




F−1ðzÞ ¼
e2z−1

e2zþ 1:

In this way, if ri has large positive values across all lists,�r will have
a large positive value. Similarly, ifri is negative across all lists,�r
will have a large negative value. Ifri is sometimes positive and
sometimes negative (with approximately equal probability),�r will
take on a value near zero. (Note that− 1≤ ri ; �r≤1.)

We also obtained aP value, �p, associated with�r by applying
the inverse Normal transformation to theP values associated
with the Pearson’s lag 1 autocorrelation coef� cients for each list.
We then summed across the transformedP values and evaluated
the cumulative normal distribution function at this sum to obtain
�p. We selected features with�r > 0 and �p< 0:1 for further anal-
ysis (Results).
Identifying time interval of the recall event.Our main analysis (Fig.
4A) compares the neural activity elicited by a studied word with
the neural activity elicited by a word’s retrieval during the recall
period. We restrict our analysis of the study period to ECoG
activity beginning 200 ms after the appearance of a word and
ending when the word disappears from the screen. Here, the
200-ms delay was meant to account for the lag between the
word’s appearance on-screen and the processing of the word by
the participant.

To search for the optimal time interval for the recall event, we
tested for context reinstatement while varying both the duration
and onset of the time interval for the recall event. We tested time
intervals ranging in duration from 100 to 1,000 ms (in increments
of 100 ms) and onsets ranging from−1000 to 0 ms (in increments
of 100 ms) relative to the time the participant began his or her
vocalized recall. This analysis indicates that the context re-
instatement effect is strongest for the recall interval ranging from
−600 to 200 ms relative to vocalization.

To account for the possibility that different brain regions re-
instate context at different times relative to vocalization, we re-
peated this optimization analysis separately for each region of
interest. The best time interval for the temporal lobe was from
−400 to −300 ms (Fig. 5B). The time interval that gave the
strongest frontal lobe effect was from−900 to−400 ms; however,
the frontal effect was not statistically reliable (Results).
Additional details of selected features.In addition to asking whether
speci�c brain regions contribute to the representation of context
(Fig. 5), a natural question is whether the principal components
comprising the feature vectors tend to weight particular oscillatory
components of ECoG activity more heavily than others. Because
PCA performs a linear mapping from then-dimensional space
of the original set of activity vectors onto them-dimensional
PCA space (wherem ≤ n), we can use the PCA coef� cients to
perform the inverse mapping of the feature vectors back onto the
original n-dimensional space. The PCA coef� cients tell us how
much each of the elements in the original principal components
vectors contributes to each of the principal components in the
feature vectors. This allowed us to determine the degree to which
each oscillatory component recorded from each electrode con-
tributes to each element of the feature vectors. For a given fre-
quency band, we assessed the degree to which that frequency
band contributed to the feature vectors across all study and
recall events by examining the distribution of PCA coef� cients
assigned to that frequency band across all participants. An anal-
ysis of PCA coef�cients across frequency bands revealed no sig-
ni� cant differences among frequency bands [repeated measures
ANOVA: F(4,37) = 0.57, P= 0.69]. This � nding suggests that the
selected features are composed of oscillatory activity at a broad
range of frequencies (Fig. S3A).
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Fig. S1. Simulated neural similarity as a function of lag and drift rate (� ), given no content or context information in the neural recordings (A; Fig. 3 A and D),
content reinstatement without context reinstatement (B; Fig. 3 B and E), and context reinstatement (C; Fig. 3 C and F). Similarity is computed as the normalized
dot product between the simulated feature vector after the recall of the ith word and the feature vector corresponding to presentation of word i + lag. The
first dimension (initialized to 1 before the start of the simulation) was ignored for the similarity calculations. Simulation results in Fig. 3 used � = 0.7 [this choice
was motivated by previously reported simulation results (2)].
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Fig. S2. Serial position curves. The average serial position curve for participants exhibiting the top 50% strongest neural signatures of context reinstatement
(by t value) is shown in blue. The average serial position curve for participants exhibiting the bottom 50% strongest neural signatures of context reinstatement
is shown in red. The serial positions have been normalized such that all participants, regardless of whether they studied 15- or 20-word lists, are shown in the
same curves. Normalized serial positions 1–3 (i.e., primacy positions) correspond to absolute serial positions 1–3. Normalized serial position 4 (i.e., intermediate
position) reflects the average probabilities of recall for items in serial positions 4–9 (15-word lists) or 4–14 (20-word lists). Normalized serial positions 5–10 (i.e.,
recency positions) correspond to the last 6 list items.
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Fig. S3. Selected features. (A) Mean contributions of each frequency band to selected features. Error bars indicate 95% confidence intervals (1). (B) Per-
centage of selected features by principal component number. Smaller principal component numbers explain a higher proportion of the variance in the raw
neural data.
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Table S1. Patient and task information

