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Groups outperform individuals in the Climate
Stabilization Task”

Belinda Xie!2*, Mark J. Hurlstone!, and lain Walker?
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Xie et al.! examined the performance of groups, dyads, and individuals on the Climate Stabilization Task (hereafter,
‘CST’).2 This supplementary document reports additional details about the experiment including the experimental in-
structions given to participants; the individual differences questionnaire that preceded the CST; and additional details
regarding the coding of data and analysis of results. Note that this document is not meant to be self-explanatory; please
consult Xie et al.! for further information.

1 Individual Differences Questionnaire

A battery of ten scales assessed individual differences in demographics, climate change knowledge and attitudes, personality, and
cognitive style. These measures were chosen because previous research indicates that they may influence performance on the CST
(e.g., because they influence performance on other stock-flow reasoning tasks). All scales have good psychometric properties, as
shown in previous research. The scales were administered in the following fixed but random order.

1.1 The Actively Open-Minded Thinking Scale®

Active open-mindedness is an individual’s tendency to consider new evidence in relation to a favored belief, and to integrate
others’ opinions into one’s own opinion.® This scale was included as open-mindedness is positively related to individual and group
performance on various different reasoning tasks’-® and the ability to avoid bias by prior beliefs.” We tentatively predicted that
higher active open-mindedness scores would be associated with better performance on the CST.

Instructions and items: Please indicate how much you agree with each statement, from 1 (completely disagree) to 7 (com-
pletely agree).

1. Intuition is the best guide in making decisions. (R)

2. Changing your mind is a sign of weakness. (R)

3. People should revise their beliefs in response to new information or evidence.

4. One should disregard evidence that conflicts with one’s established beliefs. (R)

5. It is important to persevere in your beliefs, even when evidence is brought to bear against them. (R)
6. People should take into consideration evidence that goes against their beliefs.

7. Allowing oneself to be convinced by an opposing argument is a sign of good character.

Scoring: The Actively Open-Minded Thinking Scale yields a composite score which is created by summing the responses to its
seven items. Note that items marked (R) are reverse coded prior to scoring.

1.2 Cognitive Reflection Test!°

This scale assesses an individual’s ability to resist reporting the first response that comes to mind.'? It was included because solving
the CST is thought to require the suppression of the intuitive ‘pattern-matching’ heuristic. Consistent with this notion, it has been
shown that Cognitive Reflection Test scores are positively correlated with performance on a kindred stock-flow reasoning task.'!
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Accordingly, it was predicted that higher scores on the Cognitive Reflection Test would be associated with better performance on
the CST.

Instructions and items: Please answer the following items:

1. A bat and a ball cost $1.10 in total. The bat costs $1.00 more than the ball. How much does the ball cost (in cents)?

2. In a lake, there is a patch of lily pads. Every day, the patch doubles in size. If it takes 48 days for the patch to cover the entire
lake, how long would it take for the patch to cover half of the lake? (in days)

3. If it takes 5 machines 5 minutes to make 5 widgets, how long would it take 100 machines to make 100 widgets? (in minutes)

Scoring: The Cognitive Reflections Test yields a composite score which is the sum of the correct answers to its three items (1. =5
cents; 2. = 47 days; 3 = 5 minutes).

1.3 Climate Change Knowledge: Perceived'?

Both perceived and objective climate change knowledge were included because task-relevant knowledge is associated with better
performance on some stock-flow tasks,'® but appears to be unrelated to performance on the CST.>* We therefore made no specific
prediction about the relationship between climate change knowledge and CST performance.

Instructions and items: How much do you feel you know about climate change?

[ Nothing at all

O A little

[J A moderate amount
L] A lot

1.4 Climate Change Knowledge: Objective'*
Instructions and items: Which of these activities cause increases in atmospheric greenhouse gases? (cause, not a cause, or don’t
know)

1. People heating and cooling homes

2. Use of aerosol spray cans

Nuclear power generation

People driving their cars

Pollution/Emissions from business and industry

Use of chemicals to destroy insect pests

A

Destruction of forests
8. Use of coal and oil by utilities and electric companies

9. Depletion of ozone in the upper atmosphere

Scoring: A composite score is created by summing all correct responses. Items 1, 4, 7, and 8 are scored correct if participants
respond with “cause”, the remaining items are scored correct if participants respond with “not a cause”.

