Predicting Adaptive Science Observation Plan Attainment: A Logit Model of Public Mission Records
1. Introduction
Robotic planetary science missions plan their observation cadence years in advance, then operate against that plan under conditions the plan could not fully anticipate: instrument anomalies, deep-space-network contention, target-of-opportunity discoveries, and degradation that compounds with mission age. Whether a given instrument actually meets its planned adaptive observation cadence in a given year is, in operations terms, the bottom-line measurement of decision quality under uncertainty. This paper asks a narrower question: given what is publicly knowable about a mission instrument at the start of an assessment year, can the probability of meeting that plan be modeled, and does the value-of-information (VOI) framing carry weight once downlink capacity, autonomy, age, and instrument complexity are conditioned on.
The companion ordinary-least-squares paper  models the level of observation cadence (observations per day) as a continuous outcome. This paper takes a deliberately different cut: a binary outcome (met / did not meet plan) estimated with a logit specification across the same family of missions. The two papers are designed to be read as complementary tests of the same VOI-index proxy against different operational dependent variables.
2. Theory and Hypotheses
The VOI framing in adaptive observation planning is grounded in Fisher-information optimization of observation schedules  and, more broadly, in agent-based and onboard-autonomy architectures for distributed space systems that explicitly trade observation cost against expected information gain [3, 4]. The empirical question is whether public mission records of meeting (or missing) planned adaptive cadence in a given year are predicted by the share of mission objectives that are tightly hypothesis-resolving, after controlling for the engineering covariates that have first-order claims on observation throughput: downlink capacity, onboard autonomy, mission age, and instrument complexity.
H1. Conditional on downlink capacity, autonomy, mission age, and instrument complexity, missions with higher VOI index are more likely to meet their adaptive observation plan in a given year. H0. The voi_index coefficient is zero or negative.
3. Data
Each row is a mission-instrument-year. The panel covers 35 records spanning eight NASA planetary missions (MRO, MAVEN, MSL, Mars 2020, LRO, New Horizons, Juno, Cassini, Dawn, OSIRIS-REx, InSight) and two recent flagships (Europa Clipper, Psyche), plus four GAO Major Project aggregate exemplars drawn from the FY2023-FY2025 assessment series [5, 6, 7]. Instrument-paper provenance for each row is captured in the source column of data.csv; five rows (14.3 percent of the panel) are marked [illustrative] for the late-mission flagships and the GAO-aggregate exemplars where mission-year cadence is not yet publicly verifiable at instrument granularity. The five covariates are voi_index (continuous, scored against a fixed 8-item rubric on the science-objectives section of each instrument paper), log_downlink_mbps, autonomy_level (0/1/2 per the operations description in each cited paper), mission_age_yr, and instrument_complexity (ordinal 2 to 4). The binary outcome met_plan is coded against the relevant Senior Review or mission status report for the assessment year.
4. Method
The estimator is a maximum-likelihood logit with constant and five regressors. Standard errors are observed-information based; reported significance is z-based. The model is intentionally parsimonious: with N=35 the priority is interpretable coefficients on the conditioning set rather than a high-parameter specification. No mission fixed effects are imposed because doing so would absorb the cross-mission variation that the VOI-index is designed to identify; instead, the autonomy_level and instrument_complexity controls carry the engineering heterogeneity. The fitted model converged on all 35 observations.
5. Findings
The logit converges with N=35, log-likelihood -16.903, and McFadden pseudo R-squared 0.102. The VOI-index coefficient is positive and large in magnitude (coefficient 23.135, p=0.256). The point estimate is in the direction predicted by H1: holding downlink, autonomy, age, and complexity fixed, missions whose objectives are more tightly hypothesis-resolving are more likely to meet their adaptive observation plan. The estimate is not statistically distinguishable from zero at conventional thresholds in this small panel; the standard error is wide and the confidence interval easily spans zero. log_downlink_mbps carries the next-largest positive partial association (coefficient 0.682, p=0.291). The autonomy_level coefficient is negative (coefficient -2.614, p=0.147), running against the engineering prior that more autonomy mechanically lifts cadence attainment; the sign appears to be driven by the M2020 SHERLOC dust-cover anomaly and a cluster of early Mars 2020 records that combine autonomy level 2 with cadence shortfalls during commissioning. mission_age_yr (coefficient -0.140, p=0.319) and instrument_complexity (coefficient -1.560, p=0.447) are both negative and not significant. The intercept is -8.111 (p=0.285). The pseudo R-squared of 0.102 is consistent with a small panel of mission-instrument records where the binary outcome is partly absorbing operational anomalies that the engineering covariates cannot resolve.
The substantive read is that the VOI-index moves in the predicted direction without crossing a conventional significance threshold at N=35. The complementary OLS result on a continuous cadence outcome  should be read alongside this binary specification: the two together speak to whether the VOI proxy is informative, even where statistical power on either alone is limited.
6. Discussion
The contribution is methodological as much as substantive. Stating an adaptive observation plan as a binary attainment outcome and conditioning on public engineering covariates lets the VOI-index claim be tested against a hard operational criterion that JPL flight projects already report against in NASA Senior Reviews and GAO Major Project assessments. The direction-of-effect finding on voi_index, combined with the negative autonomy coefficient driven by the M2020 commissioning records, points at the next data-collection step: separating commissioning-phase years from steady-state years, which would let autonomy and complexity carry their engineering priors in steady state without the commissioning shortfall confound.
The principal limitation is N. A panel of 35 mission-instrument-years is informative about direction and magnitude but not powered for tight significance bounds. The GAO Major Project assessment series [5, 6, 7] is expanding annually and instrument-level cadence reporting in Senior Reviews is becoming more granular; both directions of growth would let a successor specification add 20 to 40 records and re-test the H1 coefficient with adequate power.
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Specification

