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BodyVis: A New Approach to Body Learning Through
Wearable Sensing and Visualization

Leyla Norooz', Matthew L. Mauriello®, Anita Jorgensen®, Brenna McNally', Jon E. Froehlich*
Makeability Lab | Human-Computer Interaction Lab (HCIL)
College of Information Studies', Department of Computer Science®,
University of Maryland, College Park
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ABSTRACT

Internal organs are hidden and untouchable, making it
difficult for children to learn their size, position, and
function. Traditionally, human anatomy (body form) and
physiology (body function) are taught using techniques
ranging from worksheets to three-dimensional models. We
present a new approach called BodyVis, an e-textile shirt
that combines biometric sensing and  wearable
visualizations to reveal otherwise invisible body parts and
functions. We describe our 15-month iterative design
process including lessons learned through the development
of three prototypes using participatory design and two
evaluations of the final prototype: a design probe interview
with seven elementary school teachers and three single-
session deployments in after-school programs. Our findings
have implications for the growing area of wearables and
tangibles for learning.

Author Keywords
Wearables; interactive body learning; physiological sensing

INTRODUCTION

Learning the position, structure, and function of internal
body parts is challenging for children [29,30,35]. Unlike
fingers, arms, toes, and other external parts, internal organs
remain hidden beneath layers of skin, muscle, and tissue
and operate without conscious thought, making it difficult
for children—and even adults [3]—to understand the
internal workings of their bodies. This body knowledge is
important. For pre-school and primary school children,
higher body literacy corresponds to greater compliance with
health care regimens, better self-care practices, and
increased self-understanding [30,33]. For example, young
children with asthma are more likely to take inhaled
medications if they understand how their lungs function
[30]. Other researchers emphasize the critical role of
anatomy and physiology in teaching and understanding
basic science (e.g., biology) [11].

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are not
made or distributed for profit or commercial advantage and that copies bear
this notice and the full citation on the first page. Copyrights for components of
this work owned by others than ACM must be honored. Abstracting with credit
is permitted. To copy otherwise, or republish, to post on servers or to
redistribute to lists, requires prior specific permission andlor a fee. Request
permissions from permissions@acm.org.
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Copyright is held by the owner/author(s). Publication rights licensed to

ACM. ACM 978-1-4503-3145-6/15/04...815.00

http://dx. doi.org/10.1145/2702123.2702299

Figure 1: BodyVis is an interactive e-textile shirt for body learning that
actively responds to the wearer’s physiology and visualizes their body data
on extemalized anatomical models. Prototypes 1 and 3 shown above.

In pre-school and primary school education, human
anatomy (body form) and physiology (body function) are
traditionally taught using a mixture of techniques including
3D models and dolls, coloring and activity books, stories,
audio-visuals, and video games [35]. With the advent of
low-cost physiological sensing, ubiquitous computation,
and electronic textiles (e-textiles), new approaches for body
learning are now possible.

In this paper, we present BodyVis, a custom-designed
wearable e-textile shirt that combines biometric sensing and
interactive visualization to reveal otherwise invisible parts
and functions of the human body (Figure 1). The wearer’s
physiological phenomena are visualized on externalized
fabric anatomy, allowing the wearer and viewers to gain a
unique view of the internal body. While past research has
investigated wearables [22,23,24] and augmented reality
2,4,26] for body learning, BodyVis is the first exploration
of a physical/digital manifestation that actively responds to
the physiology of the wearer.

To investigate our approach, we iteratively designed and
evaluated three Body Vis prototypes over a 15-month design
cycle. While our long-term aim is to assess how a BodyVis-
approach may impact learning, as an initial investigation,
our research questions were exploratory: e.g., identifying
key design considerations, exploring the understandability,
aesthetics, and approachability of our prototypes, and
examining how Body Vis engages children in body learning
topics. Our design iterations were informed by two
participatory design sessions with children, a MakerFaire
exhibit, an early demonstration at a children and technology
design conference (IDC’13) [27], and relevant prior work
(e.g., importance of 3D models in learning [31], idea of bio-
responsive e-textiles [21]).
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ABSTRACT

Internal organs are hidden and untouchable, making it
difficult for children to learn their size, position, and
function. Traditionally, human anatomy (body form) and
physiology (body function) are taught using techniques
ranging from worksheets to three-dimensional models. We
present a new approach called BodyVis, an e-textile shirt
that combines biometric sensing and  wearable
visualizations to reveal otherwise invisible body parts and
functions. We describe our 15-month iterative design
process including lessons learned through the development
of three prototypes using participatory design and two
evaluations of the final prototype: a design probe interview
with seven elementary school teachers and three single-
session deployments in after-school programs. Our findings
have implications for the growing area of wearables and
tangibles for learning.
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INTRODUCTION

Learning the position, structure, and function of internal
body parts is challenging for children [29,30,35]. Unlike
fingers, arms, toes, and other external parts, internal organs
remain hidden beneath layers of skin, muscle, and tissue
and operate without conscious thought, making it difficult
for children—and even adults [3]—to understand the
internal workings of their bodies. This body knowledge is
important. For pre-school and primary school children,
higher body literacy corresponds to greater compliance with
health care regimens, better self-care practices, and
increased self-understanding [30,33]. For example, young
children with asthma are more likely to take inhaled
medications if they understand how their lungs function
[30]. Other researchers emphasize the critical role of
anatomy and physiology in teaching and understanding
basic science (e.g., biology) [11].
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Figure 1: BodyVis is an interactive e-textile shirt for body learning that
actively responds to the wearer’s physiology and visualizes their body data
on extemalized anatomical models. Prototypes 1 and 3 shown above.

