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Supplementary Information: 1 

Entorhinal grid-like codes for visual space during memory formation 2 

Luise P. Graichen, Magdalena S. Linder, Lars Keuter, Ole Jensen, Christian F. Doeller, Claus Lamm, Tobias 3 
Staudigl, Isabella C. Wagner  4 

 5 

Supplementary Results 6 

S1: Association between total saccade numbers (saccade frequency) and recognition memory 7 
performance (d-prime) in the Vienna study 8 

In the Donders study, we found that individual recognition memory performance (d-prime) was coupled 9 
to the total number of saccades that participants made when viewing later-remembered scene images. 10 
To test whether this was also the case in the Vienna study, we repeated the correlation analysis (number 11 
of saccades × d-prime from immediate and delayed tests, respectively). Indeed, we found a significant 12 
association between total saccade numbers and d-prime values from the immediate test (N = 46, rPearson = 13 
0.46, 95% confidence interval (CI) = [0.20, 0.66], ptwo-tailed = 0.001; Supplementary Fig. S1). Total saccade 14 
numbers and d-prime values from the delayed test period (carried out in addition to the immediate test 15 
one week later, s. Methods) were also positively correlated (N = 46, rPearson = 0.50, 95% CI = [0.24, 0.69], 16 
ptwo-tailed < 0.001).  17 

S2: Donders study, control analysis: No significant saccade-based grid-like codes in control 18 
regions  19 

Across two independent studies, we found significantly increased saccade-based grid-like codes in the left 20 
entorhinal cortex as participants viewed scene images they were later asked to recognize. Even though 21 
the entorhinal cortex is known to house grid cells and most findings of grid cells or associated grid-like 22 
codes have been reported in the entorhinal cortex, there is evidence for grid-like coding in other brain 23 
regions as well. To test if our findings were specific to the entorhinal cortex, we analyzed grid-like codes 24 
in a set of control regions that are known to be involved in memory and visuo-oculomotion, including the 25 
hippocampus, the anterior thalamus, the FEF, and the visual cortex (Methods). We observed no significant 26 
saccade-based grid-like codes in any of these regions (N = 29; hippocampus: mean ± SEM, 0.019 ± 0.028; 27 
FEF: mean ± SEM, 0.021 ± 0.038; visual cortex: mean ± SEM, 0.002 ± 0.072; Wilcoxon test, all pone-tailed > 28 
0.05), except for the anterior thalamus (but this result appeared driven by an outlier; N = 29; anterior 29 
thalamus: mean ± SEM, 0.168 ± 0.087; Supplementary Fig. S2).  30 

S3A: Donders study, control analysis: Significant saccade-based grid-like codes when reversing 31 
estimation and test data sets 32 

To show that our result was not driven by a specific data partitioning scheme, we repeated the main 33 
analysis but reversed the estimation and test data halves (i.e., we estimated grid-like codes in the 34 
second half of the data and tested grid-like codes in the first half). Results were virtually identical (N = 35 
29; bilateral entorhinal cortex: mean ± SEM, 0.069 ± 0.029, Wilcoxon test, V = 340, pone-tailed = 0.004, 36 
Cohen’s d = 0.45; Supplementary Fig. S3A).  37 
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S3B: Donders study, control analysis: Significant saccade-based grid-like codes after controlling 38 
for differences in durations between saccade directions 39 

The accurate estimation of grid orientations relies on the even distribution of saccade durations along the 40 
different directions on the computer screen. As such, it is important to determine any potential biases in 41 
the distribution of saccade durations as these could greatly impact the results (that is, if a participant 42 
never made saccades in a specific direction, it is not possible to accurately estimate the grid orientation 43 
for that direction). Thus, we partitioned saccades into different directional bins with 10°-spacing and 44 
calculated the average saccade duration (in ms) for each directional bin per participant. We observed a 45 
significant bias in saccade durations in 8 out of 29 participants (i.e., a main effect of directional bin, p < 46 
0.05 for 8/29). To mitigate this, we used an iterative process, and for each iteration randomly excluded 47 
10% of the saccades until we could ensure that there was no significant difference across saccade 48 
durations between the different directional bins. Following this, we repeated the main analysis in these 8 49 
participants (i.e., for each participant, we determined saccade-based grid-like codes using this reduced 50 
set of saccades) and performed the group analysis once more. The main result of bilateral entorhinal grid-51 
like codes remained significant (N = 29, mean ± SEM, 0.109 ± 0.041, Wilcoxon test, V = 328.5, pone-tailed = 52 
0.008, d = 0.49, Supplementary Fig. S3B).  53 

