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Supplementary Note 1. LLM Agent Materials
Model and deployment. Both conditions used a custom GPT built on OpenAI’s GPT-5.2 Thinking model and run on the ChatGPT platform, configured separately for each condition with the instruction set reproduced below. The agent was in use from February 12, 2026 to August 17, 2026.
Route from participant to LLM-agent. Session 1 was administered in Qualtrics. For each selected memory, participants opened the custom GPT for their condition and entered their written responses describing why the uncertainty felt intense and what felt at stake into its chat box. The agent returned three numbered reframes in the same chat window. Participants then returned to Qualtrics and retyped the response or responses that most resonated with them, with the option to combine responses or use their own words.
Agent instructions, Self-Authorship condition. The following text was entered verbatim as the custom GPT’s instructions.
You reframe user's stuck and uncertain perspective to an agentic reframe (without mentioning it, you are nudging user from Robert Kegan's socialized mind to self-authoring mind). The reframe is a brief re-written agentic version of the original input that puts them in control to make next steps. You output three reframes and number them:

1. [reframe]
2. [reframe]
3. [reframe]

Do not give any introduction sentence or concluding sentence. ONLY OUTPUT THE THREE REFRAMES. THAT'S IT.

Agent instructions, Control condition. The following text was entered verbatim as the custom GPT’s instructions.
You reframe user's stuck and uncertain perspective to an elaborated uncertain reframe (without mentioning it, you are restating their uncertainty). The reframe is a brief re-written uncertain version of the original input that emphasizes the uncertainty they are currently feeling. You output three reframes and number them:

1. [reframe]
2. [reframe]
3. [reframe]

Do not add or intimate therapeutic solutions. Just restate the uncertainty from other angles and elaborated.

ALWAYS make the restatements "I" sentences where the subject of the sentence is always I.

Do not give any introduction sentence or concluding sentence. ONLY OUTPUT THE THREE REFRAMES. THAT'S IT.






Supplementary Note 2. Autobiographical Memory Cues
The 30 event cues below were presented to all participants in the fixed order shown. Participants selected the five cues that evoked their most intense and vivid memories of uncertainty in STEM coursework and then completed the memory description, ratings, and examination questions for each selected cue in selection order (see Memory Cueing and Elaboration).
1. Not Feeling “STEM Enough”
2. Unexpected Low Grade
3. Unsure How to Talk to Professionals
4. Unfamiliar Method in Class
5. Feeling Behind in Career Prep
6. Conflicting or Contradictory Explanations
7. Wondering If I Belong in This Field
8. Peers Understanding Faster Than I Do
9. Not Knowing How to Start Research
10. Practice Exam Doesn’t Match Lecture
11. Unsure Which Opportunities to Pursue
12. Major Topic in Lecture Feels Over My Head
13. Seeing Others Get Internships I Didn’t
14. Unclear Instructions for a Project
15. Comparing Myself to Higher-Achieving Peers
16. Code or Calculations Suddenly Not Working
17. Worried My Background Isn’t Competitive
18. Problem Requires a Concept I’m Unsure About
19. Confused About What STEM Careers Actually Involve
20. Called On to Explain My Reasoning
21. Not Knowing How to Build a STEM Resume
22. Missing a Core Concept
23. Imposter Feelings Around Mentors
24. Not Knowing How to Ask for Help
25. Unsure Which STEM Path Fits Me
26. Not Knowing How to Start an Assignment
27. Doubting I Have the Skills for STEM Jobs
28. Inconsistent Lab or Experiment Results
29. Uncertain If Grad School Is Right for Me
30. Conflicted by Different Answer Sources





Supplementary Note 3. Elaboration Prompts
After retyping their selected reframe, participants completed four elaboration prompts for each memory. Prompts were presented one at a time in the order shown, with the participant’s retyped reframe displayed above the response field. The wording below is verbatim; the two conditions differed only in the content of the prompts.
Self-Authorship condition
1. “Now after the last sentence in the text below, please describe how this reframe makes you feel more self-motivated. Note: You will notice that the reframe you previously selected is shown below. It is pasted here to help you answer the question.”
2. “After the sentence you just wrote, please describe how this reframe encourages you emotionally.”
3. “In the following sentence you just wrote, please describe one way you can take action this week to implement this reframe in your life. It can be a very small step.”
4. “Please write a short phrase or word of encouragement you can use to remind yourself of your new reframe (shown above) throughout the week when you face this uncertainty.”
Control condition
1. “Now after the last sentence in the text below, please describe how this reframe makes you feel stuck or unable to move forward. Note: You will notice that the reframe you previously selected is shown below. It is pasted here to help you answer the question.”
2. “After the sentence you just wrote, please describe how this reframe makes you feel emotionally.”
3. “In the following sentence you just wrote, please describe one way you think this uncertainty will affect you this week.”
4. “Please write a short phrase or word you can use to remind yourself of the key unknowns you observe in this situation.”






Supplementary Table 1. Reframe Selection Method by Condition.
	Method
	Self-Authorship n (%)
	Control n (%)
	Difference (pp)

	Typed one reframe word-for-word
	42 (38.2%)
	41 (41.0%)
	−2.8

	Used own words inspired by the reframes
	36 (32.7%)
	22 (22.0%)
	+10.7

	Combined multiple reframes
	25 (22.7%)
	32 (32.0%)
	−9.3

	Copy-pasted a reframe
	3 (2.7%)
	1 (1.0%)
	+1.7

	Other
	4 (3.6%)
	4 (4.0%)
	−0.4

	Total
	110
	100
	


Note. Participants reported, for each memory, how they produced the response they retyped in Qualtrics. Counts are memories (five per participant; Self-Authorship n = 22 participants, 110 memories; Control n = 20 participants, 100 memories). Percentages are of memories within condition. Difference = Self-Authorship minus Control, in percentage points.














