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Abstract

Al-driven conversational agents are increasingly explored as educational tools, there
is however little information about visio-verbal systems that combine voice interaction
with tangible visualizations. This thesis investigates TellUs, an Al-driven, voice-interactive
globe that answers STEM-related questions while simultaneously projecting visualiza-
tions on a spherical display. The aim is to examine how children experience interact-
ing with TellUs, whether its responses are perceived as relevant and pedagogically valu-
able, and which interaction patterns can inform future design improvements. An ex-
ploratory, mixed-method field study was conducted across two naturalistic contexts (a sci-
ence center exhibit and a classroom pre-pilot). Data was collected through observations,
semi-structured interviews with students and a teacher, and an emoji-based questionnaire
adapted from the System Usability Scale and the Chatbot Usability Questionnaire (N = 77).
Qualitative data were analyzed using thematic analysis. The results suggest that TellUs
is generally experienced as notably engaging and usable, with a mean composite usabil-
ity score of approximately 69/100. Students reported positive impressions of the system'’s
social tone and the willingness to reuse the TellUs system, and the students described the
combined visual-and-verbal presentation as supportive for their perceived understand-
ing. However, repeatedly occurring breakdowns, especially mishearing by the speech-
recognition feature, long or complex answers, and turn-taking friction in group settings
can disrupt the learning flow and decrease the social comfort. The findings give real-world
evidence for this under-studied interaction form and suggest design priorities such as age-
adjusted response length and complexity, better support for group use, and safeguards for
misinformation.
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Introduction

The modern educational technology is transforming due to recent advances in artificial intel-
ligence (AI). Al technology-enhanced tools often promise a more personalized and engaging
learning experience compared to traditional methods for students[20]. Interactive Al chatbots
have been explored as on-demand tutors, where they answer questions, give explanations,
and even guide exploration for students [19]. This could help alleviate some of the challenges
teachers face in the classroom, such as providing personalized support. Meanwhile, different
immersive visualization technologies (e.g., VR/AR) are developing, being increasingly ex-
plored, and taking a larger place in education, particularly science education [10]. According
to research in interactive learning, tangible visual aids combined with live Al feedback may
help students understand by encouraging exploration [1]. As an example, a physical sphere
or globe is a very familiar artifact for visualizing the Earth and sciences related to the Earth.
When combined with an Al chatbot, it can become a more dynamic platform that responds
and teaches students in their own native language. In essence, this is what the project TellUs
is about, the interplay between Al, learning, and visualization to help students learn Science,
Technology, Engineering, and Mathematics (STEM) subjects more effectively.

Many students are familiar with modern voice assistants such as Google’s "Google assis-
tant” and Amazon’s "Alexa", which use speech recognition and natural language processing
to communicate, and use these systems frequently at home. The systems can usually tell sto-
ries or fetch facts and answer questions, which may in turn lower barriers for children that
do not yet read or that are auditory learners. Research shows that some children treat their
voice assistants as humans, treating them as a conversational partner. [32] In the same way,
students could ask the Al globe about topics related to science topics and receive answers
that are tailored to the context, as if getting answers from a guide. This fits well with child-
centered interaction design, which is that the interface should be easy to learn, effective to use,
and also enjoyable for children [9]. An interactive learning tool must therefore be easy to use,
effective, but also fun for the children. It is in this context that the TellUs globe works best, by
using Al which in this case is a conversational agent capable of answering STEM-questions,
and implanting it in the interactive globe, a learning experience may be achieved. In this the-
sis, the technological and educational background of TellUs is introduced, it is then situated
in current research on Al, and lastly the thesis examines how children experience interacting
with a system like this and how it may contribute to curiosity, engagement, and perceived
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understanding of STEM-related content, especially from socio-economically underprivileged
schools.

1.1 Motivation

The motivation for this thesis is two-fold: first, gaps in the human-Al interaction and learn-
ing, and second, education. Students are in need to improve their knowledge in the STEM
subjects, and many students fall behind in school due to different paces of the classrooms and
large class sizes, which neglects their need for having an individually tailored education [20].
In this regard, an Al-driven globe has the potential to serve as an additional interactive re-
source for students, one that may support curiosity, engagement, and access to STEM-related
content in ways that complement classroom teaching.

1.2 Aim

Given the above context, the aim of this thesis is to explore how children experience inter-
acting with an Al-driven, voice-interactive globe in STEM-related settings and to evaluate
the system from a user experience perspective. In particular, the study seeks to investigate
the interactions between students and the TellUs system and determine whether the system’s
responses are perceived as relevant, accurate, and pedagogically valuable. The ultimate pur-
pose is to generate insights that can be used to reflect on how such systems may be mean-
ingfully integrated into STEM learning contexts and to inform the design and refinement of
Al-based interactive learning tools, ensuring they truly enhance educational outcomes and
user engagement.

1.3 Research questions

To fulfill this aim, the research addresses two questions:

* RQ1: How do children experience the interaction with the Al-driven globe, and to what
extent does the system deliver relevant and pedagogically valuable answers?

e RQ2: What interaction patterns emerge during real-world use of the TellUs system,
and what do these patterns imply for improving system design and the overall user
experience?

1.4 Approach

In this thesis, the following methodologies will be used to answer the research questions:
* Observations of how students interact with the TellUs sphere in practice.

* User-experience questionnaires based on system-usability and chatbot-usability mea-
sures.

¢ Semi-structured interviews, inspired by Mashinchi (2024), to explore perceptions of the
sphere’s pedagogical value and how well the TellUs sphere fits in the classroom.

The TellUs artifact used for the study is an educational, spherical system, used for outreach
and classroom activities, displaying the earth augmented with different data sets, and a
context-specific language model that answers questions about STEM via speech, explaining
the datasets that are projected on the sphere. Its limitations are that it has speech recognition
tuned to a specific Swedish accent, and that the scope of its contents are limited to the datasets
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it is provided. Also, since it does not record audio or video, the information it receives are
limited to live observation.

Assumptions and delimitations that are used are a target group of pupils aged between
10-14, the environment is one classroom and one science-center setting, Al knowledge base is
static during the study, model updates are frozen, and lastly, all the questions are in Swedish,
which puts multilingual behavior outside the scope.

1.5 Contributions

This thesis contributes to research on Al in education by studying a type of system that has
gained limited attention. Namely, a visio-verbal learning tool that combines voice interaction
with a spherical visualization display. Previous research has examined educational chatbots,
voice assistants, and interactive visualizations, but the number of studies that have looked at
how these elements work together in one system for children’s learning, is limited.

The thesis makes three contributions.

1. It provides an empirical study of how children experience interacting with the TellUs
globe in two real-world settings, a science center and a classroom.

2. It shows how observations, interviews, and an emoji-based questionnaire can be com-
bined to evaluate children’s experiences of an Al-supported learning tool.

3. Itidentifies design implications for future development of TellUs.



Background and Related Work

In this chapter, the theoretical context for evaluating user experience and Al-driven inter-
action in the TellUs project, will be presented. Without going to depth, the foundational
background will be provided in section 2.1, and a related work section in 2.2. Specifically,
the methodological and theoretical base for using Al chatbots in educational settings, as well
as how user experience (UX) may be evaluated in an educational context. Section 2.1 will
focus on these approaches and information of the background, while section 2.2 will analyze
and study prior work and research related to the topic. With writing the background chap-
ter, the scientific base for this master thesis will be established and clarified, explaining how
an interactive sphere with an Al-driven dialogue may positively impact education for STEM
subjects.

2.1 Background

In tandem with the development of Al, educational chatbots (also known as conversational
agents or dialogue systems) have increased in popularity, with attempts being made to inte-
grate it into the educational system. A key purpose of these educational chatbots are to mimic
human conversation, whether it be through written text or voice, as accurately as possible, so
that they may answer questions by students in a natural language, either spoken or written,
without requiring predefined commands. There is literature that suggests integrating chat-
bots into education can have great benefits for not only students and the ones learning, but
also for teachers and instructors [20]. For students, the systematic review by Labadze et al.
indicated three main areas that are benefited by Al chatbots: Homework/study assistance,
personalizing the learning experience, and the development of skills. All of which are core
features of the modern educational needs of students. For educators, the main benefit lies in
the ability for the Al chatbots to act as a virtual assistant, helping the educator with routine
tasks which helps save time of the educator, thus increasing efficiency [20]]. This may in turn
help common challenges of the modern education system like too large classes or diverse
needs of students.

However, Labadze et al. also mention that the benefits of Al chatbots in education is con-
ditional, given that certain challenges are overcome. These challenges include the reliability
and accuracy of the information that is provided, as well as ethical considerations.[20] For
example, it is important that the issues of data privacy and bias in the provided answers are
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addressed as well as the answers being factually correct as well, otherwise the trust between
the students and the Al chatbot may erode. For these reasons, integrating Al into education
should be done with caution. A key gap here is what researchers refer to a need for assess-
ment of how well the Al chatbot actually improves learning outcomes or student engagement
besides from just showing new technology [37]. By evaluating the user experience and what
the TellUs conversational agent does, this thesis hopes to address this gap.

The fast progress in Al conversational agents and Al technology in general has established
a notably strong foundation for the modern educational chatbot. Especially the advances in
large language models (LLMs) have made conversational agents much more context-aware
and natural in their communication. Chatbots like OpenAl’s ChatGPT and Anthropic’s
Claude have revolutionized human-AlI interaction because of their ability for detailed gen-
eration and context-aware responses [20]. The key that makes these systems work so well is
that they are massive neural network language models that are trained on giant text datasets,
this is what gives them the ability to generate human-like responses. This, in turn, opens
new possibilities for Al-driven tutoring and education. According to Soni et al. (2022), when
done right, the Al chatbots may even be preferred to traditional interfaces [33]. All of this
indicates that there is a solid and robust scientific base to support using LLM-driven chatbots
in Al-supported education. They can act as an always available tutor or teaching assistant,
but they come with the limitations of Al chatbots, for example hallucinations. Successful use
relies upon drawing from the strengths of LLM-driven chatbots while managing its limita-
tions.