In pre-school and primary school education, human
anatomy (body form) and physiology (body function) are
traditionally taught using a mixture of techniques including
3D models and dolls, coloring and activity books, stories,
audio-visuals, and video games [35]. With the advent of
low-cost physiological sensing, ubiquitous computation,
and electronic textiles (e-textiles), new approaches for body
learning are now possible.

In this paper, we present BodyVis, a custom-designed
wearable e-textile shirt that combines biometric sensing and
interactive visualization to reveal otherwise invisible parts
and functions of the human body (Figure 1). The wearer’s
physiological phenomena are visualized on externalized
fabric anatomy, allowing the wearer and viewers to gain a
unique view of the internal body. While past research has
investigated wearables [22,23,24] and augmented reality
2,4,26] for body learning, BodyVis is the first exploration
of a physical/digital manifestation that actively responds to
the physiology of the wearer.

To investigate our approach, we iteratively designed and
evaluated three Body Vis prototypes over a 15-month design
cycle. While our long-term aim is to assess how a BodyVis-
approach may impact learning, as an initial investigation,
our research questions were exploratory: e.g., identifying
key design considerations, exploring the understandability,
aesthetics, and approachability of our prototypes, and
examining how Body Vis engages children in body learning
topics. Our design iterations were informed by two
participatory design sessions with children, a MakerFaire
exhibit, an early demonstration at a children and technology
design conference (IDC’13) [27], and relevant prior work
(e.g., importance of 3D models in learning [31], idea of bio-
responsive e-textiles [21]).
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ABSTRACT

We present and evaluate a new mixed-reality tool called
SharedPhys, which tightly integrates real-time physiological
sensing, whole-body interaction, and responsive large-screen
visualizations to support new forms of embodied interaction
and collaborative learning, While our primary content area is
the human body. we use the body and physical activity as a
pathway to other STEM areas such as biology. health. and
mathematics. We describe our participatory design process
with 20 elementary school teachers. the development of three
contrasting SharedPhys prototypes, and results from six
exploratory evaluations in two after-school programs. Our
findings suggest that the tight coupling between physical
interaction, sensing, and visualization in a multi-user
environment helps promote engagement, allows children to
casily explore cause-and-effect relationships. supports and
shapes social interactions. and promotes playful experiences.
Author Keywords

Physiological sensing; large-screen displays: mixed-reality;
scientific inquiry: collaborative learning; STEM: wearables

ACM Classification Keywords

H.5.m. Information interfaces and presentation (e.g.. HCI).

INTRODUCTION

With the emergence of body-tracking technologies such as
Fithit and the Microsoft Kinect. there has been increased
interest in exploring how embodied interaction |14] can
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first page. Copy for components of this work owned by others than ACM must be
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servers or to redistribute to lists, requires prior specific permission and/or a fee, Request
permissions from Permissions@acm org
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enable and support new learning experiences [34]. Recent
work by Lee er al.. for example. helps demonstrate the
potential of wearable activity trackers and interactive
visualizations to engage children in scientific inquiry that is
authentic and life-relevant [36. 37]. Often citing the role of
embodiment in cognition [56]. others have explored utilizing
the entire body through movement or gesture to support new
forms of computer-mediated learning [31, 34]. Though a
nascent area, rescarch suggests that these whole-body
interactions can help increase engagement [1. 62| and
immersion [1. 69]. support and shape social interaction [59.
69]. and aid learning [31].

Building on the above work, this paper introduces and
evaluates  SharedPhys, which integrates live-streaming
physiological sensors. whole-body interaction. and real-time
large-screen visualizations to create a novel mixed-reality
learning environment. With SharedPhys. children interact
physically—both explicitly via body movement, gesture, and
position as well as implicitly via their changing physiology.
While prior work has explored body-centric inquiry (e.g.,
[32, 36, 37]). the data collection and subscquent analyses are
often disjoint and performed on a traditional computer setup.
In contrast, our work simultancously involves the body in
data collection. interaction, and analysis creating new
opportunities ~ for  feedback loops and  playful
experimentation. Similarly. while recent work has explored
mixed-reality environments for collaborative learning, most
have utilized simulations (e.g., [12. 42, 47|) or artificial data
(e.g., |58]). Our work combines live streams of real/ body-
data in a shared environment. We believe this tight coupling
between physical action, physiological sensing. and live
visualization offers new. rich possibilities for user interaction
and learning experiences.
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