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The use of the concept map and the mathematics’ teaching for the investigation and
evaluation of the prospective teachers’ attitudes towards physics
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Abstract The lines are drawn between pairs of concepts to represent the kind of
This paper presents some of the results that have come out of the use of the conelgtionships between the different concepts while the linking words (labels)
map that the students of the Pedagogic Department of the Aegean University facanirthe lines indicate the way (nature) the pairs of concepts are related. The
relation to the Science of Physics (S.P.).The purpose of the research was to identifptiegosition is defined as the set of the two nodes and the linking word
students’ primary attitudes about the concepts of S.P. and to investigate the ndogfween the two nodes and this is the fundamental unit of the concept map
formed attitudes about the subject of S.P. after the teaching of the Mathematifduiz-PriMo & SHAvELSON, 1996).

concepts that are needed in S.P. by the Physics. Teacher. The concept map was usedR@search @hassen et al, 1998) has shown that concept mapping is a

the tool for the research. measure of structural knowledge, that is, that there may be a relationship
Key words: evaluation, physics, mathematics, heat, prospective teachers. between what is actually known by the learner and the external representation

of this knowledge as a concept map Consequently a concept is a
INTRODUCTION representation of how key concepts in a domain are mentally organized/

structured by students.
There are mainly two concept mapping techniques.
he “Construct-A-Map From Scratch” and the “Fill-in-the-Map”.
th techniques have as main purpose to evaluate the knowledge

1. Concept Mapping
A concept map is a visual tool for representing knowledge relationships
and structures and has been used as a didactic and pedagogical tool to h

students “learn more meaningfully” and form a “conceptual underStand'ggructure of the students but they differ on the constraints (directedness)

of the subject” (Mvak, 1990 & MuakapENDA & ADLER, 2002). til}]ey impose on a student in eliciting her representation of structural

Concept maps have been also used for assessment of studefilyyjeqge (Sraer, 1984). Research on concept maps has focused on
knowledge structure and its implementation in science educatiomqN %;
{

1990). Research shows that understanding a subject domain, include W the various concept mapping techniques affect the representation and

. : . ’ . / rpretation of a student’s knowledge structureagi AraceLl Ruiz-
the science curriculum, is associated with a concise and complete se

relations among the different concepts of the specific domadw o et al, 2001).

1998 No Py % 1984 No go & 3 p 1983 fl\'@t?l Construct-A-Map From Scratch. In this method the assessor provides
» NOVAK OWIN, 1964, TDVAK, LOWIN, c JOHANSEN, ): The  intormation to the student and asks him/her to construct a hierarchical or

close scrutiny of these relations may help the evaluation of both the stud

-hierarchical map. Students’ response to this requirement by

and the course itself. . R .constructing a map, in their attempt to correlate all the concepts that concern
Concept maps are represented by network diagrams in which the varigus. i~ lar domain (Wkia ARACELI Ruiz-Privo et al., 2001)

concepts are nodes and the relationships (associations) between conce ﬁl-in-the-Map. In this method students are provided watitoncept

are links. The concepts are essentially nouns and the relationships bethﬁgB where some of the concepts or the linking words have been empty and
them are verbs.
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students are obliged to fill in the blank nodes and/or the empty linksaps themselves using both methods and all the concepts that the had been
(AnpERSON & Huang, 1989). taught during the previous weeks. The teacher had made sure, when he

Using this method student’s fill in the blanks and their answers atsed the fill in method, to have certain links that needed Mathematical
evaluated as correct or incorrect. This method has advantages am@wledge. The teacher had taught the Mathematics that the students needed
disadvantages. The advantage of the method is that is easy for administratioih they did not go beyond the use of powers, unit conversion and calculation
scoring, storing in a database etc. and the main disadvantage is thafivariables by solving equations.

imposes a structure on a student’s knowledge. In the fourth week, during the first two hours he taught his students
] ) more abstract mathematical operators such as the derivative and the integral
2. Physics and Mathematics and his teaching focused on the natural meaning of these mathematical

