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Shared and specific false memories

The Visual Mandela Effect as evidence for shared and specific false memories across
people

Abstract
The Mandela Effect is an internet phenomenon describing shared and consistent false
memories for specific icons in popular culture. The Visual Mandela Effect (VME) is a Mandela
Effect specific to visual icons (e.g., the Monopoly Man is falsely remembered with a monocle)
and has not yet been empirically quantified or tested. In Experiment 1 (N=100), we demonstrate
that certain images from popular iconography elicit consistent, specific false memories. In
Experiment 2 (N=60), using eye-tracking-like methods, we find no attentional or visual
differences that drive this phenomenon. There is no clear difference in the natural visual
experience of these images (Experiment 3), and these VME-errors also occur spontaneously
during recall (Experiment 4; N=50). These results demonstrate that there are certain images for
which people consistently make the same false memory error, despite majority of visual
experience being the canonical image.

Statement of Relevance
There are widespread informal reports on the internet of many people having the same specific
false memory for certain items, usually from pop culture, called the Mandela Effect. Surprisingly,
there are even images that people falsely remember, despite almost never seeing this false
memory in the world (the Visual Mandela Effect, VME). However, there has actually been no
experimental confirmation of the VME, nor any attempt to characterize these false memories.
Using a recognition task, we demonstrate that people have specific and consistent false
memories for certain pop culture images, showing that the VME does exist. Furthermore, our
study suggests that these false memories are not driven by low-level feature differences or
attentional differences and that they can occur during recall. These data add to a growing body
of surprising results showing consistency in what people remember, by demonstrating new

evidence that there is also consistency in what people misremember.
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Introduction
Popular icons, like characters or logos, are intentionally designed to be eye-catching and
memorable. Unless the design changes, people are repeatedly exposed to the same canonical
icon (i.e., the official, in-use design), which creates a strong sense of familiarity. However, there
are some for which many people report strongly remembering a different version, one that is not
the canonical icon. Interestingly, this incorrect version is the same across those with this false
memory. This phenomenon of specific and consistent visual false memories for certain images
in popular culture is called the Visual Mandela Effect (VME). If such specific shared false
memory exists, it suggests commonalities across our experiences of these images, or a role of

properties intrinsic to these images on false memory.

The term ‘Mandela Effect’ was coined by Fiona Broome, a paranormal researcher, to describe
her false memory of Nelson Mandela dying in prison in the 1980s (Broome, 2010). She claimed
that others also had the same false memory. The term has since propagated on the internet to
describe instances where many people share highly specific false memories for names, events,
or images. For example, people report having a strong recollection that the Monopoly Man,
mascot for the board game Monopoly, wears a monocle. To their surprise, he does not nor has
he ever (Figure 1). Broome and others on the internet have interpreted this shared false
experience as ‘evidence’ of alternate dimensions. As such, most of the existing literature on the
Mandela Effect use it as an example of a conspiracy theory (Maswood & Rajaram, 2019).
However, examining the Mandela Effect as a psychological phenomenon could shed light on the
nature of memory representations and how false memories form. In this study, we provide a
comprehensive examination of the Visual Mandela Effect (VME), a specific type of Mandela

Effect in the visual modality, and investigate its consistency across people.

Although visual memory is robust, with high capacity for detail (Nickerson, 1965; Hollingworth &
Henderson, 2002; Brady et al., 2008), it is still susceptible to errors. Specifically, schema-
consistent details (i.e., aligning with expectations of the image) are more likely to be falsely
remembered (Roediger & McDermott, 1995; Koutstaal & Schacter, 1997; Miller & Gazzaniga,
1998; Seamon et al., 2000). These schema-consistent errors even occur for highly familiar
stimuli. Studies with specific coins (e.g., the US penny) and stamps showed that people had
remarkably poor memory for their features (Nickerson & Adams, 1979; Jones, 1990). Wong et
al. (2018) showed that people misrecall what letterform of ‘g’ they read in print (reporting g

rather than g). People falsely remember features on even the iconic Apple logo, adding stems
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and extra leaves (Blake et al., 2015). These results show that even highly familiar stimuli are

susceptible to schema-consistent errors.

A. Original

Fig. 1. Which image is the real version? (a) The original, unaltered images that are reported to be affected by
VME. People only have exposure to this version of the images in their daily lives. (b) The reported VME-induced
representation that people have a strong false memory for, despite never seeing this version before. Their purported
VME-representations are a golden leg for C3PO, a cornucopia for the Fruit of the Loom logo, a tail for Curious
George, a monocle for the Monopoly Man, a black-tipped tail for Pikachu, and no bar between the V' and the ‘W’ of
the Volkswagen logo (c) An alternative, matched manipulation on the same feature that has not been reported as a
VME representation.

In casual pop science discussions, schema theory has been mentioned as a possible
explanation of the VME (Dagnall & Drinkwater, 2018), although not formally investigated.
Indeed, in many reported VMESs, the erroneous feature is schema-consistent. The Monopoly
Man, for example, is the quintessential older rich man, and a monocle is stereotypical of this
schema. However, there are defining aspects of the VME that this theory cannot fully account
for. In previous studies of highly familiar stimuli, while falsely remembered features were
schema-consistent, they varied across people. Conversely, the false features reported from the
VME are specific and consistent across people. Furthermore, the VME has only been reported

for a select few visual icons; if it were simply a matter of schema-consistent errors, we would
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expect to see more images affected by the VME phenomenon. Given the high specificity and
consistency reported with the VME, the schema explanation does not suffice by itself.

Consistent memory performance is not unique to the VME; people are highly consistent in their
accurate memory for images, universally remembering some over others (Bainbridge et al.,
2013; Bainbridge, Dilks, & Oliva, 2017; Bainbridge, 2019). These results suggest that a
proportion of what dictates memory performance is intrinsic to the stimulus and independent of
individual experience. These studies investigating the intrinsic memorability of images also
show that images, despite being of a similar schema (e.g., faces), can elicit highly consistent
memory behaviors across participants (Bainbridge et al., 2013). While memorability work has
mainly focused on successful recognition of images, some work also suggests high consistency
in false recognition (Bainbridge et al., 2013). Applying this to the VME, perhaps something

about the images themselves is what drives the effect.

