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ABSTRACT

Body ownership reflects our ability to recognise our body at a certain location,
enabling us to interact with the world. Emotion has a strong impact on memory
and body ownership; interestingly, skin temperature may at least in part
mediate this impact. Previous studies have found that out-of-body experiences
(OBE) impair memory encoding and cause skin temperature to drop. In the
present study a new method for inducing OBE was designed and their impact on
a different stage and type of memory processing (emotional memory
consolidation) and on skin temperature was investigated. In our experiment, we
presented three types of emotional pictures (neutral, pleasant, unpleasant)
before inducing OBE and testing our participants’ recognition memory in a
retrieval session. Throughout the whole experiment, both neck and hand skin
temperature were measured using iButtons. Participants’ performance was
calculated using d-prime and statistical analyses included one-way ANOVA,
probing the relationship between the score on the OBE questionnaire,
performance and skin temperature; we also compared the differences between
the experimental and a control group. Results showed that OBE favour
emotional memory consolidation and cause a temperature increase, supporting
the embodied cognition theory as proposed by Anderson (2003). Future studies
should expand our findings, to rule out that participants experiencing OBE could
have a better memory at baseline or that temperature could be increased due to
other reasons.

Body ownership and Out-of-Body Experience

Experiencing fearful stimuli and feeling warm because of excitement implies a bodily state that is driven by
perception. Perception is based on body ownership (Tsakiris et al., 2007), which refers to the conscious
experience of identifying the body (self-identification), the experience of the actual spatial position (self-location),
and the experience of the position from where one perceives the world (first-person perspective) (Blanke, 2012).
In other words, body ownership reflects the relationship between the body and one’s “self” by classifying the
internal and the external objects as parts of one’s body and other people’s body respectively. This classification
is based on an interaction between the internal representation of the body and multisensory input and is
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developed in three separate stages. First, a pre-existing ability of the body to distinguish between objects that
may or may not be part of one’s body. Second, the representation of the body that influences the integration of
multisensory input and leads to modification of perceptual systems (usually visual and tactile). Third, the formed
perception which results in a subjective experience of body-ownership (Tsakiris, 2010). Depending on whether
body ownership refers to distinct body-parts or the body as a whole, is divided into two categories: partial and
global ownership (Blanke & Metzinger, 2009). Global ownership which is the main focus of the present study
can be tested by inducing an out-of-body experience.

An out-of-body experience (OBE) is defined as one’s experience of seeing his body from a location outside
the physical body (Ehrsson, 2007) and reflects global ownership in which people always identify an illusory body
as their own (Blanke & Metzinger, 2009). In general, OBE has been shown to alter participants’ perception about
their own body in a series of experiments (Petkova & Ehrsson, 2008) causing a sense of disembodiment, by
perceiving the world from a third-person perspective (3PP), which enabled participants to take the viewpoint of
someone else. This sense of disembodiment could be so robust in changing the visual perspective, that
participants discarded their own body and no longer perceived it as part of themselves (Guterstam & Ehrsson,
2012). Based on the above and in accordance with Blanke and Metzinger (2009) OBE influences three general
properties: 1) a globalized form of identification with the body as a whole, 2) spatiotemporal self-location and 3)
a first-person perspective (1PP). These properties indicate that OBE not only can change the perception of one’s
body locus but also reveal the interactions between the representation of self-location in its local environment
and the multisensory representation of one’s own body.

Body ownership and cognition

Previous studies show that OBE can manipulate first-person perspective (1PP) which affects a series of cognitive
processes as presented below. A first-person perspective is needed for forming self-consciousness with respect
to the location. In more detail, in an underlying representational or cognitive level, these operations are processed
in a frame, from another person’s (3PP) or one’s own perspective (1PP) (Vogeley et al., 2004). These authors
investigated the difference in perception between 3PP and 1PP, by asking participants to count objects as seen
either from an avatar’s perspective (3PP) or one’s own perspective (1PP). Results demonstrated that participants
were slower and less accurate in the 3PP condition as opposed to 1PP. In addition, data showed that visuospatial
processing and decision making were altered in the 3PP, thus OBE can modify cognitive processes as well. Overall,
it has been shown that OBE is adequately robust in alternating perception by causing a sensation of complete
disembodiment and in influencing cognition.

Memory

Memory is a scientific area of great importance and is divided in long- term and short-term memory. Long-term
memory is the capacity to store large amounts of knowledge for a long time, while short-term memory allows
keeping a limited amount of information in a very accessible state (Cowan, 2008). Long-term memory, which is
the primary concern of the present study is segregated in episodic and semantic memory (Tulving, 1972). Episodic
memory reflects the recollection of particular personal incidents and semantic which refers to the world’s
knowledge. Both of these long-term memory types can be assessed through recognition (deciding whether a
stimulus occurred before; was this picture presented previously?) and recall tasks (remembering particular
characteristics of a previously presented stimulus; what did the third presented picture depict?) (Baddeley, 1999).
The main distinction apart from the type of memory trace to be assessed is also the number of cues used for

successful recognition and recall (fewer cues are needed for recall than recognition) (Tulving, 1972).
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Memory formation is segregated into different stages, named encoding, consolidation, and retrieval. First,
during the encoding stage, information drawn from attention and filtered with working memory is ready to be
stored (Hayes, 2000). Afterwards, the consolidation process starts to formulate. This process reflects the
stabilization of memory traces after their initial encoding (McGaugh, 2000). Lastly, these memory traces after
being stored, they can be retrieved from storage (Ratcliff, 1978) and it is poorly understood whether retrieval
involves a search process in different memory traces or a memory trace is automatically activated (Atkinson et
al., 2000). Overall, memory as a complex system is dependent on many other biological processes. One of them
is emotion, which can have an impact on memory consolidation.

In general, emotions are driven by two opposing motivational systems, called appetitive (pleasant) and
aversive (unpleasant) (Lang, 1995). The activation of these systems can evoke different effects, for instance,
initiation of startling reflexes during unpleasant emotions and their inhibition during pleasant emotions (Lang,
1995). Either of these two systems can contribute to emotional memory enhancement, on the grounds that the
information to be stored is arousing (Kensinger & Corkin, 2003; LeDoux, 2000). Stronger arousal induces greater
attention during the encoding phase, regardless of which motivational system is active (Bradley et al., 1992).
However, it has also been found (LeDoux, 2000) that even stimuli that automatically trigger response can initiate
memory formation if they are sufficiently arousing. Lastly, the contribution of arousal can be regardless of the
context (Hamann, 2001; McGaugh, 2000). Thus, arousal can be an important emotional factor for successful
memory formation.

