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Purpose: To explore children’s conceptualizations of social robots in informal learning.

Theory: Sociocultural theories of learning, social constructivist theory.

Method: Participatory Design-based research with a group of eight children in the science center
Universeum in Gothenburg, Sweden. The data collected during the design activities was analyzed by

Thematic analysis.

Results: This study revealed that the children envision a social robot as a scaffolding tool to support
independent exploration, contrasting with the conventional role of social robots in a science center as

guides.
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1. Introduction

Science centers (SCs) are dynamic informal learning spaces designed to ignite curiosity and engage
visitors of all ages through hands-on scientific and technological experiences (Hooper-Greenhill,
2007). However, the design of SCs, which aims to cater to a broad audience, presents an inherent
challenge: how to address the diverse and individualized needs of visitors (Allen, 2004). This
challenge is particularly pronounced for younger visitors (Andre et al., 2017), who may require
additional support to navigate and make sense of environments that are frequently designed with older
audiences in mind.

Traditionally, SCs have relied on accompanying adults or SC staff to facilitate children's experiences
(Krange et al., 2020; Machado Corral et al., 2021), ensuring that their time at SCs is not only
enjoyable but also offers meaningful learning opportunities. The effectiveness of this approach is
linked to the social nature of learning within such environments (Patrick, 2023; Rogoff et al., 2016),
where people often visit in groups and engage not only with the exhibits but also in discussions with
one another, enhancing their learning experiences through social interaction. In addition to human
facilitation, there has been a growing trend toward incorporating technological solutions to enhance
learning experiences (Lyons, 2018).

One such innovation is social robots (SRs)—technology designed to interact socially with humans.
SRs are deployed in various educational settings, including museums and science centers (Fong et al.,
2003). Traditionally, robots have been assigned roles that mirror human professionals' roles (Baraka et
al., 2020), such as guides who welcome visitors, help them navigate exhibits, and provide information.
Research on educational technologies and Human-Robot Interaction (HRI) indicates that as a novel
technology, SRs are expected to stimulate curiosity and foster a deeper interest in science and
technology (Johal, 2020; Rosanda & Istenic Starcic, 2020), particularly in children, who are often
attracted to them more than adults (Hong et al., 2023)

However, despite their development dating back to the 1990s, SRs have not yet achieved the smooth
communication necessary for widespread use in public spaces (Hellou et al., 2022) that would allow
their ubiquitous use and research of their impact on learning. Much of the current research on SRs in
informal learning settings focuses on investigating these robots from a technical perspective (Baraka et
al., 2020), rather than assessing their educational value. For these studies, SCs serve as public
locations to test robots' interaction features in situ, and guides are typical human roles at these
locations (Gasteiger et al., 2021). Meanwhile, there is a growing body of research driven by human-
centered values that questions the conventional approach to defining the roles assigned to social robots
(Serholt et al., 2022). Rather than merely mimicking human behavior, this perspective advocates for
alternative uses of SRs based on the insights of understanding the perceptions of those who will
eventually interact with these technologies over the assumption that robots should replicate human
tasks. This is not necessarily a debate between conflicting views but rather a reflection of the
multidisciplinary nature of SR research.

In light of this discussion, the traditional role of robot guides in SCs, particularly in supporting
children's learning experiences, may require reconsideration. But on what basis should these new roles
be defined? A child-centered approach in research and design suggests that the best way to understand
the envisioned design is by asking the children themselves, as they are the experts in their own
experiences (Woodward et al., 2022). Adopting this approach, the present research will focus on
children’s perspectives while conceptualizing social robotic technologies aimed at supporting learning.
The exploration will be guided by the research question: What roles do children envision for social
robots in science centers?

While centering research on children's perspectives is both empowering and insightful, it also presents
methodological challenges. Research focused on understanding children’s perspectives on robots has



observed that children's perceptions can be difficult to elicit and capture (Cagiltay et al., 2023). One
way to address these challenges, as suggested by HRI research, is through participatory design. This
approach involves children directly in the design process, allowing them to influence the development
of technologies intended for their use (Alves-Oliveira et al., 2021). Beyond its value for design,
participatory approaches are widely used in educational research to collect authentic and insightful
data on learners’ perspectives (Cumbo & Selwyn, 2022).

However, children’s perspectives are also shaped by the context in which robots are expected to be
used (Rubegni et al., 2022). To address the challenge of "situatedness" of perceptions, the research
should be conducted in an authentic setting where social robots are intended to function (Pearson &
Borenstein, 2014) — in this case, a science center. Following the research recommendations, the
present study adopts a participatory design approach not only as a method for data collection but also
by situating the research in the authentic environment of Universeum, a science center in Gothenburg,
Sweden. By involving children in the conceptual development of social robots in this context, the
study aims to explore the roles children envision for such technologies, offering a situated and context-
specific view of their expectations of robot-supported learning.



2. Literature Review

2.1 Learning in Science Centers

Science centers (SCs) serve as dynamic venues for learning, offering visitors of all ages opportunities
to explore and engage with exhibits at their own pace. Learning associated with SCs is referred to as
informal. Unlike institutionalized formal educational settings, such as schools or universities, which
are bound by structured curricula and assessments, informal learning settings provide an open and
flexible environment (Hooper-Greenhill, 2007). Informal learning is widely recognized as a valuable
complement to formal education, providing opportunities for experiential learning that can enhance
and enrich the more structured curriculum found in traditional educational institutions (Glick &
Samarapungavan, 2008). These spaces are inclusive, welcoming diverse audiences, including
individuals and groups of mixed ages, fostering a communal atmosphere where everyone can find
something of interest (Hooper-Greenhill, 2007). In the absence of formal obligations or predefined
tasks, this self-directed, voluntary exploration is driven by personal motivation and interests. Visitors
can choose the exhibits or activities that spark their curiosity and determine how long they wish to
engage with them.

Closely related to this free-choice experience is the idea that fun and education are intertwined. Many
exhibits in SCs are designed with entertainment in mind to make scientific content more appealing.
This blending of education and entertainment is a hallmark of informal learning, often described as a
"blurred line" between learning and fun (Powell & Kokkranikal, 2015). This approach makes learning
more accessible and interactive, as visitors are more motivated to participate in enjoyable activities. In
some cases, Visitors may not initially intend to learn but the fun and engaging nature of the exhibits
draws them in, and learning becomes a natural, even accidental, outcome of their experiences (Patrick,
2023).

In addition to being spaces for learning, SCs are also social environments. People often visit during
their leisure time, accompanied by friends or family, and according to the research, this social
interaction is a catalyst of learning as visitors learn not only from the exhibits themselves but also
through dialogue and shared experiences with those around them, creating a blend of socialization and
learning that enhances both (Rogoff et al., 2016; Shaby et al., 2019).

As public institutions, SCs also have a broader mission of engaging communities with scientific
issues. The concept of the "participatory museum®" captures this idea, where visitors are not passive
consumers but co-creators of knowledge through their interactions and discussions (Simon, 2015).
Thus, social interactions in informal learning places happen on several levels and are inseparable from
the entire experience, especially for children who rarely visit these places alone.

Challenges for Children Learning in Science Centers

One challenge of SCs arises from their inclusiveness. The broad design that aims to engage everyone
might inadvertently overlook the specific needs of children who have varying levels of prior
knowledge and experiences and require age-appropriate support.

A second challenge relates to the free choice of activities. It implies that visitors are able to identify
the exhibits that correspond to their interests (J. Falk & Storksdieck, 2005). However, if children lack
prior knowledge and experience, they may not be able to do this. In this case, the free choice can be
overwhelming and distracting (Patrick, 2023; Skydsgaard et al., 2016) and may lead to frustration or
disengagement (Bamberger & Tal, 2007).

A third challenge is striking the right balance between fun and education. While the blending of
entertainment and learning is a strength of SCs, it can also dilute the educational impact if not
managed carefully (Powell & Kokkranikal, 2015; Zhang et al., 2013). According to some researchers,
there is a risk that entertainment may overshadow learning (Heath et al., 2005), with visitors engaging



primarily because something is fun but without making meaningful educational connections or
drawing conclusions from the experience. Even though fun may captivate, it does not necessarily
translate into a deeper understanding or retention of scientific concepts, as highlighted by Krange et al.
(2020).

To account for the complexity of informal learning, Falk and Dierking (2000) introduced the
Contextual Learning Model (CLM). This model emphasizes the interaction between personal, socio-
cultural, and physical contexts to better understand how learning occurs in such environments. The
personal context includes a visitor’s motivations and expectations, prior knowledge, experiences,
interests, beliefs, and the choices they make during their visit. The socio-cultural context involves
social interactions both within the visitor group and in relation to the wider community. The physical
context pertains to the external environment, exhibit design, and ease of spatial orientation that
influence the visitor’s experience (Falk & Dierking, 2000).

Due to the wide range of influencing factors, some researchers tend to focus on learning opportunities
rather than specific learning outcomes in these environments (Allen, 2004; Pareto et al., 2023).

Supporting Children's Learning in Science Centers: Findings and Existing
Practices

Research across multiple domains has sought ways to support children’s learning in these
environments. Educational research has shown that supportive practices in science centers include
facilitation by adults (guides, teachers, parents) and peers who accompany children during visits, by
technology, or by the design of exhibits (Andre et al., 2017).

Educational research often emphasizes the importance of age-appropriate support provided by guides
or educators (Machado Corral et al., 2021). As shown in the comparative study of facilitation
strategies during a school visit by Krange et al. (2020), this support can take different forms, including
explicit explanations of the concepts and connecting them with classroom learning (Krange et al.,
2020). Facilitating can also be done by triggering curiosity and fostering independent exploration, for
example, through inquiry (Henderson & Atencio, 2007) or quests and quizzes (Widestrom et al.,
2023).

While the value of such age-appropriate support is recognized, in practice, structured facilitation tends
to focus on school groups, leaving individual visitors with less support (Degotardi et al., 2019; Griffin,
2004). During informal visits, when children come with their families, parents or caregivers typically
play the role of facilitators (Sanford, 2010; Zimmerman et al., 2010).

However, as noted in the studies of adult-child interaction in informal learning spaces, parents may not
always provide adequate guidance. Some parents may lack pre-knowledge of the concepts or of the
ways to present them to young children (Franse et al., 2020). Some parents may prefer to let their
children explore independently, or they may be preoccupied with other siblings and unable to engage
deeply in interactions (Dooley & Welch, 2014). Additionally, parents may unintentionally provide
more explanations and spend more time in cooperative exploration with boys than with girls (Crowley
etal., 2001; Franse et al., 2020). In general, as noticed by some research, adult support tends to target
cognitive engagement and may sometimes overlook the value of games and playful competition that
are equally important in informal learning (Henderson & Atencio, 2007).

Besides, in some cases, educators’ and parental guidance can be seen as limiting and dominant rather
than supportive (Franse et al., 2020; Schauble et al., 2002). Thus, although adults may support
children in overcoming the challenges of science center learning, it does not mean that they always do
support in an effective way.



Role of Technology in Addressing Learning Challenges in Science Centers

In addition to human facilitation, a wide range of technological solutions, from digitized exhibits to
external technological devices, are used to enhance children’s experiences. These solutions are studied
across different disciplines, including IT and learning, human-computer interaction, and visitor
experiences.

In the study of children's experiences with interactive exhibits, it was discovered that children are
particularly drawn to such exhibits, often choosing large screens or gamified exhibits over other
alternatives because they find them appealing (Hong et al., 2023). The same study highlighted,
however, that the attention that is initially captured is not necessarily followed by a meaningful
engagement, which requires an understanding of how to use the interactive elements and what is the
meaning of the whole activity (Hong et al., 2023). Therefore, to provide learning opportunities,
interactive exhibits need to be both physically and cognitively accessible to children.

A common practice in informal learning environments, which often blend fun with education, is using
digital game-based exhibits. These exhibits are seen as engaging tools that help reduce the complexity
of the exhibited content and engage children (Giannakos et al., 2014). However, in the study by
Krange et al. (2020), it was found that while games can be engaging, linking the playful experience to
the underlying scientific content may, in some cases, require additional support.

Mobile apps are also used to support children’s experiences. For example, mobile technologies are
used to provide navigation and personalize content according to visitors’ characteristics or location
(Rhee & Choi, 2015), to structure and motivate exploration through collaborative task-based activities
(Hillman et al., 2016) or mobile ‘treasure hunt’ games (Ceipidor et al., 2009). Moreover, mobile
technologies are used to foster collaboration between learners by sharing information (Ha et al., 2021).

At the same time, concerns have also been raised about the over-reliance on digital tools in science
centers and museums. Researchers such as Heath and VVon Lehn warn that technology may
inadvertently promote social isolation among visitors, limiting face-to-face interactions, which are
crucial to the overall learning experience. In line with that, Rhee and Choi (2015) observed that mobile
devices can lead to “head-down” behavior during exploration. This reflects broader concerns
regarding the impact of technologies in the field of IT and learning (Selwyn, 2011) and, at the same
time, highlights the importance of the social aspect of informal learning.

