
Urban Advantage
Formal‐Informal Partnerships to 
Improve STEM Teaching and Learning 
in Middle School Science Classrooms



The goal of the Urban Advantage program is:

To improve students’ understanding of scientific 
knowledge and inquiry through collaborations 
between public school systems and informal 
science education institutions.







Urban Advantage ‐ NYC 
Science Exit Projects

Controlled Experiments Secondary Research Projects

Field Studies Design Projects



Question: What is the effect of a rotten apple 
on the condition of the apples around it?



UA Framework: Six Components

Professional Development
• Workshops for science teachers and school administrators

Classroom Materials and Equipment
• Science materials/equipment for schools, teachers, & students

Access to Institutions
• Vouchers for class field trips, family field trips and visits

Outreach to Families
• Public exhibitions of student work, family science events at institutions, 
support for school‐based family science nights

Capacity‐Building and Sustainability
• Lead Teachers, Leadership Institute, Demonstration Schools

Assessment
• Program goals, student learning, and systems of delivery



Teachers
• Immersion in inquiry 

workshops for new teachers
• Continuing teacher workshops

Administrators
• Science Leadership Breakfasts



• Lighted plant growing 
environment

• Digital cameras
• Dissecting microscope
• Stopwatches
• Magnifying glasses
• Rock collections
• Field guides
• Thermometers
• Psychrometers
• Aquarium kit
• Designing rockets kit
• Water and soil field‐test kits



• Class field trip 
vouchers

• Family field trip 
vouchers

• Student and Family 
vouchers

• Teacher vouchers



• Family Science Sundays at 
Partner Institutions

• Parent Coordinator 
Workshops

• Family Science Nights at 
Schools

• Annual UA Science EXPO



• UA Lead Science Teachers

• Leadership Institute

• Demonstration Schools



• Program assessment
– Longitudinal program 

evaluation
– Classroom observations
– Teacher surveys and 

interviews
– School visits

• Student learning
– Science exit projects
– New York State 8th grade 

Intermediate‐Level Science 
Test



Students, teachers, and families do, think, and explore like scientists
—both in and out of the classroom

Metro Denver Urban Advantage is funded by the National Science Foundation’s Discovery K-12 research program through grant #1020386



The Denver Difference
• 5 Year NSF DRK‐12 Efficacy Study

‐ Including comprehensive evaluation

• 3 School Districts

• 3 Institutions

• 7th Grade

• Pre‐Visit Program for Field Trips

• Student Leader Program

Metro Denver Urban Advantage is funded by the National Science Foundation’s Discovery K-12 research program through grant #1020386
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• Supports CO State Standards

• Field trips/bus reimbursement to 
Museum, Zoo, and Gardens

• Teacher stipends

• Classroom materials and supplies

• Access to institutions and their 
scientists

• Teacher Professional Development
Metro Denver Urban Advantage is funded by the National Science Foundation’s Discovery K-12 research program through grant #1020386



• Family Science Days @ Institutions

• Family Science Nights @ Schools

• Vouchers 

• Family Guides/Materials

• Science Celebration 

Metro Denver Urban Advantage is funded by the National Science Foundation’s Discovery K-12 research program through grant #1020386



The Urban Advantage Denver 
Research and Evaluation Team

Kathleen Tinworth, PI
Director of Visitor Research & Program Evaluation at the 
Denver Museum of Nature & Science

Maggie Miller, external evaluator
Maggie Miller Consulting, LLC

Erin Caldwell, lead researcher for efficacy study
National Research Center

Metro Denver Urban Advantage is funded by the National Science Foundation’s Discovery K-12 research program through grant #1020386



THE ROLE OF EVALUATION

IN ONE FORMAL-INFORMAL

PARTNERSHIP:

METRO DENVER

URBAN ADVANTAGE P A R T N E R E D  W I T H :

Metro Denver Urban Advantage is funded by the National Science Foundation’s 
Discovery K-12 Research Program through grant # DRL 1020386. 
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1. CORE TEAM

2. FIELD TRIPS

3. VOUCHERS

THE ROLE OF EVALUATION

IN ONE FORMAL-INFORMAL

PARTNERSHIP:

METRO DENVER

URBAN ADVANTAGE



METRO DENVER URBAN ADVANTAGE
MIDDLE SCHOOL SCIENCE

(EVALUATION)

EVALUATION GOALS
Front‐End:
1. To learn from and incorporate the best practices 

employed in Urban Advantage New York City. 
Formative / Process:
1. To examine three key areas with UA Denver program 

staff, students, families, and teachers: communication 
and expectations, feedback, and improvements 
needed. 

