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Abstract. Episodic memory has been conceptualized as the memory for per-
sonal events with specific spatiotemporal components. The assessment of epi-
sodic memory is usually conducted by means of verbal recall tasks, in which the
individual is required to repeat what (s)he remembers from a previously pre-
sented verbal material (either single words or a brief story). However, the need
of a more ecological approach to memory assessment led researchers to
investigate the potential use of 360° videos as a suitable tool to present real life
scenes to be remembered. The present study presents the protocol of the
assessment of episodic memory employing five 360° video that represent
interpersonal, emotional experiences known to be altered in psychopathological
conditions. Furthermore, a case study in which the assessment protocol is
applied to a patient with Borderline Personality Disorder is described. The
results of the case study seem to indicate that our 360° videos are able to detect
anomalies in remembering the behaviors displayed, the connected emotion
together with details regarding the “where” and “when” components of the
episodic recall.
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1 Introduction

A more ecological evaluation of episodic memory has challenged both researchers and
clinicians in the last 20 years. From the pivotal definition of Tulving [1, 2], episodic
memory has been traditionally conceptualized as the memory for personally first-person
perspective events, with a specific spatiotemporal context. Typically, verbal paradigms
are used to evaluate episodic memory function: participants are invited to remember a
list of words, and then they are tested on that specific list. However, the need for a more
naturalist approach to memory recently emerges, along with the use of self-relevant and
everyday material, able to predict behaviors also in real-life contexts [3, 4]. A first trend
is the use of Virtual Reality (VR) technology for developing an innovative assessment of
episodic memory simulating everyday activities, but maintain also a strict control over
the stimuli delivery [5–7]. Thanks to the use of VR, participants are completely
immersed in highly ecological environments (i.e., a city, a park,) where it is possible to
easily insert everyday events experienced in first-person perspective with their per-
ceptual and affective details (i.e., a lady with a crying baby, a group of children playing
soccer, etc.). Interesting examples were offered in Piolino’s works [8–11]. In particular,
Plancher et al. [11] exploited the potentiality of VR-based tools to better understand the
cognitive profile of patients suffering from mild cognitive impairments and Alzheimer’s
Disease (AD). Participants were immersed in a virtual city (either in passive or active
navigation) to remember a series of events; consistently with literature, they found that a
deficit in remembering personally experienced events for patients with AD, but they also
noted that active navigation was able to improve performance for all groups.

A more recent trend for the ecological evaluation of episodic memory function is the
possibility to immerse participants in real environments and explore them from a first-
person perspective thanks to the use of 360° technology [12, 13]. This technology records
a circular fisheye view of the environment, and then participants can easily view the
realistic 360° scenarios with a tablet (i.e., non immersive experience) or through a head
mounted display (i.e., immersive experience). 360° technology allows the assessment of
mnestic processes in a controlled and safe setting within real-life scenarios [13]. More-
over, it is a quite affordable technology, without any specific technical skills to be mas-
tered. In the current work, we exploited the potentiality of 360° technology for episodic
memory assessment focusing on individuals with borderline personality disorder (BPD).
We studied BPD since previous studies have found specific memory biases in autobio-
graphical recall for these patients [14, 15]. In particular, Winter et al. [16] highlighted the
presence of a negative evaluation bias for positive, self-referential information in BPD.
This bias did not influence the ability to store personal information, but their quality: it is
related to self-attributions of negative events in daily life situations.

2 Methods

2.1 Materials

Five 360° videos were recorded for the purpose of the study. 360° videos are special
videos recorded by omnidirectional cameras that capture images from all the space
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around. These videos can be played by wearing a head-mounted display (HMD) or they
can be visualized by means of a smartphone provided with gyroscope and combined
with a cardboard. Anyway, the user can explore the environment represented within the
video by turning the head up-down-left and right, but (s)he cannot select the direction
of the navigation (the navigation path is determined at the moment of the recording).
Each video had been recorded in a different environment and included four actors, one
of whom was always silent. The other three interacted among each other and the
conversation focused on a specific topic, which constituted the core material to be
remembered. Indeed, the content of four out of five video was a description of an
interpersonal, emotional experience that is known to be altered in psychopathological
conditions. In these videos functional and suitable behaviors are depicted in contexts of
social and interpersonal relations challenging the coping abilities of psychopathological
patients. The fifth video represented a control condition, in which a situation without
emotional load and describing a very neutral personal exchange among characters is
described. Table 1 illustrates the specific content of each video. Videos duration ranged
from 40 s to 1 min and 10 s.