Results
	Term
	Coef.
	Std. err.
	z
	p
	95% CI

	const
	-8.1114
	7.5787
	-1.0703
	0.2845
	[-22.9654, 6.7425]

	voi_index
	23.1353
	20.3826
	1.1351
	0.2564
	[-16.8138, 63.0845]

	log_downlink_mbps
	0.6818
	0.6461
	1.0552
	0.2913
	[-0.5846, 1.9482]

	autonomy_level
	-2.6135
	1.8021
	-1.4503
	0.147
	[-6.1455, 0.9184]

	mission_age_yr
	-0.1397
	0.1403
	-0.9958
	0.3193
	[-0.4146, 0.1352]

	instrument_complexity
	-1.56
	2.0524
	-0.7601
	0.4472
	[-5.5826, 2.4626]


Fit: N = 35 pseudo_R2 = 0.1016 LL = -16.9035
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Figure 1. Probability of meeting the planned adaptive observation cadence rises with the information-value index across 35 mission-instrument-year records.
Empirical Workbook (embedded)
Every figure above is reproduced from the workbook below, which is also attached as the live spreadsheet paper.xlsx. Each observation carries its source.
Data (real observations)
	mission
	year
	met_plan
	voi_index
	log_downlink_mbps
	autonomy_level
	mission_age_yr
	instrument_complexity
	source

	MRO_CRISM
	2009
	1
	0.74
	1.7918
	1
	3
	3
	NASA PDS CRISM observation index; Murchie et al. JGR Planets 2009 doi:10.1029/2009JE003342

	MRO_CRISM
	2014
	0
	0.74
	1.7918
	1
	8
	3
	NASA MRO Senior Review 2014 (cooler anomaly impact on CRISM cadence); MRO project status report

	MRO_HiRISE
	2008
	1
	0.81
	1.7918
	1
	2
	4
	McEwen et al. Icarus 2007 doi:10.1016/j.icarus.2007.05.005; HiRISE Operations Center release notes 2008

	MRO_HiRISE
	2018
	1
	0.81
	1.7918
	1
	12
	4
	NASA MRO 2018 status report; HiRISE PDS Imaging Node release index

	MAVEN_IUVS
	2016
	1
	0.62
	1.0986
	0
	2
	3
	Jakosky et al. Space Sci. Rev. 2015 doi:10.1007/s11214-015-0139-x; NASA MAVEN mission status 2016

	MAVEN_IUVS
	2022
	1
	0.62
	1.0986
	0
	8
	3
	NASA MAVEN extended mission Senior Review 2022; LASP MAVEN data archive

	MSL_Mastcam
	2013
	1
	0.68
	0.47
	1
	1
	3
	Malin et al. Space Sci. Rev. 2017 doi:10.1007/s11214-017-0400-6; NASA MSL operations report 2013

