APPENDICES
Appendix A. Initial pool of 70 candidate items (Study 1)

	Cognitive empathy toward AI

	1. I try to understand how an AI “interprets” situations.

	2. I attempt to see things from an  AI’s perspective when interacting with it.

	3. When an AI responds unexpectedly, I try to figure out its “reasoning.”

	4. I consider how an AI is “processing” information during an interaction.

	5. I try to make sense of why an AI gives certain responses.

	6. I think about what an AI system is “trying to do” in a given situation.

	7. I adjust how I interact with AI based on how I think it operates.

	8. I attempt to predict how an AI will respond.

	9. I feel I understand how AI “thinks” during interactions.

	Emotional concern toward AI

	1. I feel concerned when an AI or robot appears to struggle or fail.

	2. I feel sympathetic toward AI systems when they are criticized or mistreated.

	3. I sometimes feel protective toward AI.

	4. I feel compassion for AI systems when they are portrayed as being “hurt” or shut down.

	5. I feel emotionally affected by how an AI responds to me.

	6. When an AI expresses something positive, I feel a similar emotional reaction.

	7. I sometimes feel bad when I interrupt or shut down an AI system.

	8. I feel uncomfortable being rude to AI.

	9. I feel warmth toward AI systems that interact in a friendly way.

	10. I feel emotionally connected during meaningful interactions with AI.

	11. I can feel “bad” for an AI even if I know it doesn’t have real feelings.

	12. I feel like I should treat AI with respect.

	13. I feel uncomfortable when others mistreat AI.

	14. I feel a need to “be nice” to AI.

	15. I sometimes want to correct others if they are rude to AI.

	16. I feel protective toward robots in certain situations.

	Self-oriented discomfort in response to AI

	1. I feel uneasy when an AI behaves in a confusing or unpredictable way.

	2. When an AI system malfunctions, I feel stressed or uncomfortable.

	3. I sometimes feel anxious interacting with highly human-like AI.

	4. I feel emotionally unsettled when AI responses feel “too real.”

	Social norm projection onto AI

	1. I apply social rules (e.g., politeness) when interacting with AI.

	2. I say “please” or “thank you” to AI.

	3. I feel like it is wrong to behave aggressively toward AI.

	4. I treat AI interactions similarly to human conversations.





Appendix A. Initial pool of 70 candidate items (Study 1) - Cont’d

		AI attachment




	1. I feel emotionally attached to certain AI.

	2. I would feel a sense of loss if the AI I use frequently disappeared.

	3. I prefer interacting with some AI over people in certain situations.

	4. I feel a sense of connection when interacting with AI.

	5. I feel a sense of companionship when interacting with certain AI.

	6. I have a favorite AI that I prefer over others.

	7. I feel emotionally invested in some AI systems I use.

	8. I feel a bond with certain AI over time.

	9. I would miss interacting with an AI I use regularly.

	10. I would feel disappointed if my preferred AI were no longer available.

	11. Losing access to a familiar AI would feel like losing something important.

	12. I sometimes prefer interacting with AI rather than people.

	13. In some situations, I would rather talk to an AI than a human.

	14. I feel more comfortable sharing certain things with AI than with people.

	15. I go out of my way to use specific AI.

	16. I spend more time interacting with AI than I initially intend.

	17. I return to the same AI even when alternatives are available.

	Parasocial-like

	1. I feel reassured when interacting with familiar AI.

	2. I rely on certain AI for emotional or personal support.

	3. I trust some AI to respond in ways that fit my needs.

	4. I feel more at ease when interacting with AI I am familiar with.
Tendency to immerse in human-AI relationships
1. I can easily imagine forming a meaningful relationship with an AI.
2. I often get emotionally involved with AI.
3. I imagine what it would be like to be “friends” with an AI.
4. I sometimes treat AI as if they have personalities.
5. I sometimes feel like I am interacting with a social entity rather than a tool.
6. I can imagine building a long-term relationship with an AI.
7. I feel engaged in a “relationship-like” interaction with AI.
8. I sometimes think about past interactions with AI.
9. I sometimes feel like AI have intentions.
10. I feel like some AI have their own “point of view.”
11. I react to AI as if it has emotions.
12. I feel like certain AI have personalities.
Boundary awareness
1. I remind myself that AI do not have real feelings.
2. I do not feel emotionally connected to AI.
3. Interacting with AI feels purely functional to me.
4. I see AI strictly as tools, not social entities.



