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Figure 1: Our system, Kiki’s Adventure, is a mobile app that uses narrative to engage fourth, fifth, and sixth graders in outdoor
learning. In the leftmost image, a participant interacts with the outside world while using Kiki’s Adventure. The leftmost
screenshot portrays Kiki, the virtual koala, on a static background (narrative-only system variant). The middle screenshot
depicts Kiki asking for help finding a eucalyptus tree in the real world, an interaction that happened in both system variants. In
the screenshot on the right, augmented reality (AR) is used to put Kiki and Coco, another virtual koala, on the tree (augmented
reality and computer vision variant)



ABSTRACT Despite the many bene ts of outdoor learning, it is often dif-

Outdoor learning experiences, such as eld trips, can improve chil-  Cult to implement in practice. Elementary school teachers are
dren’s science achievement and engagement, but these experiencesconstrained by the heavy content demands of curriculum require-
are often di cult to deliver without extensive support. Narrativein ~ Ments and by limited time, making it di cult to carry out outdoor
educational experiences can provide needed structure, while also !€arning activities []. For outdoor learning, the widespread use
increasing engagement. We created a narrative-based, mobile ap_of mobile devices, such as smartphones, can enable self-directed,
plication to investigate how to guide young learners in interacting ~ "eadily-accessible educational experiences [43].

with their local, outdoor environment. In a second variant, we added One way to provide structure to learning when outside the
augmented reality and image classi cation to explore the value of classroom is through narrative. Narrative-based learning has been
these features. A study=(= 44) found that participants using our ~ Shown to improve engagement and learning gairs; and tech-
system demonstrated learning gains and found the experience en- N0logy can be used to harness the power of narrative towards
gaging. Our ndings identi ed several major themes, including providing structure for outdoor learning. Moreover, recent tech-
participant excitement for hands-on interactions with nature, cu-  nological advances make it possible to use augmented reality (AR)
riosity about the characters, and enthusiasm toward typing their and context-aware technology like computer vision (CV) in mobile
thoughts and observations. We o er a set of design implications devices to interpret a user's surroundings and use this data to guide
for supporting narrative-based, outdoor learning with immersive ~ the learner in understanding the world around them. However,

technology. there is limited research about how to e ectively integrate outdoor
learning, narrative, and these immersive technologi€se goal of
CCS CONCEPTS the research described here is to address this gap by investi-

gating how narrative-based mobile applications could guide
young learners to learn about and engage with their local,
outdoor environment. A secondary goal is to explore how
KEYWORDS integrating immer_s?v_e technologies like AR and CV might

support these activities.
augmented reality, outdoor learning, machine learning, immersive e created a narrative-based mobile application to teach fourth
technology, mobile computing, ubiquitous computing, computer  through sixth graders about a tree common in their local area:
vision the eucalyptus tree, which has a rich history and is the subject of
ACM Reference Format: active debate. These grade levels were chosen because the ecological
Alan Y. Cheng, Jacob Ritchie, Niki Agrawal, Elizabeth Childs, Cyan De- concepts relating to eucalyptus best matched the science standards
Veaux, Yubin Jee, Trevor Leon, Bethanie Maples, Andrea Cuadra, and Jamegfor fourth through sixth grade. In our app, the learner meets a
A. Landay. 2023. Designing Immersive, Narrative-Based Interfaces to Guide virtual koala named Kiki, who needs the learner's helpto nd a
Outdoor Learning. IrProceedings of the 2023 CHI Conference on Human Facrgg| eucalyptus tree. This sparks an adventure where the learner
tors in Computing Systems (CHI '23), April 23 28, 2023, Hamburg, Germanyjnestigates the characteristics of eucalyptus trees, learns about
ACM, New York, NY, USA, 22 pages. http:s://d0|.0rg/10.1145/3544548.358136{heir local history, and eventually weighs in on the ecological debate

surrounding them.

“ Human-centered computing ! Interactive systems and tgols
Mobile devices; Mixed / augmented reality .

1 INTRODUCTION To explore the potential bene ts of immersive technologies that
Prior research shows that most learning happemgsideof formal can understand and interact with the real world for outdoor learn-
learning environments, such as schoo.[Even children in K-12 ing, we also built a second variant of the app with CV (speci cally,
schools spend the majority of their time outside of the classroom, image classi cation) and AR. This variant had two aims. The pri-
with some estimates putting the number at above 8@ This mary aim was to enable a design exploration of newer features

presents a promising opportunity for developing learning tools and tradeo s. The secondary aim was to generate preliminary data
to support learning outside the classroom. For example, we are for a formal comparison in the future. We compared the two app
surrounded by natural environments excellent spaces for teaching variants using the same criteria using pre- and post-intervention
subjects like biology and ecology. Trees, owers, and wild animals, questionnaires in a between-subjects exploratory study.

all readily available outdoors, can be used to make abstract scienti ¢

concepts in these subjects more concrete. Outdoor learning can

also help increase students' interest in scien@g[and feelings of

connection to nature [32].
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We investigate three main research questions:

RQ1: How do narrative, AR, and context-aware technology a ect

learning gains, engagement, and attitudes towards science,

technology, and nature?

