Supplementary File 1. Respondent-facing Questionnaire

Questionnaire for Generative Artificial Intelligence-Supported Learning and Self-Reported Higher-Order Thinking

Participant information and consent

This questionnaire collects information about college students’ academic use of generative artificial intelligence tools and related learning, emotional, behavioral, and contextual indicators. The survey is anonymous and is expected to take approximately 5–30 min to complete. Participation is voluntary. Respondents may stop before submission. Submitted responses will be used only for research analysis after de-identification.

By selecting “I agree,” the respondent confirms that they have read the information above, understand the voluntary nature of the survey, and agree to participate.
	Item code
	Item content
	Response options

	Consent 1
	I have read the participant information and agree to participate in this anonymous survey.
	1 = I do not agree; 2 = I agree


Only respondents selecting “I agree” proceed to the questionnaire.

Section A. Demographic and academic background
	Item code
	Item content
	Response options / coding

	A1
	Gender
	1 = Male; 2 = Female; 3 = Prefer not to say

	A2
	Age
	Open numeric response

	A3
	Year level
	1 = Year 1; 2 = Year 2; 3 = Year 3; 4 = Year 4; 5 = Other

	A4
	Major or discipline group
	Open text or institutional discipline category

	A5
	Self-reported academic performance
	1 = Far below average; 2 = Below average; 3 = Average; 4 = Above average; 5 = Excellent



Section B. Generative artificial intelligence exposure
	Item Code
	Item Content
	Response Options / Coding

	B1
	During the past 4 weeks, have you used any generative artificial intelligence tool for course-related academic learning?
	0 = No; 1 = Yes

	B2
	Which type of generative artificial intelligence tool did you mainly use for academic learning during the past 4 weeks?
	1 = Text-generation or chatbot tool; 2 = Translation or language-support tool; 3 = Image-generation tool; 4 = Code-generation tool; 5 = Multiple tools; 6 = Other

	B3
	How often did you use generative artificial intelligence tools for academic learning during the past 4 weeks?
	1 = Rarely; 2 = Less than once per week; 3 = 1–2 times per week; 4 = 3–5 times per week; 5 = Almost every day

	B4
	What was your main academic use of generative artificial intelligence during the past 4 weeks?
	1 = Information search; 2 = Concept explanation; 3 = Idea generation; 4 = Outline drafting; 5 = Assignment revision; 6 = Translation support; 7 = Code-related assistance; 8 = Other course-related task

	B5
	I used generative artificial intelligence tools mainly for course-related learning rather than entertainment or casual chatting.
	1 = Strongly disagree; 2 = Disagree; 3 = Neutral or uncertain; 4 = Agree; 5 = Strongly agree


Respondents who answer “No” to B1 are excluded from the final analytic dataset.

General response anchors for scale items

Unless otherwise stated, the following response anchors are used:

1 = Strongly disagree
2 = Disagree
3 = Neutral or uncertain
4 = Agree
5 = Strongly agree

Section C. Self-reported higher-order thinking

The following items measure students’ self-reported higher-order thinking in academic learning. Higher scores indicate stronger self-reported higher-order thinking.
	Item code
	Item wording
	Response range

	HOT1
	I try to understand the underlying reasons behind academic problems rather than only memorizing answers.
	1–5

	HOT2
	I compare different explanations before accepting an answer.
	1–5

	HOT3
	I evaluate whether information from learning resources is reliable.
	1–5

	HOT4
	I try to connect new knowledge with what I have learned before.
	1–5

	HOT5
	I use evidence to support my academic judgments.
	1–5

	HOT6
	I can identify the key problem when completing a complex learning task.
	1–5

	HOT7
	I consider more than one possible solution when solving academic problems.
	1–5

	HOT8
	I reflect on whether my learning strategy is effective.
	1–5

	HOT9
	I can revise my ideas after receiving new information.
	1–5

	HOT10
	I can explain why a solution is appropriate for a specific learning task.
	1–5

	HOT11
	I ask questions when I find inconsistency in information.
	1–5

	HOT12
	I can organize information from different sources into a coherent explanation.
	1–5

	HOT13
	I try to create original ideas in academic work.
	1–5

	HOT14
	I can evaluate the strengths and weaknesses of my own learning output.
	1–5

	HOT15
	I can apply learned concepts to new situations.
	1–5

	HOT16
	I discuss academic problems with others to improve my understanding.
	1–5

	HOT17
	I can communicate complex ideas clearly in academic tasks.
	1–5

	HOT18
	I consider alternative viewpoints before making a judgment.
	1–5

	HOT19
	I can integrate information from different courses or topics.
	1–5

	HOT20
	I use reflection to improve later learning tasks.
	1–5

	HOT21
	I can distinguish important information from less relevant information.
	1–5

	HOT22
	I try to improve an initial answer rather than accepting it immediately.
	1–5

	HOT23
	I can use feedback to develop a better solution or explanation.
	1–5


Scoring rule: Calculate the mean of HOT1–HOT23. No reverse-keyed items are retained. Final variable label: self-reported higher-order thinking.

