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My Acknowledgement of this beautiful 
country

• I would like to acknowledge this beautiful country that I stand upon, a country that has 

lent me atoms enough to replace all my original atoms several times over by now and 

held me in its arms safely. I cherish the land, water and all its creatures, that have been 

looked after for thousands of year by the people who have loved and respected it. I 

feel their pain as they might have gone through years of not being acknowledged or 

respected. 

• I wish to pause and praise the traditional owners of this land from the bottom of my 

heart and pay my utmost respects to the Bunurong people and all Aboriginal and 

Torres strait islander peoples, their elders past, present and emerging.

• Gayatri Vazirani
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Please download the Miro app
You will need it later for some collaborative work



Today's Plan

 

Systems 
thinking

Some 
practicals

SACs- Some 
ideas

Unit timeline
AoS 3 

practical 

investigation

Digital 
resources



Systems thinking has emerged as a pivotal approach in 

chemistry education, aiming to equip students with the 

ability to understand and address complex, 

interconnected chemical systems. 

My literature review highlights key ideas that integrate 

systems thinking in chemistry education, bringing to 

the forefront the theoretical frameworks, practical 

applications, and some future directions of this 

pedagogy.



Systems Thinking in Chemistry Education (STICE) 

was created to catalyze and support efforts by the 

global chemistry education community to infuse 

systems thinking into chemistry education, with a 

particular focus on large enrollment introductory 

chemistry courses at the postsecondary and upper 

secondary levels. One substantial motivation was to 

facilitate embedding sustainability considerations 

into chemistry education. 



• Aligned with the 2030 Agenda for Sustainable Development, the United 
Nations Sustainable Development Goals (SDGs) were created in 2015

• The goals are interconnected, require interdisciplinary collaboration at an 
international level and require consideration of entire dynamic systems 
(both individual and interlinked systems) to address them employ visual or 
graphical tools to help conceptualize the problem or system at hand.

https://thesystemsthinker.com/

Systems thinking pedagogy

https://thesystemsthinker.com/
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System thinking

https://pubs.acs.org/doi/epdf/10.1021/acs.jchemed.9b00169?ref=article_openPDF

https://pubs.acs.org/doi/epdf/10.1021/acs.jchemed.9b00169?ref=article_openPDF
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Fundamental learning outcomes in a systems thinking approach to chemistry education (all images belong to the public domain).

DOI: (10.1021/acs.jchemed.4c00216) 



5 essential 
characteristics 

of System 
thinking in a 
lesson plan/ 

unit plan

RECOGNIZE A SYSTEM AS 
WHOLE, NOT JUST A 

COLLECTION OF PARTS

EXAMINE THE 
RELATIONSHIPS BETWEEN 

THE PARTS OF THE 
SYSTEM AND HOW 

THOSE 
INTERCONNECTIONS 

LEAD TO A CYCLIC 
SYSTEM BEHAVIOURS.

IDENTIFY VARIABLES 
THAT CAUSE SYSTEM 

BEHAVIOURS (BUTTERFLY 
EFFECT) -STOCHASTIC 

BEHAVIOURS 
(PROBABILITY BUT NOT 

PRECISE PREDICTION).

EXAMINE HOW SYSTEM 
BEHAVIOURS CHANGE 

OVER TIME

IDENTIFY INTERACTIONS 
BETWEEN SYSTEM AND 

ITS ENVIRONMENT, 
INCLUDING HUMAN 

COMPONENTS OF THE 
ENVIRONMENT



Teaching 
through 
observation 
in real time

• 1. Making bioethanol- display fermentation, distillation, 

calorimetry (fuels and intermolecular forces, energy, 

instrumentation)

• 2. Microscale- equilibrium shift with cobalt chloride (rate and 

extent)

• 3. Demo- Oscillating equilibrium (hook for equilibrium as 

demo)

• 4. Making Paracetamol RSC ( medicinal chemistry and 

Instrumentation)

Overarching principles of green chemistry and sustainability



Bio-ethanol : Collaboration

P L A N

Context: Fuels

Focus: Renewable fuels

Define:  Renewable fuel refers to a 
resource or energy source that is 
naturally replenished over time and can 
be used repeatedly without running out. 

