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What will we do today

Examine the Learning Research

ÅCurrent State of Affairs 

ÅStudent Conceptions of Nanoscience 

ÅProductive steps forward

ÅBig Ideas in Nanoscience

ÅDevelopment of Learning Progressions 

ÅConcept Inventory

ÅTeaching Experiments in Nanoscience



Current State of Affairs

ÅOur research work as well as that 

of others shows that students:

ÅDemonstrate little understanding of 

the key ideas of nanoscience 

ÅLack interdisciplinary connections 

among the key ideas

ÅFail to apply key ideas to understand 

nano phenomena 

ÅDo not engage in scientific habits of 

mind



Studentsô Conceptions 

S. Stevens, N. Shin, C. Delgado, and J. Krajcik (UM); J.Pellegrino (UIC)

ÅStudentsô conceptual 

understanding obtained by 

carefully interviewing grade 7-

14 students

ÅReveals that students do not 

understand important ideas 

related to the learning of 

nanoscience such as inter-

particle forces.



Why arenôt we succeeding??

Inadequacies of Science Teaching Materials
ÅScience curriculum materials cover many topics at a superficial 

level

ÅFocus on technical vocabulary

ÅFailure to consider studentsô prior knowledge 

ÅLack coherent explanations of real-world phenomena 

ÅProvide students with few opportunities to develop explanations of 
phenomena

ÅFail to focus on important learning goals

Inadequacies of appropriate, longer term 
professional development

Lack of appropriate resources



How might we succeed?

1. Focus on Big Ideas

2. Develop Learning Progressions 
of the Big Ideas

3. Create Concept Inventories 

4. Conduct Teaching Experiments



The Big Ideas in Nanoscience

Provide
Å A powerful way of thinking about the world

Å Explanatory power within and across 
disciplines and/or scales allowing learners to 
explain a variety of phenomena

Necessary for
Å Designing instructional materials

Å Creating assessments

Å Developing coherence among instructional 
materials



Big Ideas of Nanoscience (Stevens &Krajcik) 

ÅSize & Scale

ÅStructure of Matter

ÅQuantum Effects

ÅSize-Dependent Properties

ÅDominant Forces

ÅSelf-Assembly

ÅTools & Instrumentation

ÅModels & Simulations

ÅTechnology & Society
To be published by the National 
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The Development of Learning Progressions

ÅScientists (and other experts) structure 
their knowledge around conceptual 
frameworks

ÅLearning is facilitated when new and 
existing knowledge is structured 
around big ideas

ÅLearning difficult ideas takes time as 
students need to synthesize ideas

ÅLearning unfolds as a continuous 
process



A Tentative Progression
Structure of Matter (solid)

Particle model of matter (solid) 

Individual Idea 
% total 

students 

P1 Solids are made up of particles 83% 
P2 Particles are arranged in a compact way 50% 

P3 Particles are arranged in an ordered way 44% 

P4 Atomic nature of particles 42% 
P5 The particles/atoms are in constant motion 12% 

P6 The arrangement of atoms determines the properties 7% 

P7 The arrangement of atoms determines the substance 6% 
 

Fits 31 of 35 students

Work of S. Stevens



A Tentative Progression for
Size and Scale 
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39 of 42 students fit progression

Work of Cesar Delgado

Careful interviewing a broad range of students 7th through 14th grade has 

led to learning  progressions for studentsô conceptions of size and scale



Create Concept Inventories

Concept Inventories(L. Lauhon and colleagues)

ÅRepositories of verified test items

ÅEstablish depth and breadth of student understanding 

ÅUncover pre-existing, non-normative conceptions

ÅAssess effectiveness of pedagogical approaches in helping 

students develop integrated understanding

Development Process

ÅUse Construct Centered Design (Shin, Stevens, Pellegrina & Krajcik, 2008)

ÅDefine and unpack construct (big idea)

ÅDevelop claims and define evidence

ÅDesign task

ÅTest products



Conduct Teaching Experiments

Curriculum Design Framework within NCLT
ÅFocus on Developing Big Ideas of Nanoscience 

and scientific practices

ÅUse Construct Centered Design to develop learning 
goals

ÅBuild intra-unit coherence

ÅUse a project-based science framework
ÅAnchored in phenomena learners find of value

ÅUse of driving questions to anchor and sustain learning

ÅBuild on student prior knowledge

ÅStudents tests and explore their ideas

ÅUse of multiple representation

ÅFrequent use of embedded assessments



Teaching Experiments: 
The Gecko Project (Short,Lundsgaard and Krajcik)

Å3-week pilot unit for high school chemistry 
(Modified and expanded from Ristvey and 
Morrow) 

ÅContextualizes important content in intermolecular 
forces and interactions

Å Driving question:  How do Geckos stick?  

Å Students hypothesize mechanisms about gecko 
adhesion, then tests these through recursive 
inquiry

Å Students repeatedly form arguments about these 
mechanisms as they make sense of research on 
gecko adhesion in light of class activities

 



Preliminary Findings

ÅPost-test gains (p<.001)in three content areas: 

- Coloumbôs Law (ES:1.25), 

- London Dispersion (ES:1.54)

- Comparing Forces (ES: 1.27)

ÅArgumentation data indicates need for more work:                     
- greater than 70% of students were able to generate 

correct claims on all mechanisms 
- the ability to recruit evidence was less consistent (only 

three mechanisms saw correct evidence recruitment 
from over 70% of students) 

- use of sound reasoning occurred in half of responses 
on average



Teaching Experiments: Self-Assembly Design 
in Middle School   (T. Moher and colleagues)

Research Question
ÅDoes engaging middle school students in design 

tasks related to nanoscale self-assembly promote 
learning? 

Rationale

ÅTraditional science instruction focuses on 
developing conceptual understanding prior to 
design activities

ÅDidactic presentation of complex conceptual 
materials prior to an experiential frame of 
reference may hinder student learning

Findings
ÅSubjects in practice-framed generally outperformed 

those in the instruction-framed treatment

Design practice environment

(Molecular Workbench)



Teaching Experiments: 

Summer Science Institute (C. Cahill)
1. Teaching experiments to promote 

understanding for middle school 

students underrepresented in science
1. Size and scale

2. Size dependent properties

2. Training ground for teaching 

nanoscience concepts

3. Lessons promote studentsô 

understanding of the selected      

learning goals

4. Lesson learned on how to teach 

nanoscience
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Summer Nanoscience Camp: Lessons Learned

Using nanotechnology as an engaging 
context

Å Nanotechnology context must be woven throughout the 
content to benefit learning

Å Medicine, popular culture (cell phones, clothing), and 
forensics are compelling contexts for students

Common student conceptual difficulties

Å Understanding how a visible model or representation 
relates to something too small to see, and relating 
observable phenomena to their nanoscale mechanisms

Å Content within the big ideas must match student prior 
knowledge; for example, middle school students may 
lack sufficient understanding of macroscale properties 
to recognize the significance of size-dependent 
properties