In summary, existing practices to support children's learning in science centers rely on facilitation by
guides, accompanying adults, or technological solutions. One emerging technology that research has
explored is socially interactive technologies, particularly social robots. These tools aim to combine the
social and collaborative benefits of human facilitation with the personalized and engaging aspects of
technology. Research suggests that socially interactive technologies could provide a balance, offering
children the social interaction they need while leveraging the unique capabilities of digital tools.
Section 2.2 of this literature review will focus on one specific type of socially interactive technology —
social robots.

Children’s Perspectives on the Support of Learning in Science Centers

While facilitation practices aim to enhance children's learning experiences, research often overlooks
children’s perspectives (Andre et al., 2017). Most solutions are designed by adults — educators or
designers — based on what they know about children’s learning and how they understand children’s
experiences and required support. As Andre et al. (2017) note, although research frequently involves
children in the evaluation of pre-designed facilitation practices, they are rarely involved in the actual
creation of these solutions. According to Andre et al. (2017), an alternative approach is to invite
children to co-design the support they would like to have. As highlighted by (Griffin & Symington,
1997) children can be reflective and insightful about their learning experiences in museums, and they
prefer to have control over what they are engaging with. While not mainstream, this approach is used
in informal learning environments (Bgnnelycke et al., 2019; Candello et al., 2020). Since children's



learning experiences are complex and multi-layered (J. Falk & Storksdieck, 2005), incorporating their
voices adds an essential dimension to understanding how they perceive the support in their
experiences in science centers.

2.2 Social Robots

Social robots (SRs) are a relatively new technology that can be defined as physically embodied and
physically present robots designed for specific social roles within real-world settings (Baraka et al.,
2020; Fong et al., 2003).

According to systematic reviews, although SRs are researched in multiple fields, such as those
outlined by Fong et al. (2003), they are primarily researched in technical domains: robotics, computer
science, engineering, artificial intelligence, and machine learning as objects of technological
development conducted by (Mahdi et al., 2022; Youssef et al., 2022). Research in these areas typically
focuses on the technological aspects of SRs, such as improving hardware, software, and algorithms to
enhance their functionality. Reviews indicate that this technical approach constitutes the largest
proportion of research on SRs (Baraka et al., 2020; Youssef et al., 2022). However, the technical
aspects of SRs are not the focus of the present research — this study centers on the conceptualization of
SRs, not on specific existing technologies.

Of greater relevance to my research are the findings from Human-Robot Interaction (HRI), which
examines the social dynamics between humans and robots. HRI is an interdisciplinary field that brings
together insights from technology, cognitive sciences, and psychology. Its goal is to understand
various aspects of human-robot interactions, including how people perceive and understand SRs. One
significant line of inquiry in HRI is how humans conceptualize and interact with social robots. This is
particularly relevant to my research, which focuses on children’s perceptions of SRs and the roles these
robots play in social settings.

Research shows that children often perceive robots as existing in a unique space between humans and
machines. Studies by Kory-Westlund and Breazeal (2019) demonstrate that children attribute both
psychological traits (e.g., emotions, intentions) and mechanical characteristics to robots. This suggests
that children view robots as more than just tools or machines: they see them as entities that belong to a
hybrid category. Approaching HRI from the perspective of human neuroscience Henschel et al. (2020)
further argue that robots should be classified separately from both animate beings (e.g., humans, pets)
and inanimate objects (e.g., phones). This hybrid perception is important as a foundation of the inquiry
of the present research.

Another key finding from HRI research is that children’s perceptions of robots are highly context-
dependent. According to Sumartojo et al. (2021), people's expectations of robots are closely linked to
the environment in which they encounter them. For instance, children may view robots differently in a
classroom compared to a museum or science center. This suggests that how children think robots
should behave and perform their roles can vary significantly depending on the setting in which the
robots are intended to be used. Therefore, accurately interpreting children’s perceptions requires a
clear understanding of the context in which robots are introduced and deployed.

Additionally, mainstream culture plays a role in shaping children’s expectations of robots. Rubegni et
al. (2022) note that children’s expectations are often influenced by media and popular culture, as their
real-world experience with robots is limited. Consequently, children’s views of robots are frequently
shaped by their portrayals in movies, television, or video games, leading to potentially unrealistic
expectations.

Besides, research shows that children’s perceptions of robots evolve. Studies by Alves-Oliveira (2021)
and van den Berghe et al. (2021) indicate that as children gain more experience with robots, their



expectations and perceptions shift. This suggests that children’s views of robots should be studied over
time to capture the dynamic and nuanced changes in their understanding of these technologies.

A newer area at the intersection of HRI and the social sciences is critical robotics (Serholt et al.,
2022). Continuing the critique of the human-machine relationship in technological design earlier
articulated by Suchman (2011) researchers in critical robotics, argue that advancements in robotics
that overlook social and cultural factors risk missing opportunities for more ethically grounded and
socially informed innovations. Suchman emphasizes that humanoid robots are often developed based
on entrenched assumptions about human interaction without fully integrating broader social dynamics.
Consequently, researchers now advocate for a more holistic approach, asserting that because social
robots are intended to be embedded in social life, their development must account for users'
perceptions and the broader societal impacts they may produce.

Scholars in the field of critical robotics highlight an imbalance in how different disciplines influence
the design of social robots. While social robots are inherently interdisciplinary, the prevailing focus
within HRI remains on solving engineering problems (Henschel et al., 2021). As a result, insights
from other fields, such as the social sciences, often remain isolated and are not effectively integrated
into the design process of social robots. Moreover, researchers critically assess current practices in
user-centered design and stress the importance of incorporating users’ perspectives at every stage of
the design process, particularly during the early stages of conceptualizing the roles of the robots
(Weiss & Spiel, 2022).

Applications of Social Robots

Social robots have been applied across a wide range of settings: from workplaces (Cheon et al., 2022)
and elderly care (Betlej, 2022; Chen et al., 2024) to commercial environments and educational settings
(Johal, 2020). For the purposes of the present research, | focused specifically on their application in
settings similar to science centers, which are public spaces designed for educational activities.
Therefore, the literature review centered on the use of social robots in public spaces, educational
settings, and, more specifically, in museums and science centers.

In public spaces like malls, airports, and banks, robots are often deployed as hosts or welcoming
agents (Amirova et al., 2021; Mubin et al., 2018; Rodriguez-Lizundia et al., 2015). In these roles, they
briefly interact with customers, greet them, provide information, or assist with navigation. A similar
role has also been explored in museum settings, where robots were directing visitors to less-visited
galleries and drawing attention to mobile web guides (Fong et al., 2003; Smithsonian Institution,
2018). Notably, a study by Smithsonian Institution (2019) that evaluated the Pepper robot in various
roles in a museum setting found that the scenario in which the robot was welcoming visitors was the
most effective implementation of the model as in this role the robot was found engaging by visitors,
especially by children.

In formal educational settings, SRs have been used in a variety of roles. The most common roles are as
tutors or teachers, where robots interact with individual students or classes to deliver lessons or
provide personalized support (Johal, 2020; Yang & Zhang, 2019). Robot tutors, for example, have
been used to help children navigate educational materials, adapting the pace and content to the
student’s needs (Yang & Zhang, 2019). SRs are seen as especially well-suited for tutoring since their
physical embodiment and presence mimic human tutors while offering technological advantages such
as processing large amounts of data and providing support without fatigue (Belpaeme, 2020). SRs
have also been explored as teacher assistants, handling repetitive tasks with individual students and
allowing human teachers to focus on other aspects of learning (Rosanda & Istenic Starcic, 2020), and
as tutees, where children enhance their learning by teaching the robot (Ekstrém et al., 2024; Pareto et
al., 2019). SRs can also serve as peer co-learners who can guide and enhance children's curiosity for
deeper engagement with scientific concepts (Gordon et al., 2015) and stimulate curiosity and
motivation by introducing challenges that require problem-solving and critical thinking (Zhang, 2023).



While many studies focus on the cognitive outcomes of using robots in learning, some research has
explored the potential of robots to target affective outcomes. In these studies, robots are used as
engaging and creative learning facilitators. For example, the robot ZOOO has been employed to
engage students in storytelling and role-playing activities (Zhang et al., 2024). In a study by Ali et al.
(2021), social robots supported children’s creativity by modeling creative behaviors and providing
scaffolding for creativity. This included challenging children, offering suggestions, providing positive
reinforcement, and asking guiding questions. Additionally, Kozima et al., (2009) demonstrated that
robots like Keepon can act as social mediators, facilitating interactions among children to promote
collaboration.

Robot Roles in Science Centers

Museums and science centers have been a setting for research with social robots since the late 1990ies
(Fong et al., 2003). The review of SRs applications in SC settings by Gasteiger et al. (2021) mentions
the roles of guide, educator, and entertainer and acknowledges the combination of those. However,
upon reviewing the roles relevant to my study, | found that while the guide role is well-documented,
there is less literature on the educator and entertainer roles beyond the examples provided by
(Gasteiger et al., 2021). Below, | provide a brief overview of each role based on my review of the
literature.

Robots as Guides
Robot guides are designed to navigate visitors through exhibits and provide information, similar to
human guides (Del Vacchio et al., 2020; Shiomi et al., 2006; Sunspiral et al., 2001).

One early example is the Sage robot at the Carnegie Museum of Natural History in 1999, which led
visitors through exhibits with unidirectional narratives (Nourbakhsh et al., 2003). Technological
advancements have made robot guides more interactive. For example, robot Robotinho described in
the study by Nieuwenhuisen and Behnke (2013) not only provided information but also simulated
emotions and eye contact, increasing engagement through human-like interaction.

While the core function of robot guides remains consistent, recent designs incorporate on-demand
guestion-answering and personalized recommendations (Maniscalco et al., 2024). Early robots, like
Sage’s successor, offered tours based on manual input (Sunspiral et al., 2001) More recent versions
adapt interactions based on visitor profiles, such as age and behavior, and offer real-time
recommendations (Maniscalco et al., 2024). For instance, the Nao robot adapted its guidance to
visitors' preferences, adjusting the level of detail and addressing crowd density (Cantucci et al., 2024;
Giovanna Castellano et al., 2020). Overall, the literature shows that while robot guides have evolved
from basic navigators to more advanced, interactive companions, their fundamental role in museums
and science centers has remained focused on guiding and informing visitors.

Robots as Educators

As an example of using robots as educators in science centers, Gasteiger et al. (2021) reference the
research at the Tokyo Science Center, where the robot Thespian was used to teach science lessons
(Verner et al., 2016). The robot mimicked the behavior of a human teacher, replicating gestures, gaze
movements, and body language typically associated with classroom instruction. However, while this
example is valuable, it seems more reflective of robots in formal classroom settings than in a science
center. Overall, the studies reviewed show fewer examples of robots as educators in science centers,
and those that have been found tend to blur the lines between formal and informal educational
contexts.

Robots as Entertainers (or Exhibits)

According to the review by Gasteiger et al. (2021), robot entertainers engage visitors through
performances such as dancing or playing tic-tac-toe with visitors. However, based on my analysis, this
categorization appears somewhat misleading. While these robots do indeed entertain, their primary
function in these contexts seems more focused on showcasing technological advancements rather than



purely entertaining. Focusing solely on entertainment may overlook the educational opportunities that
arise from direct interaction with advanced technology. It might be more accurate to describe these
robots as "interactive exhibits," a term that better reflects their role in demonstrating technological
capabilities and sparking curiosity.

That being said, it is important to acknowledge that Gasteiger et al.'s (2021) review was conducted
from a technological disciplinary perspective and aimed to provide an overview of technologies used
in these settings. Therefore, it may not have been intended to define the roles of robots in science
centers precisely. My interpretation, which diverges from Gasteiger et al. (2021), is based on an
educational focus, placing greater emphasis on the learning potential of these robots.

Benefits and Drawbacks of Using Social Robots in Science Centers

One advantage highlighted by research is that social robots are effective at capturing visitors' attention,
which is particularly important in the often distracting environments of science centers (Fong et al.,
2003). Additionally, Augello et al. (2020) note that social robots can personalize information by
adapting content to individual visitors, making the experience more engaging. These robots also evoke
a sense of wonder and curiosity as they represent cutting-edge technology not yet commonly seen in
public spaces. This ability to spark curiosity is especially valuable in informal learning environments,
where promoting visitor engagement is a key objective (Del Vacchio et al., 2020).

However, research has also identified certain drawbacks. One major concern is that visitors may have
unrealistic expectations about a robot’s capabilities. Wong and Wong (2024) observe that robots often
fail to meet these expectations due to technical limitations, which can lead to disappointment when
robots cannot perform as visitors had imagined. Additionally, some visitors may find robots
intimidating or unsettling, which can result in negative reactions (Shiomi et al., 2006).

2.3 Discourse on Role Definitions

As this research focuses on defining roles for social robots, it is important to consider how roles have
been approached and classified in previous studies. The literature suggests no standardized framework
for defining robot roles in human-robot interaction. For instance, Baraka et al. (2020) identifies a
significant gap in the literature regarding the classification of robot roles, with no consensus on a
single framework. Supporting this idea, Rosanda and Istenic Starcic's (2020) research on the
educational applications of robots found that many studies did not clearly define the roles assigned to
robots. Instead, they inferred roles based on the context of the studies they examined (Rosanda &
Istenic Starcic, 2020).

