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Recommendations for Research & 
Implementation: 

Enhanced „Scientific Method‟ - 
based on dialogical practices 

Extended Immersion Units of 
Instruction - conceptual, epistemic, 
social goals 

Teacher Professional Development 
Models  



Oslo Ph.D. Summer Course 

Goals 
The role of inquiry in science education programs 

The design of curriculum, instruction and assessment 
models 

Critical discussions of scientific inquiry to synthesize 
developments in: 

1 Science Studies 

2 Learning Sciences 

3 Design-based Learning  Research 



Scientific Method  
2 Views 

Traditional Version: 
Individual Cognitive 
Tasks 

Make Observations 

Formulate a hypothesis 

Deduce consequences from 
hypothesis 

Make observations to test 
consequences 

Accept/reject hypothesis 

Enhanced Version: Group 
Cognitive, Social & Epistemic 
Tasks 

Posing, refining, evaluating questions 

Designing, refining, interpreting 
experiments  

Collecting representing analyzing data 

Relating data to hypotheses/models/ 
theories  

Learning refining theories and models  

Writing/reading about data, theories, 
models  

Giving arguments for/against models 
and theories  



 
Pattern/Model 

 
Explanation/Theory 

  

Measurement/Observation 
  

Data 

  

Evidence 
 

Problem/Question 



Epistemic Discourse &  

Data Texts 

 Data Texts   

 Selecting/Obtaining 
Raw Data 

 Selecting Data for 
Evidence 

 Patterns & Models of 
Evidence 

 Explanations of 
Patterns & Models 

Data Transformations for 
Epistemic Dialog 

 T1 - what data count, are 
worth using 

 T2 - what patterns & 
models to use 

 T3 - what explanations 
account for patterns & 
models 



Essential Features of  

Classroom Inquiry 

 Learners are engaged by scientific questions 

 Learners give priority to evidence, to develop & 
evaluate explanation to address the questions 

 Learners formulate explanations 

 Learners evaluate explanations against 
alternative explanations 

 Learners communicate and justify 
explanations. (National Research Council, 
2000)  

 



Additional Dialogic Features 

of Classroom Inquiry 

 Learners respond to criticisms from others 

 Learners formulate appropriate criticism 

of others 

 Learners engage in criticism of their own 

explanations 

 Learners reflect on alternative 

explanations and not on having a unique 

resolution  (Duschl & Grandy, 2007) 



3 Part Harmony 
Learning Goals 

 

 Conceptual “what we need to know” 

 Epistemic “rules about what counts” 

 Social “communicating & representing 
ideas, evidence and explanations” 



Imperatives for STEM Education  
Economic 

Democratic 

Cultural  



Attracting and Retaining 
Students for STEM  

 Pipelines - Self/System Selection  

(NSF, NRC) 

Mining Gems  - Teacher Selection/Encouragement 

(Wilson Quarterly)  

K-5 6-10 11-16 Pre K 
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Science Education  
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scientist 
 

Economic 
Imperative??? 





Pedagogical Challenges 
Economic arguments don’t seem to motivate students, at least 

initially.  

Sciences do not stand alone  

Physics, Chemistry, Life, Geographic, Earth System Sciences 

Tools & Technologies 

STEM 

Core Knowledge Critically Important 

Thematic “Knowledge-In-Use” 

Scientific Practices that Make Thinking Visible  

Talk, Argument, Modeling, Representation 

Critique and Communication  



New 
Technology 

  

Electro-spray Ionization 
Mass Spectrometer  

 Nobel Prize  for John Fenn - Yale 
University 

 





Evolution of 
Seismographs  



New Tools 
Crust of the Earth as 
Related to Zoology 



Newell Convers 
Wyeth 
 
The Alchemist 
 
 
1937 



Johannes Weiland  
Alchemist with Scale      19th Century    

Justus Juncker    An Apothecary 



David Teniers II    Interior of a Laboratory with an Alchemist   
17th Century 



San Francisco  Topo Map & Google Earth 



Geographic Information Systems 



New Theory  
Ontogeny Recapitulates Phylogeny  



Thomas 
Eakin 
 
The Gross 
Clinic 
 
1875 



Thomas Eakin     The Agnew Clinic        1889 





How Science Works 
Tissue Engineering Laboratory Georgia Tech 

(Nersessian, 2008)  

 Model - systems 
 Where engineering 

devises and biological 
materials come together 

 Flow Chamber represents 
a first order 
approximation of the 
shear stresses located in 
an artery 



