Supplementary information
Supplementary Table S1. Longitudinal measurement invariance in repeat visitors (N = 452)
	Construct
	Model
	χ²
	df
	CFI
	RMSEA
	ΔCFI
	ΔRMSEA
	Nested p

	CI
	Configural
	17.763
	15
	0.999
	0.02
	—
	—
	—

	CI
	Metric
	21.301
	18
	0.998
	0.02
	−0.000
	−0.000
	0.316

	CI
	Scalar
	22.34
	21
	0.999
	0.012
	+0.001
	−0.008
	0.792

	CAR
	Configural
	20.206
	15
	0.997
	0.028
	—
	—
	—

	CAR
	Metric
	22.192
	18
	0.998
	0.023
	+0.001
	−0.005
	0.576

	CAR
	Scalar
	28.188
	21
	0.996
	0.028
	−0.002
	+0.005
	0.112

	SAT
	Configural
	3.916
	5
	1.0
	0.0
	—
	—
	—

	SAT
	Metric
	9.218
	7
	0.998
	0.027
	−0.002
	+0.027
	0.071

	SAT
	Scalar
	10.172
	9
	0.999
	0.017
	+0.001
	−0.010
	0.621

	SEI
	Configural
	24.959
	15
	0.995
	0.038
	—
	—
	—

	SEI
	Metric
	29.004
	18
	0.994
	0.037
	−0.001
	−0.002
	0.257

	SEI
	Scalar
	29.443
	21
	0.996
	0.03
	+0.001
	−0.007
	0.932

	CDI
	Configural
	11.925
	15
	1.0
	0.0
	—
	—
	—

	CDI
	Metric
	12.538
	18
	1.0
	0.0
	0.000
	0.000
	0.893

	CDI
	Scalar
	14.443
	21
	1.0
	0.0
	0.000
	0.000
	0.592


Note. Residuals of identically worded items were correlated across waves. Metric models constrained corresponding loadings; scalar models also constrained item intercepts. Invariance was evaluated primarily from ΔCFI together with absolute fit and nested-model diagnostics. For SAT, the configural model had RMSEA = 0; the metric model still fitted well (RMSEA = 0.027), with ΔCFI = -0.002 and a nonsignificant nested test.
Supplementary Table S2. Post-upgrade characteristics of follow-up respondents and nonrespondents
	Variable
	Follow-up n=684 M
	SD
	Nonresponse n=372 M
	SD
	Standardised difference d

	Prior Nüshu knowledge
	4.167
	1.365
	3.669
	1.238
	0.376

	Digital-exhibition familiarity
	3.554
	1.347
	3.476
	1.310
	0.059

	Nüshu-oriented heritage orientation (CI)
	4.300
	0.955
	4.108
	1.019
	0.197

	Cultural-affective response (CAR)
	4.603
	0.875
	4.452
	0.938
	0.168

	Satisfaction (SAT)
	4.600
	0.956
	4.406
	0.920
	0.206

	Sustained engagement intention (SEI)
	4.664
	0.936
	4.441
	0.848
	0.246

	Dissemination intention (CDI)
	4.550
	0.932
	4.382
	0.860
	0.185


Note. Positive standardised differences indicate higher values among follow-up respondents. The largest difference was in prior Nüshu knowledge (d = 0.376); differences in the focal post-upgrade constructs ranged from d = 0.168 to 0.246.
Supplementary Table S3. Follow-up selection and timing sensitivity
	Outcome
	Focal predictor
	Adjusted OR (95% CI)
	IPW adjusted OR (95% CI)
	Interpretation

	Any engagement behaviour
	Immediate SEI
	1.91 [1.46, 2.50]
	2.21 [1.68, 2.92]
	In-window association retained after weighting

	Any dissemination behaviour
	Immediate CDI
	1.96 [1.51, 2.56]
	2.01 [1.54, 2.62]
	In-window association retained after weighting

	Any engagement behaviour — all follow-ups (n = 684)
	Immediate SEI
	2.16 [1.69, 2.76]
	—
	Association retained after follow-up-interval adjustment

	Any dissemination behaviour — all follow-ups (n = 684)
	Immediate CDI
	2.07 [1.64, 2.61]
	—
	Association retained after follow-up-interval adjustment