2. To continue to address program goals and objectives, 
challenges and successes, and recommendations and 
changes if needed. 



METRO DENVER URBAN ADVANTAGE
MIDDLE SCHOOL SCIENCE

(EVALUATION)

EVALUATION METHODS

Front-End: UA NYC (Telephone Interviews)
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Core Team 
(Telephone Interviews 
& 
Online Surveys)

Teachers
(Online Surveys, 
Modified Focus Group, 
Interviews)

Students
(Intercept Surveys / 
Interviews 
&Focus Group)

Families
(Telephone Interviews)



Metro Denver Urban Advantage is funded by the National Science Foundation’s 
Discovery K-12 Research Program through grant # DRL 1020386. 

1. CORE TEAM

2. FIELD TRIPS

3. VOUCHERS



METRO DENVER URBAN ADVANTAGE
MIDDLE SCHOOL SCIENCE

(EVALUATION)

THE CORE TEAM



METRO DENVER URBAN ADVANTAGE
MIDDLE SCHOOL SCIENCE

(EVALUATION)

THE CORE TEAM: SELECTED FINDINGS

The best things:  working with other professionals and 
reaching a new audience

Challenges: the number of players and the variety of 
schedules.  
Difficult to achieve consistency and keep everyone involved.

Essential: 
A couple of people with primary responsibility
Meet regularly.



METRO DENVER URBAN ADVANTAGE
MIDDLE SCHOOL SCIENCE

(EVALUATION)

THE CORE TEAM



METRO DENVER URBAN ADVANTAGE
MIDDLE SCHOOL SCIENCE

(EVALUATION)

THE CORE TEAM
FEEDBACK



Metro Denver Urban Advantage is funded by the National Science Foundation’s 
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1. CORE TEAM

2. FIELD TRIPS
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METRO DENVER URBAN ADVANTAGE
MIDDLE SCHOOL SCIENCE

(EVALUATION)

FIELD TRIPS



METRO DENVER URBAN ADVANTAGE
MIDDLE SCHOOL SCIENCE

(EVALUATION)

FIELD TRIPS (FEEDBACK FROM TEACHERS) (BEFORE)
What’s hard about this?
Getting enough chaperones, having chaperones 
that are responsible.

What to do with a kid that misbehaves.

Too many kids to take at one time.

Lack of transportation.



METRO DENVER URBAN ADVANTAGE
MIDDLE SCHOOL SCIENCE

(EVALUATION)

What can UA Denver staff do to make things 
easier?
Have a representative come from the institution 
to the classroom.

Provide chaperones.

Help with training for non-science teacher 
chaperones.

FIELD TRIPS (FEEDBACK FROM TEACHERS) (BEFORE)



METRO DENVER URBAN ADVANTAGE
MIDDLE SCHOOL SCIENCE

(EVALUATION)

The packet from the zoo and DBG had good 
information, and saved teachers time.  They 
clearly outlined the different types of 
experiences.
Know your audience.  I know how to engage the 
kids.  They don’t give a shit about plants.  Show 
crazy adaptations, carnivorous plants, biomes.  
Plants that are gross, or useful, or have 
personality.  Medicinal uses.. 

FIELD TRIPS (FEEDBACK FROM TEACHERS) (AFTER)



METRO DENVER URBAN ADVANTAGE
MIDDLE SCHOOL SCIENCE

(EVALUATION)

 We had greater efficiency this year [than last 
year], and more organization for the field trips.  
As a result the planning for them took less 
time.  And because our prep was more 
effective, more learning took place.  We have a 
system now, with a spreadsheet to keep 
everything organized. 

FIELD TRIPS (FEEDBACK FROM TEACHERS) (AFTER)
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1. CORE TEAM

2. FIELD TRIPS

3. VOUCHERS



METRO DENVER URBAN ADVANTAGE
MIDDLE SCHOOL SCIENCE

(EVALUATION)

VOUCHERS



METRO DENVER URBAN ADVANTAGE
MIDDLE SCHOOL SCIENCE

(EVALUATION)

VOUCHERS
I didn’t use them because I had baseball practice 
a lot, and my dad worked late nights, and on 
weekends. And also my mom and my stepmom 
work, too.
I didn’t use them because I have a little baby 
brother—one’s 2 years old and one’s like 6 
months old, so…



METRO DENVER URBAN ADVANTAGE
MIDDLE SCHOOL SCIENCE

(EVALUATION)

“My favorite part was when we, when I went to the zoo 
by myself, using those vouchers to get in for free with 
my family, and just by myself with my friends. It was 
really fun for me because I got to put family and 
schoolwork together so I wouldn’t just be on both ones 
separately and feel like I’m pushing the other one 
aside.”