Here, we provide empirical evidence demonstrating that there are certain images that elicit a
specific false memory, despite high familiarity and confidence. In Experiment 1, we examine the
VME through a forced choice recognition task, where participants are asked to pick the
canonical version of an image amongst a set of manipulated versions. In Experiment 2, we
characterize the perceptual and attentional forces behind this effect through a computer-based
method analogous to eye-tracking. In Experiment 3, we quantify the natural visual experience
for these images by scraping real-world images from the Internet. Finally, in Experiment 4, we
test if the VME occurs during free recall with an image drawing paradigm. We reveal that the
VME exists for certain images, showing that there are consistencies in people’s false memories
for both recognition and recall. We observe these memory errors both when participants report
long-term knowledge (Experiments 1 and 4) and when they report short-term memory
(Experiments 2 and 4). Furthermore, we find that differences in the visual inspection of an
image do not account for these false memories (Experiment 2), and there is no universal facet
of real-world viewing experience that explains the effect (Experiment 3). These results suggest
that there may not be a unitary account driving the VME, despite the high consistency across

people.

Open Practices Statement

The stimuli and data for all experiments are publicly available at https://osf.io/7cmwf/. None of

the experiments reported in this article were preregistered.
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Experiment 1
Based on informal reports of the effect, there are five defining characteristics of images affected
by the VME: low identification accuracy, a specific false representation, high consistency across
participants, high familiarity among participants, and high confidence in the wrong image. In
Experiment 1, we aimed to establish whether there were images that met these criteria and

were thus VME-apparent by using a forced choice recognition task.

Methods

Stimuli

Forty image concepts were used to generate image sets for Experiment 1. Throughout the
paper, we will use the term image concept to refer to the icon represented in the image (e.qg.,
Pikachu) as opposed to the specific image used. Six of these image concepts were informally
purported in the popular press to cause VME, and had an associated false memory
representation (Bakkila, 2019). These images included four mascots/characters and two brand
logos: C3PO from the Star Wars franchise, the Fruit of the Loom logo, Curious George from the
Curious George series, the Monopoly Man from the Monopoly board game, Pikachu from the
Pokémon franchise, and the Volkswagen logo (Figure 1A). Their purported VME-
representations were a golden leg for C3PO, a cornucopia for the Fruit of the Loom logo, a tail
for Curious George, a monocle for the Monopoly Man, a black-tipped tail for Pikachu, and no
gap between the V' and the ‘W’ of the Volkswagen logo (Figure 1B). The remaining thirty-four
images in this study were pulled from similar areas of popular iconography and had no
previously associated false memory representations. This included such icons as the Bluetooth
symbol, Hello Kitty, and Bugs Bunny, for a total of twenty-two characters/mascots, sixteen brand

logos, and two symbols.

For each image concept, we created an associated image set made up of three versions of that
image concept: an unaltered image and two manipulated images (Figure 1 A-C). The unaltered
version is the canonical version used as the official design for the icon. Manipulations were
done in GNU Image Manipulation Program, an open-source image editor (The GIMP Team,
2020). Only one feature of the image was altered across manipulations. For the six images
purported to cause VME, the VME-induced representation was one of the manipulated versions
(Figure 1B). There were five possible manipulations: feature addition, where a new feature was
added to the image; feature subtraction, where an existing feature was removed from the

image; feature change, where an existing feature was altered but not removed;
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position/orientation change of a feature; and color change of a feature. The 80 manipulations
included twenty-six feature subtractions, twenty-one feature additions, twenty-four feature
changes, three position/orientation changes, and six color changes. Manipulations were
intended to be relatively schema consistent and to fit the original design of the image. The
manipulation type was not predictive of the correct answer and the absence or presence of a
feature on an image did not always mean the image was the original. Thus, participants could
not determine the correct image just from reasoning about the types of manipulations in the
three versions of the image. All stimuli are accessible through our publicly available repository

on the Open Science Framework (https://osf.io/7cmwi/).

Participants

Participants on Amazon Mechanical Turk (AMT), an online crowdsourcing platform for tasks,
were screened for location (U.S) and English comprehension. Participants were excluded if
more than 50% of the questions were not answered. Since Experiment 1 served as a first
exploratory analysis of the VME, we aimed to recruit a high number of participants to make
judgments on each image; ultimately, 100 AMT patrticipants (Females = 35, Mean Age = 39.4
years, Std Age = 12.3) successfully completed this task. No personally identifiable information
was collected from any participants, and participants had to acknowledge participation in order
to continue, following the guidelines approved by the University of Chicago Institutional Review
Board (IRB19-1395).

Procedure

Each participant saw all forty image sets with all three versions. Presentation order of both the
image sets and the versions within the set were randomized. Participants were asked to choose
the correct version (i.e., the canonical version) of the image from the three versions and rate
their confidence in their choice on a 1 to 5 Likert scale (1 = not at all confident, 5 = extremely
confident).

They also rated their familiarity with the image concept on a 1 to 5 Likert scale (1 = not at all
familiar, 5 = extremely familiar) and how many times they had seen the image concept before
(0, 1-10, 11-50, 51-100, 101-1000, 1000+). See Figure 2 for an example question.


https://osf.io/7cmwf/
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Question 1 out of 40

a. Choose the correct image for the Apple logo:

y ’

b. How confident are you in your choice? (1 is not at all confident, 5 is extremely confident)

not at all confident 1 2 3 4 5 extremely confident
c. How familiar are you with the Apple logo? (1 is not at all familiar, 5 is extremely familiar)

not at all familiar 1 2 3 4 5 extremely familiar
d. How many times have you seen the Apple logo before?

0 1-10 11-50 51-100 101-1000 1000+

Fig. 2. Forced choice recognition task. An example question from the forced choice recognition task. For 40 icons,
participants were asked to choose the correct version from a set of three, rate their confidence in their choice, their
familiarity with the image concept, and the approximate number of times they have seen the image concept before.

