;
symbol visualisation.

¢ schemes; reaction schemes for symbol visualisation;
concept schemes for visualisation of the relations
between concepts and concept groups.

e graphs, tables; visualisation of the relationships
between data.

e knowledge test; visualisation at the macroscopic or
microscopic or symbol levels.

macroscopic  or

macroscopic  or

The Kemlnfo website (http://www.keminfo.uni-lj.si)
includes numerous links to other related web pages
which offer either visual elements or complete teaching
units.

The following symbols are used to denote links:

symbol for molecules and reactions

B¥  molecular models
tables
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greatly help overcome these problems [7, 8, 9, 10, 11,
12]. There are different opinions as to whether spatial
ability is inherited or acquired, however, numerous
studies indicate that spatial ability can be improved by
appropriate methods or teaching strategies [13, 14, 15,
16, 17].

i graphs

B teaching units
& experiments
IEI images

films, animation
task items
schemes

Bt %

For accessing some web pages we need additional web
browser programs (e.g. CHIME, RASMOL, VRML,
FLASH). These allow the simple visualisation of
molecular structures in different formats, or show an
animated image.

3 The impact of multimedia
visualisation on student knowledge

In spite of the rich assortment of multimedia packages
for chemistry, very little has been published regarding
the impact of multimedia on the knowledge and
motivation of students, let alone the cost-effectiveness of
these products.

In the masters thesis by M. Sajovec [18], the impact of
multimedia on cognitive, motivational and motoric
development of students was studied. Based on the
results of the study the evaluation criteria for assessing
multimedia packages for chemistry teaching were set up.
The research included 50 third year secondary-school
students in 1996/97, who were divided into the
experimental group (26 students: 15 males and 11
females) and the control group (24 students: 8 males and
16 females). Both groups were pre-tested. The pre-test
consisted of six multiple choice questions and open-
answer questions to check understanding of the following
topics:

e matter and building blocks of matter,

e light,

e electromagnetic radiation spectrum,

e interactions between light and
(absorption and in emission),

e photosynthesis, and

¢ radical halogenation of alkanes.

substances

The students from the experimental group worked in
pairs, using the CD ROM "Light and Chemical Change"
[19], which was developed ‘at our department and
implemented in Toolbook computer based training
(CBT) software package (Asymetrix). This teaching unit
was designed with an interdisciplinary approach,


http://www.keminfo.uni-lj.si
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integrating chemical, biological and physical concepts
which are related to the phenomena of photosynthesis,
and describing interaction of light with matter on the
macro- and microscopic levels. The topics were designed
as four interrelated segments:

e Oxygen, the life-supporting gas
e Light phase of photosynthesis
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¢ Interaction of light with matter
o Example of a simple photochemical reaction -
bromination of hydrocarbons

After studying with the CD ROM, the students had three
hours available for solving the tasks. They did not use
any additional literature for consolidating their
knowledge. Students from the control group had several

Figure 1: Correct answers from the pre-test by both  Figure 2: Correct answers from the final test by both
groups groups
100 * 100
90 90
80 a 80 -
g 0 4 g 70
) & o +EG (%) g 60 . « EG (%)
g % ¢ CG (%) g * * * CG%
3 40 1 L ( 3 40 + )
g - g 30 - .
20 ] 2 .t a  a
10 10 = w
0 1 2 3 4 5 6 7 o 1 2 3 4 5 & 7 8 9
Task Task
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course books available,
course-book, a 4th year physics book, and a 3rd year
chemistry course-book. The topics from these course-
books were first presented by the teacher in three one
hour periods. After a week, both groups took a common
test. The test had a similar concept structure to the pre-
test, the difference being that greater emphasis was
placed on understanding the concepts at the microscopic
level. The results of the pre-test are shown in Figure 1
and the final test results in Figure 2. The comparison of
both graphs shows that the performance of the two
groups prior to the test (i.e. before working with the CD
ROM and the teacher presentation) was equal. Even the
distribution of points achieved is similar, while the
results of the final test show significant differences in
favour of the experimental group which can be ascribed
to the visualisation elements included in the CD ROM.

Figure 3: Visualisation elements — s

pectra, animation

including a 1st year biology-

Legend: EG (=experimental group), CG(= control group)

To illustrate the impact of visualisation on understanding
the concepts and the use of knowledge, the analysis of
some final-test items is given below: Each item is
presented with key visualisation elements from the CD
ROM, textual description, and graphic presentation of
student performance of both groups.

Task 4
Visualisation elements: spectra,
absorption (Figure 3, Figure 4)

animation of the

Question

The graph below presents the absorption spectrum of
chlorophyl. In which wave-length range of the visible
spectrum  will chlorophyl — absorb the light? Will
chlorophyl absorb the light in the UV part of the
spectrum? Does chlorophyl absorb green light?

