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Creating Knowledge for Social Robots in Public Spaces
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Technological advancements are integrating social robots into public spaces. The
scientific community has consequently become aware that relying on laboratory
studies may not be the best approach to developing (social) robots, particularly
when they are meant to interact with humans. Studies of human-robot interaction
in real-world settings, such as museums, are deemed more beneficial in under-
standing the complexities of these interactions (Sabanovic et al. 2006). Our goal in
conducting this study was thus to better understand the requirements with respect
to social robots in public spaces and to make them as representative of real-world
conditions as possible by drawing on actual users, systems, and environments for
real-world tasks. Our analysis of user utterances offers insights into identifying user
expectations as well as system limitations and weaknesses that can be addressed
through further development and training.

Related Work

Several attempts have been made to deploy robots in museums. These robots are
used to greet visitors, provide information or navigation, and augment exhibitions
with additional content and services (Villaespesa 2021; Willeke et al. 2001; Cantucci/
Falcone 2022). For example, in 2018, the Smithsonian Museum used Pepper (Soft-
bank Robotics) robots to translate, guide visitors, and teach coding, while at the
Akron Museum a robot tour guide named Dot, which shares art information and

1 In this research, the projects SKILLED—Socioempathic Al-Based Dialogues (BMBF) and (Dig-
ital) Meer erleben (Experiencing the [Digital] Ocean, BKM) collaborated. The research project
SKILLED at the TH Kéln — University of Applied Science, Cologne Cobots Lab is funded by the
Federal Ministry of Education and Research of Germany (BMBF) in the framework of FH-Ko-
operativ 2—2019 (project number13FH504KX9). The project (Digital) MEER erleben is funded
by the German Federal Government Commissioner for Culture and the Media (BKM) in the
framework of museum4punkto. We thank all the collaborators for their assistance and con-
tributions.
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asks visitors questions, was evaluated (Smithsonian, 2018; Villaespesa, 2021). Even
though the use of Pepper robots at the Smithsonian Museum may give the impres-
sion that the robot performed various tasks, there were multiple robots, each for
one respective application. For instance, a system designed to greet visitors may not
have extensive knowledge about exhibitions, while a navigation robot may have de-
tailed knowledge of the contents of the museum and navigating through it but less
knowledge relating to service issues or small talk with visitors.

As long since pointed out by Skantze/Al Moubayed/Gustafson et al. (2012),
developing social robots and situated dialogues in public settings with real users
is a challenging goal for several reasons. Dialogue systems, also known as con-
versational systems, can be categorized into three types: 1) goal-based systems,
designed to complete specific user tasks such as scheduling appointments, and
typically gather information through questions until the task is fulfilled (Gao et al.
2018; McTear/Callejas/Griol al. 2016); 2) chatbots, designed for casual conversation
on open-ended topics, and trained end-to-end using large datasets of dialogue
examples (ibid.); and 3) question-answering systems, which focus on answering a
wide range of questions from a knowledge base, with the emphasis on information
retrieval (Dimitrakis et al. 2020).

In social robots such as Pepper and Nao (Softbank Robotics), or Furhat (Furhat
Robotics), simple goal-based dialogue systems are commonly used due to the ease
of controlling the knowledge and dialogue (Foster 2019). This nonetheless requires
every spoken interaction with the robots to be handcrafted and a dialogue policy
to be programmed. User utterances during a conversation are processed by a nat-
ural language processing unit, which identifies the intended meaning of the user’s
words. But deploying social robots effectively in real-world settings requires exten-
sive preparation, and creating knowledge for a robot without a specific area of oper-
ation is challenging. The difficulty lies in having to handcraft both potential user ut-
terances and robot responses. Depending on the natural language processing soft-
ware used, practitioner guides recommend creating 20 to 60 training phrases per
intent, but not more than 80 utterances, so as to avoid overlapping training phrases
that would decrease the precision of the natural language processing (LivePerson
Inc. 2022).

Despite advances in social robot technology, the existing guidelines for their
development do not fully address the importance of conversational abilities or the
specific topics that robots should be equipped to discuss. Further research and
development are needed to ensure that these systems are well-prepared for public
spaces (Mintrom et al. 2022; Tian/Carreno-Medrano/Sumartojo et al. 2020). This
is nonetheless particularly challenging because of varying user expectations, and
some users may attempt to test the intelligence and capabilities of the system, such
as its ability to understand natural language, process text, and perform specific
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tasks like counting or sentiment analysis, driven by motivations other than a need
for information and service, such as curiosity about the systens abilities.