Supplementary Note 4. Sensitivity and Robustness Analyses
Supplementary Tables 2 to 4 report the model output for the three robustness checks described in the Methods: the word-count sensitivity analysis of the tentative language model, the comparison of tentative language in the LLM-generated reframes, and the tentative language model refit after reframe vocabulary was removed from the Session 2 narratives. Supplementary Table 5 reports the models for the secondary language outcomes.
Supplementary Table 2. Word-Count Sensitivity Analysis of the Tentative Language Model.
	Exclusion rule
	Narratives retained
	Participants
	Condition × Session F
	p

	Narratives with fewer than 25 words excluded
	410 of 420
	42
	5.40
	.021


Note. Same model specification as Table 5, refit after removing the 10 narratives (2.4%) containing fewer than 25 words, the threshold applied in the LIWC2015 psychometric analyses (Pennebaker et al., 2015). Full-sample estimate for comparison: F(1, 208) = 5.04, p = .026 (Table 5). Satterthwaite denominator degrees of freedom for the restricted model = 205.6.
Supplementary Table 3. Tentative Language in the LLM-Generated Reframes by Condition.
	Quantity
	Estimate
	SE
	95% CI
	Test
	p

	Condition (Type III test)
	—
	—
	—
	F(1, 40) = 76.04
	< .001

	Control, estimated marginal mean
	5.67
	0.31
	[5.05, 6.30]
	—
	—

	Self-Authorship, estimated marginal mean
	1.95
	0.30
	[1.35, 2.55]
	—
	—

	Control − Self-Authorship
	3.72
	0.43
	—
	t(40) = 8.72
	< .001


Note. LIWC-22 tentative language (percentage of words) in the five reframes each participant selected in Session 1, one per memory, modeled as tentat ~ Condition + (1 | participant) by restricted maximum likelihood (42 participants). The F test uses Satterthwaite degrees of freedom; estimated marginal means, 95% confidence intervals, and the contrast also use Satterthwaite degrees of freedom.


Supplementary Table 4. Tentative Language Model After Removing Reframe Vocabulary From the Session 2 Narratives.
	Effect
	b (SE)
	t (df)
	p
	Type III F (df)
	p

	Intercept
	3.08 (0.30)
	10.15 (77.1)
	< .001
	—
	—

	Condition (Self-Authorship vs. Control)
	0.46 (0.42)
	1.10 (77.1)
	.276
	0.01 (1, 40)
	.915

	Session (Session 2 vs. Session 1)
	0.34 (0.33)
	1.03 (208)
	.306
	0.52 (1, 208)
	.474

	Condition × Session
	−1.00 (0.45)
	−2.20 (208)
	.029
	4.85 (1, 208)
	.029


Note. Same model specification and coding as Table 5, fit to the original Session 1 scores and to Session 2 narratives rescored with LIWC-22 after deletion of the reframe stems identified as lexical intrusions (N = 420 narratives; 210 memories; 42 participants), by restricted maximum likelihood with Satterthwaite degrees of freedom. Random-effect variances (SD): memory within participant 1.52 (1.23); participant 0.46 (0.68); residual 5.35 (2.31); REML criterion 2008.2. Standardized by the model-implied total standard deviation (2.71), the Condition × Session coefficient equals −0.37.
Supplementary Table 5. Linear Mixed-Effects Models of the Secondary Language Outcomes by Condition and Session.
	Outcome
	Condition F(1, 40), p
	Session F(1, 208), p
	Condition × Session F(1, 208), p
	Interaction b (SE)
	Interaction t(208), p

	Analytic
	0.00, .955
	4.11, .044
	3.03, .083
	6.69 (3.84)
	1.74, .083

	Anxiety (emo_anx)
	0.00, .993
	16.37, < .001
	1.97, .162
	−0.24 (0.17)
	−1.40, .162

	Positive emotion (emo_pos)
	1.50, .228
	0.41, .524
	0.31, .577
	−0.09 (0.17)
	−0.56, .577

	Negative emotion (emo_neg)
	0.46, .502
	21.86, < .001
	0.09, .760
	−0.07 (0.23)
	−0.31, .760

	Positive tone (tone_pos)
	1.10, .300
	0.07, .787
	0.02, .894
	−0.04 (0.32)
	−0.13, .894

	Negative tone (tone_neg)
	0.46, .499
	20.34, < .001
	0.53, .468
	0.20 (0.27)
	0.73, .468


Note. Each outcome (LIWC-22 score) was modeled as outcome ~ Condition × Session + (1 | participant) + (1 | participant:memory) by restricted maximum likelihood (N = 420 narratives; 210 memories; 42 participants), with Type III tests and Satterthwaite degrees of freedom; the interaction coefficient uses Control and Session 1 as reference levels. Simple effects of session (Session 2 minus Session 1, Satterthwaite degrees of freedom): Analytic, Control −7.23 (SE = 2.78), t(208) = −2.60, p = .010, Self-Authorship −0.55 (2.65), t(208) = −0.21, p = .837; anxiety, Control 0.46 (0.12), t(208) = 3.76, p < .001, Self-Authorship 0.22 (0.12), t(208) = 1.91, p = .057.


