Results
Each image had an average of 98.1 responses. If a participant skipped the image choice
guestion, follow-up questions for that image were not included in the analysis. In every

experiment of this study, an alpha level of 0.05 was used for all tests.

For an image to show VME, five criteria must be met: one, the image must have a low
identification accuracy; two, there must be a specific incorrect version of the image falsely
recognized; three, these incorrect responses are highly consistent across people; four, these
images show low accuracy even when they are rated as being familiar; and five, these
responses on these images have high confidence even though incorrect. Towards the first
criterion, we calculated the percent accuracy for each image (Figure 3A). Five images had an
identification accuracy below chance (< 33%), while two others were close to chance (34% and
35%). To determine if a specific incorrect manipulation was chosen for these images, we first
labeled the two different manipulations: for each image concept, Manipulation 1 refers to the
manipulation that had the highest proportion of incorrect responses and Manipulation 2 refers to

the remaining manipulation. Then, to determine if the proportion of correct responses was
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significantly different from the proportion of Manipulation 1 responses, we performed a chi-
square test of independence. Of the forty image concepts, thirty-nine showed independence (all
X2 2 6.089; all p < 0.014), indicating the response rate significantly differed to the correct image
and to the Manipulation 1 image. Of these, seven had a significantly higher proportion of
Manipulation 1 than correct responses, while the remaining thirty-two had a significantly higher
proportion of correct responses than Manipulation 1 responses. These results indicate that
these seven images (C3PO, Curious George, the Fruit of the Loom logo, the Monopoly Man,
Pikachu, the Volkswagen logo, and Waldo from Where’s Waldo?) had not only accuracies
below chance, but also specific incorrect versions that were falsely recognized as the original.

Thus, these seven images were labeled as ‘VME-apparent’.

VME is also defined by its consistency; it is a shared specific false memory. We used a split-half
consistency analysis to determine if people were consistent in the image choices they made.
Participants were randomly split into two halves; for each half, the proportion of correct
responses and Manipulation 1 responses was calculated for each image. We then calculated
the Spearman rank correlation for each response type between the participant halves, across
10,000 random shuffles of participant halves. The mean Spearman rank correlation across the
iterations for the proportion of correct responses was 0.92 (p < 0.0001; Figure 3B). The mean
correlation across the iterations for the proportion of Manipulation 1 responses was 0.88 (p <
0.0001; Figure 3B). This suggests that people are highly consistent in what images they
respond correctly and incorrectly to. In other words, just as people correctly remember the same

images as each other, they also have false memories to the same images as each other.
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A. Ratio of Response Choices by Images
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Fig. 3. Seven images show shared and specific incorrect responses. (a) Seven images had identification
accuracy below or near chance (33%). For these seven images, denotated by the arrows, the proportion of correct
responses and Manipulation 1 responses were independent (all x? 2 6.089; all p < 0.01), with a significantly high
proportion of Manipulation 1 responses, indicating that a specific incorrect version was chosen. (b) The Spearman
rank correlation across the 10,000 shuffled participant halves showed high consistency across participants for both
correct responses (p = 0.922, p < 0.0001) and Manipulation 1 responses (p = 0.876, p < 0.0001). VME-apparent
images, indicated by the colored-in asterisks, fall at the extremes of the proportions.

To analyze how familiarity and confidence compare between VME-apparent images and the
other images, the mean confidence, mean familiarity, and accuracy for each image were
compared (Figure 4). As expected, there was a significant correlation between mean confidence
and mean familiarity across all images (r = 0.90, p = 2.64x10%), indicating that people made

more confident responses for the items that were familiar. However, there was a surprisingly
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much lower correlation between accuracy and confidence (r = 0.59, p = 5.61x107°) and between
accuracy and familiarity (r = 0.42, p = 0.007), although still significant. Visual inspection of these
plots showed that eight images fell below the distribution (Figure 4B, C), where these images
had low accuracy but high familiarity and confidence ratings. Seven of these eight images were
the seven VME-apparent images identified by the chi-square test. To determine if VME-
apparent images were driving these decreased correlations between memory accuracy with
familiarity and confidence, we ran a permutation test (Figure 4). We randomly dropped seven
images from the sample and calculated the new correlation coefficient 1000 times. We
compared the distribution of these correlation coefficients for these randomly removed samples
to the correlation coefficient of the sample when only the seven VME-apparent images were
removed. If the correlation increased when VME-apparent images were removed from the data
compared to a random set of seven, it would suggest that these specific images were negatively
impacting the correlation. There was a significant effect of VME-apparent images on the
correlation between accuracy and familiarity (p = 0.044) and between accuracy and confidence
(p = 0.001) but not for the correlation between confidence and familiarity (p = 0.540). This
suggests that the seven VME-apparent images do not fit into the overall trend; for these images,
accuracy does not increase with increasing familiarity and confidence. Furthermore, their
accuracy is surprisingly low given the reported familiarity and confidence people had with these
images. There was also no significant difference between the number of times participants had
seen VME-apparent images before and the number of times they had seen the images that
were correctly identified before (Wilcoxon rank sum, z-value = 0.64, p = 0.523), supporting the
idea that there is no difference in prior exposure between VME-apparent images that induce
false memory and the images that do not.
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Fig. 4. VME-apparent images show poor accuracy despite high familiarity and confidence. Below each
correlation is the distribution of the correlation coefficients when seven random images were removed from the
sample. The correlation coefficient when the seven VME-apparent images were removed from the sample is
indicated by the green line. (a) Mean image familiarity ratings were strongly correlated with confidence (r = 0.90, p
= 2.64x101%). The 7-VME images did not negatively impact this correlation (p = 0.540) (b) The correlation of
confidence and accuracy was lower (r = 0.59, p = 5.61x10°); when the seven VME-apparent images are
removed, the correlation significantly increases (p = 0.001) (c) This is similarly the case for the correlation
between familiarity and accuracy (r = 0.42, p = 0.007): removing the seven VME-apparent images significantly
increases the correlation (p = 0.044).