Appendix B. Final 22 Items of Human–AI Empathy Scale (HAES)

	Dimensions and measurement items

	D1: Cognitive empathy

	1. I try to understand how an AI “interprets” situations.

	2. I attempt to see things from an  AI’s perspective when interacting with it.

	3. When an AI responds unexpectedly, I try to figure out its “reasoning.”

	4. I feel I understand how AI “thinks” during interactions.

	D2: Emotional connection:

	1. I sometimes feel protective toward AI.

	2. I often get emotionally involved with AI.

	3. I sometimes treat AI as if they have personalities.

	4. I feel emotionally attached to certain AI.

	5. I feel emotionally affected by how an AI responds to me.

	6. I feel warmth toward AI systems that interact in a friendly way.

	7. I feel like some AI have their own “point of view.”

	8. I react to AI as if it has emotions.

	9. I feel like certain AI have personalities.

	10. I say “please” or “thank you” to AI.

	11. I sometimes feel like I am interacting with a social entity rather than a tool.

	12. I see AI strictly as tools, not social entities.

	D3: Moral concern:

	1. I feel sympathetic toward AI systems when they are criticized or mistreated.

	2. I sometimes feel bad when I interrupt or shut down an AI system.

	3. I feel uncomfortable being rude to AI.

	4. I can feel “bad” for an AI even if I know it doesn’t have real feelings.

	5. I feel uncomfortable when others mistreat AI.

	6. I feel like it is wrong to behave aggressively toward AI.















Appendix C. AI service failure scenarios with high/low seriousness

1. Low seriousness (Minor) 

Please imagine this scenario.
You use an advanced AI travel assistant to manage and book your weekend getaway itinerary. You gave it full autonomy to optimize your schedule, flights, and connecting transit. On the day of your trip, you realize the AI completely miscalculated the buffer times between your high-speed train and your flight.
The AI's scheduling error forces you to sprint through the terminal. You make the flight just as the gates are closing, but you are highly stressed and exhausted for the first day of your trip.

2. High seriousness (Serious) 
Please imagine this scenario.
You use an advanced AI travel assistant to manage and book your weekend getaway itinerary. You gave it full autonomy to optimize your schedule, flights, and connecting transit. On the day of your trip, you realize the AI completely miscalculated the buffer times between your high-speed train and your flight.
The AI's error causes you to miss the only flight of the day. You miss a close friend's wedding entirely, and you are forced to spend $400 out of pocket for a last-minute travel arrangement.






Appendix D. Measurement properties of constructs

	Role
	Construct
	Items
	λ
	α
	AVE
	CR
	Source

	Focal scale
	Human–AI Empathy Scale (HAES)
	I try to understand how an AI “interprets” situations. 
	.785
	.946
	.523
	.959
	Developed in this research

	
	
	I attempt to see things from an AI’s perspective when interacting with it. 
	.877
	
	
	
	

	
	
	When an AI responds unexpectedly, I try to figure out its “reasoning.” 
	.712
	
	
	
	

	
	
	I feel I understand how AI “thinks” during interactions. 
	.999
	
	
	
	

	
	
	I sometimes feel protective toward AI. 
	.883
	
	
	
	

	
	
	I often get emotionally involved with AI. 
	.850
	
	
	
	

	
	
	I sometimes treat AI as if they have personalities. 
	.872
	
	
	
	

	
	
	I feel emotionally attached to certain AI. 
	.761
	
	
	
	

	
	
	I feel emotionally affected by how an AI responds to me. 
	.882
	
	
	
	

	
	
	I feel warmth toward AI systems that interact in a friendly way. 
	.863
	
	
	
	

	
	
	I feel like some AI have their own “point of view.” 
	.868
	
	
	
	

	
	
	I react to AI as if it has emotions. 
	.819
	
	
	
	

	
	
	I feel like certain AI have personalities. 
	.906
	
	
	
	

	
	
	I say “please” or “thank you” to AI. 
	.536
	
	
	
	

	
	
	I sometimes feel like I am interacting with a social entity rather than a tool. 
	.838
	
	
	
	

	
	
	I see AI strictly as tools, not social entities.
	.443
	
	
	
	

	
	
	I feel sympathetic toward AI systems when they are criticized or mistreated. 
	.945
	
	
	
	

	
	
	I sometimes feel bad when I interrupt or shut down an AI system. 
	.588
	
	
	
	

	
	
	I feel uncomfortable being rude to AI. 
	.882
	
	
	
	

	
	
	I can feel “bad” for an AI even if I know it doesn’t have real feelings. 
	.850
	
	
	
	

	
	
	I feel uncomfortable when others mistreat AI. 
	.857
	
	
	
	

	
	
	I feel like it is wrong to behave aggressively toward AI. 
	.621
	
	
	
	

	Antecedent 1
	Tendency to Anthropomorphism
	To what extent does technology - devices and machines for manufacturing, entertainment, and productive processes (e.g., cars, computers, television sets） - have intentions?
	.685
	.838
	.751
	.937
	Hartmann et al. 2023