Even though arousal is an important factor, valence can also influence memory performance and produce
differential responses but this is more dependent on the stage of memory processing. More specifically, valence
influences primarily the consolidation of memory traces (LaBar & Cabeza, 2006). Memory consolidation
comprises distinct stages starting with initial training. During this period, learning develops which can lead to
significant improvements in performance. This is illustrated in the studies of Hamann (2001) and McGaugh
(2000) who showed that emotional stimuli can deploy attentional sources and eventually modulate memory
consolidation, which occurs between 10 minutes and 6 hours later. In this first phase of stabilizing consolidation
(without any external intervening factors like sleep) no further improvements take place (Walker et al., 2002).
As proof, the study of Quevedo et al. (2003) demonstrated differential effects of valence only in certain aspects
of memory. In more detail, by using neutral and emotional stories the authors showed that valence influenced
memory consolidation for only the high emotional-scored and not for the low-emotional scored stories,
regardless of their arousal. These contradictory results for arousal and valence in influencing memory
performance might be due to the type of memory that was tested and not due to the properties of emotion per
se.

As opposed to the beneficial impact of emotions on memory performance, some other factors can cause
memory storage to malfunction. Out-of-body experience can cause proprioceptive drift which massively
influences aspects of memory. A recent experiment showed that induction of OBE led to memory distortion,
indicating that a first-person perspective is required for successful encoding (Bergouignan et al., 2014). The
above-mentioned authors tested whether perceiving the world from the perspective of one’s own body is essential
for successful encoding. In their experiment, participants were engaged in social interaction, while undergoing
an out-of-body illusion, in which proprioceptive drift occurred from the real body to the other side of the testing
room. One week after the OBE session, participants’ memory of these events was assessed with results
demonstrating an impaired retrieval for events encoded during an OBE compared with the control condition (in-
body state). Overall, it can be concluded that for an efficient episodic memory encoding an in-body state (first-

person perspective) is an essential prerequisite but more studies on this topic are required.

15



DAOULTZIS, BOGEMANN, ONUKI, MEETER, VAN DER WERF (2020)

Even though OBE has been shown to have a negative impact on cognition, some more recent studies studying
the effects of virtual reality on cognition prove otherwise. Tuena et al. (2017) have demonstrated that disrupted
body ownership can favor episodic memory under certain circumstances. In their experiment, they tested
embodied cognition and episodic memory, by applying a virtual reality (VR) paradigm. They created three
experimental groups (full, medium, and low embodiment) and examined the episodic memory of the participants
as they were virtually navigating three cities and attempting to memorize all the events that they encountered.
The participants in accordance with their assigned group were either feeling in full control of their virtual body,
in medium or low control respectively. Then in a recognition task, participants were asked to report about certain
events that have occurred with the full embodiment group demonstrating the highest scores. These findings
underline the fact that OBE might actually enhance episodic memory, as long as participants feeling in control
(agency) and know the locus of their actions (location).

In the same direction, Bréchet, Mange, Herbelin, Gauthier, Serino & Blanke (2018) have found that OBE
favors both memory encoding and retrieval. The authors used virtual reality (VR) system which resembled a real-
life situation during both the encoding and the retrieval session. It was found that participants’ scoring in the
recognition memory task depended on the delay and the of the elements that were changed. Last and more
important, was found that OBE as induced in the experiment using VR enhanced delayed retrieval, questing the
theory that 1PP is essential for successful memory encoding and retrieval. The sense of self, body ownership, and
episodic memory are linked in a different way as the embodied cognition theory suggests.

All the aforementioned contradictory results may lead to the embodied cognition theory. The embodied
cognition theory as proposed by Anderson (2003) suggests that cognition might not be the manipulation of
abstract symbols but a response to the environment. According to his theory, processes of thinking occur in very
particular (and often very complex) environments to elicit a practical solution. This underlines the fact that
cognition is highly embodied and represents a situated activity, evoked by a person’s interaction with and
manipulation of stimuli from the external environment. Based on this theory, might that OBE could also enhance
certain cognitive tasks, such as memory, as long as the person does not feel disoriented and feels his virtual (or

dummy) body as his own.

Temperature and OBE

The human body demonstrates a complex and varying temperature pattern. The external parts of the body have
alower mean temperature than the internal parts, with temperature decreasing in the extremities (Freitas, 1999).
This occurs due to environmental fluctuations but not all the extremities are influenced at the same phase or the
same amplitude. The areas that display the greatest variability are the fingers and toes for low temperature and
the trunk and forehead for high temperatures. Many studies have reported different skin temperatures,
depending on the measured area. Freitas (1999) reports that mean skin temperature is 32-35°C, Bierman (1936)
measured the exact temperature of the trunk and found that it usually varies between 33.5°C and 36.9°C and
Sessler (2008) reports that skin-surface temperatures are considerably lower than core temperature and for
example, forehead skin temperature is typically around 34.5°C, 2°C cooler than the core.

The skin temperature can be influenced by emotions as shown in the study of McFarland (1983), where
undergraduate students performed tasks that caused their skin temperatures to either decrease or rise. Their
skin temperature was between 29°C and 33.9°C, with the lowest reflecting unpleasant feelings and the highest
associated with positive emotions. Based on the above and according to a number of studies (Bugental & Cortez,
1988; Levenson et al., 1990; Stemmler, 1989) emotions and skin temperature may be linked, causing temperature
rise or fall, depending on the stimuli presented, especially in the face and hand (Rimm-Kaufman & Kagan, 1996).
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Body ownership is another factor that alters skin temperature (Moseley et al., 2008). In more detail,
proprioceptive drift can disrupt skin temperature regulation over a single limb due to impaired partial body
ownership. Moseley and his colleagues tested the above by inducing the rubber hand illusion. Rubber hand
illusion can cause proprioceptive drift like the OBE but for a specific body part (hand), by synchronous stroking
of the real hand (unseen from the participant) and a rubber one (seen from the participant) (Costantini &
Haggard, 2007; Ehrsson et al., 2007). Results showed that the skin temperature of the real hand dropped when
the ownership of an artificial hand dominated, and that was not due to tactile or visual input separately or to
attentional shifts toward the rubber hand. In addition, the temperature effect was limb-specific with no
temperature reduction in the other real hand or other parts on the same side of the stimulated hand. Based on
the above, some conclusions can be made. First, proprioceptive drift towards a fake limb can influence a real
body part. Second, body ownership and physiological regulation of body ownership are closely linked in a top-
down manner. Lastly, neurocognitive processes that disrupt the sense of body ownership may in turn disrupt
temperature. Based on the above it can be concluded that is likely that an OBE can lower a participant’s skin
temperature in general based on the fact that global body ownership is influenced.

