Appendix. Robustness and Validity Checks (Detail)
A result like ours can be produced by a real phenomenon or by an accident of how the data were cut. The checks below try to tell those apart: whether high-barrier and low-barrier jobs were already drifting apart beforehand, whether the result appears when we invent a fake cutoff date, whether it depends on which cells we happen to observe, and whether our measure of technological exposure is measuring technology at all. We report all of them, including the one that goes badly.
A note on what these checks validate. Each was estimated in the exposure-moderated form of Section 5.4 — that is, with the AI-exposure interactions included. They therefore bear directly on the specification of Table 2 and on Table 1’s columns 3–4 by extension. A reader who wishes to interrogate the baseline difference-in-differences in isolation is entitled to ask for these checks without the exposure terms, and we regard re-estimating them that way as a necessary step before publication.
A.1 Pre-trends, Model A
The worry this check addresses is simple: if high-barrier jobs were already becoming a worse route upward before 2023, then nothing special happened in 2023 and we are watching an old trend continue. To test it, we replace the single before-and-after split with a separate estimate for each year and look at whether the two groups were drifting apart beforehand (Callaway et al. 2024; Roth 2026).
Restricting to destination years 2011 through 2022 (N = 104,140; seven singletons dropped) with 2022 as the reference, the eleven pre-period coefficients are reported in Table A-1. Ten of the eleven are negative. Nine are statistically indistinguishable from zero. Two are not: 2018 at −0.0612 (SE 0.0295, p = .043) and 2021 at −0.0605 (SE 0.0349, p = .089).
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Figure 8. Model A event study.
Note. Coefficients on HighBarrier × year with 95 percent confidence intervals, 2022 as reference (black square). Red marks the two coefficients significant at ten percent or better.
We report this as a qualified pass rather than a clean one, and the qualification is genuine. Two significant coefficients out of eleven is close to what chance alone delivers at these thresholds, and the sequence shows no monotone drift toward the benchmark — the two significant years are separated by three intervening years that are not, and 2019 and 2020 sit closer to zero than 2018 does. High-barrier and low-barrier cells were not on visibly diverging paths through the pre-period. But a claim that no pre-period coefficient approaches conventional significance is not one this specification supports, and we do not make it.
Note that these coefficients measure the high-barrier gap in each year relative to 2022. They test whether the gap was already drifting, not whether it was positive; the pre-period level is reported in Table 2. The exposure level term in this restricted window is 0.0434 (SE 0.0267, p = .110).
A.2 Pre-trends, Model B
The same exercise for the 2024 grouping, restricted to 2011 through 2024 (N = 117,255; seven singletons dropped) with 2024 as the reference, produces a cleaner result than Model A’s.
None of the thirteen pre-period coefficients approaches significance. The closest is 2021 at −0.0546 (SE 0.0425, p = .204); the furthest is 2022 at −0.0029 (SE 0.0377, p = .939). Ten of the thirteen are negative, three positive, and the sequence wanders around zero without pattern. The exposure level term in this window is 0.0562 (SE 0.0345, p = .109).
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Figure 9. Model B event study.
Note. Coefficients on HighBarrier × year with 95 percent confidence intervals, 2024 as reference (black square). No pre-period coefficient reaches significance.
Model B therefore passes its pre-trend test. This is worth stating clearly because it inverts the relative standing of the two models. On the evidence of this specification, Model B’s identifying assumption is the better supported of the two, and Model B’s post-period barrier effect in Table 2 is also statistically more significant. What remains true, and what continues to warrant caution about Model B, is the thinness of its post-period: a single destination year holding 5.55 percent of the merged file. Statistical significance estimated off one year is statistically significant about that year.
Table A-1. Event-study coefficients on HighBarrier × year
Dependent variable: Δ Job Zone. Standard errors clustered on destination state in parentheses.
	
	(1) Model A grouping
	(2) Model B grouping

	2011
	−0.0308 (0.0297)
	0.0176 (0.0163)

	2012
	0.0074 (0.0134)
	0.0224 (0.0404)

	2013
	−0.0371 (0.0280)
	−0.0131 (0.0412)

	2014
	−0.0189 (0.0304)
	−0.0189 (0.0394)

	2015
	−0.0261 (0.0410)
	0.0064 (0.0445)

	2016
	−0.0411 (0.0289)
	−0.0430 (0.0451)

	2017
	−0.0392 (0.0310)
	−0.0247 (0.0533)

	2018
	−0.0612** (0.0295)
	−0.0404 (0.0471)

	2019
	−0.0160 (0.0378)
	−0.0123 (0.0437)

	2020
	−0.0343 (0.0442)
	−0.0299 (0.0389)

	2021
	−0.0605* (0.0349)
	−0.0546 (0.0425)

