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Flash Talk Round 1:
• Changing the Faces of Computing, One Stitch in Time

o Yasmin B. Kafai, University of Pennsylvania

• Using Spatial Narratives to Link Community Engagement and 
Awareness of STEM Careers
o Beth Schlemper, University of Toledo

• The Tuskegee BUILDERS Academy
o Martha Escobar, Oakland University



Changing the Face of Computing                           
One Stitch a Time  

Yasmin B. Kafai  University of Pennsylvania





In Wyoming not one Student from 
an Underrepresented Group took 
the AP Computer Science Exam 
last year.





ROBOTICS

GAMES



Electronic Textiles



We may say most 
aptly that the 
Analytical Engine 
weaves algebraical
patterns just as the 
Jacquard loom 
weaves flowers and 
leaves.
Augusta Ada King, 
Countess of Lovelace
1843

if (sensorValue < 500)
{

analogWrite(5, brightness); 
analogWrite(6, brightness);

. . .

brightness = brightness + fadeAmount;
if(brightness == 0 || brightness == 255) {

fadeAmount = - fadeAmount;
}

delay(50);
}

else
{

. . .



Circuit Design
Simple

Parallel



Coding



Classrooms





A Diverse Group of 
ECS students



Project 2: WristbandProject 1: E-Cards

Project 2: Class Banner Project 4: Human Sensor



DIVERSITY in Students 
and Projects



TEACHER 
EVALUATION

Rubrics



STUDENT
e-Portfolios



STUDENT
STEM Careers

“Going into high school I always 
believed that I wanted to be a 
medical doctor, but after this I still 
want to be a doctor but maybe a 
doctor in engineering instead.”
Anita, 15 years
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Using Spatial Narratives to 
Link Community 
Engagement and 
Awareness of STEM Careers
BETH SCHLEMPER, DEPARTMENT OF GEOGRAPHY AND PLANNING
STELAR ITEST PI & EVALUATOR SUMMIT
MAY 14, 2018



Frightening?

Source: https://www.independent.co.uk/news/science/robots-are-coming-
but-will-they-take-our-jobs-uk-artificial-intelligence-doctor-who-a8080501.html

“Rather than 
think of what jobs 
will disappear, 
experts advise 
thinking of how 
jobs will change.”



Much more frightening

 Richest 1 percent owned more than 
half the world’s wealth in 2016.
Source: 
http://www.reuters.com/article/2015/01/19/us-davos-
meeting-inequality-idUSKBN0KS0SW20150119

The 
Rest

Top 
1 %

Dan Wasserman-Tribune Content Agency



Locally the gap is evident too
Example: Toledo, Ohio

Source:  Lucas County Land Bank Survey: http://co.lucas.oh.us/2783/The-Toledo-Survey 



Including Students’ Geographies 
and Increasing Engagement 

Source: Figure 1 (Schlemper, Stewart, Shetty, & Czajkowski, 2018, 10).



Equity:
Environmental and Social Justice



Spatial Narratives
Pre-Sketch Map Familiar Areas Post-Sketch Map Familiar Areas



Including Students’ Geographies 
and Increasing Engagement 



Case Study:  Housing Group
(Summer 2016)

Inquiry Question:

“Do abandoned houses 
impact the value of 
other houses in the 
community?”



Citizen Mapping

One of their maps illustrating the GPS data points of houses they 
identified as abandoned (with 2015 unemployment rates data layer)



Case Study: Housing Group



What did they discover?



Expanding Students’ Spatial Narratives
Pre-Sketch Maps Familiar Areas Post-Sketch Maps Familiar Areas



Expanding Students’ Spatial Narratives
Pre-Sketch Maps Avoided Areas Post-Sketch Maps Avoided Areas



Connections to Careers



Connections to Careers



Curriculum Framework



Six Validated Modules



Technology and Society
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What is BUILDERS?
• Summer camp and academic year experience.

• Target: rising 10th-12th graders in Macon County, 
Phenix City, and Montgomery public schools.

• Facilitators: teachers from participating schools, 
STEM faculty and graduate students at Tuskegee 
University.



Our schools

Schools % Minority
% Free and 

Reduced Lunch

Macon County School District

Booker T. Washington HS 100% 100%

Notasulga HS 94% 100%

Phenix City Schools

Central High School 74% 76%

Montgomery Public Schools

Robert E. Lee HS 89% 100%



What do BUILDERS do?
• Students are tasked with identifying a problem that affects their 

communities.

• Teamwork in a Makerspace to  design, develop, and test a 
prototype that solves this problem.

• Goal: Help students develop 21st century skills for STEM careers 
and the workplace.