One explanation for this gap is that social robotics is a relatively new and multidisciplinary field. Early
research in the field was often driven by engineers testing robot models in social settings, with roles
labeled according to the tasks performed or the human professions they imitated. Consequently, many
robot roles have been named after specific human professions, such as teacher or guide (Baraka et al.,
2020).

This anthropocentric approach to robot roles has been critically examined by Suchman (2011). The
author argues that modeling robot behavior on human behavior reflects a limited understanding of
human-machine relationships. By focusing on replicating human characteristics, researchers may
overlook more effective ways to conceptualize robots and their interactions with humans. Critical
position robot design is further developed in more recent research by Serholt et al. (2022), who also
highlight the social consequences of designing robots to mimic human roles. The authors warn that
this approach risks oversimplifying the complexity of human professional work, reducing it to
mechanical tasks. This simplification, according to Serholt et al. (2022), not only diminishes the
nuances of human work but also carries broader social implications, such as devaluing human labor.



In response to criticisms of the technology-driven and anthropocentric approach to robot design,
participatory design methods are increasingly suggested as a means of defining innovative roles for
social robots. Alves-Oliveira et al. (2021) argue that involving users—especially children—early in
the design process ensures that robots are tailored to their specific needs. By engaging children as
active contributors rather than as testers of pre-defined solutions, designers can gain a deeper
understanding of the roles that robots can fulfill in different educational and social contexts.
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3. Theoretical Framework

Research in informal learning is profoundly shaped by how researchers define and conceptualize what
learning is and how it happens in these unique environments (Bailey, 2023). These definitions are not
straightforward; they are derivative of the researcher’s ontological perspective (Silverman, 2020) and

may also be influenced by the dominant paradigms within the field.

Historically, research on learning in SCs has predominantly drawn on constructivist and experiential
learning theories that emphasize active, hands-on engagement and the construction of meaning
(Hooper-Greenhill, 2007). Constructivist theories stress the active role of learners in building
knowledge through experiences (Hein, 1998), while experiential learning theories, such as Kolb's
(1984), explain that learning is an active process but emphasize that knowledge is created through the
transformation of experience through the continuous cycle of experiencing, reflecting, thinking, and
acting (Anderson et al., 2003). Sociocultural theories, which emphasize social interactions and cultural
contexts in learning, have further shaped the research in informal learning (Hooper-Greenbhill, 2007).

The combination of sociocultural, constructivist, and experiential approaches has shaped mainstream
research in the field (Hooper-Greenhill, 2007), which according to Bailey (2023) is often associated
with the works by Falk and Dierking (2000). Their Contextual Learning Model (CLM) is one of the
foundational models in this field. It emphasizes that learning in informal environments happens at the
intersection of personal, sociocultural, and physical contexts. The personal context includes a visitor’s
motivations, prior knowledge, and interests. The sociocultural context involves interactions within the
visitor group and the larger community, while the physical context relates to exhibit design and the
spatial arrangement that influences the learning experience (Falk & Dierking, 2000).

This research partly follows the mainstream theoretical approach, drawing from Vygotsky's (1978)
social constructivist ideas, which emphasize the inherently social nature of learning (Greeno et al.,
1996). Vygotsky argued that individuals do not acquire knowledge in isolation but rather through
active engagement with their environment and interactions with others (Vygotsky, 1978). Learning,
therefore, is viewed as a mediated process where the sociocultural context shapes how knowledge is
acquired, a perspective particularly relevant to children’s learning in informal settings (Chaiklin,
2003).

At the same time, this theoretical perspective—especially in its later development through four
generations of activity theory (Engestrém, 2014)—highlights the role of tools in mediating learning. In
the context of research in a science center, learning is not only mediated by social factors but also by
exhibits and elements of the environment, which can serve as tools for learning. While a
comprehensive activity-theoretical analysis is beyond the scope of this thesis, an activity-theory
perspective is used as a guiding lens for addressing the research question. This theoretical framework
is particularly well-suited for exploring the roles of social robots because it addresses the unique
duality inherent in this technology (Ekstrdm & Pareto, 2022). An activity theory-inspired approach
considers social robots either as tools or as representatives of human roles, such as guides, and thus as
part of the ‘community’ within the science center. This approach allows for an open consideration of
social robots' potential roles, avoiding the assumptions typically associated with categorizing them
strictly as tools or human roles. Moreover, this holistic approach acknowledges that all elements
within a learning situation are interdependent, meaning changes in any one element can influence the
entire system (Ash & Ward, 2023). In line with this vision, children's expectations of robot roles can
be positioned within this broader system, laying the foundations for further exploration of how these
roles might impact the overall learning environment.

The key concepts from Vygotsky’s theory are the zone of proximal development (ZPD) and
scaffolding. ZPD refers to the range of tasks a learner can perform with assistance from a more
knowledgeable person or external resources (Vygotsky, 1978). Building on the ZPD, Wood et al.
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(1976) introduced the concept of scaffolding, which refers to structured support that helps learners
accomplish tasks beyond their current abilities. Scaffolding is gradually removed as learners develop
proficiency and take control of tasks.

Tharp & Gallimore (1988) identified six key scaffolding strategies: direction maintenance, which
keeps learners focused on their goals through metacognitive support; cognitive structuring, which
helps organize thoughts by providing explanations and frameworks; reduction of the degrees of
freedom, which simplifies tasks by temporarily managing parts learners cannot handle; recruitment,
which engages learners' interest in the task; and contingency management, which manages emotional
responses, using rewards and frustration control to maintain motivation. However, these are broad
categories, including a variety of pedagogical techniques

In this research, ZPD and scaffolding are applied to frame the understanding of how children learn and
how they can be supported in this learning process.
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4. Method

As the literature exploring children's perceptions indicates, these perceptions are inherently abstract,
context-dependent, and dynamic (Kory-Westlund & Breazeal, 2019). Additionally, experiences in
science centers (SCs) are elusive, situated, and complex, making them challenging for children to
articulate. To uncover the situated support that children need to facilitate their informal learning
experiences, methods that prioritize context-specific and tangible inquiry over abstract questioning are
required.

One possible way to gain insight into children's perspectives, without bias from existing solutions, is
to engage children directly and concretely in the early conceptual stage of the design process of a
social robot in a SC. This approach allows researchers to capture children's desired robot roles as they
create them, providing a clearer understanding of what they want from this technology in an SC
setting. A method specifically proposed for designing social robots with children is participatory
design, which involves children as active contributors (Alves-Oliveira et al., 2021).

This approach also addresses the criticism of the technology-driven and anthropocentric methods
commonly used in robot design. By shifting the focus away from an engineering-centric view and
toward the end users—children—this method places their needs at the center of social robot
development.

4.1 Research Approach: Participatory Design with Children

Participatory design (PD) with children is an approach in design that actively engages children in the
design process of products intended for their use (Druin, 2002, 2005). This approach has gained
significant traction among technology designers who emphasize user-centered design, particularly in
the development of social robots for children, as these technologies are intended to be closely
integrated into children's everyday experiences (Alves-Oliveira et al., 2021; Axelsson et al., 2021;
Obaid et al., 2024). Unlike methods where children are involved as informants or participants during
the design evaluation stage, PD highlights their active participation throughout the entire design
process, including the early stages of deciding what role the robot should play.

This approach is grounded in recognizing that children, as experts in their own experiences, can offer
insights into how future technology could address their needs (Morais et al., 2021). Research
highlights that insights based on children’s ideas can lead to solutions that may otherwise be
overlooked in the designs based on adult vision of the experiences and needs (Alves-Oliveira et al.,
2021). From the viewpoint of critical robotics, PD is seen as a way to overcome the limitations of
technology-driven design practices and open up new possibilities for design (Serholt et al., 2022).

In addition to its role in design, the PD approach can also serve as a method for generating data for
educational research. Cumbo and Selwyn (2022) argue that the eclectic nature of educational research,
characterized by its diverse empirical methods, makes it particularly well-suited for incorporating PD
as a strategy for gathering user-centered insights and developing educational tools and practices.
However, while PD offers unique advantages, it also presents several challenges that must be
considered.

Challenges in Applying a Participatory Design Approach: Implications for
Research Design

The primary challenges of PD with children involve aligning the research with PD principles while
maintaining academic standards and effectively facilitating activities that empower children’s
participation.

First, due to the application of participatory design (PD) with children across various design and
research contexts, there is a risk of inconsistent implementation, which could compromise research
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validity (Cumbo & Selwyn, 2022). To maintain methodological integrity, it is crucial to adhere
rigorously to PD principles. A key principle of PD is the integration of reflection both "in" and "on"
action, where the outcomes of each stage inform the subsequent design steps (Cumbo & Selwyn,
2022; Simonsen & Robertson, 2013). This reflective process is essential to ensuring that the
interpretation of children’s ideas is grounded in feedback and responsive to their evolving
perspectives.

Moreover, the project design and activities must be tailored to the child participants' prior knowledge,
experiences, and attitudes. Understanding these factors requires preliminary research, which is not a
standard component of most academic research frameworks. However, in PD, this initial step is
crucial to ensure that the activities are relevant, engaging, and appropriately matched to the
participants' level (Cumbo & Selwyn, 2022).

Second, the design sessions with children require careful planning to ensure a fair balance of power
between adult and child participants. Without this balance, adult influence may unintentionally
overshadow children’s ideas, shaping their responses rather than allowing their authentic perspectives
to emerge (Cumbo & Selwyn, 2022; Morais et al., 2021). Fostering equitable participation requires
preparatory steps, such as building rapport and trust among participants through foundational work
(Cumbo & Selwyn, 2022). In this study, this involved clearly communicating the project’s aims and
principles to all participants, including children and their parents. This engagement began before the
project, with informed consent forms accompanied by detailed explanations during the initial
interviews emphasizing the participants' roles. This was aimed at ensuring that all parties understood
the project’s purpose and process from the beginning.

Third, the activities should foster creativity. Research indicates that children often struggle with
abstract thinking and may revert to stereotypical ideas without sufficient support (Druin et al., 2014;
Walsh et al., 2013). Additionally, 'design fixation' can limit creativity when participants become too
focused on a single idea (Menestrina et al., 2021). Therefore, activities should empower children to
think beyond existing technologies and stimulate creative expression.

In summary, while PD presents challenges, overcoming these obstacles through careful planning and
flexibility allows this approach to fully leverage its benefits for capturing children's visions of the
robot's role in the science center. It is important to note, however, that the standard framework
typically used in academic research needed to be deviated from to some degree: With this PD-inspired
methodology, this study included a multi-stage data collection process, which also required a thesis
structure with multi-stage presentation of methods and findings, as the data from each stage informed
the design of the next. Therefore, the methodology section contains some findings that inform the
study design in the relevant sections.

4.2 Empirical Setting

The study was conducted in the spring of 2024 at Universeum, The National Science Center of
Sweden and the largest SC in Scandinavia, located in Gothenburg, Sweden. Universeum offers a
variety of exhibitions that focus on science, technology, and biodiversity, catering to visitors of all
(Universeum, 2024).

Three specific exhibitions available at the time of the study —The Human Body, Space, and
Aguarium—were chosen as the settings for this study due to the diverse experiences they offer. The
Human Body and Space exhibitions integrated a mix of digital and analogue exhibits, combining
traditional information-based displays with interactive experiences. These included gamified activities
designed for both individual and group participation. Some exhibits required physical interaction,
while others offered virtual simulations, providing immersive experiences that engage visitors in
various scientific phenomena.
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In contrast, the Aquarium exhibition displayed marine species within various aquariums. This
exhibition was primarily information-based, with fewer interactive elements, and designed to create a
calm, immersive environment that encourages reflective observation rather than active
experimentation. The contrast between these exhibitions highlights the range of experiences available
at Universeum, making them suitable settings for studying how children envision the role of robots in
enhancing their learning experiences.

4.3 Equipment

Audio Recording

A Zoom H6 audio recorder with omnidirectional microphones was used for group discussions. For
mobile recordings during exhibition sessions, the accompanying researcher utilized the recording
functions on a tablet (iPad) and two mobile phones (iPhone7) for mobile recordings during exhibition
session.

Social Robot Veta

The robot used in this study, named Veta, is a mobile, humanoid-shaped robot. Veta’s design
primarily consisted of a mobile platform, stand, and screen that functions as its animated "face,"
giving it a basic humanoid form without fully resembling a human figure. It is powered by ChatGPT-
3, a generative Al technology, Veta has conversational capabilities, with certain typical conversational
limitations as described in other similar models (Chen et al., 2024; Irfan et al., 2023; Schobel et al.,
2024)

Presentation Equipment

A wall-mounted screen and a laptop. Paper, pencils, and post-it notes were provided for brainstorming
activities. An iPad was used as a mock-up of Veta. Robot Veta was present during all three
workshops.

