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Intentions

• Doing more practical work

• Better scientific literacy

• Better critical thinking

• Higher research skills

• Sustainability awareness

• Start with programming and using Nspire and hub

• Integration of learning about research into a subject

• Integration of sustainabilityin normal lessons, not “extra”

• MORE FUN

Inquiry based learning → Subject electricity
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Theoretical framework

oConceptual change model: De kennis moet aangevuld, veranderd of opnieuw georganiseerd worden 

Conceptual change model:

o Learning occurs when:

knowledge is increased, changed and reorganized

o 7 stages:

▪ Introduction

▪ Review

▪ Development

▪ Research and activities

▪ Presentation

▪ Discussion

▪ Summary

o Every lesson 

o 3 types of research:

▪ Literature

▪ Practical

▪ Simulations



www.t3nederland.nl

Main setup

• 9 weeks (1/4 part of schoolyear)

• Covering 2 chapters

• Every week 2 lessons of 80 minutes

• Assistance of “TOA”

• Main subject: “batteries and solar cells”

• (Almost) every lesson practical work

• Digital worksheet for every lesson

• Digital summary space for every lesson

• PowerPoint for every lesson
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Lesson setup

• 16 Lessons of 80 minutes

• Introduction of the “problem”

• Hypothesis

• Experimentation

• Conclusions

• Summary together

• Homework assignments

Time Subject

5 Introduction of the product

10 Hypothesis formulation

10 Research setup

5 Expectation of results and how to use them

15 Research

15 Analysis

10 Conclusions

5 Comparison between hypothesis and 

conclusions

5 Summarizing by teacher

30 Homework
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Lesson subjects

• Target of the lessons:

o How to do research (solar cells)?

o How can you combine solar cells or batteries (Phet and real)

o Relationship between voltage and current 

▪ → tables and graphs

▪ → current and charge, resistance

▪ → resistance and graphs

o Power and energy

o “strange” resistors (semiconductors)→ literature research !

o Capacity of batteries (mAh and C) → determination 

o Resistors in combinations

o Maximum power of a solar cell

o Resistance of a wire

o Power supliers → literature research !

o Internal resistance of battery

Used for assignment
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Worksheet and lab journal



www.t3nederland.nl

Assignments

• Test after 16 weeks

• Lab journals

• Essay about resistance of a wire

• Consumer report on quality of batteries:

o Quality criteria

▪ Energy density (J/kg)

▪ Capacity

▪ Energy content

▪ Maximum voltage

▪ Internal resistance

• Advertisement for batteries based on report
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Assignment detail

• Consumer report on quality of 

batteries:

o Quality criteria

▪ Energy density (J/kg)

▪ Capacity

▪ Energy content

▪ Maximum voltage

▪ Internal resistance

• Every couple a unique battery

• Collection of all results → to every 

student

• Advertisement for batteries based 

on report

Brend Type Capacity Energy Mass

Internal

resistance Max Voltage

Kruidvat AAA 531 mAh 2049 J 11,6 gram 9.1 Ohm 1,4 V

Panasonic AA 408 mAh 0,36 J 0,01656 kg ri:= 0,6171 1,64 V

A-Force AA 610 mAh 2688 J 0.02325 KG 0.484Ω 1.70V

Hema AA 604 mAh 2635 J 0,2387 kg 0,35 Ohm 1,66 V

Kruidvat AA 605 V 2651 J 0.02361 g` 0.45 Ohm 1.7 V

Kruidvat AA 605 mAh 2651 J 0,2391 kg 0,45 ohm 0,7 V

VARTA AA 591mAh 110561 J/kg 0,02282kg 0,5 ohm 1,72V

A-force AAA 540mAh 2111J 11,24g 0,53Ohm 1,69V
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Example 1

Maximum power of solar cell

• Simple python program

• Hub as V-meter

• Breadboards

• Resistors of 10 Ω → make combinations
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Example 2

Internal resistance

• Cost energy to deliver current

• Lower internal resistance → better battery

• Python program V-meter

• Resistors of 10 Ω → make combinations

• Graph page for determination of internal resistance
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Final accesment

Write a consumer report including:

• Reason of investigation

• How it is done

• Criteria

o Voltage

o Capacity

o Total energy

o Internal resistance

o Energy density

o Price

• Results

• Sustainability

• Best choice (and why!)

• Advertisment
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Remarks

• Results are not as well as hoped

• Discussion was difficult (not existing)

• To much to do in short time

• All learning goals covered but understand?

• Students were frustrated and uncertain

• The gain of knowledge ? Questionable

• Connection to sustainability?

Lack of discussion ?

Driving question ?