ID HOSP AGE, y SEX HAND ELC FEA L LEN SES LST REC REP PLI ELI

1 BW 33 F R 64 3 20 1 15 55 2 26 12
2 BW 51 F R 40 5 20 1 15 66 2 8 1
3 BW 32 M R 32 2 15 3 39 212 5 9 4
4 BW 40 M R 96 5.5 15 2 20 82 5 38 28
5 BW 44 M R 16 1 15 2 20 58 1 12 19
6 BW 27 M R 64 1.5 15 2 20 76 49 12 3
7 BW 38 M R 104 9.33 15 3 30 136 3 30 15
8 CH 13 F R 64 9 20 1 12 59 0 2 1
9 CH 12 F R 104 19 20 1 15 39 0 0 2
10 CH 15 M L 128 15.67 20 3 30 90 1 12 8
11 CH 17 M R 64 4 20 3 45 178 20 27 17
12 CH 15 M R 123 13 20 1 15 86 3 6 3
13 CH 11 M R 104 0 20 2 30 104 3 2 3
14 CH 14 F R 72 0 20 1 15 104 2 7 5
15 CH 8 F R 86 6.5 20 2 30 159 5 18 10
16 CH 17 M R 84 12 20 1 14 30 2 9 12
17 CH 17 M L 124 10.5 20 4 60 116 2 104 13
18 CH 20 F R 128 8.5 15 2 24 114 2 9 4
19 CH 14 M R 94 6.67 15 3 30 94 0 18 13
20 CH 17 M L 80 7 15 2 20 14 0 10 22
21 CH 19 F R 125 8.5 15 2 17 47 2 10 1
22 CH 16 M R 156 13 15 1 16 76 1 4 1
23 CH 12 M L 83 5 15 2 20 52 9 12 25
24 CH 13 M R 72 4.75 15 4 40 200 3 4 2
25 FR 33 M R 98 8 20 1 9 43 0 0 0
26 FR 25 M R 85 21 20 1 9 45 18 1 2
27 FR 31 M L 56 4 20 1 9 24 0 4 0
28 FR 41 F R 63 9 20 1 7 23 0 9 6
29 FR 34 F L 40 3 20 1 7 38 3 5 3
30 FR 45 F L 100 10 20 1 8 27 0 20 3
31 FR 46 F L 14 0 20 1 1 4 3 0 5
32 FR 20 M R 84 4 20 1 15 42 6 6 2
33 FR 53 F L 41 5 20 1 15 49 26 21 21
34 FR 50 M R 68 4 20 2 30 116 5 36 15
35 FR 28 M L 112 11 20 1 15 37 1 1 1
36 FR 30 F R 60 7 20 1 15 67 9 10 2
37 FR 37 F L 30 6 15 1 20 65 84 73 42
38 FR 18 M L 30 2 15 1 20 121 7 12 13
39 FR 23 M L 58 3 15 4 56 281 98 32 29
40 FR 21 M L 93 4 15 1 10 49 2 10 3
41 FR 28 F R 86 7 15 1 10 36 4 4 6
42 FR 35 F L 122 3 15 2 20 54 0 6 6
43 FR 37 F L 52 2.5 15 4 35 161 38 29 28
44 FR 19 M L 74 2 15 2 30 148 19 14 35
45 FR 41 F R 30 3 15 1 15 15 0 3 38
46 FR 21 F R 64 6 15 1 15 50 0 3 7
47 FR 43 F R 56 0 15 1 15 23 5 11 59
48 FR 19 M R 30 3 15 2 25 120 2 5 27
49 FR 21 M R 70 5 15 5 53 408 41 8 194
50 FR 35 F R 62 6 15 1 15 44 24 16 114
51 FR 25 M R 84 5 15 2 30 145 5 3 96
52 FR 47 M L 82 4 15 1 4 13 1 3 35
53 FR 45 F R 88 4 15 1 10 43 11 3 0
54 TJ 25 M R 62 0.67 15 3 48 232 3 6 1
55 TJ 40 F R 94 3.25 15 4 64 164 8 54 43
56 TJ 39 M L 56 2 15 1 16 53 1 8 20
57 TJ 34 F R 111 4.3 15 10 154 513 7 110 24
58 TJ 44 M R 125 7 15 1 13 31 1 7 6
59 UP 38 M R 62 4.75 15 4 40 135 3 68 24
60 UP 30 M R 86 3 15 2 20 54 5 24 21
61 UP 43 M R 66 2.33 15 3 18 31 22 12 33
62 UP 36 M R 88 5.75 15 4 40 70 6 114 50
63 UP 25 M R 62 3 15 4 40 135 2 1 2
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Table S1. Cont.

