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Abstract Many definitions, explanations of physical, biological, chemical and mathematical processes, as well as
formulae with exact designations and units are comprised in the information resources of science which are requisite
for students of grammar schools. The multiplicity of the information to be acquired is plumping. Many students
learn the new information in a certain mechanical way without comprehending the actual meaning of it. Therefore it
is necessary to look for a solution of the problem by choosing such methodical aids which would stimulate the
students to understand the information, as well as to link it with the previously acquired knowledge and experience.
The student will be able to use only fully understood information for successful learning of the following themes. A
simple possible solution for the mentioned problem is originated by a group of teachers from Riga English Grammar
School (Latvia) in 2011. It is an alternative approach to the teaching process of science and mathematics. An
equalization of complex science systems with processes or phenomena one can observe in everyday life lies in the
foundation of this approach. It becomes possible to connect elementary knowledge about the order of the world with
the more complicated science information to be acquired just using associations with daily processes. An association
created in the framework of the above mentioned approach is called a perception model or just a model. The model
can be formed as a drawing, animation, scheme, etc. The models are usually made by the students, the teacher acting
as the organizer and guide of the exercise. The mentioned teaching/learning method has been used for teaching
chemistry, physics, biology and mathematics in the Riga English Grammar School during already 3 school years.
Several methodical approaches have been tested and improved, and very preliminary assessments of their efficiency
have been made during this time. Methodical recommendations for teachers, the assessment criteria for the students’
models as well as work sheets for students were originated as the result of these activities. Our experience has
confirmed that the origination of the associative images (models) stimulate students for better understanding the
essence of ideas, processes and phenomena of science and mathematics. The exploitation of associative images in
the teaching/learning process of science and mathematics is discussed in the present communication with an
objective to acquaint interested people with the method and to stimulate the dissemination of it in grammar schools.
The very first positive results are shown in it about the application of the discussed method in the mastering of
science concepts. The communication is trying to answer the question about an easy possibility to stimulate the
penetration of students in the essence of a subject to be acquired by the assistance of associative images (models)
and the translation of the text of models into a foreign language. The communication can be deemed as a
methodological recommendation to teachers. The introduction of the discussed simple method into the everyday
practice of grammar schools might allow to achieve the mastering of students’ thorough knowledges and skills in a
shorter time.
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to “stuff into heads” the tremendous amount

1. Introduction

The information is a resource without limits nowadays;
however one has to know using it properly. Many
definitions, explanations of physical, biological and
chemical processes, mathematical formulas with exact
denominations and units are comprised in science courses
in schools. The amount of information available to
students and foreseen for mastering is sweeping. It
presents difficulties for many students. Some of them try

information by mechanical memorizing. However, the
knowledge acquired in this way does not have a lasting
value; the memorized information is soon forgotten, and
students meet difficulties to use it in concrete situations
quite frequently, for example, for solving exercises of
physics, chemistry and mathematics.

The assessment of the plenty of publications available
in the literature about teaching/learning in schools
discloses that the lack of students’ perception in subjects
of science and mathematical is a topical problem both in
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Europe and elsewhere in the world. Scientists and teachers
around the world are looking for theoretical and practical
solutions of the problem [1-10]. Numerous teachers of
grammar schools are searching for solutions of the
mentioned problem in their everyday work. They are
trying to connect somehow a new information with the
earlier taught material in order to stimulate its better
understanding. A student will be able to use only fully
understood information during the learning process of the
following themes.

Recently a group of teachers from the Riga English
Grammar School has developed a possible simple solution
for this urgent problem [11]. The solution might be
considered as an alternative approach of teaching natural
sciences and mathematics to the current teaching process
in use. An equalization of complicated science systems to
a certain process or phenomenon one can observe in
everyday life form the bottom of the mentioned approach.
It becomes possible for a student to build an interrelation
between his previously gained knowledge about the world
order and the complex information of science just by
using the occurring associations. An association originated
in this way and in the framework of the mentioned approach
is called a comprehension model. It may be a drawing, an
animation, a scheme and so on. It should be emphasized
that models are made by the students, but the teacher act

as an organizer and guide of the process of making models.

