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S1. Survey instrument
Pre-survey

Please answer the questions below. Your responses are entirely confidential.

Identification code of student: __

1. What is your gender?

2. Please indicate your level of agreement with the following statements:
(Strongly disagree, disagree, neither agree nor disagree, agree, strongly agree)
a) Ifind chemistry interesting.

b) Ifind chemistry relevant to my everyday life.

c) Ithink chemistry is a driver for global change.

3. Please give reasons for your responses to a), b) and c) above.

4. Please indicate your level of agreement with the following statements:
(Strongly disagree, disagree, neither agree nor disagree, agree, strongly agree)
a) Sustainability is important to me.

b) Iknow what sustainability means in relation to chemistry.

5. In my own words, sustainable chemistry means...

6.  Why do you think sustainable chemistry is important? (Choose all that apply.)
e To conserve energy

e  To protect the environment

e  To protect/improve human health and safety

¢ Toimprove chemistry research

e  To make experiments safer

e  Toimprove chemistry education

7. The United Nations has agreed 17 Sustainable Development Goals. How much do

you think chemistry can contribute to working towards each of these goals?

(a lot, a moderate amount, not at all, [ don’t know)

GOAL 1: No Poverty

GOAL 2: Zero Hunger

GOAL 3: Good Health and Well-being
GOAL 4: Quality Education

GOAL 5: Gender Equality

GOAL 6: Clean Water and Sanitation
GOAL 7: Affordable and Clean Energy
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GOAL 8: Decent Work and Economic Growth

GOAL 9: Industry, Innovation and Infrastructure
GOAL 10: Reduced Inequality

GOAL 11: Sustainable Cities and Communities
GOAL 12: Responsible Consumption and Production
GOAL 13: Climate Action

GOAL 14: Life Below Water

GOAL 15: Life on Land

GOAL 16: Peace and Justice Strong Institutions
GOAL 17: Partnerships to achieve the Goal

8. Please indicate your level of confidence in each of the following processes. I am con-
fident in:
(Extremely confident, Moderately confident, Slightly confident, Not at all confident)
a) Realising that problems have multiple parts
b) Analysing multiple aspects of a problem
c) Seeing links between parts of a problem
d) Describing how the links between parts of a problem change over time

e) Solving a problem by looking at how the parts work together

9. Have you ever heard of Systems Thinking?

10.  If you have heard of Systems Thinking, please write in a couple of sentences what

it means to you.

S2. Vignette 1: Details of Classroom Teaching Approach.

As per NSW syllabus requirements [1, 2], the Depth Study met the mandatory Work-
ing Scientifically skills of Questioning and Predicting, and Communicating, as well as
Conducting Investigations, Processing Data and Information, Analysing Data and Infor-
mation and Problem Solving. In addition, the Depth Study developed two Knowledge
and Understanding outcomes: “explains the characteristics of equilibrium systems, and
the factors that affect these systems” and “describes and evaluates chemical systems used
to design and analyse chemical processes”.

The content of the Depth Study was delivered via a combination of teacher-led
presentations and the online education program Stile, utilizing teacher-developed mod-
ules. The lesson plan for the 2020 iteration is shown below; further detail is available in
[3]. Four chemical processes were selected for inclusion: the Haber Process, the Contact
Process, synthesis and evaluation of biofuels and the production and combustion of pet-
rol. These topics were considered suitable for generating student interest in systems think-
ing because they are all extremely important industrially, and also have significant socie-
tal impacts with which most students are familiar. The sequence was chosen to move from
more simple to more complex chemical reactions and systems maps.
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Systems Thinking - A Depth Study 2020 WL 2% Students BB Markbook @ Options

Q Browse the Lesson Library & Create folder

View As

Yourself -

> Introduction to the Depth Study

> The

Haber Process - An Introductory Case Study

> Introduction to Systems Thinking

> Systems Thinking - The Contact Process

> Systems Thinking - Biofuels

> Systems Thinking - The Combustion of Petrol

> Depth Study Assessment 2020

Online lesson plan for 2020 iteration of systems thinking Depth Study, showing the
four chemical processes selected.

The three systems thinking modules shown above consisted of a series of lessons,
each having the general structure of

(i) introduction to the system,

(ii) organization of the associated information of the system into a systems map,
(iii) evaluation of the systems map using SDGs, and

(iv) research by the students into areas of the system where current scientific re-

search aimed to improve SDG outcomes.

The first systems map was drawn collaboratively as a whole class exercise and stu-
dents worked in small groups for subsequent maps. The assessment tasks were performed
individually.



Educ. Sci. 2022, 12, 596

5 of 10

S3. Vignette 1: Further Examples of Student-Generated Maps

This map focusses on chemistry and production aspects of the two compounds and
their interconversion on the right hand side. Properties and applications of the two sub-

stances are on the left hand side, and sustainability aspects of bioethanol can be seen at
the top.

