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Appendix SA: Cognitive Interview Protocol Overview

Overview of Cognitive Lab Process

Before Starting—Parent Consent
· Get parent signature through the survey link (they do not need to complete anything other than the first page, can be separate from student survey)

Introduction
· Greeting / establish rapport
· Share survey link with participant, have them share their screen
· Make sure they enter their name on first page, have parent sign if they haven’t already
· Record the interview
· Read cognitive interview instructions aloud to the participant
· Remind student that they can opt out of the study at any time
· Practice exercises
· Model the think-aloud procedure
· Let the participant practice the think-aloud procedure
· Administer the interview or survey as follows:

PHASE I (Think aloud)
· Ask participant to read the questions aloud.
· Do not ask questions – allow the participant to think aloud as s/he answers the questions.
· If needed, use general prompts to encourage the think-aloud process (e.g., remember to tell me everything that you are thinking).
· Ask the participant if they are finished, or to indicate when they are finished.

PHASE II (Probing)
· Item-specific probing (see probes written on protocol)
· Goal is to understand why the participant responded the way s/he did.
· Designed to help you describe the process used by participants in responding, and identify any potential problems with the item.
· You may not need to use every probe – flexibility within structure!
· Another technique may be mirroring or summarizing what the respondent said to confirm that you understood.

Additional Probing for “Estimation Game” Items
· When participants have finished thinking aloud through all intervention items, ask all of the specific questions about usability:

	· What did you think [about the game]?
· Did you hit any problems or bugs?
· What would you change about the look and feel of the app?
· Is there anything you can think of to make the app more engaging or fun?
· What would you change about the way information is presented in this app?
· What was surprising? Any other thoughts you would like to share? 



Complete remainder of survey
· Ask the participant to return to the survey and complete the remainder of it.
· You can tell the participant that they do not need to think aloud during the second half of the survey because it is (nearly) identical to the pretest.

Conclusion / Debriefing
· Answer participant questions
· THANK participant!
· Let them know compensation will be sent within a week or two, sometimes it ends up in spam, double check email preferred for compensation. 




[bookmark: _3vgcx8rcnsxj]Appendix SB: Protocol Script

SAY:
[Introduce yourself.]

[Double check that you have received a signed consent form from a parent or legal guardian prior to the interview. If not, ask the participant “Is your parent or legal guardians available right now to sign a consent form? We need their signature in order for you to participate.” if yes, share a link to the signable consent form on Qualtrics, and ask the parent to “take your time and read the form. Let me know if you have any questions.” and wait for them to sign before proceeding. If the adult does not consent, or if they are not available, discontinue the interview.]

[Share survey link with participant, ask them to share their screen through Zoom, record the interview “save to the cloud.”]

Before we begin, please take a look at and sign the information form. Take your time and feel free to let me know if you have any questions. Note that, if you are feeling uncomfortable, you can choose to end this interview at any time without repercussion, just let me know.

We are creating a survey and a science learning game for a research study and we need your help to see if we can make the survey and the game easier to understand. Right now, we are currently trying out survey questions with people before sending the survey out to secondary students (like yourself) across the USA. This will help us identify problems with the questions that we created. In other words, we need your help to make the survey questions easy to understand and to get your feedback on how to make the game fun and easy to use. So really, there are no right or wrong answers.

Do you mind if I record this Zoom session? [Click “save to cloud”]

The way we will try this out is by having you read each question out loud, then answer the questions and tell us what you are thinking as you figure out your answer. This is called “thinking aloud.”

Since people are not used to thinking aloud, I’d like to show you an example. 

EXAMPLE 1 [Share Question With Participant]:
Suppose there was a set of multiple choice questions that asked: “In the past week, how often did you watch the following on television? (News, Drama, Sitcoms, Documentaries, Movies).” If someone asked me to think aloud while I was answering these questions, I would start by answering the questions, and then when I was finished, I would explain what I was thinking.

(Share screen [see Appendix] and read the instructions out loud and answer questions to yourself to illustrate thinking aloud)

	In the past week, how often did you watch the following on television? (News, Drama, Sitcoms, Documentaries, Movies).