A specialized website (www.goerudio.com) is elaborated,
and comprehension models made by students are collected
and systematized in it.

2. The Specific Features of an Associative
Image (model)
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The teaching/learning method mentioned above has
been used for teaching chemistry, physics, biology and
mathematics for already 3 school years in the Riga
English Grammar School. Several methodological
approaches have been tested and the very first assessment
of their efficiency has been made. Main features of the
comprehension model can be formulated on the basis of
the obtained experience, and they are as follows.

e The theoretical accurateness of the information
included in the description of the model. For
example, a student has created a comprehension
model for the concept of “chemical equilibrium”. It
is a state of the system, in which the direct and
reversed reaction are taking place with an equal rate.
Consequently, two  simultaneously  occurring
processes with equal rates and opposite directions
should be represented in the student’s chosen
associative model. A student had chosen a picture as
an associative model with a boat and two people
rowing it, but each of them doing it in the opposite
direction.

e Simplicity. A successful comprehension model will
be such an associative image where a simple, self-
evident process or phenomenon from the everyday
life will be used for the origination of an association
with the discussed scientific information. The key of
the success requires that the process or event used in
the model differs sharply from the science process
which it tries to explain and is not connected with the
last in any way.

e Visual perceptibility. The model has to be visually
attractive; however it should not be oversaturated
with needless embellishments. The text should be
short and concise. Three successful models made by
students are presented in Table 1.

Table 1. Models made by students correctly

Model 1. Theoretical justification. Bodies are called absolutely transparent or diathermic if

they let pass through themselves all the received energy.

Description of the model. Heat radiation can be imagined as flour which is sifted through a
sieve, and the sieve is the transparent body which lets the flour (radiation) through itself.

Model 2. Theoretical justification. A diamagnetic is a substance which magnetizes in the
opposite way to the direction of the applied magnetic field. The magnetization of diamagnetic
materials usually is so weak that these substances are considered as non-magnetic in many

cases. A magnet pushes off diamagnetic materials.

Description of the model. The small animals — skunks have a method of self-defense. Skunks
discharge a very unpleasant aroma when they are approached which scares away anyone who
comes close to them. The skunk is an associative image of the magnet in this context but the

possible enemy — the diamagnetic which is rejected.

Model 3. Theoretical justification.
A reflex is the response of a body to an irritation.

Description of the model. The rainbow is the response of the Sun or sunny weather to the rain.

In this case, the rain works as an irritant but the rainbow is the response.

o

3. Results and Discussion

The application of associative images (models) may be
deemed as an easy available supplementary aid for the

deepening of students’ perception about the material to be
mastered.

It should be emphasized that the above described
method, just as any other teaching/learning technique, is
not universal and applicable for every situation of the life.
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The learning process using the models can be divided into

Creation of

Preparation stage
= model

several following stages.

Assessment of
model

Improvement of
model

Figure 1. Stages of the teaching/learning process with models

It should be understood that models will never
accomplish creating for all the concepts of natural
sciences and mathematics. Therefore the teacher has to
assess carefully the learning content of the given subject
and the suitability of the included concepts for creating
associations with a daily processes or phenomenon in the
preparation stage.

The evaluation of the accumulated practical experience
about the creation of models has disclosed that the
preparation process for the exploitation of models is of an
utmost importance. A part of students have difficulties in
the perceiving associations. The problem appeared clearly
in first models made by students in an incorrect way.
Examples of such incorrect models are presented in Table 2.

Table 2. Models made by students incorrectly

Model 1. Theoretical justification. Pressure is a perpendicular force which affects

the unit of the surface area.

Description of the model. The body is pushed against a certain surface with its

own mass thus creating a pressure.