Together, the analyses show that seven images meet the five criteria of VME that we previously

defined. First, the response choice analysis shows that these seven images have a low

identification accuracy. Secondly, the results of the chi-square test show that a specific

representation was falsely remembered for these images. Furthermore, the split-half

consistency analysis provides evidence that this incorrect choice is highly consistent across

participants. Finally, the permutation tests suggest that these seven images have high familiarity

and confidence, despite their poor accuracy. The combination of these results demonstrates a

true Visual Mandela effect, showing that certain images elicit shared and specific false

memories.
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Experiment 2
We next sought to understand why these seven images induce a specific shared false memory.
Specifically, we wanted to test how attention and perceptual processing of the images would
influence these false memories—are the features that elicit false memories viewed differently
from those that are correctly remembered? For example, perhaps the VME occurs because the
feature is not fixated upon during normal perception, and thus people “fill in” that region with
prior knowledge. Another possibility is that the VME could result from a source memory error,
where participants have actually seen a hon-canonical version of the icon prior to the
experiment and think that is the correct version. To address these possible explanations, we
conducted an experiment using a short-term memory task with a technigue similar to eye-
tracking. By using a short-term memory task, we could test if these errors still occur shortly after
the perception of the canonical image. In addition, the mouse tracking technique allowed us to
see how participants observe these images, and how inspection patterns may relate to later
false memories. We also examined the differences between images using low-level visual

feature analysis, and polled participants’ intuitions for their decisions.

Methods

Stimuli

Because only seven of the forty image sets used in Experiment 1 were VME-apparent, we
tested the VME-apparent image concepts and a matched subset of seven non-VME control
image concepts, selected as those that were high in accuracy but matched in familiarity
(independent t-test, t(12) = 0.11, p = 0.911; VME-apparent: M = 3.78, SD = 0.17; matched
subset: M = 3.77, SD = 0.15).

Participants

Participants on Prolific, an online crowdsourcing platform for tasks, were screened for location
(US) and English comprehension. Participants were excluded if they failed the attentional check
or if they did not follow task instructions; one participant was excluded for not moving their
mouse during the task. 60 Prolific participants (Females = 32, Mean Age = 34.7 years, SD Age
= 13.5) successfully completed this task. The participant sample size was selected to match the
sample size of a related experiment (see BubbleView Experiment in SOM-R). No personally

identifiable information was collected from any participants, and participants had to
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acknowledge participation in order to continue, following the guidelines approved by the

University of Chicago Institutional Review Board (IRB19-1395).

Procedure

To determine how people viewed these images, we used MouseView, a mouse-tracking method

analogous to eye-tracking (Anwyl-Irvine et al., 2021). Generally, a target image is obscured by a

white overlay, and MouseView creates a circular aperture that moves with the computer mouse

to reveal the image underneath it (Figure 5). By moving their cursor around, participants can

continuously uncover small sections of the target image at a time, imitating foveation.

MouseView measures have been shown to significantly predict real human fixation measures

(Anwyl-Irvine et al., 2021). In the current experiment, all MouseView images were presented at

a size of 500 x 500 pixels with an aperture of 5% of the viewing window. We used the jsPsych

implementation of MouseView (de Leeuw, 2015) and hosted the experiment on Cognition, an

online jsPsych experiment platform (Cognition. Run Experiments Online, n.d.).
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Fig. 5. Experiment 2 methods. During the study phase, participants inspected the correct version of 7 VME
images and 7 matched non-VME images. A blurred version of the image was shown for 250ms, and then
participants had to move a circular aperture to reveal the image underneath, approximating fixation behavior.
Participants were told to examine each image, and then were allowed to move onto the next trial after at least 5s
of inspection. During the test phase, participants had to indicate their memory for the images they inspected,
choosing between the correct original image or an incorrect manipulated version. Finally, participants answered a
series of questions about why they chose that image, their confidence in their decision, and their level of
familiarity with the image concept.

This experiment consisted of two main phases: the study phase and the test phase. Each phase

had fourteen trials, one for each VME and matched non-VME image. For the study phase,

participants were directed to examine each image, by using their mouse cursor to move around

and reveal the image underneath a white overlay. Participants only saw the correct version of

each image concept (e.g., the canonical Monopoly Man without a monocle). Each image was
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preceded by a rapidly presented (250ms) blurred version of the image (10 sigma Gaussian), in
order to approximate the first gist-like view on an image that people use to guide their
inspections (Henderson, 2007). Participants were required to inspect the image for a minimum
of 5s before continuing onto the next trial, which was preceded by a 1s fixation cross.
Importantly, participants were not explicitly told that they would be tested on their memory of the
images later, in order to promote more naturalistic inspection. In the test phase, for each image
set, participants were shown the correct image (that they studied) and the Manipulation 1
version of the image concept and chose which they had seen during the study phase. Location
of the choices (left or right) was randomly determined. After making their selection, participants
then reported why they chose that version over the other version. Participants also rated their
confidence in their choice on a 1 to 5 Likert scale and their familiarity with the image concept on
a 1to 5 Likert scale. Finally, at the end of the experiment, participants reported what they
thought the experiment was about and whether they had heard of the Mandela Effect prior to

the experiment.

MouseView Inspection Density Map Generation

For each participant response, we created a map of the two-dimensional points in which people
fixated during the study phase. We converted this into an inspection density map for the image
using a thin plate smoothing spline interpolation with a 50-pixel blur radius around each point,
akin to prior work generating semantic heat maps for images (Henderson & Hayes, 2017).
Higher inspection density values indicated that there was more inspection in that area,

suggesting that participants examined that area of the image more.