Learning 
and 

Innovation

Life and 
Career Skills

Digital 
Literacy

21st century 
STEM 

Professions



Prototypes?
• Students must research their problem and find a plausible solution.

• Prototypes must be:

Inexpensive

Use readily available materials

Portable



This is how it happens…
• Teachers receive training on facilitating the makerspace.

• Teachers select problems that use concepts relevant to the state’s 
science curriculum.

• Students express interest in a particular problem.

• Teams (4-5 students) are formed based on common interests.



Technology at your service
• Electronic devices on loan for the summer.

• Access to STEM faculty, graduate students, and lab equipment at 
Tuskegee University.



What problems?
• Emphasis on the use of technology to address a real problem 

that could affect their community.

Develop an inexpensive water purification system.

Make a waterproof system to track pets using GPS.

Create an effective and inexpensive battery with minimal 
ecological impact.

Invent a non-invasive method to track blood sugar in 
individuals with diabetes.



The Makerspace
• Project-based learning with loose 

organization.

• Teacher and students are partners in 
learning.

• Instruction is incidental to the 
project.

• Failure is viewed as a preliminary 
success.

• Students construct their knowledge.



Our Teachers
• Guides rather than lecturers.

• Mentors who provide 
encouragement and continuous 
feedback.

• Take advantage of “teachable 
moments” as the project develops.

• Supported by STEM faculty and 
graduate students.



Soundboxes
• First making activity of the camp.

• Materials: Cardboard, fabric, foam, 
tape, bubble wrap, garbage bags.

• Team- and confidence-building.

• Concepts taught within an hour:

Sound vs. light waves

Density

Sound transmission

Sound perception



Research and design
• Teams researched their problem, made blueprints, decided 

on materials.

• Use of online and campus-based resources.

Collaborative revision of preliminary designsPreliminary blueprintsProject notebooksBrainstorming and discussion



Building & refining prototypes
• Construction led to many failures...

• Students continued working on their prototype after school 
through the school year.

Kinetic energy 
battery (powered 

by magnets)

Solar cell-
powered battery



Chromatic 
spectrum blood 
sugar detection

Ultraviolet light 
water purification 

system

GPS-based pet-
tracking system 

and app

Building & refining prototypes
• Students’ put great effort into producing a product that they 

felt proud to present.



Our research
• 32 campers, pre-post camp data available from 28.

• 71% African-American, 13% mixed race, 6% white.

• 69% male, 31% female.

• All students had a GPA higher than 3.0 and were recommended by 
STEM teachers at their school.



Self-efficacy
• Students scored very high in 

self-efficacy even before 
attending the camp.

• However, social self-efficacy 
increased as a result of the 
teamwork experience.

Pre-camp Post-camp
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Emotional 
Social 

SEQ-C (Muris, 2001)

*



Makerspace experience
• Students thought the makerspace experience:

Taught them useful things.

Will help them with college and job applications.

Made their parents and themselves proud of what they 
accomplished.

Helped them meet others “like them.”

Lunchtime looked 
like this…



21st Century Skills

Learning 
and 

Innovation

Life and 
Career Skills

Digital 
Literacy

21st century 
STEM 

Professions

Learning & Innovation:
 Knowledge of core subjects
 Critical thinking and problem 

solving
 Communication and collaboration
 Creativity and innovation

Life & Career Skills:
 Flexibility and adaptability
 Initiative and self-direction
 Social and cross-cultural interaction
 Productivity and accountability
 Leadership and responsibility



Identification with 21st

century skills
Critical Thinking

Flexibility & Adaptability

Social Interaction

Creativity & Innovation

Knowledge of core subjects

Leadership & Responsibility

Productivity & Accountability

Initiative & Self-Direction

Communication & Collaboration

Self ~ STEM professional*

Self < STEM professional

Self < STEM professional

Self < STEM professional

Self < STEM professional

Self < STEM professional

Self < STEM professional

Self < STEM professional

Self ~ STEM professional

Before summer experience

*Frequency of use of descriptors for each skill

Critical Thinking

Flexibility & Adaptability

Social Interaction

Creativity & Innovation

Knowledge of core subjects

Leadership & Responsibility

Productivity & Accountability

Initiative & Self-Direction

Communication & Collaboration

Self ~ STEM professional*

Self < STEM professional

Self < STEM professional

Self < STEM professional

Self < STEM professional

Self < STEM professional

Self < STEM professional

Self < STEM professional

Self ~ STEM professional

After summer experience



What comes next?
• 2017 campers will hold a public showcase of their prototypes.