A
E

Model 2. Theoretical justification. Sliding friction is created by one body sliding
along the surface of another body. The force which delays the movement is called

the force of sliding friction in this case.

Description of the model. A box is sliding down from the hill. A friction force is

arising that is delaying the movement of the box (decreasing its speed).

=

<

Moreover, discussions with students — authors of the
models have revealed that quite frequently the concept for
which the model has been created has stayed unplumbed
in its terms. The quest for a solution of this situation has
disclosed that the problem is not really in the content of
learnable subject but rather in the underdeveloped literacy
of the students. A student has read the description of a
natural science concept or explanation but has not detected
the main (key) information in this description. Therefore
no creation of associations is possible. The concept in the
perception of the student has remained as a simple
combination of letters and words.

This problem is implicitly confirmed by the results of
international study. Latvia is participating in the OECD
Program for International Student Assessment (PISA)
since 2000, as well as Latvia is a member state in the
international program of the evaluation of students’
literacy — the Progress in Reading Literacy Study (PIRLS)
since 1991. Results of several research cycles have shown
that achievements in literacy competence of Latvian
students are rather ordinary. Lithuanian students have
demonstrated similar results to Latvian students whereas
Estonian students have shown considerably higher level.

Teachers were obliged to do an extra work with the
mentioned students in their attempts to solve the identified
problem. They have helped students to find out the key
information of natural science concepts, processes and
phenomenon explanations that have formed further a basis
for the perception of associations with natural processes.

The simplest method for the selection of the key
information is underlining, coloring in, highlighting or
displaying in another way only the most essential phrases
in the text. For example, in one of the previous texts (see
Table 1) the student has created the diamagnetic model
and has used the phrase “Diamagnetic materials are
pushed off by the magnet” as the key information.

Apart from the mentioned above, teachers have to agree
with students upon the work completion terms and clearly
cut assessment criteria of the model in the preparation
early stage. Our acquired experience shows that the
creation of models can be successfully implemented also
by assigning it as a creative home exercise while acquiring
a certain subject or preparing for a final test. The created
model can substitute some final test of a specific subject in
this case.

Students are always in hurry, and therefore it is
important to provide a need for a student to consider the
information comprised in the model more carefully, to
look at it from different sides once and again. A simple
and very useful way to maintain student’s attention to the
model and the science concept or explanation for a little
bit longer time is the translation of all the text into a
foreign language. At the same time, a nice possibility
appears to enlarge the students’ knowledge of the chosen
foreign language while leaning themes of science. For
example, students whose mother tongue is not English,
including students in Latvia, can efficiently improve their
skills of English during classes of science. The teaching
and learning process of sciences in the Riga English
Grammar School is in Latvian but students are acquiring
English as their first foreign language already from the
very beginning of their studies. Therefore the translation
of models presents a nice possibility for students to apply
their knowledge of English in other teaching subjects and
to see practical benefits of learning a foreign language.
Therefore students are encouraged to describe their
models both in Latvian and in English in our school.

Teachers of the Riga English Grammar School have
also elaborated a system of criteria for the evaluation of
models elaborated by students (Table 3).
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Table 3. The criteria of model assessment

The assessed position Criteria

o A scientifically correctly explained natural science/mathematical concept, process or phenomenon in
the theoretical justification, and the source of this information is correctly indicated — 2 points.

o There are separate non-essential inaccuracies or the used source of information is not sufficiently
indicated in the theoretical justification — 1 point.

e There are essential faults and the used source of information is not indicated in the theoretical
justification — 0 points.

The theoretical justification of the model —
work sheet (1)

o The object, process or phenomenon observed in the daily life or in nature correctly depicts natural
scientific/mathematical concept, process or phenomenon at its core, the author of the model has
described it logically and comprehensibly — 2 points.

o The object, process or phenomenon observed in the daily life or in nature correctly depicts natural
scientific/mathematical concept, process or phenomenon at its core, but the written description of the
model by the author has some non-essential faults — 1 point.

e The object, process or phenomenon observed in the daily life or in nature does not depict correctly
natural scientific/mathematical concept, process or phenomenon at its core — 0 points.

