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[bookmark: _Toc213347458]Open-ended analysis
[bookmark: _Toc213347459]Coding the open-ended data
Two raters identified categories in a training set of survey responses and then independently coded the remaining responses. For each response given the raters chose up to three codes to assign per response (R1, R2, R3). 

There were two technical issues during data collection: (1) participants who used a tablet to complete the survey were unable to use the slider bars in qualtrics, so we do not have confidence ratings for them (2.6% of novices and 1 expert), and (2) only half the participants saw the open-ended questions about HPs at the start of the survey because of a randomization issue in qualtrics. Nevertheless, participants with incomplete data are included to the extent that their data are present.
[bookmark: _Toc213347460]Table 1: Top five open-ended reasons why participants own, are interested in, or are not interested in electric vehicles and heat pumps. Here we include example quotes from participants to more clearly detail the categories. 
	Electric vehicles
	Heat pumps

	Own
N = 69
	Interested
N = 250
	Not Interested
N = 522
	Own
N = 70
	Interested
N = 34
	Not Interested
N = 307

	Fuel Savings 
“To save money on gas.”
(ID 46) 
FuelSAV (42.0%)
	Positive Environmental Impacts
“Electric vehicles do not emit harmful pollutants such as carbon dioxide (CO2), nitrogen oxides (NOx) into the atmosphere.”
(ID 65) 
ECO
(59.2%)
	Barriers to Adoption Due to Cost
“I’m way too poor.”
(ID 153) 
Cost
(56.7%)
	Convenience
“This is the most practical heating / cooling source in our area of the country.”
(ID 95)
CONV
(44.3%)
	Fuel Savings 
“To lower heating bills.”
(ID 833) 
FuelSAV
(58.8%)
	Lack of Knowledge 
“I don't know enough about heat pumps at this time. I have to do some research about them to learn more about them.”
(ID 125) 
Knowledge
(35.2%)

	Positive Environmental Impacts
“I wanted to help the environment in my own way”
(ID 176)
ECO
(33.3%)
	Fuel Savings
“Save money on gas, for our budget.”
(ID 418) 
FuelSAV (29.2%)
	Barriers to EV Charging 
“I live in an apartment where it is not possible to charge the car at home…”
(ID 310) 
Charging
(37.5%)
	Efficiency 
“Because it is a more efficient way of heating and cooling my home.”
(ID 448) 
Efficiency
(44.3%)
	Efficiency 
“More energy efficient…”
(ID 384) 
Efficiency
(38.2%)
	Logistical Barriers 
“I just don't know how to fit a heat pump into my home's existing HVAC system.”
(ID 292)
LOG
(26.1%)

	Positive Perception of Performance
“I bought my electric vehicle because of how smooth and comfortable it is to drive.”
(ID 565)
PERPOS (15.9%)
	Preference for Electric Technology
“Saving the hassle of filling up with gas...”
(ID 149)
NG (13.2%)
	Preference for Conventional Technology
“I am old school. I will drive my gas car until I can’t anymore”
(ID 1054)
PREF
(15.9%)
	Fuel Savings
“It is cheaper than fuel...”
(ID 290) 
FuelSAV
(27.1%)
	Positive Environmental Impacts
“Mostly because they are environmentally friendly and also a good sub since it has a dual role.”
(ID 190) 
ECO
(23.5%)
	Barriers to Adoption Due to Cost 
“Money. I have researched it and we can't afford the cost of a heat pump.”
(ID 152)
Cost
(25.1%)

	Interest in New Technology 
“I love technology.”
(ID 429) 
TECH (14.5%)
	Convenience 
“I think that for my lifestyle, which is , I don't do much driving and not very far distances, I think an electric vehicle would be perfect for me.”
(ID 843)
CONV (11.6%)
	Range Anxiety 
“The range that the car can go on a charge is too low for my comfort.”
(ID 20) 
Range
(14.6%)
	Positive Perception of Performance
“It works well in both conditions of cold and hot seasons.”
(ID 74)
PERPOS
(24.3%)
	Positive Perception of Performance 
“I'm curious to see how much of a difference it would provide to my home in heating and cooling over the current methods that I use.”
(ID 177)
PERPOS
 (20.6%)
	Inability (Not Related to Cost)
“Don’t own my own home.”
(ID 78)
InabilityNC 
(22.8%)

	Positive Experience & Design 
“Riding in it is fun.”
(ID 773)
EXP
(11.6%)
	Positive Perception of Performance
“The instant torque and performance”
(ID 478) 
PERPOS
(11.6%)
	Concerns About Performance
“I do not think that electric vehicles are reliable and if there is a electricity outage then I cannot use my electric vehicle.”
(ID 993)
PER
(9.2%)
	Positive Environmental Impacts
“Good for the environment...”
(ID12)
ECO
(10%)
	Convenience 
“Because of its convenience.”
(ID 731) 
CONV
(8.8%)
	Preference for Conventional Technology
“We have natural gas in our home and it's far more efficient and less expensive to use a natural gas furnace for heat in the winter than it is to use a heat pump.”
(ID 243)
PREF
(20.5%)



[bookmark: _Toc213347461]Table 2: Top expert open-ended reasons why they own, are interested in, or are not interested in electric vehicles and heat pumps. 