News.		[None]		[1-2 Days]	[3-4 Days]	[5-6 Days]	[7 Days]
Drama.		[None]		[1-2 Days]	[3-4 Days]	[5-6 Days]	[7 Days]
Sitcoms.	[None]		[1-2 Days]	[3-4 Days]	[5-6 Days]	[7 Days]
Documentaries.	[None]		[1-2 Days]	[3-4 Days]	[5-6 Days]	[7 Days]
Movies.		[None]		[1-2 Days]	[3-4 Days]	[5-6 Days]	[7 Days]



[Model thinking aloud as you read and answer the questions.]

Now, you try it. In the past week, how often did you watch the following types of television?	
 
If they get the idea, ask them to skip over example 2…

EXAMPLE #2 [If they don’t understand from example 1]

Suppose there was another question that asked: “How many minutes did you talk on the telephone in the last three days?” If someone asked me to think aloud while I was answering that, I would say: 

	Question: How many minutes did you talk on the telephone in the last three days? ___ minutes



[Model thinking aloud as you read and answer the questions.]

Now, you try it. How many minutes did you talk on the telephone in the last three days?

Have participant run through the example question. 



WHEN THE PARTICIPANT UNDERSTANDS (after the first or the second example): 

That’s is exactly what I mean by thinking aloud. Now we are ready to get started. Do you have any questions before we begin? 

You will read the text in each item aloud, and you will think aloud as you answer it. Then you will read the next item and you will think aloud as you answer that one. This will continue until I stop and go back to ask you some questions about the items you already answered. Do you understand? OK, let’s get started…

PHASE I
Examples of How to Elicit Think Aloud
(Try to ask each of these at least once during the interview)

Directions
1. The directions say (e.g.), “You will now estimate various quantities. After estimating each quantity, you will be shown the scientifically accepted value.” What does this mean to you? 

Stem
2. What does the question stem (e.g.), “We cannot know about ancient climate change.” mean to you?

Answer Choices
3. How are you thinking about the answer choices?
4. Is there another option you would like to add to or remove from the answer choices?
5. Is the order of the options helpful in giving your answer?
6. Is there another rating scale you think would be more appropriate? Why?

Appropriate Prompts in Phase 1 to help the respondent think aloud include:
· Go ahead and read the question, then answer it, we’ll talk about it after you’re finished.
· OK, I see, uh-huh, etc.
· Remember to think aloud as you answer the question.
· You’re doing a great job thinking aloud.
· When you think out loud, it really helps us to understand how others approach these questions.
· Let me know when you are finished answering the question.
· (If respondent struggles with answer) Pretend this is a mail survey questionnaire you received, what would you do?

PHASE II
After participants have “thought aloud” through cluster of items use general probes:
· OK, so what was your reasoning on that again? I just want to make sure I understand.
· Can you say this question in your own words?
· What do you think this item is asking/measuring?
· How did you figure out your answer to this question?
· (If a word or phrase X is problematic) What do you think they mean by X?
· OK, so what was your reasoning on that again? I just want to make sure I understand.
· When you read this question, what did you think they were asking?
· If you had to explain this question to a friend, what would you say they are getting at?
· So, what made you choose X, instead of say Y?


ADDITIONAL PROBING
Specific for “Estimation Game” Items
· When participants have finished thinking aloud through all intervention items, ask ALL of the following questions about usability:
· Did you hit any problems or bugs?
· What would you change about the look and feel of the game?
· What would you change about the way information is presented in this game?
· What was surprising?
· What other kinds of content would you want to learn about with an experience like this?
[bookmark: _sgz1ei2oujyh]
Appendix SC: Human-Induced Climate Change Knowledge Survey Measure
(HICCK; Lombardi, Sinatra, Nussbaum, 2013) 

Below are statements about climate change. Rate the degree to which you think that climate scientists agree with these statements. (Note that items with an asterisk directly relate to alternative conceptions about the causes of climate change summarized by Choi et al., 2010)

Strongly		Disagree		Neither agree		Agree		Strongly 
disagree					nor disagree				agree
      1			      2			      3			      4		      5

1. We cannot know about ancient climate change. (Reversed)
2. Earth’s climate has probably changed little in the past. (Reversed)
3. Greenhouse gas levels are increasing in the atmosphere. 
4. Earth’s average temperature has increased over the past 100 years. This is evidence of climate change. 
5. The average sea level is increasing. This is evidence of climate change.
6. Most of the world’s glaciers are decreasing in size. This is evidence of climate change.
7. Most countries are committed to climate action. 