	2022
	reference
	−0.0029 (0.0377)

	2023
	—
	−0.0308 (0.0469)

	2024
	—
	reference

	
	
	

	HighBarrier (level)
	0.0434 (0.0267)
	0.0562 (0.0345)

	Observations
	104,140
	117,255

	R²
	0.7288
	0.7293

	Adjusted R²
	0.7275
	0.7282

	Within R²
	0.3022
	0.2982

	Root MSE
	0.3674
	0.3673

	Clusters
	51
	51


Note. Column 1 restricted to destination years 2011–2022 using the 2023 exposure grouping; column 2 to 2011–2024 using the 2024 grouping. Both specifications include the full set of AI-exposure interactions described in Section 4.2, full worker controls, all four destination-side fixed effects, and origin two-digit SOC fixed effects. The estimator does not return an overall F statistic for either column, owing to collinearity among the saturated year-by-exposure interactions. **** p < .001, *** p < .01, ** p < .05, * p < .10.
A.3 Placebo test
Staying inside the pre-benchmark window (2011–2022, N = 104,140; seven singletons dropped) and assigning a false cutoff at 2018, we ask whether the exposure grouping spuriously predicts a change in mobility direction when no real treatment occurred (Roth 2026).
It does not. The falsified interaction under the 2023 grouping is −0.0113 (SE 0.0176, p = .522) small, clearly insignificant, and straddling zero symmetrically. The falsified triple interaction with AI exposure is 0.0006 (SE 0.0308, p = .986), as close to a null as this data will produce. Under the 2024 grouping the falsified interaction is −0.0183 (SE 0.0186, p = .331) and its triple interaction 0.0063 (SE 0.0321, p = .844).
This check has one limitation: the falsified coefficient has the same negative sign as the real post-period estimate, so the test cannot be called sign-reversing. What it establishes is narrower but still useful: the falsified estimates are about half to two-thirds the size of the real ones (−0.0113 vs. −0.0179 under the 2023 grouping; −0.0183 vs. −0.0409 under the 2024 grouping) and far from significant, so cutting the pre-period at an arbitrary year does not manufacture our result.
A.4 Overlap sample
The two models use different index vintages, so differences in which cells each index covers could explain why their estimates differ. Restricting both to destination cells with non-missing exposure in both 2023 and 2024 leaves 123,717 observations in each. Coverage therefore does not separate the two models.
Table A-2 re-estimates each model with one coefficient per barrier-by-period cell, using low-barrier, pre-period as the reference. The high-barrier, post-period cell is absorbed by collinearity, so the difference-in-differences estimate is not reported here. The high-barrier, pre-period coefficients match the level terms in Table 2. Coverage is not driving the difference between them.
Table A-2. Overlap-sample check
	