Results

First, we confirmed whether we replicated our results from Experiment 1. If the VME occurred in
Experiment 2, we would expect to see low accuracy for the VME subset compared to the
matched subset, despite equivalent familiarity and confidence ratings. Indeed, between our
image subsets we observe no significant difference in familiarity (independent t-test, t(12) = -
0.98, p = 0.347, Bayes Factor BFo; = 1.64 anecdotal evidence for the null; VME-apparent: M =
3.65, SD = 0.15; matched subset: M = 3.82, SD = 0.43) or confidence (independent t-test, t(12)
=-0.93, p =0.369; BFo: = 1.69, anecdotal evidence for the null; VME-apparent: M = 3.24, SD =
0.38; matched subset: M = 3.48, SD = 0.55). However, VME-apparent images had a
significantly lower accuracy than matched non-VME images (independent t-test, t(12) = -4.82, p

=4.19 x 10%; BF1o = 57.28, very strong evidence for the alternate hypothesis; VME-apparent: M
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=52.86%, SD = 15.02%; matched subset: M = 82.38%, SD = 6.07%). This low accuracy for the
VME image set is remarkable, given that participants had just seen the correct image minutes
prior during the study phase, yet still chose the false version to indicate their memory.

We asked participants to report their reasoning behind choosing one image version over the
other during the test phase. For each image, we split the responses by those who responded
correctly and those who responded incorrectly. We determined the proportion of responses that
mentioned the manipulated feature in their reasoning and the proportion of responses that were
guesses or had unclear reasoning. For both image types (VME and matched), when participants
answered correctly, they most often attributed this to memory for a specific feature (for 78.32%
of the VME responses and 71.57% of the matched responses; no significant difference, x? =
3.446, p = 0.063), e.g., they “only saw the fruit, not the cornucopia” when inspecting the Fruit of
the Loom logo. However, participants who chose the incorrect variation of the VME-apparent
image concepts also reported remembering seeing the manipulated feature, even though they
did not. For example, for the Fruit of the Loom logo, participants reported that, “I'm pretty sure it
had a basket” and “there was a cornucopia in the image | saw” (see the OSF repository for all

responses: https://osf.io/7cmwf/). In fact, incorrect responses to VME-apparent images were

more often attributed to memory of the manipulated feature (66.54%) than those to matched
non-VME images (44.92%), which instead tended to be more guess-based (chi-square test of
independence, x?>= 10.466, p = 0.001).

In this experiment we collected MouseView cursor data, a comparable measure to eye-tracking,
to determine if there were inspection differences that may drive VME. We analyzed this data on
two key levels: by the condition and by the image. For the condition-level analysis, we examined
the effects of three factors on the inspection density: condition (VME/matched), response type
(correct/incorrect), and area of image (manipulated area/unchanged area). We found a
significant effect for area, where average inspection density was higher in the area that was
manipulated than outside that area (F(1, 48) = 35.91, p = 2.58 x 107, nNy?=0.428; BF10 = 2.69 x
10°, extreme evidence for the alternate hypothesis). This could be due to the low inspection
outside of the image borders itself; and indeed, when we look at an alternate measure of
maximum inspection density inside or outside of the manipulated area, there is no longer a
significant effect (p = 0.091; BFo1 = 1.33, anecdotal evidence for the null hypothesis). However,
importantly, even for average inspection density, there was no difference in inspection behavior

related to whether the image caused VME or not (p = 0.143; BFo: = 1.90, anecdotal evidence for
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the null hypothesis), nor whether participants responded correctly or not (p = 0.952; BFo; = 6.06,
moderate evidence for the null hypothesis). There were also no significant interactions across
factors (all p > 0.50; all BFo1 > 3.70, moderate evidence for the null hypothesis). This indicates
that inspection behavior did not differ between images that caused false memories and those
that did not.
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Fig. 6. Inspecting differences do not drive VME. Inspection density heatmaps using the MouseView interface; for two
example VME-apparent images, and two example matched images. (a) shows the inspection density map of inspecting
behavior for participants who correctly remembered the images, while (b) shows the inspection density map of inspecting
behavior for participants who had a false memory for the images. (c) shows the difference in inspection behavior between
those who correctly versus incorrectly remembered the images. Crucially, there were no significant differences in
inspecting behavior related to the type of image that was being viewed (VME or matched), or whether their memory was
correct or incorrect.
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We ran a similar analysis at the individual image level for all seven VME-apparent images
(Figure 6, SOM-U Figure SU2). Specifically, we tested 2-way ANOVAs with factors of the area
of the image (manipulated area / unmanipulated area) and response type (correct / incorrect).
No images showed a significant interaction of inspection area by response type (all p > 0.10; all
BFo; > 2.20, anecdotal to moderate evidence for the null hypothesis; see Table SU1 in SOM-U).
This implies that no images showed a difference in inspecting behavior between when
participants had a correct or false memory. We conducted an additional experiment to compare
allocation of attention across the original versions of these image concepts and their
manipulations, and similarly found no differences (see BubbleView Experiment in SOM-R).
Thus, across two experiments, we find no evidence for differences in inspecting behavior for

images that later elicit false memories.

While the VME does not appear to be caused by differences in attention, we also tested
whether the VME could be explained by differences in low-level visual features. If so, we would
expect to identify visual differences between the image versions that do cause VME and those
that do not. A comparison of spectra energy (i.e., the spatial frequency of an image) across the
image versions found no significant difference (all p > 0.660). A comparison of the proportion of
non-white, foreground pixels also found no significant difference across the image versions (all
p > 0.783). Finally, we compared the color composition of these image versions, which again,
showed no significant difference across the R, B, and G channels (all p > 0.158). These results
show that there are no differences in low-level visual features between the images that induce

VME and the images that do not induce VME that could explain the phenomenon.

Finally, at the end of the experiment, we asked participants questions to ascertain whether or
not they knew of the VME. Of the 58 participants who responded to the question “What do you
think this study was about?”, only five responses (8.62%) mentioned the Mandela Effect or false
memory. 67.92% of the participants who responded reported having heard of the Mandela

Effect prior to the experiment.

From this experiment, we replicate the VME, showing that these specific images elicit false
memories, even when the canonical images are shown right before memory is tested. This
suggests that source memory error cannot fully explain the VME, as it is unlikely that the non-
canonical version from prior experience is overriding their recent experience of the canonical

image. We also found that participants’ reasons for their choices did not differ by image type—
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whether correct or incorrect, they mentioned strong memories of the manipulated feature in
guiding their choices. By analyzing inspection behavior through mouse tracking, we found no
differences in inspection patterns related to the type of image or people’s memory, showing that
images do not cause the VME because of differences in attention or perception. Although this
experiment does not capture all facets of perceptual encoding, it does suggest that participants
are not misremembering these VME features because they fail to look at them. We also find that
the VME is not due to differences in low level visual features. Finally, although few people report
thinking the experiment was about VME, more than two-thirds report having heard of the

Mandela Effect prior to the experiment.

