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Taking Science to School (NRC, 2007)

Science Standards for College Success (College Board, 2009)

The Opportunity Equation (Carnegie Foundation, 2009)

A Framework for K-12 Science Education: Practices, Crosscutting 
Concepts and Core Ideas   NRC (2011)

Successful STEM Education: A Workshop Summary (NRC, 2011)

Monitoring Progress in K-12 STEM Education: A Nation Advancing? 
(NRC, 2012)

Discipline-Based Education Research:  Understanding and Improving 
Learning in Undergraduate Science & Engineering (NRC 2012)

Education for Life and Work: Developing Transferable Knowledge and 
Skills in the 21st Century (NRC, 2012)

Current US STEM Education Agenda 
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4 Strands of Science Proficiency
Understanding Scientific Explanations – understand central 
concepts and use them to build and critique explanations.

Generating Scientific Evidence – generating and evaluating 
evidence as part of building and refining models and 
explanations of the natural world.

Reflecting on Scientific Knowledge – understand that doing 
science entails searching for core explanations and the 
connections between them.

Participating Productively in Science – understand the norms 
for presenting scientific arguments and evidence and practice 
productive social interactions with peers around classroom 
science investigations.

NRC, 2008 Ready, Set, Science!



A Framework to guide changes 
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Vision for Next Generation Science 
Standards

Next Generation Science Standards for Today’s 
Students and Tomorrow’s Workforce:
Through a collaborative, state-led process, new K–12 
science standards are being developed that will be rich in 
content and practice, arranged in a coherent manner 
across disciplines and grades to provide all students an 
internationally benchmarked science education. The 
NGSS will be based on the Framework for K–12 Science 
Education developed by the National Research Council.





What Is Science?
Science is built up of facts as a house is of stones, but a collection of facts 

is no more a science than a pile of stones is a house.   -Henri Poincare

Science involves:
Building/Refining theories and models
Collecting and analyzing data from observations 
or experiments 
Constructing & Critiquing arguments
Using specialized ways of talking, writing and 
representing phenomena

Science is a social phenomena with unique norms for 
participation in a community of peers.

NRC, 2007 Taking Science to School



History of Thinking about NOS

Science is about Hypotheses testing and reasoning 
deductively from Experiments
(1900 to 1960) – The Positivist Turn

Science is about Theory building and revision
(1960 to 1980) – The Historical Turn

Science is about Model building and revision
Models stand between Experiment and Theory
(1970 – present) – The Naturalistic Turn



The Cognitive Basis of Science
Carruthers, Stich, & Siegal, Eds. (2003) Cambridge 

University Press

“What makes science possible? Specifically, what features of 
the human mind, of human cognitive development, and of 
human social arrangements permit and facilitate the conduct 
of science?”   

Such questions are interdisciplinary in nature “requiring co-
operation between philosophers, psychologists, and others in 
the social and cognitive sciences (and are) as much about the 
psychological underpinnings of science as they are about 
science itself.” 



[P]hilosophy of science had been conducted in a relatively a 
priori fashion…with philosophers of science just thinking 
about what scientists ought to do, rather than about what 
they actually do do.  This all began to change in the 1960s 
and 1970s, when philosophy of science took its’ so-called 
“historical turn.” [emphasis in original] (Carruthers et al., 
2002, p. 3)

It became important, then, to see science, too, as a natural 
phenomenon, somehow recruiting a variety of natural 
processes and mechanisms–both cognitive and social–to 
achieve its results.  Philosophers of science began to look, 
not just to history, but also to cognitive psychology in their 
search for an understanding of scientific activity.  
(Carruthers et al., 2002, p. 4)



Transitional Steps to Naturalized 
Philosophy of Sciences 

Emergence of the Social Pragmatic View of Language via accounts of the 
‘Causal Theory of Reference’ and the failure of formal inductive syntactical 
structures  (heuristic principles) to explain explanations.

Emergence of Cognitive Psychologies as the dominance of Behaviorism 
recedes leading first to Sense Data and second to Theory of Mind 

Emergence of Philosophy of Biology to introduce evolutionary ideas about 
emergence and the treatment of anomalous data.

Emergence of History of Science and the subsequent shift from accounts of 
older history to accounts of newer or contemporary history to establish 
growth of knowledge mechanisms.

Emergence of ‘Practices’ and Epistemic Cultures – cognitive and social – as a 
basis interpreting the building and refining of scientific knowledge and 
methods.

Complex Systems and NOS – a reconsideration of emergent properties 



3 Part Harmony
Learning Goals

 Conceptual “guiding conceptions for what we 
need to know”

 Epistemic “rules for what counts as knowledge”

 Social “communicating & representing ideas, 
evidence and explanations”

 Duschl, R. (2008).  Science education in 3 part 
harmony:  Balancing conceptual, epistemic and 
social learning goals.  Review of Research in 
Education, V32.   
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Performance Expectations with DCI Organization
“Natural Selection and Adaptations”





Performance Expectations with Topics Organization





NOS Matrix Heading
One goal of science education is to help students 
understand the nature of scientific knowledge. This matrix 
presents eight major themes and grade level 
understandings about the nature of science. Four themes 
extend the scientific and engineering practices and four 
themes extend the crosscutting concepts. These eight 
themes are presented in the left column. The matrix 
describes learning outcomes for the themes at grade bands 
for K-2, 3-5, middle school, and high school. Appropriate 
learning outcomes are expressed in selected performance 
expectations and presented in the foundation boxes 
throughout the standards.



NOS Crosscutting Concepts

Science is a Way of Knowing

Scientific Knowledge Assumes an Order and 
Consistency in Natural Systems

Science is a Human Endeavor 

Science Addresses Questions About the 
Natural and Material World.



NOS Practices

Scientific Investigations Use a Variety of Methods

Scientific Knowledge is Based on Empirical 
Evidence 

Scientific Knowledge is Open to Revision in Light 
of New Evidence

Science Models, Laws, Mechanisms, and Theories 
Explain Natural Phenomena



New View of NOS
C3 & SPs

Emphasizes the role of models and data construction 
in the scientific practices of theory development.  

Sees the scientific community, and not individual 
scientists, as an essential part of the scientific process. 

Sees the cognitive scientific processes  and scientific 
practices as a distributed system that includes 
instruments, forms of representation, and agreed upon 
systems for communication and argument.
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