" (=)
\acr e . Qropee \ S
N POERTCL
g e RN ot T s
a“g\rw‘ﬁ = A // PG /
: / [
= o
!\ /

Qeosy

i o et
LT l
\M‘ / Ua o5 Verd inelion
% / i Qe ceogy S ey
. requird o D eenords
* ey o)
Qe chmen 4 &
; & bt e
ocids - o A:,.e&.u.ﬁ
% & \ord ord  gver N new B oprodues  corn
=% A gk aredus
\ost 2 g W
2
et T ! Ethylene < Ethanol
e i

Requees uns Commmary n
P

amounky of Food  Ruds  Leod
nereese 1 ey N
e‘s\“hs Y Praduckion P
- GWN G
.’_ e - — G

2 ép“; * e - S € w\u""‘ / //// 2 6's o
“E}un\‘\t\\(ﬁ oﬂ.r«u’\@(‘.v(\\nv;‘l;;\s / § g ©
ed S‘wr';\b A A

__ o \;‘.’-(,ml.d
ceobeed weos

el o HI\’h cost

\ deforeiebionf

|
|
. |
Ygc® ey /
i (o Lok . Wt
Produc  plostics o Much 'Owee carkon
Hog od
lord Qe (mtwn“ oC\ s i Tl <Hund o - ) ¥ s 7
ool = Elhglear kv glarky o atlyleee o | Ak groses op Bt pent  compere
; praducy econgmicoly  Somnd. b s g
net G G \\ o crnde
|

< 05\'\‘\3 Eroess
Ynortased  wae

of  PeiVous pretucts e

ax s for  Corsumas
dege edetrion

& Nard ond
wok e



Educ. Sci. 2022, 12, 596

6 of 10

This map is less structured and lists many negative aspects of this chemical process
along with a few sustainability issues.

S4. Vignette 2: Details of Classroom Teaching Approaches.

T2 first presented students with information about acids and bases in the environ-
ment. Students were then shown the teacher-generated systems map that we had previ-
ously published [3] and asked to draw mind maps of one of those issues.

The second part of the task asked students to evaluate the maps according to the
SDGs, labelling the map with the corresponding SDG number and classifying the impacts
as positive, neutral or negative.

T3 first introduced her students briefly to systems thinking as a holistic approach to
analysis, incorporating relationships, inputs, and intended and unintended impacts. She
showed a systems map that she had made, that looked at plastics from crude oil to final
disposal.

T4 presented the students two videos, one about systems thinking from the American
Chemical Society’s Green Chemistry Institute
(https://www.youtube.com/watch?v=x7vrDRBD8kM) and one about N95 masks
(https://www.youtube.com/watch?v=eAdanPfQdCA). He then gave the students infor-
mation about systems maps, using our published example [3].

S5. Vignette 2: Further Examples of Student-Generated Maps

T3: Pre and post from a single student, showing increased ability to form connections
and ST skills.

O\ I

Draw a system map to illustrate the cause(s) of ocean acidification. You may want to use your device to research the information

4§

In this map, the student has denoted the chemical reaction across the top in multiple
stages and shown the transfer of gases from industrial outputs to the ocean, followed by
the formation of carbonic acid. The diagram at the bottom illustrates the relationship be-
tween pH and hydrogen ion concentration, and the link indicates that increases CO2 con-
centration results in lower pH.
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This map has less focus on the chemical reaction and includes more societal aspects,

including several uses of energy. Positive and negative impacts on specific SDGs have
been listed.

T4: Student-drawn systems map for N95 masks from T4, annotated with SDG num-

bers.
89} o"“ AN T — B ¥ = - ]
Zg o e .-.,9 o ek A IR "bo
.A i - ,,A et Lunend o\ |
O "«M’ shtvd tm-.
. . e ol g 86

‘_«M S sion ~Ceniry

Careful inspection shows that some of the entries are not relevant or scientific; this
student appears to have included words from other subjects such as geology.
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This map is organized in four sections: run-offs (and associated environmental is-
sues) shown across the top, reasons that fertilizers are used on the right, and organic and
inorganic fertilizers at the bottom. Multiple SSIs are included but there are few cross-links.

T5: Three maps from a single student showing ST development over the course of

the year.
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Té6: Student-drawn systems map for polypropylene from T6, highlighted to show
processes that have positive or negative impacts on sustainability.
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Not one-use only

11,15 Feshioniand _Texnles: Can be used repeatedly
- Clothing
Catalyst: - Sports

Ziegler-Natta - Warm-weather

In environment: Long-lasting: - Bags
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i i - Jewelr = 3
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& E FORMATION - Tools
Bottles (eg. condiments)

Containers
Durable
- Overall strong tensile POLYPROPYLENE (C3Hs) APPLICATIONS
strength; 4,800 psi
A thermoplastic substance |—| PROPERTIES I MATERIAL
ot Containers (eg. yogurt

Non-biodegradable )
' | cups)

Can be recycled
)

L

Flexible and Rigid Packaging:
- Bottle caps
Crates

High melting temperature: Polypropylene is a plastic made
160°C out of fossil fuels like oil

It can be seen that this student addressed chemical factors (type of catalyst) along
with multiple applications of the polymer. However, the properties were not connected
to the applications, which is a missing link that may be developed through further class-
room discussions.
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