Experiment 3
While we observed no link in Experiment 2 between inspecting behavior and false memories, it
is possible that these false memories were caused by differences in the accumulated viewing
experience of the cultural icons over time. For example, perhaps people incorrectly remember
the color of C3PO’s leg because his legs are rarely shown in the Star Wars movies. Or perhaps
they have even seen the VME version of C3PO, given that the Mandela Effect has been
covered in the popular media. Indeed, while only a few participants guessed that Experiment 2
was about VME, many people reported having heard of the phenomenon previously. To quantify
the real-world visual experience of these icons, we conducted an experiment where we
automatically scraped images of these icons from Google Images, and then quantified the
presence of VME features.

Methods

Procedure

To approximate the natural viewing experience of the VME-apparent icons, we automatically
scraped the top 100 Google Image results for each icon (Clinton, 2020/2021), generated by
queries of the name of each icon (e.g., “Volkswagen”, “Pikachu”, “Monopoly”, etc.). We then
categorized these images into three different groups: 1) those that are unable to show the VME
because the feature is not present (e.g., a headshot of C3PO without his legs visible), 2) those
that show the full feature and have no VME in the image (e.g., a full-body photo including
C3PO'’s silver leg), and 3) those that show the full feature and do have the VME in the image
(e.g., a full-body photo of C3PO with two golden legs). For images that do show the VME in the
image, we also categorized how many of these images originated from sources specifically

describing the Mandela Effect.
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Results

The distribution of scraped images across these four categories (unable to show VME, no VME
in the image, VME in the image, and VME in the image from a source about the VME) are
shown for each of the seven VME-apparent images in Figure 7 (also see Figure SU3 in SOM-U,;

all scraped images are on our OSF repository: https://osf.io/7cmwf/).

We observed high variation in the natural experience with these image concepts. For C3PO, a
majority of his images do not contain his legs (51%) or do actually contain the VME (24%;
golden legs), suggesting people’s visual experiences of his legs may be incomplete or
inaccurate. For other examples (Where’'s Waldo and Volkswagen), a substantial portion of the
images show the VME (28% and 18%, respectively), although there are still more examples of
the canonical feature (44% and 74%, respectively). For the remainder of the image concepts,
the majority of the scraped images do show the correct feature of importance without a VME.
For these examples (Pikachu, Fruit of the Loom, the Monopoly Man, and Curious George),
people will rarely, if ever, encounter the VME version in the real world. For some (Fruit of the
Loom, Curious George), when the VME version is encountered, it is in the context of a source
about the Mandela Effect, suggesting the existence of the memory error precedes visual
examples of it. Therefore, the VME can also occur in spite of extensive experience with the

correct version of the image.
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Fig. 7. Quantifying the natural viewing experience of VME images. For each of the seven VME-apparent icons,
we scraped the top 100 images from the internet and categorized them as either being 1) not showing the VME in the
image (i.e., having the correct feature), 2) unable to show the VME, 3) showing the VME in the image without context,
or 4) showing the VME in the image within a context related to the Mandela Effect. There was no unifying account
across images; for some, there were examples of the VME (e.g., C3PO, Where’s Waldo), but for others, the correct
version (i.e., the Monopoly man without a monocle) made up the majority of the images. Examples of scraped images
from each category are shown to the right, with examples containing the VME feature circled in black.

While this experiment does not fully address the issue of how common the VME features are
during natural viewing, these results do suggest that it is possible for people to have experience
with the non-canonical, VME versions of the images. Specifically, while most of the images that
people are exposed to in their day-to-day are the canonical version, for some VME-apparent
images (e.g., C3PO, Where's Waldo), people may be exposed to the non-canonical VME
version, which could distort their memory for that icon and thus cause people to remember the
different version. However, for other images (e.g., Pikachu, Monopoly Man) the results suggest
that people are not often exposed to the incorrect version in the real world. This could mean that
something else may drive the VME for these specific images, or that there is something
particularly memorable about these noncanonical versions such that minimal exposure is
enough to overcome memory for the more frequent canonical versions. Importantly, these
results suggest there is no single unifying account for how prior perceptual experiences could

cause these visual false memories to occur.
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Experiment 4
Finally, we tested the strength of the VME across memory paradigms; in Experiments 1 and 2,
we used visual recognition paradigms to elicit VME. However, a stronger test of its effect is
whether people spontaneously produce these VMEs unprompted. Here in Experiment 4, we
used an online drawing task to assess whether VME occurs during free recall of an image
(Bainbridge et al., 2019). By using different task paradigms depending on icon familiarity, this
experiment also allows us to reproduce whether the VME occurs both from highly familiar, long-
term knowledge of the icon (as in Experiment 1) as well as at shorter time scales (as in

Experiment 2).

Methods

Stimuli

We tested participants on a subset of 32 of the images from Experiment 1, including all VME-
apparent images, one other low accuracy image, and eight images each matched for low,
medium, and high familiarity. Here, we only report comparisons of the VME-apparent images
and their familiarity-matched controls, but all data is available on our OSF repository
(https://osf.io/7cmwf/).

Participants

Participants on AMT were screened for location (U.S) and English comprehension. Participant
responses were also excluded if they did not answer the required questions or if their submitted
drawings did not depict the prompted image concept. Prior studies of memory drawings
generally collect drawings from fifteen to thirty participants per image (Bainbridge et al., 2019;
Bainbridge, Kwok, & Baker, 2021). To ensure we had high enough power to detect effects, we
decided to collect 50 participants for each image, resulting in 459 total AMT participants
(Females = 277, Mean Age = 38.1 years, Std Age = 11.1) who successfully completed the task.
No personally identifiable information was collected from any participants, and participants had
to acknowledge participation in order to continue, following the guidelines approved by the

University of Chicago Institutional Review Board (IRB19-1395).