4.4 Participants

Eight children (3 girls and 5 boys) aged 9-11 were selected through convenience sampling. The
selected age group (9-11 years) is often prioritized in research due to their ability to articulate ideas
and grasp abstract concepts while being less susceptible to the pressures of group conformity often
observed in older children (Antoniou & Lepouras, 2008).

There were four adult participants: Two adults who represented accompanying adults during the
science center visit participated in Workshop 1, the first PD session described in section 4.6.3
Workshop 1: Ideation. These adults were not related to the children involved in the study.
Additionally, two experienced SC guides were included. The involvement of adult participants served
two primary purposes: first, to create a realistic SC environment by representing the adults and staff
who typically accompany and interact with children during visits, and second, to provide practical
support during the ideation phase. The adults acted as group leaders, facilitating discussions, taking
notes, and assisting the children during debriefing sessions.

Recruitment

The child participants were recruited through personal networks and sharing announcements in social
media groups. The recruitment targeted children with a genuine interest in creative activities,
specifically robot design, emphasizing that no technical skills were required. This focus was crucial
given the study's limited timeframe, as engaging already motivated participants minimized the need
for additional time and effort.

Similarly, adult participants were recruited through personal networks, with a focus on individuals
experienced with children in this age group and willing to support the research.

15



A key constraint was the requirement for participants to be fluent in English, which further limited the
participant pool. Although a balanced gender representation was preferred, time constraints made this
difficult. Other demographic factors were not prioritized, as they were not central to the study's
objectives.

4.5 Research Design

The research was conducted in two stages: a preliminary stage and a main PD-based stage.

Preliminary Research: The preliminary stage involved individual interviews with the participants.
These interviews were analyzed, and the findings were used to prepare activities for the subsequent
PD workshops. The analysis aimed to identify key themes and insights to guide the structure and
content of the PD sessions.

PD stage: The PD stage comprised three design workshops with children, from here on referred to as
W1, W2, and W3, each corresponding to a different phase of the product design process, each
corresponding to a different stage of the product design process (Léwgren & Stolterman, 2004):

- WL Ideation
- W2: Brainstorm of the design idea
- Wa3: Testing the prototypes.

Between the workshops, an intermediary analysis was conducted. This analysis involved reviewing the
data collected up to that point to inform the planning and design of the next workshop. This process
aligns with PD principles, where each stage builds on the findings from the previous one, ensuring that
the design evolves in response to participant input and analysis (Cumbo & Selwyn, 2022).

Figure 1 illustrates the research flow. To maintain transparency in how each stage was designed, these
insights will be briefly presented in the method section after the description of each relevant stage.

Figure 1
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4.6 Research Process: Stages of Data Collection and Analysis

Interviews

In line with the PD approach's requirement for preliminary research, 30-minute individual interviews
were conducted with each of the eight child participants. The primary focus was on exploring
children’s preconceptions of social robots. Additionally, these individual meetings were intended to
establish a foundation of equality and trust within the project. The individual format was chosen to
minimize the influence of group dynamics, where dominant voices or majority opinions can sway
others (Cohen et al., 2018). Since the goal was to capture personal preconceptions and build trust,
reducing this bias was essential.

The interviews were semi-structured with an exploratory focus, featuring two open-ended questions:
“What is a robot?” and “What would be the perfect robot for you?”. Based on recommendations
from the literature on PD with children to prompt creativity (Druin et al., 2014; Walsh et al., 2013),
two sets of images were prepared for each question (Appendix 1). The prompts were found among
stock images in the Canva application (Canva’s license indicates that no reference or attribution is
needed) and followed the recommendations of existing research on children’s perceptions of robots.
One set of images depicted various types of robots, including human-machine, animal-machine, and
machine robots engaged in specific tasks (Woods, 2006). Another set featured images of children
performing everyday activities, such as drawing, playing video games, and cleaning their rooms.
Drawing on a study by Rubegni et al. (2022), the prompts represented a variety of situations involving
different numbers of actors and a mix of routine activities. The prompts focused on the activities rather
than the emotions of the people involved, aiming to provide a sense of the situation without
introducing bias towards the experience to facilitate the exploration of children's preconceptions
regarding robots in diverse social contexts.

The interviews were recorded, and brief notes were taken with overall impressions, as well as the
reactions and behaviors of the interviewees and the author.

Preliminary Analysis — Preparation and Preconceptions of Social Robots

Based on the preliminary interviews, it became clear that unless actively encouraged to think beyond
existing technology, participants tended to limit their ideas to familiar images from mass culture. To
counter this, the first activity for W1: Ideation—a presentation of "perfect robots™ created using
generative Al, combining the participants’ ideas from the interviews was designed (Appendix 2). The
aim of this activity was to stimulate creative thinking and provide reflective feedback, acknowledging
the value of their contributions.

Another key insight from the interviews that influenced the design of the first workshop was the
children's utilitarian view of robots. To encourage them to consider alternative possibilities, |
introduced the robot through a storytelling approach—the story of Veta (Appendix 3)—portraying it
as a character with emotions. This was intended to prompt a more empathetic, human-like perception
of robots.

Workshop 1: Ideation

The goal of W1 was for participants to explore the potential roles of robots within the exhibitions. W1
lasted two hours, including a 15-minute break, and consisted of an introduction, walking ideation
sessions at the exhibitions in small groups, and a debriefing with the whole group.

The introduction began with a presentation and discussion of the "perfect robots." Next, participants
were introduced to the story of Veta, a robot seeking its place in Universeum. The mission of the
workshops was then explained: to help Veta identify its role and determine how it could best assist
children at Universeum. After the introductory part, the participants had a chance to interact with the
real robot, Veta, before being divided into small groups, each led by an adult leader.
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Each group spent 15 minutes exploring the exhibitions. During these sessions, the children interacted
with exhibits while being reminded by leaders and facilitators to consider the key question: How could
Veta help them here, i.e. in these specific contexts? After the exploration, the groups reconvened to
share and discuss their ideas.

The data collected during W1 included group discussions during the introduction and debrief as well
as nine 15-minute ideation talks in small groups.

Intermediary Analysis 2 - Rapid Analysis and Synthesis of Preliminary Roles
The ideas generated during W1 were meant to be further developed in W2, to form the second part of
the dataset (see Figure 1). In this way, W2 acted as a continuation of the W1 debrief. However,
separating the activities had an important purpose. It allowed for quick analysis and synthesizing of
the ideas from W1 before presenting the interpretation of those ideas to the participants in W2. This
allowed not only for quick expansion of the data but also to provide early feedback on the
interpretation of the ideas. This quick analysis resulted in a list of potential robot roles (section 5.1.2),
which were then presented to participants in W2 for discussion and further elaboration of the different
roles.

Workshop 2: Brainstorming

The goal of Workshop 2 (W2) was for participants to engage with and further develop the ideas
expressed in W1. This elaboration took the form of a brainstorming session. This method was chosen
to engage participants in a deeper discussion and focus on expanding ideas rather than narrowing them
down to a single role. This was important since the aim was to gain more insight into their perceptions
and better understand what the children meant when describing various roles, avoiding bias and design
fixation.

The workshop lasted 90 minutes with a 15-minute break and took place in a meeting room at
Universeum, outside the exhibition area. The robot, Veta, was also present.

The session began with an introduction, where participants were reminded of the ideation phase from
W1 and presented with the synthesized robot roles. For the group discussion, De Bono's "Six Thinking
Hats" technique was used, a common brainstorming method in design practice (Lowgren &
Stolterman, 2004). This technique allows participants to focus on specific aspects of a topic, one at a
time, with each aspect represented metaphorically as a hat. Following this method, the participants
were guided through each "hat" to discuss the following questions:

- Facts: What does this robot do in this role?

- Feelings: How would you feel if you met a robot like this at the exhibition?
- Risks: Is there anything that could go wrong with this robot?

- Benefits: What is good about having this robot in the exhibition?

- New ldeas: Is there anything you would change about this robot's job?

- Planning: What do we need to do to make this robot good at its job?

During the discussion, ideas were captured on post-it notes and summarized by the facilitator in a
debriefing session that had to be brief due to time constraints. Data produced during W2 consisted of
the audio recording of the discussion, post-it notes, and field notes.

Intermediary Analysis 3 - Development of Scenarios and Prototypes

The data from W2 was added to the dataset from W1, expanding the overall dataset and advancing the
analytical process. From this data, the codes for specific robot functions were extracted. These codes
were then consolidated into four distinct learning scenarios, described below, with Veta performing a
specific role based on these functions.
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W3, similar in purpose to W2, did not aim to gather feedback on the robot roles themselves. Instead,
its objective was to determine whether my interpretative understanding of the specific robot functions
and tasks that emerged during Workshop 1 accurately reflected the participants’ ideas. To present
these functions in a prototype, | grouped them into four scenarios based on my interpretation of the
ideas expressed by the participants up to that point.

For Scenarios 1-3, short mock-up videos were developed simulating Veta’s "face" (see Appendix 4).
Scenario 4 was structured as an improvisational script with instructions for the facilitator (see
Appendix 4). This scenario was tested using the Wizard-of-Oz technique, a method often used in
design practice. In this approach, a low-fidelity prototype is tested by having a human operator (the
"wizard") simulate the behavior of the system behind the scenes (Léwgren & Stolterman, 2004).

To evaluate the experience, a questionnaire with four questions was designed for each scenario. The
questions asked were:

1. Was the scenario interesting?

2. Was it helpful?

3. Did it inspire further exploration?

4. Was the experience better with or without Veta?

For each question, participants could choose from three response options, phrased differently but
essentially rating the experience as good, medium, or bad. The questionnaires can be found in
Appendix 5. The purpose of these questionnaires was twofold: to gather feedback on the scenarios and
to help the children stay focused on the evaluation task by maintaining the authenticity of the design
process.

Workshop 3: Evaluation

The goal of W3 was to validate the interpretations of the children's conceptualized functions for the
robot based on their responses to the question posed during W1: "How could Veta help them in these
specific contexts?" This last workshop aimed to gather children's feedback through their evaluation of
the four prototypes that embodied the functions that had emerged from the analysis thus far.

W3 was designed as a 60-minute session in the *Human Body" exhibition, chosen for its logistical
advantages over the other two exhibitions, such as easier movement between the exhibits when
moving as a group, better lighting, and reduced background noise. The robot, Veta, was present but
turned off, with an iPad mockup attached to simulate its face.

The workshop began with an introduction to the purpose of the prototypes and the specific goals of the
assessment. Participants were given questionnaires to complete after each scenario. The evaluation
proceeded with the testing of four scenarios in sequence. Scenario 1 was presented as a video, while
Scenarios 2 and 3 involved more interactive elements. For activities requiring input, the video was
paused to simulate decision-making. Scenario 4 explored Veta’s support for a single-player video
game, but due to time constraints, only two participants were able to test it. The workshop concluded
with a debriefing session in which the facilitator summarized the outcomes of Workshop 3 and the
overall project, emphasizing the development of children’s ideas from the beginning to the project's
completion.

4.7 Data Preparation and Analysis

The dataset included primary data from ideation discussions in W1 and supplementary data from
interviews and W2 and W3. The supplementary data was used to interpret participants' ideas and
check the accuracy of my interpretations. This additional data was crucial, as ideas generated during
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participatory design (PD) sessions often required deeper analysis (Selwyn & Cumbo, 2020). Feedback
from W2 and W3 helped clarify participants' ideas and ensured that the interpretations accurately
reflected their thoughts, thus reducing potential misunderstandings. While the interviews were
primarily conducted to set up the study, they also provided an additional perspective that enriched the
overall analysis and contributed to the depth of the findings.

The audio recordings were transcribed using the Whisper Transcription by OpenAl, followed by a
manual review to ensure accuracy. The NVivo software by Lumivero was used for the analysis due to
its specialized features for handling qualitative datasets. After familiarizing with the data, timestamps
were added to mark shifts in discussions or the introduction of new ideas. Coded labels were used to
identify individual speakers in group discussions, facilitating easier tracking of contributions. The
coding system for participants included a letter—C, A, or F— representing their category—Child, Adult,
or Facilitator—followed by a number indicating their gender, where ‘1’ represented girls and ‘0’
represented boys. The second digit in the code denoted the ordinal number of the participant based on
their recruitment order. For instance, ‘C02’ referred to a child participant who was the second
participant recruited and was a boy. Finally, comments and field notes capturing the context and
participants' behavior during the sessions were added.

Thematic Analysis

The process of data analysis followed the principles of thematic analysis, a qualitative method used to
identify and analyze patterns within data (Braun & Clarke, 2006). Each analytical stage was modeled
on Braun and Clarke’s (2006) six-step model: familiarization with data, descriptive coding, a grouping
of codes into themes, review of preliminary themes against the dataset, definition, and naming of
themes, and finally, aligning findings with literature and preparing for presentation. Throughout this
process, a reflexive approach to thematic analysis was followed, which emphasizes the researcher’s
subjectivity and personal experiences as essential tools for interpreting the data (Braun & Clarke,
2023). The interpretations were grounded in sociocultural and constructivist learning theories, that
provide a theoretical foundation for the analysis.

