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• 2-week summer nanoscience camp 
• 30 middle school students

• How emergent science foster students’
ability to connect knowledge across topics in 
traditional disciplines that are important for 
nanoscience?

• How can interdisciplinary, inquiry-based, out-
of-school activities impact student learning 
about the fundamental concepts of size and 
scale and size-dependent
properties of matter?

• How can we effectively 
assess student learning
in out-of-school settings?

• Selection based on an 
evaluation of last year’s camp, 
research in middle-school 
student understanding of 
topics important to 
nanoscience, and National 
Standards

• Unpacking Big Ideas elucidates 
necessary content

• Ordered to reflect research in 
conceptual development and 
evaluation of last year’s camp

• Expressed as ways we expect 
students to be able to use their 
knowledge

• contextualized in terms of prior experience
• inquiry-based to support student idea construction
• Heirarchical and connected to help students build knowledge
• Address common misconceptions
• Assessments embedded maintain learning continuity 
• Assessments designed to map the conceptual progress of 

individual students

REFERENCESREFERENCES

Size-Dependent Properties
Some of the characteristic 
properties of matter change with 
size, particularly as the size of the 
sample decreases and approaches 
the nanoscale.

Big Idea

Learning Goals

Surface and Properties
• provide evidence and 
support this evidence through 
explanation that the reason 
size may affect the properties 
of materials involves the fact 
that smaller objects have more 
surface available for reaction 
than larger objects

Size and Properties
• provide evidence and explain 
how the size of materials may 
affect some of the properties 
and interactions between 
materials

Identifying Properties
• characterize and distinguish 
materials by measuring and 
evaluating several different 
properties

Students write and 
enact a plan to 
measure/compare 
two substances 
(Soda and Diet 
Soda) in unlabeled 
bottles.

Contextualization:  Students experience and explain Kool-Aid/red water properties.

Exploration: Students use tools to investigate the properties of groups of chemically similar materials that differ in 
nanoscale structure.

Reflection: Students describe all of the properties and the measurement of properties of a particular material.

Lesson 1: Identifying Properties

Properties InvestigatedMaterials Investigated

Memory wire and stainless steel wire
Seltzer and Perrier
Happy Ball (Neoprene) and Sad Ball (Norbormene)

OtherDensityReaction to MagnetConductivityPhysical Appearance

Students propose 
and enact a plan to 
expedite the solution 
of cornstarch 
peanuts in water.

Contextualization:  Students observe and explain the chocolate melting comparison, lycopodium powder 
demonstration, and methanol and platinum demonstration.

Exploration: Students participate in inquiry stations to experience how size affects the properties of matter.
– Effect of Alka Seltzer size on water reactivity
– Effect of salt crystal size on dissolving time
– Effect of teacup size on the behavior of contained water
– Effect of sugar crystal size on attraction to contact paper
– Effect of aluminum size on CuCl2 reaction

Reflection: Students describe what each of the experiments had in common, and draw some conclusions.

Lesson 2: Identifying Properties

Student groups 
compete to design 
and explain the 
fastest way to freeze 
homemade ice 
cream, and they 
carry out their 
designs.

Contextualization:  Students discuss and explain the quickest method of drying a t-shirt in the sun.

Exploration: Students compare the diffusion rates in different size agar cubes and watch an online animation of 
salt dissolving to connect the microscopic / nanoscopic level to their macroscale observations.  Then they 
arrange ice cubes in different ways to maximize and minimize melting time.

Reflection: In groups, students revise their explanations of the chocolate melting experience and how to best dry 
a t-shirt.

Lesson 3: Surface and Properties

More sophisticated understanding
of size-dependent properties

Less sophisticated understanding
of size-dependent properties

AssessmentLearning Activities
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