How do fourth, fth, and sixth graders interact with this

technology (both the narrative-only and CV+AR variants)

in an outdoor learning environment? What do they like and

dislike about the experience?

RQ3: What are the opportunities and challenges of combining
narrative, AR, and context-aware technology for outdoor
learning?

RQ2:

We make three major contributions to the literature. First, we
contribute the system with two variants used in our study for
self-directed, narrative-based outdoor learning. Second, we provide
quantitative and qualitative results from an exploratory study inves-
tigating how immersive educational technology is used by fourth,
fth, and sixth graders. We nd that participants experienced learn-
ing gains and an upward shift in pro-environmental attitudes, and
perceived the educational experience as engaging. Qualitative nd-
ings reveal that learners enjoyed interacting with the characters in
the narrative, were surprised and excited by the hands-on and mul-
tisensory activities in our apps, and were enthusiastic about typing
their thoughts and observations about nature. Third, we o er a
set of design implications for supporting narrative-based, outdoor
learning with immersive technology, such as the need to script
learners' movements when embedding such technology within a
physical space. As a whole, our study's artifacts and ndings set a
foundation for building self-directed and scalable outdoor lessons
to supplement existing science education without overburdening
schools and teachers.

In this paper, we rst situate our study within the existing litera-
ture, describing the learning theories we build upon and the related
work we contribute to. We then explain our design process how
we developed the learning content and narrative. We describe our
system in detail, documenting the core features such as dialogue,
in-app interactivity, and the CV and AR features. We detail our
methods, share our ndings, and discuss their implications.

2 RELATED WORK

Here we rst describe the theories of learning that informed our
artifact and study design. Next, we situate our work within existing
research on narrative. We then survey existing work that measures
the impact of outdoor learning, and technologies that have been
used to guide outdoor learning, including AR. We highlight how
our work is unique in that our system combines narrative-based
and outdoor learning.

2.1 Relevant Theories of Learning and
Education
Experiential learning is the process of learning through hands-on

activities followed by re ective observation and abstract conceptu-
alization. It has been applied in outdoor environments to increase
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local community and environmentq7, can further increase en-
gagement 58 67. Technology can support place-based learning
by drawing a learner's attention to how aspects of their location
are relevant to speci ¢ elds of knowledge [66]. Our study design
builds on the theories of experiential and place-based learning to
deliver a locally-relevant, hands-on, interactive lesson.

2.2 Narrative-Based Learning

Our work extends existing lines of research on narrative-based
learning materials, which embed educational content inside c-
tional or non- ctional stories. This creates a framing device where
readers learn by progressing through a narrative. Research has
found that including narrative elements in science education can
help students retain facts[1]. Additionally narrative elements can
help with 21st century skills (i.e., critical thinking, collaboration,
creativity) [50 and provide cognitive support13 44. Narrative
can also produce an increased level of immersion, helping learners
focus and stay engage@®$ 38 39. Recent work on educational
escape rooms, for example, has explored combining digital technolo-
gies with narrative to engage learners and encourage collaborative
problem solving B§. However, other work has found that narrative-
based learning may be ine ective in certain scenarios. For example,
because the overall content is longer, learners may ignore parts of
the narrative or educational content [19].

This points to a need for careful work to examine whether a
particular narrative is appropriate for the learning domain in which
it is deployed. Critical narrative elements include a clear storyline
design [1, 69, and character designif3, all of which we incorpo-
rate into the narrative we developed for this study. Recent research
in HCI has investigated how insights from narratology can be
used to craft narratives that promote engagement with technology
[40. Like research on narrative-based learning in general, research
on narrative-based educational technologies has shown mixed re-
sults, due in part to the cost and di culty of creating educational
technology systems39, 53. Some studies indicate that learning
gains from narrative-based technologies are non-signi cat 5,
whereas others seem to indicate strong learning gaihg 17, 53.
Our project extends this past research by investigating how a c-
tional narrative can support learners in the speci c context of
outdoor learning.

