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Supplementary Figure 1

Task procedure

(a) The stimuli consisted of 12 fractal-like images. (b) During initial training and scanning, full-sequence trials
began with a cue at fixation. A double-headed arrow prompted participants to press a button with their choice of]
left or right hand, at which point an outcome replaced the cue. Cue+action trials contained the same structure, but
a blank screen appeared for 1000 ms instead of the outcome. Outcome-only trials contained just an outcome for|
1000 ms without a preceding cue or action. (c) Behavioral tests were conducted to assess learning at different]
stages. Each test trial involved a verbal “top” or “bottom” response to select which of the two outcomes associated

with the cue and action seemed most probable.
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Supplementary Figure 2

Resampled decoding performance

Subject-level bootstrap resampling*' was used to confirm the random-effects significance of classification for
each ROI, without the assumptions of parametric tests. (a) Sequence decoding was reliable in CA2-CA3-DG (P
= 0.008) and CA1 (P = 0.004), but not in subiculum, V1, or V2 (P > 0.77). (b) Outcome decoding was reliable
in V1 (P = 0.0005) and V2 (P = 0.01), but not in CA2-CA3-DG, CA1, or subiculum (P > 0.55). Error bars
indicate 95% confidence intervals. *P < 0.05, **P < 0.01, ***P < 0.001
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Supplementary Figure 3

Unpredictable trials

No reliable effects were obtained in a control condition where actions did not predict outcomes, providing
evidence that predictive actions were required to observe sequence decoding and outcome decoding. (a) Sequence
decoding for unpredictable trials was not reliable in either CA-DG (t23 = 0.85, P = 0.40) or V1-V2 (t23 = 0.13, P
= 0.90). (b) Outcome decoding for unpredictable trials was also not reliable in either CA-DG (t23 = 0.61, P =
0.55) or V1-V2 (t23 = 0.60, P = 0.56). Error bars depict +1 s.e.m.
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Supplementary Figure 4

Action decoding

Predictable and unpredictable trials were used to examine action information in the hippocampus and the right
putamen. (a) Classifiers trained to distinguish predictable full-sequence trials with left vs. right actions for one
cue (subscript 1) could not reliably decode predictable full-sequence trials with corresponding left vs. right actions
for the other cue (subscript 2) in either CA-DG (t23 = -0.39, P = 0.70) or the right putamen (t23 = 1.50, P = 0.15).
(b) These classifiers also could not reliably decode predictable cue+action trials with left vs. right actions for
another cue in CA-DG (t3 = 1.66, P = 0.11), but could marginally decode them in the right putamen (t3s =2.05,
P = 0.05). (c) Classifiers trained to distinguish unpredictable full-sequence trials with left vs. right actions
(orthogonal to outcomes) could not reliably decode unpredictable cue+action trials with corresponding left vs.
right actions in CA-DG (t23 = 0.11, P = 0.92), but could decode them in the right putamen (t23 = 2.85, P = 0.009).
Error bars depict +1 s.e.m. ~P < 0.10, **P < 0.01
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Supplementary Figure 5

Within-action classification

Classifiers trained to distinguish predictable full-sequence trials with different cues and outcomes but identical
left or right actions reliably decoded predictable cue+action trials with different cues but identical actions in CA-

DG (t23 = 2.20, P = 0.04), but not in the right putamen (t23s = -0.65, P = 0.52). Error bars depict +1 s.e.m. *P <
0.05
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Supplementary Figure 6

Brain-behavior correlations

For the predictable condition, voice RT in the behavioral tests (a) had a marginally negative correlation across
participants with sequence decoding in CA-DG (r22 = -0.36, P = 0.09) and (b) had a reliably negative correlation
across participants with outcome decoding in V1-V2 (r22 = -0.54, P = 0.007). That is, better outcome decoding
and to some extent better sequence decoding were associated with faster outcome identification at test. For the
unpredictable condition, test RT was not correlated with either (c) sequence decoding in CA-DG (r22 =-0.10, P
= 0.63) or (d) outcome decoding in V1-V2 (r2 = -0.02, P =0.92). ~ P <0.10, ** P < 0.01
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Supplementary Figure 7