Research has shown that Physics and Mathematics are interrelated tanghs. Inthe third hour he implemented these mathematical concepts on the
the integration emanates from the fact that solving physics problems requigeacepts of physics that he had taught during the previous weeks, such as the
mathematical skills (&in, A.A., 1997).Another crucial result of the concept of force, the calculation of distances through the use of integrals etc.
research is that the use of Mathematics in Physics can give an impulse iThe fifth week was devoted to problem solving through the use of
the knowledge of certain concepts of Physics. mathematical terms that the teacher had taught and during the process he

Usually students at the Pedagogical Departments, most of whom haept emphasizing on the mathematical concepts he was using, in order to
not attended high level Physics at the last two years of High School, fiadnvey a sense of confidence to his students.
difficulties to solve problems in physics which involve mathematical problems. In the sixth week he asked the students themselves to solve problems in

Moreover, most of them agree that they prefer Physics questions with@liiss by using the mathematical concepts taught.
mathematical problems because in their opinion they are less difficult In the seventh week he used the concept map method to identify the pre-
(Lavary, 1990). ) _ existed attitudes of the students on the concepts which concerned heat.

The use of mathematical terms in the P.S. problems causes fear to fhiging that week he used both methods of the concept mapping. In the
students of the university departments that prepare teachers for the primgighth week, he analyzed the answers given, with his students, and in the
education sector @y, 1990) and when they fail, they often tend tonext two weeks he devoted his teaching on aspects related to heat. In the
blame the mathematical problems which are included in the S.P. problemigventh week he performed experiments on heat. In the twelfth week, he
For this reason, we have decided to use Mathematics in S.P. in two levglgve to his students three concepts maps to fill in. The first of them

In the first level, we touch upon simple mathematical operations and ¢ancerned heat and the scratch method was used while the second concerned
the framework of units’ conversion or of finding the order of size oheat as well but this time the fill in method was used with special emphasis
physical quantities, or solving simple algebraic equation etc. whereasrit only the solution of equations but to the use of the derivative and the
the second level, we touch upon more abstract mathematical operatgtegral.
such as the derivative and the integral which can be used for example eitheThe third map concerned both of the thematic units and focused on the
to calculate the rate of change of physical quantities or to calculate the tataérrelation between Mechanics and Heat, such as the calculation of gas
amount of change of a physical quantity. work, the kinetic energy of the molecules etc.

In the case of the Pedagogical department students, the Physics teacher
avoided strict definitions of mathematical concepts and focused on thdir Findings
natural meaning while the students were aware of the fact that theThe study involved three quite differently positioned groups of
Mathematics they were being taught would be used in P.S. Moreovélniversity students both in terms of the orientation of studies selected in
during the use of Mathematics in the P.S. problems and concepts, the Préer to be admitted to the Pedagogic Department. Participation in the
teacher made a specific reference on the Mathematics that he had taughesearch was purely voluntary and the research was planned to involve 33

order for the students to feel more confident. students. The study involved 33 students of the Pedagogical Department
) of the University of the Aegean that come from the Scientific orientation
3. Design of the study (N=7), the Technological orientation (N=10) and the Theoretical orientation

The study involved 33 first-year students from the University of theN=16), and attend the subject “Children’s Views on the Concepts of
Aegean, which come from the Scientific, the Technological and thehysical Sciences”.
Theoretical Orientations of studiesThe subject of the module relates to  Prospective teachers have had experiences about teaching and learning
the didactics of Physics and is scheduled for three hours per week fah&cience concepts related to mechanics and heat phenomena as students

total duration of twelve to thirteen weeks. _ in secondary education.
The course consisted of mechanics and heat and was taught in the firsill the prospective teachers had attended lessons on heat in lower
year of their studies. secondary school while those that had selected the Scientific and Technological

In the first week, during the first teaching hour, the teacher taught theéientations had been taught a significant part of the heat engines and kinetic
basic principles of the concept mapping method and during the second &fsbry of gases in the second year of the upper secondary school.
third hour he developed two concept maps that regarded concepts o{sually the evaluation of the concept mapping technigue (through both
Mechanics. During this process the teacher taught his students some thentihe concept mapping methods) goes through by counting the presence
areas in the traditional way and then towards the end of his lecture dfehierarchy levels, propositions, links and cross-linksigFPrivo &
designed two concept maps on his own, using both of the concept mapp&@veLson, 1996).
methods (concept mapping from scratch and fill in method).