S4: Donders study, control analysis: No significant association between saccade-based grid-like 54 
codes and entorhinal BOLD activation 55 

To check whether significant saccade-based grid-like codes were linked to an overall increase in the 56 
entorhinal BOLD signal (thus, reflecting individual differences in the signal-to-noise ratio of the fMRI data), 57 
we correlated the magnitude of grid-like codes in the bilateral entorhinal cortex with the average BOLD 58 
signal. The result indicated a negative correlation but was not significant (N = 29, rPearson = -0.33, 95% CI = 59 
[-0.62, 0.04], ptwo-tailed = 0.083, Supplementary Fig. S4.  60 

S5: Donders study, control analysis: No significant association between d-prime and saccade 61 
durations, or entorhinal BOLD activation 62 

First, to test whether the relationship between saccade-based grid-like codes and recognition memory 63 
performance (measured as d-prime) was linked to specific saccade patterns (e.g., that participants with 64 
higher d-prime produced shorter saccades, possibly leading to lower grid-like codes), we correlated 65 
individual d-prime values with average individual saccade durations (in ms). This correlation was not 66 
significant (N = 29, rPearson = -0.07, 95% CI = [-0.43, 0.30], ptwo-tailed = 0.717; Supplementary Fig. S5A). Second, 67 
to show that the brain-behavior relationship was not driven by differences in entorhinal BOLD signal (e.g., 68 
that for participants with higher d-prime values, the BOLD signal was lower), we correlated individual d-69 
prime values with the average individual BOLD signal. The resulting correlation was also not significant (N 70 
= 29, rPearson = 0.32, 95% CI = [-0.06, 0.61], ptwo-tailed = 0.094; Supplementary Fig. S5B).  71 

S6: Donders study: No significant association between entorhinal grid-like codes and saccade 72 
characteristics  73 

To assess whether the negative relationship between saccade-based entorhinal grid-like codes and 74 
recognition memory performance could be attributed to individual differences in saccade characteristics 75 
(e.g., participants with better recognition memory might have been able to memorize the scene images 76 
by producing saccades with shorter durations, potentially resulting in lower grid-like codes), we extracted 77 
the average saccade frequency (average saccade numbers per trial), velocity (average saccade speed 78 
across all trials in degrees of visual angle per second), and amplitude (average saccade distance across all 79 
trials in degrees of visual angle) per individual. We then correlated these measures with the saccade-80 
based grid-like codes obtained from our main analysis (Donders study, bilateral entorhinal cortex, N = 29). 81 
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Results did not confirm a significant relationship between grid-like codes and average saccade frequency, 82 
velocity, or amplitude (Supplementary Fig. S6), indicating that individual differences in saccade 83 
characteristics did not account for the observed grid-like codes.  84 

S7: Donders study: No significant association between entorhinal grid-like codes and visual 85 
exploration  86 

Next, we conducted a more detailed analysis of visual exploration. Eye movements play a crucial role in 87 
memory formation, as they allow us to actively sample information from the environment for later recall. 88 
Higher numbers of saccades and fixations have been linked to better recognition memory across 89 
participants (Fehlmann et al., 2020; Loftus, 1972). Similarly, returns to previously viewed locations (so-90 
called “revisitations”) have been linked to better recognition memory and may support the encoding 91 
process by redirecting attention to specific elements of a given scene (Kragel et al., 2021). We reasoned 92 
that grid-like codes might be particularly linked to revisitations, supporting the encoding of translational 93 
vectors between salient stimulus features, akin to relational processing (Bicanski & Burgess, 2019; Killian 94 
& Buffalo, 2018).  95 