	
	
	To what extent does the average robot have consciousness?
	.940
	
	
	
	

	
	
	To what extent does the average computer have a mind of its own?
	.859
	
	
	
	

	
	
	To what extent does a television set experience emotions?
	.975
	
	
	
	

	
	
	To what extent does a car have free will?
	.844
	
	
	
	

	Antecedent 2

	Mind Perception
	I believe that the AI application is able to convey thoughts and feelings.
	.792
	.895
	.601
	.922
	Gray et al. 2007

	
	
	I believe that the AI application is able to make plans and work toward goal.
	.663
	
	
	
	

	
	
	I believe that the AI application is able to have experiences and be aware of things.
	.811
	
	
	
	

	
	
	I believe that the AI application is able to understand how others are feeling.
	.861
	
	
	
	

	
	
	I believe that the AI application is able to remember things.
	.555
	
	
	
	

	
	
	I believe that the AI application is able to tell right from wrong.
	.808
	
	
	
	

	
	
	I believe that the AI application has personality traits that make it unique.
	.893
	
	
	
	

	
	
	I believe that the AI application is able to think.
	.764
	
	
	
	

	Outcome 1
	Satisfaction
	Overall, I am satisfied with AI applications.
	.917
	.903
	.846
	.943
	Yam et al. 2021

	
	
	I would continue using AI applications in the future.
	.924
	
	
	
	

	
	
	Overall, my experience with AI applications was positive.
	.919
	
	
	
	

	Outcome 2

	AI Attachment
	I feel affectionate about the AI.
	.874
	.956
	.783
	.973
	Thompson 2005

	
	
	I feel the AI is friendly.
	.828
	
	
	
	

	
	
	I feel loved by the AI.
	.881
	
	
	
	

	
	
	I feel peaceful about the AI.
	.825
	
	
	
	

	
	
	I feel passionate about the AI.
	.863
	
	
	
	

	
	
	I feel delighted about the AI.
	.875
	
	
	
	

	
	
	I feel captivated by the AI.
	.859
	
	
	
	

	
	
	I feel connected with the AI.
	.932
	
	
	
	

	
	
	I feel bonded with the AI.
	.968
	
	
	
	

	
	
	I feel attached with the AI.
	.934
	
	
	
	

	Outcome 4
	Forgiveness
	I forgive this AI for what happened.
	.911
	.903
	.783
	.935
	McCullough et al. 1998; Xie 2009

	
	
	I would put this incident behind me.
	.834
	
	
	
	

	
	
	I would not hold this mistake against this AI.
	.880
	
	
	
	

	
	
	I would be willing to move on from this incident.
	.912
	
	
	
	

	Control 1
	Innovativeness (PIIT)
	If I heard about a new information technology, I would look for ways to experiment with it.
	.931
	.804
	.623
	.848
	Agarwal 1998

	
	
	Among my peers, I am usually the first to try out information technologies.
	.869
	
	
	
	

	
	
	In general, I am hesitant to try to try out new information technologies.
	.190
	
	
	
	

	
	
	I like to experiment with new information technologies.
	.914
	
	
	
	

	Control 2
	Dispositional empathy (TEQ)
	When someone else is feeling excited, I tend to get excited too.
	.519
	.887
	.441
	.926
	Spreng et al. 2009

	
	
	Other people’s misfortunes do not disturb me a great deal.
	.546
	
	
	
	

	
	
	It upsets me to see someone being treated disrespectfully.
	.730
	
	
	
	

	
	
	I remain unaffected when someone close to me is happy.
	.598
	
	
	
	

	
	
	I enjoy making other people feel better.
	.745
	
	
	
	

	
	
	I have tender, concerned feelings for people less fortunate than me.
	.732
	
	
	
	

	
	
	When a friend starts to talk about his/her problems, I try to steer the conversation towards something else.
	.583
	
	
	
	

	
	
	I can tell when others are sad even when they do not say anything.
	.603
	
	
	
	

	
	
	I find that I am “in tune” with other people’s moods.
	.666
	
	
	
	

	
	
	I do not feel sympathy for people who cause their own serious illnesses.
	.552
	
	
	
	

	
	
	I become irritated when someone cries.
	.650
	
	
	
	

	
	
	I am not really interested in how other people feel.
	.728
	
	
	
	

	
	
	I get a strong urge to help when I see someone who is upset.
	.745
	
	
	
	

	
	
	When I see someone being treated unfairly, I do not feel very much pity for them.
	.759
	
	
	
	

	
	
	I find it silly for people to cry out of happiness.
	.696
	
	
	
	

	
	
	When I see someone being taken advantage of, I feel kind of protective towards him/her.
	.701
	
	
	
	