Here follows a detailed description of the analytical approach to all analytical stages outlined in the
research design. Through all analytical stages in this research, thematic analysis was the main method
applied to all the data. The dataset was cumulative, meaning the data from all previous stages of data
collection were included in a given analysis.

Preliminary analysis

During the preliminary research stage, interviews with the participants were analyzed. The analysis
was conducted iteratively, with each interview informing the next: After the first interview was
completed, an analysis was conducted, developing preliminary codes and themes. As the subsequent
interview proceeded, the themes and existing codes were continuously compared and aligned with new
data. This process allowed for the emergence of new themes while refining existing ones. When all
data was collected preliminary interviews were analyzed through all 6 stages to understand the
children’s preconceptions.

Intermediary analysis 1

Unlike the interview analysis, where data was collected sequentially and compared progressively, the
data from W1 was analyzed in its entirety with two distinct purposes: one — for informing the design
of W2 and two — for addressing the research question.

Given the volume of data and the need to rapidly prepare for W2, a quick analysis was conducted. The
focus was on identifying explicitly expressed roles by children rather than engaging in deep
interpretation. The findings from this stage were preliminary, primarily consisting of direct quotations
rather than interpretations. A deeper thematic analysis was not performed at this stage. As this was a
design-based project the plan was to have intermediary results of analysis.
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Intermediary analysis 2

The primary goal of this stage was to provide a refined interpretation of the ideas expressed during
W1. The analysis began by developing new codes specific to the participants' understanding of the
robot's design and interaction, distinct from those established in W1. After the initial coding of W2
data, the findings from W1 concerning the desired functions and roles of the robot were revisited,
compared and aligned, refining the interpretation of the existing ideas.

The analysis went through steps one to four of thematic analysis. Focused was placed on identifying
the codes—the desired robot functions and behaviors in specific learning contexts. Once identified, the
next step was to “return” them to the participants as prototypes that they would test and evaluate.

To design the scenarios for prototypes, as the fifth stage of thematic analysis, the robot functions were
grouped into themes according to the learning situations where they emerged during the ideation,
replicating the typical experiences of a visit but with the added element of robot assistance for
participants. It is important to note that this approach intentionally differs from how functions were
grouped in themes in the final analysis, as the main purpose at this stage was to inform the scenarios

Complete data analysis

At this stage, the dataset expanded with the findings from W3. Therefore, | iteratively went through
steps one to four of thematic analysis and proceeded to steps five and six. The themes were ultimately
generated through a thorough and reflexive examination of all data and reflective interpretation of the
literature presented. In the final results, functions are organized into themes based on their role in
supporting learning without being tied to specific situations.

4 8 Ethical Considerations

Ethical considerations are crucial when conducting research that involves children. This study adhered
to the ethical guidelines set by the Swedish Research Council and aligned with the principles outlined
in the Swedish Ethical Review Authority's Guide (Swedish Ethical Review Authority, 2023).

The participants and their parents or caregivers received Informed Consent forms (Appendix 6)
describing the study's purpose, activities, locations, and data use. It was explicitly stated that their
participation was voluntary, and they could withdraw from the study at any time. The consent forms
were tailored to ensure clarity and comprehension, especially for children. Participants were
encouraged to ask questions, with the researcher’s contact information available in the participants'
copy of the consent.

All personally identifying information was removed to ensure anonymity. The study maintained data
protection and privacy in compliance with the General Data Protection Regulation (Regulation
2016/679), with all data stored on password-protected systems.

In addition, the PD approach used in the study posed method-specific ethical challenges. Firstly, it was
essential to ensure that child participants were not merely included but also treated as equal partners
and empowered throughout the process. To achieve this, the materials and the tasks used in the
workshops were adapted to be accessible and understandable to children. This included simplifying
complex concepts and ensuring that instructions were clear and age-appropriate to allow the children
to engage fully and meaningfully in the activities.

Adult Participants. The inclusion of adult participants in the study was driven by both organizational
needs and the desire to enhance the authenticity of the research environment. Their involvement,
particularly in the activities that involved moving through various locations within a limited
timeframe, was crucial to ensure the safety and smooth logistics of the study. Additionally, their
participation mirrored the real-life context, where children of this age are typically accompanied by an
adult during their visits to Universeum, thereby adding a layer of authenticity to the experience.
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To avoid potential pressure that could arise from the presence of their own parents during creative
tasks, adults were selected who were not the children's parents but who had experience with children
of similar ages. These adults served as group leaders and were thoroughly briefed on the study's
methodology and the specific role of the children in the research. This approach ensured that the group
leaders were aligned with the research objectives and were well-equipped to facilitate the children's
participation in a manner that respected their autonomy and encouraged their contributions.
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5. Findings

The total analyzed data consisted of eight 30-minute interviews, nine 15-minute small group
discussions, a 30-minute debrief discussion from the ideation workshop, a 90-minute discussion from
the brainstorming workshop, and a 60-minute discussion from the evaluation workshop.

5.1 Intermediary Research Findings

Preconceptions of Social Robots
Robots are complex technologies with cognitive capabilities

Children viewed robots as mechanisms with advanced capabilities, often mentioning components like
"metal,” technology,” "Al," and "mobility”. They generally recognized robots as having a physical
form, often imagining humanoid robots with distinct machine features, describing them as "something
that symbolizes a human being or some animal or some object or something else.”" While many saw
robots as distinct entities, some participants blurred the line between robots and other technologies
with comments like, "The phone has a small robot that can talk with you when you play," and "A
calculator is a kind of a small robot.” This reflects a broad understanding of robots as complex tools,
sometimes indistinguishable from other technological devices.

Robots were also perceived as knowledgeable entities with cognitive abilities, frequently described as
"smart," "knowing everything," and possessing "a powerful brain," often associated with information
and knowledge. One child imagined that the robot could mediate internet search: “I would make it
also be able to answer some questions. Because if you use Google, you might not get the easiest
answer. So, it would make it kind of easier for me to understand Google."

Utilitarian rather than social roles for the robots are preferred

Robots as Aides for Routine and Dangerous Tasks: The participants viewed robots as tools for
physical and routine tasks. They consistently expressed that the primary function of robots is to "make
life easier for humans," associating them with tasks like lifting heavy objects and performing
household duties such as cleaning and cooking. For example, comments like "It can keep my room
clean" and "My mom can rest while my robot is cooking" illustrate this perspective.

One child imagined that the robot could protect and help in emergency situations because it could have
scenarios for each case: “If there's a fire, she [robot] will know what to do. If there's a gunshot or
something, or if there's a lockdown, she'll know what to do.”

Limited Desire for Social Roles: Children did not initially mention social functions for robots unless
prompted with social scenarios. Even then, they often depicted robots as substitutes for humans when
human interactions were unavailable. Comments like “I'd rather play [soccer] with my brother here,’
and “I would rather talk to a normal friend than a robot friend” suggest a potential challenge to the
acceptance of social robots, highlighting a contradiction between children's expectations and
designers' intentions.

>

Although initially resistant to the idea of a robot friend, some children acknowledged the utility of a
robot playmate when human friends were unavailable, such as playing games on long flights or during
a pandemic. They viewed robots as better companions for certain games, such as chess, noting,
“[playing chess] better with a robot because the robot wouldn't cheat.” This indicates that while
social functions are limited, robots can be considered partners in specific contexts.
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Utilitarian Roles in Educational Contexts: Children expressed skepticism about robots functioning
as schoolteachers, citing the need for comprehensive, multi-subject knowledge and adaptability—
qualities they believed only a human could provide: "C12: Human teacher is much better because they
have knowledge about many subjects [...] and robots know only one subject that we uploaded to
them." One child suggested that a robot could rather negotiate with the schoolteachers on their behalf:
“C04: it could convince the teacher that we can skip class...and to buy us cookies and stuff.”

While they accepted robotic assistance for urgent or challenging homework tasks: “robot can do the
math things in the homework”, they preferred human help for understanding complex issues, noting
that robots "can only say the answer instead of explaining how to solve the problem," and emphasized
the social and emotional dimensions of learning with humans: "It's funnier when parents help.
Because then you can [laughing] annoy them."

Critical Reflections on Durability, Dependency, and Potential Interference with Human
Relationships

The children expressed concerns regarding the durability of robots, particularly their potential
vulnerability to damage in school or public settings. One child remarked, “It would get broken
because every kid wants to play with it," highlighting worries about the robot's ability to withstand
frequent use. Additionally, concerns were raised about the possibility of over-reliance on robots, with
one child suggesting that delegating too many tasks to robots, such as cleaning, "could make the
kid...lazy." Furthermore, potential interference with human relationships was a significant concern.
When presented with an image of two children laughing and asked what role a robot might play in that
scenario, one participant questioned, "Why do you want a robot to ruin the friendship?" indicating
apprehension about the impact of robots on social interactions.

Preliminary Robot Roles

“Welcoming Robot”: Veta would provide room-specific information and answer visitors' questions
upon arrival. As one participant summarized, "You get information on that room and questions and
everything in that specific room"” (P12).

“Knowledge Base”: Veta was imagined as a source of information. For instance, “the robot could tell
you how long it takes to get from one side of the universe to Pluto.” (C05)

“Child-Friendly Guide”: Veta could lead groups of young visitors through the exhibits, making the
experience more interactive and engaging. As one child suggested, “If'a school comes, the kids can
follow the robot and ask her questions on the way.” (CO1)

“Personal Guide”: Veta could offer personalized assistance to individual visitors. Children imagined
booking their own Veta to help them with different exhibits: “You could book your own personal Veta
and then you could put in a code and then she helps you with different exhibits.” (C02)

“Friend Robot”: Veta could serve as a companion for visitors who might feel bored or lonely,
engaging them in conversation and keeping them company. One child illustrated this role by saying,
“She could also be a good friend to someone who's bored. And come and sit with him and look at the

fish and talk to him. [imitating robot talking] Oh, look at that fish! That fish is from China.” (C01)

“Fun Maker”: the children envisioned Veta performing entertaining experiments or shows to captivate
visitors' attention. For example, one participant suggested, "She [Veta] can make a show out of that”
(C11).

Scenarios for Prototypes
Scenario 1: Overview of the Exhibition
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Veta is placed at the entrance of the exhibition. Upon visitors' arrival, the robot greets the children and
provides an overview of the exhibition's themes and layout.

Scenario 2: Exploration of the Exhibition

Veta profiles the visitors and suggests a tailored tour. It moves between exhibits connected as a trail,
explaining the content at a level appropriate for 9-11-year-olds. For interactive elements, it provides
instructions on usage and expected outcomes, adding fun facts and inquiry where relevant.

Scenario 3: Engagement with an Information-based Exhibit (Zones of the Human Brain)

Veta explains the brain's zones and their connection to activities. It provides examples, asks children
to identify which brain zones activate in a scenario, and connects this exhibit to a more advanced one
on the same topic.

Scenario 4: Engagement with a Game-based Exhibit (Carrot Moving through the Human
Digestive System)

In this interactive game, players ride a carrot through a human digestive system displayed on a screen.
Players physically lean their bodies to steer the carrot, guiding it through the digestive process while
completing objectives, such as collecting enzymes. The robot provides instructions on gameplay,
including how to lean the body during unclear moments. During the game, the robot comments on the
scientific content, explaining where in the digestive system the player is, what’s happening there, and
the significance of the objectives (e.g., enzymes, saliva). Additionally, the robot encourages players
with supportive feedback.

Feedback on the Scenarios

The participants generally responded positively to all scenarios, with varying enthusiasm and several
comments. For Scenarios 2, 3, and 4, all the participants preferred robot-assisted experiences to the
experiences without (questions 2D, 3D, 4D). However, in Role 1, two participants were undecided if
they needed Veta's overview (question 1D), with one noting, "If | am with my friends, | want to decide
with them."

Scenario 2 elicited the most enthusiasm, both in observed behavior and questionnaire responses.
Comments included, “More information when Veta is guiding,” and “Veta is like a fun teacher but
better because we can choose what it does.” The feature allowing participants to see questions
supposedly asked by other visitors was particularly well-received, with some mistakenly believing
these were real.

Scenario 4, designed for a single player, was tested by only two participants due to time constraints.
Despite this, it received the highest ratings, with comments highlighting it was “more fun,” even
though its primary aim was educational.

Additionally, some aspects of the evaluation, such as the feedback on Scenario 4, were less valid due
to the limited number of testers and the anonymity of the questionnaires, which obscured whose
feedback was being analyzed - those who played or those who observed.

However, the main objective of the evaluation was to verify whether the scenarios accurately reflected
the participants’ ideas. Based on the responses and observed behavior, the scenarios were consistent
with their expressed ideas. During breaks, some participants tried to identify whose ideas were
reflected in the scenarios, but efforts were made to emphasize the collective nature of the
contributions.
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5.2 Main Findings: Envisioned Robot Roles

The roles presented here represent the refined theme from thematic analysis. The component functions
that comprise these roles that child participants expressed a need for are presented in relation to each
role.