A core feature of the TellUs project is the Voice-interactive agent. In an educational set-
ting, where accessibility and natural interaction is desired, speech which is a natural form
of communication may be suitable particularly for children who may not have developed
skills such as typing, or who may find spoken dialogue more fun or engaging. By allowing
users to ask questions out loud and hear responses, a voice-interactive agent may create a
learning experience that feels closer to interacting with a storyteller. An industry recommen-
dations report by Boston children’s digital wellness lab (2024) stated that “Many children
seem to form relationships with Voice Assistants, and younger children are more likely to
believe that Voice Assistants have qualities of real people” which is a tendency that could be
leveraged for educational purposes [5]. For example, by asking questions that encourage the
children to explain their reasoning so that active learning may be achieved through the con-
versation. However, it is very important to use design cues to remind the children that the
agent is artificial, such as using a slightly robotic voice or the voice agent referring to itself as
a computer so that the children do not evolve parasocial relationships or to avoid confusion
linked to the voice interactive agents. [5]

According to the same report, the hands-free and eyes-free interaction can be useful for
students that are multitasking, for example when conducting physical experiments or in the
case of TellUs, interacts with the artifact. Using voice interactive agents for storytelling fol-
lowed up with questions to the children increases the children’s story comprehension and
engagement to the same level a human reading partner would have, which enforces the key
purpose of voice interactive agents and Al: to act as a conversational partner and help the
learners to reflect and articulate, which makes learning easier.[5]

However, conversational agents do not guarantee educational effectiveness. In a study
by Neiffer (2018), which used Apple’s Siri voice assistant as a teaching aide, found no clear
or substantial association of good grades from the lone use of the voice assistant, which is
discussed by Terzopoulus & Satratzemi (2020). In the case of TellUs, the voice assistant is
integrated into the sphere and encourages students to ask scientific questions, with the aim
to foster a sense of curiosity in the children. This suggests that by engaging the students
in dialogue, these systems can encourage and promote active involvement, which in turn
can stimulate reasoning when compared to traditional forms of learning, like reading pas-
sively. [37] Voice interaction could create a more inclusive user experience, one that includes
students that may have vision impairment, reading difficulties, or other types of challenges,

5
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taking into account the need for alternatives for the students with speech impediments or
similar disadvantages. Conclusively, voice-interactive agents may, with careful thought for
design and integration, help educate students through natural communication and inclusiv-
ity:

TellUs is not only a voice-based chatbot, it is as much a spherical display that projects dif-
ferent types of visual data onto a sphere or globe. This is known as multimodal interaction,
which is the involvement of more than one type of input or output. In the case of TellUs, the
combination of the interactive spherical display and the conversational Al exemplifies multi-
modal learning, where the different types of input and outputs are supposed to enhance each
other for a stronger educational experience. According to the Cognitive Theory of Multime-
dia Learning [3]], people learn more effectively when information is processed through visual
and verbal channels, when compared to just a singular type, since multimodal use helps
build mental connections through images as well as words, which in turn increases knowl-
edge retention and a general deeper understanding. In the TellUs project, the visual part is
fed through the sphere shaped display, for example through the climate data displayed while
the verbal part of the modality is delivered through the spoken explanations of the conver-
sational Al This helps the students get both the visual and auditory representations of the
same concept at the same time. The student could for example ask a question, "how has
the sea temperatures changed over time?" which may result in the TellUs sphere describing
sea temperatures while projecting an animation of the sea temperature over time. This syn-
chrony of visual data and narration can make what seems like an abstract scientific concept
more concrete and understandable [3]. Another important distinction is that some students
learn better through auditory means and other through visual ones. By using a multimodal
system, both types may be catered to by the unified experience given by the TellUs sphere.
In the context of TellUs, the multimodal interaction relies on the educational assumption that
combining multiple outputs and inputs results in a greater learning experience by being more
engaging and effective. The voice modality contributes with a personal touch and adaptabil-
ity of a conversational Al, the visual modality contributes context. Together they mimic how
humans naturally integrate both spoken language and vision when interacting and learning
about the world.

There are distinct advantages in using spherical displays that may not be found in using
flat screens. The 360° shape of the sphere allows for students to gather around it, which
makes sure each student gets a view. Research in human-computer interactions involving
spherical globes shows that children tend to move around a globe and gesture to different
regions while discussing [34], which could make the learning experience more social and
active, encouraging collaboration and natural exploratory behaviors. The immersive nature
of the sphere can help create a sense of awe in a museum setting or in a classroom, which can
help capture attention effectively. All these considerations have been taken when designing
TellUs, since the goal is to create a school program that not only conveys information but
manages to at the same time invite students to engage physically as well, like pointing or
rotating the globe. Previous research indicates that interactive visualizations of global data,
for example plate tectonics, can if paired with some form of guided narration, create curiosity
and discussion among the visitors. [34,15]

All of the technologies described above would be useless without a well-designed user
experience (UX), especially in the context of educational technology. Because each child’s in-
teraction time is limited, learnability and immediate clarity in the interface are important so
session time is spent on learning instead of trying to figuring out the Ul Focusing on a well
designed user experience has foundation in research, especially in human-computer interac-
tion. Intuitively, if students and teachers do not enjoy the use of a tool if they do not find
it helpful, the likelihood of them abandoning the tool before they benefit from it increases.
Therefore, evaluating UX should be considered a central process when researching educa-
tional technology. In the context of TellUs, evaluating UX means to systematically determine
how the users (which in this case are students and teachers) interact with the sphere, how

6
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they feel about that interaction and how it helps to support their goals (in an educational
context). To do this, aspects such as usability (ease of use), engagement (willingness to con-
tinue interacting, attention), usefulness and satisfaction are measured. Research methods that
are used for UX and that are established will be used, which includes observation, question-
naires, and interviews. A common method that is used in these types of measurements is the
System Usability Scale (SUS).

Academic research on educational chatbots can identify and prioritize the UX parts that
matter most to students and teachers. An important finding is that with conversational inter-
faces, user engagement can be high even if classic usability scores do not rank them higher
than a simple interface. Soni et al (2022) compared a chatbot to a more traditional web form
where the test participants were tasked with gathering information. They found that the test
participants perceived the chatbot interface as more interactive and engaging than the tradi-
tional form, with most users preferring the chatbot. The chatbot did however not outperform
the web form with respect to efficiency and usability [30]. This result reflects that engage-
ment and usability are two separate dimensions within UX, and an interactive learning tool
like TellUs should score high on both of these dimensions. It should not only capture the
students interest (which might not be hard compared to a textbook) but it should also not
cause frustration or confusion. Since the evaluation framework used in this thesis consists
of several UX criteria, we combine quantitative measures about enjoyment and usability to
name a few examples, with qualitative feedback from students about their experiences with
the TellUs sphere. The thinking behind this is that there is a correlation between positive UX
and effective learning. If a student would find the TellUs sphere fun and intuitive, they might
spend more time with it exploring questions and data and therefore become more exposed
to the scientific content being taught by the TellUs sphere. Any UX pain points (a user’s frus-
tration or obstacle when interacting) runs the risk of interrupting the flow of learning and
should therefore be found and mitigated.

Another important part is something called contextual acceptance (the level of user tol-
erance depending on situation and context) in the educational environments. Parents and
teachers hold great sway and may influence any potential adoption of Al tools in the school
environment. Because of this, it is important to include teachers perspectives and views on
Al assistants. A qualitative study by Mashinchi (2024) explored the teacher’s views on chat-
bots as classroom assistants. The study revealed that teachers seem to see benefits of Al use
in classrooms, which includes benefits such as increased student engagement, an administra-
tive efficiency through the automation of smaller tasks, and the offloading of the pedagogical
labour for the teacher. [25] These revelations would support the idea that a tool like Tel-
1Us could offload work from guides and capture the curiosity of the students. In the same
study, teachers mentioned challenges such as technical issues or the social and emotional im-
pact on the students [25]. The evaluation made in the thesis will discuss these issues, for
example if the Al confuses or misleads the students by answering inaccurately or inappro-
priately. Mashinchi (2024) shows that for the integration of Al to be effective, there must be
an approach rooted in collaboration. Introducing a technology such as TellUs should involve
teachers in both the design as well as the deployment. Technical needs and the smoothness
of the technology should be addressed. This approach is accounted for in the designing of
the TellUs user experience, by for example, including feedback from teachers and pilot tests
for the technical aspects.

To sum up the background concepts presented, the scope and span of this thesis is from
the educational justification of conversational Al and multimodal learning, and the human-
centered perspective when evaluating user experience. Modern research has established a
stable scientific base for the idea that an Al driven, voice-interactive sphere could make a
positive impact on learning STEM subjects by making it more engaging and accessible. Al
chatbots could personalize assistance. [20] Voice interaction could help with providing a
more natural way to communicate, which could benefit students that do not find text-based
information stimulating [35]. At the same time, research reiterates the need for caution when
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implementing Al, which is why it must be verified that TellUs works as intended by being
accurate, usable and makes an positive impression in the educational setting. [20, 35] The
background written in this thesis will be the foundation on which the methodology is built,
which makes sure that the thesis is based on scientific and established knowledge and that it
can address the gaps identified by other researchers.

2.2 Related work

2.2.1 Chatbots in education

The use of AI chatbots and virtual assistants in educational settings has been studied
widely in recent research, some of this research indicate that chatbots can support students,
mainly through on-demand help, personalized feedback and development of their skills [20].
Labadze et al. (2023) found that students can benefit from chatbots in several areas, such
as homework assistance and personalized learning to name two. Educators seem to value
the time-saving and pedagogical support of these Al agents instead. The same paper also
stresses the challenges tied to reliability and accuracy of Al responses, amongst other ethical
concerns. this means practically that teachers do have mixed feelings about the prospect of
integrating Al chatbots into the classroom. In a qualitative study by Mashinchi (2024), it was
reported by teachers that a chatbot could increase the engagement of students and reduce
the number of administrative tasks, but at the same time also worries about technical glitches
an societal or emotional impacts on students [25]. So while educational chatbots do seem to
hold some promise, it is at the same time important that training and design be carried out
so that these worries may be dealt with [25]. Like Mashinchi’s findings, Wollny et al. (2021)
found that the research that is being made on educational chatbots are still developing, and
many of the implementations are still at a developing or pilot stage. To better understand
how Al tutors can help human teachers, a clear need exists for more user-centric evaluations,
especially for children aged 12 and under.