[bookmark: _y5b45mkjnk43]Appendix SD: Plausibility Perceptions Survey Measure
(Lombardi & Sinatra, 2012; Only items 2,3,4,5 from original study were used (in order), selected based on highest factor loadings from Authors, 2022, all > .84)

Read the following statements. Rate the plausibility on a scale from 1 to 10: 1 being greatly implausible (or even impossible) and 10 being highly plausible (or possible). Try to use the full range of numbers in your responses.

	Greatly implausible (or even impossible)
	
	
	
	
	
	
	
Highly Plausible

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10




1. Evidence from around the world shows that the climate is changing in many regions.
2. Greenhouse gas levels are increasing in Earth’s atmosphere. Human industry has caused these gases to increase.
3. Human activities that release greenhouse gases are causing global warming.
4. Human influences on climate include rising sea levels and melting of snow and ice.


[bookmark: _n4udin4yxln4]Appendix SE: Estimation Game Tutorial Content

Prior to starting the main activity, the following text and practice items were provided to students within the estimation game interface.

	Please read the text on the following page carefully. The text will help you to complete the activities that follow.  


ROUGH ESTIMATES

In this activity you will estimate many numbers. When you do, you should try to feel comfortable if your estimates are not 100% correct. Before we start, let's learn a few strategies to improve our estimation skills.

REFERENCE NUMBERS

Numbers that you already know can help you estimate numbers that you do not know. For example, if you already know that 5 apples are needed to make a small carton of apple juice, you can use this information to estimate the number of apples needed to make a gallon of apple juice. Let's say you think 20 cartons make a gallon. That means you need 20 x 5 = 100 apples to make a gallon of apple juice.

ROUNDING

To make mental math easier, you can simplify numbers by rounding them. For example, let's guess the population of California. If we already know that Kentucky has 4.47 million people, we can round it down to 4 million. Then, we might guess that California is about 10 times bigger than Kentucky. So, we might guess California has a population of 10 x 4 million = 40 million.

Now you try: 
What is the number of pennies that fit inside of a tennis ball?
Hint: 53 pennies fit inside of a ping-pong ball.

______ pennies		

Answer appears: 
212 pennies 
Nice try! 

Try another one: 
What is the average weight in pounds of garbage produced per person in the USA every day? 
Hint: an uneaten apple typically weights 0.33 pounds.

______ pounds
Answer appears: 
5 lbs
Great!


[bookmark: _l3z38ipb98tl][bookmark: _mym095y5hy3e]


Appendix SF: Estimation Game Items

The following text was used when prompting students to estimate climate the focal 12 change quantities.

You will now estimate various quantities. After estimating each quantity, you will be shown the scientifically accepted value.
	Textual Description
	Units
	Correct Value
	Range for Visualization

	1. What is the change in the level of methane (a greenhouse gas) in the atmosphere from 1750 until now? 
	% increase or decrease
	151% increase
	-200,200

	2. What is the change in percentage of the world’s ocean ice cover since the 1960s? 
	% increase or decrease
	40% decrease
	-100,100

	3. What is the percent change in carbon dioxide levels in the atmosphere from 1959 to 2021?
	% increase or decrease
	31.8% increase
	-100,100

	4. What percentage of climate scientists have stated that it is “very likely” that humans are responsible for most of the warming of the Earth during the 1900s? 
	% of researchers
	97.5%
	0,100

	5. In 1850, there were approximately 150 glaciers present in Glacier National Park. How many are present today? 
	# of glaciers
	25
	0,200

	6. From 1850 to 2004, what is the percent change of volume of glaciers in the European Alps? 
	% increase or decrease
	50% decrease
	-100,100

	7. How many inches has the sea level risen or fallen in the last twenty years? 
Hint: global sea levels rose by 1.0 inch between the years of 1900 and 1920, near the beginning of the industrial revolution.
	Inches (increase, decrease)
	2.4” increase 

	-8,8

	8. What was the average Arctic Sea ice thickness in meters in 2008? 
Hint: Arctic ice thickness was 3.64 meters in 1980.
	Meters
	1.89m 

	-10,10

	9. How many square kilometers of Arctic ice cover was there in September of 2017?
Hint: September ice cover was 6.54 million sq kilometers before 2010, on average.
	Million km2
	4.8

	-10,10

	10. How many billions of tons of carbon dioxide are released by the USA each year? 
Hint: European Union, currently consisting of twenty eight countries, collectively release 3.25 billion tons of carbon dioxide per year.
	Billion tons of carbon dioxide
	5