Besides the challenges posed by producing knowledge and acknowledging
the diversity and varying demands of different users, additional phenomena of
human-robot interaction must also be addressed and recognized from the perspec-
tives of various users and stakeholders. One of these aspects is undoubtedly the
phenomenon of anthropomorphism. Based on the studies conducted on human-
robot interactions, it is evident that people tend to attribute humanlike qualities
to nonhuman entities (Reeves/Nass 1996; Epley/Waytz/Cacioppo et al. 2007; Nass/
Brave 2005). The computers are social actors (CASA) paradigm demonstrates that
advancements in technology continue to encourage the personification of objects
in human-machine interactions. Anthropomorphism also has significant impli-
cations for how humans perceive and interact with (social) robots, regardless of
the embodiment, interface, or use case of the systems involved, including but not
limited to chatbots, digital assistants, smart homes, and social robots interacting
with museum visitors (ibid.; Ivanov/Webster/Berezina et al. 2017).

Methodology

The OZEANEUM in Stralsund is a natural history museum that is part of the Ger-
man Oceanographic Museum Foundation. With an exhibition area of 8,700 square
meters and 50 aquariums, the museum presents a journey through the underwater
world of the northern seas. Along with three other locations of the German Oceano-
graphic Museum Foundation, the OZEANEUM is one of the most visited museums
in Germany. The museum is aimed at locals and guests alike and targets all age
groups and social classes. Its events, publications, and research projects also make
the museum interesting for professional audiences. Families with children are one
of the OZEANEUM's core target groups, and their share consistently exceeds 50 per
cent. The presence of particular target groups varies considerably depending on the
season. The visitor structure of the OZEANEUM is strongly influenced by tourism,
especially during the high season. High visitor numbers at particular times, such
as on bad weather days in summer, lead to limitations on the visitor experience and
the entire visitor stay. Under such conditions, it can be difficult to find lifts, toilets,
and certain exhibition and aquarium areas, and the museum’s visitor services are
overwhelmed. At times, it can feel similar to being at a crowded train station or
airport. One solution to this issue could be to provide support by means of a social
robot.
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Figure 1: Interaction with the social robot Furhat
at the OZEANEUM in Stralsund in March 2022.
Source: Anke Neumeister, German Oceanographic
Museum, CC-BY-SA.

The Research System

The robotic system used in the experiments consists of a 41-centimeter-tall Furhat
robot head (see fig. 1) with an illuminated mask system from Furhat Robotics and a
dialogue system running on a backend server, developed at the University of Applied
Sciences Cologne as part of the research project SKILLED—Socioempathic Al-based
Dialogues, Cologne Cobots Lab. The robot head is mounted on a housing incorporat-
ing a10-inch display to show a manual and transcribed dialogue during interactions
(see fig. 2). The robot was named ULI, which stands for ‘user-language interface’, and
the name was chosen to be unisex so as to minimize any potential gender biases. The
term ‘robot’ is used throughout this contribution to refer to all elements of the sys-
tem.

Workshop

In the fall of 2021, we conducted a workshop with employees from the OZEANEUM.
In this workshop, we aimed to define visitors’ needs by drawing from the employees’
experiences in different areas of the museum, such as visitor services, communi-
cation and marketing, education, and mediation. The workshop participants, each
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responsible for different areas of the museum, provided a valuable understanding
of visitors’ needs and the variations that exist depending on the specific area. Those
needs were further refined through subsequent shadowing in various parts of the
museum, including at the entrance, cash desk, and information desk, as well as
within the exhibitions. This information, combined with resources from the mu-
seum (for instance, digital data from museum information brochures and maps),
served as the foundation for the prototype’s knowledge base.

Figure 2: Images displayed on the tablet. Short interaction manual and example utterances
(top). Transcribed text from an example interaction (bottom). Translated from German to
English. Source: Ana Miiller, Cologne Cobots Lab CC-BY.

————————
Hallo, my name is Uli! USER (\ Hi Uli, where can | find the pengums") I

/" The penguins are on the roof terrace.This is in "\
| the penultimate area. Do you need anything eise | (ULI
N to have a nice day at the Ozeaneum? /

yellow light = I'm thinking and | can't hear you

USER ( How big do penguins ge(?)

/" How big they get depends on their species.\
Where are the penguins? Are these real whale skeletons? Emperor penguins are the largest penguins.
at up to 1.2 meters. Our Humboldt Penguins

\are a lttle smaller at only up to 65 centimeters. /

uu
Tell me a joke! What is the weather like?