ID HOSP AGE, y SEX HAND ELC FEA L LEN SES LST REC REP PLI ELI

64 UP 18 F R 76 7.33 15 3 30 104 5 6 3
65 UP 27 F R 48 2 15 2 32 104 2 43 20
66 UP 55 F L 80 1.5 15 2 32 81 11 61 24
67 UP 18 M A 100 2.33 15 3 48 253 7 8 3
68 UP 38 F R 86 6 15 1 16 48 14 3 73
69 UP 40 M R 58 5.75 15 4 64 304 1 14 9

This table provides the hospital (HOSP) at which each patient’s data were collected (Table S2), as well as each patient’s age (AGE), sex (SEX), handedness or
language mapping (HAND), number of implanted electrodes (ELC), and mean number of features selected for analysis across all sessions for that patient (FEA).
Information about the task includes the list length (L LEN) used for each participant, number of testing sessions (SES), and number of lists each participant
encountered across all sessions (LST). Performance information includes the total number of correct recalls across all lists (REC), total number of repeated recalls
(REP), and total number of incorrect recalls, which include recalls of previously presented items [prior list intrusions (PLI)] and recalls of items that were never
presented [extralist intrusions (ELI)]. In total, the 69 patients contributed 5,299 electrodes and 739 selected features, studying 29,030 items presented in 1,790
lists. A, ambidexterous; BW, Brigham & Women’s Hospital (Boston, MA); CH, Children’s Hospital (Boston, MA); F, female; FR, University Hospital of Freiburg
(Freiburg, Germany); L, left; M, male; R, right; TJ, Thomas Jefferson University Hospital (Philadelphia, PA); UP, Hospital of the University of Pennsylvania
(Philadelphia, PA).

Table S2. Bandpass filters used by our collaborating hospitals

Hospital HOSP Lower Upper

Brigham & Women’s Hospital, Boston, MA BW 0.5 Hz 60 Hz
Children’s Hospital Boston, Boston, MA CH 0.3 Hz 50 Hz
University Hospital of Freiburg, Freiburg, Germany FR 0.1 Hz 100 Hz
Thomas Jefferson University Hospital, Philadelphia, PA TJ −∞ ∞
Hospital of the University of Pennsylvania, Philadelphia, PA UP −∞ ∞

Hospital codes (HOSP) are referenced in Table S1. The Lower and Upper columns denote the lower and upper limits of the bandpass filters, respectively.
Frequencies outside of the band-passed range were excluded from further analysis.
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