Role 1: Robot for Guiding Exploration

Orientation and Navigation

Providing Overview of Exhibition Content: Veta’s role at the exhibition entrance involves
providing an overview and helping visitors plan personalized exploration trails. The participants
expressed a need for an introduction that outlines available activities and highlights engaging aspects.
One child suggested, "[Veta should] say what things you can do here... because it looks like there's a
lot of things to do here. She could say what's funny." (C13).

Assisting Orientation: Veta was envisioned as a source of information about the location of exhibits
in the exhibition and the broader facility. For example, one child proposed, " if you ask Veta where can
1 find this place? ... she'll probably help” (C05). They also suggested that Veta should provide a map
of Universeum with the locations of amenities: "If Veta is like a screen, could she possibly show a map
of Universeum? like where the toilets are and stuff" (C13)

Navigation in trails: Children noticed the organization of exhibits into zones and suggested Veta
could guide them through these interconnected areas. For example, C12 observed, "This part is mostly
about the head because there's a lot of brains — Veta could say who has brains and ... [moving to the
next exhibit] what the green thingy is here? Maybe, it’s not about brains". An adult participant
summarized this idea, suggesting Veta could guide visitors through specific exhibit paths, such as the
digestion or brain areas, helping them understand the connections between different exhibits.

Framing Inquiry and Curiosity

Suggesting Inquiry: The children envisioned Veta providing questions or prompts. For example, C04
suggested adding quizzes in each section, while C0O5 proposed: “Veta can ask questions, and visitors
find the answers in the exhibition."”

Telling fun facts related to the content of the exhibition: The desire for Veta to share "fun facts"
about the exhibits was frequently mentioned. An illustrative example is C12’s suggestion, “She could
walk around and be like, ‘Do you want to hear a fun fact about outer space?’”.

Answering On-Demand Questions: Children frequently suggested that Veta should be answering
visitors' questions in real time. This feature was envisioned in the situations when they were moving
between exhibits and the suggested examples of questions were often unrelated to any of the specific
exhibit's content, it seemed to me they often stemmed from pure curiosity, The observed behavior of
the children asking spontaneous questions supports the explicitly expressed need to satisfy their
immediate curiosity.

Role 2: Robot as a Mediator of Meaningful Exhibit Engagement
Support in Operating Interactive Exhibits

Providing Exhibit Usage Instructions: Participants suggested that Veta could assist with interactive
exhibits, as some visitors may struggle to understand how to operate them. C12 remarked, "There are
a lot of machines here, and maybe people won't understand how to use them.” This need was

highlighted by the children's confusion during their explorations. For instance, when asked, "CO05: Are
these buttons or what?" C13 responded, "No, they're just symbols to show something." This exchange
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indicates that, for them, the exhibit lacked clear indicators to differentiate between interactive and non-
interactive elements.

Clarifying Game Mechanics: Some children suggested that Veta could help clarify how to play
games that lack clear instructions. For example, at the simulator of the moon landing, C13 mentioned,
"[Veta could] give tips about how to play the game," and at the two-player exhibit about the immune
system, CO1 suggested, "She could teach you about how to play this game."

Providing Strategic Guidance: Veta was envisioned as a source of strategies for improving
gameplay. For instance, C13 suggested that during the moon landing simulation, "Veta could give you
different strategies on how to land in the game." Similarly, while playing a video game about the
digestive system, C02 proposed, "Maybe here she could tell you how to do these objectives."

Facilitating Conceptual Grasp

Providing Age-Appropriate Explanations: The robot was envisioned to help children understand
complex concepts in exhibits, especially when explanatory texts were too advanced. For example, in
the Human Body exhibition, C13 noted that the information on an asthma board didn’t explain basic
lung processes, suggesting, "It would be nice with a robot that could give you this information [pause]
because this is a place where you should learn things. ”

Some exhibits lack explicit explanations, such as the one in the Human Body exhibition displaying 3D
models of animal brains in different colors. This particular exhibit sparked several comments,
reflecting the need for clearer guidance. Beyond verbal comments, the children's behavior further
highlighted this need. For instance, one child misinterpreted the exhibit, believing that “rhinoceroses
have blue brains" and "lemurs have the tiniest, purple brain cells." This example illustrates how easily
children can misinterpret visual representations, underscoring the need for clear, age-appropriate
explanations.

Transforming the Format of Content Presentation and Input: Veta was envisioned to augment the
content with videos or complement it with detailed verbal explanations. For example, C02 mentioned,
"Maybe instead of pictures, it would be a video. Veta can show a video of how it [the human brain]
evolves," highlighting the importance of dynamic visuals for understanding complex ideas. They also
envisioned Veta with the ability to identify objects visually; C01 said, "You could just take a picture of
the fish and show it to her, and then she could say which sort of fish it is."

Additionally, there was a recognized need for Veta to adapt her communication to suit younger
children who may not articulate clearly. C13 noted, "if there are small children... maybe they don't
speak super clear... So, then Veta needs to be able to know what they're saying." This emphasizes the
importance of Veta's ability to interpret and respond to less clearly articulated questions.

Providing Scientific Content for the Game-Based Exhibits: C13 noted that during a video game
about the digestive system, Veta could help by explaining what’s happening on the screen: "Maybe if
Veta was here, she could explain what is happening in the scene. It doesn't really say anywhere so
maybe it's good for us to be able to see.” This highlights the need for Veta to provide clear, concise
explanations to fill gaps in the current setup where visual content lacks accompanying explanations.
Similarly, in the Human Body exhibition, while playing a floor-based game imitating a board game,
C02 suggested, "Veta could tell you like what happens when you land on that space of the board
game."
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Role 3: Robot for Social Interactions

Facilitating Social and Community Interaction

Showcasing Other Visitors' Questions: Some participants showed interest in the questions and
activities of other visitors, expressing a desire for Veta to facilitate this interaction. One child
envisioned Veta as connected to an application that visitors have on their mobile phones where
visitors could see what others had asked and done.

Facilitating community-based knowledge base: Some children wanted not only to receive
information from Veta but also to contribute to the knowledge base. C02 proposed: "If there is nothing
you want to learn, then instead of giving answers to questions to you, then you can give facts to her, so
when someone asks that question, then she will get the answer." This idea was further expanded
during discussions, suggesting that visitors could share their expertise with Veta to benefit others:
"Some people can be very good like at math, and then they can calculate how fast [is] the shark and
they can say this to Veta. And then other people will also know this". (C02)

Substituting a Missing Partner

Encouraging Players: There was a recognized need for encouragement, especially in physical
challenges. For example, C11, while interacting with an exhibit that required players to hang on a bar,
noted: "Many people just move their hands and say, '‘No, no, no, | can't.' But if you say, 'You can do it!
Just one more second, two more seconds!' they're like, 'Yeah!™

Peer Game Competitor: Children also saw Veta as a possible competitor in games, with suggestions
like, "She could play the game with you" (C05) and the idea of a competition with Veta in the moon
landing exhibit, where winning or losing could lead to rewards or playful penalties. To keep the
experience enjoyable, Veta should adjust her skill level to match the younger players. C12 noted, "She
has to be good, but not too good because small children might get sad if she wins too much."

28



6. Discussion and Conclusion

In this discussion, first, a brief overview will be provided of the roles that emerged as answers to the
research question: "What roles do children envision for social robots in the science center?” Second,
each role will be analyzed in relation to similar roles identified in prior research while also addressing
how these roles address key challenges associated with learning in SCs. Third, the theoretical
understanding of the roles will be summarized through the lens of sociocultural theory. Fourth, the
discrepancies between the roles identified in this study against those previously described in empirical
research and review studies will be explored. Fifth, methodological considerations will be expanded,
including the benefits and challenges of employing a participatory design (PD) approach and
qualitative analysis. The sixth and last follow a summary of the study's primary implications and
acknowledgment of the limitations of the research.

6.1 Envisioned Robot Roles

Robot for Guiding Exploration

Positioned at the entrance, the robot was envisioned to display a simplified map of the exhibition and
provide a brief overview of its content. As visitors begin exploring the exhibition, the robot guides
them, either explicitly connecting exhibits or by offering a structure for a visit as an inquiry or fun
facts connected to the content of the exhibition.

Orientation is a key prerequisite for a meaningful experience. According to the Contextual Learning
Model, it helps align children’s initial expectations with the exhibition's offerings, providing a broader
context for the content they will engage with (J. H. Falk & Storksdieck, 2005). Robots, as highlighted
by Fong (2003), have the potential to attract attention in ways that traditional maps cannot. Unlike a
standard map, which may be easily overlooked, a robot delivering orientation is likely more appealing
and engaging for children, increasing its likelihood of use.

Since early models (Fong, 2003), robots have been assigned similar functions, with recent
implementations continuing to refine these roles. In museum settings, the humanoid robot Pepper has
been found particularly effective in performing orientation tasks (Smithsonian Institution, 2018).
However, these findings are often shaped by the technological capabilities of specific robot models
and user experiences, which do not necessarily reflect whether children in a particular context actually
need or benefit from this role.

During the testing at W3, the orientation function presented in Scenario 1 stood out as it received the
least positive feedback, with participants showing the lowest enthusiasm. Although the testing was not
designed to assess the roles comparatively, this feedback is still worth reflecting on. One possible
explanation is that perceptions of robots are closely tied to the specific context, and the need for this
role may depend on the situation. In our study, most children were accompanied by adults or were
already familiar with the location, which may have reduced their perceived need for orientation.

Inquiry-based prompts at the entrance—such as tasks or questions—offer a framework for exploration.
This mirrors common practices in science centers, where inquiries and quizzes are facilitated by both
human guides and technology. Fun facts, due to their concise and easily digestible nature, also play a
role in guiding exploration. They serve as accessible entry points into complex scientific topics by
reducing cognitive barriers and making abstract concepts more relatable. In doing so, they spark
curiosity, which can lead visitors to ask questions and actively seek answers, resulting in a more
structured and meaningful exploration.
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The robot, in this role, frames exploration and helps children navigate the exhibitions as they begin
their journey. From a sociocultural perspective, this role can be understood as a form of scaffolding.
By directing children’s attention to key exhibits, posing inquiry-based questions, and sparking
curiosity, the robot helps structure their exploration and provide context for deeper engagement with
the exhibits. This functionality addresses the challenges of free-choice activities, which can sometimes
confuse and overwhelm younger children, as noted by previous research (Kempiak et al., 2017).
Perhaps this can be why the children seem to prefer using an SR as a tool to support independent
exploration rather than externally guided exploration.

Robot as a Mediator of Meaningful Exhibit Engagement

Science centers often feature advanced interactive exhibits, which may be too complex for children to
engage with independently. In this role, the robot acts as a mediator, helping children navigate and
interact with the exhibits by clarifying expected outcomes and explaining the basic rules. In game-
based exhibits, the robot goes a step further by offering guidance on strategies and game mechanics,
which are essential for meaningful engagement.

As noted by Hong et al. (2023), children are generally attracted to interactive, game-based exhibits,
but unsuccessful interactions can lead to frustration and disengagement, especially when children do
not understand how to use the exhibits or what to expect. In this context, the robot’s age-appropriate
instructions help bridge the gap between the complexity of the exhibit and the child’s ability to engage
effectively.

Beyond using the exhibits, children also need to grasp foundational concepts. This was reflected in the
proposed robot function of providing age-appropriate explanations, making complex ideas more
accessible by clearly explaining concepts and their connections.

A specific aspect of supporting children's conceptual understanding involves helping players grasp the
scientific concepts embedded within games. This function was separated from others because gaming
experiences differ and while they may be engaging, connecting them with the scientific content may
be challenging.(Krange et al., 2020).

Additionally, the robot was seen to transform the content delivery format, such as using child-friendly
videos instead of text, which is especially helpful when textual explanations are too difficult to
comprehend. It can also offer non-verbal ways for children to ask questions, like using images, which
is particularly useful when encountering unfamiliar objects or animals. The robot also addresses
children’s spontaneous curiosity by answering on-demand questions, helping them link new
information to their prior knowledge. This immediate response encourages deeper engagement with
the content. In game-based experiences, robots further enhance learning by explicitly connecting what
is happening on the screen with educational material, increasing the educational value of the activity.
By integrating educational elements into the game, the robot addresses the challenge of balancing
entertainment with learning.

Providing age-appropriate support for engaging with exhibits, offering explanations, and transforming
content mirrors the role of human facilitators, particularly during school visits where learning
outcomes are prioritized (Griffin, 2004). Typically, this role is filled by guides or teachers who lead
activities. During family visits, parents often take on this responsibility.

Previous research on social robots has primarily focused on their role as guides, but the envisioned
role here positions the robot as an educator. In the literature | reviewed, | have not encountered this
specific educational role for an SR in a SC. The only example of an educational SR found was set in a
classroom setting (Gasteiger et al., 2021). When compared to the current implementation of social
robots in other contexts, this role resembles more of an educational robot focused on personalizing
learning materials.
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From the perspective of learning theories, this role aligns with constructivist ideas, which emphasize
that children build new knowledge upon their prior understanding. To make sense of the concepts
presented by the exhibits, children must grasp underlying concepts and relate new information to their
existing knowledge structures or schemas.