VOUCHERS



EFFICACY STUDY

IN ONE FORMAL-INFORMAL

PARTNERSHIP:
WHAT WE ARE

MEASURING P A R T N E R E D  W I T H :

Metro Denver Urban Advantage is funded by the National Science Foundation’s 
Discovery K-12 Research Program through grant # DRL 1020386. 



THE METRO DENVER URBAN ADVANTAGE
MIDDLE SCHOOL SCIENCE

EFFICACY STUDY

RESEARCH QUESTIONS

1.  Impact of Urban Advantage on 

students
2.  Impact of Urban Advantage on

teachers
3. Impact of Urban Advantage on

families



THE METRO DENVER URBAN ADVANTAGE
MIDDLE SCHOOL SCIENCE

EFFICACY STUDY

RANDOM ASSIGNMENT OF SCHOOLS

Urban Advantage Comparison



THE METRO DENVER URBAN ADVANTAGE
MIDDLE SCHOOL SCIENCE

EFFICACY STUDY

DATA COLLECTION EFFORTS

Pre-Post
Student 
Surveys

Pre-Post
Student 
Science 

Assessment

Standardized
Student
Science

Assessment

Pre-Post
Teacher 
Surveys

Post-only
Parent 

Surveys



THE METRO DENVER URBAN ADVANTAGE
MIDDLE SCHOOL SCIENCE

EFFICACY STUDY

DATA COLLECTION EFFORTS

Pre-Post
Student 
Surveys

Pre-Post
Student 
Science 

Assessment

Standardized
Student
Science

Assessment

Pre-Post
Teacher 
Surveys

Post-only
Parent 

Surveys

Pre and Post in 7th Grade
MAP™ or NWEA Formative Assessment Item 

Bank

Compare Baseline 
in Intervention and Control Schools/Students

Compare Change 
in Intervention and Control Schools/Students

Compare 8th Grade Standardized Scores
in Intervention and Control Schools/Students



THE METRO DENVER URBAN ADVANTAGE
MIDDLE SCHOOL SCIENCE

EFFICACY STUDY

DATA COLLECTION EFFORTS

Pre-Post
Student 
Surveys

Pre-Post
Student 
Science 

Assessment

Standardized
Student
Science

Assessment

Pre-Post
Teacher 
Surveys

Post-only
Parent 

Surveys

Science interest and aspirations
(mATSI)

Interest in and visitation of
informal institutions

Know how to do an investigation



THE METRO DENVER URBAN ADVANTAGE
MIDDLE SCHOOL SCIENCE

EFFICACY STUDY

DATA COLLECTION EFFORTS

Pre-Post
Student 
Surveys

Pre-Post
Student 
Science 

Assessment

Standardized
Student
Science

Assessment

Pre-Post
Teacher 
Surveys

Post-only
Parent 
Surveys

Self-Efficacy for and Self-Reported Behaviors of
Teaching Scientific Inquiry and Investigation

(Teaching Science as Inquiry Instrument)

Use of Tools Trained on in TPD
(DSET, PINT, EDD)

Use of Field Trip Templates and Materials



THE METRO DENVER URBAN ADVANTAGE
MIDDLE SCHOOL SCIENCE

EFFICACY STUDY

DATA COLLECTION EFFORTS

Pre-Post
Student 
Surveys

Pre-Post
Student 
Science 

Assessment

Standardized
Student
Science

Assessment

Pre-Post
Teacher 
Surveys

Post-only
Parent 
Surveys

Science interest and aspirations
(modified from mATSI)

Interest in and visitation of
informal institutions

Self-efficacy for helping student 
with science homework



NSF‐funded DR‐K12 Project
Investigator, Michigan State University

Learning Science as Inquiry with the 
Urban Advantage:

Formal‐Informal Collaborations to Increase Science Literacy 
and Student Learning 

NSF‐funded DR‐K12 Project 
Jim Short, Principal Investigator, AMNH

Suzanne Wilson, Co‐Principal Investigator, MSU



School 
Year

2004-
2005

2005-
2006

2006-
2007

2007-
2008

2008-
2009

2009-
2010 

2010-
2011

2011-
2012

Schools 31 111 129 156 147 174 156 137

New 
Teachers 62 133 116 127 61 182 86 63

Continuing 
Teachers 62 94 129 196 204 285 280

Total 
Teachers 62 195 210 256 257 386 371 343

UA 
Students 5,500 18,722 21,016 27,541 24,793 37,582 37,822 35,824



Guiding Questions

• How can informal science education institutions best design 
resources to support teachers and students to conduct 
scientific investigations and better understand the nature of 
science?

