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Chemists investigate natural phenomena using the concepts of molecules, atoms and
subatomic particles and in order to describe macro and micro world they use a variety of
scientific symbols [1]. Thus, chemistry is a science that refers to three levels, the
macroscopic, the microscopic and the symbolic [2].

Research studies have shown that meaningful understanding includes the ability to think
simultaneously at these three levels, and this presupposes the ability to comprehend, to
interpret, to construct and to translate between chemical representations [3, 4]. It has also been
shown that chemical representations are relatively meaningless to learners [4-6]. Several
studies suggest that teaching should include multiple chemical representations at the three
levels of chemistry [3, 5-10]. Since textbooks are the main teaching tools such multiple
representations should be included.

This study focuses on the requirements that should be met so that chemical representations in
text enhance learning. We propose 5 criteria for the evaluation of chemical representations
taking into consideration previous research findings [2, 4-10] and specifications required for
visual representations in text [11-13]. These criteria (C1-C5) concern:

(Cl) The type of the representation. Representations could be macroscopic, which depict
phenomena according to the visual sense; microscopic, which depict the particles of matter;
symbolic, which include symbols that are used to represent particles and phenomena;
multiple, which represent a phenomenon simultaneously at two or three levels of chemistry;
and hybrid, which combine elements from two or three levels of chemistry to form one
representation.

(C2) The degree of interpretation of the surface features. A representation is characterized as
explicit, implicit or ambiguous, depending on whether the surface features are obviously
labeled or not. The interpretation of symbols should be pointed out, so that students will
understand clearly the content and the meaning of a representation.

(C3) The relatedness to the text. A representation is characterized as completely or partially
related, according to what extent it is coherent and related to text content. A representation
- should be linked to the relative concepts, principles or phenomena to be taught. .

(C4} The existence of caption. Captions are needed to make clear the content of a
representation. They should be explicit, brief, and comprehensive and should provide self-
sufficiency to the representation.

(C5) The degree of correlation between representations comprising a mulfiple one. A
multiple representation is characterized as sufficiently linked, insufficiently linked or
unlinked, according to what extent the correlation between the surface features of its separate
representations is clearly indicated. Students should be taught the links between different
types of representations in order to be able to translate one type to another.

We believe that the above criteria completely cover all the elements required for a
comprehensive evaluation of chemical representations and could be used not only for analysis
of schoal textbooks, but also in designing of new ones. The effectiveness of the proposed
criteria was proved by using them in the analysis of the Greek chemisiry textbook for the 1 ™
Grade students and the results will be published elsewhere.
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