Design: How to make bioethanol

I M P L E M E N T

• Map out: Research the method to 

make bioethanol

• Zoom in: Discuss the ability to make 

the reaction in the laboratory for 

testing.

• Zoom out: Discuss the details of the 

environmental and human impact 

• Connect: connect each step to the 

whole process

Miro board- Bioethanol

https://miro.com/welcomeonboard/UUV0K0JDbUNMN3dOSG0vamVnOENMT2o0WlZZNkMrMlRua2NEZWU1TTNtNXVOT3lSM1B5aDlCeEc4cXNURjRaSldxckFwMFE2S2dNTFR1bmRZb1JNdTBJcmNmUEc2cVpoNUlBd2FWSDJtclQxN2Q0NGlVUWhYRlF3WmllUFpNQ2tNakdSWkpBejJWRjJhRnhhb1UwcS9BPT0hdjE=?share_link_id=780840977734


Miro board- Bioethanol

https://miro.com/welcomeonboard/UUV0K0JDbUNMN3dOSG0vamVnOENMT2o0WlZZNkMrMlRua2NEZWU1TTNtNXVOT3lSM1B5aDlCeEc4cXNURjRaSldxckFwMFE2S2dNTFR1bmRZb1JNdTBJcmNmUEc2cVpoNUlBd2FWSDJtclQxN2Q0NGlVUWhYRlF3WmllUFpNQ2tNakdSWkpBejJWRjJhRnhhb1UwcS9BPT0hdjE=?share_link_id=780840977734


Context: Bioethanol, a renewable energy source derived from 

biomass, plays a significant role in reducing greenhouse gas 

emissions and promoting sustainable energy solutions. 

Understanding the chemical processes involved in bioethanol 

production and their environmental and economic implications 

is essential for students to appreciate the role of chemistry in 

addressing global challenges.

Focus: The lesson centers on the fermentation process used 

to produce bioethanol, emphasizing the chemical reactions, the 

role of enzymes, and the conversion of biomass into fuel. 

Students will investigate how different substrates affect ethanol 

yield and consider the efficiency and sustainability of 

bioethanol production 



Zoom In: Students will conduct a hands-on experiment to produce 

ethanol through fermentation. Working in groups, they will test various 

substrates—such as corn syrup, corn starch, table sugar, apples, and 

honey—to determine which yields the highest ethanol production. 

Zoom Out: Following the experiment, students will engage in 

discussions and activities that connect their findings to larger systems, 

including:

• Environmental Impact: Evaluating how large-scale bioethanol 

production affects ecosystems, land use, and carbon emissions.

• Economic Considerations: Discussing the cost-effectiveness of 

bioethanol as an alternative fuel and its influence on agricultural 

markets.

• Societal Implications: Exploring the role of biofuels in energy security 

and policy-making, and their potential to reduce dependence on fossil 

fuels.



Resources for checking the purity of 
ethanol made in the lab.

P R I M A R Y  D A TA

• Testing the purity of the ethanol 

produced on fermentation

• Thiele tube Boiling point- pure 

substances will have a sharp BP

• How to measure the boiling point of 

ethanol

S E C O N D A R Y  D A TA

• IR spectrum of ethanol.