• How are these resources then used, and to what extent and in 
what ways do they contribute to participants’ learning? 

• How are those resources then used for student learning? 



Science Exit Projects
NYC Department of Education defines four types of 
long‐term science investigations:

• Controlled Experiments

• Field Studies

• Design Projects

• Secondary Research







• 1986‐2012 Hudson River Monitoring Data
• One of the longest continuous studies of a biological 

invasion (zebra mussel) in which research began prior 
to the invasion



“Nature of science” experiences and exposure to the “story” of 
the Hudson River’s zebra mussel invasion





Using Museum exhibitions 
to engage in ecosystem concepts

In the diorama identify abiotic (non‐living) and biotic components…
Using arrows, diagram one connection that might exist between abiotic and biotic components
Can you propose this connection as a question? How will….. affect……?



Out in the Field



Building an Investigation

• How will _________ affect _________?













River Ecology Teaching Case

amnh.org/education/hudsonriver



Raw performance data suggests UA is effective

Student Weighted Mean Achievement, 8th Grade Intermediate Level Science (ILS) Test – Percent Proficient
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Teaching Teachers Science: 
The Case of Urban Advantage

Principal Investigators:  James Short (AMNH) and Suzanne M. 
Wilson (MSU)
Research Team:  Jamie N. Mikeska, Patricia Bills, Kenne Dibner, 
Suzanne Elgendy, Mark Helmsing, Tamara Shattuck, Amber 
Meyer



Research Project
• How are teachers’ developing understanding 
and practice and their students’ learning 
enabled by the availability                               
and use of resources?



Research Design



Methods
• Sample: First cohort of middle school science 
teachers (n=15) attending UA PD in fall 2010

• Data sources included:
– PD observations
– Classroom observations
– Teacher interviews

• Qualitative data analysis involved:
– Coding and linking together data segments
– Memoing
– Content analyses of field notes and interviews
– Graphic mapping



Analysis: Teachers’ PD Learning Opportunities

Guiding Question: How are these resources used?
• Observed PD sessions and completed structured 
observation protocol describing each PD activity

• Coded each PD activity for:
– Opportunities to do science
– Opportunities to understand the nature of science  
(NOS) 

– Opportunities to understand the nature of scientific 
inquiry (NOSI)



Analysis: Evidence of Teachers’ Learning

Guiding Question: What do teachers learn?
• In science exit projects

– Breadth and depth of teachers’ communicated 
understanding of scientific content

– Use of scientific reasoning to determine clear, logical 
investigative steps throughout project

• In classroom instruction
– Ideas about science inquiry and pedagogy
– Sense‐making of UA resources and tools 



Findings: Teachers’ PD Learning Opportunities

• UA creates opportunities for teachers to watch 
science being conducted and to do science 
themselves

• UA resources (e.g., teaching case materials, 
IDD, DSET) used as an integral part of this 
work

• Challenge is to help teachers “go meta”



Findings: Teachers’ Learning

• Quality of exit projects varies considerably 
across projects but remains largely consistent 
within projects

• Immediate appropriation of tools and 
language into practice

• Teachers use UA resources to support their 
attempts to teach inquiry:
– As structures that guide long‐term investigations
– As supports for other curriculum activities



Interplay between 
Science Content and Scientific Inquiry

IDD
Abstracts variables and 

relationships to help design 
and direct the investigation

DSET
Scientific reasoning 

contextualizes the results of 
investigation

Teaching Case 
Materials

Enables learning content in 
the context of
scientific inquiry



Theory of Teacher Learning 
and Change

Teachers’ 
classroom practice

Teachers’ 
classroom practice

Learning 
by 

watching 
others

Learning 
by 

watching 
others

Learning by 
doing 
science

Learning by 
doing 
science



Continued Work

• Development work
– Refine PD model and teaching case materials
– Pilot and refine student materials

• Research work
– Create teacher resource maps
– Extend analysis to include student learning and 
teacher learning in other cohorts and PD cycles



Panel Discussion

• Thinking about accountability and outcomes. 
•
• Effects of studying something. 
•
• How formal/informal partnerships need to 
have an “it” to focus their joint work. 


