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life experiences
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Many Science, Technology, Engineering, and Math (STEM) topics are abstract

Children find them boring, irrelevant, and disconnected from their lives
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Students in the 

United States are 

falling behind in 

STEM achievements, 

resulting in a need 

for new methods of 

learning STEM 

topics.

Program for International 

Student Assessment (PISA), 

2012





“…Help students build a cohesive understanding 
of science over time” by thinking and acting like 

professional scientists and engineers.
www.NextGenScience.org
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SharedPhys Current Research
Future 
Work

BodyVis
LPSV + Personal 

Relevance
Multi-day 
Workshop

What if our clothes revealed how our 
body functions?

How could this change the way children 
learn about and understand their bodies?

Could a t-shirt be a platform for 
experimentation and inquiry?

LPS V



Participatory Design 2

Informal Evaluation

Prototype 1
Plush, Colorful, Interactive

Prototype 2
A New Lightweight Design

Prototype 3
The Current Design



SharedPhys Current Research
Future 
Work

BodyVis
LPSV + Personal 
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Multi-day 
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Pouch 
Inside 
S hirt



Heart Rate: 
60 bpm

Breathing Rate: 
15 bpm

SharedPhys Current Research
Future 
Work

BodyVis
LPSV + Personal 

Relevance
Multi-day 
Workshop



Detachable Organs
Prototype 3



Digestive S ystem

Digestive System
Prototype 3

>>x3



His heart 

started 

beating faster.Did you 

build that?

Is that shirt 

connected to 

that belt?

What’s under 

the heart?

His heart is 

“beeping” 

really slow.

Do those 

things come 

off?

SharedPhys Current Research
Future 
Work

BodyVis
LPSV + Personal 

Relevance
Multi-day 
Workshop

BodyVis Usability Study



Wearers and non-wearers 
worked together to explore 
and play

Promoted inquiry questions
and observations

Removable organs allowed 
for exploration

SharedPhys Current Research
Future 
Work

BodyVis
LPSV + Personal 

Relevance
Multi-day 
Workshop

Findings



Does not support 
comparison across learners

Hard to see data over time

Need more support for 
quantitative analysis

SharedPhys Current Research
Future 
Work

BodyVis
LPSV + Personal 

Relevance
Multi-day 
Workshop

Limitations
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How can we compare and analyze bio-data

over time?



large display

kinect camera

physiologi

cal

sensors



SharedPhys: Three Designs

SharedPhys Current Research
Future 
Work

BodyVis
LPSV + Personal 

Relevance
Multi-day 
Workshop



SharedPhys: Three Designs

Magic Mirror

Basic human physiology & 
anatomy

Animal Avatar

Structures and processes 
across animals

Moving Graphs

Relating health and 
human activity

SharedPhys Current Research
Future 
Work

BodyVis
LPSV + Personal 

Relevance
Multi-day 
Workshop



SharedPhys: Three Designs

Magic Mirror

Basic human physiology & 
anatomy

Animal Avatar

Structures and processes 
across animals

Moving Graphs

Relating health and 
human activity

SharedPhys Current Research
Future 
Work

BodyVis
LPSV + Personal 

Relevance
Multi-day 
Workshop

See Kang et al., 
2016 for more



SharedPhys Current Research
Future 
Work

BodyVis
LPSV + Personal 

Relevance
Multi-day 
Workshop



SharedPhys Current Research
Future 
Work

BodyVis
LPSV + Personal 

Relevance
Multi-day 
Workshop



Findings
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Tight coupling between 
actions and visualizations

Interplay between wearers 
and non-wearers

The shared environment 
afforded social interactions
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Live Physiological Sensing and 
Visualization (LPSV) Tools

BodyVis SharedPhys
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Future 
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Multi-day 
Workshop



How should designers create wearable 
technologies, and the experiences around 

them, to help elementary-aged children 

understand abstract concepts?

1
Design 
consideration
s for wearables 2

Help children make 
life-relevant 
connections with 
the information 3

Encourage 
children to 
think in new 
ways 



How do LPSV tools support life-relevant
STEM learning experiences for youth?

SharedPhys Current Research
Future 
Work

BodyVis
LPSV + Personal 

Relevance
Multi-day 
Workshop



How do LPSV tools support life-relevant
STEM learning experiences for youth?

