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Changes in Explanatory Levels of Elementary Pre-service Teachers
through a Scientific Explanation Construction Tool and
Exploration of Its Affordances

Kim, Jong-Uk - Lim, Sung-Eun'
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ABSTRACT

While scientific explanation is a fundamental component of science, teachers often lack familiarity with the
formal structure of scientific explanations and the criteria for assessing their quality. Consequently, this study aims
to clarify the concept of scientific explanation and proposes a tool for constructing scientific explanations. The
primary objective is to explore the tool’s impact on enhancing the explanatory skills of pre-service teachers when
it comes to the phenomenon of condensation. The research findings indicate that many pre-service teachers
initially operated at a description level during the pre-test. However, the implementation of the tool enabled them
to advance their explanatory skills beyond the associative level. Notably, the tool was analyzed for its ability to
provide pre-service teachers with a conceptual framework for explaining phenomena and guiding logical explana-
tions and micro-level interpretations. This study holds significance in demonstrating that pre-service teachers can
comprehend the formalities and criteria of scientific explanations and apply them to enhance their own explana-
tory abilities. Moving forward, efforts should be made to enhance the scientific explanation level among pre-service
teachers across various topics and subject areas. Furthermore, pre-service teachers need classroom experiences that
foster the construction of scientific explanations in authentic contexts.
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Table 1. Scientific explanation construction tool
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Premise Conceptual framework
Relevance

Reasoning Appropriate level of representation
Causality
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Table 2. Apply the Pro structure and Key Elements of a Good Explanation to the same example. The example is from Tang (2015, p. 4)

PRO structure Example 2C2R components
. There are attractive and repulsive forces that hold the .
Premise . o .. Conceptual framework: intermolecular forces
molecules in the solid in fixed position.
The strong attractive forces prevent the molecules from Relevance: Use only information related to intermolecular distances
leaving their positions, while the repulsive forces, which necessary for understanding the phenomenon
Reasonin act when they are too close together, prevent them from Causality: Present intermolecular attractive and repulsive forces
e collapsing. as the underlying cause of the phenomenon
Thus, the molecules can only vibrate about their fixed Appropriate level of representation: Account for the macroscopic
positions and they are held together in a regular pattern. phenomenon through microscopic (molecular-level) analysis.
Outcome Therefore, a solid has fixed shape and volume. Not applicable
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Yes

Explains how and why the phenomenon happens.
COMPLEX Suggests a logical chain of relations that rely on

more complex and interactive patterns, considering

+ SCIENTIFIC i

EXPLANATION chain of logical relations?

The explanations provide a complex

mutual causes, conditions or constrains.

Is the information presented as a logical
chain of relations?

ASSOCIATIVE Do students consider
° EXPLANATION theoretical entities?

Ne

l_

Do students explicitly state a conceptual
JSramework to guide their explanation?

Do students” explanations suggest causes?
Do students infer on underlying processes?

Yes S
|
DESCRIPTION Do students consider
theoretical entities?

|
Is the information present in students’
explanations relevant for phenomenon?
The account goes beyond the restatement ||
: ‘47 No
of what was previously said? )

Explains how and why the phenomenon happens.
Suggests a logical chain of relations, sequencing

information in a simple way.

Establishes a regular association of relevant causes

in terms of properties of theoretical submicroscopic
MLK-ASSOCIATIVE entities, but poor articulation of a logical chain of

relations.

E: hes a regular iation of relevant causes
MACRO-ASSOCIATIVE | in terms of patterns and macroscopic properties, but
poor articulation of a logical chain of relations

Describes what occurs in terms of properties of
theoretical submicroscopic entities.

MIX-DESCRIPTION

MACRO- Describe what is observed in terms of patterns and
DESCRIPTION macroscopic propertics (¢.g., volume, temperature).

Presents set of statements not relevant and not
‘Jl NON-EXPLANATION theoretically connected with lhc phenomenon;
or a set of tautological

Prep

Fig. 1. The system of analysis for categorizing participants’ answers: Adapted from De Andrade et al.(2019). The italicized text represents

additions and modifications made in this study
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Fig. 2. Changes in the levels of pre- and post-explanation



506 ZSISIS H422 M4, pp. 497~512 (2029)

Pre-test

Post-test

Fig. 3. Trajectory of changes in pre- and post-explanation levels
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