2.2.2 Voice-based conversational agents for learning

with the rapid increase of different voice assistants (like Amazon’s Alexa and Google as-
sistant), investigations of these voice-based Al has increased, both in formal and informal
learning environments. Terzopoulus and Satratzemi (2020) studied how these voice assis-
tants and smart speakers might be used for education, in which they concluded that the area
of voice assistants is still in its early stages [36]. Early data are carefully optimistic. For ex-
ample, some classroom pilots have reported an increase in the curiosity and engagement of
students with voice input, on the other hand, the evidence is limited and not yet organized
well [36]. Some of the important challenges were voice Als lack of support for numerous lan-
guages and dialects which raises concerns for inclusivity. Another challenge was privacy and
safety concerns, and that they must be addressed before expanding always-listening devices
[36]. Despite these challenges, voice interfaces do enable a fascinating advantage for young
learners who either cannot read or that prefer to interact through voice and sound. These
interactions between children and voice assistants is a growing area of research. It seems that
many children, especially younger ones, tend to treat voice assistants that they are familiar
with somewhat as social beings, in the way that the ascribe human-like traits to them. These
traits are selective and changes with the age of the child. For example, in surveys the children
would in more than half the cases, say that a voice assistant is "smart" or that the voice assis-
tant is their friend. This indicates a form of parasocial relationship that the children develop
with the voice assistants. [13] Preschool children (ages 3-6) often ascribe human-like feelings
to conversational Al, and there is evidence that younger preschool children do this more of-
ten than older ones do.[38] This dynamic of ascribing human-like feelings to Al is something
that can be leveraged for the purposes of education. A friendly voice agent that encourages
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and responds like a human person would, could increase motivation and the engagement of
the students when solving different problems and tasks. Research shows that when learners
feel an emotional connection to a character (or agent in this case), learning can improve [22].
The literature seem to show that voice based Al can be a promising tool for learning things,
and making knowledge accessible through natural, human-like speech can be implemented.
It is however important that it is implemented with care and attention to the intricacies of
child-computer interactions, as well as the accuracy of the knowledge that is being taught.

2.2.3 Multimodal interfaces

Besides different Al systems that communicate through voice or text alone, multimodal sys-
tems are systems that combine both conversational Al and interactive visualizations. The
principle behind these types of systems are the theories of learning through multiple chan-
nels (such as auditory, visual or tactile) which can help create a deeper learning experience,
especially when social cues are used to increase the interest of the learner. [17] Bechtold (2017)
discuss how adding different social cues like an on-screen character or voice similar to that
of a character or person, can lead to better attention and recalling of memories. This idea
is known as the social agency effect in multimedia learning. In science education, tangible
interfaces, meaning interfaces one can touch or interact with physically, are known to make
concepts that appear as abstract more concrete. Relevant to this thesis is the work on digital
globes and spherical displays used as educational tools. In a paper published by Liou et al.
(2018), they developed a Digital Interactive Globe System (DIGS) for earth science classes,
where students could explore geographic data on a physical sphere. In a controlled study,
those who learned using the digital globe outperformed greatly the control group that did
not use digital globes when learning, in a test post-lesson. [23]] This is consistent with studies
that show how interactive visualizations can improve the learning outcomes by inviting cu-
riosity and engage their spatial thinking. Spherical globes have also been used in less formal
learning environments, such as science centers and museums. Soni et al. (2019) reports that
touch-enabled, interactive globes create rare chances for collaborative learning in different
public spaces. [34] There was a marked difference between how children engaged the sphere
and how adults engaged with the sphere. Adults usually had someone that would interact
while the others would watch. The children on the other hand would move around more, and
act independently on different sides of the globe, while the adults were less likely to move
around. [34]. This difference is important and tells designers that in order for the globes to
be kid-friendly, they must support simultaneous input from several children and encourage
exploration from all angles of the sphere.

2.2.4 Emojis in education

Fane et al (2018) observes that research that prioritizes and centers on written text, end up
excluding the youngest children that have yet to learn to write properly. For these children,
the use of emojis can help broaden the communication and help the children to understand
by giving several different ways of understanding the information on their own way. Emojis
are an interesting tool since its universal, language-free way of communicating in a way that
is understood by young children. [12]

In their paper, Fane et al. (2018) show that methods that use of emojis can be used to in-
crease the engagement and agency among the children participants. In their study, children
varying between the ages of three to five were given emoji cards used to bring out the chil-
drens understanding and thoughts of well-being [12]. On these cards which were laminated,
there were large emojis representing different emotions and objects. The children were al-
lowed to physically handle these cards, choosing the ones that they felt resonated with them.
With intentionally vague prompting, the children were asked questions in which they them-
selves took the lead in, with their own words, interpreting the different emojis and what they
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mean. This allowed the children to express themselves in ways and explain concepts that
would have been difficult to do in writing. By using emojis, the children could be kept ac-
tively involved, and be invited to give richer responses, since colorful faces are fun to engage
with.

By returning agency to the children through allowing them to interpret emojis through
their own feelings as mentioned above, a shift in the power dynamics occurs between the
children and the adults. According to Fane et al. (2018), the act of including emojis as a
research tool returns some power to the children, since they rely less on questions being di-
rected by adults and thus being tainted with the adults own biases. Instead of, for example,
responding to what they believe the adults want to hear, the children will select the emo-
jis they want to talk about and that they feel are relevant, helping them creating their own
concepts. The method created the space that helped the children decide what they felt was
important to share, overcoming the literacy barrier.

To summarize, the related research spans the conversational Al in education (chat-
bots), voice-based conversational interactions, multimodal interfaces (interactive visualiza-
tion tools), and touches upon the topic of using emojis in methods connected to children.
A system like TellUs blends these domains to create something that is unique. Most of the
research today is about text-based or voice agents on regular computer screens [20]. At the
same time, most studies on spheres have not contained any intelligent conversational agents.
[36]. This thesis will combine both these domains, borrowing from the idea of a Al chatbot
and turning it into a multimodal, visio-verbal interface, while leveraging insights and infor-
mation from all of the domains. By having a conversational agent inside a physical artifact
such as the globe, the hope is to increase the learning of STEM subjects for children. This
related work sets the groundwork for that by showing the educational usefulness of chatbots
and interactive globes separately. While maintaining the important considerations such as
privacy, trust, usability and engagement that is needed when developing a system such as
TellUs.
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Methodology

3.1 Research Design

For this thesis, a qualitative and exploratory research design is implemented to examine and
study how children interact with and participate in the TellUs voice-activated chatbot. A
qualitative approach was chosen since the goal is to explore and create an understanding
of the children’s user experiences and perceptions at a deeper level, rather than testing a
predefined hypothesis. According to Creswell (2014), a qualitative approach is suitable when
trying to capture the meanings individuals give to a phenomenon [11]. For the intents and
purposes of this thesis, the phenomenon is the multimodal interaction between children and
the Al-driven sphere in real-world contexts, which is both in the classroom and the science
center setting. The design is exploratory in nature because the TellUs sphere is a new type of
educational technology with relatively little prior research available, so to gain unexpected
insights or identify a particular theme, an open-ended type of analysis is needed [11].

To strengthen the validity and robustness of the thesis based on the complexity of ex-
amining the user experience of the children, the thesis will use several qualitative methods
supported by quantitative methods. The thesis will use methodological triangulation, which
is the use of several methods, to create a more complete understanding of a question or phe-
nomenon [8]. By triangulating observation data, interview data and the questionnaire data,
the analysis can identify consistencies in the findings to gain an improved understanding of
the TellUs user experience. Triangulation is therefore a technique to increase the credibility
by simply seeing if several sources point to the same conclusions or not, which simplifies the
recognition of an actually occurring pattern if there are any.

The research design was chosen as an exploratory case study in two different natural set-
tings, the science center and the classroom, with three types of data collection methods, where
two of them, the observations and semi-structed interviews, are qualitative. The design was
chosen to be exploratory because one of the main objectives is to gain insights that can lay
the foundation for a future hypothesis. A qualitative approach was chosen because the thesis
focuses on interpreting children’s interaction patterns and experiences using descriptive data
such as field notes and interview responses. The goal is to identify meanings and themes.

The observations will capture the actual behavior, the interviews will discover different
subjective perspectives, and the questionnaires will provide usability metrics. These methods
will complement each other’s different strengths and weaknesses, for example the interviews
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can be cross-checked against the observed behavior, and the questionnaires gives compara-
bility to help support the different qualitative findings. [8]

Finally, the justification for the design is partially based on the gaps identified in prior
literature. The research on visio-verbal educational chatbots is lacking, and an exploratory
design is therefore justified to examine this relatively unknown domain of educational tech-
nology.

3.2 Traceability of research questions

To strengthen the connection between the research questions, the collected data, and how
results are presented, this study clearly links these elements as follows.
RQ1 is addressed using:

* The emoji-based questionnaire results, which is overall usability and item-level percep-
tions such as clarity, helpfulness, confidence, and willingness to reuse the system.

* Qualitative data from observations and interviews that describe engagement, perceived
learning support, and how children interpret the combined visioverbal explanations.

RQ2 (interaction patterns and design improvements) is addressed using:

¢ Observational field notes capturing recurring interaction patterns in group settings, for
example turn-taking, breakdown handling, and how long answers influence engage-
ment.

¢ Interview and reflection data capturing user-initiated feedback for improvement, frus-
trations, and contextual factors that determines how easy the system is to use in real
classroom and science-center conditions.

In Chapter 4, quantitative results mostly support RQ1, while the qualitative thematic find-
ings support both RQ1 and RQ2. In Chapter 5, the discussion is structured to explicitly an-
swer RQ1 and RQ2 in turn and connect each answer back to previous work and the theoretical
framing.

3.3 Observational Studies

The observational studies were conducted in two different contexts, a science center exhibit
with the TellUs globe, and in a school classroom during a pre-pilot of the TellUs project. The
observations allowed for examination of how children interacted with the voice-activated
globe in real-world settings. Their behavior, the questions they asked, their engagement and
any difficulties tied to their interaction were noted. As a complement to self-reported insights
from interviews and questionnaires, the observational field notes will contribute to creating
a useful perspective on usage behavior and patterns. Since the observational data is filtered
through the researcher’s perspective, an observation guide was used to systematize the note-
taking, and the notes were cross-checked with the interview and questionnaire data.