SharedPhys Current Research
Future 
Work

BodyVis
LPSV + Personal 

Relevance
Multi-day 
Workshop

How do LPSV tools support life-relevant 
STEM learning experiences for youth?



Learning Activities for LPSV Tools

SharedPhys Current Research
Future 
Work

BodyVis
LPSV + Personal 

Relevance
Multi-day 
Workshop



Learning Activities for LPSV Tools

Participatory Design

SharedPhys Current Research
Future 
Work

BodyVis
LPSV + Personal 

Relevance
Multi-day 
Workshop



Learning Activities for LPSV Tools

Participatory Design

SharedPhys Current Research
Future 
Work

BodyVis
LPSV + Personal 

Relevance
Multi-day 
Workshop

Goal 
To collaboratively design learning activities that utilized our 
LPSV tools
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Learning Activities for LPSV Tools

Participatory Design

SharedPhys Current Research
Future 
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Relevance
Multi-day 
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Competitions

Games

Experimenting high-
and low-impact 

physical activities



The Resulting Learning Activities

SharedPhys Current Research
Future 
Work

BodyVis
LPSV + Personal 

Relevance
Multi-day 
Workshop

Small groups or pairs 
brainstorm activities

Make 
predictions

Test with BodyVis or 
SharedPhys

Discuss 
results
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Sessions

Out of school programs (Boys & 
Girls Club)

Joint 2nd and 3rd grade 
private school classroom

SharedPhys Current Research
Future 
Work

BodyVis
LPSV + Personal 

Relevance
Multi-day 
Workshop



Participants (Total)

54 Female

130
Participants

76 Male

5-13
Ages
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Findings: Life-Relevance

Both Tools
Children utilized everyday activities to 
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I kind of felt embarrassed because all these people were staring at me. So it kind of went up. “
”
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Limited amount of time for lots of activities

Single session deployments for each tool



Three Deployment Sites
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Often focus on a narrow set 
of components in the 
ecosystem (e.g., teacher 
preparation, tool maintenance 
and management, curriculum)

Of the studies that 
have taken place in 
formal classrooms…
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Play time and mediated 
learning time

Previous Study Implementation

Need opportunities to 
wear & observe

A different children wears
a tool each day

Learning contexts 
should be flexible

Children design science 
experiments



Day 1: Play and Discovery

SharedPhys Current Research
Future 
Work

BodyVis
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Relevance
Multi-day 
Workshop

Children discussed questions and engaged in free-form 

exploration with the tools in a scavenger hunt.



Day 2: Exploring Physical Activities
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Children brainstormed physical activities with BodyVis. 

They then tested their hypotheses with SharedPhys.



Day 3: Science Experiments
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Children planned scientific investigations of their choosing 

with BodyVis or SharedPhys.



Day 4: Presentations
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Children presented their choice-based investigations. 
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Participants (Total)
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27 Female

Undisclosed   11

24 Male

65

Participants
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Activity Theory Analysis

Activity Theory 

places an emphasis 

on analyzing the 

interaction between 

people, artifacts, 

and social groups.
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Findings

4th Graders were better at engaging in 

scientific inquiry

Need for objectives and more direct 
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Non-technical artifacts (jump rope, 
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inquiry

BodyVis promoted personalization; 

SharedPhys promoted socialization
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Implications

Designing Artifacts to Support 

Life-Relevant Inquiry

Leverage non-technical artifacts to 

promote inquiry investigations and life-

relevant connections

Link model-based and analytic 

representations to help children make 

connections
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Integrating LPSV Tools into the 

Classroom Environment

Implications

Help educators mitigate the range of 

sensitive discussions that may arise in 

LPSV environments

Allow for incremental integration of 

new variables into inquiry experiences 

for younger learners
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Iterating on the Workshop
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Goal 
Cognitively scale activities and assessments with respect to grade 
level

Develop additional scaffolding materials to guide learning

Identify key points for teachers to address sensitive topics and 
control physical activity

Participatory Design with Teachers
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Daily Objectives

Structured Activities

Cognitively Scaled Activities 

and Assessments
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LPSV Tools are 
abstract in and of 

themselves
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