• 2018 camp will have 5 returning campers to serve as peer mentors.

www.TuskegeeBuildersAcademy.org

@TUBuilders

This material is based upon work supported by the National Science Foundation Grants DRL-1657399 and 
DRL-1657123. Any opinions, findings, and conclusions or recommendations expressed here are those of 
the authors and do not necessarily reflect the views of the National Science Foundation.

• Assessment of long-
term gains from the 
year-long 
experience.

• Measure 
development and 
validation.



Flash Talk Table Conversations

• What is something new you learned?

• What do you want to learn more about?

• What connections do you see in your own work?



Flash Talk Round 2:

• Design Notebooking and Knowledge Building Practices during 
Elementary School Engineering
o Kristen Wendell, Tufts University

• Think Data, Act Local
o Cassie Xu, Columbia University



Design Notebooking and Knowledge 
Building Practices During Elementary 

School Engineering
Kristen Wendell
Tufts University
Departments Of Mechanical 
Engineering and Education

ConnecTions in the Making 
Tufts University, UMass Boston, Boston 
Public Schools & Marlborough Public Schools
Tej Dalvi, Chelsea Andrews, Nicole Batrouny, 
Fatima Rahman
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3
Middle Schoolers’ Work from Learning by Design™ (Kolodner et al., 2003)



4

Elementary Student Work 
from Science through 
LEGO™ Engineering 
(Wendell & Rogers, 2013)



5

Engineering Design

Science
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7
The Learning by Design Cycle. “Promoting transfer through case-based reasoning: Rituals and practices in 
learning by design classrooms” (Kolodner, Gray, & Fasse, 2003; Reprinted in Wendell & Kolodner, 2014)
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9

CollaborationDocumentation
Working with Data for 

Explanation and 
Argumentation



10
(Andrews, Wendell, & 
Danahy, LKS Labs)
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Sandbags at the Fenway subway tunnel in a 2010 storm

A scale model of the flood-prone tunnel portal
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Specific Sub-Practices Individual Notebooking
Collective

Notebooking
(7.4) Support an argument 
with evidence, data, or a 
model

No students All students

(7.5) Use data to evaluate 
claims about cause and 
effect

No students No students

(7.6) Make a claim about 
the merit of a solution by 
citing relevant evidence 
about how it meets criteria

All students All students

Practice 7: Engaging in Argument from Evidence



19

Specific Sub-Practices Individual Notebooking Collective Notebooking

(6.2) Use observations 
to explain or design All students No students

(6.3) Identify the evidence 
that supports particular 
points

Some students No students

(6.4) Apply scientific ideas 
to solve design problems Some students All students

Practice 6: Constructing Explanations and Designing Solutions



20



Think Data, Act Local
(aka: Exploring STEM Impact and Engagement in Student-Led 

and Purpose-Driven Projects)

Cassie Xu
Lamont-Doherty Earth Observatory, Columbia University





“Data, I think, is one of the most 
powerful mechanisms for telling 
stories. I take a huge pile of data and 
I try to get it to tell stories.” 

- Steven Levitt, co-author of Freakanomics



The project
=

Students in decision-making roles 
+  

a community-level problem 
+ 

open-source data 
+

data experts/skills 
+ 

industry professionals and community groups 



The teacher component
• Year 1: Teachers experience the learning 

themselves
• Year 2: Teachers facilitate after-school 

program



1. Students in decision-making roles

• Constructionism – knowledge is derived from active 
experiences where learners are creating personally 

meaning artifacts

• Service learning – participants engage in civic 
engagement activities



2. A Community-level problem

Community = geographic areas where 
students live and the people they share 

common interests with





3. Open-source data

NYC Open Data – data generated by NYC 
agencies and city organizations for 

public use





Data experts
Dara Mendeloff – Center for International Earth Science 
Information Network; GIS, water quality

Dan Bader – Center for Climate Systems Research; 
climate science, data communication

Margie Turrin – Lamont-Doherty Earth Observatory; 
environmental conservation, citizen science





4. Data Skills

• Role of data in research
• Collection, analysis, and communication

• Data in decision-making



5. Industry professionals 
and community groups









Relevant Summit Goals

• How youth develop their work identities
• Why we should be concerned about 

making sure that there is work 
for everyone 



And to conclude…



THANK YOU!
cassie@ldeo.columbia.edu

@Edxucation



Flash Talk Table Conversations

• What is something new you learned?

• What do you want to learn more about?

• What connections do you see in your own work?