• H and C- NMR Spectrum of Ethanol

• Mass spec

https://youtu.be/74vCYTIHo5Q?si=E8RF8vw4iFEE2eyM
https://youtu.be/74vCYTIHo5Q?si=E8RF8vw4iFEE2eyM


PLANTS CONSUME 
CO2 

YEAST

ENERGY RELEASED

GREENHOUSE GASES

PHOTOSYNTHESIS

PURIFICATION AND 
ANALYSIS

DISTILLATION 
INSTRUMENTATION

CALORIMETRY

DEFORESTATION

FEEDBACK LOOPS

Green chemistry

Sustainability

RENEWABILITY AND SUSTAINABILITY of 
bioethanol

FERMENTATION OF 
GLUCOSE

ETHANOL

COMBUSTION OF 
ETHANOL

CARBON DIOXIDE 
PRODUCED

PRODUCE GLUCOSE



I would like to acknowledge the Traditional 
Owners of the land on which we meet today.
I would also like to pay my respects to Elders 
past and present.

Pinya Senevirathne



Study design 
Changes

C E A  W E B S I T E - R E S O U R C E S

V C E  C H E M I S T R Y  R E S O U R C E S  |  C H E M I S T R Y  E D U C A T I O N  

A S S O C I A T I O N  |  A U S T R A L I A

https://www.cea.asn.au/vce-chemistry-resources
https://www.cea.asn.au/vce-chemistry-resources


Where to start?
VCAA Resources

• VCAA Chemistry main page

• VCAA Chemistry past papers and examiner reports

• Chemistry Study Design

• VCAA assessment advice

• VCE assessment principles

• Command Terms and their definitions

• VCAA Sample teaching plans for units 1-4

• Sample activities Units 1 – 4

• Key science skills across Units 3 - 4

• VCAA planning your course

• Planning for your SACs

• New SD implementation videos

• Pages - NHT examination specifications, past 
examinations and examination reports

CEA Resources

VCE Chemistry Resources | Chemistry 
Education Association | Australia

Other Resources
• Pat Oshea's site
• Sue Hardy's site
• Early Careers Chemistry Network (ECCN) | Facebook
• VCE Chemistry Teachers' Group | Facebook
• PhET Simulations
• Dynamic Science Chemistry-Index
• Chemistry - VCE - past exam questions - organised on topics

https://www.vcaa.vic.edu.au/curriculum/vce/vce-study-designs/chemistry/Pages/index.aspx
https://www.vcaa.vic.edu.au/assessment/vce-assessment/past-examinations/Pages/Chemistry.aspx
https://www.vcaa.vic.edu.au/curriculum/vce/vce-study-designs/chemistry/Pages/index.aspx
https://www.vcaa.vic.edu.au/curriculum/vce/vce-study-designs/chemistry/Pages/Assessment.aspx
https://www.vcaa.vic.edu.au/curriculum/vce/Pages/VCEPoliciesandGuidelines.aspx
https://www.vcaa.vic.edu.au/assessment/vce-assessment/Pages/GlossaryofCommandTerms.aspx
https://www.vcaa.vic.edu.au/curriculum/vce/vce-study-designs/chemistry/Pages/Teaching-and-Learning.aspx#SampleTeachPlans
https://www.vcaa.vic.edu.au/curriculum/vce/vce-study-designs/chemistry/Pages/Teaching-and-Learning.aspx
https://www.vcaa.vic.edu.au/curriculum/vce/vce-study-designs/chemistry/Pages/Assessment.aspx#Units1and2
https://www.vcaa.vic.edu.au/curriculum/vce/vce-study-designs/chemistry/Pages/Planning.aspx
https://www.vcaa.vic.edu.au/curriculum/vce/vce-study-designs/chemistry/Pages/Assessment.aspx
https://www.vcaa.vic.edu.au/VCAAProfessionalLearning/ProfessionalLearningPrograms/VCE/Pages/VCEChemistry.aspx
https://www.vcaa.vic.edu.au/assessment/vce-assessment/past-examinations/NHT-past-exams/Pages/NHT-past-exams.aspx
https://www.vcaa.vic.edu.au/assessment/vce-assessment/past-examinations/NHT-past-exams/Pages/NHT-past-exams.aspx
https://www.cea.asn.au/vce-chemistry-resources
https://www.cea.asn.au/vce-chemistry-resources
https://osheachem.weebly.com/
https://chemistryvce.weebly.com/
https://www.facebook.com/groups/1107302302713347
https://www.facebook.com/groups/vcechemistryteachers/
https://phet.colorado.edu/en/simulations/browse
http://www.dynamicscience.com.au/tester/solutions1/chemistry/chemistry%20index.htm
http://www.dynamicscience.com.au/tester/solutions1/chemistry/pastexamsquestions.html


Textbooks?