The description of the chosen association for
the model — work sheet (1)

e The model is visually attractive, simple, easily perceptible, is not supersaturated with unnecessary
information and excessive details — 2 points.

« Some non-essential faults disturb the perception of the depicted information in the model at its core
idea immediately — 1 point.

o The included information in the model is not understandable and perceptible — 0 points.

The visual perceptibility of the model — work
sheet (1)

o The object, process or phenomenon observed in the daily life or in nature is selected creatively in the
model, and it depicts the scientific/mathematical concept, process or phenomenon in a non-traditional
way — 1 point.

e The object, process or phenomenon observed in the daily life or in nature is often used in different
information sources to explain the scientific/mathematical concept, process or phenomenon — 0 points.

The originality of the chosen association —
work sheet (1)

The time students are spending in classes of science construction of a model once again. Internet resources are
and mathematics is quite limited and should be  often used in the search for a theoretical justification of a
economized. A special work sheet (1) in an electronic  model. Therefore students should be warned that the
format (Table 4) is worked out for students therefore to  chosen information for the theoretical justification of
facilitate the elaboration of models; consecutive actions  models has to be credible and justified, and the warning
made step-by-step are described in it for a successful should be stressed.

Table 4. An example of student’s work sheet (1)

Name, SUFNEAME .......couviiit it s Grade...... Subject .....oeeiiiie.

Description of the model

A model is an associative image, which shows the similarity of a scientific or mathematical concept, process or phenomenon with an object, process
or phenomenon one can observe in the daily life or in the nature.

1. Theoretical justification

o Choose a concept, process or phenomenon which you will create the model for!

e Find its definition and explanation in a study book or in another source of information! Carefully evaluate the credibility of the information!
o Write this explanation in the work sheet, indicating the source of the information!

Concept, process or phenomenon Definition or explanation

2. Model and its description

o Choose an object, process or phenomenon observed in the daily life, nature or elsewhere which, to your opinion, depicts the scientific/mathematical
concept, process or phenomenon described in the work sheet in the very best way!

¢ Find a picture of the object, process or phenomenon or draw it yourself!

o Make sure that the picture or drawing is easy to perceive, simple and without excess details which could disturb to see its main idea!

o Mark or insert the picture of the chosen object, process or phenomenon in the appropriate column of the table!

 Justify the way you see the similarities between the scientific or mathematical concept, process or phenomenon and the observation in the daily life
or nature. Describe your justification in the appropriate row!

Description of the model Model

3. Description of the model in English

e Find the explanation of scientific or mathematical concept, process or phenomenon in study materials written in English for the theoretical
justification of the selected model!

« Write the information in the appropriate row of the table, indicate the source!

 Translate yourself the justification written in the 2nd row of the work sheet!

o Write your translation in the appropriate row of the table!

Concept, process or phenomenon

Theoretical justification (the source of the information
must be indicated)!

Justification of the similarity of the scientific or
mathematical concept, process or phenomenon with the
observation in the daily life or nature!

The evaluation of models elaborated by students has
disclosed that some students have great difficulties with
creating their own model but they can notice really well
the successes and faults in the models made by their

classmates, as well as propose reasonable and constructive
suggestions for their improvements. Frequently the
suggestions made by fellow classmates are taken into
mind by students much more seriously than those of the
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teacher. Recommendations are obtained from these  acquired. The discussed evaluation process can be carried
suggestions for the improvement and amelioration of the  out as an individual work or as a group work. A special
initially proposed models during the evaluation process by ~ work sheet — the student’s work sheet (2) Assessment of
students. Discussions break out and the diversity of  the model was elaborated in order to obtain a uniform
opinions appears quite often that motivate students to  view of all students on the evaluation process (Table 5).
penetrate much more in the essence of concepts to be

Table 5. A precept of student’s work sheet (2)

Assessment of the model
Task objectives:
o Carefully get acquainted with the presented for the valuation model and its description!
¢ Evaluate it considering the criteria given in the table!
¢ Justify the reasons why you have decreased the evaluation if your evaluation is lower than the possible maximum, in the row “your objections and
comments”!
o Give suggestions for the improvement of the model!

