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Abstract
Museums are essential to make culture accessible to the
mass audience. Human museum guides are important to
explain the presented artifacts to the visitors. Recently, mu-
seums started to experiment with enhancing exhibitions
through mixed reality. It enables cultural exhibitors to pro-
vide each visitor with an individualized virtual guide that
adapts to the visitor’s interests. The effect of the presence
and appearance of a virtual museum guide is, however, un-
clear. In this paper, we compare a real-world guide with a
realistic, an abstract, and an audio-only representation of
the virtual guide. Participants followed four multimodal pre-
sentations while we investigated the effect on comprehen-
sion and perceived co-presence. We found that a realistic
representation of a virtual guide increases the perceived
co-presence and does not adversely affect the comprehen-
sion of learning content in mixed reality exhibitions. Insights
from our study inform the design of virtual guides for real-
world exhibitions.
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Introduction & Background
Exhibition content can be experienced through a wide vari-
ety of media. Visitors traditionally learn through interaction
with exhibition guides and other visitors, audio or videos
guides, as well as non-interactive media such as exhibition
labels. Recently, several museums started using mixed re-
ality (MR) as a new media to enhance visitors’ experience
in exhibitions [7, 9]. By providing a possibility to view vir-
tual simulations from different perspectives and to interact
with them in a real environment, MR creates engaging and
motivating learning experience while still enabling social
interactions [6, 8, 14].

Figure 1: Composers’ busts and
the paintings including them were
used as the stimuli in the study.

MR can not only support the augmentation of museum arti-
facts but also enhance the learning experience through vir-
tual exhibition guides. In a physical museum, narratives can
reinforce the visitors learning and understanding of cultural
content [17]. As social interaction is the key to strengthen
learning [11], virtual guiding avatars are a promising ap-
proach to enhance real-world exhibition experiences.

Comparing the human guides to agents, digital models
driven by computer algorithms [2], previous work suggests
that the latter cannot completely replicate human guides [16].
This is further supported by the fact that human guides
can spontaneously respond to visitors’ questions and non-
verbally communicate through gestures and their body
pose, which support verbal explanations [20]. On the other
hand, embodied conversational agents [5] being virtual
representations of humans through virtual avatars can en-
hance the social aspect of interaction [13], spontaneously
respond in-situ and non-verbally communicate using ges-
tures and body pose. Therefore, though personalized virtual
guides using virtual avatars, exhibition visitors can take ad-
vantage of time-independent exhibition tours for individuals
and groups.

The presence of virtual avatars can have an effect on learn-
ing [18], and therefore, it can affect the comprehension
of exhibition content presented by a virtual guide. Since
avatar realism has a significant impact on presence and co-
presence [10, 19], the design of virtual guides can affect the
motivation to engage with exhibition content. The motiva-
tion and engagement with the learning content can also be
enhanced by using a human-like voice with relevant emo-
tional expressions [4]. Enhancing human behavior realism
of a virtual avatar (e.g., gaze) can increase co-presence [1].
However, adding visual features of a face can have an ad-
verse effect on mediated communication and cause self-
disclosure [21]. It was also shown that the appearance of
an avatar as a social model has an essential effect on its
success, and it is advantageous to provide a social model
from the same in-group as the user [3].

While previous work extensively studied virtual avatars in
virtual environments, it is unclear how such avatars should
be designed for real-world exhibitions. Therefore, we con-
ducted a study with 16 participants to investigate the ef-
fect of realism and presence of a virtual guide on compre-
hension of the exhibition content and the perception of the
guide. We compared a real-world guide with a realistic, an
abstract, and an audio-only representation of a virtual guide
in a real-world exhibition setting. Results show that the
presence and the appearance of a virtual guide do not af-
fect the comprehension of the exhibition content. However,
the perceived co-presence is higher for realistic representa-
tion than for the abstract or audio-only representations.

Method
To assess the effect of the presence and the appearance of
an exhibition guide in the MR environment, we conducted a
controlled experiment. We prepared a real-world exhibition
room in our lab. Furthermore, we prepared four short pre-



sentations, which were conceptually similar but presented
different content. For presentations, we selected four clas-
sical music composers: Johann Sebastian Bach, Frédéric
François Chopin, Franz Peter Schubert, and Pyotr Ilyich
Tchaikovsky. To create multimodal presentations, we used
a bust and a painting of the composer, and a short piece
of music by the composer ("Gottes Zeit ist die allerbeste
Zeit (Actus tragicus)", "Polonaise in G minor", "Der Er-
lkönig", and "Symphony No. 1 Winter Dreams", respec-
tively) (see Figure 1). Furthermore, for the guide, we pre-
pared a speech explaining the life and work of each com-
poser. The texts of the speeches were on average 461 (SD
= 5.09) words long. For the study, the guide was presented
as a human (Real), a realistic avatar (MR-Realistic), an ab-
stract robot (MR-Abstract), or only by audio (MR-Audio).