Section D. Generative artificial intelligence anxiety

The following items measure anxiety or concern when using generative artificial intelligence tools for academic learning. Higher scores indicate stronger generative artificial intelligence anxiety.

	Item code
	Item wording
	Response range

	GAA1
	I feel nervous when using generative artificial intelligence tools for academic tasks.
	1–5

	GAA2
	I worry that I may use generative artificial intelligence tools incorrectly.
	1–5

	GAA3
	I feel uncertain about whether generative artificial intelligence output is reliable.
	1–5

	GAA4
	I worry that generative artificial intelligence may lead me to depend too much on external assistance.
	1–5

	GAA5
	I feel pressure when I need to judge the quality of generative artificial intelligence output.
	1–5

	GAA6
	I worry that using generative artificial intelligence may affect the originality of my academic work.
	1–5

	GAA7
	I feel uneasy when generative artificial intelligence gives different answers to similar questions.
	1–5

	GAA8
	I worry that I may not detect errors in generative artificial intelligence output.
	1–5

	GAA9
	I feel anxious about whether my use of generative artificial intelligence is academically appropriate.
	1–5

	GAA10
	I feel uncertain about how much generative artificial intelligence assistance is acceptable in academic work.
	1–5

	GAA11
	I worry that generative artificial intelligence use may reduce my independent thinking.
	1–5


Scoring rule: Calculate the mean of GAA1–GAA11. No reverse-keyed items are retained. Final variable label: generative artificial intelligence anxiety.

Section E. Trust in generative artificial intelligence

The following items measure students’ trust in generative artificial intelligence tools during academic learning. Higher scores indicate stronger trust.

	Item Code
	Item Wording
	Response Range

	TGAI1
	I believe generative artificial intelligence tools can provide useful academic support.
	1–5

	TGAI2
	I believe generative artificial intelligence tools can help me understand difficult concepts.
	1–5

	TGAI3
	I believe generative artificial intelligence tools can provide relevant information for learning tasks.
	1–5

	TGAI4
	I trust generative artificial intelligence tools when they give clear explanations.
	1–5

	TGAI5
	I believe generative artificial intelligence tools can improve my learning efficiency.
	1–5

	TGAI6
	I believe generative artificial intelligence tools can help me revise academic work.
	1–5

	TGAI7
	I trust generative artificial intelligence tools more when I can check their answers.
	1–5

	TGAI8
	I believe generative artificial intelligence tools can support my learning when used carefully.
	1–5

	TGAI9
	I think generative artificial intelligence tools are dependable for routine academic assistance.
	1–5

	TGAI10
	I believe generative artificial intelligence tools can provide helpful examples.
	1–5

	TGAI11
	I feel confident using generative artificial intelligence tools for learning support.
	1–5

	TGAI12
	I believe generative artificial intelligence tools can be useful when combined with my own judgment.
	1–5


Scoring rule: Calculate the mean of TGAI1–TGAI12. No reverse-keyed items are retained. Final variable label: trust in generative artificial intelligence.

Section F. Negative emotions

The following items measure negative-emotion experience in recent academic learning. Higher scores indicate stronger negative-emotion experience. The score is used as a general survey indicator and is not interpreted as a clinical diagnosis.
	Item Code
	Item Wording
	Response Range

	NE1
	I found it difficult to relax during recent academic study.
	1–5

	NE2
	I felt tense when dealing with learning tasks.
	1–5

	NE3
	I felt emotionally drained by academic work.
	1–5

	NE4
	I felt upset when learning tasks became difficult.
	1–5

	NE5
	I found it hard to calm down after academic stress.
	1–5

	NE6
	I felt nervous when facing academic deadlines.
	1–5

	NE7
	I felt worried about my academic performance.
	1–5

	NE8
	I felt easily frustrated during study.
	1–5

	NE9
	I felt that academic tasks were overwhelming.
	1–5

	NE10
	I found myself reacting strongly to learning difficulties.
	1–5

	NE11
	I felt low in motivation because of academic pressure.
	1–5

	NE12
	I felt that study-related problems were hard to handle.
	1–5

	NE13
	I felt restless during recent learning tasks.
	1–5

	NE14
	I had difficulty maintaining emotional stability during study.
	1–5

	NE15
	I felt discouraged when I could not complete learning tasks smoothly.
	1–5

	NE16
	I felt anxious about academic requirements.
	1–5

	NE17
	I felt mentally overloaded during learning.
	1–5

	NE18
	I felt irritated when academic work was interrupted.
	1–5

	NE19
	I felt that learning demands exceeded my available energy.
	1–5

	NE20
	I felt pressure when managing several academic tasks at the same time.
	1–5

	NE21
	I felt emotionally uncomfortable during recent study.
	1–5


Scoring rule: Calculate the mean of NE1–NE21. No reverse-keyed items are retained. Final variable label: negative emotions.