	-10,10

	11. What is the change in average global temperature in the last 50 years? 
Hint: the temperature increased by 0.7 °F between 1900 and 1950.
	Degrees F
	1.62 °F increase

	-10,10

	12. Of 195 countries in the world, how many have made commitments to climate action?
	# of countries
	175
	0,195


Note. Order of Magnitude Error: |log_10(Estimate/True value)|. Feedback was “✰✰✰✰✰” for OME < .5, ✰✰✰✰ for OME < .75, ✰✰✰ for OME < 1, ✰✰ for correct direction, ✰ for incorrect direction.
[bookmark: _vq1rrb1arkx]Appendix SG: Explanations Accompanying Correct Values

*Bold heading = original Correct Value. This supplementary information would appear immediately below the presentation of the correct value. See Authors 2024 for more detail regarding the sources for this information.

1. 151% increase in atmospheric methane levels
Methane comes from things like trash in landfills and cow manure from dairy farms, and it can stay in the air for many years. To lower the amount of methane in the air, we can reduce waste and eat less meat.

2. 40% decrease in the world's ocean ice cover since the 1960s
Decline in ocean ice is a problem because ice helps reflect the sun's rays out of the atmosphere. When ice melts and turns into water, it lets in more heat, which makes the water even warmer and causes more ice to melt. We need to ask government leaders to take strong steps to fight climate change to stop this cycle.

3. 22.6% increase in atmospheric carbon dioxide
Carbon dioxide traps heat in the atmosphere, which makes the planet warmer. Things that burn fossil fuels, like planes and cars, release carbon dioxide into the air. One thing we can do to slow it down is to use less fossil-fuel based energy and use more energy from things like the sun and wind. 

4. 97.5% of climate researchers believe climate change is real.
Most leading science organizations say that humans are the main reason for climate change. This includes groups like the United Nations and science academies in many countries, including the United States.

5. 25 glaciers present in Glacier National Park. 
Muir Glacier in Montana was very thick in 1941 but has melted a lot over the years and plants have grown where the glacier used to be. To help slow down glacier melt, people can try to fly and drive less often.

6. 50% decrease in glacier volume
Satellite images show that glaciers in the Alps are melting, as well as glaciers over the world, in places like the Himalayas, Rockies, Andes, Africa, and Alaska. We can help reduce climate change by increasing awareness of climate change and talking about it to raise awareness.

7. 2.40 inch sea level rise. 
2.4 inches may not seem like much, but if the Earth continues to warm at the current rate, the sea is expected to rise by 26 inches by the year 2100. This could cause major problems for coastal communities and the people who live there. To help prevent this from happening, we can do things like use more renewable energy.

8. 1.89 meters of ice thickness in 2008
Scientists found that ice across the Earth got 20% thinner between 2003 and 2009. This information was discovered by NASA's first ICESat Satellite mission. People can help slow down the melting of the Earth's ice urging leaders to take action on climate change.

9. 4.80 square kilometers of Arctic ice cover 
The Earth’s sea ice melt amounts to a loss the size of New Hampshire and Vermont combined, which has been observed yearly since 1996. This discovery was made by Claire Parkinson, a leading climate scientist at NASA's Goddard Space Flight Center. 

10. 5.00 billion tons of carbon dioxide are emitted by the USA each year. 
Humans have caused more than 250 times the amount of CO2 to be released into the air compared to what it was in the last Ice Age. The USA is the world’s second largest emitter of carbon dioxide, after China who produced 10.6 billion metric tons of carbon dioxide in 2018. Concerned citizens can make a difference by voting to reduce accelerating carbon emissions.

11. 1.62 F increase in the last 50 years
1.6°F may seem like a small change, but it can have a big impact on the planet. Even small increases in average temperature can result in more intense heat waves, more severe rainstorms, rising sea levels, a decline in agricultural resources, and destruction of coral reefs. Scientists and policy-makers are working together to create a plan to keep it from exceeding 3.6°F (2°C), but it will take action from everyone to make it successful.

12. 175 countries are committed to climate action. 
An overwhelming majority of countries have agreed to limit the rise in global temperatures to 2.7 degrees Fahrenheit (1.5 degrees Celsius). Although many countries are not yet meeting their goals, quick and coordinated efforts can help improve the effects of climate change on health, the economy, society, and the environment.