3.3.1 Science Center

The TellUs Sphere was displayed as an interactive exhibition during an open house event at
a science center. Children, aged between 10 and 14 would approach the globe and touch it,
or ask questions by using their voice. Children outside this age range were not considered
during the observations. The type of observation that was used was non-participatory ob-
servation. The researcher was sitting close to the TellUs sphere and writing down behaviors
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without actively participating in the interaction. The researcher did not interrupt or in any
way guide the children, however the children were sometimes guided by the people around
them, such as parents, friends, or siblings. during their interactions, such as given prompts
or suggestions. Instead, the researcher conducted unobtrusive, non-participant observation
with the purpose of recording what happened when the children immersed themselves with
the sphere. Since the science center is a real world public setting instead of a controlled lab
environment, with competing stimuli, for example background noise and visual distractions
from nearby exhibits and visitors, it allowed us to see how well the chatbot kept the children’s
engagement and attention despite other exhibits, friends, and ongoing activity. The observa-
tion session lasted for approximately 6-7 hours. During this time, six focal observations were
recorded. Interaction length varied, with some being brief while others could extend to no
more than 45 minutes. Group dynamics were noted since the children almost exclusively
came in small groups of parents or friends which affected how they took turns to respond to
the globe’s answers or interact with the globe.

3.3.2 Classroom

A session was also scheduled in a school classroom as part of the TellUs pre-pilot study. The
TellUs sphere was displayed in front of the class, and the students were invited to interact
with it during a scheduled research session in school hours. This means that regular teaching
was changed to make room for the study visit.

Unlike the science center setting, the classroom session followed a more structured pro-
cedure with a defined time slot. Several researchers were present in the classroom and in-
troduced the activity, observed the interactions, and occasionally stepped in to support the
session, for example by helping when a practical or technical issue occurred. Because the re-
searchers sometimes interacted with the students, the classroom observations were not com-
pletely passive.

The classroom context allowed more focused observations of how TellUs was used in an
educational setting, for example how students took turns asking questions, how they dis-
cussed the interaction among themselves, and how technical issues like speech recognition
mishearing a student were handled during the session.

3.3.3 Datarecording

In both settings, field notes were the leading way to collect data. Since no audio or video was
recorded by design for privacy reasons, the researcher instead opted for manually capturing
observations in real time. An observation guide was prepared to systematize the note-taking,
which can be found in Appendix B.

After observation, the field notes were transcribed and expanded while the researcher’s
memory was fresh. A running log was established after the observation sessions, with time
stamps and descriptions. Since video recording would be too impractical in the science center
and school, field notes became the primary observational data set. There is a risk for miss-
ing details when choosing to record data by taking notes, at the same time the advantage is
capturing data that has been filtered by the researcher. To mitigate the risks, the researcher
focused on being as attentive as possible when taking the notes.

3.3.4 Observer role and potential bias

The researcher monitored the children passively to not in any way influence the children’s
behavior, as McCambridge et al. (2014) argues, a degree of reactivity is to be expected from
the children [27]. Some factors that help diminish the children acting differently on the basis
that they know they are being observed, are to keep a low visibility, which in this case was
observing from a corner, staying in the classroom for the whole duration so that there is a
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sense of familiarity, which decreases reactivity and keeping a neutral and unobtrusive role
as an observer [27]. This was easier in the science center, since it is a public setting, unlike
the classroom, where it was more obvious that the researcher was observing. Despite this,
observer bias is something that should be acknowledged. Observer bias is the subjective
interpretation the researcher has and that makes its way into their notes. To combat this, the
data from the notes is cross-checked with the other data.

To summarize, the strength of observational studies lies in the real-world and contextual
evidence of how TellUs is actually used by children. Having observational studies in both an
informal learning environment such as the science center, coupled with having them in the
formal school setting, resulted in a large volume of data being collected. There is also value
in the recorded behaviors being genuine in that they were not recorded in a lab environment
or similarly.

3.4 Semi-structured interviews

To understand and gain insight into the participants’ perspectives, semi-structured inter-
views were conducted with students and also an educator. The purpose of the interviews was
to gather subjective experiences when interacting with the TellUs sphere. Some of these ex-
periences, such as opinions and feelings regarding the sphere, could not be gathered through
observation alone. The format of the interviews is semi-structured since it allows the inter-
viewer to adapt questions and ask follow-up questions based on the participant’s responses.
The structured parts help with making sure important topics are covered, while the flexibility
allows for exploration.

3.4.1 Design of Interview Guide

The semi-structured interview format was used to gain a rich and detailed understanding
of the children’s (and teacher’s) subjective experience of the TellUs sphere. It was devel-
oped with a focus on a clear, concrete language that is easy to understand. The interview
was designed to flow naturally like a conversation, with follow-up questions and a degree
of flexibility given its semi-structured nature. The first stage of the interview, the introduc-
tion, began with a friendly introduction that clearly stated the purpose of the interview. The
"there’s no right or wrong answers" was communicated early on and we asked for consent
before the interview started. This was done so that trust would be built between the child and
the interviewer, and that any potential power-dynamic between interviewer and participant
would be reduced.

The second stage of the interview followed a funnel structure, beginning with open-ended
questions to motivate the child to ease into the conversation, such as asking them to describe
how fun they thought it was to use the TellUs sphere. The questions were followed by prob-
ing questions, such as "why" or "can you tell me more?" so that the answers would move
beyond simple statements and get more detailed explanations.

Closing the interview, the children were asked if they would use it again and if they could
change anything, what would that be in order to reveal critical feedback and frustrations
not yet expressed. The last question was an open invitation where they were asked "is there
anything else you would like to tell me?" before thanking the child for the participation.

A separate interview guide was made for the participating teachers. The purpose of that
interview guide was to generate professional, reflective and practical insights into using the
TellUs globe in an educational setting. Like the interview guide for the children participants,
it consisted of three stages. In the introduction, the teacher was positioned as an expert and
informed that their opinions would be valuable, which created a respectful tone and atmo-
sphere. The teachers were asked a general and open-ended question like what they think
about their overall impression of the TellUs sphere. They were asked "why" after each ques-
tion for the same reasons mentioned for the children’s interview guide. The same funnel
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structure, where the teachers would be asked their qualitative assessment, critical reflection,
and later on future integration possibilities and ethical concerns. Like the children’s inter-
view guide, the interview closed with the open invitation to share further thoughts if there
were any. Both of these guides are included in their entirety in Appendix A.

3.4.2 Interview procedure

The interviews with the children were guided in a friendly and informal way to make them
comfortable. The interviews were done in a quiet corner of the classroom, and a teacher was
nearby for ethical and safety reasons. We started with the easy questions, we asked them
questions like to rank how fun it was on a scale to create a discussion, since some children
express themselves better in that case. Each interview lasted between 10-15 minutes, and for
teachers who could elaborate more, 20-30 minutes.

3.4.3 Rationale for interviews

The strength in using interviews lies in how they allow us to explore why some behaviors
happen, and how the users felt, which is something observations cannot reveal on their own.
As an example, a child walking away from the globe can mean many different things. An
interview could uncover that the reason for the child leaving is because "the sphere didn’t
understand me and that annoyed me" or that they were content with the interaction and felt
done afterwards. These distinctions are important for interpreting the user experience.

By using semi-structured interviews, flexibility is gained through the ability to adapt
questions and ask follow-up questions based on the participant’s responses, which allows
the interviewer to clarify meanings and explore topics that emerge during the interview. This
flexibility is important to gain interesting insights by following the thread of a particular
problem if one is identified or if something is working. Including teachers in the interview
process is helpful since we can use these interviews when comparing them to the children’s
own statements about their engagement.

3.5 Questionnaires

The usability of the TellUs system was estimated using questions gathered from two estab-
lished questionnaires, the System Usability Scale (SUS) and the Chatbot Usability Question-
naire (CUQ). Both of these questionnaires are used for estimating and evaluating the usability
of different interactive systems and conversational agents. SUS is widely used for evaluating
the usability of interactive systems|2], and CUQ is a chatbot-specific usability questionnaire
used in evaluations of conversational agents [21]. They are both based on user ratings on
Likert-type scales, which are statements rated on an ordered agreement scale, for example
from "strongly disagree" to "strongly agree" [2].

In this thesis, a combined and adapted version of these questionnaires was created rather
than providing the students with the full original versions of SUS and CUQ. The final ques-
tionnaire consisted of a majority of the questions from the SUS but also a few questions from
the CUQ. The questions were chosen based on their ability to cover important aspects of the
usability of the sphere such as how easy it is to use, the effectiveness of learning efficiency, and
the confidence of the users when interacting with the sphere. There were also some chatbot-
specific questions that measured the understanding and appropriateness of the answers. The
exact wording of the questions is provided in table 4.1 in the result section.

The questions were organized in statements such as "I found the sphere easy to use" and
the children participants were expected to choose the emoji-based scale to indicate their opin-
ions of a 5-point Likert scale that ranged from sad smiley face = strongly disagree to happy
smiley face = strongly agree. Some questions were worded negatively so that a high agree-
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ment indicated a worse usability. The mixture of these positive and negative questions fol-
lowed the structure of the original SUS and CUQ scales.

Because the questionnaire was mixed with questions from both SUS and CUQ), it was not
appropriate to use the standard SUS or CUQ total scores to interpret the results. Instead,
the questions from both the SUS and CUQ were treated as a single adapted usability scale
instead.

3.5.1 Emoji-based questionnaires

In the student questionnaire, a five-point emoji-based Likert scale was used instead of the
traditional 1-5 numerical rating scale. [16, 26] To the right of each question was a row of five
emoji face icons that showed a range of negative to positive facial expressions. For example,
a frowning emoji is meant to correspond to a "strongly disagree" rating used in a traditional
Likert scale, and a happy emoji is supposed to correspond to a "strongly agree" or the highest
rating. In the middle of the scale, there was a neutral emoji that was neither happy nor sad,
with a slightly happy emoji on its right side and a slightly sad emoji on its left side, creating a
continuity of five choices. The children could express their opinion by choosing the face that
they felt best matched with their opinion. This design replaced written responses such as
"strongly agree/agree...." etc. with these visual symbols that the children could understand
intuitively. The children would mark the level of agreement with each of the items. There
were researchers present to answer any questions or explain the items in a child-friendly way
if there were any misunderstandings. By "emojifying" the questionnaire, we wanted to make
the questionnaire more accessible and engaging for the children. [26]

The choice to use emojis in our Likert scale was because of the anticipation of a high vol-
ume of young participants. [16] 26] Traditional Likert response formats, especially numeric
agreement options and abstract agreement wording like "agree" or "disagree", can be chal-
lenging for children, who may have limited understanding of Likert response formats and
can interpret wording unexpectedly. [28] The emojis on the other hand, give a familiar and
concrete representation of their feelings. By adopting the emojified approach, we hoped to
create a playful, safe and even comfortable environment where the children could share their
opinions on the TellUs globe. The inclusion of the emojis was therefore meant to empower the
children by allowing them to respond in a way that suits their own ways of communication
which in turn would increase the validity of the data we collected.