The present study uses a multidisciplinary approach by combining the findings from memory, emotion, and
embodiment and tested them in an OBE experiment. More specifically, our study in contrast to previous relevant
studies tested the OBE effects on memory consolidation, rather than on encoding or retrieval and introduced a
novel approach in inducing OBE (visual/ auditory rather than visual/ tactile); our focus is theoretically novel and
important because it examined new potential connections between stages of memory formation and body
ownership, using visual and auditory modalities for testing body ownership. Our main hypothesis was that due
to the experimentally induced out-of-body illusion, participants would show worse recall for unpleasant pictures,
while performance for both pleasant and neutral would be the same as the control group. This was expected due
to the sense of disembodiment that participants would experience could lead to a decreased sense of fear or
unpleasantness and thus unpleasant stimuli would be perceived as less alarming. By inducing OBE after encoding
session with non-experimental manipulation we wanted to investigate whether the underlying processes for
forming emotional memories could be impaired during consolidation, expanding the findings by Bergounian et
al (2014) or enhanced as Bréchet et al. (2018) and Tuena et al. (2017) demonstrated. With respect to temperature
measurement, we anticipated that the temperature of the OBE group would be lower as compared to the control
group because of the decreased sensation of their body. In addition, it was expected that skin temperature in the
experimental group would be lower over the neck muscle and further lower on the wrist, as opposed to the
control group, based on the observations of Bierman (1936) and attempting to expand the observations by
Costantini & Haggard (2007) and Ehrsson et al. (2007) and test whether the decreased temperature in the real

hand during a rubber hand illusion can influence proportionally the whole body during OBE.

Materials and Methods

Participants

Forty-four healthy volunteers (30 women, mean age 22 years, SD = 4.3 years) participated in the experiment and
received monetary compensation. The study was conducted in accordance with the Declaration of Helsinki and
was approved by the Ethical Committee of the University of Amsterdam. Written informed consent was obtained.
All volunteers were healthy. They were unaware of the specific aim of the study and reported remaining awake
and alert throughout the whole procedure. From the original sample, we excluded 20 volunteers according to the

inclusion criteria. These involved alertness, throughout the whole experimental procedure, unchanged posture
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during the stroking session (see below) and high rating in the OBE questionnaire (see below). Finally, twenty
healthy volunteers (14 women, mean age 23 years, SD = 3.8 years) remained for the analysis.

Stimuli

To begin, we selected pleasant, neutral, and unpleasant pictures from the International Affective Picture System
(IAPS; Lang et al., 2008). The exclusion criteria for the pictures were: values from 4.5-5.5 for valence (neither
pleasant nor unpleasant), values below 4.0 for arousal (pictures not causing arousal to the participants), and
lower than 1024 X 768 resolution. After filtering out the pictures which fulfilled the above-mentioned criteria,
we created a pool of 300 pictures, categorized them as pleasant, unpleasant, and neutral (see figure 1). These
groups were selected such that there was no overlap in IAPS normative affective valence ratings, i.e. the three
stimulus contents were distinct and representative of affect type: pleasant: 7.0 (valence) and unpleasant: 2.05
(valence). All neutral pictures had lower standard emotional arousal ratings (mean-3.44). The distributions of
arousal ratings for pleasant and unpleasant pictures overlapped. Both contents were anchored at the high end by
similar high arousal exemplars (pleasant: 5.92, unpleasant: 6.27); because of the natural picture distribution of
the IAPS, the low arousal end of the unpleasant pictures range was somewhat less extended than for pleasant
pictures. From the pool of the 300 pictures, 150 were selected for the encoding session and all of them for the
retrieval. In the encoding phase, the 150 pictures were divided as 50 neutral, 50 pleasant, and 50 unpleasant. In
the retrieval phase, the previously seen 150 pictures were presented amongst 150 new pictures from the same
pool. Each participant was viewing a unique set of picture selection and order for both the encoding and retrieval
session that was created beforehand’.

Induction of OBE

For the induction of OBE, participants wore a pair of head-mount displays that were connected to a 3D video-
camera (Full HD 3D Handycam® Camcorder, Model # HDR-TD10, Sony Corporation), placed 2 m in front of the
participant. The images from the 3D camera were presented through the head-mount display (field of view: 45-
degree, Resolution: 1280x720, Wearable HDTV, 2D/3D, Virtual 7.1 Surround Sound, Sony Corporation) on both
eyes imitating real vision. Thus, the participant was only viewing his or her front side of the body from a second-
person perspective (1800) as sitting in front of him or her. The experimenter was standing in view just in front
of the participant and was using two paintbrushes to stroke the 3D binaural microphone (The Free Space -
Binaural Microphone, 3Dio) by moving one paintbrush toward a location just below the cameras, where the 3D
microphone was placed, to create the illusion that the experimenter was stroking the ears of the subject.
Participants heard the stroking of the microphone through headphones with a clear distinction if the stroking
was on the left or the right side (see fig. 2.a, 2.b, and 2.c). The stroking was repeated on each side in succession
every 3 seconds for both the experimental and the control condition. In this way, we controlled the number of
movements in each condition. For the experimental group, there was no noticeable delay (less than 150 msec)
between the visual and the hearing stroking (synchronous). In the control group, we used the Radiodelay
program (Daan Systems, www.daansystems.com/ radio delay) to induce the asynchronous stroking with 3
seconds delay with the experimenter wearing headphones in order to listen to the delayed stroking. Thus, there
was no overlap of the stroking sound with the movement of the brush towards the location of the illusory “ear”.
The binaural microphone was connected to a Dell-laptop and also the two pairs of headphones. The experimenter
was also wearing headphones in the experimental condition but they were not connected to any jack, to maintain
identical settings for both conditions. The reason why a visual/ auditory stimulation was used instead of visual/
tactile like in previous studies was to test whether an alternative sensory integration could also induce OBE
experiences, based on the findings of a recent study, linking the auditory system to somatosensory system
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(connections between the primary auditory cortex and the primary and secondary somatosensory region) (Ro et
al,, 2012). Thus, we hypothesized that inducing OBE while stimulating the acoustic system and not the
somatosensory (tactile stimuli) could evoke similar results.