Procedure
Participants were first presented with the name of an image concept (e.g., “Pikachu”), and rated
their familiarity with the image concept on a 5-point Likert scale (1 = not at all familiar, 5 = highly

familiar) (Figure 8). The subsequent task differed based on their response type. Those who
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Fig. 8. Familiarity-based drawing recall paradigm. Participants first indicated their level of familiarity with a given
image concept (e.g., “Pikachu”). If participants rated their familiarity with the image concept as low (< 3), they did a
short-term recall task where they studied the associated image for three seconds and, after a brief delay, drew the
image from memory with as much detail as possible. For participants who were highly familiar with the image concept
(= 3) they drew the image from their long-term memory in as much detail as possible.

responded with low familiarity (scores < 3) did a short-term memory recall task. In that short-
term recall task, participants would see a 500 x 500 pixel display of the image associated with
the image concept for three seconds and, after a one second delay with a fixation cross, were
asked to draw the image concept from memory for at least two minutes, but with no time limit. In
contrast, those who responded with high familiarity (scores = 3) did a long-term memory recall
task. They were asked to draw the familiar image concept from their memory for at least two
minutes, with no time limit, but without seeing an image. The differential tasks based on
familiarity response allowed participants to submit a drawing of the image concept regardless of

their familiarity. For both tasks, there was no time limit for the drawings.

The online drawing apparatus used in the procedure was adapted from Bainbridge, Hall, &
Baker (2019). Participants were presented with a 500 x 500 pixel blank square when asked to
draw the image concept from memory. The drawing interface operated like a simple paint
program: participants could draw with a pen in multiple colors, fill sections in multiple colors,
erase lines, and undo or redo actions. Participants were not limited in what devices they could
use to draw but were highly discouraged from using their fingers on a touchscreen device

because that made the drawing interface harder to use.

Three independent scorers rated each image for errors, based on missing, added, or changed
features, but not drawing quality. The scorers listed and counted the errors in each drawing; if
the drawing was of a VME-apparent image, they first noted whether it was possible for the VME-

error to exist (e.g., drawing only C3PQ’s face and excluding his legs) and, if so, whether the
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VME error was made. For short-term memory drawings, errors were determined by comparing
the drawing directly with the image that was presented during the task. Because no image was
presented during the long-term memory task, the scorers were not instructed to determine
drawing errors based on a specific image, but rather on general portrayals of the image
concept. Using only the errors identified by all three scorers, we calculated the most frequent

long-term memory and short-term memory drawing error for each image.

Results
Each image had an average of 50.1 responses, with an average of 13.2 short-term recall

responses and 36.9 long-term recall responses.

To see if recall induces the same VME errors that recognition does, we calculated the frequency
of those errors for VME-apparent images in both the long-term and short-term tasks. Because
there was no image presented to the participant in the long-term task, it was possible for the
participants’ drawings to not include the area necessary for the VME feature to exist; therefore,
the frequency of VME error was calculated only from drawings that included the area where the
VME feature could occur (Figure 9). For long-term task drawings, the total frequency of VME
errors was 47.72%, which means that roughly half of all images drawn from long-term memory
that could have the VME feature, did have the VME feature. However, the frequency of the VME
feature for each image varied (M = 51.27%, SD = 36.22%), suggesting that the occurrence of
VME features during long-term recall is highly dependent on the individual image. C3PO,
Waldo, Curious George, and the Volkswagen logo had the highest frequency of VME-error in
long-term recall (94.44%, 92.86%, 57.69%, and 43.33% respectively) while the Fruit of the
Loom logo, Pikachu, and the Monopoly Man had the lowest (16.13%, 22.73%, and 31.71%
respectively). Some drawings from participants of the short-term memory version of the task,
who were unfamiliar with the image concept, still showed a VME error, although fewer than for
the long-term memory task (total frequency = 20.97%, M = 27.49%, SD = 37.23%). On a by-
image basis, 100% of C3PO drawings, 9.09% of Curious George drawings, 50.00% of the
Monopoly Man drawings, and 33.33% of Waldo drawings showed their associated VME-error
during short-term recall. No other VME-apparent images displayed VME error in their short-term

memory drawings.

We then compared how the frequency of VME drawing errors compared to the frequency of

drawing errors for non-VME images. We used the seven images from the medium familiarity
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category established in Experiment 2 to serve as a familiarity matched, non-VME control. For
each image in this category, we determined the drawing error with the highest frequency, as
scored by the three drawing scorers. Using a 2-way ANOVA, we tested the effects of image
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Fig. 9. Drawings from both short-term and long-term recall include spontaneous VME errors. The original
version of the image concept (a) was seen only by participants of the short-term recall task who had a low familiarity
with it. The gray arrows for the long-term drawings (b) and short-term drawings (c) point to the respective VME-error
on the drawing. Participants spontaneously generated the VME-error in a total of 47.72% of long-term drawings and
20.97% of short-term drawings, despite not having seen that version of the image. These results suggest that the
VME is not a recognition only error and can be generated during recall as well.

category (VME or non-VME) and memory type (long-term or short-term) on the frequency of the
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most frequent drawing error of each image. There was a significant main effect of image
category (F(1, 24) = 11.17, p = 0.003, ny? = 0.292) but no significant effect of memory type (F(1,
24) = 1.80, p = 0.193, np? = 0.047) nor any significant interaction between image category and
memory type (F(1, 24) = 1.25, p = 0.275, np? = 0.033). VME-apparent images had a significantly
higher frequency of drawing error (M = 39.39%, SD = 35.64%) than non-VME apparent images
(M =7.04%, SD = 9.67%) regardless of whether the drawings were from short-term or long-term
memory, implying that people were more likely to make VME errors in their drawings for these

images.

