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Introduction

When three or more people are involved in a conversa-
tion, often one conversational partner listens to what the
others are saying and has to remember the conversational
content. However, setups in cognitive-psychological ex-
periments often differ substantially from everyday listen-
ing situations by neglecting audiovisual cues going be-
yond the pure speech signals. The presence of speech-
related audiovisual cues, such as the spatial position, and
the appearance or non-verbal behavior of the conversing
talkers, may influence the listener’s memory and com-
prehension of the conversational content. In our project,
we provide first insights into the contribution of acoustic
and visual cues on verbal short-term memory (STM),
and (social) presence. First, we discuss the auditory
verbal serial recall (aVSR) task and the heard text re-
call (HTR) paradigm, which can be used for quantify-
ing STM performance. In several experiments, we in-
vestigated how STM performance in conversational set-
tings varies with increasingly more plausible audiovisual
characteristics, e.g., spatial auditory cues. Furthermore,
we explored the influence of the display device (head-
mounted display (HMD) vs. traditional computer moni-
tor) and audiovisual mismatches as multimodal distrac-
tors. Adding virtual embodiments (i.e., embodied con-
versational agents (ECAs)) for the talkers allowed us to
conduct experiments on the influence of the fidelity of
co-verbal gestures and turn-taking signals (i.e., co-verbal
cues to communicate whether a speaker wants to con-
tinue speaking or pass the turn on to another speaker).
Preliminary results from these experiments will be pre-
sented. To conclude this paper, we discuss the insights
gained so far and outline further research directions.

Paradigms

A standard cognitive measure of verbal STM is the well-
established aVSR task. In the aVSR task, the digits from
1-9 are presented in random order and need to be recalled
in the exact order in which they were presented after a
short retention interval [1].
A verbal STM task of undoubtedly higher complexity
is the newly developed HTR paradigm. In this novel
task, called HTR [2], a coherent text is presented au-
ditorily as a conversation between two talkers followed
by questions based on the content of the conversation.

Figure 1: Example of a conversation and one question in
the heard text recall task.

The texts describe three generations of a family (grand-
parents, parents, and children) while also taking into ac-
count various aspects of the family members (e.g., place
of residence, hobbies, professions). Each text consists
of ten sentences and is presented as a conversation be-
tween one talker with a female voice and another talker
with a male voice (see Figure 1). The turn-taking be-
tween the female and the male talker aims to simulate
a natural conversation, so sentences linked closely to-
gether are spoken by the same conversational partner.
For each text, nine corresponding questions have to be
answered. The questions ask for names of family mem-
bers, relations between family members, and other in-
formation (profession, hobbies, age, etc.). We recorded
speech material and lip movements for the HTR task
in the Audio-Visual Speech and Text Database for the
Heard-Text-Recall Paradigm (AuViST) [3]. The HTR is
administered either alone as a single task or as a pri-
mary listening task in a dual-task paradigm. In such a
paradigm, participants are asked to perform two tasks
in parallel, a primary task and an unrelated secondary
task. With the help of the dual-task paradigm we are
able to measure listening effort and thus, respective vari-
ations in different experimental conditions. For a more
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detailed definition of the dual-task paradigm and listen-
ing effort see [2, 4, 5]. As our research showed [6], a
suitable secondary task for the HTR is a vibrotactile pat-
tern recognition task (cp. [7]). Here, participants hold a
Sony Dualshock 4 controller in their hands, which em-
anates four vibration patterns (short-short, long-long,
short-long, and long-short). Participants have to indi-
cate whether the presented vibration patterns are similar
(e.g., short-short) or different (e.g., short-long) by press-
ing the circle or left arrow button on the game controller.
The cognitive tasks were used in a series of experiments
where the audiovisual plausibility was systematically in-
creased.

Auditory Scene Design

So far, STM performance has predominantly been in-
vestigated with simplified auralization, e.g., by playing
back target and irrelevant signals in a diotic manner.
In reality, auditory signals are - with few exceptions
- accompanied by spatial information. In acoustic re-
search, there are multiple possibilities on how to obtain
spatial sound signals, e.g., via loudspeaker playback or
with headphone reproduction using generic or individual
head-related transfer functions (HRTFs). HRTFs cap-
ture the frequency response function of the human head
and can therefore provide plausible binaural signals. In
a first study, we investigated the influence of spatially
distributed target sources with different spatial sound re-
production techniques on the aVSR paradigm [17]. We
could not find an influence of the reproduction technique
or the spatial distribution. In a second study, we investi-
gated the effect of spatial separation of the two convers-
ing talkers on the listener’s STM and comprehension in
the HTR task [4]. Participants performed the HTR as a
primary listening task and the vibrotactile pattern recog-
nition task as a secondary task. In the primary listening
task participants listened to the HTR conversations in
a non-noisy setting. The two alternating talkers’ audio
signals were presented at a distance of 2.5 m from the lis-
tener either spatially separated (+/- 60◦) or co-located
(0◦). Again, we found no variation in memory perfor-
mance between the two talkers’ audio conditions. That
means participants did not remember more information
when the two talkers were spatially separated than when
they were co-located. It is possible, that the investigated
settings are too simple. Research has shown, that bin-
aural cues become more relevant in challenging listening
settings [8]. In further experiments, we plan to extend
the complexity of the acoustic scene, e.g., by adding more
distraction sources and room acoustics.