To test whether these visual exploration patterns might have contributed to our results, we quantified 96 
the fixation and revisitation numbers per trial (see Supplementary Methods S2 for details). We first 97 
examined whether average fixation and revisitation frequencies were related to recognition memory 98 
performance (d-prime) across participants (Donders data set, N = 32), but this was not the case 99 
(Supplementary Fig. S7A). Average fixation and revisitation frequencies were not significantly associated 100 
with the magnitude of saccade-based entorhinal grid-like codes (Donders data set, N = 29, all p > 0.05, 101 
Supplementary Fig. S7B). Overall, these findings show that potential differences in visual exploration 102 
between individuals did not significantly impact our results.  103 

S8: Saccade-based grid-like codes and memory durability in the Vienna study  104 

In the Vienna study, recognition memory performance was measured twice, immediately after the study 105 
period (immediate test) and one week later (delayed test). Thus, the Vienna data allowed us to examine 106 
recognition memory performance at both test time points (immediate and delayed d-prime), as well as 107 
overall memory durability. Participants’ d-prime values in the immediate and delayed tests were positively 108 
correlated (N = 20, rPearson = 0.87, 95% CI = [0.690, 0.947], ptwo-tailed < 0.0001). To test whether grid-like codes 109 
were tied to memory durability, we quantified a memory durability score (Wagner et al., 2019) that 110 
yielded the proportion of durable memories (remembered in both immediate and delayed tests) with 111 
respect to weak memories (remembered in the immediate test but forgotten in the delayed test; 112 
durable/weak). Consistent with the above, there was no significant relationship between saccade-based 113 
grid-like coding in the left entorhinal cortex and individual memory durability scores (N = 20, rPearson = 0.22, 114 
95% CI = [-0.246, 0.604], ptwo-tailed = 0.350).  115 

  116 
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Supplementary Methods 117 

S1: Assessment of eye tracking data quality in the Donders and the Vienna study 118 

To validate the quality of our eye tracking data, we assessed the distribution of saccade directions, the 119 
relationship between saccade amplitudes and velocities, fixation frequencies and durations, as well as 120 
calibration accuracy across subjects.  121 

Distribution of saccade directions: 122 

To examine potential biases in saccade directions, we visualized the angular distribution (in degrees) of 123 
all saccades that occurred during the study period (Supplementary Fig. S8). The distribution depicts the 124 
number of saccades in each direction (0° = rightward, 90° = upward, 180° = leftward, 270° = downward). 125 
In the Donders study, saccades were primarily oriented along the horizontal axis. In the Vienna study, a 126 
similar pattern is seen, albeit less pronounced, with more evenly distributed saccades across all cardinal 127 
directions. This slight deviation likely reflects differences in the stimulus presentation format. The 128 
rectangular scene images presented in the Donders study (640 × 480) may have encouraged more 129 
horizontal saccades compared to the square scene images in the Vienna study (500 × 500). Overall, 130 
participants’ gaze behavior aligns with typical patterns observed during free viewing of visual scene stimuli 131 
(Foulsham et al., 2008).  132 

Saccade amplitudes against velocities:  133 

Next, we plotted saccade amplitudes against saccade velocities (Supplementary Fig. S8). In healthy 134 
individuals, these measures are typically positively correlated, reflecting the principle that larger saccades 135 
tend to be faster (Bahill et al., 1975; Gibaldi & Sabatini, 2021). Consistent with this, we observed a positive 136 
correlation across both studies, indicating reliable saccade measurements despite the challenges imposed 137 
by the fMRI environment (Donders study: N = 32, rPearson = 0.891, 95% CI = [0.787, 0.946], ptwo-tailed < .001; 138 
Vienna study: N = 46, rPearson = .532, 95% CI = [.286, .712], ptwo-tailed < .001).  139 

