Real-World Methods of Autobiographical Recall
in Virtual Reality

Laura Gotz"
laura.goetz@unibw.de

Radiah Rivu
sheikh.rivu@unibw.de

Florian Alt

florian.alt@unibw.de

University of the Bundeswehr Munich ~ University of the Bundeswehr Munich ~ University of the Bundeswehr Munich
Germany

Germany

Albrecht Schmidt
albrecht.schmidt@ifi.lmu.de
LMU Munich
Germany

Germany

Ville Makela

ville.makela@uwaterloo.ca
University of Waterloo
Canada

|

\avestipastd
nav

n
Y

Empty page

Figure 1: We investigated four methods of autobiographical recall in virtual reality, where participants elaborated on past
events in different ways. (Left) Avatar Methods: Two methods involved talking to a virtual avatar. In one method, participants
spoke to a computer-controlled avatar, and in the other, the virtual avatar was a proxy for the researcher. (Middle) Thinking
Quietly: Participants thought about a past event without expressing it. (Right) VR Pen: Participants drew or wrote about a past

event using a VR pen.

ABSTRACT

Autobiographical Recall (ABR) is a method for eliciting emotions by
recalling past personal events (e.g., recalling a happy memory to in-
duce happiness). ABR could have many uses in virtual reality (VR),
ranging from virtual therapy to training and research. However,
we currently do not know how users experience ABR in VR and
how effective they are relative to each other. Hence, we investigate
how well real-world ABR methods work in VR. We conducted a
user study (N=17) where participants evoked emotions using four
ABR methods: thinking quietly, writing/drawing, talking to a vir-
tual avatar, and talking to an avatar connected to another person.
Our results show that 1) all methods of ABR were equally success-
ful in inducing changes in emotion, and 2) the users’ experiences
with the different methods varied, yet, methods in which events
are recalled in private were generally deemed most comfortable
(writing/drawing, thinking quietly).

*This work was done while with LMU Munich.
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1 INTRODUCTION

Emotions and their influence on human behavior have been studied
actively [15, 29, 34, 36]. Critical to such studies is the elicitation of
specific emotions in study participants. There are many techniques
for eliciting emotions in humans that include, for example, showing
video clips and pictures or playing music [18, 21, 49].
Increasingly, virtual reality (VR) is being used for studies and
other activities where emotions and emotion elicitation play a
key role. This includes emotion research [13, 40] and also virtual
therapy [37, 39] and training [56]. VR is a cost-effective method for
creating specific situations and environments, and for controlling
and changing them with ease [33, 41]. Furthermore, in VR we can


https://doi.org/10.1145/3546155.3546704
https://doi.org/10.1145/3546155.3546704
https://doi.org/10.1145/3546155.3546704

NordiCHI '22, October 8 12, 2022, Aarhus, Denmark

simulate situations that would be di cult to create or replicate
in the real world [33, and situations that would be dangerous or
otherwise unethical in the physical world (e.g., certain cases of
exposure therapy37], studies investigating pedestrian crossing
behavior [23], the impact of a ect on driving [8]).

A particularly prominent method to elicit emotion ig\utobio-
graphical Recall (ABR) this method, participants recall and re ect
onpast events in their lifdhat evoked a certain emotion. ABR can be
implemented in many ways. For example, people can write about
the events B, 31, 39 or think about them aloud 50. The fact that
ABR can be implemented in di erent ways is a highly useful trait,
as ABR could then be adjusted to a wide range of virtual scenarios.
For example, therapists could change to a di erent form of ABR
to accommodate a patient's particular needs. Similarly, many stud-
ies require the participants' visual attention for other tasks (e.g.,
simulated driving B]), and ABR could be adjusted to accommodate
these situations. Compared to other elicitation methods, ABR o ers
further advantages, as it does not require any additional materials
and it is personal in natureq]. Furthermore, ABR has been shown
to outperform other induction techniques [9, 26].

However, we currently lack knowledge about how e ective the
di erent implementations of ABR are in eliciting emotions in vir-
tual reality, and especially how users experience these di erent
approaches to ABR. For example, it is unclear how users might
feel about recalling personal events by themselves in VR, or how
they might feel about talking to a virtual agent. Investigating the
di erent approaches will help researchers understand which ap-
proach would work best in a particular research context. Prior
research has investigated and shown the e ectiveness of isolated
implementations of ABR in VR in comparison to real-world im-
plementations fJ, but has not conducted comparative studies on
di erent ABR methods, nor has prior research looked into the user

experience of these methods, and how comfortable they are to users.