Figure 2: The figure shows Real,
MR-Realistic, MR-Abstract, and
MR-Audio conditions and a
participant in the MR exhibition.

We systematically varied the presence and the appear-
ance of the guide resulting in a within-subject design with
an independent variable GUIDE with four levels: Real, MR-
Realistic, MR-Abstract, and MR-Audio. As a dependent
variable, we measured comprehension of each guide’s
speech using ten multiple-choice questions with four pos-
sible answers. Furthermore, we measured the social pres-
ence and the affinity to the guide using the co-presence
questionnaire by Poeschl and Doering [15]. We recorded
the same human guide’s voice for the speeches of the re-
alistic avatar, the abstract robot and the audio representa-
tions of the guide. Furthermore, we ensured that the com-
prehension questions had a similar complexity through a
pilot study with six participants. The item difficulty for ques-
tions of all presentations was similarly distributed and was
ranging between 0.33 and 0.66, which is considered as an
acceptable difficulty [12].

We recruited 16 participants (8 female) through our univer-
sity’s mailing lists. Their average age was M = 22.75 (SD =

3.38) years. Most participants had a background in IT, and
all were university students. 31.25% of the participants re-
ported having experience with MR. Participants received
10EUR for taking part in the study.

As an apparatus, we used a Microsoft HoloLens mixed re-
ality glasses. For the study, we prepared an exhibition room
and used whiteboards to give a feeling of a room with white
walls. We put a pedestal, a bust and a painting in the room
as seen in figure 2. As an exhibition guide, a research as-
sistant wearing a black jacket and pants was coached to
present the artifacts. To create a human-like avatar, we
generated the realistic 3D representation from photos of
her by using FaceGen Pro 1 and DAZ3D 2. Both the model
and skeleton are based on the Genesis 8 model in DAZ3D.
The animated model of a robot 3 was used for the abstract
robot representation. To create a realistic body pose and
gestures of a virtual guide, we recorded the research as-
sistant’s motion for each presentation using OptiTrack’s
full-body tracking system. In the real world condition, the
research assistant played the guide herself.

During the study, each participant experienced four pre-
sentations. We counterbalanced the order of GUIDEs and
presentations using a Latin square design. After introduc-
ing the purpose of the study, participants signed a consent
form and responded questions about demographic data and
experience with MR. Afterward, we introduced the Microsoft
HoloLens to the participants, helped them to wear it and
instructed them to stand in front of the exhibition (see Fig-
ure 2). We informed participants about the comprehension
tests after each presentation and asked them to pay atten-
tion to the guide’s speech. At the beginning and middle of

1https://facegen.com
2https://www.daz3d.com
3https://assetstore.unity.com/packages/3d/characters/robots/

space-robot-kyle-4696
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Md M SD

MR-Abstract 6 6.19 1.97
MR-Audio 6.5 6.69 1.7

MR-Realistic 7 6.13 2.06
Real 7 6.81 1.64

Table 1: Comprehension measures for all conditions.

each presentation with a visual guide, the guide showed the
bust and the painting with a hand gesture to arouse the par-
ticipant’s attention. During the presentations, participants
could observe the exhibition, listen to the guide’s speech
and a piece of music while standing two meters away from
the exhibition artifacts. After each presentation, participants
took off the Microsoft HoloLens, answered comprehension
questions and filled the co-presence questionnaire. Dur-
ing this time, the research assistant changed the bust and
the painting of the composer to the next ones. Afterward,
participants continued with the remaining conditions. Each
presentation took on average four minutes containing 15
seconds of a piece of music by the corresponding com-
poser in the middle of the presentation.

Results
Each participant experienced four presentations, one with
each condition. Table 1 summarizes the participants’ com-
prehension results. A Friedman Test revealed no significant
effect on comprehension, χ2(3)=2.364, p=.501. A repeated
measures ANOVA using Greenhouse-Geisser correction
showed a statistically significant main effect of the GUIDE

on co-presence (F (2.493, 37.392) = 62.821, p < .001).
Post hoc tests using Bonferroni correction revealed statisti-
cally significant differences between all but not between the
MR-Abstract and the MR-Audio conditions (see Table 2).

M SD sig.