Average fixation frequency and duration:  140 

The main focus of our study was to investigate whether participants exhibited grid-like coding based on 141 
saccades that occurred during the study period and if this would subserve memory formation. 142 
Accordingly, our primary assessment of eye data quality focused on saccade measures. To also validate 143 
the quality of eye fixations, we returned to the identification of fixations as performed by the EyeLink 144 
system, where fixations were defined as periods between saccades and blinks. Fixations shorter than 100 145 
ms were excluded to ensure that only meaningful fixation events were considered (Hannula, 2010). The 146 
average number of fixations per trial across subjects (Donders study: N = 32, mean ± SEM, 4.50 ± .51; 147 
Vienna study: N = 46, 6.00 ± .26) and the average fixation durations per subject (Donders study: N = 32, 148 
mean ± SEM, 184.99 ± 4.47 ms; Vienna study: N = 46, 210.78 ± 1.75 ms) were within the expected range 149 
for free viewing of visual scene stimuli (e.g., Nuthmann, 2017), further supporting the validity of our eye 150 
tracking data (Supplementary Fig. S8). 151 

Calibration accuracy:  152 

Finally, we examined calibration accuracy as an additional indicator of data quality. Each recording session 153 
began with a calibration-validation procedure according to the standard EyeLink protocol. To map raw 154 
eye movement data onto screen coordinates, participants first sequentially fixated on nine targets 155 
arranged in a 3 × 3 grid (calibration). In a second step, participants were asked to fixate the same targets 156 
once more until the differences between the current and the previously obtained gaze positions were < 157 
1° of visual angle (validation). If these criteria were met, the eye tracker recording was started.  158 
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The average calibration error across all participants in the Vienna study (N = 46, mean ± SEM, 0.596 ± 159 
0.028 degrees of visual angle, dva, Supplementary Fig. S9) confirmed that calibration accuracy remained 160 
below the 1° threshold. The two participants who exceeded this threshold were excluded from the grid-161 
like code analysis and, therefore, did not influence the reported results (Supplementary Fig. S9, right 162 
panel). As our analyses primarily relied on gaze direction rather than absolute gaze position, calibration 163 
accuracy was less critical for our main findings.  164 

S2: Quantification of revisitations in the Donders study 165 

To quantify revisitations (i.e., returns to previously fixated locations), we first defined fixations as periods 166 
between saccades and blinks, as identified by the EyeLink system. Saccade detection was based on 167 
velocity and acceleration thresholds, which were automatically adjusted for each participant based on the 168 
signal-to-noise ratio during calibration. The average threshold values were 78.2°/s for velocity and 169 
241.9°/s² for acceleration. To ensure consistent and meaningful fixation detection across participants, we 170 
excluded fixations with a duration shorter than 100 ms (Hannula, 2010). In a next step, we quantified the 171 
number of revisitations per trial. We applied the “CalcRets” function from the “PyEyeSim” package 172 
(https://github.com/jozsarato/PyEyeSim), which identified fixations that returned to a previously visited 173 
location within a threshold of 1° of visual angle. To ensure that revisitations reflected actual return 174 
movements rather than incidental proximity to a previously fixated location, the current fixation was 175 
required to be closer to the revisited location than the immediately preceding fixation.  176 

 177 

Supplementary Discussion 178 

Entorhinal grid-like codes in relation to saccade characteristics and visual exploration patterns  179 