In the second week, during the first teaching hour he discussed Iljata are presented in Tables 1-4.
students questions regarding the use of the concepts he had taught and the
concept mapping by means of their use with them, he continued to teachTable 1. concept map on heat with the scratch method
Mechanics through the introduction of new concepts and then he developed
two more maps (using both methods), including the previously taught The evaluation we have carried out, has been accomplished through the
concepts. During the teaching process he began to use mathematical tafges of “correct” as a characterization for the students’ answers which
but he avoided mentioning abstract mathematical operators in this stag@tained the right verb or the proper hierarchy or the proper link. The
but he focused on the use of algebraic operations, on how to dravéécond category was characterized as “incorrect” when the hierarchy or
suitable diagram with appropriate labels and scales, to construct takie link was not right and in the last one we have classified answers
listing the quantities given and the quantities to be found, to solve thensidered as irrelevant.
equation for the unknown variable in symbolic form, to use the appropriate

units into the equation, to estimate the order of a physical quantity and tScientific orientation Correct Incorrect Irrelevant

obtain a numerical value for the unknown. N=4 [Partially N=1
Besides, he used only one relation in the concept map by means of the correct

fill in method which needed a mathematical operation In this way he N=2

wanted to guide his students towards the finding of a mathematical relation
between two concepts. The relation he used concerned the one betweenthe
momentum and the forces that cause the change in momentum.
In the third week, during the first two hours he taught new concepts OFducational Research Centre & Ministry of Education and Religious Affairs, The Greek
Mechanics and the third hour he asked his students to develop concejstdcation System: facts and figures.
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Technological Correct  Incorrect Irrelevant interrelating is required. In contrast, their performance seems to be very
orientation N=3 [Partially N=1 good as far as the usage of mathematics is concerned. When they were
correct asked to interrelate heat with Mechanics (Table 4) though, their performance

_ _ _ N=6 decreased significantly, a fact revealing the students’ inability to form a

Theoretical orientation Correct  Incorrect lIrrelevant unified understanding of the Physical Sciences as an entity.

N=1 [Partially N=10 The teaching of Mathematics appears to have changed the students’
correct attitude towards the use of them in Physical Sciences. 80% of the students

N=5 coming from the Theoretical Orientation have answered that they have

Table 2. Concept map on heat with the scratch method

overcome their fear for the use of mathematics in P.S. to a significant
degree, while this percentage rose to 90% for the Technological and to
almost 100% for the Scientific orientation students. The students also

Using the concept mapping, the evaluation is implemented on countigpressed their willingness to repeat the whole process for the rest of the
the number of linked concept pairs {ité & GunsTong 1992), the number  Physics’ thematic units, attributing their poor results to their lack of familiarity
of linking phrases used, the number of concepts used or omitted. In Qkth the concept mapping method.
research we counted the Number of linking phrases used.

Table 2.

Number of linking phrases used

This is in accordance to the research mad@\sgs, 1973). His research
showed that if the teaching of mathematics and of physics is correlated
(that is no mathematical concept is met in the learning of physics that has
not already been explicitly treated), and a good relationship between
mathematics and science developedg¥y1973), then fear of mathematics
in physics can be dispelled.

Scientific orientation 30 Despite the fact that scores from concept mapping may indicate the
Technological orientation 22 extent to which a student is able to make connections between concepts in
Theoretical orientation 12 a subject, there is a discussion if the scoring procedure reduces some of the

richness and detail of information contained in a concept magVagN&

Through the use of the fill in method, we estimated the number §fysonpa, 1991).
mathematical terms used in the case where heat and in the case where
mechanics and heat together are included

Table 3. Concept map on heat with the fill-in method

Fill in with emphasis on Mathematics

Number of mathematical terms used
out of 15 needed
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