Fig.2.a. Experimenter during the stroking phase Fig. 2.b. Participant during the stroking phase

Fig. 2.c Participant’s view during the stroking phase
Questionnaire

Directly after the stroking phase, the participants from both experimental and control groups were required to
complete a questionnaire, based on Ehrsson (2007) with small modifications to correspond to our method of
stroking. Ten questions were designed which required a rating of the strength of agreement or disagreement
with ten suggested perceptual experiences. Three statements were designed to correspond to the illusion (see
fig. 3, questions 3, 6, and 10). The seven other statements, which were unrelated to the illusion, served as control
statements for suggestibility and compliance with task demands (see fig. 3, questions 1, 2, 5, 7- 9). The
participants used a seven-point visual analogue scale to rate the extent to which these statements did or did not
apply. On this scale, -3 meant ‘absolutely certain that it did not apply’, 0 meant ‘uncertain whether or not it
applied’, and +3 meant ‘absolutely certain that it applied’. Thus, a score of = +1 meant that the participants
affirmed the statement, a score of < -1 meant that they denied it, and a score of 0 meant that they were uncertain
if the statement applied (see fig. 3). In order to obtain the score for the illusion questions, we averaged for each
participant separately questions 3, 6, and 10 while for the control questions, we averaged the remaining
questions. Based on this averaging, we could determine whether participants actually felt the illusion or not.

Temperature measurement

For temperature measurement, a wireless temperature system for human skin temperature measurements was
used, the iButton® (Thermochron, Dallas Semiconductors, Maxim Integrated Products, Inc., Sunnyvale, CA)
(model DS1921G; + 0.5 °C). The iButton is a small (16x 6 mmz2), robust self-sufficient system that measures

19



DAOULTZIS, BOGEMANN, ONUKI, MEETER, VAN DER WERF (2020)

temperature and records the results in a protected memory section. Afterwards time and temperature data can
be transferred to a computer for data analysis. Two iButtons were used and they were placed one on the wrist
and the other on the neck (see fig. 4.a and 4.b for exact location) and the skin temperature was recorded every
second during the whole experiment.

Please indicate for the following statements:

-3...-2...-1...0...1...2...3

it did not appy uncertain it did apply

1. | felt the touch at some distance in space in front of me and not on my body.

2. | experienced that my (felt) body was located at two locations at the same time.

3. | felt as if my head and eyes were located at the same place as the cameras, and my body just below the cameras.
4. | could no longer feel my body, it was almost as if it had disappeared.

5. The visual image of me started to change appearance so that | became (partly) transparent.

6. | experienced that | was located at some distance in front of the visual image of myself, almost as if | was looking at
someone else.

7. 1 felt as if my head and body was at different locations, almost as if | had been ‘decapitated’.
8. | experienced a movement-sensation that | was floating from my real body to the location of the camera.
9. | felt that | had two bodies.

10. | experienced that the hand | was seeing approaching the cameras was directly touching my ears (with the brushes).

Fig. 3. The questionnaire for reporting the OBE

o

Fig. 4.a. The neck iButton Fig. 4.b. The hand iButton

Procedure

The experiment took place in a testing room with some furniture. After arrival at the room, participants read and
signed an informed consent form and they were informed about the experimental procedure. Participants were
then seated in a comfortable chair in a small, normally lit room. Afterwards, the encoding session started with
participants viewing a series of images, each presented for 3s. Participants were instructed beforehand that they
should attend to each picture the entire time it appeared on the screen because at the end of the experiment they
will be asked to recognize them. For each participant, a unique sequence for the pictures’ presentation was
created beforehand. After the encoding session, participants were seated two meters in front of the camera in a
relaxed position, put on the HMD, and the headphones with one of the experimenter’s help, and instructed not
to move. Then the experimental induction of the OBE occurred. The stroking session lasted 3 min and was

repeated 77 times with a break of 1 min in between the stroking phases. The paintbrushes were moved either
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synchronously (illusion condition) or asynchronously (control condition). Participants were instructed to remain
as still as possible and pay attention to the images projecting in the HMD and not looking up or down. Afterwards,
they filled out a questionnaire reporting OBE containing 10 multiple choice questions, based on Ehrsson (2007)
and answer 5 open-ended questions reporting their feelings about the pictures, the experimental procedure, the
stroking, and the presence of the experimenter. Lastly, during the retrieval session, participants were first asked
if they can recognize the image or not and then judge their confidence regarding their answer using a visual scale
from o to 5 (0-5 confidence scale, in which 0 mean no confidence at all and 5 certain) while viewing the picture
during the whole process. The task used in the present study was a recognition task investigating visual long-
term memory, as in the relevant literature investigating OBE experiences, primarily visual recognition tasks were
employed.

Analysis
Questionnaire

Prior to the analysis, a normality test (Shapiro-Wilk) was conducted in order to test if the assumptions of
normality were met. In addition, an independent t-test, two-tailed, was performed to compare OBE and IBE
answers.

Performance in memory task

We computed the d-prime score from measurements of the hit rate and false alarm rate using the participant’s
scores from four categories that were computed based on their performance during the retrieval session: 1) the
participant correctly identified that the picture was previously presented (true positive), 2) the participant
incorrectly identified that the picture was previously presented, while it was not (false positive), 3) the participant
correctly identified the picture as not previously presented (true negative) and 4) the participant failed to identify
that the picture which was previously presented (false negative). Afterwards, d-prime was calculated as:
d' = Z(hit rate) - Z(false alarm rate) (Macmillan & Creelman, 2005), where hit rate = true positive / (true positive
+ false negative) and false alarm = false positive / (false positive + true negative). Separate repeated-measures
ANOVAs were conducted comparing participants’ performance within-group (OBE - IBE) and the d-prime in
three picture types (neutral, pleasant and unpleasant pictures), an independent t-test, two-tailed comparing both
groups (between subjects’ design) and linear regression between scores in the OBE questionnaire and

performance. The effect size was also calculated, using Cohen’s d.