A possible explanation for the negative brain-behavior result is that memory success was associated with 180 
differences in eye movements during encoding. For instance, participants with better recognition memory 181 
might have been able to memorize the scene images by making saccades with shorter durations, resulting 182 
in lower grid-like codes. While this was not the case, we found subtle trends of higher grid-like codes being 183 
associated with lower average saccade frequencies, velocities, and amplitudes (Supplementary Fig. S6). 184 
We encourage future studies to test the extent to which grid-like codes are tied to saccade characteristics. 185 
Memory performance might also be influenced by the number of fixations or revisitations. The latter were 186 
previously linked to better recognition memory performance and may support thorough encoding by 187 
redirecting attention to specific elements of a scene (Kragel et al., 2021). We could not detect a significant 188 
relationship between grid-like codes, fixations, revisitations, or recognition memory performance 189 
(Supplementary Fig. S7A, Supplementary Fig. S7B). To further elucidate the relationship between grid-190 
like codes and memory, future studies may examine the association with the reinstatement of eye 191 
movements during retrieval (Johansson et al., 2022). Overall, these findings reflect some inter-individual 192 
variability in visual exploration but did not appear to significantly contribute to the observed grid-like 193 
codes.   194 
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Supplementary Figures 195 

 196 

 197 
 198 
Fig. S1: Vienna study: Recognition memory performance and saccades.  199 

A: The scatter plot displays the positive correlation between total saccade numbers (saccade frequency) and 200 
recognition memory performance (d-prime) per participant for the Vienna study (Pearson correlation, two-tailed, N 201 
= 46, p = 0.001). B: Total saccade numbers (saccade frequency) and d-prime from the delayed test were also 202 
positively correlated (Pearson correlation, two-tailed, N = 46, p = 0.0004). Regression fit is indicated by the solid 203 
lines, and confidence intervals (CI 95%) are marked by the dashed lines. Source data are provided as a Source Data 204 
file.  205 

 206 

 207 
 208 
Fig. S2: Donders study: No significant saccade-based grid-like codes in control regions.  209 

A: To determine whether saccade-based grid-like codes were significantly increased in other regions apart from the 210 
entorhinal cortex, we defined four additional regions of interest (ROIs; projected in orange onto the normalized T1-211 
weighted structural scan), the hippocampus (HC), the anterior thalamus (antThal), the FEF, and the visual cortex 212 
(VC). B: We did not detect significant grid-like codes in any of these control regions (arb. units = arbitrary units; 213 
Wilcoxon tests, one-tailed, N = 29, p > 0.05), except for the anterior thalamus (but this result appeared driven by an 214 
outlier; before outlier removal: one-tailed, N = 29, V = 295, p-value = 0.048, d = 0.356; after outlier removal: one-215 
tailed, N = 28, V = 266, p-value = 0.078). Data points show individual grid-like codes during study periods for each 216 
control region, and boxplots show the median (upper and lower borders mark the interquartile range, whiskers show 217 
minimum and maximum non-outlier values. Unadjusted p-values are reported, with effects below p < 0.01 also 218 
meeting the Bonferroni-corrected significance criterion (s. Methods). Outliers (± 3 × MAD) are marked in black, *= 219 
significant at p < 0.5, ns. = not significant. Source data are provided as a Source Data file.  220 
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 221 

 222 
 223 

Fig. S3: Donders study: Significant saccade-based grid-like codes when reversing estimation and test data sets, 224 
and after controlling for differences in saccade durations.  225 

A: When repeating the main analysis for reversed estimation and test data halves, we again found significant 226 
saccade-based grid-like coding (arb. units = arbitrary units; Wilcoxon tests, one-tailed, N = 29, p = 0.004, d = 0.45). 227 
B: After iteratively excluding 10% of saccades to control for individual differences in saccade durations, we observed 228 
significant grid-like coding in the bilateral entorhinal cortex (original data set: one-tailed, N = 29, p = 0.006, d = 0.53; 229 
reduced data set: one-tailed, N = 29, p = 0.008, d = 0.49). Data points show individual grid-like codes during study 230 
periods, and boxplots show the median (upper and lower borders mark the interquartile range, whiskers show 231 
minimum and maximum non-outlier values. Outliers (± 3 × MAD) are shown in black. * = significant at p < 0.05. 232 
Source data are provided as a Source Data file.  233 

 234 

 235 
Fig. S4: Donders study: No significant association between saccade-based grid-like codes and entorhinal BOLD 236 
activation.  237 