. i . Your objecttions Max. Your
No Evaluated position | Criteria of valuation number .
and comments - evaluation
of points
Carefully read the paragraph 1 of the description given for the model
“Theoretical justification”! Evaluate it considering the following
criteria!
e All the theoretical justification of the model seems well
Theoretical comprehensible for me, and | consider it theoretically correct — 2
1 justification of the | points. 2
model o | understood the information included in the theoretical justification

of the model only after reading the text for several times, and/or it is
false — 1 point.

e There are many mistakes in the theoretical justification of the
model; | could not catch the meaning of the text — 0 points.

Carefully read the paragraph 2 of the description given for the model
in the row “Description of the model”! Evaluate it considering the
following criteria!

o All the information included in the description of the model seems
well comprehensible — 2 points. 2
o | understood the information included in the theoretical justification

of the model only after reading the text for several times — 1 point.
¢ | could not catch the meaning of the text describing the model — 0
points.

Description of the
model

Carefully study the picture or drawing of the object, process or
phenomenon in the description for the model given in the paragraph
2 in the row “Model”! Evaluate it considering the following criteria!
e The object, process or phenomenon presented in the picture
engenders direct association in me with the natural science concept
The chosen which this model is created for — 2 points.

3 association/similar | e | have got the associations between the object, process or 2
ity with the model | phenomena shown in the picture/drawing and the science concept
which this model is created for only after penetrating into it for a
long time — 1 point.

e To my opinion, the shown object, process or phenomena is not
connected in any way with the science concept which this model is
created for — 0 points.

Carefully read the paragraph 3 in the description for the model
“Description of the model in English’”! Evaluate it, considering the
following criteria!

e The description of the model is written in comprehensible and

Model description | grammatically correct English — 2 points.

in English o The description of the model in English contains some mistakes but
it does not prevent understanding the information — 1 point.

o The English in the description of the model contains many mistakes
which do not allow comprehension of the information included in the
model — 0 points.

Your suggestions for the amelioration of the model:

The experience in the work with science and mathematics have been introduced with the essence of the method,
models has been interconnected mainly with the process  suggestions for its implementation in practice and the
of their formation in Riga English Grammar School until corresponding student’s work sheets. They have begun the
now. The experience of teachers and students assures that ~ formation of their own models of science concepts,
the application of models helps to obtain a better  processes and phenomena while working with the children,
perception of concepts. The teachers from different  the experience and methodical suggestions elaborated in
countries involved in the life-long education program  the Riga English Grammar School serving as a starting
“Gouerudio” supported by the European Commission  point for it. Wider studies are necessary for full
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comprehension of positive aspects and risks of the
employment of the discussed method in future, as well as
the performance of a statistical analysis and evaluation of
the collected data.

At the same time, it should be indicated that another
approach is also available — the exploitation of earlier
made models as supplementary materials in the everyday
teaching process in a usual way. The mentioned
application is worth considering in future, and it is in
progress in our Grammar School. The usage of associative
images (models) may also be applicable for the deepening
of students’ perception during the teaching/learning
process of other themes of science and mathematics.

4. Conclusions

The primary experience is positive about the successful
application of associative images (models) in the
teaching/learning process of science and mathematics in a
grammar school. The method allows expectations of the
possibility to deepen students’ perception about the
material to be mastered and to accelerate its learning. A
translation of the text of the model into a foreign language
reinforces the created association. Further investigations
and evaluation of their results are needed before a large-
scale application of the method in grammar schools.
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