3.5.2 Aggregation of answers

To aggregate the results, the questions were re-coded so that the higher scores would reflect
a better usability. The questions that were positively worded were recoded so that

recoded score = (original response) — 1

For negatively worded questions, the recoded score was instead computed as

recoded score = 5 — (original response)

For both of these cases, the recoded score was between 0 to 4, where 0 meant the least
favorable evaluation, and 4 meant the most favorable evaluation.

For each participant of the questionnaire, an overall usability score was calculated by
aggregating the recoded scores in the modified questionnaire. First, the mean of the questions
was calculated, which gives an average score between 0 and 4. This calculated mean value
was then rescaled to a 0-100 metric using this transformation:

(mean recoded score)

Adapted usability score (0 — 100) = 7l

+ 100
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This transformed score is the main indicator of perceived usability in the analyses, where
higher values mean better perceived usability. The adapted usability scale is conceptually
informed by SUS and CUQ but represents a modified composite measure rather than a stan-
dardized SUS or CUQ score. However, it does not represent a standard SUS or CUQ score.
They should instead be understood as a score of an adapted composite measure which is
when a metric is created by combining at least two or more individual measures to give a
better view of a subject. The result is then reported in the results section of this thesis.

3.6 Data analysis

To analyze the data, we used thematic analysis as a method by examining the qualitative
data, such as interviews and observation notes. Braun & Clarke (2006) describe thematic
analysis as a method that is used to identify patterns that are found in qualitative data. They
use a framework that consists of six phases with the purpose of creating a systematic and
transparent process. These are the following:

3.7 Ethical considerations

Using data provided by children in school settings calls for thorough attention to ethics. Rel-
evant ethical guidelines and approvals were obtained so that children’s rights and well being
were being protected. These were the main ethical concerns and how we approached them.

3.7.1 Informed consent

Since the participants of the study were mostly children (ages 10-14) it was important to get
informed consent from the parents and legal guardians of the children. The children had
the option to not participate if they did not want to. The ethical approvals were gained first
through the institutional level, with ethical permissions in the scope of the TellUs project be-
ing applied for and granted in the earliest stages of the this process. The school and teachers
then approved participating in the study. For confidentiality, the participating schools are
referred to as School A and School B throughout this thesis. Any identifying details are re-
moved or generalized. After this, consent forms were sent to parents and legal guardians,
showing the purpose of the study, data handling, and procedures. Students who returned
with signed consent forms were used for the TellUs project. In the science center, the obser-
vation that was conducted was of passive, public character, where specific consent for being
observed is not strictly required under ethical norms, since the science center is a public
place, it is similar to observing behavior in for example, a public park. It means that as long
as the individuals are not identifiable and no sensitive data is collected which would enable
deanonymization, gathering the observational data is permissible.

3.7.2 Child welfare

When working with children, it is extra important to be sensitive and caring when dealing
with children test participants. When we were conducting the research activities, extra care
was taken not to disrupt the children or cause stress. Classroom sessions were held during a
normal class period, with their teachers present. When conducting the study, our method was
done in a child-friendly way by building rapport when this was possible, and not pressuring
the children and leaving them be if they seemed uncomfortable or unwilling to participate.
All questions that were asked were strictly about the TellUs system or general feelings, noth-
ing personal.
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3.7.3 Ethical use of observations

When observing children in the science center which is a public place, there are ethical con-
siderations. The observational data contained only written field notes that were limited to
information relevant to the study, and the notes were taken in a way that prevented children
from being identified. No videos were taken, and in the notes, a child’s behavior is described
without any personal identifiers such as facial features or clothes. Since the science center
event was open and public, it can be safely assumed that people going there are expecting to
be seen by others. The researcher was physically present, and visible at the exhibition area.
If a parent or child would had asked about the note-taking or expressed discomfort, the pur-
pose of the observations would have been explained and their wish to not be included would
have been respected. We also made sure to be unobtrusive by taking notes in a corner of the
room, so that our presence does not disturb the visitors or give any feelings of being watched.
To summarize, there was a balance between the value of data being collected and respect for
the integrity and privacy.

3.7.4 Transparency

For the observations and interviews obtained in the school, the participating children and
their parents were informed about the purpose of the TellUs visit before it happened. It
was explained what would happen to the data and contact information was written in case
parents had any questions.

3.8 Limitations

No thesis is without limitations. Understanding limitations is important to when putting
whatever findings to context, and it may help influence future work. In this section, we dis-
cuss the different methodological limitations of this thesis, and how these limitations could
shape the results.

3.8.1 Observer bias and the Hawthorne effect

For this thesis, one of the primary methods for data collection is observations. The presence
of a researcher, including their perspective, may introduce the possibility of observer bias.
Observer bias, (not to be confused with observation bias) is when the researchers own beliefs
and perspectives may shape what is observed and recorded due to, for example, focusing
more on behaviors that fit the expectations of the researcher [24, 18]. This selective attention
or interpretation can be driven by confirmation bias. [31] The researcher may also interpret
vague actions subjectively. To help prevent this, we used a structured note guide during
the observations. In spite of that, the observational data is still filtered through a human
perspective. Also, the participants in the classroom knew that they were being observed,
this could influence and change their behavior, which is called the Hawthorne effect.[14] As
an example, the children may behave better or different after being aware they are going to
be in a study. In the interviews, the answers they give could be influenced by what they
thought an adult wants to hear, such as approving a system to being polite. [4] To prevent
this, we focused on creating a comfortable and trusting atmosphere by using a friendly tone,
emphasizing that there are no right or wrong answers, and phrasing the questions in a neutral
way. The biases that are caused by this could influence the data so that the final result can
deviate in some manner from the truth.

3.8.2 Self-report bias in the interviews and questionnaires

The answers given by the participants in the interviews and in the questionnaires rely on their
own self-reported data. That is something that can be affected by memory, misunderstanding,
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or exaggerations. If a child hears a friend’s opinion for example, then this could influence how
they choose to answer. For example, in the classroom setting, even though the interviews
with the children were one-on-one, there is possibility that the children chatted with each
other about the experience or about what was asked, which could cause a convergence of
opinions or a mild form of group bias.

Another potential issue is recall bias. A child might not exactly remember what happened
during the interaction or their feelings during these interactions, especially if time has passed
since they used the TellUs sphere when conducting the interview. This was minimized by
interviewing relatively shortly after usage, with no more than an hour passing before the in-
terviews. On the questionnaires, some children might tick the answers mostly positive due
to acquiescence bias, which is the tendency to agree with statements or answer to questions
regardless of what they feel towards the question. They can also tick randomly due to lack
of seriousness or being tired or uninterested. There is the possibility that the children simply
did not fully understand the emojified likert-scale, even with our interpretations. The chil-
dren’s own internal rating criteria could be different. These measurement errors could affect
the final questionnaire scores. To help with understanding, we regularly approached chil-
dren we saw struggle or hesitate with the questions and helped comprehension by reading
the question out loud and explaining it to the children. The quantitative results should there-
fore be indicative and not precise. One thing that could influence teachers and the way they
answer is social desirability. In order to remain tech positive, a teacher could downplay po-
tential negative aspects or put an emphasis on the positive aspects to encourage the research.
In summary, it should be noted that what participants say or circle in the surveys does not
always match perfectly what they really experienced or would do in a situation in real life.

3.8.3 Sample size

The sample size is mixed and context specific. For the questionnaires, we had 77 student
users, 4 interviewed children and 2 teachers, in 2 different schools and six observations in
a science center in a specific region. The localized sample and small N for the interviews
limit the ability to generalize the findings of the data. Since the nature of the thesis was ex-
ploratory, the statistical power was not a goal, but the quantitative results should not be over-
interpreted since they only represent a specific group. In the same way, the qualitative results
such as the interviews do not cover all the possible experiences with TellUs, even though
they are more in-depth. There is a possibility of having missed perspectives that would be
obtained in a more diverse sample such as more countries, cultures, or different settings.
There was also a self-selection bias. In the science center, there is an increased likelihood
that the families that interacted with the globe are more interested in science or technology
exhibits. In the classroom setting, established classroom dynamics and familiarity with the
teacher could have influenced participation, where more confident or enthusiastic students
were more likely to take initiative and dominate the interactions. Quiet or very disinterested
students might not have been as fully heard as the other children, even though we tried to
capture their feedback too, so that important and perhaps negative feedback is noted. Be-
cause of the sample size, it is important that the findings are not applied broadly. The results
are exploratory and encouraging of hypothesis creation instead of being confirmatory. For
future research, larger sample sizes could test if the observations reached in this thesis hold
or not. Also, the duration of the study was only for a limited time, and does not capture long-
term outcomes of interactions with the TellUs sphere. It is important that any findings about
engagement do not reflect whether the child would enjoy using TellUs for weeks. Because of
the limited duration of the thesis and the small size of the sample, the stability of the findings
over time, or across populations, is not established.
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3.8.4 Limited details

For this thesis, video and sound recordings of the interactions were not used. The observa-
tional data is based on notes which cannot capture everything. There is a possibility that
some subtle behaviors or exchanges were missed when taking notes. A glance between two
children or a quick exchange of a few words might not have been observed and written down.
Had the interactions been videotaped, behaviors could have been replayed and coded in a
systematic manner, like times children smile or the time they spend on certain tasks precisely.
Without these recordings, some data are lost and the time the children spend is instead ap-
proximated. What this limitation means is that analyzing their behavior can be somewhat
subjective. This was mitigated by using the questionnaires and interviews, since patterns are
filtered through and must appear in all three for it to be consistent and objective. To mitigate
this, we compared the patterns that were identified across observation notes, interviews, and
questionnaire responses. When findings converged across different methods, this increased
our confidence in the interpretation. When the findings diverged, we treated the inconsis-
tency as analytically meaningful and explored explanations for them.