“Human-Artifact Model System” 
(Nersessian, 2008) 

 Community models of in vivo 
phenomenon (biological, mathematical, 
mechanical) 

 Engineered in vivo and ex vivo 
physical models of aspects under 
investigation 

 Mental models of 
 In vivo and in vitro phenomenon 

 Devises in in vivo model 

 Devises as devises 

 



Inquiry, Activity & Epistemic Practice 
(Kelly, 2008) 



  
 Learning Progressions vs. Scope and 

Sequence 

 Practices vs. Inquiry Processes 

 Student Intuitions vs. 
Misconceptions 

 Contexts/content accessible to 
learners vs. established scientific 
knowledge 

 Science as model building and 
refining vs. Science as experiments 
and investigations 

 Discourse-based teaching vs. telling 
teaching 

 



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! 



TSTS Summary -  
Children‟s Learning 

Young children are more competent than we think. They 
can think abstractly early on and do NOT go through 
universal, well defined stages. 

Focusing on misconceptions can cause us to overlook 
leverage points for learning. 

Developing rich, conceptual knowledge takes time and 
requires instructional support. 

Conceptual knowledge, scientific reasoning, 
understanding how scientific knowledge is produced, and 
participating in science are intimately intertwined in the 
doing of science. 

NRC, 2007 Taking Science to School 



Tensions with current practice 

Science argument is rare in classrooms but central to 
science; teaching focuses on recall rather than model-
based reasoning 

Classroom norms (teacher, textbooks provide answers) in 
tension with building scientific models from evidence 

Curricula and standards “mile wide, inch deep” 
(TIMMS) 

Variation in standards works against coherent learning 
progression; marketplace realities lead to modularity. 

NRC, 2007 Taking Science to School 



Teaching Science Practices   
1. Science in Social Interactions 
A. Participation in argumentation that leads to refining 

knowledge claims 
B. Coordination of evidence to build and refine theories and 

models 

2. The Specialized Language of Science 
A. Identify and ask questions 
B. Describe epistemic status of an idea 
C. Critique an idea apart from the author or proponent 

3. Work with Scientific Representations and Tools 
A. Use diagrams, figures, visualizations and mathematical 

representations to convey complex ideas, patterns, trends and 
proposed. 

 

NRC, 2007 Taking Science to School 



Teaching Science as Practice 
Curriculum topics focusing on meaningful problems  

Students designing and conducting empirical 

investigations,  

Instruction that links investigations to a base level of 

knowledge,  

Frequent opportunities for engagement in 

argumentation that leads to building and refining 

explanations and models, 

Thoughtful interactions with texts. (Chapter 9) 

NRC, 2007 Taking Science to School 





Listening to STEM  
Inquiry Practices 

Planning investigations for data is students deciding the selection of 
problems, questions, tools, and schedules for observation, tools, and 
units of measurements. 

Data collection to evidence is students observing systematically, 
measuring accurately, structuring data and setting standards for quality 
control. 

Evidence to searching for patterns and building models/designs is children 
construction and defending arguments, presenting evidence, engaging 
in mathematical modeling, and using computational tools. 

Patterns and models to generating explanations/designs is the sound of 
students posing theories and designs; building, refining and reporting 
models and mechanisms; considering alternatives and generating new  
productive questions.   



Science Practices  All  

Earth Science MS HS 

Life Science  MS HS 

Physical Science  MS 

Chemistry HS 

Physics HS 

College Board Standards for College Success 

Vertical Pathways  

Middle School thru High School 

Document used for Core Standards Framework 



Science Practices 
The Student can: 

1 Use representation & models to communicate 

2 Use mathematics appropriately 

3 Engage in scientific questioning to extend thinking 

4 Plan and implement data collection strategies 

5 Perform data analysis and evaluation of evidence 

6 Work with scientific explanations and theories 

7 Connect and relate knowledge across various scales, concept, and 
represents in/across domains 



Data Modeling - 2 Stories 

Story 1 - Red Listing  
Species; ICUN Criteria 

What data are needed 
to identify candidate 
species? 

Systems Thinking – 
biotic and abiotic 
factors 

Story 2 - Exercise for a 
Healthy Heart   

What is a normal 
Range for a Resting 
Heart Rate? 