Table 1. Videos’ content and dialogues.

Context Interpersonal/emotional
function

Topic Actors

Video
name

ORAL EXAM School
class

Stable and coherent self
consciousness within
the boundaries suitable
for the role assumed

To manage
stunt
attempts

1 professor
(F); 3
students
(2 F, 1 M)

Dialogue
(synthesis)

Prof.: “Please tell me about the Second Global War”
Student 1: “Prof. I’m sorry but I did not understand that the topic had to be
studied… Last week I was absent, you know… I told you that my grandmother
had been admitted to the Hospital”
Prof: “Yes, I perfectly remember. However, I explained the Second Global War al
least one month ago”
Student 1: “I know, but please, I am in troubles in this period, I feel confused…
can you try with another question?
Prof. “Sorry, but this is the third time I test your knowledge, and you are always
unprepared. Now I will give you an insufficient grade. You, instead, can you say
something about the Second Global War?
Student 2: “The second Global War started in 1939… (going further to give the
complete and correct response)

Video
name

COURTYARD Yard with
benches

Intimate reflection about
past personal
experiences, attributing
meaning to them

To manage a
conflict

4 friends
(F)

(continued)
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Table 1. (continued)

Context Interpersonal/emotional
function

Topic Actors

Dialogue
(synthesis)

1: “I’m very disappointed… I did not expect this message from you… How could
you blame me?”
2: “Actually I wrote that message because I was very angry with you. But now I’m
thinking….
1: “Look, after this message I am very unwilling to listen to you!”
2: “Wait… It already happened to me to lose a fried for my fault. I friend of mine
trusted me and I stupidly reported her secret to someone else. I did not apologize
immediately and so I lose a very important friend. Therefore, Even though I am
still angry with you, I apologize because I acknowledge my words sounded bad”
3: “It is important to be clear to each other, in order to save the friendship”
1: “You are right, our relation is very important to me too. I apologize as well…”

Video
name

HOUSE Kitchen,
around a
table

Ability to acknowledge
and respect others’
points of views, even if
not agreed

To disagree
with others
while being
respectful

2 couples
(wife and
husband)

Dialogue
(synthesis)

Wife 1: “Yesterday I discussed with my daughter …she wants to come home at
midnight on Saturday, because Lucia is going to have a party for her birthday”
Wife2: “Also Chiara wants to go to the Lucia’s party… Finally, we agreed, she
can come home at 1 a.m.”
Wife 1: “Really? I absolutely disagree…. I think we should set some limits at this
age….”
Wife 2: “I understand your point of view and I respect it. But, in my opinion, it is
also important trust adolescents and to see how they manage this freedom
Husband 1: “For me, it was important to grow up with limits. I learned a lot while
negotiating with my parents”
Wife 1: “I understand you point… but I agree with my husband. Adolescents must
earn the freedom they want

Video
name

OFFICE office,
desks and
computers

Ability to collaborate
for the common good

To give up
your own
benefits for
the common
good

1 man, 3
colleagues
(F)

Dialogue
(synthesis)

Man: “Great! I’m done. Now I can leave the office and enjoy the weekend….
I will go to the lake with my girlfriend
Colleague 1: “Lucky you! we are in the weeds…We have to accomplish the
project by Monday… probably we will work all the weekend….
Man: “oh… I did not know about this deadline…. Well, then I will stay with you
and working together we will finish sooner
Colleague 2: “It would be great if you could help us… but, unfortunately, I don’t
know whether we could put your name on the project….
Colleague 1: “thank you very much… I would not ask you to stay if this wouldn’t
be so important for the future of the whole company”

(continued)
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2.2 Protocol

The study is composed by two independent sessions that take place in different days to
avoid interference effects of the materials. The order of the sessions is interchangeable
and is counterbalanced across participants.