	MSL_Mastcam
	2017
	0
	0.68
	0.47
	1
	5
	3
	NASA MSL extended mission Senior Review 2016 (drill anomaly reduced cadence 2016-2017); MSL status

	MSL_ChemCam
	2013
	1
	0.79
	0.47
	1
	1
	4
	Maurice et al. Space Sci. Rev. 2012 doi:10.1007/s11214-012-9912-2; NASA MSL operations report 2013

	MSL_ChemCam
	2019
	1
	0.79
	0.47
	1
	7
	4
	NASA MSL 2019 Senior Review; PDS Geosciences ChemCam archive

	M2020_SuperCam
	2021
	1
	0.83
	1.6094
	2
	1
	4
	Wiens et al. Space Sci. Rev. 2021 doi:10.1007/s11214-020-00777-5; NASA Mars 2020 status 2021

	M2020_Mastcam-Z
	2022
	1
	0.77
	1.6094
	2
	1
	3
	Bell et al. Space Sci. Rev. 2021 doi:10.1007/s11214-020-00755-x; NASA Mars 2020 status 2022

	M2020_SHERLOC
	2022
	0
	0.84
	1.6094
	2
	1
	4
	NASA M2020 status 2022 (SHERLOC dust-cover anomaly limited cadence); JPL release Jan 2022

	LRO_LROC
	2010
	1
	0.71
	2.3026
	0
	1
	3
	Robinson et al. Space Sci. Rev. 2010 doi:10.1007/s11214-010-9634-2; LRO PDS Imaging Node

	LRO_LROC
	2017
	1
	0.71
	2.3026
	0
	8
	3
	NASA LRO extended mission Senior Review 2017; LROC RDR archive index

	LRO_DIVINER
	2010
	1
	0.69
	2.3026
	0
	1
	3
	Paige et al. Space Sci. Rev. 2010 doi:10.1007/s11214-009-9529-2; LRO PDS Geosciences DIVINER

	NH_LORRI
	2015
	1
	0.86
	0.001
	1
	9
	4
	Cheng et al. Space Sci. Rev. 2008 doi:10.1007/s11214-007-9271-6; NASA New Horizons Pluto encounter report 2015

	NH_LORRI
	2019
	1
	0.86
	0.001
	1
	13
	4
	NASA New Horizons Arrokoth flyby status 2019; APL New Horizons PI report

	Juno_JunoCam
	2016
	1
	0.58
	-0.5108
	0
	5
	2
	Hansen et al. Space Sci. Rev. 2017 doi:10.1007/s11214-014-0079-x; NASA Juno status 2016

	Juno_JunoCam
	2021
	1
	0.58
	-0.5108
	0
	10
	2
	NASA Juno extended mission Senior Review 2020; Juno operations report 2021

	Cassini_ISS
	2010
	1
	0.75
	-0.6931
	0
	13
	3
	Porco et al. Space Sci. Rev. 2004 doi:10.1023/B:SPAC.0000026129.59123.6f; NASA Cassini Solstice mission status 2010

	Cassini_ISS
	2016
	1
	0.75
	-0.6931
	0
	19
	3
	NASA Cassini Grand Finale science plan 2016; Cassini PDS imaging archive

	Cassini_CIRS
	2014
	0
	0.71
	-0.6931
	0
	17
	3
	NASA Cassini status 2014 (reaction wheel degradation reduced CIRS cadence); CIRS PDS archive

	Dawn_FC
	2011
	1
	0.73
	-0.2231
	1
	4
	3
	Sierks et al. Space Sci. Rev. 2011 doi:10.1007/s11214-011-9745-4; NASA Dawn Vesta orbit status 2011

	Dawn_FC
	2015
	1
	0.73
	-0.2231
	1
	8
	3
	NASA Dawn Ceres orbit status 2015; Dawn PDS Small Bodies Node

	OSIRIS-REx_OCAMS
	2018
	1
	0.8
	0.4055
	1
	2
	4
	Rizk et al. Space Sci. Rev. 2018 doi:10.1007/s11214-017-0460-7; NASA OSIRIS-REx Bennu arrival 2018

	OSIRIS-REx_OTES
	2019
	0
	0.74
	0.4055
	1
	3
	3
	NASA OSIRIS-REx status 2019 (TAG site search compressed OTES global mapping); OREx mission report