2.3 Outdoor Learning

Outdoor learning experiences enable children to learn while inter-
acting with the outdoor environment. Prior work has demonstrated
that outdoor learning experiences can positively impact children's
science achievement, engagement in learning, environmental at-
titudes, and connection to naturelf, 20, 29 32 51] with mixed
results regarding their impact on self-e cacy41, 60. Moreover,
several studies have shown that the bene ts of outdoor learning
may be more pronounced for students who are traditionally under-
represented in science[l, 60. Our study relies on the widespread

students' learning and engagement [11, 27, 29]. Place-based learn-availability of mobile devices and the power of narrative to build a

ing, which increases the relevancy of students' learning by empha-
sizing the connection between scienti ¢ concepts and a learner's

system that will eventually allow us to deliver self-directed, outdoor
learning at scale.
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2.4 Outdoor Learning Driven by Context-Aware
Technology

Digital technologies are being increasingly used to augment and
sca old children's outdoor science learning experiences and have
led to improved learning outcomes, including increased interpre-
tation, re ection, and analysis among student§, [11, 37, 52 6§.
Some prior work has relied on strategic placement of devices or
scannable visual markers (such as QR codes) that trigger content
and digital augmentations at speci ¢ locations to create a context-
aware, outdoor learning experience. For instance, in the Ambient 3 DESIGN PROCESS
Wood project' students exp|0red a woodland area while interact- First, we identi ed a set of core Iearning ObjectiVeS that we wanted
ing with a variety of devices, including personal digital assistants, Our system to support. Then, we developed a feasibility prototype
probes, and periscope5. These devices enabled the students to  targeted at adults with the help of industry partners to test features
read environmental data and receive images and audio information and receive feedback, which we used to inform the design of the
triggered at particular locations. Chien and colleaguéd][devel- nal system. Finally, we brainstormed and designed the narrative
oped a mobile augmented reality system that used scannable codes concurrently with the development of the nal app.
to trigger 3D models of corresponding plant species. .

While the context-aware technologies used in these outdoor 3.1 Educational Content
learning experiences had a positive impact on students' learning For the educational content in our outdoor learning app, we targeted
outcomes, such experiences require others to equip the environment ecology and plant biology. We chose to focus on plants because their
in advance with additional hardware devices or scannable visual stationary nature makes it easier to design an interactive experience
markers. These dependencies would complicate attempts to enable around them. Also, there is a documented tendency to pay less
self-directed, accessible learning and to replicate such experiences attention to plants despite their importance to the biosphere, a

speci ¢ points of interest), participants experienced higher learn-
ing gains and feelings of immersion compared to a loosely-coupled
control. While some studies suggest that there is a positive re-
lationship between more immersive experiences and conceptual
understanding in science2p, 23, other studies have ndings that
are inconclusive or illustrate a negative relationship( 55. In

this work, we advance this research by building and evaluating a
variant of our app that contains AR features.

at scale.

Several smartphone applications leverage image classi cation
to identify plants and animals in the photos taken by users and
provide corresponding educational conter83 45 46. These apps
provide context-sensitive, educational content in outdoor settings
without the need for strategically placed devices or markers or con-
tent triggered by geolocation. However, these apps are designed for
a general audience rather than being catered towards children. Fur-
thermore, their educational content does not go much deeper than
providing factual information. Our study builds on and contributes
to this prior work by developing an image classi cation pipeline to
identify eucalyptus trees and accordingly trigger context-sensitive
feedback while providing a rich learning experience within a stan-
dalone educational app designed for children.

2.5 Augmented Reality in Education

AR has been used in children's education in a variety of elds,
including physics L7, mathematics 80, and ecology education
[15. Prior work demonstrates that AR can be used in outdoor sci-
ence education to increase learning outcomes, motivation, engage-
ment, positive emotions, and levels of immersion among students
[11, 15 22 43 617]. In addition, research has found that embedding
educational AR activities within a larger narrative or supplementing
the activities with guided commentary improves learning gains and
engagement23 27, 30. For example, Huang et al2[] found that
middle school students who had access to AR activities providing
rich information about plants in a botanical garden, supplemented
by guided commentary, achieved improved learning gains com-
pared to students who had access only to the AR activities or only
to the guided commentary. Georgiou and Kyz23 found that
when narrative-based, digital content was closely connected to the
learner's physical space (e.g., via digital augmentations placed at

phenomenon that has been termed plant awareness disparity
[48 64, so engaging people to learn about plants is a worthwhile
endeavor.

Our app centers around eucalyptus trees because they are com-
mon in our area, have a rich history, and are the subject of ongoing
debate. This provided an e ective foundation for delivering novel
and enriching content that aligns with Next Generation Science
Standards %9, and connects to local and current events that learn-
ers would recognize (i.e., wild res).

