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Pre-Service teachers’ conceptual profile change when discussing an environmental

Phenomenon
This study refers to distinguishing conceptual profiles in pre-service teachers' predictions and/or explanations about acid rain interaction with the natural environment. The way pre-service teachers make deductions about, and explain natural environment affection by acid rain is used as a case study topic in order to evaluate prospective teachers' ability to use scientific discourse when explaining environmental problems. In the course of a didactical intervention pre-service teachers were given the chance to interact with models of systems belonging to different scales through research-based-developed tools. The predictions and/or explanations pre-service teachers gave to the acid rain /environment interaction problem before, during and after the intervention were analyzed and five characteristic conceptual profiles were established.
Introduction: This study refers to distinguishing conceptual profiles in pre-service teachers’

(students) predictions-explanations about acid rain interaction with the natural environment.

The study is based on a social constructivist perspective on learning (Leach & Scott 2005) according

to which, science (as well as school science) is a social language providing the experts

(or the students) with ways of talking and thinking about the natural world and thus explaining

it. Students come to the science class bringing their own “everyday language” that has evolved

in their social lives through normal day-to-day interactions. Students’ acquisition of science

language in the class plane is intermediated by their everyday language. Based on this social

constructivist tradition, Mortimer (1995) suggested the notion of ‘conceptual profile’. That

means that it is possible for students to use different ways of thinking in different domains and

that a new concept does not necessarily replace previous and alternative ideas, but everyday

and scientific concepts may coexist. Even in the science classroom there may exist different

conceptual profiles that indicate a movement from everyday language to school science language

and these profiles have emerged as the result of the dialogue between these two languages.

All these characteristic ways of thinking are “acceptable” and depict the conceptual

evolution in the classroom. Research has shown that although high school students and in-service

teachers try to use school science language to explain environmental phenomena they fail

to reach scientific discourse which construes the world as consisting of hierarchically organized

systems at different scales (Gunckel et al 2010, Anderson 2010). This study occurred in

the context of a broader research studying how pre-service teachers explain environmental

phenomena using different scales’ systems and processes. More precisely, the research questions

are: a) what are the pre-service teachers’ conceptual profiles when interpreting the acid

rain natural environment interaction? b) How do these conceptual profiles change when interacting

with models and systems belonging to multiple different scales?

Methodology: The acidic water / weathered bedrock reaction beneath soil is of great importance

in the way acid rain affects the natural environment. Calcareous soil neutralizes acidity

thus protecting surface waters and terrestrial ecosystems while siliceous soils are gradually

acidified, in a time frame of some decades, and similarly are the waters on such watersheds.

(JCE, 2003). In the context of a three - stage didactical intervention (fig. 1), pre-service teachers

tried acid rain / environment interaction on different scales. They tried different materials’

-mainly siliceous and calcareous- interactions with acids and bases in the wet lab. They tried

“building” ecosystems lying on different bedrocks and zoomed into the micro-scale systems

through research-based-developed educational software in the computer lab. The didactical intervention

was implemented in the academic year 2008-2009 with 59 pre-service teachers attending

an environmental course at a pedagogical University in Greece. Pre-service teachers’

descriptions and explanations about the acid rain / environment interaction recorded in worksheets

during the didactical intervention, as well as pre and post tests filled in before and after

the intervention formed the data source of the research (fig. 1). Initially, the data were analyzed

and quantified regarding the way students use different scales’ processes by means of a

system of three categories (“Levels”, “Kind of Change”, “Effects on Ecosystems”) containing

4-6 subcategories each. This analysis results have been presented elsewhere (authors, 2010).

Afterwards, the whole of the quantified data was revised in order to distinguish if characteristic

patterns can be derived in the way pre-service teachers understand and describe the phenomenon.