Neuropsychological Assessment. All the participants undergo a brief neuropsycho-
logical assessment to evaluate basic cognitive abilities. The battery includes an eval-
uation of short and long-term verbal memory [story recall “Anna Pesenti”, [17]],
sustained attention [Attention Matrices, [17]], attention shifting [Trail Making Test
[18]] and verbal fluency with both semantic and phonetic cues [17].

Immersive Episodic Memory Assessment. At the beginning of this session the
participant is introduced to the use of the cardboard/HMD and the 360° videos.
Specifically, the experimenter illustrates the exploration capabilities of the device,
underscoring the fact that the movement of the head allows the visualization of the
correspondent portion of the environment. When the participant demonstrates to be
familiar with the equipment the video administration can start. The experimenter
provides the participants the following instructions: “now you will be presented with 5
videos, each one set in a different location and involving 4 actors. Your job is to pay
attention to the content of the conversation, to who is speaking and what (s)he is
saying, and to whatever detail of the video. Upon video visualization, I will ask you to
tell me what you remember”. All the videos are presented without breaks in the
between, but before playing each video the experimenter clearly claims the video’s
title. The order of presentation is counterbalanced across participants, so that each
video is seen in each of the five available positions. At the end of the last video, the
Free Recall test starts. The participant is invited to described what (s)he remembers of
each of the video presented, following the same presentation order. The recall is
audiotaped. Afterwards, the Cued Recall is administered. This test includes 5 questions
for each video, exploring the following topics: 1. the general content of the dialogue;
2. some details of the dialogue; 3. the spatial disposition of the actors; 4. the attitude of

Table 1. (continued)

Context Interpersonal/emotional
function

Topic Actors

Video
name

UNIVERSITY Open
space

Neutral To
provide/ask
for
information

2 boys 2
girls

Dialogue
(synthesis)

Boy 1: “Did you read that the economy classroom has changed?”
Boy 2: “yes, the economy lesson will take place in room A3. I don’t know where
it is, let’s ask someone…
Boy 1: “Excuse me, do you know where the room A3 is located?”
Girl 1: “sorry, I’m a freshman and I did not learn yet all the classes location”
Boy 2: “Don’t worry, we will ask you the custodians who probably have a map.”
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one of the characters; 5. the timing of a given episode. The next step is the adminis-
tration of a 3-questions survey investigating the following: 1. the extent to which while
remembering the video the participant had the subjective impression to re-live the
experience; 2. the evaluation of the valence of the emotion mostly represented within
the video; 3. the name of the emotion mostly represented within the video. After a
delay of 30 min, the Free Recall is repeated (Delayed Free Recall). During the pause,
the participants undergo an activity not involving memory abilities. Figure 1 depicts
the experimental protocol.

Tests Scoring. The Free Recall grid score (see Table 2) includes 4 categories:

a. Main event represented: for each video 4 main elements, essential to understand and
describe the content of the conversation, had been identified (see the list on
Table 2). The score ranges from 0 to 4 according to the number of elements
remembered.

b. Actors: the identity and number of actors represented in the video should be
reported (score: 0–4)

c. Details: whatever detail remembered is worth 1 point (i.e.: specific people named
during the conversation; details of the environment in which the scene is played,
details about the actors, such as clothing, physical features; position of the actors); if
the egocentric position of the actors is reported 1 additional point is attributed.

d. Errors: false memories are also recorded

The Cued Recall questionnaire is scored assigning 1 point to each correct response
(range: 0–20).

The post-video survey has 2 five- points Likert questions [n.1], “have you got the
impression to remember the details as if your were re-living the scene in your mind?”
ranging from 1 (not al all) to 5 (very much); n.2 “how do you rate the emotion
emerging from the interaction among actors?” ranging from 1 (very negative) to 5 (very
positive). The last question is open and the participant has to write down the name of
the prevalent emotion recognized in the video.