Skin Temperature

The temperature was averaged for each of the two locations on both hand and neck for every stroking round (1-
8) and across all stroking rounds. The change in temperature for each point in each round was quantified as the
temperature difference between the average of each stroking round for both hand and neck and the baseline (as
calculated thirty seconds before the stroking phase started). We compared each location (hand, neck) between
groups using an independent t-test, two-tailed. We also performed a correlation analysis for each stroking round
(1-8) between groups (OBE - IBE) and a repeated-measures ANOVA with the stroking rounds (1-8) as within-
subjects’ factor and group (OBE-IBE) as between-subjects’ factor. Also, the baseline temperature was observed
in order to safely make assumptions about the temperature change as induced by OBE. Temperature data from
one participant was lost due to a recording error.
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Results

OBE questionnaire

Participants in the OBE group scored higher in the illusion statements than the IBE group with significant
difference [t(42)= 3.184, p<.003], while for the control questions the difference was non-significant [t(42)= -
0.174, p=.863] (see fig. 6). Thus, the participants in the OBE group reported the experience of sitting in front of
their physical bodies and looking at them from this location. However, because we wanted to include only those
with the strongest illusion (score: >1) and the strongest control condition (score: <-1), we discarded 24
participants, as already mentioned in the materials and methods section. The differences between groups were
maximized for the illusion questions [(£(18)= 13.207, p<.001(see fig. 7)], while ratings for the control questions
remain non-significant. For this reason, all the analyses described in the below sections carried out on the illusion

questions.
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Fig.6. Questionnaire scores for all 44 participants. Fig.7. Questionnaire scores for 20 participants (24
The asterisk indicates significance at level a=0.05. excluded). Only the illusion questions are shown,
Error bars indicate range (highest- lowest value) because the control questions differences between

groups remained non-significant. The asterisk indicates
significance at level a=0.05. Error bars indicate range
(highest- lowest value)

Performance (d-prime)

A repeated measures ANOVA with a Greenhouse-Geisser correction determined that performance (as measured
by d-prime) did not differ statistically significantly in the three picture types [F(1.629, 29.327) = 0.274, p = .717].
However, between groups, the difference was significant regardless of picture type [F(1, 18) = 7.335, p=.014].
Therefore, we can conclude that even though participants’ performance remained relatively unchanged across
conditions, the out-of-body state elicits a statistically significant improvement as opposed to the control group

which did not undergo the illusion (see fig.8).
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Figure 8. The difference in performance between OBE and IBE group. In particular, figure 8b demonstrates that
reporting stronger OBE (based on the questionnaire) improves performance with strong correlation r=.46. The
asterisk indicates significance at level a=0.05. Error bars indicate range (highest- lowest value)

Based on the significance that ANOVA showed, we further investigated whether the intervention also affects
performance differently for the separate picture types. An independent-samples t-test was conducted to compare
performance (d-prime) in the retrieval session in OBE and IBE groups. Performance differed between conditions
for all picture types but significantly only for the pleasant picture types. There was a significant difference in the
scores for the OBE (M=1.29, SD=1.12) and IBE (M=.065, SD=0.95) groups in the pleasant picture condition;
[t(18)= 2.723, p=.014 (see fig. 9)]. This difference was maintained after correcting for multiple comparisons.
These results suggest that out- or in-body state affects participant’s performance, especially for pleasant pictures.

Also, a correlation analysis was conducted to compare performance (as measured by d-prime) in the retrieval
session in OBE and IBE groups. It was found that performance and score in the OBE questionnaire are relatively
strong correlated [r(20) = .46, p = .04]. Furthermore, the effect size was tested (Cohen’s d) was calculating
regarding the performance in pleasant pictures between OBE and IBE groups. Results showed that the effect size
for this analysis (d = 1.24) was found to exceed Cohen’s (1988) convention for a large effect (d = .80). These
results suggest that the out- or in-body state really affects participant’s performance. Specifically, our results
suggest that when people experience a strong out-of-body illusion, their performance for retrieving emotional
stimuli increases.

Lastly, three linear regressions were performed between OBE questionnaire scores and conditions. OBE
questionnaire did not significantly predict d prime for neutral images [b = .126, t(18) = 1.876, p = .077] nor d
prime for unpleasant images [b = .124, t(18) = 1.683, p = .110]. Nevertheless, for the pleasant pictures the results

were found significant [b = .141, £(18) = 2.723, p = .014], even after Bonferroni correction.

Confidence rating

An independent-samples t-test was conducted to compare performance scores between OBE and IBE groups in
neutral, unpleasant, and pleasant conditions. There was non-significant difference between the scores for the
OBE (M=3.68, SD=0.67) and IBE (M=3.5, SD=0.84) in neutral picture type; t(18)= 0.523, p=.607. Also, there
was non-significant difference between the scores for the OBE (M=3.56, SD=0.48) and IBE (M=3.61, SD=0.53)
in unpleasant picture type; t(18)= -0.241, p=.812. Last, there was non-significant difference between the scores
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for the OBE (M=3.52, SD=0.47) and IBE (M=3.68, SD=0.53) in pleasant picture type; t(18)= -0.745, p=.466.
These results suggest that out- or in-body state does not have an impact on participants’ confidence (see fig.11).
In addition, a paired-samples t-test was conducted to compare confidence ratings across conditions within
groups. There was no significant difference in the scores for neutral (M=3.59 SD=0.75) and unpleasant (M=3.58,
SD=0.49) [t(19)= -0.014, p=.989], between neutral and pleasant (M=3.60, SD=0.48) [t(19)= -0.084, p=.934]
and between unpleasant and pleasant [t(19)= 0.360, p=.723]. These results suggest that the type of emotional
stimuli does not have an impact on participants’ confidence (see fig. 11).

d' prime across types of emotional stimuli

0.02 *

0.02 - :

0.01
m OBE
0.01 m IBE
0.00
Neutral Unpleasant Pleasant
d' prime

Figure 9. The d-prime differences across conditions. Post-hoc test showed that the difference between groups
was found to be significant only in the pleasant condition. The asterisk indicates significance at level a=0.05.
Error bars indicate range (highest- lowest value)
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Fig. 11. Confidence rating for each picture type. No significant difference was found between groups or within
picture type. Error bars indicate range (highest- lowest value)