1.5 Environmental Worldview'®

Environmental worldview refers to one’s beliefs about humanity’s relationships with nature.'> Those who view the environment as
ductile are more likely to support solutions involving government intervention than those who view the environment as elastic, '
which may affect answers on the CST. We included this measure to rule out the possibility that participants’ answers to the CST
were based on their political ideology, rather than their stock-flow reasoning.

Instructions and items: Please indicate how much you agree with each statement, from 1 (strongly disagree) to 5 (strongly agree).

1. The natural environment will become unstable if humans exceed the limits identified by experts.
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2. The natural environment is capable of recovering from any damage humans may cause.

3. The natural environment can be managed if there are clear rules about what is allowed.

4. Ultimately, there’s nothing individuals can do to manage or change the natural environment.

5. If the balance of the natural environment is upset the whole system will collapse.

6. Conservation and protection is the most rational strategy for managing the natural environment.
7. When pushed beyond the limits identified by experts the natural environment will not recover.

8. We all have a moral obligation to protect the environment and consume fewer resources.

9. There’s no point wasting time, energy and resources on trying to manage the natural environment.
10. Individuals should have freedom of choice regardless of the environmental impacts.

11. Human industry and technology has not caused significant damage to the natural environment.

12. Humans can’t control what happens in the natural environment.

Scoring: Scores from items 1, 3, 4, 5, 6, and 7 sum to produce the “environment as ductile” scale, while scores from the remaining
items sum to produce the “environment as elastic” scale. Both scale scores were used in the individual differences analysis (see
section 3.1).

1.6 Need for Cognition'®

Need for cognition refers to an individual’s need to structure situations in meaningful and integrated ways.'® Individuals
high in need for cognition prefer complex over simple tasks!” and are more likely to discriminate between strong and weak ar-
guments.'® We predicted that higher scores on the need for cognition scale would be associated with better performance on the CST.

Instructions and items: Please indicate how much you agree with each statement, from 1 (very strong disagreement) to 9
(very strong agreement). There are no right or wrong answers.

1. Tusually end up deliberating about issues even when they do not affect me personally.

2. T try to anticipate and avoid situations where there is likely chance I will have to think in depth about something. (R)
3. Ifeel relief rather than satisfaction after completing a task that required a lot of mental effort. (R)

4. I prefer my life to be filled with puzzles that must be solved.

5. Ireally enjoy a task that involves coming up with new solutions to problems.

6. I prefer to think about small, daily projects to long-term ones. (R)

7. Thinking is not my idea of fun. (R)

8. The idea of relying on thought to make my way to the top appeals to me.

9. I would rather do something that requires little thought than something that is sure to challenge my thinking abilities. (R)
10. I find satisfaction in deliberating hard and for long hours.

11. T would prefer complex to simple problems.

12. T only think as hard as I have to. (R)

13. It’s enough for me that something gets the job done; I don’t care how or why it works. (R)

14. 1 would prefer a task that is intellectual, difficult, and important to one that is somewhat important but does not require much
thought.

15. Learning new ways to think doesn’t excite me very much. (R)
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16. Ilike tasks that require little thought once I've learned them. (R)
17. The notion of thinking abstractly is appealing to me.

18. Ilike to have the responsibility of handling a situation that requires a lot of thinking.

Scoring: The Need for Cognition Scale produces a composite score which is the sum of the responses to its eighteen items. Note
that items marked (R) are reverse coded prior to scoring.

1.7 Climate Change Attitudes™®
We wanted to ensure the CST was a decision-making task and not simply an indirect measure of climate change attitudes. We
predicted the absence of a relationship between climate change attitudes and success rates on the CST.

Instructions and items:

1. Do you believe that the earth is getting warmer mostly because of human activity such as burning fossil fuels, or mostly because
of natural patterns in the earth’s environment?

[J Entirely caused by natural processes

[J Mainly caused by natural processes

[ Partly natural process, partly human activity
U] Mainly caused by human activity

U Entirely caused by human activity

0 Climate change is not occurring

U] Don’t know

0 No opinion

2. Which comes closest to your view on how we should address climate change?

U] Climate change is a serious and pressing problem. We should begin taking steps now even if this involves significant costs.