	Electric Vehicles
	Heat Pumps

	Own
N=14*
20%
	Interested
N=7
28%
	Not Interested
N=5
52%
	Own
N=8**
72.7%
	Interested
N/A
	Not Interested
N=3
27.3%

	Environmentalism
100%
“Lowering emissions”
(ID 4)
	Environmentalism
100%
“Low carbon dioxide emissions.”
(ID 11)
	No Need
60%
“Not time to replace our car “
(ID 2)
	Savings
62.5%
“Lower operating cost”
(ID 16)
	
	Lack of Need
66.7%
“don't need it”
(ID 19)


	Cost Savings
23.1%
“saves money”
(ID 6)
	Need
28.6%
“Expect to replace current car”
(ID 7)

	Cost
40%
“Even considering relatively high gas prices and the fact that I drive a lot, the up front cost of an EV that meets my needs (passenger capacity and AWD/4WD equivalent) is prohibitive - not enough to get me to trade in my current gasoline vehicle that has plenty of good years left on it.”
(ID 9)
	Environmentalism
50%
“Reduce climate impact of my household energy use”
(ID 28)
	
	Cost
33.3%
“cost”
(ID 1)

	User Experience
23.1%
“fun to drive, don't have to pump gas”
(ID 6)

	Technology
28.6%
“supervised self driving tech”
(ID 25)
	Range
40%
“limited range”
(ID 16)
	
	
	

	Expert Burden
1%
“the fact that I write about them dictated that I use them”
(ID 1)

	Low Operating Cost
28.6%
“lower operating costs”
(ID 26)
	Charging / Resale Value
10%
“Lack of charging infrastructure, resale value”
(ID 22)
	
	
	



Notes: 
*15 of the experts indicated they own an EV, however, only 14 gave a reason why they bought an EV
**15 of the experts indicated they owned a HP, however only 8 gave a reason why they purchased one, this is because we had an issue with the logic of the survey flow. 

[bookmark: _Toc213347462]Distribution of EV and HP owners
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[bookmark: _Toc213347463]Figure 1. Geographical distribution of all survey respondents (n = 862). 


[bookmark: _Toc213347464][image: ]Figure 2. Geographical distribution of survey participants who reported owning an electric vehicle (n = 70). 
[bookmark: _Toc213347465][image: ]Figure 3. Geographical distribution of survey participants who reported owning a heat pump (n = 160). 
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[bookmark: _Toc213347466]Figure 4. Geographical distribution of survey participants who reported owning both an electric vehicle and a heat pump (n = 29). 

[bookmark: _Toc213347467]Statements about Electric Vehicles and Heat Pumps with References
We identified myths and accurate information about both technologies using google search. Search terms like “EV misperceptions” and “common myths about heat pumps” were used to identify misperceptions. Table 3 shows all the EV and HP statements included in the survey as well as the references and data sources used to substantiate them.
[bookmark: _Toc213347468]Table 3. Statements about EVs and HPs tested, whether they are true or false, their polarity, and references for each statement. 

	EV code and statement
	EV References
	HP Code and statement
	HP References

	EV_Incentive
“With all of the federal and state purchase incentives available for electric vehicles, most consumers spend less on an electric vehicle than a comparable gasoline vehicle.”
F
(+)
	We compared EVs and their closest comparisons or counterpart internal combustion vehicles (e.g., Ford F-150 Lightning compared to Ford F-150). We conclude that EV counterparts were more expensive even with the credits at the time. 

Truck:
EV: Ford F-150 Lightning
MRSP: $61,090.00
After tax incentive: $53,590.00 (March 2024)
https://www.ford.com/trucks/f150/f150-lightning/pricing-and-incentives/ 
ICE: Ford F-150
$47,690 (March 2024)
https://www.ford.com/trucks/f150/pricing-and-incentives/ 

SUV:
EV: Chevy Blazer EV 	
MRSP: $48,800.00 
After tax incentive: $42,490.00 (March 2024)
https://www.chevrolet.com/electric/previous-year/blazer-ev 
ICE: Chevy Blazer
$35,400.00 (March 2024) https://www.chevrolet.com/suvs/previous-year/blazer 


Sedan:
EV: Tesla Model 3
MRSP: $54,590.00
After tax incentive: $47,490.00 (March 2024)
https://www.tesla.com/model3-performance	
ICE: Kia K5 
$27,190.00 (March 2024)
https://www.kia.com/us/en/k5 


	HP_Incentives
“With all the federal and state purchase incentives available for heat pumps, most owners typically spend less than $5,000 on purchase and installation.”
F
(+)
	Neumann, J., Laureano, A., & Casale, M. (2024, June 30). Heat pumps: How federal tax credits can help you get one. Environment America Research & Policy Center
“Depending on your home’s size and the climate you live in, the cost to install a heat pump before incentives can range from $3,500 to $35,000.”
“Home Heating and Cooling (HVAC) Heat Pump:
· 100% rebate (up to $8,000) for low income*
· 50% rebate for moderate income**
· 30% tax credit (up to $2,000) for higher income”

Energy Sage Market Place
“Based on hundreds of real-world quotes for heat pump installation through the EnergySage Marketplace, the median cost to install a new heat pump in 2023 was $16,025 after incentives. That includes ducted heat pumps and ductless mini-splits.”
https://www.energysage.com/heat-pumps/costs-and-benefits-air-source-heat-pumps/ 

