
Prior to the Session:

ÅAt each table there should be:

ïAn experienced researcher

ï! άƴƻǾƛŎŜέ ǊŜǎŜŀǊŎƘŜǊ όƎǊŀŘǳŀǘŜΣ Ǉƻǎǘ-doc, etc)

ïA teacher

ÅIf you do not fit into these categories:

ïSit anywhere

Å If you do not have at least one of each, 
please let us know
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Center for Science and the Schools (CSATS)
üForging mutually beneficial and sustainable relationships among Penn 

State STEM researchers, outreach providers,and K-12 teachers
üBuilding K-мн ǎŎƛŜƴŎŜ ǘŜŀŎƘŜǊǎΩ ŎŀǇŀŎƛǘȅ ŦƻǊ ƛƳǇƭŜƳŜƴǘƛƴƎ ǊŜǎŜŀǊŎƘ-

based science teaching practices in the classroom

Teacher professional development goals:
1.Understand the nature of science and 

engineering research

2.Teach using reform-oriented practices



Goals of /{!¢{Ω 9ŘǳŎŀǘƛƻƴ hǳǘǊŜŀŎƘ 

1. To enhance science literacy and interest

2. To improve the STEM career pipeline 

оΦ  9ƴƘŀƴŎŜ ǘŜŀŎƘŜǊǎΩ ŀōƛƭƛǘȅ ǘƻ ƛƴŎƻǊǇƻǊŀǘŜ ǘƘŜ 
discourse and practices of science and 
engineering in their classroom teaching



Teachers typically: 

1. Lack authentic 
research experiences

2. Have misconceptions 
about  the nature of 
research

3. Separate practices of 
science from scientific 
knowledge



Traditional Understanding 
and Classroom Practice

http://www.bing.com/images/search?q=Scientific+Method+Clip+Art&FORM=RESTAB#view=detail&id=532DF5B16643FD
77315C7E1C91702A63038BDD1B&selectedIndex=39



Reform Perspective

Science for All Americans (AAAS, 
1989)

National Science Education 
Standards (NRC, 1996)

Next Generation Science Standards 
(NRC, 2012, 2013)

ÅDisciplinary Core Ideas

ÅCrosscutting Concepts

ÅScientific & Engineering Practices



Disciplinary Core Ideas

ÅPhysical Sciences

ÅLife Sciences

ÅEarth and Space Sciences

ÅEngineering, Technology, and Applications of 
Science

From:  NRC (2012). A Framework for K-12 Science Education, p. 49



Crosscutting Concepts

1. Patterns

2. Cause and effect: Mechanism and explanation

3. Scale, proportion, and quantity

4. Systems and system models

5. Energy and matter: Flows, cycles, and 
conservation

6. Structure and function

7. Stability and change

From:  NRC (2012). A Framework for K-12 Science Education, p. 49



Scientific & Engineering Practices

1. Asking questions and defining problems

2. Developing and using models

3. Planning and carrying out investigations

4. Analyzing and interpreting data

5. Using mathematics and computational thinking

6. Constructing explanations and designing 
solutions

7. Arguing based on evidence

8. Obtaining, evaluating, and communicating 
information

From:  NRC (2012). A Framework for K-12 Science Education, p. 49



Emphasis of Reform Documents

Research is dynamic and messy and involves constant 
negotiation, critique, and analysis.

From:  NRC (2012). A Framework for K-12 Science Education, p. 45



Research:

ÅΧŀƛƳǎ ǘƻ ƎŜƴŜǊŀǘŜ ƪƴƻǿƭŜŘƎŜκǎƻƭǾŜ ǇǊƻōƭŜƳǎ

ÅΧƛǎ ŎƻƳǇƭŜȄΣ Ƴǳƭǘƛ-level& multidisciplinary

ÅΧƛƴǾƻƭǾŜǎ ǎȅƴǘƘŜǎƛǎ ŀŎǊƻǎǎ ǊŜǎŜŀǊŎƘ ǘƘǊǳǎǘǎ

ÅΧƛƴǾƻƭǾŜǎ ǎȅǎǘŜƳǎ ǘƘƛƴƪƛƴƎΣ ƳƻŘŜƭ-based 
reasoning, and quantitative reasoning

ÅΧǊŜǉǳƛǊŜǎ ŎǊŜŀǘƛǾƛǘȅ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴ



Broader Impacts/Education Outreach

ÅShould align with research 

ÅShould promote teaching, training and learning

ÅShould benefit society



Expertise & Challenges

Researchers

Have expertise in content areas and 
in research practices

Degree of expertise depends on 
education & experience level 
May struggle conveying routine (but 
important) aspects 

Teachers
Have expertise making concepts 
accessible to K-12 students

Generally have limited experience 
with research 

http://www.earthpreservers.com/duke-u-
scientists-nobodys-listening-frackings-risks/

http://creativecommons.org/licenses/by-nc-sa/3.0/us/

http://www.publicagendaarchives.org/citizen/issueguides/education



Strategies in Developing Effective T-R 
Partnerships



Systems Thinking

From:
González, J. A., C. Montes, J. Rodríguez, and W. Tapia. 2008. Rethinking the Galapagos Islands 
as a complex social-ecological system: implications for conservation and management. 
Ecology and Society13(2): 13. [online] URL: 
http://www.ecologyandsociety.org/vol13/iss2/art13/



Systems Thinking:

ÅA way of thinking about complex phenomena 
or problems in terms of interactions and 
interdependencies among their component 
parts.

ÅExamples:

ïNatural Systems

ïEngineered systems 

ïBusiness systems



Earth Systems

http://www.bing.com/images/search?q=rock%20cycle%2
0diagram&qs=IM&form=QBIR&pq=rock%20cycle&sc=8-
10&sp=2&sk=IM1#view=detail&id=F2CA5C15A248919C95
E4B524972E2F514CDE5FCE&selectedIndex=13

http:// mrsvegassite.wikispaces.com/file/view/Rock_Cycle.jpg/167791273/Rock_Cycle.jpg

http://www.bing.com/images/search?q=earth%20systems%20images&qs
=n&form=QBIRMH&pq=earth%20systems%20images&sc=1-20&sp=-
1&sk=#view=detail&id=89293A7A995AB987410AC060AF3BCEABD84B2CA
8&selectedIndex=707

http://bprc.osu.edu/resources/research/sealevel/images/diagram.jpg

http://mrsvegassite.wikispaces.com/file/view/Rock_Cycle.jpg/167791273/Rock_Cycle.jpg


http://www.bing.com/images/search?q=business+systems+images&qpvt=business+systems+images&FORM=I
GRE#view=detail&id=6A85209AA5C6A1B46D550453CA3C0AAE85C409B0&selectedIndex=20

Business Systems



Engineered Systems

http://www.bing.com/images/search?q=engineered%20systems&qs=n&form=QBIRMH&pq=engineered%20syst
ems&sc=8-18&sp=-
1&sk=#view=detail&id=432271245A7A50CD2441043331EE32DDF6AAD94B&selectedIndex=541

http://www.fulton.com/product-profile.php?uid=35



Research as a System: The MASTER Model Framework

Individual Experiment Level