Criteria for what counts 
as a good reason 

Knowledge Forum 
Platform 



EHH Activity Sequence 
Intro Unit and Lab 1 

Conduct prelab including demonstration of STEP test and taking a pulse. 
Students collect data Lab 1 

2. Data Collection for Labs 2 and 3 
Lab 2 - Activity Level and Heart Rate 
Lab 3 - Weight and Heart Rate 

3. Data Analysis for Labs 2 and 3 
Knowledge Forum Activity “What Matters in Getting Good Data” 
Determining Trends and Patterns of Data 
Developing and Evaluating Explanations for the Patterns of Data 

4. Evaluating Exercise Programs 
 



Exercise for a Healthy Heart 

Agree/Disagree with the following statements 
and provide a reason 

It matters where you take a pulse 

Wrist, neck, thigh 

It matters how long you take a resting pulse 

6-10-15-60 seconds 

It matters how long you take an exercising pulse  

6-10-15-60 seconds 

It matters who takes a pulse  
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DATA MODELING INTEGRATES  
INQUIRY, DATA, CHANCE, INFERENCE (LEHRER, 2010) 



A Call for Learning Progressions 
and Vertical Pathways 

  Current K-12 curricula and standards 

 contain too many disconnected topics of equal priority 

 use declarative “what we know” language -- not clear 
what it means to understand the topic 

 Tend to divorce science content from practices  

 Rarely builds ideas cumulatively and in developmentally 
informed ways across grades 

 Not sequenced in ways that account for research on the 
development of children’s scientific understandings 

 

 Duschl et al., 2007 Taking Science to School 



Learning Progressions (2009) 
Grade Band Coordination 
of Core Knowledge and 
Science Practices 

Atomic Molecular 
Theory 

Carbon Cycle 

Modeling 

Energy 

Measurement 

Evolution 

Data Analysis 



Why Learning Progressions? 
  Current K-12 curricula and standards 

 contain too many disconnected topics of equal 
priority 

 use declarative language (What we Know) -- not 
clear what it means to understand the topic 

 Tend to divorce science content from practice 
and epistemology (What counts as knowledge, 
evidence, etc.) 

 Rarely builds ideas cumulatively and in 
developmentally informed ways across grades 

 Not sequenced in ways that account for 
research on the development of children’s 
scientific understandings 

 

 

Duschl et al., 2007 Taking Science to School 



What are Learning Progressions? 

 Descriptions of successively more sophisticated 
ways of thinking about key disciplinary concepts and 
practices within and across multiple grades 
 Structured around big ideas and practices- powerful and 

generative 

 Upper anchor- societal expectations of what students 
should know; based on analysis of discipline 

 Lower anchor - what students come in with, research on 
prior knowledge 

 Describes how learning develops- the intermediate steps 
towards expertise 

 Grounded in synthesis of education research and 
classroom best practices 

 



Learning Progressions 

Grounded in core knowledge theories of cognitive 
development and learning 

Based on generative and core ideas and practices 
central to a discipline and that support learning 

Core ideas accessible to students in beginning grades 
with potential for sustained exploration across grades 

Establish instructional interventions that advance 
learning 



Adaptive Learning & Instructional 
Assisted Development 

Grounded in robust learning performances – concepts 
crossed with practices – knowledge in use. (Wilson, 
2009) 

Assessments for Learning  (Black & Wiliam, 1998) 

Assessment coherence (Wilson, 2004) 

Essential knowledge X Science Practicess = 
Performance Expectation (College Board, 2009) 

Evidence-Centered Design (Mislevy & Riconscente, 
2005) 



Foundational Domains to LPs 

Didaktiks 

Teaching Experiments 

Theory of Mind 

Conceptual Change 



Didaktiks - Studying Together Pedagogical 
Practices and Currciulum Analyses 

Thinking about instructional sequences 

Hopmann (2007) 
Order, Sequence, Choice 
Bildung, , autonomy of teaching,, 
differential of matter and meanint 

Kleett (2007) 
The Who – relation between teachers and 
learners 
The What – subject/content matter 
The How – instructional methods 
 



Theory of Mind 
Whether or not we chose to capitalize on 
children‟s emerging scientific reasoning 
abilities and further develop them depends on 
how we construe the goals of science learning 
and how such learning outcomes can be 
achieved. A focus on understanding the doing 
of science and how scientific knowledge is 
developed and evaluated will entail building on 
students‟ emerging ideas and capacities for 
representation, model-building, casual 
reasoning, and the like.  (Duschl, Seungho & 
Senzen , in review) 

 



Instruction-assisted Development 

The first grade students‟ instruction-assisted engagements in knowledge-
building practices are based on curricula scaffolded around seven 
interrelated features of science practices that support productive 
engagement: (Metz, 2008) 

Immersion in strategically selected scientific domains; 

Centrality of big ideas in the practices; 

Entwining of content and process; 

Centrality of curiosity as a drive for doing science; 

Discovery and explanation as top level goals; 

Challenge of making sense of the ill-structured; and 

The social nature of scientific knowledge-building- practices.   