Note. The observation-propensity model was estimated in all 1,056 post-upgrade respondents and predicted inclusion in the prespecified 2–4-week follow-up cohort using prior Nüshu knowledge, digital-exhibition familiarity, CI, CAR, SAT, SEI, CDI and repeat-visitor status. Stabilised inverse-probability-of-observation weights among the 528 in-window respondents were truncated at the 1st and 99th percentiles. Weighted outcome models used the same covariates as the primary prospective analyses and robust sandwich standard errors. The all-follow-up timing sensitivity used all 684 respondents, included reported follow-up interval indicators in addition to the primary covariates, and used heteroskedasticity-robust standard errors. The weighting analysis addresses selection on measured characteristics; the all-follow-up analysis addresses sensitivity to response timing.
Supplementary Table S4. Structural-model sensitivity across exposure definitions
	Sample
	N
	CFI
	TLI
	RMSEA
	SRMR

	Complete-mechanism
	375
	0.984
	0.983
	0.021
	0.049

	Core-route
	978
	0.994
	0.993
	0.013
	0.036

	All post-upgrade
	1056
	0.994
	0.994
	0.013
	0.035


Note. The complete-mechanism sample (n = 375) is the primary structural sample. The n = 978 and n = 1,056 models test broader exposure definitions.
Supplementary Table S5. Measurement-item wording (English translation) and administration timing
Note. The English translations preserve the meaning of the Chinese survey items administered in the study. All psychological items used a seven-point scale from 1 = strongly disagree to 7 = strongly agree; no items were reverse scored. CI was measured before the route. Post-upgrade mechanism constructs and shared outcomes were measured immediately after the route. CAR, SAT, SEI and CDI used identical wording in the pre- and post-upgrade instruments. CI is labelled Nüshu-oriented heritage orientation in the manuscript while retaining the original survey code.
	Item
	Timing
	English item wording

	CI1
	Pre-route
	I am willing to actively learn about the history and life stories behind niche forms of women’s intangible cultural heritage such as Nüshu.

	CI2
	Pre-route
	I identify with the emotions and values of women’s lives embodied in Nüshu.

	CI3
	Pre-route
	Compared with widely known mainstream traditional culture, I am more willing to pay attention to marginal cultural heritage such as Nüshu.

	CI4
	Pre-route
	I feel cultural pride when I see Nüshu culture becoming more widely known and protected.

	FPQ1
	Post-route
	The Nüshu Museum’s digital exhibits operated stably and the interaction process could be completed smoothly.

	FPQ2
	Post-route
	The information structure of the digital exhibits was clear, the categories were well organised, and it was easy to find the relevant content.

	FPQ3
	Post-route
	The functions of the digital exhibits effectively supported my searching for and exploring Nüshu content.

	FPQ4
	Post-route
	The functional design of the digital exhibits matched the tasks of visiting and cultural learning well.

	PEU1
	Post-route
	Learning to use these digital exhibits was easy for me.

	PEU2
	Post-route
	It was easy for me to complete relevant operations using these digital exhibits.

	PEU3
	Post-route
	I did not need to expend much extra effort to use these digital exhibits.

	PU1
	Post-route
	These digital experiences helped me better understand the origins and development of Nüshu.

	PU2
	Post-route
	These digital experiences helped me better understand the cultural meaning and social significance of Nüshu.

	PU3
	Post-route
	These digital experiences improved the efficiency with which I could understand and learn about Nüshu culture.

	VAE1
	Post-route
	The Nüshu digital exhibits had clear and vivid visual presentation.

	VAE2
	Post-route
	The visual presentation of colours, graphics, text, images/video and space was coherent overall.

	VAE3
	Post-route
	The digital displays had strong visual appeal.

	VAE4
	Post-route
	The digital visual design expressed clear and distinctive visual features of Nüshu culture.

	ANE1
	Post-route
	Nüshu singing, spoken narration and sound content clearly conveyed relevant cultural information.

	ANE2
	Post-route
	The sound content enabled me to experience more concretely the lives and cultural settings of Nüshu women.

	ANE3
	Post-route
	Nüshu singing and storytelling were emotionally engaging and conveyed emotions beyond the written words.

	ANE4
	Post-route
	Sound and storytelling made the expression of Nüshu culture more complete and coherent.

	HIE1
	Post-route
	Participating in these digital experiences was enjoyable and attractive to me.

	HIE2
	Post-route
	During the experience, my attention remained focused on the exhibit content.