Temperature

To begin with, it is important that all the graphs are corrected to baseline, computed by subtracting the average
of 30 seconds prior to stroking session from the average temperature in each stroking phase. A repeated measures
ANOVA with a Greenhouse-Geisser correction determined that mean group (OBE - IBE) differed statistically
significantly between stroking phases [F(1.554, 26.413) = 25.623, p < 0.001]. Therefore, we can conclude that
OBE elicits a statistically significant increase in temperature.
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Furthermore, analysis with one way ANOVA demonstrated significant differences between groups for the
second stroking phase in neck temperature; [F(1,18) = 14.947, p<.001 (fig.6)]. With a paired samples t-test we
compared hand and neck temperature in all stroking phases. All comparisons showed that hand and neck
temperature are significantly different during the whole stroking session. Overall, we can notice that for both
hand and neck sites, skin temperature is raising much more for the hand, while the neck shows a smaller change
with more significant results. Both hand and neck are demonstrating a steady increase (see fig. 12a and 12b).

Hand temperature Neck temperature
0.3 0.2
0.2 0.1
0.2 0.1
0.1 0.1
0.1 0.0
0.0 f 00 %
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Fig.12a and 12b. Differences in temperature between groups for hand (12a) and neck (12b) measurement sites.
Error bars indicate the range (highest- lowest value)

Linear regression was performed to test whether skin temperature can predict scores in OBE questionnaire
and thus an out-of-body state. Results showed that hand temperature did not significantly predict answers to
questionnaire [b = .238, t(18) = -1.048, p = .321] and did not explain variance in OBE questionnaire scores [R* =
.214, F(1, 17) = 1.044, p = .321. On the other hand, neck temperature significantly predicted answers to
questionnaire [b = 1.310, t(18) = 2.833, p = .011] and explained a significant proportion of variance in OBE
questionnaire scores [R* = .321, F(1, 17) = 8.028, p = .011.

Discussion

Out-of-body experience is characterized by the perceived location of the self, outside one’s body. This results in
perceiving the world from an extracorporeal visual angle and in seeing one’s own body from this perspective.
This phenomenon is quite striking, because it challenges the experienced spatial unity of self and body and
influences self-consciousness (Blanke, 2012). On the other hand, emotion and body perception are in close
interaction and memory is strongly influenced by emotion. In the present study, we attempted to test emotional
memory consolidation with respect to body ownership, as induced by OBE, and determine if the latter can benefit
or distort emotional memory consolidation after successful encoding.

It has been suggested that OBE impairs encoding (Bergouignan, et al., 2014), and distorted partial body
ownership causes the decrease of skin temperature (Moseley, et al., 2008). We tested if OBE could also impair
consolidation for emotional pictures after non-experimentally manipulated encoding and cause skin temperature
decline. In order to test that we designed a sound-based technique by stroking participants’ illusory ears (3D
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microphone), based on the methodology and procedure by Ehrsson (2007), and placed two iButtons for
measuring neck and hand temperature. This technique proved to efficiently induce OBE even for the participants
who reported a weak effect (based on the OBE questionnaire). Our study demonstrated that participants who
strongly felt the illusion had a better performance in emotional pictures recognition tasks and higher neck
temperature. With respect to performance results, d-prime across picture types was found to be non-significant,
except for pleasant emotional pictures, perhaps due to an underpowered sample.

In contrast to the encoding that has been found to be impaired during OBE, consolidation seems to be
strengthened, as the studies by Bréchet et al. (2018) and Tuena et al. (2017) demonstrated. OBE enhances memory
consolidation perhaps by evoking active retention of memory over its simple maintenance (Walker & Stickgold,
2004). Apart from that, it also likely that the instructions given at the beginning of the experiment influenced
performance. Participants were instructed to pay as close attention to the images as possible because later they
will be asked to remember them. Participants perhaps actively recalled the memorized images and tried to bind
together the most important memory traces in order to constitute a complete memory (Alvarez & Squire, 1994).
Our experimental induction of OBE further aided these processes by causing a sense of disembodiment (but still
maintain their sense of sense -agency- and location) which eliminated interference. This interference could
include external environmental stimuli such as noises, observing the laboratory equipment, or internal stimuli
such as decreased motivation or feelings of boredom. By inducing OBE, participants due to a sense of
disembodiment attempted to gain -perhaps unconsciously- full control (maintain agency) in a shifted location.
Thus, they could be more focused on the task, by eliminating irrelevant stimuli (disturbances).

On the other hand, Moseley and his colleagues (2008) found impaired memory after OBE. This could be
explained by the fact that they tested partial ownership using the rubber hand illusion, while we tested global
body ownership with OBE. Their experimental manipulation perhaps resulted in distorted body ownership which
interfered in the encoding process, changing the way of forming the memory traces. Based on the above, it is
demonstrated that encoding and consolidation are two different processes and OBE improves memory only after
successful encoding. Also, OBE could imitate sleep with respect to memory consolidation’s improvement as will
be further described in the next paragraphs.

Literature reports that any improvement in performance after the initial training during memory
consolidation occurs only in sleep (Walker, 2009; Walker et al., 2002). In this perspective, OBE can imitate sleep
(and perhaps REM) characteristics for enhancing emotional memory consolidation (Stickgold, 2005). In addition,
there are some neural correlates between OBE and sleep. Some brain areas like the precuneus and supramarginal
gyrus (De Ridder et al., 2007; Cavanna & Trimble, 2006; Maquet, et al., 1996) show similar activation patterns
in OBE and sleep. In the following paragraphs, we will elaborate more on this topic.

