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Project Goal 

• Improve the instructional preparation of STEM 
secondary teachers through intensive and focused 
professional development (PD) by integrating rigorous 
STEM content with scientific and engineering practices 
(Next Generation Science Standards NGSS)). 
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Project Outcomes 
1. Know how to incorporate scientific and 

engineering practices as part of their 
instructional practices.  

2. Understand the interactions between the earth 
systems (e.g. climate change) and the human 
systems (e.g. creating alternative energy 
sources).  

3. Collaborate to implement interdisciplinary 
STEM content that emphasizes inquiry- and 
problem-based learning.  
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Participants 

• This eight-day summer professional 
development (PD) institute included 20 STEM 
middle and high school teachers from four 
districts.  
▫ Interdisciplinary school-based teams were 

recruited from each district (e.g. one science, 
math, and tech ed.).  
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Project Summary 

Summer Session: Jun 25-
Jul 3 (8 sessions) 

• Major Activities  
• Climate 

Change-After 
the Strom 
(SCI) 

• Flo Design 
(ENG) 

• Planning 
Teaching 
Modules (e.g. 
Unit) 

Summer follow-up 
sessions: July-Oct 

• STEM Module 
Development 
• SCI & ENG 

practices 
• CCSS 

(Literacy/Math) 
• PBL/5E 

Learning Cycle 

Academic year follow-up 
sessions : Oct - June 

• Action 
Research 
• Implements 

Module 
• Examines a 

factor of student 
acheivment from 
the teaching 
module 
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Linking Science and Engineering   
• The summer professional development (PD), teachers 

completed two authentic inquiry- and problem-based 
activities. 

After the Storm 
(science) 

Climate Change 
Interdisciplinary (e.g. 
human-earth systems) 

Authentic Data 
Systems Thinking  

Flo Design 
(engineering) 

Mitigating the Effects of 
Climate Change 

Problem Analysis 
Independent Research 

Brainstorming 
Testing Ideas 

NSF-InTeGrate NSF-PBL Projects 
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Linking the climate change activities 
with the SCI and ENG Practices 

Although all 
practices were 
used, the 
framework of 
the  activity 
focused on this 
practice 
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Climate Change—After the Storm 

• Teachers investigated the following socio-
scientific issue: 
 To what extent should we build and/or rebuild 

coastal communities? 
• To refine the above issue, the following scientific 

research  question was posed: 
 To what extent are coastal communities at risk due 

to climate change? 
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After the Storm—Part 1 
Learning Goal—Situate 
context and engage teachers’ 
prior knowledge 

• Column 1—a 6-minute 
NBC video, Rising Sea 
Levels 

• Column 2—NY Times 
article, After Sandy: Why 
We Can’t Keep Rebuilding 
on the Water’s Edge 

• Column 3—Several data 
charts from the IPCC 
Summary Report (e.g. 
Components of Climate 
Change Processes  
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After the Storm—Part 2 
Learning Goal—Engage teachers in the 
scientific practices (e.g. geoscientific thinking) 
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The  summary slide below is one group’s summary of the climate data 
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After teachers collected their data (e.g. decrease 
in terrestrial ice sheets, rising sea levels) and 
recorded a summary of this evidence in Table 2.  
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Identifying linkages between 
climate change (earth system) 
with coastal communities 
(human systems) 

• Then teachers created 
a concept map that 
depicts their 
understanding of how 
the changing climate 
system might affect 
their study area, in 
this case, Cape Cod.  
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After the Storm—
Part 3 
Learning Goal—Engage in 
Argument from Evidence 
  
Socio-scientific Issue 
To what extent should we build 
and/or rebuild coastal 
communities? 
Scientific Research 
Question 
To what extent are coastal 
communities at risk due to 
climate change? 
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After the Storm—Results from a Pre- 
and Post-test 

  Climate Change 
pre-test (%) 

Climate Change 
post-test (%) 

Change from 
pre- to post-test 

(N) 19 19 0 

Average 52 72 +20 
Standard 
Deviation 13.0 9.2 -3.8 

Median 57 73 +16 

Mode 47 73 +26 

Highest Grade 73 87 +15 

Lowest Grade 20 53 +33 
2013 Teacher Quality Partnership Grant Program, Office of Higher 
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There were two content tests, a 16-question climate change content test and a 16-
question flo-design test.  
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Mitigating the Effects of Climate 
Change—Flo Design  

• The Challenge: A team of engineers (e.g. the teachers) 
were tasked with developing a strategy for extracting 
energy from a new compact wind turbine design.  This is 
one solution to mitigate the effects of Climate Change.  
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Identifying a Real-world Context 

• Before teachers investigate the issue, they review 
the following: 
▫ The Introduction 
▫ The Organization 
▫ The  Problem Statement  
▫ Brief summary of a the discussion of the problem 

statement and an example of brainstorming 
solutions.  
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Introduction—Context  
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Organization 
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Problem Statement, Discussion, and  
Solution 
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Problem-based Instructional 
Framework 
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Flo-Design—Problem Analysis  
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Flo Design—Independent Research  

2013 Teacher Quality Partnership Grant Program, Office of Higher 
Education, and the National Science Foundation  (InTeGrate, PBL Projects) 



Flo Design—Brainstorming  
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Flo Design—Testing your Ideas 
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Flo Design—Results for Pre- & Post- 
Test 

  Flo Design pre-
test (%) 

Flo Design post-
test (%) 

Change from 
pre- to post-test 

(N) 19 19 0 
Average 63 73 +10 

Standard 
Deviation 15.0 9.5 -5.5 

Median 69 72 +3 
Mode 72 83 +11 

Highest Grade 83 89 +7 
Lowest Grade 28 56 +28 
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There were two content tests, a 16-question climate change content test and a 16-
question flo-design test.  



Conclusions 
• Teacher participants mean assessment score improved 

by 20% for the climate change test and 10% for the Flo 
Design test. 
▫ Persistent misconceptions  
 70% of teachers think that throughout Earth’s history, average global 

temperature has been colder when compared to modern times 
(climate change test). 

 35% of teachers do not know Faraday’s law  (flo design test). 
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Conclusions 
• Teachers utilized  all scientific and engineering practices. 
▫ Teachers had most difficulty understanding systems (e.g. climate 

and human systems) 
• Teachers are submitting their STEM units. Faculty will assess 

(e.g. constant comparative methods) the extent teachers 
embed scientific and engineering practices as part of their 
STEM units.  
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Conclusions 

• Based on a project evaluation survey, teachers 
felt most strongly about… 
▫ Improving their content knowledge of climate change 
▫ Understanding the new scientific and engineering 

practices 
▫ Collaborating in interdisciplinary teams 



Resources 

• InTeGrate (the climate change  activity is  still in development) 

▫ http://serc.carleton.edu/integrate/index.html  
• Problem-based Learning Project 
▫ http://www.pblprojects.org/  

http://serc.carleton.edu/integrate/index.html
http://www.pblprojects.org/


Questions? 
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