The Field Study

The field study with the dialogue system connected to the Furhat front-end (fig. 1)
took place from 10 to 30 March 2022 at the OZEANEUM in Stralsund. The robot was
tested at two locations in the exhibition (at the beginning and middle of the tour).
During our field study, a total of 11,923 visitors (M = 568, SD = 231.47 visitors per day)
had the opportunity to explore the exhibitions.

We collected data from 3,913 utterances using a logging system: n = 446 utter-
ances were recorded at the beginning of the tour and n = 2,476 were recorded at
another location in the centre of the museum; n = 25 interactions were eliminated
due to privacy regulations, and n = 620 utterances were eliminated due to unclear
speech-to-text processing caused by loud ambient noise or user groups talking to
each other while interacting with the system. After being cleaned, the dataset con-
sisted of n = 3,268 valid utterances. At this point, it is important to note that con-
ducting tests in a natural history museum presents unique challenges, since not all
visitors are necessarily interested in robotics or Al. On the one hand, this can en-
hance diverse user feedback and usability testing, which can ultimately lead to im-
provements in future iterations of the system, but, on the other, may also resultin a
rather small proportion of visitors interacting with the robot.
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The qualitative analysis conducted in this study consisted of a descriptive log
analysis to reveal patterns and trends. To categorize the user utterances, a combi-
nation of predetermined utterances and inductive coding was used. The predeter-
mined utterances were derived from the systent’s intended use in the museum and
the sample utterances displayed on a tablet (as shown in fig. 2). Inductive coding
helped shed light on user behaviour patterns. The transcripts and categories were
independently analysed by two authors using open coding so as to identify common
user utterance tendencies with a specific focus on the desire for quantifiable infor-
mation.

Results from Interaction Categories and Codes

Figure 3: Sunburst graphic to illustrate the results from system log analyses.
Including categories, codes, and quoted utterances by the users as examples.
Source: Ana Miiller, Cologne Cobots Lab, CC-BY.

QUANTIFIED KNOWLEDGEJ MUSEUM .
Animals, 223 Sewice, 337 )
How old are the penguines? Im thirsty! Where can | buy drmks?J
e?

How deep is the baltic sea?

How many species of starfish are there Example Service,196
Sea, 54 i Where are the penguines?

Content, 358
Museum, 186 J Does overfishing harm the oceans? J
2

How many visitors come every [year] —

Example Content, 52
Other Topics, 22 Are these real whale skeletons!
How many inhabitants has [City]?

Other Topics, 22 Example,
Service, 196
337

S,

Content,
. i

7,
Adress
Mistake, 11 W—
Negative W
Statement, 23

SMALL TALK

SMALL TALK '

Negative Statement [ The Social Robot, 379
Why are you stupid? i K How long will you stay?
Do you like Stralsund?
Do you have friends?
How old are you?
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The inner circle of figure 3 shows the categories of user utterances by topic, while
the middle circle uses corresponding colours to visually represent the associated
codes. The outer circle provides additional information, if necessary, to further en-
hance understanding of the category and code. To illustrate user behaviour patterns,
relevant quotes from user utterances are included on the margin.”

Museum

We recorded n=1,014 utterances that can be categorized within the defined museum
category. They are related either to content (n = 358) or service (n = 337). These utter-
ances—and their occurrence in 68.97 per cent of utterances—are closely linked to
the primary motivating factors for visiting a museum. Visitors want to learn about
the exhibitions and the services offered. Since they come to the museum to obtain
information and have a memorable experience, it is thus not surprising that their
utterances focus on content and services. We also categorized users asking for help
in different languages (n = 20) within this category, since offering help and informa-
tion in various languages can enhance the service encounter.

Visitors might turn to the robot to find information on exhibitions and services.
With the robot readily available, visitors are more likely to ask questions and obtain
information, as opposed to searching for information on their own (for instance,
such as a sign describing the exhibit or the respective number for the audio guide).
Furthermore, the display of the Furhat robot showed two common utterances from
this category: ‘Where are the penguins? (service, n =196) and ‘Are these whale skele-
tons real?” (content, n=52) (see fig. 2). These questions were defined in advance along
with the employees as typical service utterances and included as examples (see sec-
tion 3.2.). Nevertheless, in the case of example utterances, it is unclear whether vis-
itors asked these questions because they were genuinely interested or were merely
testing the robot by asking the example utterances in the manual.