1 MR-Abstract 2.483 .843 3*, 4***
2 MR-Audio 1.875 .977 3**, 4***
3 MR-Realistic 3.213 .928 1*, 2**, 4***
4 Real 5.025 .991 1***, 2***, 3***

Table 2: Co-presence measures for all conditions. The mean
difference is significant at the * p<.05, ** p<.005, *** p<.0005
levels.

Discussion & Limitations
In this paper, we investigated the effect of a virtual guide
on the experience of a real-world exhibition. On average,
MR-Realistic and Real conditions resulted in the highest
comprehension. However, we found no statistically signifi-
cant difference among the conditions. The results suggest
that the appearance of the guide might have a negligible
effect on learning outcome. It implies that an abstract and
a realistic representation of a virtual guide might not dis-
tract from paying attention to the guide’s explanations. Our
results showed that the co-presence is higher using a real-
istic avatar compared to an abstract avatar or an audio-only
representation. Due to the missing photorealistic appear-
ance, MR-Abstract resulted in lower co-presence than MR-
Realistic. Previous work showed that the visual presence
of an avatar provides higher motivational and affective out-
comes in learning activities than the audio-only case [3].
Therefore, we can conclude that a realistic representation
of guides can be used in exhibitions to increase engage-
ment with the content without an adverse effect on learning.

We recognize that our approach has limitations. We con-
ducted the study in the lab without distractions from the en-
vironment. However, a real exhibition might be crowded
and noisy. Future work should investigate the effects of



such influences. Future work should also investigate the
appearance and placement of virtual guides when there are
multiple other people around. Moreover, as mixed reality
glasses, we used a HoloLens which has a limited field of
view and resolution. Since in the study, the virtual guides
had the same size as the real guide (the research assis-
tant), it was only possible to see part of the virtual guide
at the same time. Despite this limitation, participants could
perceive the presence of realistic and abstract virtual guides.
However, future research with mixed reality glasses with a
wider field of view is needed to determine the effect of this
limitation.

Conclusion
We investigated the presence and appearance of a guide
in a mixed reality exhibition. We studied how the represen-
tation of a guide (human guide, realistic virtual guide, ab-
stract virtual guide, and audio guide) affect comprehension
of the guide’s speech and the perceived co-presence. We
found that realistic representation of a virtual guide results
in higher co-presence than the abstract or audio guide, and
does not distract from the learning activity. The findings can
be used as design recommendations for developing guides
for mixed reality exhibitions.

Acknowledgements
This work is supported by the German Ministry of Educa-
tion and Research (BMBF) within the GEVAKUB project
(01JKD1701A).

REFERENCES
1. Jeremy N Bailenson, Andrew C Beall, and Jim

Blascovich. 2002. Gaze and task performance in
shared virtual environments. The journal of
visualization and computer animation 13, 5 (2002),
313–320.

2. Jeremy N Bailenson, Nick Yee, Dan Merget, and Ralph
Schroeder. 2006. The effect of behavioral realism and
form realism of real-time avatar faces on verbal
disclosure, nonverbal disclosure, emotion recognition,
and copresence in dyadic interaction. Presence:
Teleoperators and Virtual Environments 15, 4 (2006),
359–372.

3. Amy L Baylor. 2009. Promoting motivation with virtual
agents and avatars: role of visual presence and
appearance. Philosophical Transactions of the Royal
Society B: Biological Sciences 364, 1535 (2009),
3559–3565.

4. Amy L Baylor. 2011. The design of motivational agents
and avatars. Educational Technology Research and
Development 59, 2 (2011), 291–300.

5. Justine Cassell, Joseph Sullivan, Elizabeth Churchill,
and Scott Prevost. 2000. Embodied conversational
agents. MIT press.

6. Tony Hall, Luigina Ciolfi, Liam Bannon, Mike Fraser,
Steve Benford, John Bowers, Chris Greenhalgh,
Sten-Olof Hellström, Shahram Izadi, Holger
Schnädelbach, and Martin Flintham. 2001. The Visitor
As Virtual Archaeologist: Explorations in Mixed Reality
Technology to Enhance Educational and Social
Interaction in the Museum. In Proceedings of the 2001
Conference on Virtual Reality, Archeology, and Cultural
Heritage (VAST ’01). ACM, New York, NY, USA, 91–96.
DOI:http://dx.doi.org/10.1145/584993.585008

7. Jeff Hansen. 2018. “MR Museum in Kyoto” provides
unique insight into centuries-old Japanese artwork.
https://blogs.windows.com/devices/2018/02/22/mr-

museum-kyoto-provides-unique-insight-centuries-

old-japanese-artwork. (22 02 2018). Accessed:
2019-07-09.