	EV_Listprice
“All new electric vehicle models sold in the United States cost more than $40,000.”
F
(-)
	Dreibelbis Forlini, E. (2024, August 15). Affordable EVs: 10 electric cars you can get for under $40,000. PCMAG.
"Several EVs in the $30,000 to $40,000 range are already out there now."
	HP_Listprice
“All central heat pump models sold in the United States costs more than $10,000 to buy and install.”
T
(-)

	McDevvit, C. (2023, March 6). Heat pumps vs. furnaces: What you need to know. EnergySage.
“Approximate Price Range To Install: Central/ducted air source heat pumps: Between $12,000 and $20,000”


	EV_Fuel
“Charging an electric vehicle from your home is equivalent in cost to purchasing gasoline for under $1.20 per gallon.”
T
(+)


	U.S. Department of Energy. (n.d.). Charging Electric Vehicles at home. Alternative Fuels Data Center.
“If electricity costs ¢10.7 per kWh and the vehicle consumes 27 kWh to travel 100 miles, the cost per mile is about $0.03.”
	HP_Fuel
“Heat pumps end up being more expensive to run because electricity is more expensive than natural gas.”
F
(-)
	The truth of this statement varies by location (Carrier, 2024). https://www.carrier.com/residential/en/ca/products/furnaces/electric-heat-pump-vs-furnace 

From personal communication with Rewiring America who have data from 49 states, we find that in 28 of these states the annual energy cost of using a natural gas furnace is greater than using an electric heat pump, therefore for 57% of the states where data was available natural gas furnaces are more expensive (over email). 


	EV_Overseas
“Globally, China makes most of the parts used in electric vehicles.”
T
(-)
	IEA (2023), Global EV Outlook 2023, IEA, Paris https://www.iea.org/reports/global-ev-outlook-2023, Licence: CC BY 4.0
"The EV supply chain is expanding, but manufacturing remains highly concentrated in certain regions, with China being the main player in battery and EV component trade." 

	HP_Overseas
“Most heat pump manufacturing takes place overseas.”
T
(-)
	IEA (2024), Clean Energy Market Monitor – March 2024, IEA, Paris https://www.iea.org/reports/clean-energy-market-monitor-march-2024, License: CC BY 4.0 and http://iea.org/energy-system/buildings/heat-pumps 
"Around 35% of all heat pumps are manufactured in China, making the country the largest producer and exporter of this technology, with most of its exports going to Europe."


	EV_Climate
“Electric vehicles have a smaller carbon footprint than gasoline cars, even when accounting for the electricity used for charging.”
T
(+)
	U.S. Environmental Protection Agency. (2024, October 15). Electric Vehicle Myths. EPA.
“FACT: Electric vehicles (EVs) typically have a smaller carbon footprint than gasoline cars, even when accounting for the electricity used for charging, plus they are far more efficient when it comes to energy use.”

	HP_Climate
“Heat pumps are better for the climate than traditional furnaces because they emit fewer greenhouse gases when in use.”
T
(+)

	Pistochini, T., Dichter, M., Chakraborty, S., Dichter, N., & Aboud, A. (2022). Greenhouse gas emission forecasts for electrification of space heating in residential homes in the US. Energy Policy, 163, 112813.
"The population weighted US average results show emission reductions for a heat pump over furnace to be 38–53% for carbon dioxide, 53–67% for 20-Year global warming potential (GWP), and 44–60% for 100-Year GWP, with reductions increasing over time."

	EV_Cold
“An electric vehicle can drive as far as a gasoline car in freezing conditions.”
F
(+)

	Garberson, A. (2024, January 2). Winter & Cold Weather EV range 10,000+ cars. Study: Winter & Cold Weather EV Range Loss in 10,000+ Cars.
“Yes, the 18 popular EV models that we analyzed had an average of 70.3% of their range in freezing conditions…”
	HP_Cold
“Heat pumps do not require a backup heating system in subzero temperatures (below 0° Fahrenheit).”
F
(+)
	Trane. (2023, January 18). How do an AC, Heat Pump and Furnace Work Together?. Trane Residential.
"However, newer heat pump technologies, including energy efficient variable speed heat pumps, can handle temperatures as low as 0 degrees Fahrenheit." 

At what temperature do heat pumps become ineffective?. Estes Services. (n.d.). https://www.estesair.com/blog/at-what-temperature-does-a-heat-pump-quit-working-efficiently
“A heat pump works best when the temperature is above 40. Once outdoor temperatures drop to 40 degrees, heat pumps start losing efficiency, and they consume more energy to do their jobs. When temperatures fall to 25 to 30 degrees, a heat pump loses its spot as the most efficient heating option for an (Atlanta) home. Even at 25 degrees, your heat pump will still run. The issue at this temperature is that the system will require more energy as it runs because there isn’t enough heat energy in the outdoor air for the heat pump to use in heating your interiors.”

Nadel, Steve, and Lyla Fadali. 2024. Options for Decarbonizing Residential Space Heating in Cold Climates. Washington, DC: ACEEE. www.aceee.org/research-report/b2404.
“In climates with approximately 7,000 heating degree days or more (e.g., the current climate in Concord, New Hampshire or Madison, Wisconsin), a hybrid system combining a cold climate heat pump and a furnace with a biofuel backup will minimize life-cycle space heating costs compared to using reduced-carbon fuels (e.g., biogas).”