3.8.5 Focus on short-term interactions

The methods used in this thesis capture the initial interactions of the children and their im-
mediate reactions. The learning outcome is not assessed, so when talking about pedagogical
effectiveness based on perception, there is no objective data on the learning gains. This was a
scoping choice that limits the conclusions that can be drawn regarding the educational impact
of the TellUs system. Therefore, those interested in the long-term effects will find this thesis
limiting and lacking. The methods used were more UX-directed than outcome-directed. This
can be seen as a limitation, in the scope of this thesis it was by design, but it leaves a gap for
future research to address.

3.8.6 Vagueness of emojis in questionnaires

While there definitely are some strong benefits of emojifying questionnaires when including
children participants, there are also concerns. One concern is the vagueness of the emojis. The
children may not apply the same meaning to a given emoji. As an example, a "neutral" emoji
could be interpreted as boring by one participant, and as unsure by another participant. In the
study by Fane et al. (2018), the children had many discussions about the straight-mouthed
emoji, showing that there can be a difference in how the children interpret the emojis [12].
What this means is that in the context of a session where the children answer the items in
the questionnaire, there exists a risk of the participants using and understanding the emojis
differently from what the researchers intended, which can cause inconsistencies and misun-
derstandings. To mitigate this, we chose the most popular emoji-faces as they are most likely
to convey the intended meaning across a diverse group due to the universal nature of the
emojis. To prevent the happy emoji face of being interpreted as "good", we mixed negatively
and positively worded questions, so that only choosing the happy emoji would result in in-
consistencies. During the data collection, if we noticed a child marking the same emoji in
all items with no hesitation, we examined the child’s understanding to make sure that they
understood the questions and meant their responses. Despite this, there is a risk that some
participants may have not fully understood the difference between the emoji options. Over-
all, the use of emojis in the questionnaire was regarded as being successful in making the
process of the survey child-friendly, inclusive while there still are challenges tied to using
emojis in questionnaires which is an important consideration should future research employ
these methods.
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3.8.7 Thematic analysis

The choice of analytical method for this thesis was chosen to be thematic analysis, since it
helps to identify patterns in data obtained from interviews and observations. [7] The aims of
this study consists of exploring children’s experiences of interacting with the TellUs sphere,
the perceived educational value gained from the interactions and user-driven insights that
will be used for improvements of the system. These aims are rather open-ended, which is
why thematic analysis, a method that supports pattern recognition, was deemed suitable for
the scope of this thesis. [7} 6]

Data included in the analysis

There were several qualitative sources and data used for the analysis, so that the findings
would be supported by a variety of perspectives. The data consisted of 1. Structured ob-
servation notes from a science center exhibit. 2. Classroom group reflection notes that were
taken both before and after interactions with the sphere. 3. Individual semi-structured in-
terviews with students, and 4. One interview with a teacher to get the educator perspective
which can help support or challenge patterns in the student data.

Analytic procedure

When analyzing, a six-phase approach to thematic analysis defined by Braun & Clarke was
followed. These were familiarisation, coding, theme development, theme review, defining
themes and reporting. [7]

Familiarisation

All of the notes and transcripts were read several times over so that a general understand-
ing of the data may be achieved. To capture early observations, such as mentions of fun or
expressions of hesitation, short memos were written. By doing this, recurring patterns and
important cases could be noted. [7]

Initial coding

Throughout the dataset, an inductive, line-by-line coding was performed. The codes were
created from the data itself, to help preserve the the participants’ own language and to allow
the unexpected to surface. [7, 6] Throughout the sources, coding was applied in a consistent
manner, including the teacher interview, so that experiences that were comparable could be
examined across different contexts.

Searching for themes

The codes were then brought together, sorted, and grouped through their relation with one
another, grouping codes that described a common thread of an idea into candidate themes.
The research questions were used to orient this step by making sure that the themes capture
both user experience and perceived pedagogical value, and design-relevant insights from the
interaction patterns. [7]

Reviewing themes

To check coherence, candidate themes were reviewed against the coded extracts, and then
against the full dataset to verify coverage. When there was overlap, the themes were refined,
for example separating engagement from learning when an extract indicated enjoyment with-
out learning something. [7, 6]
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Defining and naming

Each final theme was then defined through clarification of its central idea, different bound-
aries, and their relevance to the research questions. The theme names were chosen to be de-
scriptive, and reader friendly. The representative excerpts were chosen to depict each theme
in a clear way. [7]

Reporting

The final themes were then presented in the results chapter, with the analytical narrative sup-
ported by representative excerpts from the dataset, showing how each theme was connected
to the observations and explanations of the participants. [7, 6]

3.8.8 Summary

Despite the limitations mentioned in this section, we believe the study can provide valuable
insights. We have been transparent about the different limitations and constraints so that the
reader can themselves interpret what we’ve found carefully. As an example, a low score in
the questionnaires could indicate a trend, but because of the relatively small sample size and
the fact that the respondents are children, one should perhaps verify it with a larger adult
sample before drawing strong conclusions. Another example is if any conclusions are drawn
about the engagement, such as "The students found the TellUs sphere engaging" it should be
with the information in mind that this was in a short encounter, and that engagement over a
longer period of time is untested.
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Results

4.1 Quantitative questionnaire results

4.1.1 Instrument, coding, and analytical approach

The questionnaire, consisting of 14 items regarding students’ experience of the TellUs globe,
was presented to children with a five-step emoji likert-style scale that visually ranges from
a sad, negative face to a happy, positive face. The instrument instructs the children to circle
the emoji that fits best for each of the statements. The items cover perceived social qualities
such as likeness of the Al to humans and robots, clarity and understanding, helpfulness, error
recovery, usability and difficulty, and lastly the intention to reuse the system.

The spreadsheets representing the data collected from two different schools specify the
polarity ("pos/neg") of the items. The spreadsheets present three columns that present val-
ues computed from the recoded items. These are called Sum_0_4, Mean_0_4 and Score_0_100.
The polarities of the items are negative for Q2, Q5, Q10, Q12, Q13 while the rest of the items
have a positive polarity. In this section, the quantitative analyzes will report item-level de-
scriptive statistics for all 14 items such as mean and standard deviation (SD), plus the per-
centage in each of the five response categories. Composite descriptive statistics for each of
the three columns Sum_0_4, Mean_0_4 and Score_0_100 will also be reported, both overall
and by school.

To simplify comparisons between items, the negatively worded items were recoded so
that higher values would in a consistent way indicate a positive evaluation. This means that
results for means, SDs and category percentages, a "4" always reflects the most positive end
of the scale.

4.1.2 Sample size and completeness

For both schools, the dataset for the questionnaire includes 77 student responses. 61 from
school A and 16 from school B. This is consistent with the previously reported questionnaire
sample size of n =77. All 77 rows contain complete entries from Q1 to Q14, and the same for
the composite columns. This means that there are no missing values in the tables.
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4.1. Quantitative questionnaire results

4.1.3 Composite scores

For the entire respondent group, the composite "Score_0_100" had an average M = 69.48, SD
=14.70 with median 71.40 and interquartile range IQR = 17.9, with 25th percentile = 60.7 and
75th percentile 78.6. The minimum observed score was 16.1, and the maximum observed
score was 94.6. This shows that there were a minority of students that did report a far less
positive experience. There were also two other composite values, the mean for composite
value Sum_0_4 = 38.81 and the mean for composite value Mean_0_4 =2.78

4.1.4 Item-level descriptive statistics

Table 1 summarizes the item-level descriptive statistics for all of the 14 items, including
English-translated item wording based on the Swedish questionnaire, polarity, the mean &
SD on the scale 0-4 after adjusting for polarity, and the mean rescaled to 0-100 for increased
readability and interpretability. The item wording is originally from the Swedish question-
naire, and the distributions of the answers come from two spreadsheets from the different
schools.

Table 1. Item-level descriptive statistics (N=77). For negatively worded items Q2, Q5,
Q10, Q12 and Q13, values are reverse-coded so that higher scores indicate more positive
evaluations, which is consistent with the polarity shown in the data tables.
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Ttem Item text Polarit Mean SD 0 1 2 3 4 Mean
(English translation) y 0-4)" (%) () (%) (%) (%) (0-100)

1 TellUs felt almost like a pos 317 120 143 78 377 273 13.0 54.22
real person.

2 TellUs felt like a robot. neg 209 117 429 221 221 91 39 2727

3  WhenIstarted using Tel- pos 448 102 39 26 78 130 727 8701
1Us, it was kind to me.

4  TellUs clearly explained pos 421 09 13 52 143 299 494 80.19
what it can help me with.

5 I easily got confused neg 330 146 156 182 169 195 299 5747
when I used TellUs.

6  TellUs understood well pos 383 123 65 104 143 312 377 70.78
what I meant.

7 TellUs” answers helped pos 410 103 39 26 169 325 442 77.60

me a lot.
8 When something went pos 352 123 7.8 130 247 286 260 6299
wrong, TellUs helped me
fix it.
9 TellUs was easy to use. pos 416 1.04 39 13 195 260 494 7890
10 TellUs was hard to use. neg 396 140 104 65 169 91 571 74.03

11 I would like to use TellUs pos 445 1.02 39 13 11.7 117 714 86.36
often.

12 I think TellUs is too com- neg 382 127 26 182 208 11.7 468 7045
plicated.

13 I would need help from neg 355 149 143 143 143 169 403 63.64
an adult to use TellUs.

14  The different parts of pos 427 105 39 26 130 234 571 81.82
TellUs worked well to-
gether.

Table 4.1: Item statistics.