Cross-classification

Consistent with our hypotheses that full-sequence trials would most effectively target conjunctive representations
in the hippocampus and that outcome-only trials would most effectively target outcome representations in early|
visual cortex, cross-classification in CA-DG was reliable only when full-sequence trials were part of either the
training or testing set and cross-classification in V1-V2 was reliable only when outcome-only trials were part of
either the training or testing set. (a) Cross-classification from full-sequence to cue+action trials (sequence
decoding elsewhere) was reliable in CA-DG (t23 = 2.64, P = 0.01), but not in V1-V2 (t23 =-0.97, P = 0.34). In
contrast, cross-classification from full-sequence to outcome-only trials was reliable in both CA-DG (t23 = 2.29,
P = 0.03) and V1-V2 (23 = 3.00, P = 0.006). (b) Cross-classification from outcome-only to cue+action trials




(outcome decoding elsewhere) was reliable in V1-V2 (t23 = 2.99, P = 0.007), but not in CA-DG (t23 = 0.09, P =
0.93), and cross-classification from outcome-only to full-sequence trials was likewise reliable in V1-V2 (t23 =
2.35, P = 0.03), but not in CA-DG (t3 = 1.60, P = 0.12). (c) Similar to sequence decoding, cross-classification
from cue+action to full-sequence trials was reliable in CA-DG (t23 = 2.69, P = 0.01), but not in V1-V2 (t23 = -
0.03, P = 0.97). Unlike outcome decoding, cross-classification from cue+action to outcome-only trials was not
reliable in V1-V2 (tz3 = 1.24, P = 0.23), and still not in CA-DG (t2s = 1.14, P = 0.27). The difference in V1-V2
cross-classification for [outcome-only - cue+action] vs. [cue+action = outcome-only] may be due to worse
classifier training with cue+action trials: there were more outcome-only than cue+action training examples in the|
design, cue+action trials contained an additional uninformative stimulus (the cue), and the outcome representation
on cue+action trials may have been weaker because it reflected an internal expectation rather than an external
stimulus. Error bars depict £1 s.e.m. *P < 0.05, **P < 0.01
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Supplementary Figure 8

Resampled hippocampal-visual relationships

Subject-level bootstrap resampling*! was used to confirm the random-effects significance of within- and across-
participant relationships between sequence decoding in the hippocampus and outcome decoding in early visual
cortex, without the assumptions of parametric tests. (a) Outcome decoding in V1-V2 was more reliable (P =
0.02) on trials where sequence decoding in CA-DG was correct (vs. 50% chance: P = 0.0006) vs. incorrect (P =
0.28). (b) Individual differences in V1-V2 outcome decoding could be predicted from CA-DG sequence
decoding (P = 0.004). Error bars and bands indicate 95% confidence intervals. *P < 0.05, **P < 0.01, ***P <
0.001
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Supplementary Figure 9

Timecourse analysis

The temporal precedence of CA-DG sequence decoding vs. V1-V2 outcome decoding might provide tentative
evidence about the directionality of the relationship between these regional processes. (a) If sequence information
in the hippocampus precedes outcome information in visual cortex, then CA-DG sequence decoding at TR 3
should be predictive of V1-V2 outcome decoding on TR 4 in a multinomial regression (purple). (b) If outcome
information in visual cortex precedes sequence information in the hippocampus, then V1-V2 outcome decoding
at TR 3 should be predictive of CA-DG sequence decoding at TR 4 (green). (c) Classifiers for CA-DG wereg)
trained on patterns of GLM beta parameters from the full-sequence trials, whereas classifiers for V1-V2 were
trained on patterns of GLM beta parameters from the outcome-only trials. All classifiers were tested on raw
activity patterns from cue+action trials that were z-scored and extracted from timepoints around the peak response
(TRs 3 and 4 after trial onset). CA-DG sequence decoding at TR 3 predicted V1-V2 outcome decoding at TR 4
(purple; t23 = 2.30, P = 0.03), whereas V1-V2 outcome decoding at TR 3 did not reliably predict CA-DG
sequence decoding at TR 4 (green; t3 = 0.84, P = 0.41). In contrast, CA-DG sequence decoding did not reliably
predict V1-V2 outcome decoding (gray) within either TR 3 (t23 = 1.50, P = 0.15) or TR 4 (t23 =-0.31, P = 0.76).
CA-DG sequence decoding at TR 3 was more predictive of V1-V2 outcome decoding at TR 4 than was CA-DG
sequence decoding at TR 4 (t23 = 2.21, P = 0.04). CA-DG sequence decoding at TR 3 did not predict V1-V2
outcome decoding at TR 4 more reliably than V1-V2 outcome decoding at TR 3 (t23 = 1.25, P = 0.23), although
the difference was in the same direction. Mean parameter estimates are shown in bold font, with s.e.m. in
parentheses. *P < 0.05