There are also some approaches to ABR, like writing, that have not
been evaluated in virtual reality before. We focus on investigating
ABR methods that are familiar from the real world, because there
are many virtual situations (e.g., training, certain forms of therapy)
where the intention is to mimic the real world as closely as possible.
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Our work provided two primary ndings. First, all methods
of ABR were equally successful in inducing changes in emotion.
Second, the perceived user experience regarding the distinct meth-
ods varied between participants, however, the methods in which
the elaboration takes place in private (writing/drawing, thinking
quietly) were generally preferred, as they were seen as more com-
fortable than the methods involving talking to an avatar or another
person. Our results suggest that all four methods have their uses in
VR, but that their individual trade-o s, and in some cases, the user's
preferences, should be taken into account. For example, a virtual
therapy patient who is not comfortable talking to another person
in VR when recalling past events could instead opt for writing or
thinking quietly about those events.

Contribution statement. Our contribution is twofold. First, we
present the design and implementation of four virtual methods of
autobiographical recall. Some of the methods have been individu-
ally assessed in VR before, but some (like writing/drawing) have
not been adapted to VR before our work. Second, we report on the
results of a 17-participant user study, where we assessed the e ec-
tiveness and user experience of these methods. To our knowledge,
we are the rst to assess these methods not just by e ectiveness,
but also by user experience and level of comfort.

2 RELATED WORK

In this section, we rst review emotion research that provides the
theoretical basis for our work. Then, we review existing emotion
elicitation techniques, including the di erent ways of implement-
ing autobiographical recall. Finally, we discuss the application of
emotion elicitation techniques in VR, and show the research gap.

2.1 Basic Emotions and Their Dimensions

Many theories and concepts about emotions have been proposed.
Nevertheless, or precisely because of this, researchers and theorists
have not come to a clear consensus on a de nition for emoti@d][
Izard[24] collected input from more than 30 scientists, summarizing
the congruities as follows: Emotion consists of neural circuits (that

To address these research gaps, we conducted an exploratory are at least partially dedicated), response systems, and a feeling

study (N=17) to gain insights into how real-world methods of ABR
function in VR, how these methods compare relatively to each other,
and how they are perceived and experienced by users. Our main
research questions are:

RQ1 How e ectively do di erent methods of autobiographical
recall elicit emotions in VR?

RQ2 What is the perceived user experience of di erent meth-
ods of autobiographical recall in VR?

To answer these questions, we conducted a within-subjects study
where we implemented four di erent methods of ABR in VR: (1)
talking to an arti cial avatar, (2) talking to an avatar that served
as a proxy for the researcher, (3) thinking quietly, and (4) writing
and/or drawing with a VR pen. Each method was combined with

state/process that motivates and organizes cognition and action .
Key to understanding and distinguishing emotions is the con-
cept ofbasic emotion§ heorists agree that these emotions are in-
nate, universal, and distinct a ective states which evolved to serve
adaptive functions R7. Paul Ekman studied emotions and their
re ection in facial expressions and culture4§. He suggested six
basic emotions16, often referred to as théig Six They includes
happiness, sadness, anger, disgust, fear, and surprise.

Often, emotions are measured along the dimensionsaénce
arousal anddominancdVVAD) [42 43. Valence refers to the pos-
itivity or negativity of an emotional state, arousal to the level of
engagement, and dominance to the level of control perceived by
the subject over the emotional state or situation [42].

Our work in this paper is based on the theoretical work pre-

one of four target emotions (happiness, sadness, anger, and fear)sented above. We focus on four emotions from the list of basic

Participants were asked to recall memories from their life that
corresponded to one of the four target emotions, using a di erent
ABR method for each memory.

emotions [L6, as they represent the most critical set of emotions.
Furthermore, we evaluate the e ectiveness of ABR methods using
the dimensions of valence, arousal, and dominance (VAD) [42].
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2.2 Emotion Elicitation

Researchers also investigated ways in which emotions can be in-

duced in humans. Many so-callenotion elicitation methodsmave
been developed. These range from presenting pictures or Im clips
with emotional content R1, 28 49, over playing musical piece$p,

to having participants repeat phrases out loud (Velten-like Induc-
tion Technique) p1]. Real-life manipulations expose participants
to emotion evoking situations without their awareness [22].