Control analysis showing that our main result of significant saccade-based grid-like coding was not driven by changes 238 
in entorhinal BOLD signal (arb. units = arbitrary units; Pearson correlation, two-tailed, N = 29, p = 0.083). The 239 
regression fit is indicated by the solid line, and the confidence interval (95% CI) is marked by the dashed lines. Source 240 
data are provided as a Source Data file.  241 
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 243 
 244 
Fig. S5: Donders study: No significant association between d-prime and saccade durations, or entorhinal BOLD 245 
activation.  246 

A: There was no significant correlation between the mean saccade durations and d-prime values across participants 247 
in the Donders study (Pearson correlation, two-tailed, N = 29, p = 0.717). B: Higher d-prime values were not driven 248 
by variations in the overall BOLD signal across participants (arb. units = arbitrary units; Pearson correlation, two-249 
tailed, N = 29, p = 0.094). Regression fit is indicated by the solid lines, and confidence intervals (95% CI) are marked 250 
by the dashed lines. Source data are provided as a Source Data file.  251 

 252 
Fig. S6: Subtle trend toward higher saccade-based grid-like codes at less frequent, slower, and shorter saccades.  253 

The scatter plots show Pearson correlations (two-tailed, N = 29) between the magnitude of saccade-based entorhinal 254 
grid-like codes (arb. units = arbitrary units) and saccade characteristics such as the mean frequency per trial, and the 255 
mean velocity and amplitude across trials (dva = degree of visual angle). Results are not significant (all p > .05) but 256 
suggest a subtle trend toward a negative relationship. Regression fit is indicated by the solid lines, and confidence 257 
intervals (95% CI) are marked by the dashed lines. Source data are provided as a Source Data file.  258 
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 260 
Fig. S7: Individual differences in visual exploration in relation to recognition memory performance (d-prime) and 261 
saccade-based entorhinal grid-like coding.  262 

The scatter plots display (A) Pearson correlations between visual exploration patterns (saccades, fixations, 263 
revisitations) and recognition memory performance (d-prime; two-tailed, N = 32). Higher mean saccade frequency 264 
per trial was associated with higher d-prime. Other results were not significant (all p > 0.05) but indicated a consistent 265 
trend toward a positive relationship. (B) Pearson correlations between visual exploration patterns and saccade-266 
based entorhinal grid-like coding (arb. units = arbitrary units; two-tailed, N = 29). Results were not significant (all p 267 
> 0.05). Regression fit is indicated by the solid lines, and confidence intervals (95% CI) are marked by the dashed 268 
lines. Source data are provided as a Source Data file.  269 
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 272 
Fig. S8: Quality assessment of eye movement data during scene encoding. 273 

A: Polar histogram showing the distribution of saccade directions across all trials, reflecting typical patterns of visual 274 
exploration during scene encoding (Donders: N = 32; Vienna: N = 46). B: Scatter plots show Pearson correlations 275 
between saccade amplitude (dva = degree of visual angle) and velocity (dva/ms) across participants (two-sided, 276 
Donders: N = 32, p < 0.001; Vienna: N = 46, p < 0.001). Regression fit is indicated by the solid lines, and confidence 277 
intervals (95% CI) are marked by the dashed lines. C: Mean fixations per trial across participants (Donders: N = 32; 278 
Vienna: N = 46). D: Mean fixation durations (ms) across participants (Donders: N = 32; Vienna: N = 46). Data points 279 
show values per subject, boxplots show the median (upper and lower borders mark the interquartile range, whiskers 280 
show minimum and maximum non-outlier values), orange = Donders study, pink = Vienna study. Source data are 281 
provided as a Source Data file.  282 