	EV_Efficiency
“Electric vehicles use electricity more efficiently than gas powered cars use gasoline.”
T
(+)
	Oak Ridge National Laboratory . (n.d.). All-electric vehicles. www.fueleconomy.gov - the official government source for fuel economy information.
“EVs convert over 77% of the electrical energy from the grid to power at the wheels. Conventional gasoline vehicles only convert about 12%–30% of the energy stored in gasoline to power at the wheels.”
	HP_Efficiency
“Heat pumps use electricity to transfer heat which is more efficient than burning fossil fuels.”
T
(+)
	Crownhart, C. (2023, February 14). Everything you need to know about the wild world of heat pumps. MIT Technology Review.
"Heat pumps today can reach 300% to 400% efficiency or even higher, meaning they’re putting out three to four times as much energy in the form of heat as they’re using in electricity."

	EV_Dealer
“Dealers are more likely to sell me a gas-powered vehicle than an electric vehicle.”
T
(-)
	Smith, C. (2024, January 10). 20 best-selling cars in the US in 2023. Motor 1.
“The Ford F-Series has been the best-selling vehicle in America for years and the best-selling truck in America for nearly half a decade, and that likely won’t change soon.”
Irfan, U. (2023, May 8). Why most car dealers still don’t have any electric vehicles. Vox. 
“Two-thirds of US car dealers surveyed in a new Sierra Club study, published Monday, didn’t have any battery electric or plug-in hybrids for sale in 2022, new or used.”
“But 45 percent of dealers without EVs said they wouldn’t sell them even if they were available.”
	HP_Dealer
“Contractors are more likely to sell me a natural gas furnace than a heat pump system.”
T
(-)
	Lee, S. (2024, April 22). Heat Pump Makers Woo Contractors in Effort to Spur US Sales. Bloomberg.com.
"All three pitched her on a range of gas furnace replacements, costing between $9,000 and $12,000. But no one offered a heat pump, even though those devices have been around for decades, reduce homeowners’ utility bills, save carbon from being released into the atmosphere and now come with a federal cash incentive: a 30% tax credit, up to a $2,000 cap, in the recent Inflation Reduction Act." -- anecdotal from Bloomberg 



	EV_Practical
“Widespread adoption of electric vehicles is practical today because we have enough electricity across all states to keep them charged.”
F
(+)
	Blouin, L. (2023, March 8). We’re not ready for the electrification era. News: University of Michigan-Dearborn.
“Wencong Su, an associate professor of electrical and computer engineering who specializes in power systems, says it’s a complicated issue, but in short, the answer is “no way, not even close.” That is, unless we start making some big changes, relatively quickly.”
 “... as high-consuming technologies like electric cars and heat pumps become widespread, we’ll need a plan for making more electricity.”
Powell, S., Cezar, G. V., Min, L., Azevedo, I. M., & Rajagopal, R. (2022). Charging infrastructure access and operation to reduce the grid impacts of deep electric vehicle adoption. Nature Energy, 7(10), 932-945.
The demand for electricity would surpass grid capacity once more than 59% of the region’s cars were electric, if most drivers charged their vehicle at home and electricity prices encouraged them to start charging at 9 p.m. (Powell et al, Nature, 2022)
	HP_Practical
“Widespread adoption of heat pumps is practical today because we have enough electricity across all states to keep them powered.”
F
(+)
	Blouin, L. (2023, March 8). We’re not ready for the electrification era. News: University of Michigan-Dearborn.
"But if we quickly ramp up our electricity use, it begs the question, can the grid deliver? Wencong Su, an associate professor of electrical and computer engineering who specializes in power systems, says it’s a complicated issue, but in short, the answer is “no way, not even close.”

	EV_Maintain
“Gas-powered vehicles require more frequent and expensive maintenance than electric vehicles.”
T
(+)
	Levin, T. (n.d.). Electric cars are more expensive to buy, but cheaper to service than gas-powered competitors. Business Insider.
"The estimated scheduled maintenance cost for a light-duty battery-electric vehicle (BEV) totals 6.1 cents per mile, while a conventional internal combustion engine vehicle (ICEV) totals 10.1 cents per mile.”

	HP_Maintain
“Furnace and air-conditioner systems require more frequent and extensive maintenance than heat pumps.”
T
(+)

	Simms, D. (2024, August 15). Heat pump vs. Gas Furnace: Which is better?. USA Today.
"Heat pumps have higher upfront costs but can save you money over time since you can use them year-round. Gas furnaces have lower initial costs and use fossil fuels — which are cheaper than electricity — but they require more maintenance and an additional appliance for cooling."

	EV_Public
“Four of every five electric vehicle owners are not able to charge their cars when visiting a public charging station.” 
F
(-)
	J.D. Power. (2023, August 3). Electric Vehicle Experience (EVX) Public Charging Study. J.D. Power.
Across 5 states surveyed 1/5 consumers had "unreliable experiences" with public charging. 