When observing on an item-level, several patterns stood out. First, there is a strong pos-
itive skew for Q3, kindness shown by the TellUs system, and Q11, the intention to use the
system often, as seen in figure 4.1. For both of these items, around three-quarters of the re-
spondents selected the most positive emoji. For Q3 this was 72.7%, for Q11 this was 71.4%.
Second, the perceived clarity of the TellUs explanations, Q4 and perceived component inte-
gration, Q14, show strong high levels of agreement, with 49.4% choosing the most positive
emoji for Q4 and 57.1 % for Q14, respectively. Third, some of the questions that focused on
the problems during use of the TellUs system showed more mixed answers. As an exam-
ple, 33.8% of participants reported in the lower end of the emoji-scale for the reverse-coded
confusion item Q5, indicating they did feel confusion. Even though the midpoint for item
Q5 was M = 3.30/5, there was a significant amount of participants that seemed to experience
confusion when using the system. For the reverse-coded item Q13, 28.6% of the participants
chose the the sad emojis, indicating the need for more help, with 57.1% choosing the positive
emojis, indicating more independence when using the system.
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Figure 4.1: A 100% stacked bar chart for each item showing the distribution across the five
emoji categories

4.2 School-level comparisons

4.2.1 Descriptive differences by school

The datasets from both schools include 61 respondents from school A with IDs 1-61 in the
school A spreadsheet, and 16 responses from school B with IDs 1-16 in the school B spread-
sheet. For the composite score_0_100, the school means where similar, with M = 69.41, sample
SD = 14.21 for school A, and M = 69.75, sample SD = 16.93 for school B. Both schools had a
broad variability in their respective datasets. The overall minimum score of 16.1 was found
in the school B dataset.
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4.2. School-level comparisons

4.2.2 School-level comparison table

school A school A school B school B

Item Item text (English translation) Mean (0-100) SD Mean (0-100) SD

1 Overall composite score 69.415 14.212 69.750 16.927
(Score_0_100)

2 TellUs felt almost like a real person 58.607 27.721 37.500 32914

3 TellUs felt like a robot 29.918 30.557 17.188 21.830

4 When I started using TellUs, it was 86.066 27.205 90.625 17.970
kind to me

5 TellUs clearly explained what it 80.328 23.325 79.688 27.717
can help me with

6 I got confused easily when I used 56.557 35.326 60.938 41.802
TellUs

7 TellUs understood well what I 69.672 30.658 75.000 31.623
meant

8 TellUs” answers helped me a lot 77.459 26.499 78.125 23.936

9 When something went wrong, Tel- 62.705 30.830 64.062 31.582
1Us helped me fix it

10  TellUs was easy to use 78.279 26.408 81.250 25.000

11 TellUs was hard to use 71.311 36.181 84.375 28.687

12 Iwould like to use TellUs often 85.656 26.402 89.062 22.302

13 Ithink TellUs is too complicated 72.541 31.193 62.500 34.157

14  Iwould need help from an adult to 63.115 37.530 65.625 37.500
use TellUs

15  The different parts of TellUs 79.508 27.198 90.625 20.156

worked well together

Table 4.2: School-level comparison of questionnaire items (0-100 scale). Scores are reverse-
coded where applicable and rescaled according to the procedure described in the method-
ology. Since there was no item-level missing data, n is constant within each school and is
therefore omitted from the table.

Overall, the composite usability score is very similar between school A (M=69.415) and school
B (M=69.750). There are however item-level differences. school A is higher on the “human-
like vs robot-like” perception items with Q1 having M= 58.6, compared to school B’s M= 37.5.
Q2 for school A is M= 29.9, compared to school B’s M = 17.2, while school B is higher on
Q10 and Q14 (84.4 compared 71.3 and 90.6 compared to 79.5, respectively). Because school
B’s sample is much smaller, it’s best to treat these as descriptive patterns rather than strong
conclusions.
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4.3. Qualitative analysis findings

Table 4.3: Descriptives

School Score
Mean school A 69.41
school B 69.75
Median school A 71.40

school B 72.30
Standard deviation school A 14.21
schoolB  16.93

Minimum school A 32.10
schoolB  16.10
Maximum school A 94.60

school B 91.10

67

Score

50 4

School

Figure 4.2: Side-by-side boxplots of the composite questionnaire score for school A and
school B. Numbers represent outliers in the data. The box shows the interquartile range
(Q1-Q3) and the horizontal line inside the box is the median. Whiskers extend to the most
extreme values within 1.5xIQR (IQR = 21.5 for school A, IQR = 7.6 for school B).

4.3 Qualitative analysis findings

This section reports the findings of the qualitative dataset, which consists of observation field
notes from two naturalistic contexts, namely the science center exhibit, a classroom session,
post-session group reflections with three classes (4A, 4B, 4C), three individual student inter-
views, and a teacher interview. The aim of the analysis was to describe how users experienced
the interaction with the TellUs sphere and how they perceived the system’s educational value
(RQ1), as well as identifying interaction insights relevant to improving design and user expe-
rience (RQ2). The thematic analysis resulted in the creation of five themes:

1. Immersive engagement and enjoyment

2. Interaction challenges and frustrations
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3. Learning and perceived educational value
4. Perceptions of the Al
5. Suggestions for improvement and future use

These themes stress both the positive aspects and the challenges of using the system, the
perceived learning outcomes, perception of the Al agent, and improvement opportunities
that are user-driven in nature.

4.3.1 Immersive engagement and enjoyment

A common pattern that was found in the qualitative data was that students describing the
experience of interacting the TellUs sphere as enjoyable, exciting, and engaging. One of the
students that were interviewed described the sphere as following: "Den var jatterolig att
anvédnda och det var dven vildigt spannande” ("It was super fun to use and it was also very
exciting"). In one of the group reflections, students put emphasis on the interactive parts of
the sphere as particularly engaging. Such as "the globe talks", the fact that they could touch
it, and that the interaction included a quiz, which they described as "coolt" ("cool"). The
observational notes similarly indicated continued and uninterrupted attention in some cases,
including longer periods of exploring or drawing on the globe.

The engagement was not only limited to a subset of outspoken or high-achieving students.
The teacher described marked engagement classroom, and noted that students that usually
are cautious joined in and started asking questions. Some students expressed enthusiasm in
terms of the innovation and uniqueness of the interaction, describing it as "verkligt" (real)
or particularly fun, considering it was not something they used often ("Det dr inget man
anvander jdtte jatte ofta”).

4.3.2 Interaction challenges and frustrations

Even though many students enjoyed using the TellUs sphere, both observational data and
students documented times where interactions did not pass smoothly. Many of the challenges
were related in the way that they were technical or interface-based in nature, especially when
the system did not hear or respond as expected. For example, a student noted that “AlLn
horde inte alltid sa bra” (“the Al didn’t always hear that well”). When questions had to be
repeated, at least one student described the situation as uncomfortable, stating it felt “lite
pinsamt” (“a bit embarrassing”) in front of peers. Students also reported instances where the
system appeared to misunderstand intent of the questions that the students asked, such as
when the globe showed a different location than what was asked.

Another type of challenge that arose was regarding comprehension and the response for-
mat. In one class reflection, some students said that they though some of the answers made
by the sphere were "for langa" ("too long") and “fér svara” (too difficult). This is interpreted
so that the length of the answers made by the sphere and complexity may have a negative
effect on the ease of understanding and could risk disrupting engagement, at least for some
interactions.

Finally, the social and physical context of group interaction sometimes created challenges.
In one of the class sessions with the sphere, one student described crowding around the
device (“alla knuffades...”) when trying to participate, making it harder for some students
to take turns. Observation notes documented hesitation among some students, particularly
in public settings where speaking to the sphere could feel socially risky.

4.3.3 Learning and Perceived Educational Value

There were many instances where students and the teacher both described the sphere as use-
ful in an educational context, especially for helping the students remember factual informa-
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tion and improving their understanding. In one class reflection, students mentioned learning
specific factual content (e.g., remembering a fact about the Sun’s surface temperature). In one
of the individual interviews with a student, they reported “Jag ldrde mig massor om rymden”
(“Ilearned a lot about space”), describing how questions about planets helped them learning.
Besides factual learning, one interviewee described learning a social skill, by saying that they
learned to cooperate better when using the globe in a group setting (“... jag larde mig att
samarbeta battre”).

Many accounts expressed that the multimodal presentation of the sphere helped under-
standing, specifically seeing information while hearing spoken explanations helped with
comprehension. One student said a favorite part of the interaction with the sphere was that
“den visar sitt svar pd globen nar man fragar ndgonting” (“it displays its answer on the globe
when you ask something”), and explained that “man forstod béttre da, ndr man kunde se
svaren” (“you understood better when you could see the answers”).

The teacher interview supported the perceived educational value by describing the ac-
tivity of interacting with the sphere as making learning more concrete and engaging. For
example, they stated that the globe made learning feel “so much more real than a book”
(“sd himla mycket mer pa riktigt &n en bok”). The teacher evaluated the system’s answers
positively, describing them as correct and pedagogically usable for classroom purposes. As
an example, the teacher approved of the sphere’s answers regarding off-topic or sensitive
subjects as it stopped the students from engaging further in that direction.

4.3.4 Perceptions of the Al

A notable part of the user experience was how students understood the Al agent. Some
students described the interaction as human-like, with one of the interviewed students stating
“Jag trodde néstan att det var en ménniska i globen” (“I almost thought there was a human
inside the globe”). Another student emphasized the conversational quality, describing the
Al as something “man kan prata med” (“that you can talk with”) and indicating it felt like
speaking with a person.

At the same time, students were able to identify cues that made the Al’s artificial intelli-
gence obvious. In one class discussion, students noticed that the Al voice was missing some
human-like qualities. . One student said: “Man hor att den inte andas” (“You can hear that it
doesn’t breathe”). There were no consensus among the students whether the Al should sound
more human or not. Some expressed a preference for the Al to sound more like a robot, while
some preferred it to sound more natural, like a human. There were some suggestions for a
middle ground, such as the Al speaking with a teen persona.

While students generally appeared to accept answers at face value, the teacher that was
interviewed expressed concern that the system could be manipulated to spread misinforma-
tion.

4.3.5 Suggestions for Improvement and Future Use

The participants gave several suggestions for how the system could be improved. A fre-
quent request was to enable deeper exploration of places by zooming in, for example, “kunna
zooma in pa andra lander och olika stdder” (“zoom in on other countries and cities”). Stu-
dents also requested other features and perspectives (e.g., seeing one’s current location or
exploring historical versions of Earth).

Another common and frequently requested feature students often requested was playful,
game-like and creative features, often describing a desire to play familiar games on a spherical
screen, or extending the already existing drawing features. Some of the improvements that
were suggested focused on usability, such as the feature to erase during the drawing sessions.
The complaints about answer length and difficulty shows a preference for shorter and simpler
explanations.
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The teacher however, stressed feasibility and access, noting that cost could be a barrier for
some schools and suggested sharing a sphere between schools. When asked directly what
should be changed, the teacher replied that nothing substantial needed to be changed in the
existing model.
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Discussion

5.1 Aim and overall interpretation of findings

The aim of this thesis was to examine how children experience interacting with the TellUs
sphere, and if the responses of the system were perceived as being relevant and valuable from
a pedagogically point of view, while at the same time identifying possible interaction patterns
that can help shape future improvements in design of the system. Across the data from
two naturalistic contexts, the results support the central finding of the TellUs system being
experienced as highly engaging, and usable in a broad sense. There are, however, specific
breakdown points, especially misunderstandings, confusion, and complexity and length of
the responses in the speech-recognition of the TellUs sphere. These breakdown points can
interrupt learning flow. These patterns lends strength to the idea that a visio-verbal, voice-
based artifact definitely is reasonable in educational environments, while at the same time
clarifying where the experience as it currently is, could fail for some of the users.