 283 

 284 
Fig. S9: Calibration accuracy. 285 

Left panel: Distribution of mean calibration error (dva = degree of visual angle) across all participants in the Vienna 286 
study (N = 46: mean ± SEM, 0.596 ± 0.028 dva), right panel: Distribution of mean calibration error (dva) for the subset 287 
of participants included in the grid-like coding analysis (N = 20: mean ± SEM, 0.543 ± 0.034 dva). Values remained 288 
below the 1° threshold, confirming sufficient calibration accuracy. Data points show values per subject, boxplots 289 
show the median (upper and lower borders mark the interquartile range, whiskers show minimum and maximum 290 
non-outlier values). Source data are provided as a Source Data file.  291 
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 293 
Fig. S10.: Comparison between d-prime and hit rate. 294 

A: Donders study, the scatter plots show Pearson correlations (two-tailed, N = 29) between d-prime and hit rate (left 295 
panel), grid-like coding (arb. units = arbitrary units, bilateral entorhinal cortex) and d-prime (middle panel), and grid-296 
like coding and hit rate (right panel). B: Vienna study, the scatter plots show Pearson correlations (two-tailed, N = 297 
20) between d-prime and hit rate (left panel), grid-like coding (left entorhinal cortex) and d-prime (middle panel), 298 
and grid-like coding and hit rate (right panel). Regression fit is indicated by the solid lines, and confidence intervals 299 
(95% CI) are marked by the dashed lines. The results illustrate the close relationship between the two behavioral 300 
metrics, yielding virtually identical results. Source data are provided as a Source Data file.  301 

 302 

  303 

1

2

3

0.4 0.6 0.8

hit rate

d–
pr

im
e

1

2

3

4

0.7 0.8 0.9 1.0
hit rate

d−
pr

im
e 

(im
m

ed
ia

te
)

−0.2 0.0 0.2 0.4

0.4

0.6

0.8

1.0

6–fold grid−like coding (arb. units)
−0.2 0.0 0.2 0.4

1

2

3

d–
pr

im
e

hi
t r

at
e

hi
t r

at
e

0.7

0.8

0.9

1.0

−1 0 1 2 3 4

d−
pr

im
e 

(im
m

ed
ia

te
)

2

3

4

−1 0 1 2 3 4
6−fold grid−like coding (arb. units)

A

B

r = -0.51, p = 0.004 

r = 0.01, p = 0.98

r = 0.57, p = 0.001 r = -0.49, p = 0.007 

r = 0.001, p = 0.998
r = 0.88, p < 0.001



Page 12 of 13 
 

Supplementary Tables 304 

Table 1 305 

Grid-like coding during hits and misses (Wilcoxon tests) 306 

Study Condition N Mean ± SEM Wilcoxon V p one-tailed Cohen's d Wilcoxon's r 
Donders Hits 26 .119 ± .054 237.5 .023 .43 .40 
Donders Misses 26 .050 ± .126 201 .26 .08 .13 
Vienna Hits 20 1.074 ± .315 181 .002 .76 .63 
Vienna Misses 9 -3.302 ± 3.377 17 .75 -.23 .22 

Note. Grid-like coding is reported as mean ± SEM. Cohen’s d and Wilcoxon’s r reflect effect sizes. All p-values are one-tailed. 307 

Table 2 308 

Correlations between grid-like coding and d-prime 309 

Study Condition N r 95% CI p two-tailed 
Donders Hits 26 -.12 [-.483, .282] .57 
Donders Misses 26 -.24 [-.573, .163] .24 
Vienna Hits 20 -.36 [-.690, 0.102] .12 
Vienna Misses 9 .41 [-.352, .843] .28 

Note. Pearson’s r values reflect the correlation between grid-like coding and recognition memory performance (d-prime). All p-310 
values are two-tailed. 311 

Table 3 312 

Correlations between grid-like coding and hit rate 313 

Study Condition N r 95% CI p two-tailed 
Donders Hits 26 -.44 [-.704, -.059] .03 
Donders Misses 26 -.07 [-.444, .328] .74 
Vienna Hits 20 -.44 [-.736, .009] .05 
Vienna Misses 9 .12 [-.591, .726] .76 

Note. Pearson’s r values reflect the correlation between grid-like coding and recognition memory performance (hit rate). All p-314 
values are two-tailed. 315 

  316 
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