Different textbooks have different 

strengths (and weaknesses). In 

addition to the book your students 

are using, try to acquire a few other 

books for yourself. Your school may 

be able to purchase some for you. 



https://docs.google.com/document/d/1L3BMC-s1jkeqCI3-
TWnbn9uskGoYgYJu/edit?usp=sharing&ouid=101242023976058365134&rtpof=true&sd=true

Your unit plan

CEA's unit plan follows the Heinemann text, 

but all publishers have their suggested unit 

plans that aligns with their text. Make it 

visible to the students.

Link to CEA unit timeline

https://docs.google.com/document/d/1L3BMC-s1jkeqCI3-TWnbn9uskGoYgYJu/edit?usp=sharing&ouid=101242023976058365134&rtpof=true&sd=true


Communicate the date 
and format of the SACs 

in advance
sample sac advice sheet

https://docs.google.com/document/d/1wvhrYInc0IowUmfdHLAqKoX7YDUJvDKx/edit?usp=drive_link&ouid=101242023976058365134&rtpof=true&sd=true


Use the Study Design

VCAA Study Design is your guide on what to teach. Get your students to look at 

the study design too. Always refer to weblink for most updated guide.

Link to the SD

You can provide the students the following breakdown of topics derived by Lanna 

Derry based on the VCAA study design.

Key Topics to study/teach

https://www.vcaa.vic.edu.au/curriculum/vce/vce-study-designs/chemistry/Pages/Index.aspx
https://drive.google.com/file/d/1S2iFroXm6OnMzBC4eJnFSe8DWaOCiEnw/view?usp=sharing


Writing Your SACs

• SD page 37 Pages - Chemistry

• No task type may be repeated across Units 3 and 4.

• Sustainability must be addressed in at least one task.

• Time constraints per task: 50–70 minutes for written 

components and 10 minutes for multimodal/oral 

presentations.

https://www.vcaa.vic.edu.au/curriculum/vce/vce-study-designs/chemistry/Pages/Index.aspx


Dos and 
Don't about 

SACS

• Have a look at Pat O'Shea's site for some ideas of SACs. 

(You cannot use them as real SACs as they are publicly 

available)  Pat O'Shea's site

• Do not use commercial SACs without modifying them 

significantly. This is a VCAA requirement.

• Do not repeat the same SACs each year, modify 

them/change them.

• You can give a copy of the SACs back to your students to 

keep, but you need to keep the original with you.

• VCAA administrator handbook 2025  pages 72–82 are the 

most relevant to you.

https://osheachem.weebly.com/unit-3-sac.html
https://www.vcaa.vic.edu.au/administration/vce-handbook/Pages/index.aspx?Redirect=1


Which SACs fit best with which Area of Study?

• comparison and evaluation of chemical concepts, methodologies and methods, and 

findings from at least two practical activities

• analysis and evaluation of primary and/or secondary data, including identified 

assumptions or data limitations, and conclusions

• problem-solving, including calculations, using chemistry concepts and skills applied to 

real-world contexts

• analysis and evaluation of a chemical innovation, research study, case study, socio-

scientific issue, or media communication.



Mapping the outcome against the SAC Type

• Unit 3 Area of Study 1 - What are the current and future options for supplying energy?

Outcome 1

Compare fuels quantitatively with reference to combustion products and energy outputs, apply knowledge of the 
electrochemical series to design, construct and test primary cells and fuel cells, and evaluate the sustainability of electrochemical 
cells in producing energy for society.

• Unit 3 Area of Study 2 - How can the rate and yield of chemical reactions be optimised?