	HIE3
	Post-route
	I became immersed in the process of exploration and hardly noticed my surroundings.

	HIE4
	Post-route
	I was willing to spend more time continuing to explore these digital exhibits.

	CAR1
	Post-route; identical pre/post
	This visit experience made me feel emotionally moved by Nüshu culture.

	CAR2
	Post-route; identical pre/post
	I felt emotional resonance with the life experiences and cultural stories of Nüshu women.

	CAR3
	Post-route; identical pre/post
	This visit experience made me feel emotionally closer to Nüshu culture.

	CAR4
	Post-route; identical pre/post
	This visit experience made me more concerned about the future safeguarding and transmission of Nüshu culture.

	SAT1
	Post-route; identical pre/post
	Overall, I was satisfied with this Nüshu Museum visit experience.

	SAT2
	Post-route; identical pre/post
	This visit experience met my overall expectations.

	SAT3
	Post-route; identical pre/post
	I consider this visit experience worthwhile.

	SEI1
	Post-route; identical pre/post
	In the future, I am willing to continue understanding and learning about Nüshu culture.

	SEI2
	Post-route; identical pre/post
	In the future, I am willing to continue following information about Nüshu safeguarding and transmission.

	SEI3
	Post-route; identical pre/post
	In the future, I am willing to revisit the Nüshu Museum or participate in Nüshu-related experiences.

	SEI4
	Post-route; identical pre/post
	In the future, I am willing to participate in Nüshu-related educational, cultural, or safeguarding and transmission activities.

	CDI1
	Post-route; identical pre/post
	I am willing to introduce Nüshu culture to family members or friends.

	CDI2
	Post-route; identical pre/post
	I am willing to share Nüshu-related knowledge or experiences on online platforms.

	CDI3
	Post-route; identical pre/post
	I am willing to recommend that others learn about Nüshu culture or visit the Nüshu Museum.

	CDI4
	Post-route; identical pre/post
	I am willing to actively discuss Nüshu culture and its safeguarding and transmission with others.


Supplementary Table S6. Follow-up behavioural domains
Note. Behaviour indicators were analysed as observed domains and counts, not as reflective latent scales. The primary prospective window was two to four weeks after the post-upgrade visit.
	Item
	Domain
	Observed behaviour

	B1
	Engagement
	Searched, read or watched new Nüshu-related material

	B2
	Engagement
	Followed/subscribed to relevant museum, safeguarding or cultural accounts, or saved related content

	B3
	Engagement
	Repeated an online Nüshu digital experience and/or revisited the physical museum/park

	B4
	Engagement
	Participated in a Nüshu-related educational, cultural, experiential or safeguarding activity

	C1
	Dissemination
	Introduced Nüshu culture to family, friends or colleagues

	C2
	Dissemination
	Shared, reposted, commented on or posted Nüshu-related content online

	C3
	Dissemination
	Recommended the Nüshu Museum/park or a related Nüshu cultural experience to others

	C4
	Dissemination
	Discussed Nüshu safeguarding, transmission or digital display with others


Supplementary methods note. The baseline (n = 763), post-upgrade (n = 1,056) and follow-up (n = 684) analysis files contained no missing values or duplicate anonymous codes. In the complete-mechanism SEM sample, item skewness ranged from -0.366 to 0.184 and excess kurtosis from -0.079 to 1.246.
Supplementary Table S7. Single-item covariates, exposure checks and cohort indicators
	Variable
	Timing
	Question/definition
	Response coding
	Analytical role

	Prior museum attendance (pre-route B1)
	Pre-route
	Before this visit, had you previously visited the Nüshu Museum/Nüshu Garden?
	Never; once; twice or more
	Descriptive/contextual; repeat status for longitudinal analyses was established by anonymous-code overlap. All 604 post-upgrade-only respondents selected 'Never', supporting their description as first-time post-upgrade visitors in the main text.

	Prior Nüshu knowledge (pre-route B2)
	Pre-route
	Before the visit, how much did you know about Nüshu culture?
	1 = no knowledge at all to 7 = very knowledgeable
	Covariate in adjusted museum-period and prospective models.

	Digital-exhibition familiarity (pre-route B3)
	Pre-route
	How familiar are you generally with museum digital displays, AR/VR or interactive installations?
	1 = not at all familiar to 7 = very familiar
	Covariate in adjusted museum-period and prospective models.