	HP_Infrastructure
“Heat pumps cannot be integrated into existing systems and ductwork, making them incompatible with most homes.”
F
(-)

	Crownhart, C. (2023, February 14). Everything you need to know about the wild world of heat pumps. MIT Technology Review.
"If your existing furnace is connected to ductwork, you can hook a new heat pump to the ducts. In this scenario, the heat pump still takes heat from the outside and releases it into your home, but it pushes the heat through the ductwork. This option eliminates the need for indoor air handling units."


	EV_Charging
“A significant barrier to electric vehicle adoption is lack of public charging stations.”
T
(-)

	J.D. Power. (2023, August 3). Electric Vehicle Experience (EVX) Public Charging Study. J.D. Power.
“According to J.D. Power research, charging station availability is a top barrier to the greater adoption of electric vehicles (EVs) as perceived by US consumers today.”
	HP_Supply
“People have to wait a long time to get parts to fix their heat pumps.”
F
(-)
	Simon, M. (2024, May 6). The One Thing That’s Holding Back the Heat Pump. Wired.
"No one talks about supply chain constraints anymore. What is now the bottleneck is actually the installer.”

	EV_Battery
“It is economically viable to recycle the whole battery of an electric vehicle.”
F
(+)
	Kendall, A., personal communication, May 20, 2024.
"The short answer is that there are a few parts that can't be recycled (like components of the liquid electrolyte, and potentially some plastics) but essentially 100% of the metals can be recycled, and theoretically recovered at high rates (like +98%) - that doesn't mean that they are currently recycled or recovered at the maximum rate though because the economics just don't make sense."
- Alissa Kendall UCSD Professor Dept. of Civil and Environmental Engineering (via email correspondence with authors)

	HP_Lifespan
“Heat pumps do not last as long as a furnace system.”
T
(-)
	Jones, A. (2024, September 26). Your HVAC Should Last 20 Years, but It Can Last Longer. Here’s How. CNET.
“Your home's furnace should last an average of 15 to 20 years…You can expect a new heat pump to last between 10 and 15 years…” 



	EV_Fire
“Electric vehicles are more likely to catch fire than gasoline vehicles.”
F
(-)
	Weil, G. (2024, February 12). Data Shows EVs are Less of a Fire Risk than Conventional Cars. Climate Matters.
"EV(s) are actually less likely to cause or be involved in fires than gasoline-powered or hybrid vehicles. Data from the NTSB showed that EVs were involved in approximately 25 fires for every 100,000 sold. Comparatively, approximately 1,50 gasoline-powered vehicles and 3,475 hybrid vehicles were involved in fires for every 100,000 sold."
	HP_System
“Heat pumps can both heat and cool my home.”
T
(+)
	U.S. Department of Energy. (n.d.). Heat Pump Systems. Energy Saver.
"Heat pumps use electricity to transfer heat from a cool space to a warm space, making the cool space cooler and the warm space warmer. During the cooling season, heat pumps move heat from your house to the outdoors, and during the heating season, they move heat from the cool outdoors into your warm house."

	EV_Range
“The driving range of an average electric vehicle is enough to meet the average long-distance road trip needs of typical Americans.”
T
(+)
	Finnerty, J. (2023, January 5). Average electric car range in 2023 is 219 miles - enough to drive two weeks on a single charge. GRIDSERVE. 
Electric Vehicle Database . (n.d.). Range of Electric vehicles. EV Database. 
“Figures from the EV Database, which collates statistics of every EV on sale right now, show the average range you can expect from an electric car in 2023 in real-world conditions is 219 miles.”
Bureau of Transportation Statistics . (2017, May 31). National Household Travel Survey summer travel quick facts. National Household Travel Survey Summer Travel Quick Facts | Bureau of Transportation Statistics.
“The average summer long-distance trip is 284 miles one-way.”
	HP_Installation
“All heat pumps require the installation of a new and expensive electrical panel.”
F
(-)
	FAQS about Electrical Panel Upgrades. Clean Energy Connection. (2023, July 29).
"You may need to replace your electrical panel for a heat pump or ductless mini split installation, but it isn’t always necessary. A 100-200 Amp panel is usually powerful enough to support a heat pump, but if you already use a lot of electricity, the additional load could put you over the threshold. It’s best to ask your heat pump installer or schedule an inspection with an electrician."   


	EV_Mining
“Electric vehicles are bad for the environment because of the mining practices required to build them.”
T
(-)
	Moseman, A. (2022, October 13). Are Electric Vehicles definitely better for the climate than gas-powered cars?. MIT Climate Portal.
"...the brining process, used to extract lithium hidden in saltwater, uses hundreds of millions of gallons of freshwater per year. Over-pumping groundwater can not only decrease source levels, but also damage surrounding aquifers and can cause fissures in the ground. Even though the US has better controls over pollution from mining than a lot of other countries where minerals are mined, it can still be a dirty, destructive process to the local ecosystem."

	HP_Workers
“The United States has more than enough trained workers to install heat pumps nationwide.”
F
(+)
	Simon, M. (2024, May 6). The One Thing That’s Holding Back the Heat Pump. Wired.
"So the demand is there, as is growing support from the federal and state governments. What's lagging is the workforce.”