Sleep has been associated with out of body experiences (Cheyne et al., 1999; Maquet et al., 1996). More
specifically, the hypnagogic and hypnopompic experiences are accompanying sleep paralysis and include
supernatural nocturnal assaults and paranormal experiences and are closely associated with Rapid Eye
Movement (REM) sleep. The posterior cingulate cortex (PCC) is one of the brain areas found to be involved both
in sleep and body ownership. Neuroimaging studies suggest a role for the PCC and the adjacent precuneus in
integrating self-referential stimuli in the context of one’s own personality and is also involved in autobiographical
memory (Tsakiris, et al., 2007; Northoff & Bermpohl, 2004; Braun, et al., 1997). Thus, PCC reflects a sense of
body ownership. PCC also interferes in sleep even though it is one of the least active brain regions (Maquet, et
al., 2005). Apart from the PCC, the adjacent precuneus, as already mentioned, is also involved in both body
ownership and sleep. The precuneus has reciprocal cortico-cortical connections with the adjacent areas of the
posterior cingulate and retro-splenial cortices. This interconnection occurs in both hemispheres, bridging

correspondent components, and provides partly an anatomical basis for their functional coupling. The precuneus
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is also selectively connected with other parietal areas, such as the caudal parietal operculum, the inferior and
superior parietal lobules, and the inferior parietal sulcus. In the following paragraph, the role of the parietal lobe
will be further described.

The parietal lobe is greatly involved in OBE and especially the inferior parietal lobule or temporoparietal
junction (Blanke & Arzy, 2005; Chaminade & Decety, 2002). The inferior parietal lobule is involved in perceiving
the person who performed an action. Results demonstrated activation in the right intraparietal sulcus and in the
bilateral inferior parietal lobule. Also, in the conditions where the origin of the action was confused, the activation
in the left inferior parietal lobule was stronger when participants did not perform the action themselves, and in
the right when they did. With respect to sleep and in accordance with Chee & Chuah (2007), the inferior parietal
sulcus is also involved in sleep as a memory storage factor and in combination with the extrastriate cortex in
processing visual information influencing visual short-term memory. The overall quality of sleep is changing if
the activation pattern of the inferior parietal lobule alters, proving its contribution to the sleep circuit. Apart from
this, it was found that during the onset of non-REM sleep, the inferior parietal lobule was deactivated and not
transmitting sensory information from the periphery (Braun, 1997). All these findings suggest that the inferior
parietal lobule, along with other brain areas, is greatly involved in body sensation and sleep and future studies
should probe further the possible connections between OBE and sleep patterns. In addition, they could provide
more insights into the underlying reasons for how performance in our emotional memory tasks was improved.

The participant’s temperature in the OBE group was found to be increased. Literature reports that skin
temperature and heart rate has been found that is highly and differently affected by various emotional states
(Sinha et al., 1992). More specifically, neutral emotional conditions cause the least change in skin temperature
and heart rate, while negative emotions evoke the largest changes and pleasant intermediate changes. These
changes vary depending on the site from which temperature is recorded, but overall these different physiological
responses influence cognitive and memory processes by making stimuli easier or more difficult to be memorized
(Holland et al., 1985).

Skin temperature did not follow the same pattern across groups and on different body parts. More
specifically, the temperature on the neck was found to be consistently higher in the OBE as opposed to hand
temperature which was lower but with high fluctuations. This could be explained by the fact that extremities
have always rapidly changing temperature, especially the hands which are constantly influenced by the
environmental conditions (Fiala et al., 2001). Neck temperature on the other hand as being closer to the heart
(core temperature) is relatively unchanged and consistent within groups and between groups was found
constantly higher in the OBE group, thus it could be used as a marker for an out of body state.

This temperature increase could have contributed to the performance improvements. Studies have shown
that as core body temperature increases, cognition, and especially memory consolidation, speed of reasoning,
and information processing are positively affected (Coleshaw et al., 1983). All the above-mentioned findings could
provide support for our temperature findings. Nevertheless, even though the temperature was found to be
associated with out of body state, no relation was found with the performance, suggesting that performance and
skin temperature areas both influenced by OBE but have no interconnections. In line with the above mentioned
is the results by Braithwaite, Watson, and Dewe (2017) who did not find temperature decrease in upper
extremities, while testing RHI, despite the fact that prior studies have found temperature fluctuations as a fear
or anxiety response towards a threat (Moseley et al., 2008; Kammers et al., 2011). All these suggest that literature
so far is inconclusive regarding temperature alternations as a response to distorted body ownership (partial or
global).

Apart from that, the differences that have been observed between literature (Moseley, et al., 2008) and our

results with respect to skin temperature could be due to a number of reasons both as experimentally induced and

27



DAOULTZIS, BOGEMANN, ONUKI, MEETER, VAN DER WERF (2020)

as influenced by external factors. As described above with respect to performance, Moseley and his colleagues
investigated partial body ownership and found a temperature decline in the hand, which was replaced by the
rubber hand. For isolated body parts, skin temperature could be easier lower as described in the introduction.
Apart from that, an important factor was room temperature. Due to the fact that our experiment was not
conducted in a lab but in an office, temperature regulation was not possible. Thus, participants’ temperature
maybe was influenced by the time of day (morning -afternoon) and the sunlight conditions (sunny - cloudy).
Lastly, OBE is a relatively innovative technique and none of the participants was familiar with the procedure,
thus temperature increase might be due to proprioceptive drift and the stroking phase, which perhaps caused
anxiety and uneasiness. In this condition might have contributed to the fact that the experimenter was seen very
close to the participants’ view. To control for that, we recommend later experiments to use a lab at a constant
temperature and make sure that participants do not feel uneasy during the experimental procedure for
eliminating these effects.

Our experiment only included behavioral responses with no electrophysiological and brain imaging
measurements. This is a drawback, since many brain areas, especially the temporoparietal junction (Blanke et
al., 2004), are involved, and would be interesting to further probe these areas and link them if possible, with the
neural substrates of sleep. In line with this, Blanke (2004) reports that OBE probably is associated with a failure
of integration of proprioceptive, tactile, and visual information of one’s body associated with many brain areas’
dysfunction. In summary, Blanke (2004) based on the neurological evidence of his study states that out of body
experiences are related to 1) a disintegration within personal space (multisensory dysfunction) and 2) a
disintegration between personal space (vestibular) and extra-personal space (visual) due to interference with the
temporo-parietal junction. In order to test all the above, future studies should make use of physiological
measuring tools, such as electrocardiogram, neuroimaging techniques, like functional magnetic resonance
imaging (fMRI), and skin conductance measurements.