The elicitation method at the focus of this study Autobiograph-
ical RecallABR), also known as autobiographical recollection or
autobiographical memory task. In this method, the subject is asked
to recall past events from their life that evoked the target emotion,
and to elaborate on them with the aim of re-evoking the emotion.
The exact way to recall past events can vary. Common recall prac-
tices includethinking about the event ], writing about it [3, 31, 35,
drawingor illustrating it [ 33, andtalking aloudabout the event
[59. ABR is claimed to be superior to other induction techniques
[9,12 25. Itis not dependent on additional materials such as videos
or images P]. Moreover, the emotion is not induced by external
stimuli, which might a ect participants di erently, but through per-
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2.4 Summary and Research Gaps

Previous research shows that ABR is an e ective emotion elicita-
tion method, with a range of di erent implementations. Existing
applications of ABR in virtual reality suggest that at least some
ABR methods are e ective in VR. However, three important gaps
remain: 1) There are some implementations of ABR that have not
been investigated in VR, such as recalling past events by writing
or drawing about them. 2) Past research has overlooked the user
experience and comfortability of ABR methods. This is important
because ABR involves personal and potentially sensitive subjects,
and ABR can be used in potentially sensitive settings like therapy.
3) We currently lack comparative studies where multiple virtual
ABR methods are investigated, so we lack an understanding of their
relative e ectiveness and their individual strengths and weaknesses.
In this paper, we close these gaps.

3 STUDY

We conducted a VR user study where we explored four di erent
methods of ABR to understand their e ectiveness and user experi-
ence. We received an ethical approval from the ethics board of the

sonal experiences which are assessed by the participants themselvesgacylty of Mathematics, Computer Science and Statistics at LMU

as eliciting the respective emotion [9].

2.3 Emotion Elicitation in Virtual Reality

Emotion elicitation has many applications and bene ts in virtual
reality. VR is a cost-e ective way to build controlled environments
[33 41], and allows for replication of scenarios that would be di -
cult to generate in the real world33 44. In some cases, VR can
even outperform classical emotion elicitation techniques, as the
higher level of immersion compared to other technologies can lead
to a more reliable elicitation of emotional experiencegq and

it also serves as a safe platform, especially important for negative

target emotions. A meta-analysis revealed that VR can be an ef-

fective tool to induce emotions in lab settings, particularly stress
and anxiety [L4. However, some studies struggled with eliciting
sadness and anger, reporting either no emotional changes or only
brief emotional changes [14].

A few studies have explored autobiographical recall in VR. Bafios
et al. [5] studied ve di erent emotion induction methods, includ-
ing ABR in which participants were asked to talk aloud about their
experiences in a virtual park. The results showed that the elicitation
methods were successful. In another study, Fernandez-Alvarez et al
[17] investigated the e ects of ABR in virtual reality on individu-
als with depressive symptoms, with the aim of training positive
memory recall. Their participants were asked tiink aloudabout
an intense and positive experience at a speci ¢ location to which
they were transported and walked around in VR using Google
Earth. The results showed positive short-term mood changes, but
the e ects wore o after a few days. Rivu et a[40] compared
four emotion elicitation methods between VR and the real world,
including athink-aloud version of ABR he elicited emotions were
equally strong in VR and the real world. However, their participants
were divided on how they felt about ABR in virtual reality, and the
authors suggested further research on ABR methods in VR.

Munich (EK-MIS-2021-050).

3.1 Study Design

We conducted a within-subjects study with the following indepen-
dent variables:

Autobiographical Recall Method (4 levels) Talkingto an ar-
ti cial avatar; Talking to an avatar as proxy for the researcher;
Thinking quietly; VR pen (used for writing and drawing)

Emotion (4 levels) Happiness; Sadness; Anger; Fear

To cover all combinations of independent variables, we applied
a Graeco-Latin Square design, counterbalancing the 16 conditions.
Thus, each participant applied each recall method and elicited each
emotion, but only experienced four of 16 conditions. We selected
these four emotions as they belong to the setiafsic emotionglq
and they have been identi ed as suitable for ABR [45].

3.2 Participants

We recruited 17 participants for the study (6 female, 11 male). Par-
ticipants were recruited through social media channels and internal
university channels. They were between 21 and 57 years of age
(Mean = 28.47, SD = 8.581). The participants had diverse levels of
VR experience: two had no prior experience with VR, six had little
experience, two were moderately experienced, three had much expe-
rience, and four reported having very much experience. Regarding
emotion elicitation methods, 14 participants claimed having no
experience and three reported having little experience.

3.3 Autobiographical Recall Methods

We developed four virtual ABR methods for our study. They were
chosen and developed based on existing ABR techniques used in
the real world (thinking quietly ], thinking aloud [55, writing

[3, 31, 35, drawing [33), the requirements of the virtual context,
and early pilot testing. We describe the four methods below. The
elaboration always took place in private, i.e., no researcher was
present and no oral or written information was recorded.
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