Visual Conversational Setting

In real life, information is usually perceived multi-
modally. For example, if we hear a person speak,
we see their lips moving at the same time, thus the
information is received audiovisually. When aiming
to investigate STM performance in realistic settings,
information should be presented in multiple modalities.
We developed a virtual living room scene with two ECAs
telling the HTR stories (see Figure 2), which poses a

Figure 2: Two embodied conversational agents telling
a family story from the heard text recall paradigm, as
viewed by the participant. The embodied conversational
agents show co-verbal gestures and conversational gaze
patterns, which were manipulated to additionally give
turn-taking cues [20].

more plausible setting. We utilized the Unreal Engine
4.27 and MetaHumans [24]. When using embodied
virtual representations for the talkers, all modalities
(e.g., speech sound quality, visual fidelity, and motion
faithfulness) must reach a consistent degree of realism.
To this end, we added co-verbal behavior: co-verbal ges-
tures recorded specifically for each sentence of the HTR
texts using a self-developed Motion Capture Plugin [25],
which utilizes off-the-shelf virtual reality (VR) hardware
components; and a realistic gaze model inspired by
Pejsa et al. [21]. Furthermore, turn-taking cues [22] (i.e.,
multimodal signals whether a speaker wants to continue
speaking (turn-hold) or wants to pass on the turn to
another speaker (turn-yield)) are normally generated in
such a conversational setting. We developed a system
generating non-verbal turn-taking cues by manipulat-
ing the gestures, the gazing, and adding appropriate
inhalation sounds [20]. In an evaluation we found that
manipulating the gestures out of these modalities was
the only effective one to generate convincing turn-taking,
however, no changes in the perception of the ECAs was
found. With the knowledge gained, we plan to improve
this system further to use it in upcoming experiments.
Furthermore, we are currently evaluating different
manipulations of the co-verbal gestures recorded to (i)
improve imperfections due to the recording technology
but also (ii) deliberately create misaligned gestures
to evaluate their influence on HTR task performance
and perceived social presence. Social presence hereby
describes the feeling of being in the presence of and
interacting with a real person (cf. [23]). We hypothesize
that degraded co-verbal gestures will decrease perceived
social presence and want to evaluate whether cognitive
load during the HTR task can be used as a proxy for so-
cial presence. As developing experiments for VR requires
additional implementation overhead, we designed a plu-
gin for simpler creation and control of factorial-design
studies in the Unreal Engine, which we made publicly
available [26]. Furthermore, with this plugin less tech-
nical knowledge is required to implement and conduct a
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study while the risk of missing crucial flaws is reduced.

Audiovisual Interaction

As stated before, in real-life we are usually confronted
with information from multiple modalities. This does
not only apply to target signals, i.e., stimuli we want to
focus on, but also irrelevant signals. It has been shown
that STM performance can decrease in the presence of
irrelevant background sound. For example, the influence
of auditory noise on verbal short-term memory perfor-
mance, i.e., the irrelevant sound effect (ISE), has been
investigated to a great extent in cognitive psychology,
e.g. [9, 10, 11, 12]. However, there is only very little re-
search on the influence of irrelevant visual information
on task performance (e.g., [13, 14]), or irrelevant audio-
visual signals. To bridge this gap, we investigated the in-
fluence of audiovisual mismatches on STM with audiovi-
sual target presentation. We conducted two listening ex-
periments: one with audiovisual spatial mismatches [17]
and one with an audiovisual gender mismatch [18]. To
quantify STM performance for heard speech, the aVSR
paradigm was employed.
In recent years, using VR scenes presented on HMDs has
become increasingly popular in research, as it allows for
creating a close-to-real-life, but still controllable, exper-
imental environment. As a step towards more realistic
listening experiment settings, we investigated the influ-
ence of the display device, namely HMD and computer
monitor reproduction, as an additional variable in our
experiments.
No effects of the display device or the audiovisual mis-
match on STM performance could be detected in ei-
ther experiment. However, large audiovisual spatial mis-
matches lead to larger reaction times. We hypothesize
that the chosen mismatches did not provide enough dis-
tracting potential, as they were static. Future research
should focus on whether similar to how the ISE increases
with increasing fluctuation strength [12], a possible im-
pact of audiovisual mismatches becomes observable with
more dynamic stimuli.

Conclusion

With our work, we can provide a more plausible
paradigm for investigating memory for two-talker con-
versations. We implemented an audiovisual virtual en-
vironment to evaluate comprehension and recall of two-
talker conversations by utilizing the HTR paradigm in a
close-to-real but fully controllable environment. Our ex-
periments contribute to a growing body of studies that
conduct auditory research in more plausible settings both
in terms of the listener’s task and audiovisual signals. In
future research, we plan to use the results regarding co-
verbal gestures and turn-taking cues to further investi-
gate whether objective metrics like HTR and dual-task
performance (the second to measure cognitive load) can
be used as a proxy for social presence (which is currently
often evaluated using subject questionnaire-based met-
rics). To extend the realism of the provided scene even
further, we will investigate the influence of complex audi-
tory scenes with regard to sound source distribution and

room acoustics. We will also test the potential utility - or
even necessity - of an immersive 3D presentation for cog-
nitive psychology research on memory for two-talker con-
versations. For this purpose, we plan to evaluate further
whether immersion is an important factor for these kinds
of experiments comparing computer monitor, HMD, and
cave automatic virtual environment (CAVE) renderings.
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