5.2 Answering the research questions

Answer RQ1, which corresponds to experience and pedagogical value: Across both study
contexts, TellUs is generally experienced as engaging and approachable, and students de-
scribe the interaction as easy to initiate and enjoyable to explore. The questionnaire results
indicate mid-to-high perceived usability overall, and the qualitative findings indicate that the
combined visioverbal explanations can support perceived understanding by making STEM
content feel more concrete. At the same time, the data show that perceived pedagogical value
is sensitive to response quality. When answers are too long, too complex, or when speech
recognition fails, the interaction can change from exploration to frustration and disengage-
ment.

Answer to RQ2 which corresponds to interaction patterns and design: The most consis-
tently observed interaction patterns that inform design improvements are:

1. repair sequences that occur after misrecognition, typically involving repetition, peer
prompting, or abandoning the question

2. turn-taking friction when multiple children gather around the globe
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3. sensitivity to answer length and difficulty level, especially in group settings where at-
tention is shared

These patterns imply that TellUs should prioritize error recovery, age-adjusted response
length and complexity of the system’s spoken vocabulary, and support for multi-user group
interaction such as clearer turn-taking and pacing of interactions.

5.3 Perceived usability, composite score and interpretation

One of the contributions of the findings is that the perceived usability of the TellUs system
is on the mid-high end of the adapted composite scale, with school means around 69/100,
which is consistent in both of the participating schools, with the caveat that there are some
differences in the item-level between the schools. When interpreting this magnitude, caution
is advised since this thesis uses an adapted instrument that is inspired by both the System
Usability Scale and the Chatbot Usability Questionnaire instead of the full validated scales
of either of them. The overall level aligns well with what SUS scoring conventions often
consider an “around-average to good” usability region. Systems with "around-average to
good" are usable but could benefit with focused improvement of the system.

5.4 Engagement and social experience

At the item level, the children reported especially positive experiences with TellUs” social
tone and willingness to reuse the TellUs system. The perceived kindness and the intention to
use the system often show some of the highest observed item means, and the strongest pos-
itive skew. This fits well with the research on educational chatbots, showing that users can
extract value from these conversational agents for motivational and engagement-related rea-
sons [20]. The theme "Immersive engagement and enjoyment” from the qualitative analysis
supports this interpretation, there were learners that described the system as "cool", origi-
nal and innovative in a way that not only attracted but maintained the attention of students
beyond the high-achieving or outspoken students. A way to interpret this is that the tangi-
ble form of the TellUs system plus the voice adds an important entry-point for students that
might otherwise not ask STEM-themed questions in the normal and current interface.

5.5 Perceived pedagogical value of multimodal explanations

The perceived educational value theme is consistent with the theory of multimedia learning,
that is the benefits of students coordinating visual representations with verbal explanations.
[3] In the qualitative data, students expressed a preference for both the visual and audio
parts, that is seeing the answers appear on the globe and hearing someone explain them. The
teacher also felt that this more hands-on activity made the lesson feel more real and easier to
understand, than just reading about it. This supports the interpretation that the multimodal
design of the TellUs sphere is not only aesthetically appealing, but also that it is perceived as
supportive in a pedagogical manner. At the same time, this thesis notes that it does not and
has not measured any objective learning gains, so the claims made should not extend beyond
perceived learning value instead of demonstrated achievements.

5.6 Interaction breakdowns and pedagogical risks in group settings

Another important part of the findings is about breakdowns in the interaction and the ped-
agogical risks this brings. In the quantitative data, the items regarding confusion and need
for help show much more mixed evaluations compared to the top-performing items. In the
qualitative data, some children reported that the Al did not always "hear" them well, that
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repeating one self in front of other classmates could be embarrassing, and that some of the
answers that were provided by the Al were too long or or too difficult.

In a classroom (or a busy exhibit) social comfort and efficiency is a primary concern be-
cause if the system requires the user to do several interaction attempts or if the system gen-
erates too complex of an answer, the interaction cost for the user can be higher than the
students willingness to persist. This could undermine engagement and learning opportuni-
ties. For this reason, length control of the responses given by the system, age-appropriate
adaptation of the language used by the system and a robust error recovery should be central
design priorities.

5.7 Perceptions of the Al agent, human-likeness, voice persona, and
gauging trust

The findings of the "perceptions of the AI" add an important extra detail for designing Al
learning tools for children. The students varied in their experiences of how human-like the
TellUs artifact was, and students did notice cues about the artificiality of the system. There
were no consensus on whether the voice should sound more human or more robotic. This
pattern is consistent with the literature mentioned in the background chapter, showing that
children can treat voice assistants as social partners, and that they can evolve parasocial or
parasocial-like relationships towards the Al voice assistants. In this thesis, the main point is
not whether the Al voice agent being more human-like is good or bad. It is that designers of
these systems should deliberately design how "social" they want the Al voice agent to be, so
it helps with the learning without causing misplaced trust, confusion, or dependence of any
sort.

5.8 Alternative explanations and boundary conditions

Before concluding that the main reason people were engaged or perceived learning value was
because of the design of the Al-driven sphere, it is worth considering other options. One is the
novelty effect of people reporting high enjoyment and a desire to use the TellUs system again
simply because it feels new and exciting. This early enthusiasm usually fades once curiosity is
satisfied, which is a pattern that is common with new technologies. [29] Another possibility
is that self-reported feedback, especially from children in classroom-based research, can be
overly positive because kids may want to give the “right” answer or respond differently
when they know they’re being observed, even when researchers try to reduce that pressure.
This is discussed more thoroughly in the methodological section, under the denomination
of the hawthorne effect. Another possibility is that the feeling of having learned something
can come from a mix of the globe itself and the support around it, such as help from teachers,
classmates, instead of coming from the system alone. The points mentioned in this subsection
do not dismiss the results, they instead only indicate the need for a careful interpretation. The
result shows that the exhibit works well in a real-world setting for short-term engagement
and perceived usefulness, but it does not prove that the globe by itself caused learning gains.

5.9 Implications for design and classroom integration

All of this together suggests that TellUs can retain students’ interest and encourage them to
ask STEM-related questions, especially when its multimodal capabilities are used to connect
spoken explanations to visualizations on the globe. The extent to which it can contribute
to classroom learning depends on how teachers integrate it into lessons, manage turn-taking,
communicate that it is okay to make mistakes or repeat questions, and support students when
speech recognition fails or when answers are difficult to understand. Overall, this aligns well
with other studies in the field, namely that chatbots can be useful in education, but they work
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best when they’re carefully built into lessons, give dependable answers, and are used with
attention to the classroom situation and ethics.
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6.1 Conclusion

In this thesis, children’s interaction with the TellUs Al-driven, voice interactive globe was ex-
plored across two naturalistic contexts. The system was assessed through an user-experience
and educational-value lens. The results indicate that the TellUs system is experienced as en-
gaging and generally usable, with a composite score of 69/100 in both participating schools,
with particularly strong scores for the item-level items regarding perceived kindness, clarity,
and intention to use the system again.

One of the main contributions of this thesis is the real-world evidence about an under-
studied interaction form, which is the visio-verbal educational conversational agent inte-
grated in a globe display, tested in a realistic setting as opposed to a controlled lab environ-
ment. The findings suggest that the combination of the spoken explanations with the visual
output of the sphere supports perceived understanding, and makes abstract STEM content
feel more concrete.

At the same time, this thesis identifies that interaction breakdowns, especially not be-
ing understood by the system, needing to repeat questions, and receiving answers perceived
as too long or too difficult, can disturb the learning flow and turn-taking friction in group
contexts or cause feelings of embarrassment. The variation in how human-like the children
perceive the Al agent and the following level of anthropomorphization or para-social behav-
ior exhibited by the children, indicates that classroom sessions with the TellUs sphere must
consistently monitor and manage how the TellUs system fares in regards to scope and how it
signals uncertainty and how human it sounds.

The main lesson is that the TellUs sphere works best as a tool that helps stimulate curiosity
and guide exploration, as opposed to using it as an independent tutor. The most important
improvements should focus on:

¢ Improve the TellUs sphere’s ability to recover from speech-recognition errors when it
mishears users.

¢ Change how long and how complex answers are based on the age and needs of the
children using it.

* Make it easier for multiple children to take turns fairly when gathered around the globe.
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* Add protections that prevent wrong or misleading answers, and limit the harm when
they happen.

6.2 Future research

Future research should examine whether the tool is associated with measurable learning out-
comes, rather than relying only on users’ perceptions of helpfulness. A strong next step
would be a controlled or quasi-experimental study that measures outcomes like knowledge
retention and conceptual understanding, and then compares them to an alternative such as
the globe visualization but without the Al narration, or Al narration on a flat display, or a
standard instruction. This would test if the perceived benefits actually translate into measur-
able learning gains or not.

Second, TellUs sphere should also be deployed for a longer period of time, to see if stu-
dents stay interested after the novelty wears off whether there still is demand or intent to use
it. Long-term classroom use would help clarify whether repeated exposure would change
how students ask questions to the TellUs sphere and how they check and verify information.

Third, the accessibility of the TellUs sphere should be directly examined to see how in-
clusive and accessible it is. This would include checking for how well the TellUs sphere un-
derstands different accents and dialects, and if it can help support students that have speech
impediments, and if teachers see any challenges or barriers to using it practically in a class-
room, such as sharing an artifact over several schools or classes, as an example.

Fourth, future studies should improve the evaluation methods by creating or refining a
questionnaire suited for children using multimodal conversational systems. For example,
by checking that the new questionnaire is reliable and actually measures what it claims it
measures.

Finally, because a teacher mentioned concerns regarding misinformation spreading
through the TellUs system, and because large language models can sometimes produce confi-
dent but incorrect answers, which is known as hallucinating, future versions should be tested
on factual accuracy and how the systems express uncertainty when answering classroom rel-
evant STEM questions. This should include if the system can refuse to answer questions
outside of the scope or that are sensitive for various reasons.
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