	Cell (Low-barrier, post)
	Cell (High-barrier, pre)
	Cell (High-barrier, post)
	N

	Model A (2023 index)
	−0.0356 (0.0303)
	0.0149 (0.0201)
	absorbed
	123,717

	Model B (2024 index)
	−0.0485 (0.0339)
	0.0425* (0.0218)
	absorbed
	123,717


Note. Sample restricted to destination cells with non-missing exposure in both index years. Both specifications include AI-exposure interactions, full worker controls, all destination-side fixed effects, and origin two-digit SOC fixed effects. Model A: R² = 0.7298, Root MSE = 0.3667, F(33, 50) = 3,564.99. Model B: R² = 0.7298, Root MSE = 0.3667, F(33, 50) = 2,935.89. Eight singletons dropped in each. **** p < .001, *** p < .01, ** p < .05, * p < .10.
Neither model’s cell structure shows the exposed-post cell behaving differently from what Table 2 implies, and the two vintages observe the same cells. Coverage is not driving the difference between them.
A.5 Is the exposure measure measuring technology?
The heterogeneity result in Section 5.4 rests on a measure of occupational exposure to generative AI. Before that result can bear weight, we have to ask whether the measure is capturing technology or something that merely travels with it. The something in question is headroom. Occupations that are cognitively demanding tend both to be more exposed to language models and to sit higher on the Job Zone scale. Because our outcome is a difference in Job Zone, starting position mechanically governs how far a worker can move: those starting high have little room above them and a long way below. If exposure is largely a proxy for starting high, then a negative interaction between exposure and anything at all is partly arithmetic.
The concern is not hypothetical. In our data, origin AI exposure and origin Job Zone correlate at 0.6068 (N = 174,937). Regressing origin Job Zone on origin AI exposure with the full destination-side fixed-effect structure gives a coefficient of 2.2318 (SE 0.0224, t = 99.76, N = 131,172), and within the analytic sample 2.2229 (SE 0.0253, t = 87.95, N = 118,325). A one-unit move across the normalized exposure range corresponds to more than two full Job Zones of starting position. The large negative main effect of exposure in Table 2 — −2.6882 in Model A and −2.6723 in Model B — is largely this arithmetic rather than an economic finding.
Two considerations partially mitigate the concern. First, the origin two-digit SOC fixed effects absorb a substantial share of starting position, and the triple interaction survives their inclusion. Indeed, it is only in specifications that include them that the interaction is estimable at conventional significance: without origin occupation absorbed, the same triple interaction is −0.0235 (SE 0.0481, p = .627). The result depends on absorbing headroom, which is the opposite of what one would expect if headroom were generating it. Second, the placebo test in Section A.3 falsifies the triple interaction as well as the double, returning 0.0006 (p = .986). Whatever the exposure measure is capturing, it does not spuriously interact with an arbitrary date.
One consideration does not. We ran both measures against each other — origin exposure and destination exposure entered simultaneously — on the 115,138 observations where both are available. Neither triple interaction survives: −0.1308 (SE 0.1058, p = .222) for origin exposure and 0.0949 (SE 0.1038, p = .365) for destination exposure. More awkwardly, their lower-order interactions with the post-period take opposite signs, +0.0824 (SE 0.0336, p = .018) and −0.0656 (SE 0.0283, p = .024). Two measures of the same underlying construct should not do that. Either they are measuring different things, or the joint specification is underpowered because of collinearity between them, or both. We cannot distinguish these possibilities with the data in hand.
Our conclusion is that Section 5.4’s result is worth reporting and not worth over-reading. The exposure gradient is in the predicted direction, it survives absorption of the confound most likely to generate it spuriously, and it passes a placebo. It does not survive when origin and destination exposure are entered in the same regression: neither measure is significant on its own. We therefore read the exposure gradient as suggestive. It is consistent with the political-toll account, but it does not establish AI as the cause
A.6 What the checks do and do not settle
Together: Model A passes a nine-of-eleven pre-trend test with two coefficients we cannot explain away, an insignificant placebo, and an invariant overlap sample. Model B passes a clean thirteen-coefficient pre-trend test and the same placebo and overlap checks, and rests on a single post-year holding 5.55 percent of the merged file. The exposure-heterogeneity result holds after absorbing headroom (a worker's starting position on the ladder), the confound most likely to produce it spuriously. It does not hold when origin and destination exposure are entered together.
A.7 Descriptive statistics
Three features deserve comment, shown in Table A-3. Firstly, the sample’s worker age profile is older than one might expect for job changers — mean age forty-five — because the linkage requirement and the employed-to-employed restriction both select toward attached workers. Secondly, the outcome is tightly bunched. With a standard deviation of 0.6962 on a scale running from −4 to +4, almost every occupational move spans at most one Job Zone. Any institutional effect on this outcome will be small in absolute terms, and magnitudes should be judged against that dispersion rather than against the nominal scale. Lastly, roughly one move in five lands in a high-barrier destination cell, which is the margin the whole design turns on.
Table A-3. Descriptive statistics, analytic sample (N = 123,717)
	Variable
	Mean
	SD
	Min
	Max

	Outcome
	
	
	
	

	Δ Job Zone
	0.0081
	0.6962
	−4
	4

	Treatment and period
	
	
	
	

	High barrier (2023 index)
	0.2045
	0.4033
	0
	1

	Post-2023 indicator
	0.1582
	0.3650
	0
	1

	Technology
	
	
	
	

	AI exposure, origin occupation (normalized)
	0.5472
	0.2477
	0
	1

	Worker characteristics (origin)
	
	
	
	

	Age (years)
	44.918
	13.613
	15
	85

	Age squared
	2,202.93
	1,247.38
	225
	7,225

	Years since immigration
	2.936
	8.886
	0
	60

	Hispanic
	0.1227
	0.3280
	0
	1

	Has difficulty (disability)
	0.0439
	0.2048
	0
	1

	Full-time
	0.8432
	0.3636
	0
	1

	Panel structure
	
	
	
	