The results, however, show that visitors interacted with the Furhat robot as a
source of information- and service-related utterances. Most of the utterances fo-
cussed on exhibitions and services, which align with visitors’ main reasons for com-
ing to the museum. There was little difference between the utterances addressed
by visitors to human employees and those addressed to the robot. It is nevertheless
essential to consider diversity in the target audience in the development of the sys-
tem’s knowledge base and training data, as different visitors might have different
ways of asking questions. The results highlight the importance of incorporating in-
sider knowledge when developing the system in order to accommodate diverse user
behaviour patterns.

2 All quotes from user utterances in this paper have been translated from German to English.
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To conclude, visitors at a museum evince a strong interest in learning about the
exhibitions and services offered, which is reflected in many utterances about con-
tent and requests for information on services such as finding specific exhibitions,
food options, and restrooms.

Small Talk

Visitors did, however, also engage in small talk with the robot, including discussions
about the weather (n = 65) and jokes (n =178). Small talk was a frequently occurring
category (n = 825) and asking for the weather and telling jokes were example utter-
ances displayed as part of the manual on the tablet (fig. 2). While these categories
were not ones that occurred most frequently within the small talk category, the fre-
quency of weather-related utterances is particularly interesting because users often
asked for the weather in Stralsund and other cities (for example, their hometowns).

We found that many visitors addressed the robot ULI itself, inquiring about its
purpose (n=379) or its mood and age (n = 52 and n = 49, respectively). For instance,
they asked questions such as ‘Why are you here? and ‘How long will you stay? or ‘Do
you like Stralsund?” and ‘Do you miss Cologne?, thus showing a fondness for the an-
thropomorphic robot. This behaviour aligns with the CASA paradigm, which posits
that people tend to attribute humanlike traits, motivations, emotions, or intentions
to nonhuman entities. While the system logs only provide transcripts of the interac-
tions and not direct observations, they suggest that users have a significant interest
in the supposed personality of the robot, which is also reflected in the communica-
tive level of their interactions. It is unclear, however, to what extent the robot’s hu-
manlike appearance contributes to this phenomenon, and/or what contribution the
AT's communication design makes and what influence the location, target group, or
other influencing factors play or how they converge.

User Statements

To better understand the application of anthropomorphism and to grasp the treat-
ment of social robots in public spaces as either ‘machines and servants’ or ‘entities
on their owr, a user statements category was defined. The codes were refined to
include conversational norms such as greetings and farewells. The analysis showed
that many visitors did not follow the same communication norms when speaking
to the robot as they would with other humans. The lack of transfer of politeness
norms from human-human interactions to human-robot interactions is evident in
the statement category analysis and other categories discussed.

Our analysis revealed that only a few users expressed politeness during their in-
teractions with the social robot. For example, users rarely thanked the robot for the
information provided. These statements must, however, be considered with respect
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to all other user utterances, since only 1.59 per cent of the utterances as a whole con-
tained a ‘thank yow'. This might be because solely user statements recorded by the
system were analysed, and statements such as ‘helld, ‘thank you’, and ‘goodbye’ may
not be present in the dataset if they were said when the robot was not processing.
Additionally, it is possible that users would have applied politeness norms for hu-
man-human interactions and that the lack of such examples in the dataset may be
due to a lack of satisfaction with the information provided. This again highlights
the challenge of designing knowledge for social robots that meets the expectations
of diverse users in public spaces.

Quantified Knowledge

The development of social robots and situated dialogues in public spaces poses sev-
eral challenges, as discussed in section 2. One of the main difficulties is the need for
extensive preliminary work on creating knowledge for robots without a specific op-
erational area. This is due to the limitations of handcrafting training data for diverse
user groups. Another challenge arises from varying user expectations and motiva-
tions, such as testing the intelligence and capabilities of the robot.

This is also reflected in our results and illustrated in figure 3. According to our
analysis, n = 498 user utterances, accounting for 15.24 per cent of the valid utter-
ances, can be categorized as requests for quantified knowledge. This category can
be broken down further into various codes, such as the size of animals (n = 223), the
size of the OZEANEUM (n=186) or sea (n =54), and specific quantifiable information
about the exhibit content (n = 36). A small number of utterances (n = 22) were made
in connection with quantifiable knowledge outside of the OZEANEUM. A few users
asked mathematical questions, such as ‘What is 1+12’, which may have been intended
as a test of the Al robot.

A more in-depth analysis of the system logs shows that many of the utterances
in this category were about the size, speed, or age of large animals or marine life.
Users asked, for example, about the growth of different whale species, the swim-
ming speed of penguins, and the life expectancy of polar bears. This pattern may be
specific to the OZEANEUM and its target audience, and may not be representative
of other use cases or museums with different focuses.