Figure 4: Visualisation elements — spectra, ammatlon
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Results

The results presented in Figure 5 indicate that visual
presentation of the chlorophyl spectrum and the written
explanation about absorption on the CD ROM have
contributed significantly to a better understanding of the
phenomenon, and that students were able to apply their
knowledge in solving the question about the absorption
maximums of chlorophyl in the visible spectrum. As a
result, 60% of students from the experimental group
gave correct answers while only 28% from the control
group answered correctly. There were only 10% wrong
answers from the experimental group related to the
question of the absorption maximum at 650 nm, while
there were 30% wrong answers in the control group. In
addition, 14% more students from the control group
thought that chlorophyl would absorb light at 190 nm,
(which is already in the UV range).

Figure 5: Final-test results for the first part of the task,
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Task §

Visualisation elements — microscopic level

Absorption of light quantum, geometrical change of
the molecule and explanation of the phenomenon
(Figure 6, Figure 7, Figure 8)

Question

Select a combination of correct answers

a) Upon interaction with light, the substance will be
transformed into an  electron-excited  state,
regardless of the wave-length or the energy of the
light.

b) Light energy will be absorbed by outer electrons.
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¢) Molecules will remain in an excited state for an
unlimited period of time.

d) After the transformation into the excited state the
molecular geomeltry will change.

e) Compared with the initial state of the molecules, the
reactivity of excited molecules will not change.
Interaction with the light can lead to  homolytic
cleavage between the atoms of the molecule.

Excited molecules of the substance can return into
their initial state by emitting a photon (light
quantum).

vel

Figure 6: Visualisation elements — microscopic le
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Figure 9: Percent distribution of the correct combination
of answers (C) and incorrect answers (IC) by EG and
CG
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Figure 10: Distribution of answers by EG and CG
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Results

The overall performance in solving Task 5, which was
basically a rather difficult task, was rather poor for both
groups. However, there is a noticeable difference
between the two groups: 45% of students from the
experimental group made a correct combination of
statements while the result of the control group was only
19% (Figure 9). )

Correct combinations for Task 5 are: b, d, tfand g
(Figure 10). A more detailed analysis of the results
shows that the experimental group achieved better
results since 20% more students selected (b) as a correct
answer, while more than 35% of students from the
control group selected a wrong statement (a). This
indicates that students who saw the simulation of light
absorption using the CD ROM better understood the
concept. The majority of students, regardless of the
group, correctly answered that molecules do not remain
in the excited state for an unlimited period of time
(statement c). The experimental group was again better in
observing that the molecular geometry changes upon
transformation into the excited state (statement d)
which is indicated by a 35% better performance of the
experimental group compared with the control group.

Similarly, the majority of students from both groups
knew that the reactivity ot molecules in the excited state
is changed (statement e), however, there were 11% more
students from the control group who knew that after the

Figure 11: Visualisation elements — animation
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interaction between light and matter a homolytic bond
cleavage between the atoms may occur (statement f). It
should be noted that in the multimedia teaching unit the
concept of homolytic cleavage was not used. In answers
related to the statement that molecules from the excited
state can return into their initial state by emitting a
photon, the performance of both groups was similar
(statement g).

Task 6
Visualisation elements — animation of the reaction

mechanism in the bromation of cyclohexane (Figure
11, Figure 12)

Questions

Read the description and answer:

The bromation of cyclohexane proceeds according to the
radical mechanism.

o The first stage is the initiation of the reaction which
runs due to the presence of light. Which of the
molecules will absorb the light? Draw the reaction
scheme for this stage.

e During the next stage the reaction expands. What
processes will occur during this stage? Draw the
reaction schemes.

» During the third stage the reaction is completed.
Which processes run during this stage? Draw the
reaction schemes.

Figure 12: Visualisation elements — animation
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Results
Figure 13: Performance of students in drawing the
reaction schemes
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Reaction schemes

As can be seen from the graph in Figure 13, only 8% of
the students from the experimental group were better at
drawing the first reaction scheme. In drawing the second
reaction scheme (expansion of the reaction) the
performance of the experimental group was significantly
better (25%) compared with the control group, while in
the third part, i.e. drawing the reaction schemes for the
completion of the reaction, the differences between the
two groups become smaller again. However, in the
control group there were 12% more students who did not
even try to accomplish this task.

On average, the performance of the experimental group
was 20.5% better than the control group. The
experimental group was doing much better at solving
both, difficult and easy tasks. It was also noted that the
experimental group achieved much better results in the
experimental test compared with the marks which the
students achieved during regular chemistry courses.

We are aware that the results should not be over
generalised, yet they do indicate that there is a positive
impact on the motivation and quality of knowledge if
various visual elements are integrated into chemistry
teaching. Some differences should be noted, however:
the evaluation of the task showed that some students
found it difficult to use the CD ROM unit on their own,
and expressed a desire that a teacher be present to direct
them, particularly when dealing with the animation of
microscopic processes.

4 Conclusions

Visualisation skills are very important for an easier
understanding of abstract science concepts. The Internet
offers  manifold visualisation  support and visual
elements can be easily integrated into teaching, which
can help students enormously when it comes to
understanding  difficult =~ chemical concepts. The
KemlInfo website which has been used by chemistry
teachers in Slovenia, has proved to be very supportive in
preparing teaching units with integration of visualisation
elements.
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