O Climate change should be addressed, but its effects will be gradual, so we can deal with the problem gradually by taking steps
that are low in cost.

U Until we are sure that climate change is really a problem, we should not take any steps that would have significant economic
costs.

3. Would you support the following policy proposals to mitigate global warming? (yes, no, or don’t know what this policy means)

1. Shifting subsidies from fossil fuels to renewable energy

2. Tax based on a vehicle’s fuel economy

3. A tax on energy used by businesses

4. Mandatory reductions in Australia’s greenhouse gas emissions
5. Government regulation of carbon dioxide as a pollutant

6. Increase in vehicle fuel economy standards

Scoring: Responses to items 1 and 2, and items 3.1 to 3.6, were included as separate categorical predictors in the individual
differences analysis (see section 3.1).

1.8 Systems Thinking Scale?®
Systems thinking is a worldview that recognizes cause-effect relationships emerge from complex, dynamic, and nested sys-
tems.”%2! Systems thinking is related to climate change risk perception, support for policies to regulate emissions, and the
tendency to consider causal complexity.”! We predicted that higher scores on the Systems Thinking Scale would be associated
with better performance on the CST.

Instructions and items: Please indicate how much you agree with each statement, from 1 (strongly disagree) to 7 (strongly
agree).
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1. When I have to make a decision in my life I tend to see all kinds of possible consequences to each choice.
Social problems, environmental problems, and economic problems are all separate issues. (R)

I like to know how events or information fit into the big picture.

Only very large events can significantly change big systems like economies or ecosystems. (R)

All the Earth’s systems, from the climate to the economy, are interconnected.

A O o

Everything is constantly changing.
7. Adding just one more, small farm upstream from a lake can permanently alter that lake.

8. When a boom or a crash happens in part of the world’s economy, it is because someone intentionally planned or designed for it
to run that way. (R)

9. Ultimately, we can break all problems down to what is simply right and wrong. (R)

10. The Earth, including all its inhabitants, is a living system.

11. Rules and laws should not change a lot over time. (R)

12. If I make plans and control my behavior I can accurately predict how my life will unfold. (R)
13. Seemingly small choices we make today can ultimately have major consequences.

14. My health has nothing to do with what is happening in the world. (R)

15. It is possible for a community to organize into a new form that was not planned or designed by an authority or government.

Scoring: The Systems Thinking Scale produces a composite score which is the sum of the responses to its fifteen items. Note that
items marked (R) are reverse coded prior to scoring.

1.9 Kimchi-Palmer Figures Task?%23

This task assesses an individual’s processing style. Processing style is a content-free way of perceiving the world perceptually
and conceptually, in which global processes attend to the overall picture (‘gestalt’), whereas local processes attend to component
parts.!! One study found that accuracy in one stock-flow task was greater for global processors compared to local processors,”?
but another study found Kimchi-Palmer-Figures Task score to be unrelated to stock-flow performance.'! We therefore made no
specific prediction about the relationship between global/local processing style scores and performance on the CST.

Instructions and items: You will now be shown a series of three figures (see Figure 1 for the complete set of figures); one figure at
the top and two below it. Please click the figure at the bottom that you think most resembles the figure at the top. Answer quickly
with your immediate, first choice. There are no right answers.

Scoring: Each item contains a global processing item and a local processing item. The amount of items for which participants
choose the global processing item is summed to produce the “global processing index”, while the amount of items for which
participants choose the local processing item is summed to produce the “local processing index”. Both indices were incorporated
as predictors in the individual differences analysis (see section 3.1).
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Figure 1. Stimuli used in the Kimchi-Palmer-Figures Task.?? Participants are presented with one reference figure that is either a
triangle or square, made up of three or four smaller triangles or squares. Participants select one of two response figures below the
reference figure. For example, in item 1, the bottom left figure represents the local processing item, as the individual shapes are
the same as the individual shapes in the reference figure (triangles), while the bottom right figure represents the global processing
item, as the overall shape is the same as the overall shape of the reference figure (triangle).

2 Instructions for CST

Welcome to Today’s Study!

