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BEYOND THE BEAKER: 
Scaffolding students to connect observations with the particle level in organic chemistry

   INSTRUCTIONAL SCAFFOLD      CONCLUSION

1. GOAL

Name of the synthesis

Synthesis step

1 3 54 62

Describe what you are doing in this synthesis step and explain why!

It is easy for me It is hard for me

2. OBSERVATION 3. PARTICLE LEVEL

Describe what you can observe during this step 
(before/during/after) 

• Describe how your observations can help you for the next synthesis 
step!

How can you make sense of what you can see? 
• Describe the properties and activities of your entities at the particle 

level before and after the reaction. 
• What is happening during the reaction to the atoms, molecules and 

electrons?

Sketch before Sketch after Visualization before Visualization after

It is easy for me It is hard for me It is easy for me It is hard for me

4. Conclusion on the aim of this synthesis step

I am sure that the goal of this step has been achieved. I am unsure that the goal of this step has been achieved

Describe how you can recognize that you have achieved the goal of this step!

H2O
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Reasoning Type II activates 
macroscopic and 

submicroscopic mechanistic 
features but does not transit 
between the representational 
levels by themselves. After a 
prompt in the interview type II 

reasons on the 
submicroscopic level and is 
able to explain macroscopic 

phenomena on the 
submicroscopic level. 

  Reasoning Type I   Reasoning Type II   Reasoning Type III

++

Prompt Prompt

M
S

M
S

M
S

Reasoning Type I activates 
predominant macroscopic 
mechanistic features and 
therefore reasons as well 

almost only at the 
macroscopic level. Even 

when he explicitly is 
promoted in the interview to 

explain the observed 
phenomena on the particle 
level, type I still reasons on 

the macroscopic level. 

Reasoning Type III is 
characterized by the activation 

of many submicroscopic 
mechanistic features and the 
ability to transit between the 

representation levels by 
themselves. Type III does not 

need a prompt for explaining a 
phenomena on the particle 

level.  

I: Why do some molecules 
dissolve and other molecules 
do not dissolve? 

Type I: I could not see any 
solid matter, so it was 
dissolved. 

I: How do you explain that?

Type I: That it dissolves well? 
Hm, they can combine well 
(können gut Bindungen 
eingehen), therefore it 
dissolves. 

I: Why do some molecules 
dissolve and other 
molecules do not dissolve?

Type II: Sodium bromide is 
a salt, composed of anions 
and cations that are in an 
ion lattice. If you add water, 
the ion lattice is broken up, 
the individual water 
molecules cluster around 
the individual ions, solvate 
them and the ion lattice 
brokes. Then we have 
hydrated sodium and 
hydrated bromide ions in the 
solution.

Type III: I observe two phases 
because water has two oxygen 
atoms. The polarity is 
distributed over the whole 
molecule. The oxygen forms 
the negative charge and the 
hydrogen atoms the positive 
charge. The alcohol, besides 
the oxygen and the hydrogen 
atoms,  have this bulky lattice 
of the C-atoms and other H-
atoms and this part is not polar, 
because the C-atoms have the 
same electronegativity and the 
difference between the C-atom 
and the H-atom is not big 
compared to the difference 
between the oxygen and the 
hydrogen. Therefore, 2-
propanol is soluble in the 
organic phase.

• Meaningful understanding of chemical processes requires 

1. constantly shifting between the representational 

levels: the macroscopic, the submicroscopic and the 
symbolic level1


2. reasoning about mechanistic features (entities, 
properties, organization and activity) at each of these 
levels2


Research shows that students have difficulties to discern and 
comprehend the meaning of the submicroscopic level and 
its visualization3, especially in the laboratory4.

The expository lab fails to help students discerning the 
relationship between their observations and the corresponding 
explanations5.

    MOTIVATION

To what extend does an instructional scaffold for the organic 
laboratory supports students in connecting the representational 
levels?

Context and Participants 
• Data was collected in an organic chemistry lab for student teachers in 2019.
• 22 undergraduate chemistry student teachers (15 female and 7 male)

METHOD

    REFERENCES

• Students can be characterized in their approach to make-sense of 
their organic synthesis on the representational levels, before and after 
working with the instructional scaffold


• There seems to be three dominant Types

• After working with the scaffold, we could observe that students 

change their approaches

• The here-reported scaffold seems to be a good compromise between 
expository and new approaches like inquiry-, or problem-based labs


• Students showed gains in their understanding of the synthesis and 
its underlying explanation especially on the submicroscopic level. 
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