That is, if it is possible to distinguish different conceptual profiles that are characteristic

and representative for the pre-service teachers’ conceptual evolution through their contact

with different scales’ systems during the didactical intervention. Thus, the overall category

“Phenomenon Description” was constructed. As it is plausible, pre-service teachers

change conceptual profile during the didactical intervention and even after it. Finally, five

characteristic types of “Phenomenon Description” (conceptual profiles) were established as

described below:

Descriptions that correctly explain how acidic water reaction with stones and minerals beneath

soil prevents (or isn’t enough to prevent) acidification, thus protecting aquatic and terrestrial

ecosystems abiotic factors and life. This profile is called “Sound Integrated”.

Descriptions that relate the reaction with the protection of ecosystems laying on calcareous

subsoil, with some errors however, either because pre-service teachers think that this

protection isn’t universal, for example that this effect is restricted to aquatic ecosystems, or

because they fail to provide a complete description of the reaction. This profile is called

“Transitional”.

Descriptions relating the strong acidic water / calcareous stones reaction to strong ecosystems

erosion and/or considering that ecosystems lying on siliceous rocks are durable due to rocks

durability. This profile is called “Pragmatic”.

Descriptions that successfully describe the acid rain effects on ecosystems biota on calcareous

(or siliceous) subsoil, but without any reference to the acidic water/weathered rocks and

minerals reaction. This profile is called “Phenomenistic” which in Greek means clinging on

just what is obvious.

Descriptions that fail to approach the phenomenon both in describing the ecosystems

evolution under acidic affection and in giving a description of acid / stone reaction, even a

simplistic one. These descriptions are characterized as “Inadequate”.

Results: In the following chart the conceptual profiles that where identified before, during and

after the intervention are depicted:
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Initially (in the pre test) pre-service teachers tended to consider the environmental

phenomenon either making “Inadequate” predictions either superficially applying their

knowledge about macroscopic phenomena to whole ecosystems (strong stone affection means

strong ecosystem erosion). In the wet lab (“macroscopic” approach) the pre-service teachers

observed the damage acids cause to calcareous materials as well as the durability of siliceous

ones. This encouraged them to deduce damage for ecosystems when the bedrock is calcareous,

and durability when the bedrock is siliceous. So, the majority of them moved to “Pragmatic”

descriptions. It is worth mentioning that all of them had taken measures about pH changes and

recorded them down on their worksheets. However, a small but not insignificant proportion of

them went ahead to “Transitional” and “Sound Integrated” descriptions.

The “Large scale” approach in the computer lab (ecosystems’ supervision) led a significant

percentage of them to move on to “Transitional” and “Sound Integrated” descriptions in

which pre-service teachers realized how the reaction protects soil and water by neutralizing

acidity, thus protecting biota. However, those who failed to see this “good” side of the

reaction preferred to ignore it and gave “Phenomenistic” descriptions.

The introduction of the microscopic (atomic/molecular) systems in the third stage of the

intervention led the majority of them to “correctly” and more sophisticatedly understand the

macroscopic processes and helped them to “successfully” relate the chemical interactions with

abiotic factors’ properties and the corresponding consequences to the aquatic and terrestrial

life.

Conclusion and Implications: As the results suggest, the microscopic approach significantly

enhances the ability of pre-service teachers to form "Sound Integrated" descriptions and

explanations of the problem they studied. Their interaction with natural world phenomena on

different scales, significantly contributes to their ability to understand the development of

phenomena taking place in too large time and space scales to be directly observed, as well as

the mechanisms underlying and explaining this development. Since environmental

phenomena and problems are large-scale ones, it seems that such interactions can enhance

environmental science literacy, meaning the pre-service teachers’ ability to understand and

participate in evidence-based discussions of environmental problems or critical environmental

issues. Consequently, it is recommended that teaching materials be created, giving pre-service

teachers the chance to try and observe systems that are too small or too large to be directly

perceived. This is in accordance with other researchers’ studies suggesting that research-based

didactic material and didactic interventions development may lead to students reaching (or at

least approaching) scientific discourse reasoning (Anderson 2010, Mohan & Anderson 2009).
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