Section G. Attitudes toward generative artificial intelligence

The following items measure general attitudes toward generative artificial intelligence in academic learning. Higher scores indicate more positive attitudes.

	Item Code
	Item Wording
	Response Range

	AGAI1
	I think generative artificial intelligence can be useful for academic learning.
	1–5

	AGAI2
	I am willing to learn how to use generative artificial intelligence responsibly.
	1–5

	AGAI3
	I think generative artificial intelligence can support independent learning when used properly.
	1–5

	AGAI4
	I think generative artificial intelligence can help students explore new ideas.
	1–5

	AGAI5
	I believe generative artificial intelligence can improve access to learning resources.
	1–5

	AGAI6
	I think generative artificial intelligence should be used with critical judgment.
	1–5

	AGAI7
	I am interested in using generative artificial intelligence for learning support.
	1–5

	AGAI8
	I think generative artificial intelligence can help students revise and improve academic work.
	1–5

	AGAI9
	I believe students should understand the limitations of generative artificial intelligence.
	1–5

	AGAI10
	I think generative artificial intelligence can support problem solving in academic tasks.
	1–5

	AGAI11
	I believe responsible generative artificial intelligence use can be part of modern learning.
	1–5

	AGAI12
	I think generative artificial intelligence can help students compare different explanations.
	1–5

	AGAI13
	I am open to using generative artificial intelligence in course-related learning.
	1–5

	AGAI14
	I think generative artificial intelligence can be useful when students verify its output.
	1–5

	AGAI15
	I believe generative artificial intelligence can help students organize learning materials.
	1–5

	AGAI16
	I think generative artificial intelligence can support academic communication and writing revision.
	1–5

	AGAI17
	I think generative artificial intelligence use should be guided by academic integrity.
	1–5

	AGAI18
	Overall, I have a positive attitude toward using generative artificial intelligence for academic learning.
	1–5


Scoring rule: Calculate the mean of AGAI1–AGAI18. No reverse-keyed items are retained. Final variable label: attitudes toward generative artificial intelligence.

Section H. Problematic smartphone use

The following items measure problematic smartphone use in the student learning context. Higher scores indicate stronger problematic smartphone use.
	Item Code
	Item Wording
	Response Range

	PSU1
	I spend more time on my smartphone than I originally intended.
	1–5

	PSU2
	I find it difficult to reduce smartphone use during study.
	1–5

	PSU3
	Smartphone use distracts me from academic tasks.
	1–5

	PSU4
	I check my smartphone repeatedly while studying.
	1–5

	PSU5
	I feel uncomfortable when I cannot access my smartphone.
	1–5

	PSU6
	Smartphone use interferes with my concentration.
	1–5

	PSU7
	I continue using my smartphone even when I know it affects my study.
	1–5

	PSU8
	I lose track of time when using my smartphone.
	1–5

	PSU9
	Smartphone notifications interrupt my learning.
	1–5

	PSU10
	I find it difficult to complete study tasks because of smartphone use.
	1–5


Scoring rule: Calculate the mean of PSU1–PSU10. No reverse-keyed items are retained. Final variable label: problematic smartphone use.

Section I. Academic procrastination

The following items measure academic procrastination. Higher scores indicate stronger academic procrastination.
	Item code
	Item wording
	Response range

	AP1
	I delay starting academic tasks even when I know they are important.
	1–5

	AP2
	I postpone assignments until close to the deadline.
	1–5

	AP3
	I often wait too long before beginning course-related work.
	1–5

	AP4
	I delay reviewing learning materials.
	1–5

	AP5
	I spend time on other activities before doing academic tasks.
	1–5

	AP6
	I find it hard to begin difficult assignments.
	1–5

	AP7
	I often underestimate the time needed for academic work.
	1–5

	AP8
	I delay tasks even when I plan to complete them earlier.
	1–5

	AP9
	I put off academic work when it feels challenging.
	1–5

	AP10
	I often complete academic tasks later than planned.
	1–5

	AP11
	I avoid starting tasks that require deep thinking.
	1–5

	AP12
	I delay preparing for assessments or presentations.
	1–5

	AP13
	I leave important academic tasks unfinished for too long.
	1–5

	AP14
	I postpone work until pressure becomes high.
	1–5

	AP15
	I find it difficult to follow my study plan on time.
	1–5

	AP16
	I often regret delaying academic work.
	1–5




Scoring rule: Calculate the mean of AP1–AP16. No reverse-keyed items are retained. Final variable label: academic procrastination.

Section J. Parental upbringing

Item code	Item content	Response options
PU1	Overall, how would you describe the family upbringing climate you experienced while growing up?	1 = Very unsupportive; 2 = Unsupportive; 3 = Neutral or mixed; 4 = Supportive; 5 = Highly supportive

Scoring rule: Use the single-item score. Final variable label: parental upbringing.