Outcome 2

Experimentally analyse chemical systems to predict how the rate and extent of chemical reactions can be optimised, explain how 
electrolysis is involved in the production of chemicals, and evaluate the sustainability of electrolytic processes in producing useful 
materials for society.



Mapping the outcome against the SAC Type

• Unit 4 Area of Study 1 - How are organic compounds categorised and synthesised?

Outcome 1

On completion of this unit the student should be able to analyse the general structures and reactions of the major organic families of compounds, 

design reaction pathways for organic synthesis, and evaluate the sustainability of the manufacture of organic compounds used in society.

• Unit 4 Area of Study 2 - How are organic compounds analysed and used?

Outcome 2

On completion of this unit the student should be able to apply qualitative and quantitative tests to analyse organic compounds and their structural 

characteristics, deduce structures of organic compounds using instrumental analysis data, explain how some medicines function, and 

experimentally analyse how some natural medicines can be extracted and purified.

• Unit 4 Area of Study 3 - How is scientific inquiry used to investigate the sustainable production of energy and/or materials?

Outcome 3

On completion of this unit the student should be able to design and conduct a scientific investigation related to the production of energy and/or 

chemicals and/or the analysis or synthesis of organic compounds, and present an aim, methodology and method, results, discussion and 

conclusion in a scientific poster.



U4 AOS 3 practical Investigation



Topics of practical investigation

- "Outcome 3 - Design and conduct a scientific investigation related to the 

production of energy and/or chemicals and/or the analysis or synthesis of 

organic compounds, and present an aim, methodology and method, results, 

discussion and conclusion in a scientific poster"  -    VCAA SD



Some possible 
investigations

• Effect of temperature (or other variables) of half-cell 

solutions on cell voltage

• Measure and compare the thermal energy released 

during the combustion of various alcohols

• Calculation of energy content of a different coal 

types/bio masses by combustion

• Production of bioethanol, biodiesel under different 

variables

• Production of aspirin or paracetamol

• Extraction and purification of chemicals from native 

plants

• Analysis of vitamin C content of finger lime or Kakadu 

plum 



Poster

• VCAA SD Page 14



VCAA has used these on slides 
29 and 30 as examples, but 

not exemplars.



Your cup 

of decaf might 

be “caf”ed after all!
But does that really matter? 
While decaf contains a small 
amount of caffeine, it’s not 

enough to affect you.

Table 1 Composition of standard solutions

Caffeine stock (µL) 0 200 400 600 800 1000

DI water (µL) 1000 800 600 400 200 0

Caffeine (ppm) 0 30 60 90 120 150

Table 2 HPLC results

Table 3 Caffeine content data

Caffeine 
(ppm)

Retention time of 
peak (min)

Area of 
peak

0 0 0

30 2.686 550.092

60 2.693 1091.640

90 2.695 1639.954

120 2.698 2187.144

150 2.700 2731.944

Sample Retention 
Time of 
Peak

Area of 
Peak

Concentr
ation 
(ppm) 
diluted

Concentra
tion (ppm) 
original

Amount of 
caffeine per 
serve (mg)

A 2.714 226.592 12.381 247.62 10.65

B 2.712 1554.962 85.333 1706.66 73.39

C 2.712 1522.344 83.541 1670.82 71.85

D 2.705 1634.897 89.723 1794.46 77.16

E 2.704 1722.048 94.509 1890.18 81.28

Is decaffeinated coffee truly 
caffeine-free?

Aim: to investigate whether "decaffeinated 
coffee" truly contains no caffeine, and if not, 
to what extent/proportion it is present 
compared to the other strength levels.

Hypothesis: If strength number determines 
caffeine content, then the decaf coffee will 
contain a small amount of caffeine, 
because extracting 100% of the caffeine 
from coffee beans is difficult and unrealistic. 

Results: 
The results derived show that decaf coffee 
does contain a very small amount of 
caffeine, however in comparison to the 
other samples, it is negligible.