Nevertheless, the frequent occurrence of utterances addressing the size of dif-
ferent whale species can be explained not only by users trying to push the limits of
the AJ, but also the tremendous presence of the ocean giants. Different whale skele-
tons of stranded whales could be seen from both locations where the robot was posi-
tioned. Additionally, one of the locations for the experiment was at the beginning of
the exhibition right next to an escalator with the same length as a blue whale, with a
sign on the escalator indicating that it is‘... 36 metres long, the same length as a blue
whale’. All these factors may thus have affected users’ expectations of the system.
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At the same time, it is also conceivable that users are influenced by the way in-
formation is conveyed in museums in general. After all, brief descriptions of the ex-
hibits frequently provide a summary of respective information. In the case of the
OZEANEUM, this is often quantified information about aquariums, living beings,
and the cold seas. In other museums, questions about, for instance, the age of art-
works may also be common. Visitors also frequently asked about the size, number of
floors, and visitor count of the museum, as well as the number of fish in the aquar-
ium and the size of the smallest and largest creatures on display.

Conclusion

Robots provide a convenient and efficient way for visitors to gather information.
They can ask their questions and receive immediate answers, which saves time and
effort compared with searching for information on their own. One dilemma in con-
nection with such robots is, however, the need for them to have both conversational
abilities and comprehensive knowledge of many subjects, while the operator wants
to maintain control over the accuracy of the information provided. Based on our ex-
periment, we suggest that the following topics be included in the robots’ knowledge
base.

In conclusion, the high number of exhibition- and service-related questions ad-
dressed to the robot in a museum reflects the visitors’ primary goals in coming to the
museum, the availability and convenience of information—and trust in technology.
The experiments have shown that a service robot should thus not only have knowl-
edge related to its primary task. In this particular use case, which involves providing
guidance and service, the robot will inevitably be asked about a wide range of sub-
jects. Our findings indicate that the robot must possess exceptional communication
skills and a good understanding of various topics.

Additionally, the robot should have information about its immediate environ-
ment, or at least give users suggestions regarding where to find this information.
These requirements for the knowledge base of social robots in museums can, how-
ever, vary depending on the location of the museum, and we assess that the need
will be higher in tourist areas. The latter also applies to the region where the OZEA-
NEUM is located, which is why some utterances were asked about nearby tourist
attractions, restaurants, et cetera.

The robot should be able to adequately respond to user statements. Besides
‘hello’, ‘thank yow, and ‘goodbye’, it should also be able to respond to ‘Yes’, ‘No’,
‘Ok’, and similar utterances, and be able to consider these within the context
of the conversation. For a natural conversation, it is thus essential to establish
mixed-initiative and not solely master question answering initiated by the users’
utterances.
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In this context, the ability to engage in small talk is also important. Not all users
see the system as a source of knowledge or services. They might simply want to feel
like they are having a conversation. The ability to engage in small talk is thus a cru-
cial aspect in realizing an entertainment value. The robot itself is also of interest to
users, and creating a robot personality might help satisfy users’ needs for anthropo-
morphism.

As our results show, establishing what we call ‘quantified knowledge' is essen-
tial as well. The museum and its contents are not sufficient in this respect. Whether
based on the real interest of users, for entertainment purposes, or as a test of the Al,
users expect detailed information about the quantifiable content of the museum or
exhibit. This includes all the information on the size and age of the items displayed
and on the museum itself. Professional information management and effective dig-
ital database systems are therefore advantageous for museums.

Moreover, the operator desires control over the accuracy of the information
provided by robots. These areas should thus be prioritized when incorporating
knowledge into the robots’ programming. We highly recommend gathering the
information for the topics mentioned through workshops with the staff, reviewing
frequently asked questions, and visiting the operational site through the eyes of a
regular visitor. Nonetheless, the manual creation of training data for Al systems is a
labour-intensive task that is also influenced by the developers’ demographics, such
as age, education, or profession. As a result, the knowledge base may only work well
for the specific target group to which the developer belongs. Within the research
project SKILLED, we are therefore currently developing a method to improve the
syster’s knowledge while ensuring quality assurance by using a distributed system.
In future, the system will feature a knowledge base tailored to a specific use case, a
powerful language-based question-answer model, and, potentially, links to other
Al systems like ChatGPT. It is, however, also crucial to also consider ethical aspects,
like preventing the dissemination of inappropriate jokes and striking a balance be-
tween brief and comprehensive answers, some of which may not always be suitable
for public spaces and changing circumstances.
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