 



Teaching Experiments 
Von Aufschnailer, 2009  

 



Generative & Core Ideas 
A cornerstone recommendation is to design LPs around  
generative and core ideas. Generative ideas refer to 
whether the topic is robust enough to allow further 
growth and development in terms of conceptual 
understanding – the knowing and of science practices – 
the doing.. Core ideas in the sense that the LP sequence 
engages learners in building and refining explanatory 
frameworks as well as the practices for obtaining 
evidence and developing criteria to critique and 
communicate scientific ideas and claims. 

 (Duschl, Seungho, & Sezen, in review) 

 



Conceptual Change 

The Misconception-based fix-it view vs. The Intuition 
work with it view. 

Adoption of one or the other influences the epistemic 
learning goals in science.   

Epistemic criteria and evaluating epistiemic status of 
ideas are necessary elements in a conceptual ecology. 



Shift to Epistemic Goals 
(1) Away from a focus on the individual scientist to a focus 
on social groups or communities of scientists; 

(2) Away from a focus on contexts of discovery and 
justification of conceptual claims to a focus on the 
development, modification and evolution of epistemic 
claims; and 

(3) Away from an exclusive focus on inquiry addressing the 
fit of concepts in scientific theories to a focus on the tools 
and technologies that give rise to new methods, 
measurements and practices in building and refining 
scientific models.  

(4) Away from domain-general „consensus view lists of NOS‟ 
to views of NOS that are situated practices associated with 
the broadening and deepening of the growth of scientific 
knowledge.   ( Duschl & Jimenez-Aleixandre, 2011) 



Deepening & Broadening 
Scientific Explanations (Thagard, 2007) 

Epistemic Achievements 

Relativity Theory 

Quantum Theory 

Atomic Theory of Matter 

Evolution by Natural Selection 

Genetics 

Germ Theory of Disease 

Plate Tectonic Theory  

Epistemic Failures  

Crystalline Spheres Astronomy 

Catastrophist (Flood) Geology 

Phlogiston Theory of Chemistry 

Caloric Theory of Heat 

Vital Force Theory of Physiology 

Ether Theories of 
Electromagnetism and Optics 

Theories of Spontaneous 
Generation 

 

 



Assessments to Capture Performance, 
Gauge Progress 

Embedded - part of daily teaching/activities 
Formal/informal observations Ss performance relative to content 
and epistemic practices. 

Benchmark - occur periodically within module 
Tied to specific epistemic/reasoning practice; e.g., causal 
explanations; modeling; argumentation 

Performance - larger events Ss presented with problem that 
requires both content and epistemic practices 

Use knowledge in generative way, use evidence to support 
explanations,  



Learning Progressions 

Foundational Knowledge vs. Core Ideas & Canonical Knowledge 

Validation of Construct Levels vs. Descriptive Pathways of Learning 

Science/Engineering Practices vs. Inquiry Processes & Skills 

Descriptive Pathways vs. Stepwise Processes 

Invented Measures, Graphs & Representations vs. Prescribed 

 

 



Validated LP          Evolutionary LP 
LP based on validating a standards-
based progression: instructional as 
intervention  

Theory-driven top/down approach 

Upper anchors as college readiness 

Uses assessments to confirm learning 
models 

Progress variables steps and targets are 
fixed  

Adopts a misconception-based „Fix It‟ 
view of conceptual change instruction 

Theory building as conceptual change 

Domain general  

LP based on careful sequencing of 
teaching experiments across multi-
grades: instruction as refining 
progressions 

Data/evidence-driven bottom/up 
approach 

Upper anchors as targeted or adult 
literacy 

Uses assessment to explore learning 
models 

Progress variable steps and targets are 
flexible 

Adopts an intuition-based „Work with 
It‟ view of conceptual change 
instruction 

Model building as conceptual change 

Domain specific  



Finding 

Assessing LPs & LTs: 

In science more so than in mathematics, the hypothetical 
learning progressions are derived from „Validation‟ models.    

Clinical interviews to establish levels of understanding with 
young learners are more prevalent among math education 
researchers.   

Many science education researchers rely on dated models of 
conceptual change research results. 