Derry, L. et al. (2023) Heinemann Chemistry 2. Melbourne, Vic: Pearson Australia.



Preparing students for the exam
Teach students how to study early on.

"Studying" is an Active Process: Emphasise that studying is not just about passively reading. It is about actively 

engaging with the material. Explain that it involves:

• Summarising: Rewriting information in their own words.

• Questioning: Asking themselves questions about the material and trying to answer them.

• Concept Mapping/Mind Mapping: Creating visual representations to connect ideas.

• Practice Problems: Working through exercises and applying concepts.

• Teaching the Material: Explaining concepts to someone else.

Effective study habits of highly successful students (by James Kennedy)

habits | James Kennedy

https://jameskennedymonash.wordpress.com/tag/habits/


Preparing students for the exam

1

Regular 
Classwork 
Checks: 
Implement a 
system for 
regularly 
checking 
students' 
completion of set 
work. This could 
involve quick 
quizzes, peer 
reviews, or brief 
discussions.

2

Early Exam 
Question 
Exposure: 
Incorporate 
practice exam 
questions into 
lessons from the 
beginning of the 
unit. This helps 
students 
understand the 
exam format and 
identify areas for 
improvement 
early on.

3

Utilise Online 
Resources: 
Encourage 
students to use 
online platforms 
like Studyclix or 
Dynamic Science 
Link to practise 
questions and 
target specific 
topics.

4

Peer Marking & 
Feedback: 
Implement peer 
marking activities 
where students 
assess each 
other's work, 
providing 
constructive 
feedback and 
identifying areas 
for improvement.

5

Post-Test 
Reflections: 
Require students 
to complete a 
reflection after 
each class test. 
This should 
include an 
analysis of their 
performance, 
identification of 
strengths and 
weaknesses, and 
a plan for 
improvement.

6

Collaborative 
Answer 
Development: 
Facilitate 
discussions 
where students 
collaboratively 
develop high-
scoring answers 
to exam-style 
questions. This 
helps them 
understand the 
expectations and 
learn from each 
other.



Deriving indicative 
Grades for VASS
"The VCAA has no preferred position on how a school arrives 

at a set of indicative grades, except to advise that the process 

should be defensible. " - Pages - External assessment

Your school may have a system for indicative grades, or you 

can derive your own by looking at the grade distribution in 

previous years grade distribution data.

https://www.vcaa.vic.edu.au/Documents/statistics/2023/sectio

n3/vce_chemistry_ga23.pdf

It is wise not to entirely rely on the SAC grades when deriving 

the indicative score. Combine it with practice exam and topic 

test scores as well.

 important dates in VASS calender

https://www.vcaa.vic.edu.au/administration/vce-handbook/sections/Pages/09ScoredAssessmentExternal.aspx#:~:text=The%20indicative%20grade%20is%20the%20school%E2%80%99s%20prediction%20of,but%20minus%20%28-%29%20is%20not%20available%20for%20input.
https://www.vcaa.vic.edu.au/Documents/statistics/2023/section3/vce_chemistry_ga23.pdf
https://www.vcaa.vic.edu.au/Documents/statistics/2023/section3/vce_chemistry_ga23.pdf
https://www.vcaa.vic.edu.au/administration/Key-dates/Pages/AdminDates.aspx


Resources

Google Drive link with today's resources

https://drive.google.com/drive/folders/1mYW1w-oQTpZfW531orHGXnjFURqRwswM?usp=sharing


Enjoy the journey: Thank you!

gayatri.vazirani@cornishcollege.vic.edu.au pinya.senevirathne@education.vic.gov.au

GAYA -  
GAYATRI.VAZIRANI@CORNISHCOLLEGE.VIC.EDU.AU

PINYA -   
PINYA.SENEVIRATHNE@EDUCATION.VIC.GOV.AU

mailto:gayatri.vazirani@cornishcollege.vic.edu.au
mailto:pinya.senevirathne@education.vic.gov.au
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