In this study, you will learn about the two factors that influence the concentration of carbon dioxide (hereafter, ‘CO;’) in the
atmosphere. This refers to the amount of CO; gas in the air surrounding the earth. We will then ask you to imagine a scenario
in which atmospheric CO; concentration reaches a certain level in the future. Your task will be to determine the level of CO,
emissions, in order for this scenario to be realized.

What is CO,?

CO; is a clear gas that occurs naturally in the Earth’s atmosphere. CO; can be thought of in terms of its atmospheric concentration,
and the rates of emissions and absorption. These three measures are defined below in Figure 1 (Figure 2):

What Affects Atmospheric CO, Concentration?
Although human and non-human factors can each increase and decrease atmospheric CO, concentration, human activity is the
dominant factor that increases CO;, and natural processes are the dominant factors that decrease CO5.
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Figure 2. Summary of emissions, concentration, and absorption of CO;.

e CO, emissions resulting from human activity increase atmospheric CO, concentration. Emissions have been growing since
the Industrial Revolution. Fossil fuel burning, certain industrial processes, and land-use changes currently input around
8GtClyear.

e Natural absorption processes decrease atmospheric CO; concentration, by removing CO, from the atmosphere. Oceans,
plants, and other factors currently remove about 4GtC/year.

e The current rate of emissions is currently twice the current rate of absorption—this means we are generating more CO, than
the Earth can remove. As a result, atmospheric CO, concentration has increased, from pre-Industrial Revolution levels of
280ppm, to 400ppm today.

The current values of emissions, absorption, and atmospheric CO, concentration are displayed below in Figure 2 (Figure 3):

400ppm

+8 GtC/year -4GtC/year
Atmospheric CO»
Concentration CO» Absorption

CO;> Emissions

Figure 3. Atmospheric CO; concentration is increased by CO, emissions and decreased by CO, absorption. The rate of CO,
emissions is currently twice as large as the rate of CO, absorption.

Decision Making Task
Now consider a scenario in which atmospheric CO, concentration gradually rises from its current level of 400ppm to stabilize at
420ppm by the year 2100, as shown in Figure 3 (Figure 4).

The four graphs in Figure 4 (Figure 5) show absorption and emissions projected from 1900 to 2100. Absorption is the same, but

emissions from today until 2100 differ in each graph. On the computer to your right, please indicate which of these graphs
would lead to the scenario depicted in Figure 3 (Figure 5) where atmospheric CO, stabilizes at 420ppm by 2100.
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3 Inter-Rater Reliability for Coding of Reasoning Strategies at T;

The explanations provided by all participants at 77 were coded to identify the reasoning strategies used to justify each graph choice.
Any single explanation could include more than one reasoning strategy. The explanations were coded independently by the first
author, and again by a second rater who was not involved in data collection and was naive to the study aims and hypotheses. All
discrepancies between the first and second raters were resolved by discussion, and the final coding results were mutually agreed
upon by both raters. Table 1 shows, for each reasoning strategy, the reliability between: the final consensus coding and the first
rater’s original coding (column 1); the final consensus coding and the second rater’s original coding (column 2); and the first
rater’s and second rater’s original codings (column 3). Note that Table 1 includes four reasoning strategies, namely ‘technology’
(the belief that technology will reduce emissions or enhance absorption), ‘technology (reverse)’ (the belief that technology will
increase emissions), ‘sink saturation’ (the belief that absorption may fall due to sink saturation), and ‘CO; fertilization’ (the belief
that absorption may rise due to enhanced plant growth or some other variable) that were not referenced in Xie et al.! because
because these strategies were very infrequently observed.

Strategy Consensus x Rater |  Consensus x Rater 2 Rater 1 x Rater 2
Pattern-Matching .820 404 293
Mass Balance (Correct) 911 .956 .867
Mass Balance (Incorrect) .688 .879 557
Mathematical Reasoning 923 542 428
Reasonableness of Trajectories .808 536 .366
Technology 1.00 .657 .657
Technology (Reverse) 1.00 .563 .563
Sink Saturation 197 .561 320
CO, Fertilization 563 743 797

Table 1. The Cohen’s Kk coefficients between: the final consensus codings and the first rater’s original codings; the final
consensus codings and the second rater’s original codings; the first rater’s original codings and the second rater’s original codings
(all p < .001).
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