	EV_Time
“Even with the fastest charging technology, it takes several hours to charge an electric vehicle.”
F
(-)
	Lindwall, C. (2022, July 5). Electric Vehicle Charging Explained. NRDC.
"For the fastest charging speeds, you can turn to Level 3 chargers --- which can charge your EV from empty in as little as 20 minutes."
	HP_Refrigerants
“Leaking refrigerants from heat pumps contribute more to climate change than fossil fuels used in furnaces.”
F
(-)
	Pistochini, T., Dichter, M., Chakraborty, S., Dichter, N., & Aboud, A. (2022). Greenhouse gas emission forecasts for electrification of space heating in residential homes in the US. Energy Policy, 163, 112813.
“The population weighted US average results show emission reductions for a heat pump over furnace to be 38–53% for carbon dioxide, 53–67% for 20-Year global warming potential (GWP), and 44–60% for 100-Year GWP, with reductions increasing over time. The impact of fugitive emissions from the furnace is significantly higher than that of the heat pump. While more energy efficient construction reduces overall emissions for both heating types, the forecasted percent emission reduction for replacement of a gas furnace with heat pump was not impacted by changes in home construction parameters.”







[bookmark: _Toc213347469]Novice Survey 
What is your Proliﬁc ID?
Please note that this response should auto-ﬁll with the correct ID_______________
Informed Consent: Before agreeing to participate in this study, it is important that you read the following explanation of the research. This statement describes the purpose, procedures, beneﬁts, risks, discomforts, and precautions of the program. Also described is your right to withdraw from the study at any time. No guarantees or assurances can be made as to the results of the study.

Description: You are invited to participate in a research study by Indiana University Bloomington researchers. The purpose of the study is to better understand consumers' perceptions of low carbon technologies.

Time Involvement: Your participation will take approximately 10-15 minutes.

Risks and Beneﬁts: There are no foreseeable risks or beneﬁts for participation in this study. We cannot and do not guarantee or promise that you will receive any additional beneﬁts from this study.

Participant’s Rights: If you have read this form and have decided to participate in this project, please understand your participation is voluntary and you have the right to withdraw your consent or discontinue participation at any time without penalty or loss of beneﬁts to which you are otherwise entitled. The alternative is not to participate. You have the right to refuse to answer particular questions.

Conﬁdentiality: All information provided in this survey will not be traced back to you in any way possible. All data will be aggregated and no individual could be identiﬁed from these aggregated results.

Payments for Participation in Research: You will be compensated through Proliﬁc.

Questions: If you have any questions, concerns or complaints about this research, its procedures, risks and beneﬁts, contact the Protocol Director Dr. Shahzeen Attari at sattari@iu.edu.

Agreement: Thank you for agreeing to participate in our research. By clicking on the arrow button below, you are agreeing to participate in this study.

Please click on the arrow button below to move on.

Please use the deﬁnitions of electric vehicles and heat pumps given below when answering the survey questions.

Electric Vehicles have an electric motor instead of a gasoline combustion engine. They use a large battery pack to store electricity and power the electric motor.
Hybrid vehicles are not considered electric vehicles for the purposes of this survey.

Heat Pumps are an electric alternative to furnaces and air conditioners. Heat pumps transfer heat rather than generating heat by burning fuel. During the winter, heat pumps warm your home by moving heat from outdoors to indoors. During the summer, heat pumps cool by moving heat from your house outdoors.
EV and HP Open ended questions

How familiar are you with electric vehicles?

not at all familiar 
not very familiar
somewhat familiar 
familiar
very familiar
Do you own or use an electric vehicle?

Yes	No

How familiar are you with heat pumps?

not at all familiar 
not very familiar
somewhat familiar 
familiar
very familiar

Do you own or use a heat pump?

Yes	No

Are you seriously considering buying or leasing an electric vehicle in the next three years?
Yes	No

What is the biggest barrier preventing you from buying or leasing an electric vehicle?
[Open-Ended] 

What is the main reason why you are interested in buying or leasing an electric vehicle?
[Open-Ended] 

What is the main reason why you bought or leased your electric vehicle?
[Open-Ended] 

HP Open ended questions

Are you seriously considering buying or leasing a heat pump in the next three years?
Yes	No

What is the biggest barrier preventing you from buying or leasing a heat pump?
[Open-Ended] 

What is the main reason why you are interested in buying or leasing a heat pump?

What is the main reason why you bought or leased your heat pump?


Instructions Entire

We ask that you carefully read each of the statements in the following pages and assess whether the statement is True or False. Please note that some statements are true and some are false.

A true response indicates that the claims made in the statement are true. A false response indicates that the claims made in the statement are false.

For each statement, we will then ask how conﬁdent you are in your answer on a slider scale which ranges from not conﬁdent to completely conﬁdent. Please note that the slider is hidden until you click on it.

While answering the following questions, please think about the United States speciﬁcally.
HP Block Begins Recall

Recall that heat pumps are an electric alternative to furnaces and air conditioners. Heat pumps transfer heat rather than generating heat by burning fuel. During the winter, heat pumps warm your home by moving heat from outdoors to indoors. During the summer, heat pumps cool by moving heat from your house outdoors.


HP_System

Heat pumps can both heat and cool my home.

True	False
1
How conﬁdent are you in your answer?


Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

HP Practical

Widespread adoption of heat pumps is practical today because we have enough electricity across all states to keep them powered.
True	False
How conﬁdent are you in your answer?


Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

HP Climate Change

Heat pumps are better for the climate than traditional furnaces because they emit fewer greenhouse gases when in use.
True	False
How conﬁdent are you in your answer?
Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

HP Incentives

With all the federal and state purchase incentives available for heat pumps, most owners typically spend less than $5,000 on purchase and installation.
True	False
How conﬁdent are you in your answer?


Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

HP ListPrice

All central heat pump models sold in the United States costs more than $10,000 to buy and install.
True	False
How conﬁdent are you in your answer?


Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]


HP Maintenance

Furnace and air-conditioner system require more frequent and extensive maintenance than heat pumps.
True	False
How conﬁdent are you in your answer?

Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]


HP Cold conditions

Heat pumps do not require a backup heating system in subzero temperatures (below 0° Fahrenheit).
True	False
How conﬁdent are you in your answer?

Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

HP infrastructure integration

Heat pumps cannot be integrated into existing systems and ductwork, making them incompatible with most homes.
True	False
How conﬁdent are you in your answer? 
Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

HP Dealer

Contractors are more likely to sell me a natural gas furnace than a heat pump system.
True	False
How conﬁdent are you in your answer?

Not confident 			Somewhat confident 			Completely confident 		

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

HP Eﬃciency

Heat pumps use electricity to transfer heat which is more eﬃcient than burning fossil fuels.
True	False
How conﬁdent are you in your answer?
Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

HP Overseas

Most of heat pump manufacturing takes place overseas.
True	False
How conﬁdent are you in your answer?

Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

HP Refrigerants

Leaking refrigerants from heat pumps contribute more to climate change than fossil fuels used in furnaces.
True	False
How conﬁdent are you in your answer?

Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

HP Workers

The United States has more than enough trained workers to install heat pumps nationwide.
True	False
How conﬁdent are you in your answer?
Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

HP Fuel

Heat pumps end up being more expensive to run because electricity is more expensive than natural gas.
True	False
How conﬁdent are you in your answer?

Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

HP Lifespan

Heat pumps do not last as long as a furnace system.
True	False
How conﬁdent are you in your answer?

Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

HP Delays

People have to wait a long time to get parts to ﬁx their heat pumps.
True	False
How conﬁdent are you in your answer?

Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

HP Installation

All heat pumps require the installation of a new and expensive electrical panel.
True	False
How conﬁdent are you in your answer?

Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

EV Deﬁnition

Recall that electric vehicles have an electric motor instead of a gasoline combustion engine. They use a large battery pack to store electricity and power the electric motor. Hybrid vehicles are not considered electric vehicles for the purposes of this survey.
EV Electrical practicality

Widespread adoption of electric vehicles is practical today because we have enough electricity across all states to keep them charged.
True	False
How conﬁdent are you in your answer?

Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

EV Time

Even with the fastest charging technology, it takes several hours to charge an electric vehicle.
True	False
How conﬁdent are you in your answer?

Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

EV Public

Four of every ﬁve electric vehicle owners are not able to charge their cars when visiting a public charging station.
True	False
How conﬁdent are you in your answer?

Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

EV Climate

Electric vehicles have a smaller carbon footprint than gasoline cars, even when accounting for the electricity used for charging.
True	False
How conﬁdent are you in your answer?

Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

EV Incentive

With all of the federal and state purchase incentives available for electric vehicles, most consumers spend less on an electric vehicle than a comparable gasoline vehicle.
True	False
How conﬁdent are you in your answer?


Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

EV Maintain

Gas-powered vehicles require more frequent and expensive maintenance than electric vehicles.
True	False
How conﬁdent are you in your answer?

Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

EV Cold

An electric vehicle can drive as far as a gasoline car in freezing conditions.
True	False
How conﬁdent are you in your answer?

Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]]

EV Fuel

Charging an electric vehicle from your home is equivalent in cost to purchasing gasoline for under $1.20 per gallon
True	False
How conﬁdent are you in your answer?

Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

EV Charging

A signiﬁcant barrier to electric vehicle adoption is lack of public charging stations.
True	False
How conﬁdent are you in your answer?

Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

EV Range

The driving range of an average electric vehicle is enough to meet the average long-distance road trip needs of typical Americans.
True	False
How conﬁdent are you in your answer?

Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

EV Eﬃciency

Electric vehicles use electricity more eﬃciently than gas powered cars use gasoline.
True	False
How conﬁdent are you in your answer?

Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

EV Dealer

Dealers are more likely to sell me a gas-powered vehicle than an electric vehicle.
True	False
How conﬁdent are you in your answer?

Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

EV Fires

Electric vehicles are more likely to catch ﬁre than gasoline vehicles.
True	False
How conﬁdent are you in your answer?

Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

EV Battery Recycling

It is economically viable to recycle the whole battery of an electric vehicle.
True	False
How conﬁdent are you in your answer?

Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

EV Overseas

Globally, China makes most of the parts used in electric vehicles.
True	False
How conﬁdent are you in your answer?

Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

EV List Price 40k

All new electric vehicle models sold in the United States cost more than
$40,000.
True	False
How conﬁdent are you in your answer?

Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

EV Mining

Electric vehicles are bad for the environment because of the mining practices required to build them.
True	False
How conﬁdent are you in your answer?