Fig. 1. The protocol of the study. Of note, the session order can be reversed.
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3 Case Study

Claudia (a pseudonym) is a 19-years-old university student. Her family is composed by
mother, father and a 33-years-old brother who had problems with drug addiction up to
3 years ago. She reports that he has begun to experience frequent and apparently
unexplained headaches, sudden hand and jaw tremors, and heartbeat acceleration;

Table 2. The Free Recall scoring grid. In black the items C. remembered in the Free Recall, in
red those remembered in the Delayed Free Recall.

Category 

Main event Actors Details  Errors

ORAL EXAM

Student's interrogation prof (F) 5 1

Adducing excuses student (F) 6 2

Teacher's reply student (F) 

Second student's interrogation student (M)

COURTYARD
Accusation friend (F) 5 0
Reflection about past experi-
ence friend (F) 6 1

Apologizing friend (F) 

Reciprocating excuses friend (F) 

HOUSE

Discussion about time to come 
back home wife 1 2
Two couples with different per-
spectives husband 2 1

Birthday party wife 

Limits and their value husband

OFFICE

Person that wants to leave the 
office for the weekend 

colleague (M) 
5 0

Claiming the workload 
colleague (F) 

7 1

Man's change of mind 
colleague (F) 

Thanksgiving 
colleague (F) 

UNIVERSITY

Classroom change boy 4 3

Request to the girls boy 1 4
Stating to ignore the information 

girl 

Alternative strategy girl 

TOT (max 20): 14 13
TOT (max 20): 
19 17

TOT: 
20 26 TOT: 6 9
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for these reasons she carried out various investigations (MRI and blood tests) which,
however, have not highlighted any problem. Although the symptoms are obvious, C.
feels misunderstood. C. has been engaged for two years with A. He reports that he has a
good relationship with the boy, even if he does not really understand her current state
of suffering and distress. Presently, the girl has no friends, except for two schoolmates
with whom she rarely talks. She tells of having gone through a difficult childhood and
adolescence: indeed, during the years of elementary and middle schools her commit-
ment was devalued and her difficulties, caused by strabismus, were confused with a
lack of commitment and will. She is currently treated by a psychiatrist with paroxetine
and diazepam; at the same time she is undergoing a psychotherapy with a male ther-
apist she trusts a lot.

3.1 Psychological Examination

C. arrives at the evaluation on request of the psychiatrist. She is collaborative. The
facial expression is marked by anxiety and restlessness. The state of consciousness is
alert and sufficiently oriented in time and space. The course of thought is accelerated
(tachipsychism) with frequent logical jumps, while the thought form is characterized by
derailment (ideas deviate in a direction not apparently connected with the concept of
departure) and tangentiality (response whose content is marginally, remotely or nothing
at all related to the question). The language is characterized by logorrhea and incon-
gruous syntax with respect to age and education (verbs declined incorrectly, need to
repeat several times the questions, due to incongruent answers). She reports some
disperceptive phenomena (auditory hallucinations: misperception of children voices in
the street; perceptive hallucinations: moving objects; belief of being able to move
objects with thought). The mood is labile (rapid alternation of opposite emotions -
sudden transition from crying to smile) and dysphoric, characterized by variations due
to low-relevance stimuli (access of uncontrolled rage). Furthermore, a marked anxious
symptomatology is detected, characterized by agitation, restlessness, tension, fatigue
and difficulty in concentration; in addition, a panic disorder with agoraphobia emerges.
Current suicidal risk is high, and some suicide attempts are reported (strangulation with
a headscarf).

The psychodiagnostic examination includes the Dissociative Experiences Scale
(DES-II; [19]), the Symptom Checklist-90-R (SCL-90, [20]) and the Structured Clin-
ical Interview for the DSM (SCID-II, [21]). The DES-II score is 57.14, indicative of
numerous dissociative experiences. In the SCL-90 the patient obtained the highest
scores in the following symptomatological dimensions: somatization (score = 41),
obsession-compulsivity (score = 31), depression (score = 38), anxiety (score = 27),
and psychoticism (score = 22). The Global Severity Index (GSI), indicating the
intensity of the psychological distress level complained of by the patient, is 2.61; the
Positive Symptom Total (PST), that describes the number of symptoms reported by the
subject, is 9; the Positive Symptom Distress Index (PSDI), indicating the response style
index, is 2.9. The SCID-II questionnaire underscores the presence of a Borderline
Personality Disorder. At least, five criteria are needed for the diagnosis of the
Borderline Personality Disorder (BDP).
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As a result of the clinical and psychodiagnostic examination the patient appears to
meet 7 criteria of the Borderline Personality Disorder (BDP). The patient is charac-
terized by:

• A pattern of unstable and intense interpersonal relationships, characterized by the
alternation between extremes of hyperidealization and devaluation.

• Alteration of identity: self-image or self-perceptions markedly and persistently
unstable.

• Recurrent behaviour or suicidal threats, and self-mutilating behaviour (self-harm,
cuts on arms and legs, cigarette burns).

• Affective instability due to marked mood reactivity (e.g. episodic intense dysphoria,
irritability or anxiety, which usually lasts a few hours, and only rarely more than a
few days).

• Chronic feelings of emptiness.
• Inappropriate, intense anger, or difficulty controlling anger (e.g. frequent anger or

constant anger, recurring physical fights).
• Transitional paranoid ideation, associated with stress, or severe dissociative

symptoms.

3.2 Immersive Episodic Memory Assessment: Results and Discussion

Table 2 displays the summary of the Free Recall and Delayed Free Recall. Figure 2
represents the patient’s performance in the Cued Recall task.

For what concerns the post-video survey, only the third question (the open one,
investigating the prevalent emotion detected in each video) will be considered here.

Fig. 2. The Cued Recall performance. In (A) The scores are calculated separately for the type of
information requested: what, detail, where, attitude and when, aggregating the 5 vides. In (B) the
performance in the different videos aggregating the type of information is displayed.
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C. identified the following emotions: fear (UNIVERSITY), anger (HOUSE), anger and
compassion (COURTYARD), sadness (ORAL EXAM), and happiness (OFFICE).

As for the Free Recall, the patient remembered less than the 75% of the items
pertaining the Main Event, at both the time points; the performance was better for the
recall of the actors involved in the scenes (the characters not reported were usually
those silent). Furthermore, more details as well as more errors were reported in the
Delayed compared to the immediate recall. Looking at the differences among videos, it
seems clear that in particular that titled “House” was less accurately recalled. Indeed,
when describing the content of this video, C. missed all but one of the important
elements of the conversation. This could indicate a specific difficulty in integrating
coherently in personal memory behaviors demonstrating functional coping abilities in
managing potential conflicting situations (of note, this specific video described a sit-
uation in which different points of view are presented and discussed respectfully,
without anger). In the Cued Recall C. seemed to have more difficulties in remembering
the “where” and “when” components of the episodic event, and the worst performance
was obtained in the HOUSE (coherently with the Free Recall) and OFFICE videos. The
post-video survey confirmed that C. is barely able to recognize the emotions and to
catch the correct emotional content of the events represented. This is particularly true
for the HOUSE video, in which C. states to have identified anger, but the actors
discussed in a very respectful and calm way. Indeed, a recent study by Niedtfeld and
colleagues [22] explained difficulties in emotional recognition in PBD with a general
deficits in integrating social signals (i.e. speech content, variation in prosody, and facial
expression) in a coherent way. Participants were invited to identify emotions in dif-
ferent short video clips (adapted from [23]) showing a person telling a self-related
story. These video clips were specifically manipulated to represent different combi-
nations of the three social signals: facial expression, speech content, and prosody. They
found that PBD patients made more errors in emotion recognition compared to healthy
controls whenever stimuli contained only facial expressions, and for combination of all
three communication channels.

In conclusion, this case study demonstrates that the 360° videos were able to detect
anomalies in remembering the behaviors displayed, the connected emotion together
with details regarding the “where” and “when” components of the episodic recall.
Further studies, with psychiatric samples compared to healthy controls will inform
about the reliability of this immersive episodic memory test, possibly allowing to
classify different types of diagnoses based on the different performances at the different
videos.
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