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K-12 Science education should reflect the 
interconnected nature of science as it is practiced 

and experienced in the real world.

-Next Generation Science Standards
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Workshop Goals
• To help educators understand the complex systems nature of authentic 

research 
• To help educators develop a systems thinking approach to the design and 

implementation of research projects
• To help educators translate that way of thinking to their students by 

engaging them in systems-based classroom research projects 
• Learn about grant sponsored professional development opportunities for 

K-12 educators



Emphasis of Reform Documents
Moving teachers’ and students’ concept of science 
practice away from a static and strict linear process 
to the more dynamic and “messy” iterative process 
it is, involving constant scientific argument, 
critique and analysis

Role of science practices and knowledge in 
generating the body of scientific knowledge



Teachers teach the step-wise Scientific 
Method in their classrooms – as a separate 
topic

Students apply these steps to carry out 
verification labs or individual, isolated 
experiments 

This simplistic perspective of science 
research is deceiving… and boring

Traditional Understanding and Classroom Practice



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



Disciplinary Core Ideas
• Physical Sciences
• Life Sciences
• Earth and Space Sciences
• Engineering, Technology, and Applications of Science

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

Reform Oriented Understanding 
and Classroom Practice



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



Research:
• …aims to generate knowledge/solve problems
• …is complex, multi-level & multidisciplinary
• …involves synthesis across research thrusts
• …involves systems thinking, model-based reasoning, 

and quantitative reasoning
• …requires creativity and innovation



What are challenges to doing research or 
engineering design projects in the classroom?

• Discuss in small groups to identify challenges
• Time and need to cover mandated material
• Understanding of how researchers do research and organize projects
• Understanding of nature of science and engineering research



Strategies in Developing Effective 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 Society 13(2): 13. [online] URL: 
http://www.ecologyandsociety.org/vol13/iss2/art13/



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

There are numerous examples of systems in many different fields 
of study…
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Earth Systems
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Business Systems



Engineered Systems



Government Systems



Systems thinking in STEM research 
• Approaching the problem the way researchers do
• Visualizing the problem as a complex system and the process of solving 

the problem using a systems thinking perspective.  
• Solving a problem or explaining a phenomenon by separating into 

components while realizing interconnectedness of components



Research as a System: 
The MASTER Model 
Framework ©

Individual Experiment Level



Experimental Level



Examining an Authentic Research Project:
reBUild

• Science researchers are investigating what causes incidences of BU in 
communities

• Reports in the scientific literature implicate several factors as potential 
causes:  
• Seasonal rainfall amounts
• Geographical distribution of land disturbance – fragmentation
• Water quality of stagnant water bodies 
• Human interactions with the land

• reBUild project is investigating how these factors may interact to cause 
BU incidences



MASTER Model Framework for reBUild



Activity:  Discussion

What are the features of the MASTER Model and 
how is it helpful when thinking about research?

• Allows you to see the big picture of the research
• Allows you to see how the big picture is addressed through learning about multiple 

areas that contribute to the big picture
• Allows you to see what information is needed from each component and sub 

component, and how that information will influence other components and sub-
components 







Activity: What does this look like in the classroom?

• Classroom Research Project – Group Design
• Participate in the MASTER Model process using the school yard tree problem as 

an example.



Example:
Schoolyard 
Tree 
Problem



Michaels, S., Shouse, A., Schweingruber, H. (2008). Ready, 
Set, SCIENCE!: Putting Research to Work in K-8 Science 
Classrooms (p. 197). Washington, D.C.: National 
Research Council

Example:
Schoolyard 
Tree 
Problem



Sketching Out a High School Research Project
Similar framework, but simplify by using fewer components and sub-components
• Students still:

• Experience the complex systems nature of the project 
• Apply systems thinking
• Engage in the discourse and practices researchers use to gain new knowledge or 

solve problems
• Apply creative and critical thinking through discussions of individual findings and 

how those findings intersect with others studying a different aspect of the same 
project or studying it from a different perspective

• Come to understand the dynamic nature of research



Work in groups of similar discipline areas to sketch out a plan for a potential research 
project.

Use the MASTER Model framework to help organize the project.
• Identify a phenomenon or problem
• Identify major components that would need to be studied
• Identify subcomponents and research procedures/resources for addressing those 

components.
• Identify areas of particular influence among components and subcomponents.

Activity: Sketching Out a Classroom 
Research Project



How do you see the MASTER Model 
fitting into your discipline area?

Activity: Discussion



Tips for classroom research projects

• Organize students into teams to examine components or sub-components 
of the project

• Require communication of findings within and across teams, including 
presentations.



Professional Development Opportunities
• Saturday Science Workshops 

• K-8 STEM teachers
• 2015-2016:  additional 6-12 Saturday Science Workshops

• Wind for Schools, KIDWind Challenge
• 4-12 student teams
• May 2, 2015; State College, PA
• $250 1st Place, $125 2nd Place, $75 3rd Place

• NEWBio Workshop
• 7-12 STEM teachers
• Bioenergy focused
• June 29-July 3, 2015



Professional Development Opportunities
• Research Experiences for Urban Teachers

• K-12 STEM teachers
• 6 week immersion w/university or industry

• Weather Forecasting Workshop
• 6-12 STEM teachers
• Teams of two teachers from a school
• July 27-August 3, 2015
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