The Exploration of Student Engagement and

Understanding of Nanoscience and Technology

THE SCANNING
PROBE
MICROSCOPY
GROUP

RESEARCH STRATEGY

Focus of Project

* Promote and probe student understanding of
nanoscience concepts

* Use I and ph as
researchieducational tools
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revise tasks DESIGN standards
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APPLICATION TO SCANNING PROBE MICROSCOPY

Research Questions — Designing Activities
How can we use a ing probe to help stud learn

+ How do student: P m -

about atoms, molecular structure, and forces al the nanoscale?
promoting student leaming?
+ How do to the
10'm

Big Ideas and Learning Goals

All matter is composed of atoms
* How do we know that atoms exist?

* How can we “see” atoms?
Understanding size and scale

* Relate nanoscale to macroworld 1020m 108 m
+ How small is an atom?

The scale of matter determines its properties

= Studenis will explain how properties change with scale

+ Dominant forces depend on scale

It is possible to observe phenomena without using sight
+ Extend our senses

+ Which method or of is the most eff;
- DVDICD s.mulaluon tabletop studenl amuhes remote access?
10°m  10°m  10"°m

National Science Standards/Mapping to Learning Goals
NRC (grades 5-12)
+ Content standard A: Science as inquiry. use appropriate tools and iques lo gather, analyze. and interpret data,
+ Content standard B: Physical science; Changes of properties in rnalla
+ Content standard E: Science and technology: Science and tech are |, and tech | designs
have constraints.
= Content standard G: History and nature of science: scientific knowledge changes over time, and builds on earlier

Research Questions

How can i be i into the
K-12 classroom?
= Al what grade level or range of grade levels is it

appropriate to introduce them?
= Which science classes will support these concepts

- Chemistry

- Physics

- Biclogy
Can introducing nanoscience concepts into the
h student und ding of

current science curricula?

AAAS Benchmarks (grades 6-12)

* 4D Structure of matter. An variety of bi i hemical, and phy | ph can be lained by
changes in the arrangement and motion of atoms and molecules.

= 4G: Forces of nature: Electromagnetic forces acting within and between atoms are stronger than the gravitational
forces acting between atoms.

Observing with Touch

Learning Goals
* Understanding of size and scale- relate nanoscale to macroworld

. will d that it is possible to observe phenomena
without using sight
Student Preconceptions

+ Bacteria and atoms are of similar size
« Observations can only be made visually
Activities
Sensing with Touch
* Reproduce a Braille pattern "seen” only by touch
The Importance of the Tip
* A surface is scanned using tips of different sizes and materials
Creating an image . ———
= Scan to create 3-D image of .
alego pattern E - ¥ #‘ = cokor
x

Exploring Forces

Learning Goals

= The scale of matter determines its properties

= Dominant forces depend on scale

Student Preconceptions

* Properties of matter and its particles are the same

« Gravitational forces are stronger than electrostatic forces
Activities

Sensing with touch

* Use fingertip scanning of an unknown surface to create 2-D image
Magnetic interactions

= Use a magnet to probe a surface ining mag) of different p
Electrostatic interactions

= Compare behavior of varous forms of sugar when poured from a plastic cup

Measuring Nanovariations
Learning Goals
= Students will be able to relate nancscale to rnacruwor!cl

. ] will und how

Scanning Probe _Tip__ ~m
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SPM is an important measure- =
—
that is a touch-based method ‘a
used lo characterize properties
of materials at the nanoscale. = - g
Research Plan -
and Timeline

ment technique of nanoscience
SPMTIP mmcnﬂc

hved in making
Student Preconceptions 1
+ Some objects are too small to measure i
+ Anything can be measured accurately =~ =~ r s i
Activities
Make your own Ruler -
* Use various objects as measuring standard
Relate to Atomic Force Microscope (AFM)
* Measure cantilever stifiness as a function of displacement
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