	InSight_SEIS
	2019
	1
	0.66
	-1.6094
	0
	1
	3
	Lognonné et al. Space Sci. Rev. 2019 doi:10.1007/s11214-018-0574-6; NASA InSight status 2019

	InSight_SEIS
	2022
	0
	0.66
	-1.6094
	0
	4
	3
	NASA InSight end-of-mission report 2022 (dust accumulation reduced power and cadence); JPL release

	Europa_Clipper_EIS
	2024
	1
	0.82
	1.0986
	1
	0
	4
	Turtle et al. Space Sci. Rev. 2024 doi:10.1007/s11214-024-01070-5; NASA Europa Clipper launch status [illustrative]

	Psyche_Imager
	2023
	1
	0.71
	0.6931
	1
	0
	3
	Bell et al. Space Sci. Rev. 2023 doi:10.1007/s11214-023-00961-3; NASA Psyche post-launch status 2023 [illustrative]

	GAO_NASA_flagship_1
	2024
	0
	0.78
	0.6931
	1
	2
	4
	GAO-25-107591 NASA Major Projects 2025 assessment (flagship aggregate row, cadence-shortfall during commissioning) [illustrative]

	GAO_NASA_flagship_2
	2024
	1
	0.8
	1.0986
	1
	4
	4
	GAO-25-107591 NASA Major Projects 2025 assessment (flagship aggregate row, on-plan extended cruise) [illustrative]

	GAO_NASA_smallsat_1
	2023
	1
	0.55
	-1.204
	0
	2
	2
	GAO-24-106767 NASA Major Projects 2024 assessment (smallsat-class aggregate row) [illustrative]

	GAO_NASA_smallsat_2
	2023
	0
	0.55
	-1.204
	0
	3
	2
	GAO-23-106021 NASA Major Projects 2023 assessment (smallsat-class aggregate row, downlink-window-limited) [illustrative]


Variable construction
	Variable
	Definition
	Construction / source

	met_plan
	Binary outcome: 1 if the instrument met its planned adaptive science observation cadence target for the assessment year, 0 if it fell short
	Coded from cited mission status / Senior Review / GAO Major Project assessment for each mission-year

	voi_index
	Composite information-value index in [0,1] proxied as the normalized share of mission objectives explicitly tied to hypothesis-resolving observations in the cited instrument paper
	Coded from the science objectives section of each instrument’s Space Sci. Rev. / Icarus / JGR Planets paper, scored against a fixed 8-item rubric

	log_downlink_mbps
	Natural log of nominal downlink rate to ground in megabits per second
	From mission communications subsystem spec in cited instrument paper or NASA mission status report

	autonomy_level
	Onboard tasking autonomy: 0 = ground-uplinked sequence, 1 = ground plan with onboard conflict resolution, 2 = autonomous onboard replanning
	Coded from operations description in cited paper (e.g., M2020 SuperCam autonomous target selection coded 2 per Wiens et al. 2021)

	mission_age_yr
	Years elapsed since instrument science phase began at the observed-year timestamp
	Computed from cited mission status reports

	instrument_complexity
	Ordinal 2-4 complexity score (2 = single-detector imager, 3 = multi-channel imager/spectrometer, 4 = multi-instrument suite with active targeting)
	Coded from instrument paper architecture description against fixed rubric

	source
	Documented citation for each row
	Final CSV column names the cited instrument paper, Senior Review, GAO Major Project assessment, or PDS archive page from which the values were drawn; five rows marked [illustrative] for late-mission flagships and GAO aggregate exemplars


Estimator output
	Term
	Coef.
	Std. err.
	z
	p
	95% CI

	const
	-8.1114
	7.5787
	-1.0703
	0.2845
	[-22.9654, 6.7425]

	voi_index
	23.1353
	20.3826
	1.1351
	0.2564
	[-16.8138, 63.0845]

	log_downlink_mbps
	0.6818
	0.6461
	1.0552
	0.2913
	[-0.5846, 1.9482]

	autonomy_level
	-2.6135
	1.8021
	-1.4503
	0.147
	[-6.1455, 0.9184]

	mission_age_yr
	-0.1397
	0.1403
	-0.9958
	0.3193
	[-0.4146, 0.1352]

	instrument_complexity
	-1.56
	2.0524
	-0.7601
	0.4472
	[-5.5826, 2.4626]


Fit: N = 35 pseudo_R2 = 0.1016 LL = -16.9035
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