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The next lessons topic will be the conductometry. Try to briefly answer to the questions that you find in this sheet. You will need to fill in Part A 
before starting the experimental activity, Part B at the end of the conductometry lessons and then compare your answers.

Figure S1: The “3–2–1 Bridge” tool used for this project

3 IDEAS (you have regarding this topic)

2 QUESTIONS (which you would like to receive answer about this topic)

1 METAPHOR OR ANALOGY (to represent the topic)

…………………………………………………………………

3 IDEAS (you have regarding this topic)

2 QUESTIONS (which you would like to receive answer about this topic)

1 METAPHOR OR ANALOGY (to represent the topic)

…………………………………………………………………

3-2-1 Bridge

A B

THINK ABOUT IT: HOW DO THE NEW ANSWERS CONNECT OR DIFFER FROM THE OLD ANSWERS?



One Minute Paper (OMP)

Take five minutes to rethink what you did during lesson and reflect on what you observed and 
learned. Then, answer the following questions as truthfully and clearly as possible.

1) During the experiment execution, what are the three main concepts that you could grasp?

1.

2.

3.

2) What reflections or questions did you have during the work?

3) What is unclear or did you not understand and would you like to be explained?

Figure S2: The One Minute Paper tool used for this project













Figure S3: OMP’s forms filled in Italian from the high school Italian students

























Figure S4: The “3–2–1 Bridge” filled in Italian from the high school Italian students



Table S1: Examples of ambiguous cases encountered during the manual sentiment 
analysis

Response (translated from Italian) Context
Classification 

decision
Rationale

"It will be difficult to understand how 
conductance depends on the quantity of 

ions present."
Before Neutral

Despite mentioning difficulty, 
the focus is conceptual rather 

than affective

"I expected the lesson to be difficult, but 
it was simpler than I thought."

After Positive
The student's final emotional 
tone expresses satisfaction 

and success



Table S2: Tags from the students’ answers to the first question of OMP
TOPICS NUMBER OF STUDENTS FUNDAMENTAL TOPICS MISCONCEPTIONS

Conductivity values first decrease and, then, increase 10

Titration with standardized solution having known concentration 1 X

What is conductivity? 4 X

K at standard conditions 1

The chart showing 2 pEq and 2 straight lines 2 X

The lines show different slopes 1 X

The titrant is in burette because of its chemical nature 1 X

Veq is in the stability range of conductivity 1 X

The influences on the conductivity 2

pEq is not directly visible 1

Conductivity increases after pEq 1

Conductivity-meter measures conductivity 2 X

The unit of measurement of conductivity-meter is S 2 X

Conductivity depends on the concentration 1 X

We observe a decrease and, after, an increase of pH 1 X

The method of conducting the analysis 1

Analysis of the chart 2

Understanding chemical phenomena 3

The graph has curves with several maxima 1

Conductivity is directly proportional to ion concentrations 2 X

Conductivity is related to ions motion 2 X

Altering the ionic balance changes the conductivity 1

Conductivity changes during the analysis 5

Useful method for only some solutions 1

The chart is different from the one obtained from potentiometric titrations 1

Measuring conductivity 1

The values diminish at pEq 1

Similar to potentiometry 2

Trend of the curve is proportional to the presence of ions 1 X

The type of ions in solution changes during the analysis (H+, Cl-, etc.) 1

Extremely precise technique 3

Used to determine concentrations 1 X

It is a volumetric titration 1 X

Bell chart 1 X

To study the conductivity of aqueous electrolyte solutions 2

To find pEq 4

Unit of measurement 1

Broken curve 1

Similar to other analyses 1

Conductivity varies according to ion concentration 4 X

The dilution affects the measurement 1

The cell K is characteristic of each tool used 2

Different ions move differently 1 X

Differences compared to potentiometry 2

Function of the titrant 2

How to operate the conductivity-meter 1 X

The theoretical principles are important 1

Accuracy of the analysis 1

Change and instability of measured values 1

Conductivity-meter 1 X

Formula for the calculation of conductivity 1

Use of glassware 1

Conductivity of the H+ and of the OH- ions 1

Conductivity varies according to ion types 1

Importance of K 1



Table S3: Representative examples of students’ misconceptions about the 
conductometric titration graph

Student response Type of misconception

"Sviluppo di un grafico a campana." 
(Making a bell shape graph)

Confusion between V-shape and bell shape in 
the graph

"Registriamo 2 punti di equivalenza." 
(There were two equivalence points)

Misinterpretation of the number of equivalence 
points

"Il titolante doveva stare in buretta data la 
sua natura chimica." 

(Titrant solution was in burette because of its 
chemical nature)

Difficulty interpreting the use of standardized 
solution in titration



Table S4: Student self-questions categorized by Altet’s cognitive operations

Cognitive 
operation

Student question (English 
translation) Original (Italian) Notes

Collection What does the electrode look 
like? How does it work?

Come è fatto l'elettrodo? Come 
funziona?

He/She identifies the 
information involved in 

the process and 
integrates it

Transformation

As the temperature changes, 
do the values change in a 

directly or indirectly 
proportional manner?

Al variare della temperatura i 
valori cambiano in maniera 

direttamente o indirettamente 
proporzionale?

He/She tries to construct 
the pattern by 

anticipating a cause-and-
effect mechanism

Memorization Usually indicators are used in 
titrations, but not here

Di solito si usano gli indicatori 
nelle titolazioni, invece qui no

He/She connects new 
content to stored prior 

procedures

Inference
While working, I wondered 

what testing the conductivity of 
substances could be useful for

Durante il lavoro mi sono 
domandato a cosa potesse servire 
verificare la conducibilità di una 

sostanza

He/She tries to rework 
the experience in light of 

their own scheme to 
construct a further 

portion of knowledge

Production

Why around 5 mL added do 
the measured values start to 

increase instead of continuing 
to decrease, is this because the 

5 mL are completely 
consumed?

Perché intorno ai 5 mL i valori 
misurati iniziano ad aumentare 

invece di continuare a diminuire, 
questo perché i 5 mL si 

consumano completamente?

He/She solves a problem 
which occurred to 

him/her by observing the 
scenario and making a 

hypothesis

Metacognition
I realized that during the 

experiment I recalled things I 
had studied last year

Mi sono accorta che durante 
l’esperimento ricordavo cose che 

avevo studiato l’anno scorso

He/She reflects on 
learning strategies and 

their impact