Similar to the previous role, the robot acts as a scaffolding tool. In line with Vygotsky’s (1978)
concept of the "knowledgeable other," the robot bridges the gap between advanced exhibits and the
level children can reach with its support. This approach offers temporary, adaptable guidance that can
be gradually removed as children gain confidence and develop conceptual understanding, conforming
to the concept of a ZPD. Ultimately, this enables children to engage with the exhibits independently.

Robot as a Mediator for Social Interactions

In this role, the robot is envisioned to enhance the social aspects of the experience. It acts as a peer
competitor in games, adjusting to children's skill levels while offering emotional support when they
might otherwise give up. Additionally, the robot displays how other visitors interacted with the
exhibits, such as showing their questions. Another function involves collecting and sharing visitor
input, allowing children to see contributions from others and add their own. In this capacity, the robot
serves as a mediator between individuals connected through shared experiences. Unlike the game
companion role, where the robot mimics human behavior, here it functions as a mediating technology.

Although the functions in this role suggest different behavioral scenarios, they all emphasize the social
dimension of learning. When compared to previous research, the robot's role as an encouraging
playmate aligns with the roles of motivational companions seen in educational and healthcare
contexts. For instance, robots have been used as homework companions or social partners (Kanda et
al., 2004); Zhang, 2024). However, this role is less common in science centers, as no comparable
examples were identified in the literature review. This could be due to the informal nature of science
centers, where interactions are brief, voluntary, and entertaining, unlike the sustained motivation
needed for tasks like homework.

The emergence of this role in my study may point to gaps in children's current experiences at science
centers. Children often visit these centers with adults who, as studies on child-parent interactions
suggest, may not always engage in games (Degotardi et al., 2019). As a result, children may project
their need for a peer competitor onto the robot, seeing it as a suitable companion. However, this
remains speculative and further research is needed.

The connection to a broader community, as envisioned in this role, is not commonly found in current
robotic applications in museums and science centers, according to the literature. However, research on
technology-enhanced informal learning explores approaches to fostering community involvement.
This aligns with the idea of museums and science centers as participatory spaces where visitors can
share and co-create knowledge (Simon, 2015)

The concept of robot-mediated insights into other visitors' questions and co-creation of a knowledge
base received strong support from children during both the ideation and evaluation phases. While the
reasons for their enthusiasm remain unclear, one possible explanation is that the robot’s ability to
provide examples or insights helps guide children's inquiries and sparks curiosity. Research by Hong
et al. (2023) suggests that children are often drawn to exhibits popular among other visitors, even if
they were initially uninterested. This implies that others' experiences inspire and shape children's
exploration. In this context, the robot's mediation overlaps with the functions described in Role 1, but
the focus here is on the social dimension.

This role highlights the importance of social interaction in learning. The children’s interest in sharing

knowledge with others during their visit may suggest a desire to be part of a larger learning
community and engage in more active knowledge exchange. From a sociocultural perspective, social
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collaboration provides significant learning opportunities. Since learning is seen inherently social and
knowledge is seen as distributed across communities, the robot’s role in facilitating visitor interactions
could potentially help.

6.2 Summarized Robot Roles

Combined, the conceptualization of robot in a science center in part aligns with the concept of a "robot
guide," previously used in museums and science centers. However, upon closer examination, there are
significant differences between the purpose and strategies of the existing roles and envisioned by the
participants. While in most existing studies, the personal guide's role implies tailored content, many of
the functions proposed by the children aim to support independent exploration rather than
straightforward content delivery. The functions can be aligned with the scaffolding strategies used by
educators as they help with children to complete tasks by orientation, cognitive structuring,
constraining the degree of freedom, and maintain motivation or encouragement (Tharp & Gallimore,
1988). This structured support can be gradually reduced as the child becomes more confident in using
the exhibits and understanding the purpose and potential outcomes of the activities. So, viewed
through the lens of social constructivist learning theories, the children's vision for the robot aligns
more closely with the concept of an age-appropriate scaffolding educator rather than a conventional
guide role as represented in the design of social robots.

6.3 Comparing Study Findings with Existing Research on Social Robot Roles

The roles identified in this study both align with and diverge from the use of social robots in science
centers, as explored in previous research. For instance, similar to the "robot guide" roles from earlier
studies, participants in this research imagined robots assisting with navigation and content delivery.
However, this study revealed that children envision robot roles extending beyond these conventional
functions. They suggested robots could provide broader support, including cognitive, operational,
social, and emotional assistance—areas that have not been extensively explored in current robotic
research.

When comparing the roles identified in this study with those from previous research, it is crucial to
recognize that research on social robots spans various domains, each with different objectives. For
example, in the technology-driven part of research in the human-robot interaction field, many studies
primarily focus on the technical aspects of interactions, often without critically analyzing the rationale
behind specific robot roles, (Baraka et al., 2020) as the role is merely a label and not the object of the
research.

In contrast, this study focused on exploring potential roles for robots without being limited by existing
technologies. This approach enabled a broader exploration of roles that might otherwise be constrained
by technological possibilities. Consequently, direct comparisons between this study and previous work
may be less relevant due to the differences in research focus and objectives.

Furthermore, this study drew inspiration from critical robotics research, deliberately avoiding
references to existing human roles. Instead, the guiding question throughout the study and workshops
was: "How can the robot assist in this context?" By approaching the problem from this angle, the study
encouraged novel role conceptualizations that are not bound by traditional assumptions.

Since this research was conducted within the context of IT and Learning, the identified roles were
examined through a learning perspective grounded in sociocultural and constructivist learning
theories. These theories informed the analysis and contributed to the emergence of roles that differ
from those seen in more technology-driven studies.
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In summary, the roles identified in this study were derived from the children's ideas and supported by
educational theory. Given this focus, directly comparing these roles with those from technology-driven
research may not be methodologically appropriate. Instead of making direct comparisons, these
findings from this research can complement existing research by offering a broader and more nuanced
range of roles, in contrast to the more limited and stereotypical roles often seen in technology-centered
studies.

6.4 Reflections on the PD Approach and Methods

Methodological Influence on Children's Perceptions of Robots.

While the preconceptions and conceptualizations of robots were not originally intended for direct
comparison in this study, examining them together reveals valuable insights. One notable observation
is the shift in children’s acceptance of robots in social contexts. During the interviews, children
primarily viewed robots as utilitarian tools, expressing reluctance to envision them in everyday social
or educational roles. However, findings from the workshops indicated a greater openness toward
considering robots in educational settings.

This shift in the children's perceptions can be explained, in part, by the methodological context in
which the data was collected. Interviews conducted before the children were exposed to the robot may
have prompted responses shaped by abstract representations of robots from media or previous
interactions with household devices and toys. Without direct experience with a specific robot model,
children's willingness to accept robots in social roles may have been constrained by these
preconceptions.

In contrast, the workshops offered an opportunity for children to interact directly with the robot,
observe its behavior within the exhibition environment, and recognize that it could function
appropriately in that context without posing any threat. This hands-on experience likely contributed to
their increased receptiveness to robots in educational roles. These findings align with prior research,
which suggests that perceptions of robots are strongly influenced by the context in which they are
presented (Sumartojo et al., 2021).

Thus, when interpreting findings, it is crucial to consider the context and method through which data is
collected. Different methods elicit different responses, none inherently right or wrong but rather
reflective of the specific context in which the perceptions were formed. The method frames the
insights gathered, and conclusions must account for the ways in which data collection shapes
children's perceptions of robots.

Challenges of Conducting Research in Authentic Settings

Conducting ideation sessions in authentic settings offers significant benefits. Children can generate
ideas while fully immersed in the environment where the robot will operate. This immersion allows
them to reflect on their experiences and imagine the support they would need from the robot. As a
result, the insights gained reflect both the potential roles of the robot and the children's lived
experiences.

However, conducting research in real-world settings also presents several challenges. One major
difficulty is managing distractions during the workshops. Exhibits or other visitors at the science
center can easily divert children's attention from the ideation task, making it difficult for them to
maintain focus. This challenge underscores the need to design activities that encourage sustained
concentration in these dynamic environments.

Data collection in such settings is equally demanding. Background noise from active exhibits and
other visitor groups can interfere with audio recordings. Additionally, children's natural tendencies to
interrupt one another or move around during activities further complicate data collection. Studies
conducted in science centers, often referred to as research "in the wild," emphasize these difficulties
(Wrobel et al., 2023). Given the unpredictability of these environments and the unique challenges
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posed by each exhibition, it was crucial to remain flexible and adaptable in managing the empirical
setting.

Challenges of Qualitative Data Analysis

Previous research on PD of robots with children emphasizes that children's ideas cannot be directly
applied to design without thorough analysis and require careful interpretation (Alves-Oliveira et al.,
2021; Obaid et al., 2024). Consequently, from the outset of my study, the research design was centered
on extensive data collection and multiple iterations, combined with a detailed analysis to ensure that
the children's ideas were accurately interpreted.

During the analysis process, it became evident that children's ideas expressed during ideation activities
were sometimes unstructured, and their vocabulary did not always clearly convey their intended
meaning. Thus, the task was not only to organize and systematize their input but also to interpret their
ideas reflectively through several iterations. This aligns with the reflective thematic analysis approach
described by (Braun & Clarke, 2022).

However, as pointed out by Serholt et al. (2023), one potential downside of interpretative analysis in
PD is the risk of losing the original input of participants during the interpretation process. While this
concern was raised primarily in the context of design, I believe it is equally relevant to the research
process. While qualitative research findings are inherently subjective (Silverman, 2020), it remains
critical to ensure they faithfully reflect the initial ideas of participants.

A common practice in qualitative research is the use of a collaborative approach to analysis, where
multiple researchers independently develop codes and then reconcile their interpretations (Cohen et
al., 2018). This collaborative process helps to increase the validity of the findings. However, in this
study, | conducted the analysis alone, which may have affected the validity of the findings. To
strengthen the study's reliability and depth, | employed triangulation of different data sources:
transcripts of audio recordings, field notes, and observations of children's actual behavior.

The need for triangulation became apparent as the study progressed. Relying solely on audio
recordings presented limitations, especially when interpreting ideation sessions where children
expressed ideas about Veta's potential roles while simultaneously interacting with exhibits and each
other. For instance, when a group of children played a video game about a moon landing, their verbal
contributions—such as "Veta could help with this, like, to tell us what this ... and this... and how |
press this ... and how do you move it?"—were often ambiguous without the accompanying visual
context.

In the absence of visual cues, | interpreted children's references based on my observations and
knowledge of specific exhibits. | created separate coding for locations, treating them as distinct
contexts in which ideas were expressed. By using NVivo, | was able to correlate the locations with the
desired robot assistance mentioned by participants and visualize these functions across different
settings. This would presumably reveal which ideas were most frequently mentioned and which
exhibits were discussed most often. However, from a sociocultural perspective, the frequency of an
idea’'s mention does not necessarily reflect its significance or level of acceptance among participants.
In group discussions, some ideas may be repeated due to group dynamics. For example, more active
participants might dominate the conversation, or certain ideas may gain traction simply because they
sparked further discussion or got approval. Acknowledging these factors, I chose to prioritize a
qualitative approach over a quantitative one when identifying themes. This allowed me to focus on the
depth and context of the ideas rather than counting their frequency.

6.5 Conclusion

The purpose of this study was to explore the roles of social robots in the science center as the children
envisioned. To understand their conceptualizations, a group of children participated in a Participatory
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Design process conducted within the real-life context of three exhibitions at Universeum. Through
thematic analysis of the children's expressed ideas during the design process, as well as observations
of their behaviors, three overarching robot roles and associated functions were identified. These roles
and functions were then compared with existing research on robot applications in similar settings. This
comparison revealed that the children’s ideas encompassed a broader and more diverse range of roles.
Viewed through the lens of learning sciences, the envisioned roles represent various forms of age-
appropriate scaffolding across different learning contexts, from guiding initial exploration and
facilitating deeper engagement with exhibits to supporting interactions within the broader community.

6.6 Implications

The insights derived from this study present several implications for the design and implementation of
social robots in informal learning environments. Designers of social robots may find inspiration in
incorporating pedagogically informed scaffolding approaches into the interaction scenarios within
these settings. Additionally, the findings hold significance for educators and designers in science
centers, as children's perceptions of enhanced experiences can help identify potential areas for
improvement. These insights may open new design opportunities, addressing existing challenges and
further enriching the learning environment.

This research also contributes to the expanding literature on robot-assisted informal learning and
children’s perceptions of social robots.

6.7 Limitations

In the Discussion section, several limitations related to the methodological choices have been
addressed. However, additional limitations should be mentioned:

- The participants were selected based on their interest in robots, which may not fully represent
a broader children's audience and could potentially introduce bias in their preconceptions and
further conceptualizations.

- Due to time and scope constraints, a full iterative design cycle could not be completed,
possibly leading to gaps in the insights gathered.

- The final testing workshop was not intended for evaluating the designs in a comprehensive
manner.
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Appendix 1 - Interview prompts




Appendix 2 — My Perfect Robot

Teachers' Negotiator

This robot can talk to your
teachers and convince
them to do whatever !

