
 Development of the questionnaire based on the system thinking (ST) framework remains open. A suitable series of ST could be 

utilized to make sense of the chemical phenomena behind the chemical equations. The following development series might 

enhance student engagement in pre-class and pre-lab activities that begin with chemical equations.
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How to develop the questionnaire for 
interpreting chemical equations through the 

system thinking loop

Asih W. Wisudawati and H-D Barke would like to present in MICER22:

We characterize the system thinking (ST) 

competencies that might be potential skills to 

interpret symbolic levels in chemical equations. 

The process in this stage is aligning the Bloom 

taxonomy to ST competencies. Subsequently, 

choosing the famous chemical equations related 

to proton and electron transfers.
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The questionnaire is adapted from the CheMIST tool by 

York and Orgill (2020) with the following tiers and its 

cognitive process:

A-Tier: Recognize a system as a whole by identifying the 

individual components (remembering and holistic).

B- Tier and C-Tier: Examine the relationships between the 

parts of a system and how those interconnections lead to 

cyclic system behaviors (analytical and elaborative).

D- Tier: Identify variables that cause system behaviors by 

explaining how the donor-acceptor principle affects 

reactions (analytical and elaborative).

30 students were selected as participants to prove 

empirical validity by 60 minutes test. This development 

process also involved three chemistry lecturers, 

laboratory assistants, and two professors as experts to 

find the construct and content validity.

The experimental activities in the Laboratory optimize 

the appearance of the macroscopic level, which would be 

written in the questionnaire. 

Based on empirical validity, Cronbach's alpha's reliability 

index was 0.747, and 18% of invalid test items would 

have been modified.
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