Another drawback of the study was the lack of baseline emotional memory measure. Even though
participants were randomly assigned to each group (experimental: OBE, control: IBE) and a similar number of
participants were excluded from both groups, because they failed to meet the inclusion criteria, criteria, it is still
possible that participants who were more prone to out of body experience had better emotional memory than
the control group, thus compromising our findings. Albeit, there is no reason to believe that more of those
participants were in the experimental group rather than the control group, participants in the experimental
group on average might had a higher memory capacity baseline and performed better. This baseline measure
should be performed in future studies a priori, before the induction of OBE, by segregating the pool of pictures
and test half of them directly after the encoding session and before the stroking phase and half of them
afterwards, interspersed with new pictures. Then by subtracting performance in the first retrieval session from
the second retrieval session, it can be determined whether the consolidation process is influenced by OBE. Thus,
an objective measurement will be developed to rule out the previously mentioned possibility.

In addition to the above, the type of task used (visual recognition) could also constitute a drawback. Even
though OBE was found to positively affect participants’ performance, it should be noted that recognition tasks
are considered to be easier than recall tasks, as it is easier to employ relevant cognitive strategies for recognizing
previously occurred stimuli than recalling particular characteristics of previously presented stimuli (Garrido et
al., 2012). Also, it is found that particularly short-term visual memory can be held for longer and can be more
accurate than auditory short-term memory (Hilton, 2001). Thus, OBE effects when a recall test is employed
tapping on visual long-term memory, might not show similar results in other settings, enhancing only repetition
(accuracy in successfully judging a stimulus as previously presented) rather than recalling specific memory

traces, associated with a previously presented stimulus and related to only visual rather than auditory or other
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types of stimuli. Future studies should take into consideration the above-mentioned limitations and investigate
the potential positive effects of OBE in other settings (for instance, tactile stimuli in recall tasks).

Overall, investigating OBE can be very challenging because if they are not experimentally induced, occur
scarcely in a small sample of the entire population and they are rather spontaneous (Blanke et al., 2004). Based
on our experiment, we propose the following explanation: Out-of-body experience (as reported in the OBE
questionnaire) enhances memory consolidation (as been found from significant differences in d-prime between
OBE and IBE groups) and interacts with the temperature with no conclusive data whether higher temperature
predicts stronger OBE or stronger OBE causes temperature increase (see fig. 13). As already mentioned, OBE is
associated with deficient multisensory and visual processing. Also, OBE is closely connected with autoscopic
phenomena and with several medical conditions (Blanke, et al., 2004; Brugger et al., 1997). All these make body
ownership phenomena one of the top priorities for researchers to fully describe them. Neuroimaging and
behavioral techniques will provide us more information about these multisensory and cognitive processes during
out-of-body experiences and related illusions, with the ultimate goal to unravel the exact underlying mechanisms
of self and body awareness and design proper interventions to successfully treat associated medical conditions.

OBE (as reported

in the
questionnaire)

Enhancement of

memory <:> Temperature

consolidation

Fig. 13. Graphical presentation of the data. Out-of-body experiences (as reported in the OBE questionnaire)
enhances memory consolidation (as been found from significant differences in d-prime between OBE and IBE
groups) and interacts with the temperature with no conclusive data whether higher temperature predicts
stronger OBE or stronger OBE causes temperature increase
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INEPIAH¥YH

H 18108eKTIKOTNTA AVIOVOKAQ TNV IKAVOTNTA Hag VA avoryVwpPIiCOULLE TO COHA HOG
o€ o OUYKEKPLUEVT] TomtoBeoia, EMITPEMOVING UG VA ETILKOWVWVOULE LE TOV
koopo. Ta ouvvaloOnipata emdpépouv WOoYUPS AVTIKTUTIO OTn HVAUN KOl OTnv
Orodektikotnta. IMapovoidlel svdiadépov 6tL 1 Ogppoxpacia Tov Séppatog
pmopel TOUAGYLOTOV €V pépel va pecoiafriosl o outy TV emidpaon.
IIponyoUpEVEG LEAETEG EXOUV SLATILOTMOOEL OTL Ol EEWOWNATIKEG epmelpieg (out-of-
body experiences, OBE) éyouv apvnuké avtiktumo otnv Kwdikomoinon
TANPodOPLOV KL TTPOKOAOUV TT®on TG Oeppoxkpaciag touv S€éppatog. Xtnv
Topovoa PHEAETN oxebldotnke pix véa péBodog yia v mpokinon OBE kat
SlepeuvnOnke n emibpaor] toug oe Sladopetikd otddlo Kot TOMO emMeEepyaaiog
pvipng (mayiwon g ouvaloBnpatikig pvhpng) kat otn Oeppokpaocio tou
Sépuatog. Eto melpapd HAG TAPOUCLACUUE TPELS TUTTOUG OUVALCOMNUATIKGOV
elkOvov  (oudétepeg, euxaploteg, Suodpeoteg) TPOTOU TPOXWPNOOVHE OTNV
npokAnon OBE kat €EETACOVE TN HVIUN OVAYVAOPLONG TWOV CUKHETEXOVIOV HOG
o€ o Sokiaoia avdxong. Xe 6o to meipapa, 1 Beppokpacio touv déppatog
T600 OTO AN 600 Kol O0TO ¥EpL petpnfnke pe iButtons. Ou emdooelg twv
OUHUETEXOVIWV UTOAOYI(OTNKAV ¥PNOLULOTOLOVTNG d-prime Kol Ol OTOTLOTIKEG
avoAvoelg meptedapfavav avaivon ANOVA, e€etdloviag tn oyéom HeTafl g
BaBporoyiog oto epwtnpatordylo OBE, tng amddoong kat tng Beppokpaciog tov
Séppartog. Xuykpivape emiong Tig dtadopég PeTal TG MELPALATIKNG OLAdOG KoL
™G opddag eAéyyov. Ta amoteréopata €6e€av dttL to OBE guvoel Vv mayiwon g
oLVULOONHOTIKAG HVIUNG KoL TTpokaAel avénon g Oeppokpaciog. MeAAovTikEG
peAéteg Ba mpEMEL Vo EMEKTEIVOUV T EVPHHATA HOG, VO QITOKAE(gOUV OTL OL
ouppETEYOVTEG IOV PBlovouv OBE Ba pmopovoav vo €X0uv €K TWV TPOTEPWV
KaAUTepn pvAun 1 0t n Beppokpacio Ba pmopovos va avénbel Aoyw dAAwv
AOYWV.
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