	Route completion (visit C1)
	During visit
	Did you complete the research-designated main/core museum route?
	Yes / No
	Used to define route-completion sensitivity samples.

	Digital-content exposure (post C2)
	Post-upgrade route
	Which content did you actually experience?
	Digital visual/animation/information visualisation; Nüshu singing/voice/story narration; interactive writing/seals/riddles or games; immersive projection/drama/contextual experience; digital literature/transmitter/safeguarding-information platform
	Auditory-narrative and immersive exposure, together with core-route completion, defined the complete-mechanism sample.

	Core-area dwell time (post C3)
	Post-upgrade route
	Approximately how long did you spend in the core digital-experience area?
	10 min or less; 10–15; 16–30; 31–45; 46 min or more
	Exposure description.

	Follow-up interval (follow-up A2)
	Follow-up
	Approximately how long has it been since your visit to the Nüshu Museum?
	<2 weeks; 2–3 weeks; 3–4 weeks; >4 weeks
	Defined the prespecified 2–4-week primary prospective window.

	Repeat-visitor status
	Derived
	Anonymous code present in both the baseline and post-upgrade analysis files.
	Matched / not matched
	Defines the 452-person matched cohort; mutually exclusive baseline-only and post-upgrade-only cohorts were obtained after removing the overlap.


Note. The English wording is a faithful translation of the questionnaires administered in the study. Repeat status was determined by exact anonymous-code matching across waves rather than retrospective self-classification. All 604 post-upgrade-only respondents reported no previous attendance at the Nüshu Museum/Nüshu Garden and are therefore described as first-time post-upgrade visitors in the main text.
Supplementary Table S8. Follow-up intention-persistence items
	Item
	Timing
	English item wording

	P1
	2–4-week follow-up
	Compared with immediately after the visit, I am still willing to continue learning about Nüshu culture.

	P2
	2–4-week follow-up
	I am still willing to continue following information about the safeguarding and transmission of Nüshu.

	P3
	2–4-week follow-up
	I am still willing to introduce or recommend Nüshu culture to others.

	P4
	2–4-week follow-up
	If a suitable opportunity arises, I am still willing to participate in Nüshu-related activities or have another Nüshu experience.


Note. P1-P4 used the same seven-point agreement scale as the main psychometric items and were averaged to form a brief persistence score. They did not replace the domain-specific SEI and CDI measures collected immediately after the museum visit.
Supplementary Table S9. Museum-period sensitivity analyses
	Sensitivity test
	Outcome
	Estimate
	95% CI / dz
	p

	Matched route completers (n = 390)
	CAR
	Δ = 0.752
	95% CI [0.652, 0.852]; dz = 0.750
	<0.001

	Matched route completers (n = 390)
	SAT
	Δ = 0.750
	95% CI [0.650, 0.850]; dz = 0.747
	<0.001

	Matched route completers (n = 390)
	SEI
	Δ = 0.754
	95% CI [0.656, 0.851]; dz = 0.770
	<0.001

	Matched route completers (n = 390)
	CDI
	Δ = 0.588
	95% CI [0.489, 0.688]; dz = 0.591
	<0.001

	Matched route completers (n = 390)
	CI
	Δ = 0.094
	95% CI [0.010, 0.179]; dz = 0.111
	0.029

	Partially overlapping regression (1,819 observations)
	CAR
	B = 0.666
	95% CI [0.588, 0.745]
	<0.001

	Partially overlapping regression (1,819 observations)
	SAT
	B = 0.690
	95% CI [0.612, 0.769]
	<0.001

	Partially overlapping regression (1,819 observations)
	SEI
	B = 0.722
	95% CI [0.648, 0.796]
	<0.001

	Partially overlapping regression (1,819 observations)
	CDI
	B = 0.625
	95% CI [0.550, 0.699]
	<0.001


Note. The route-completion analysis includes matched visitors who completed the designated route in both periods. The partially overlapping regressions use cluster-robust standard errors by anonymous code and adjust for prior Nüshu knowledge, digital-exhibition familiarity and CI.
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Supplementary Figure S1. Mean pre- and post-upgrade scores among repeat visitors.
Note. CAR, SAT, SEI and CDI are shown on seven-point scales for the 452 matched repeat visitors. The main text reports paired effect sizes and confidence intervals.
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