http://dx.doi.org/10.1145/584993.585008
https://blogs.windows.com/devices/2018/02/22/mr-museum-kyoto-provides-unique-insight -centuries-old-japanese-artwork
https://blogs.windows.com/devices/2018/02/22/mr-museum-kyoto-provides-unique-insight -centuries-old-japanese-artwork
https://blogs.windows.com/devices/2018/02/22/mr-museum-kyoto-provides-unique-insight -centuries-old-japanese-artwork


8. Lucinda Kerawalla, Rosemary Luckin, Simon Seljeflot,
and Adrian Woolard. 2006. “Making it real”: exploring
the potential of augmented reality for teaching primary
school science. Virtual reality 10, 3-4 (2006), 163–174.

9. Tomotsugu Kondo, Makoto Manabe, Hiroyuki
Arita-Kikutani, and Yuko Mishima. 2009. Practical uses
of mixed reality exhibition at the national museum of
nature and science in tokyo. In Joint Virtual Reality
Conference of EGVE-ICAT-EuroVR.

10. Jean-Luc Lugrin, Johanna Latt, and Marc Erich
Latoschik. 2015. Anthropomorphism and Illusion of
Virtual Body Ownership. In Proceedings of the 25th
International Conference on Artificial Reality and
Telexistence and 20th Eurographics Symposium on
Virtual Environments (ICAT - EGVE ’15). Eurographics
Association, Aire-la-Ville, Switzerland, Switzerland,
1–8. DOI:http://dx.doi.org/10.2312/egve.20151303

11. Paulette M McManus. 1987. It’s the company you
keep...: The social determination of learning-related
behaviour in a science museum. Museum Management
and Curatorship 6, 3 (1987), 263–270.

12. Gyata Mehta and Varsha Mokhasi. 2014. Item analysis
of multiple choice questions-an assessment of the
assessment tool. Int J Health Sci Res 4, 7 (2014),
197–202.

13. Clifford Nass, Jonathan Steuer, and Ellen R Tauber.
1994. Computers are social actors. In Proceedings of
the SIGCHI conference on Human factors in computing
systems. ACM, 72–78.

14. Zhigeng Pan, Adrian David Cheok, Hongwei Yang,
Jiejie Zhu, and Jiaoying Shi. 2006. Virtual reality and
mixed reality for virtual learning environments.
Computers & graphics 30, 1 (2006), 20–28.

15. Sandra Poeschl-Guenther and Nicola Doering. 2015.
Measuring Co-Presence and Social Presence in Virtual
Environments - Psychometric Construction of a
German Scale for a Fear of Public Speaking Scenario.
Annual Review of CyberTherapy and Telemedicine 13
(01 2015), 58–63. DOI:
http://dx.doi.org/10.3233/978-1-61499-595-1-58

16. W Boyd Rayward and Michael B Twidale. 1999. From
Docent to Cyberdocent: Education and Guidance in the
Virtual Museum. Archives and Museum Informatics 13,
1 (1999), 23–53.

17. Elisa Rubegni, Nicoletta Di Blas, Paolo Paolini, and
Amalia Sabiescu. 2010. A Format to Design Narrative
Multimedia Applications for Cultural Heritage
Communication. In Proceedings of the 2010 ACM
Symposium on Applied Computing (SAC ’10). ACM,
New York, NY, USA, 1238–1239. DOI:
http://dx.doi.org/10.1145/1774088.1774350

18. Beth Rubin, Ron Fernandes, Maria D Avgerinou, and
James Moore. 2010. The effect of learning
management systems on student and faculty
outcomes. The Internet and Higher Education 13, 1-2
(2010), 82–83.

19. Maria V Sanchez-Vives and Mel Slater. 2005. From
presence to consciousness through virtual reality.
Nature Reviews Neuroscience 6, 4 (2005), 332.

20. Laura Valenzeno, Martha W Alibali, and Roberta
Klatzky. 2003. Teachers’ gestures facilitate students’
learning: A lesson in symmetry. Contemporary
Educational Psychology 28, 2 (2003), 187–204.

21. Steue Whittaker. 2003. Theories and Methods in
Mediated Communication: Steve Whittaker. In
Handbook of discourse processes. Routledge,
246–289.

http://dx.doi.org/10.2312/egve.20151303
http://dx.doi.org/10.3233/978-1-61499-595-1-58
http://dx.doi.org/10.1145/1774088.1774350

	Introduction & Background
	Method
	Results
	Discussion & Limitations
	Conclusion
	Acknowledgements
	REFERENCES 