Not confident 			Somewhat confident 			Completely confident 	

[Slider bar participants could move to indicate confidence, value does not appear until participant clicks]

Manipulation

How did you feel about the kinds of statements you read about electric vehicles and heat pumps?
They were primarily positive
Some were positive and some were negative 
They were primarily negative

Captcha

[Captcha Form]

Attitudes

Please tell us if you agree or disagree with the following two statements:

The US should transition away from gasoline vehicles towards electric vehicles.

Strongly Disagree	Disagree	Neutral	Agree		Strongly Agree

The US should transition away from furnaces and air conditioners towards heat pumps.

Strongly Disagree	Disagree	Neutral	Agree		Strongly Agree

EV Exposure

Have you ever driven an electric vehicle?

Yes	No

Have you ever charged an electric vehicle?

Yes	No

Have you seen an electric vehicle in person or in an advertisement?

Yes	No

Do you know of any friends or family members who have purchased an electric vehicle?
Yes	No

HP exposure

Have you seen a heat pump in person or in an advertisement?

Yes	No

Do you know of any friends or family members who have purchased a heat pump?
Yes	No

Proportions 

What percentage of homes in the US have heat pumps?
[Open-Ended 0-100 number required] 

What percentage of people in the US have an electric vehicle?
[Open-Ended 0-100 number required] 

Do you pay your utility bills/ownership 
Do you rent or own your home?
Rent 
Own

Do you pay your own electric utility bill?
Yes
No
Does not apply

Do you pay your own gas utility bill?
Yes 
No
Does not apply

Community

Has anyone in your community ever talked to you about a heat pump?

Yes	No

Has anyone in your community ever talked to you about an electric vehicle?

Yes	No

Climate Change Perceptions

Do you think that climate change is happening?

Yes, definitely
Yes, probably 
No, probably not
No, definitely not

How important is the issue of climate change to you personally?

Very important
Somewhat important
Not too important
Not important at all

Demographics

How many hours a day do you spend on social media (this includes YouTube, Facebook, TikTok, Instagram etc.)?

0, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24
Number of hours: [Open-ended answer from 0-24]

Which best describes your political orientation?
Very conservative
Conservative
Somewhat conservative
Moderate
Somewhat liberal
Liberal
Very Liberal

What is your age?
[Open-ended response]

What is your gender?
Man 
Woman
Non-binary
Other
Prefer not to answer

What is your racial identity?
American Indian or Alaskan Native
Asian
Black or African American
Hispanic or Latino
Native Hawaiian or Other Pacific Islander
White
Middle Eastern or Arab
Other
Prefer not to answer

What is the highest level of education you have attained?
Some schooling, but no diploma or degree
High school diploma or GED
Some college
College degree
Some graduate school
Graduate degree
During 2023, what was your yearly household income before tax? Your best estimate Is ﬁne.
None
Less than $20,000
$20,000 - $40,000
$40,000 - $80,000
$80,000 - $120,000
$120,000 - $200,000
$200,000  - $300,000
More than $300,000

What is your zip code?

[Open-ended for zip code]

Closing Thoughts

Do you have any additional thoughts or comments about the survey that you would like to share with us?

[Open-ended section for feedback]

End of survey

Some of the narratives you read were true and some were false. We recommend you to do your own research to ﬁnd out what is true about both these technologies.
Below we have provided several links about electric vehicles and heat pumps to help get you started:

Electric vehicles
https://www.epa.gov/greenvehicles/electric-vehicle-myths https://homes.rewiringamerica.org/projects/driving-homeowner https://www.jdpower.com/business/press-releases/2023-us-electric-vehicle- consideration-evc-study

Heat pumps
https://www.epa.gov/burnwise/heat-pumps https://www.rewiringamerica.org/circuit-breakers-heat-pumps

Thank you for completing the survey.

Please continue to the next screen to be automatically redirected to Proliﬁc.



[bookmark: _Toc213347470]Expert Survey

Expert survey is the same as the novice survey but includes the following block: 

Exp_EV 
Would you consider yourself to be an electric vehicle expert?
Yes  (1)
No  (2)
 
 
 Exp_HP 
Would you consider yourself to be a heat pump expert?
 Yes  (1)
 No  (2)
 
 Exp_Electric 
Would you consider yourself to be an electrification expert?
Yes  (1)
No  (2)
  
Exp_EVM 
Have you been involved in the manufacturing or designing process of electric vehicles?
Yes  (1)
No  (2)
 
Exp_HPM
Have you been involved in the manufacturing or designing process of heat pumps?
Yes  (1)
No  (2) 
	


 Exp_YHP 
How many years have you worked on the topic of heat pumps?
________________________________________________________________
 
	 


Exp_YEV 
How many years have you worked on topic of electric vehicles?
________________________________________________________________
 
	 


Exp_YGeneral 
How many years have you worked in the energy sector?
________________________________________________________________
 

[bookmark: _Toc213347471]Data Availability
Raw data collected with these surveys were cleansed, anonymized, and organized, and these processed data are publicly available in an OSF project repository at https://osf.io/gt46s/, which also contains the preprocessing and analysis scripts employed in the study. The survey data, specifically, is available at https://osf.io/us2ra. There are 179 columns in the survey data, which include participants’ direct responses to survey items, and variables calculated from these responses. To provide additional documentation, we also provide a data dictionary for the survey data, describing the variable names and values for each column in the survey data. The data dictionary is in CSV format, and it is available here: https://osf.io/f8hkv 

_____________________________________________________________________________
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