Many researchers in science and math ignore the epistemic 
features of knowledge domains. 

 



Related Issues 

Are the LPs, 
Accounts of learning under defined instruction? 

Lists of statements including the process of learning? 

Longer-term teaching and learning sequences? 

There is a need for more longitudinal studies to come closer  
to students‟ learning pathways.  

How to use the LPs in actual teaching 
Teaching experiments and action research by collaboration of 
teachers and researchers (Shavelson, 2009) 



Duschl, R. (in press).  Science.  In P. Alexander & R. 
Mayer, Eds., Handbook of Education Psychology, 3rd Edition. 

The strong recommendation from Taking Science to School is the 
teaching of conceptual knowledge should not be independent 
of learning scientific practices.  In short, our understandings 
of the growth of scientific knowledge and scientific reasoning 
are grounded both philosophically and psychologically.  Each 
domain has contributed to our understandings about learning 
how to learn. 



References 
Black, P. & Wiliam, D. (1998).  Assessment and classroom learning. Assessment in Education, 5, 
7-74.  

Carruthers, P., Stich, S., & Siegal, M. (Eds.) (2002). The cognitive basis of science. Cambridge: 
Cambridge University Press. 

College Board. (2009). Science: College Board standards for college success. Retrieved from 
http://professionals.collegeboard.com/profdownload/cbscs-science-standards-2009.pdf 

Corcoran, T., Mosher, F.A., & Rogat, A. (2009). Learning progressions in science: An evidence-
based approach to reform (Consortium for Policy Research in Education Report #RR-63). 
Philadelphia, PA: Consortium for Policy Research in Education. 

Driver, R., Leach, J., Scott, P., & Wood-Robinson, C. (1994). Young people‟s understanding of 
science concepts: Implications of cross-age studies for curriculum planning. Studies in Science 
Education, 24, 75-100. 

Duschl, R., & Grandy, R., (Eds.) (2008). Teaching scientific inquiry: Recommendations for research 
and implementation. Rotterdam: Sense Publishers. 

Duschl, R., & Hamilton, J. (2011). Learning science. In R.E. Mayer, & P.A. Alexander (Eds.), 
Handbook of research on learning and instruction (pp. 78-107). New York: Routledge.  

Duschl, R., & Jimenez-Aleixandre, M.P. (2011, in press). Epistemic foundations for conceptual 
change. In  J. Shrager & S. Carver (Eds.)  From child to scientist: Mechanisms of learning and 
development. Washington, DC: APA Press.   

 

http://professionals.collegeboard.com/profdownload/cbscs-science-standards-2009.pdf
http://professionals.collegeboard.com/profdownload/cbscs-science-standards-2009.pdf
http://professionals.collegeboard.com/profdownload/cbscs-science-standards-2009.pdf
http://professionals.collegeboard.com/profdownload/cbscs-science-standards-2009.pdf
http://professionals.collegeboard.com/profdownload/cbscs-science-standards-2009.pdf
http://professionals.collegeboard.com/profdownload/cbscs-science-standards-2009.pdf
http://professionals.collegeboard.com/profdownload/cbscs-science-standards-2009.pdf


  
Hopmann, S. (2007). Restrained teaching: The common core of Didaktik.  European 
Educational Research Journal, 6, 109-124. 

Klette, K. (2007). Trends in research on teaching and learning in schools: Didactics 
meets classroom studies. European Educational Research Journal, 6, 147-160. 

Metz, K. E. (2008). Narrowing the gulf between the practices of science and the 
elementary school classroom. Elementary School Journal. 109, 138-161.  

Mislevy, R.J., & Riconscente, M. (2005). Evidence-centered assessment design: Layers, 
structures, and terminology. Menlo Park, CA: SRI International.  

National Research Council (2007). Taking science to school: Learning and teaching science in 
grades K-8. R.A. Duschl, H.A. Schweingruber, & A.W. Shouse (Eds.). Washington DC: 
The National Academies Press.  

Nersessian, N. (2008). Inquiry: How science works: Model‐based reasoning in scientific 
practice. In R. Duschl, & R. Grandy (Eds.), Teaching scientific inquiry: Recommendations 
for research and implementation (pp. 57–79). Rotterdam: Sense Publishers. 

Wilson, M. (2005). Constructing measures: An item response modeling approach. Mahwah, 
NJ: Lawrence Erlbaum Associates. 

Wilson, M. (2009). Measuring Progressions: Assessment structures underlying a 
learning progression. Journal of Research in Science Teaching, 46, 716-730.   