	Destination year
	2017.278
	4.310
	2011
	2025


Note. Statistics computed on the estimation sample of the exposure-moderated specification. Categorical controls (sex, race, education, marital status, class of worker, firm size) enter the models as factor variables and are summarized in the estimation output as category codes rather than shares.
A.8 Covariate estimates, with and without origin occupation absorbed
The covariate comparison in Table A-4 directly tests the headroom account, and it passes. Holding a bachelor's degree is associated with 0.3204 fewer Job Zone steps when only the destination is absorbed — naively, education looks like it impedes advancement. Once the occupation (SOC) a worker left is absorbed at the two-digit level, the coefficient falls to 0.0952, a seventy percent reduction: most of the apparent penalty was about where educated workers start, not education itself.
The same pattern runs throughout. Positive coefficients on female, Black, and Hispanic workers — which would otherwise imply an advantage in climbing that no one believes — shrink by a third to two-thirds. Two coefficients lose significance entirely, and one implausible result (an apparent +0.2303 mobility premium for unpaid family workers) reverses sign and becomes indistinguishable from zero once origin composition is absorbed.
Two conclusions follow. Substantively, the headroom interpretation is confirmed rather than merely asserted: these covariates mostly measure the distance between where a worker began and the ends of a bounded scale. Methodologically, this is why the preferred specification is preferred — a model that produces an implausible mobility premium for unpaid family workers is omitting something, here the worker's starting position.
Some caution remains: two-digit grouping absorbs the bulk of origin composition but not all of it, so the covariates should still be read as descriptive rather than causal. The age profile, for instance, stays convex (minimum around age 59), which selective attrition among older switchers explains more plausibly than any late-career resurgence.
The design identifies a change in association at a period boundary. Section 5.4 narrows the candidates considerably by showing the change sorts on occupational exposure to AI — which post-pandemic normalization and monetary tightening give us no reason to expect. But Appendix A.5 explains why that narrowing is not conclusive. Section 7 addresses this directly.
Table A-4. Covariate estimates, with and without origin occupation absorbed
Dependent variable: Δ Job Zone. Model A specification.
	
	(1) Destination FE only
	(2) + Origin SOC2 FE
	Change

	Bachelor’s degree or above
	−0.3204**** (0.0082)
	−0.0952**** (0.0046)
	−70%

	Some college
	−0.0831**** (0.0067)
	−0.0221**** (0.0036)
	−73%

	Full-time
	−0.1271**** (0.0066)
	−0.0562**** (0.0055)
	−56%

	Age
	−0.0105**** (0.0014)
	−0.0045**** (0.0009)
	−57%

	Age squared
	0.0000913****
	0.0000385****
	−58%

	Female
	0.0442**** (0.0070)
	0.0295**** (0.0059)
	−33%

	Black
	0.0559**** (0.0100)
	0.0218**** (0.0051)
	−61%

	Asian / Pacific Islander
	0.0251*** (0.0084)
	0.0057 (0.0065)
	n.s.

	Other race
	0.0219* (0.0126)
	−0.0033 (0.0099)
	sign flip, n.s.

	Hispanic
	0.0733**** (0.0118)
	0.0241*** (0.0072)
	−67%

	Years since immigration
	0.0024**** (0.0003)
	0.0013**** (0.0001)
	−47%

	Separated, divorced, widowed
	0.0339**** (0.0063)
	0.0151*** (0.0051)
	−55%

	Never married
	0.0689**** (0.0059)
	0.0304**** (0.0035)
	−56%

	Has difficulty (disability)
	0.0162* (0.0094)
	0.0119* (0.0066)
	stable

	Self-employed, incorporated
	−0.1217**** (0.0166)
	−0.0620**** (0.0103)
	−49%

	Wage and salary, private
	0.0651**** (0.0102)
	0.0039 (0.0070)
	n.s.

	Government, federal
	−0.0037 (0.0265)
	−0.0363*** (0.0122)
	becomes sig.

	Government, state
	0.0327** (0.0146)
	−0.0097 (0.0135)
	sign flip, n.s.

	Government, local
	0.0308* (0.0158)
	−0.0135 (0.0120)
	sign flip, n.s.

	Unpaid family worker
	0.2303** (0.1093)
	−0.0511 (0.0492)
	sign flip, n.s.

	Firm: 100 to 499
	−0.0153* (0.0081)
	0.0127** (0.0055)
	sign flip, sig.

	Firm: 500 to 999
	−0.0198** (0.0095)
	0.0237*** (0.0075)
	sign flip, sig.

	Firm: 1000+
	0.0071 (0.0067)
	0.0355**** (0.0059)
	becomes sig.

	Constant
	0.4031**** (0.0346)
	0.1521**** (0.0203)
	—

	Observations
	142,491
	142,491
	


Note. Reference categories: high school or less (education), part-time (hours), male (sex), White (race), non-Hispanic (ethnicity), married (marital status), no difficulty (disability), self-employed unincorporated (class of worker), firm under 10 (firm size). Standard errors clustered on destination state in parentheses. Column 2 corresponds to Table 1, column 3. **** p < .001, *** p < .01, ** p < .05, * p < .10.
The covariate estimates in this model describe composition rather than causation: the apparent penalty on education reflects headroom — highly educated workers start high, where the ceiling is close and the floor is far. Table A-4 tests this directly.
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