The occurrence of VME-errors during both short-term and long-term recall suggests that people
do spontaneously generate these specific errors; VME is not a recognition-only phenomenon.
Given the variability of the error frequency, it also suggests that the ease of spontaneously
generating these errors may depend on the specific VME-apparent image. Furthermore, the fact
that VME-errors can occur during short-term recall, despite limited familiarity with the image,

could suggest that there is something intrinsic to these stimuli that encourages these errors.

Discussion

Here, we characterize the Visual Mandela Effect, empirically demonstrating that seven familiar
images from popular iconography have low memory accuracy, with a specific incorrect version
consistently remembered across people. These VME errors occur during recognition and recall,
and when using short-term or long-term memory. Furthermore, there might not be a universal
explanation for why the VME occurs. While we showed that these errors are unlikely to be
explained by attentional or low-level visual differences, the VME may be driven by schema-
based perceptual knowledge for some icons and driven by visual experience with the non-

canonical version for others.

The untested explanation for the VME relied solely on the schema theory of false memory:
people are more likely to misremember details when they align with expectations of the image.
While this explanation is limited, as it fails to fully explain the consistency and specificity of the
VME, it may play a role in driving VME errors resulting from an incomplete perceptual
experience. In Experiment 3, we examined how these icons are represented in the real world
and found that the frequency of the specific feature may be low for some images (e.g., C3PO’s
legs are rarely shown). Additionally, while our results from Experiment 2 showed no significant

differences in inspection patterns between VME and non-VME images, the analysis might not
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fully capture how perceptible these features are under naturalistic viewing conditions. Therefore,
it is possible that for some VME images (e.g., C3PO, Volkswagen, Where’s Waldo), the error
may be driven by filling in these perceptual gaps with schematic knowledge, creating a more
schema-typical false memory (Koutstaal & Schacter, 1997; Miller & Gazzaniga, 1998; Seamon
et al., 2000). However, this is unlikely to apply to all VME-apparent images. For some icons, the
feature of interest is almost always shown (e.g., the Monopoly Man’s face) and some VME
features are intuitively atypical to the schema (e.g., a cornucopia for the Fruit of the Loom logo).
Furthermore, it is unclear how such schemas are formed for new image classes; for example,
as Pokémon’s most popular character, Pikachu is likely the basis for that schema, yet people
falsely remember a black tip on its tail. Future research into VME should examine the schema

consistency of VME-features compared to other manipulations.

Another possible account for the VME could be source confusion of the memory. Our image
scraping results suggest that, while uncommon, it is possible for people to have previously
experienced the VME version (e.g., C3PO, Fruit of the Loom). In this case, the VME-error would
not be a false memory, but rather source confusion: remembering the non-canonical version
they saw instead of the canonical design. As the Mandela Effect becomes more known in
popular culture, these non-canonical memories may become amplified, which could contribute
to this account. Indeed, 67.92% of participants had heard of the effect, and some scraped
images with a VME were from sites discussing the VME (e.qg., the Fruit of the Loom in Figure 7).

It will be important to characterize this phenomenon while it is still relatively new.

Although these two accounts may explain some examples of the VME, there are results that
neither can fully account for. Firstly, participants who made VME errors reported high familiarity,
implying they had extensive experience with the canonical version, which may not be reflected
by the image scraping analysis (e.g., watching the Pokémon TV show). Secondly, we found that
for most of the VME icons (5 of 7), the majority of the scraped images were the canonical
version. This suggests that the VME versions are rare and may not be experienced by
everyone. Thirdly, a subset of the VME-apparent images from Experiment 3 originated from web
sites and articles about the VME (see Figure 7), implying that the widespread memaory error
preceded reporting of the phenomenon. Additionally, Experiment 2 and 4 demonstrated that the
VME can occur even on short-term memory scales: participants made VME errors, despite
perceiving the canonical images a few moments prior. It is unlikely this occurrence of the VME

is due to a rare variant from prior experience overriding the recent experience of the more
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frequent canonical image. This converging evidence suggests that some people may be making
consistent memory errors, even with extensive visual experience with the icon and without

having experienced variants before.

Another potential account that could partially explain the VME is that these errors may occur
due to intrinsic properties of the VME image. Many studies have shown consistency in what we
remember (Bainbridge et al., 2013; Bainbridge, Dilks, & Oliva, 2017; Bainbridge, 2019), due to
an intrinsic pull of the stimulus (its memorability). The memorability of an image is not driven by
low level features (Isola et al., 2014), bottom-up or top-down attention (Bainbridge, 2020), or
semantic processing of the images (Lin et al., 2021), but can be predicted with models
incorporating both visual and semantic information, to moderate success (Kramer et al., 2022;
Needell & Bainbridge, 2022). These studies have also observed consistency across observers
in false recognition for face stimuli (Bainbridge et al, 2013; Bainbridge, 2017), in which some
novel images are consistently reported as old, across people. In the instance of source
confusion, it could be that the VME-versions are more memorable than the canonical versions,
which is why they are remembered instead. However, there remains the same question of what
features drive these memories. Studies examining consistency in true memory use hundreds or
thousands of stimuli (Bainbridge et al., 2013; Isola et al., 2014; Bainbridge et al., 2017), but here
we examined only forty images from popular iconography. Future studies should make use of
many more images, and leverage methods designed to induce false memories for a stimulus
(Roediger & McDermott, 1995; Koutstaal & Schacter, 1997; Miller & Gazzaniga, 1998) to induce

consistent false memories across people.

While these images cause consistent errors across individuals, our study only tested icons and
participants within the United States. Since these images are culturally specific, we might expect
differences outside of the US. Indeed, prior work on word false memory shows that effects can
be culturally specific (Stadler et al., 1999; Roediger et al., 2001). However, our results do show
that individuals will spontaneously create false memories even for icons they are unfamiliar with
(Experiment 4). Future study will need to investigate reports of VME-like memories in other

cultures, and whether one can create culturally agnostic VME stimuli.

In sum, we revealed a set of images that cause consistent and shared false memories across
people, spurring new questions on the nature of false memories. We show that the VME cannot

be universally explained by a single account. Instead, perhaps different images cause a VME
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for different reasons—some related to schema, some related to visual experience, and some

related to something entirely different about the images themselves.
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