To inform the design of our learning content, we used the cogni-
tive domain of the revised Bloom's Taxonomy to articulate three
levels of learning and evidence of that learning: Remembering,
whereby the learner recalls verbatim facts they have heard; Under-
standing, whereby the learner constructs meaning by interpreting
information; and Application, whereby the learner uses informa-
tion in a new setting or applies the concept to new understandings
[2]. From there, we decided on the following learning objectives
for our app, which were selected to target di erent levels within
Bloom's Taxonomy:

(1) Identify eucalyptus trees and distinguish them from other
trees.

(2) Understand the ecological and historical context of a local
plant.

(3) Give an example of how human activity a ects natural ecosys-
tems and vice versa.

(4) Create an argument based on evidence (by weighing in on the
controversy surrounding the ecological role of eucalyptus
trees in the local area).

3.2 Feasibility Prototype

To explore the potential of immersive technologies for learning,
we rst co-developed an app with industry partners to help adults
learn about eucalyptus trees that was feasible, viable, and desirable.
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Figure 2: Overview of our system design for the Narrative+CV+AR app variant. The participants interacts directly with the
app on the phone, which handles all the narrative and AR features, while image classi cation is performed on a server. The
Narrative-Only app shares the same infrastructure but does not use Niantic Lightship, nor does it upload photos to the server.

We built a high- delity prototype to explore the feasibility of vari-
ous features, including tree recognition, interactivity between the
digital and physical worlds, and a chatbot to respond to questions
the users might have. We tested this prototype with ve adults
a liated with our institution, selected via convenience sampling.
We found that the tree recognition, the interactivity between the
digital and physical worlds, and interaction with the real environ-
ment were the most engaging features, so we decided to focus on
these going forward.

3.3 Narrative Design

We used insights from our feasibility study, literature review, and
consulting with children in the target age, allowed us to come up
with the main requirements for the narrative. The two primary
requirements were for a main character the learner could relate
to and for the character's quests to be connected to the learning
activities. With these requirements in mind, team members each
wrote at least one narrative for the lesson. We then collected a total
of nine possible narratives, and broke them apart by quest: reason
for the main character to be at the study location, main character's
motivation, tree identi cation, history of the trees, connection to
wild res, controversy surrounding the trees' role in the wild res,
and conclusion. Next, we discussed each quest and its relation to
the learning activities to identify the strengths of the various ideas
and then consolidated them into a cohesive narrative. For example,
we selected the idea that Kiki, the main character, was a koala who
lives in the virtual world and dreams of experiencing trees in the
real world as a way to connect the quest to the activities involving
augmented reality. Once we had a complete and cohesive story, we
tested and re ned it as we developed our system.

3.4 Final Narrative

Our app takes participants through a lesson that follows a story
about a koala named Kiki who wants to learn about eucalyptus
trees in the local area. In the narrative, the learner meets Kiki, who
wishes to see what eucalyptus trees look like in the real world. Kiki

asks the learner to nd a eucalyptus tree in real life, and the learner
interacts with the tree to learn more about its properties, such as its
smooth, peeling bark and long, oily leaves. The pair then encounter

another virtual koala, Coco, who has been living in the tree for
a few years. Coco teaches the learner about the history of how
eucalyptus trees arrived in the area. After the learner completes
more educational activities, Kiki and Coco get into a disagreement
about whether eucalyptus trees should be removed from the local
area, since they contribute to wild res and are an invasive species.
The learner must choose one of the koalas to agree with or propose
their own idea. Finally, they assist Coco and Kiki in returning to
the virtual world.

In designing the narrative foKiki's Adventurewe built o prior
work that explored how theories from narratology might inform the
design of framing narratives in an HCI contex4(). In particular,
we found it important to include characters that learners could
form an emotional attachment to, leading us to add the characters
of Kiki and Coco. We include the storyboard fitiki's Adventure
in the Supplementary Material.

4 SYSTEM DESCRIPTION

In this section we describe the speci ¢ educational activities, ca-
pabilities, and technical implementation of the two variants of the
Kiki's Adventuresystem. See Figure 2 for an overview.

4.1 Engine and Core Features

We developed our app in Unity, a popular cross-platform game
engine, and we deployed it to a mobile device. In this subsection,
we describe the components in the app common to both variants.

4.1.1 DialoguéNe implemented the narrative using a library
called Yarn Spinner34, which simpli es the writing and inte-
gration of dialogue into Unity. We also recorded voiceover audio
for each line of Kiki's and Coco's dialogue. Our goal was to in-
crease accessibility by o ering both text and audio options and to
encourage learners to look at the environment, rather than read
on the phone. Each voiceover line had to nish playing before
the learner could progress to the next line, to control for variable
reading speeds among participants.

4.1.2 Multiple-choice prompts and dialogue branclidngwing
inspiration from video games, we designed the app to frequently
prompt the learner for their input in the form of multiple-choice
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