Fencing Coach

Robotic arms attached to a
wall - perfect compact
solution both for a fencing
school and for home!

Assistant

Helps with everyday things - from
cleaning your room to homework!

Always of your age and grows with you!

Can have fun like a kid! But has a brain of a
technology parent. So he knows
everything.

A friend that never annoys you!

If he does - just turn it off and put into the
wardrobe!




Happy Friend

This robot is both a maid that cleans
your room and a great friend!

Unique features:
* tells funny jokes
* plays your favourite music
* dances
* rides bicycle
* builds with Lego
« fully charges while you are at
school!

Functional Cleaner

Advanced room cleaner, toys-
organizer, cook, dishwahser - all
chores without any emotions,
feelings or talks.

Just work! Nothing personal!

This robot's unique projector can
teleport you to ANY place on Earth in
seconds!




Try doing crazy risky things
without any risk!

This robot san live through
ANY experience and
download the feelings to
you!

Elegant and smart, this she-robot
speaks multiple languages and makes
any difficult information easy to
understand.

Not only that!

She is trained to act professionally in
any emergency situation.

As her owner you will always be safe!




Appendix 3 — Script of the Story of Veta

“Once upon a time, in a far-off lab, Veta the robot was brought to life. She was no ordinary robot.

Veta was designed with a mission to help people; and with a mind full of knowledge, her destiny was
to help visitors at the science center.

Her artificial brain was full of facts and stories. She knew the names of the far away galaxies and the
exotic birds in the rainforest and everything about the human body;

Not only that! She also knew every corner in Universeum. Restaurants? Toilets?
Veta knew it all!

Eager to share, Veta couldn’t wait to meet ... the curious minds at Universeum. Veta - especially-
looked forward to meeting children. They were her favorite!!! Always full of questions! Imagination!
And laughter!

But when Veta arrived at the science centre, things didn’t go as planned.
She was told she was dumb. Oh no! Why did they think so?

Well, the new place was noisy and confusing. With so many people talking around her, Veta was
drowning in noise. Her ears couldn't tell one question from another: "What did they say!? Hey, who's
talking to me?"

She was too slow! ... When she did catch a question, she had so many facts in her head, she was
scared to mix them up. She wanted to double-check. It takes time. So, Veta paused before answering.
The science center visitors didn't like that. "Too slow...." - they said.

To add to her challenges, Veta discovered the world was much bigger than she had imagined. Visitors
spoke in many languages, but Veta could only speak Swedish.

These problems made her feel like her mission had failed...

But here’s where our story takes a turn, and it’s where you come in. This isn’t just the tale of Veta’s
struggles; it’s the beginning of an adventure, a mission not just to save Veta but to rediscover her place
in the Universeum. But she needs help! She needs our help - a co-design team made up of brilliant
minds.

We need your experiences, your imagination, your understanding, and your hearts to bring joy back
into Veta’s life and make the Universeum a place where everyone, including Veta, can learn and grow.



Appendix 4 - Prototype Robot Scenarios

Scenario 1:

https://youtu.be/BWQRIB-RsqY

Scenario 2;

https://youtu.be/j300rCGadCl

Scenario 3:

https://www.youtube.com/watch?v=JsK2XpMB2Dw&authuser=0



https://youtu.be/BwQRIB-RsqY
https://youtu.be/j3OOrCGadCI
https://www.youtube.com/watch?v=JsK2XpMB2Dw&authuser=0

Appendix 5 — Questionnaires for Workshop 3

1A

How interesting was Veta's
overview?

[ ] Super interesting!
[] Kind of interesting.
[ ] Not interesting.

Your comment:

1B

Did the overview help you decide
what to see first?

1 1t helped a lot!

L1 It helped a little.
[] ltdidn't help.

Your comment:

1C

Are you now more inspired to learn
about the human body after Veta's
overview?

] lam very inspired!
[] Can'tsay
[ ] Not inspired

Your comment:

1D

Would you prefer to start your visit
with Veta's overview or just explore
on your own?

] With Veta
[] Can’'t decide
1 By myself

Your comment:




2A

How interesting were Veta's
explanations during your tailored
tour?

] Super interesting!
] Kind of interesting.
] Mot interesting.

Your comment:

2B

Did Veta's tailored tour help you
exploring the exhibition?

] Veta definitely helped!

L] Mot sure

] Would be better by
myself

Your comment:

2C

Has the tailored tour inspired
you to find out more about what
Veta showed you?

] Yes, | want to know

even more!
] Not sure
[] l am less interested in

the topic than before.

Your comment:

2D

How much fun was the tailored
tour with Veta?

] Loved it!
L] It was okay

] Mot fun at all.

Your comment:




3A

How interesting was the
information Veta gave at the
station?

] Super interesting!
] Kind of interesting.
] Not interesting.

Your comment:

3B

Was Veta's assistance at the
station helpful for understanding
the exhibit?

L] Veta definitely helped!

] Not sure

L] Would be better by
myself

Your comment:

3C

Are you inspired to learn more
about this topic after talking with
Veta?

] Yes, | want to know

even more!
[] Mot sure
[] | am less interested in

the topic than before.

Your comment:

3D

Did you have more fun at the
station with Veta's help?

] More fun with Veta!

] It was okay
[] Mot fun at all.

Your comment:




4A

How interesting was the video
game when played with Veta?

] Super interesting!
] Kind of interesting.
] Not interesting.

Your comment:

4B

Did Veta make it easier to
understand what was happening
in the video game?

] Veta definitely helped!

L] Not sure

] Would be better by
myself

Your comment:

4C

Are you more curious about the
Digestive system after playing
with Veta?

] Yes, | want to know

even more!
[] Mot sure
[] l am less interested in

the topic than before.

Your comment:

4D

Was playing the game with Veta
more fun than playing it alone?

[] More fun with Vetal

] It was okay
[] Mot fun at all.

Your comment:




Appendix 6: Informed Consent

Participant Parent Information Form for Participation

Study of Children's Perception of Generative Al Conversational Robot at a Science Centre
Through Participatory Design Activities at Universeum

You are invited to participate in a research study about how children perceive the generative Al
conversational robot (Al Robot) at the Science Centre. Before you decide, please take the time to read
the following information carefully and discuss it with others if you wish. Ask us if anything is unclear

or if you would like more information. If you choose to participate, you will receive a copy of this
information sheet.

Thank you for considering participating in this study. Your contribution to our understanding of
learning is greatly appreciated!

What Is the Purpose of the Study?

Universeum's mission is to make science both accessible and engaging for everyone. In line with this
mission, Universeum is introducing - a social robot powered by generative Al. The technology allows

the robot to understand and respond in natural language, making it easier for all visitors, especially
children, to interact with.

Given that children are some of the most frequent visitors, it is crucial to ensure their experiences with
the robot are enjoyable and enriching. However, designing a robot that is both approachable and
educational presents a unique set of challenges. To address them, a Participatory Design (PD)
approach will be used. This involves inviting children and parents to become active members of the
design team, ensuring their voices are heard and valued. The PD approach tailors methods specifically
for a diverse group of participants, enabling effective idea sharing and collaborative learning.
Universeum's goal is to design a robot that genuinely resonates with the young audience, enhancing

their experience during the visits.

The PD project encompasses interviews and two workshops designed to mirror a real-life design

process. The first workshop is aimed at generating ideas for the robot's appearance, behavior, and

visitor interactions. The subsequent workshop focuses on testing and refining these ideas using a
prototype.

Apart from the design-related objectives, his initiative forms the basis of the Master's thesis by Xenia
Panayot, a student in IT & Learning of Gothenburg University. Xenia's study explores the field of
child-computer interaction. By analyzing both the process and outcomes of the PD activities, her
objective is to gain insights into children's perceptions of robots in informal learning environments.
The aim of the PD activities, therefore, is not only to inform the design of the robot but also to
contribute to the broader understanding of how children engage with technology in learning contexts

Your participation is invaluable in achieving these design and research goals.



How the Study is Conducted?

Interview: The first phase of the project involves individual interviews with all children. These
interviews will last about 30 minutes and can take place either at Universeum or another location,
depending on what we agree upon together. We can schedule these interviews from February 1th to
February 21st.

Workshops: The workshops are scheduled to be held at Universeum on February 28th, March 1st,
and March 20th.

Both the interviews and workshops will be audio-recorded. These recordings will be transcribed to
remove any identifying information, ensuring anonymity, before being analyzed. The transcriptions
will only be accessible to members of the research team.

Data Protection & Privacy

All personal information that can identify participants will be removed from the data. All data
handling will comply with the General Data Protection Regulation (GDPR). Once the data have been
collected, they will be stored on a password-protected computer in accordance with rules for handling

research data.

Withdrawal of Consent

You can withdraw your consent at any time without explanations of your reasons.

Contact Information

Xenia Panayot: guspanxe@student.gu.se 072-538-94-39

Supervisor: Lena Pareto lena.pareto@universeum.se

Participant Information Form for Participation

Study of Children’s Perception of Generative Al Conversational Robot at a Science
Centre Through Participatory Design Activities at Universeum

You are invited to participate in a research study about how children perceive the generative Al
conversational robot (Al Robot) at the Science Centre. Before you decide, please take the time to read
the following information carefully and discuss it with others if you wish. Ask us if anything is unclear
or if you would like more information. If you choose to participate, you will receive a copy of this
information sheet.

Thank you for considering participating in this study. Your contribution to our understanding of
learning is greatly appreciated!

What Is the Purpose of the Study?

Universeum's mission is to make science accessible and engaging for everyone. In line with this
mission, Universeum is introducing a robot for children. The technology allows the robot to
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understand and respond in natural language, making it easier for all visitors, especially children, to
interact with.

Given that children are some of the most frequent visitors, it is important to ensure their experiences
with the robot are enjoyable and enriching. However, designing such a robot presents a unique set of
challenges. Participatory design (PD) workshops where children will be the experts will address these
issues. This involves inviting children to become active members of the design team, ensuring their
voices are heard and valued. The PD approach tailors methods specifically for a diverse group of
participants, enabling effective idea sharing and collaborative learning. Universeum's goal is to design
a robot that genuinely resonates with the young audience, enhancing their experience during the visits.

The PD project includes interviews and three workshops designed to mirror a real-life design process.
The first workshop is aimed at generating ideas for the robot's appearance, behavior, and visitor
interactions. The subsequent workshop focuses on testing and refining these ideas using a prototype.

Apart from the design-related objectives, his initiative forms the basis of the Master's thesis by Xenia
Panayot, a student in IT & Learning of Gothenburg University. Xenia's study explores the field of
child-computer interaction. By analyzing both the process and outcomes of the PD activities, her
objective is to gain insights into children's perceptions of robots in informal learning environments.
The aim of the PD activities, therefore, is not only to inform the design of the robot but also to
contribute to the broader understanding of how children engage with technology in learning contexts.

How the Study is Conducted?

Interview: The first phase of the project involves individual interviews with all children. These
interviews will last about 30 minutes and can take place either at Universeum or another location,
depending on what we agree upon together. We can schedule these interviews from February, 1 to
February, 22.

Workshops: The workshops are scheduled to be held at Universeum on February 28th, March 1st,
and March 20th.

Both the interviews and workshops will be audio-recorded. These recordings will be transcribed to
remove any identifying information, ensuring anonymity, before being analyzed. The transcriptions
will only be accessible to members of the research team.

Data Protection & Privacy

All personal information that can identify participants will be removed from the data. All data
handling will comply with the General Data Protection Regulation (GDPR). Once the data have been
collected, they will be stored on a password-protected computer in accordance with rules for handling
research data.

Withdrawal of Consent

You can withdraw your consent at any time by contacting us.

Contact Information

Xenia Panayot: guspanxe@student.gu.se 072-538-94-39

Supervisor: Lena Pareto lena.pareto@universeum.se
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Consent Form

Study on Children's Perception of Generative Al Conversational Robot at a Science Centre Through
Participatory Design Activities at Universeum

I, , consent for my child,

, to participate in the research project titled "Study of
Children's Perception of Generative Al-based Robot at a Science Centre Through Participatory Design
Activities at Universeum" conducted by Xenia Panayot who have discussed the research project with
me. | have received, read, and retained a copy of the information. | have had the opportunity to ask
guestions about this research project, and | have received satisfactory answers. | understand the
general purposes, risks, and methods of this research project.

I consent to participate in the research project, and the following has been explained to me:

e the research may not be directly beneficial to me

e my participation is completely voluntary

e my right to withdraw from the study at any time without any consequences for me

o the risks, including any inconvenience, discomfort, or harm as a result of my participation in
the research project

e measures that have been taken to minimize any potential risks

e what is expected and required of me

e whom to contact with complaints about the research or the conduct of the research

e that | can request a copy of the research findings and reports

¢ information about the safety and privacy of my personal information.

In addition, we consent to:
audio recording of all or parts of the research activities described above

publication of the results from this study provided that our identity is not disclosed.

Name:

Signature:

Date:
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