Flash Talk Round 3:
• Data Science through Digital Storytelling

o Seth Marceau, Youth Radio

• Chief Science Officers: Empowering Youth to Make a Global 
Impact in STEM
o Jeremy Babendure, Institute for Learning Innovation
& Chief Science Officer Brandon 



Data 
Science 
Through
Storytelling
Data to Awesome - Youth Radio 



2014



GRAPHIC DESIGN

CODING

MUSIC 

VIDEO SOCIAL MEDIA 













Youth Driven

Data Powered

Impactful Stories







2018 Youth Media California 
Statewide Conference



Data About their schools\







LOCATION 
(lat, long) 

IMAGE

SOCIAL MEDIA 
EMBED

What Data Do We Need?

DATE &
TIME



How do we choose & 
organize the data? 



IMPACT



TRAINING FOR 
COLLEGE & CAREER



●Projects Reach Real Audiences 

● Peer Teaching ● Collegial Pedagogy



How often do 
students have 

a voice…



How often do 
students have 

a voice…



How often do 
students have 

a voice…



Introducing the World’s First Chief Science Officers (CSOs)!



Chief Science Officers: Who are we?  
    

“I want to spread STEM 
awareness to my peers and 
bring their ideas to the 
community

Anthony
CSO, John Glenn High School

“I want to help advocate 
for those who don’t have a 
voice”

Mayra
CSO, Central High School

“I want to spread the 
passion of STEM and help 
grow the leaders of 
tomorrow”

Shalae
CSO, Connolly Middle School

“I want to peak students' 
interests in STEM related 
activities and help make them 
more available to all students.”

Mackenzie
CSO, John Glenn High School

“I want to share that the 
world around us is full of 
science and technology”

Sebastian
CSO, Metro Tech High School

“I want to have people be 
excited and have fun when 
working in science”

Brandon
CSO, Alhambra High School



A Diverse Representation Across Arizona

Female
59%

Male
41%

CSOs by Gender

Middle School
60%

High School
40%

CSOs by Grade Level

Arizona

Michigan

Oregon

Kuwait

CSOs by Region

White
44%

Hispanic or 
Latino
28%

Asian or 
Middle Eastern

21%

Black or African 
American

4%

Other
2%

American Indian or 
Alaska Native

1%

CSOs by Ethnicity



What are our goals?

1. Cultivate a pipeline of 
diverse STEM leaders



What are our goals?

2. Increase communication 
and collaboration 
among CSOs. 



What are our goals?

3. Enrich school STEM 
culture and career 
awareness. 



What are our goals?

4. Increase student voice 
in STEM conversations in 
the community. 



What type of training do CSOs get? 

Teamwork NetworkingStrategic Planning



Writing Public relations Camera

What type of training do CSOs get? 



What type of training do CSOs get? 

STEM presentations Inspirational activities Bonding time



In School

CSO Brandon and CSO America at the check-in 
table for their event “STEAM: Passion with a 
Purpose.” The event included student STEM 
projects, hands-on activities, performances by 
school dance teams and guitar classes, and a 
STEM-themed poetry slam.



In the Community

CSO Brandon shows young event attendees a fun 
STEM demonstration at Luke Airforce Base’s “Luke 
Days: STEAM City”



As a collective cabinet 

CSO Brandon participates in 
“speed pitches” with fellow Chief 
Science Officers from his district



Internationally



• Unify the growing global cabinet of 
Chief Science Officers 

• Increase awareness of CSOs with 
national leadership

• Expand influence of CSOs and student 
voice with national decision makers

• Build synergies with STEM Ecosystems  

International CSO Summit – Oct 7 - 12



2017/18 numbers

- 500 CSOs
- 300+ SciTech Jedi Industry Mentors 
- 70+ community events 
- 170+ school based events 
- 40+ News and media stories  
- 5,000+ students directly impacted by CSOs
- 50,000+ students represented by CSOs

* Anticipate 700, 1000 and 1400 CSOs for the 2018/19, 2019/20 and 2020/21 seasons. 



Join the International Movement!
2017/18 season
- Southern Oregon STEM Hub
- Great Lakes Bay Region (MI) 
- Midwest (TN, MO, IL, IN)
- Kuwait 

2018/19 season 
- NE Florida 
- Tampa Bay (FL)
- Atlanta (GA)
- Kansas City (MO/KS)
- Missouri 
- Buffalo (NY)
- Cochise, Verde Valley, Eastern (AZ)
- Go STEM, Frontier, Columbia Gorge (OR)
- Sonora (Mexico) 

Contact: jbabendure@aztechcouncil.org

mailto:jbabendure@azcommerce.com


Flash Talk Table Conversations

• What is something new you learned?

• What do you want to learn more about?

• What connections do you see in your own work?
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