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Questions

What do we mean by “conceptual maps?”
How do strand maps differ from concept maps?

Why did we use strand maps to assist the
science standards review process of
Massachusetts?

What patterns emerged from the strand maps?

How do we envision application of strand and
concept maps”?



What do we mean by
“‘conceptual maps?”

Conceptual maps show linkages among
conceptual content.

- Conceptual content is written in bubbles.
- Arrows link the conceptual content.

Strand maps and concept maps both fulfill these
criteria.



How do strand maps differ from
concept maps?

« Quantity of conceptual content
* Meaning of linking arrows

» Linkage to additional digital resources



Portion of Physical Science
Strand Map: Force and Motion
Progression

Figure 1. Portion of the Physical Science strand map showing several force and motion standards (From Strand Maps of the 2001/2006
Science and Technology/Engineering Standards http://www.doe.mass.edu/omste/maps/)

3. Describe the various ways

1.1, Compare and contrast vector quantities (e.g., displacement,
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11, Explain and give examples of quantities (e.g., distance, speed, energy, mass, work).
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1.2. Distinguish between displacement, distance, velocity, speed,
and acceleration. Solve problems involving displacement,
distance, velocity, speed, and constant acceleration.
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4a, Demonstrate that the way
to change the motion of an
objectis to apply a force
(give it a push or a pull)




Why did we use strand maps to
assist the science standards review
process of Massachusetts?
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What patterns emerged from the
Strand Maps?

» Patterns that would prove useful to the science
curriculum review process: identification of
unsupported standards

» Patterns that demonstrated aspects of
Ausubelian Learning Theory
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Opportunity-to-Learn Gaps
& |Isolated Concepts

1.1. Compare and contrast vector quantities (e.g., displacement,
velocity, acceleration force, linear momentum) and scalar
quantities (e.g., distance, speed, energy, mass, work).

3. Describe the various ways
that objects can move, such
as in a straight line, zigzag,
back-and-forth, round-and-

round, fast, and slow.

11. Explain and give examples of
how the motion of an object can
be described by its position,
direction of motion, and speed. 1.2. Distinguish between displacement, distance, velocity, speed,
and acceleration. Solve problems involving displacement,
distance, velocity, speed, and constant acceleration.
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and 4b. The greater the force,
Forces the greater the change
in the motion of the object.

4a. Demonstrate that the way
to change the motion of an
objectis to apply a force
(give it a push or a pull)

1.3. Create and interpret graphs of 1-dimensional
12. Graph and interpret distance motion, such as position vs. time, distance vs. time,
4 speed vs. time, velocity vs. time, and acceleration
vs. time where acceleration is constant.

1.8. Describe conceptually the forces involved in circular
motion.

1. Differentiate between weight P

:‘md ITERR) I¥ “"gn‘z"‘g th,at weight 1.4. Interpret and apply Newton’s three laws of motion.
is the amount of gravitational pull i

on an object.

5. Recognize that under
some conditions,
objects can be balanced. / \
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iv:
Anatomy

and
Physiology

iverging Standards

5. Describe the hierarchical organ-
ization of multicellular organisms
from cells to tissues to organs to
systems to organisms.

6a. Identify the general functions of

the major systems of the human
body (digestion, respiration,
reproduction, circulation,
excretion, protection from disease,
and movement, control, and
coordination).

4.2a. Explain how the circulatory system (heart, arteries, veins,

High School

4.1a. Explain generally how the digestive system (mouth,

pharynx, esophagus, stomach, small and large intestines,

rectum) converts macromolecules from food into smaller
molecules.

4.3. Explain how the respiratory system (nose, pharynx,
larynx, trachea, lungs, alveoli) provides exchange of
oxygen and carbon dioxide.

capillaries, red blood cells) transports nutrients and oxygen
to cells and removes cell wastes.

4.5a. Explain how the muscular/skeletal system (skeletal,
smooth and cardiac muscles, bones, cartilage, ligaments,
tendons) works with other systems to support the body and
allow for movement.

4.4a. Explain how the nervous system (brain, spinal
cord, sensory neurons, motor neurons) mediates
communication among different parts of the body
and mediates the body’s interactions with the
environment.

4.6a. Recognize that the sexual reproductive system allows
organisms to produce offspring that receive half of their
genetic information from their mother and half from
their father.



Converging &
Crosslinking Standards
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PS-IP 16. Give examples of how
heat moves in predictable ways,
moving from warmer objects to
cooler ones until they reach
equilibrium.

2. Understand that air is
a mixture of gases that
is all around us and that

wind is moving air.




(Focus Question: How could national/ state frameworks guide curriculum development and instructional practices?j
This is a demonstration of the educational vision laid out in

. MAPESE, . "Conceptual Mapping to Facilitate Review of State Science Standards"
Science and Technology/ Engineering Curriculum Framework and not a full implementation
(L by James Gorman
I_J jgorman@nps.org
broken
down into
Strands
further /
divided into ’ \e.g.
available \
: as
[Physical Sciencesj
can be
viewed as
~ covers

Strand maps
only — “—{@f&

illustrate / Introduct
) ntroductory
down into
Possible
linkages
made more Concept
concrete in >

Detailed
unit/ chapter help to Personal
’ understanding

Grade level serve as
Key Linkages ndation for > | cmaps with link shape
i material

B
created by

cu Dy

of

coordinators


http://cmapspublic3.ihmc.us/rid=1HL3HCVNB-8H9KH3-J6J/Vision.cmap

Chemistry: Properties of Matter

ffffjf \\\wﬁenthd
| i Sy
(Gas)  (solid ]
\ \\"tn':'l E/

K have







identified

take transition transition haie
shape of between is between is l

have

have

diﬁere}

is ratio
from is the

L & between

is amount //’ﬁmeﬁ\

i reguires
of in 9

il v

have either reported in



can be
classified as

either

\ |
[Hetemgeneuua [Homogeneaua] eg. h"’a"e asin Solid | | Li
/ 7N N 2 oo

MADESE 2006 Physical Science (Chemistry) Frameworks
Conceptual Development Over Time

can he
considered

.

meimm

| S

characterized

Ability to form
new substances

d':irrﬁm is the
el A 4
requires is amo unt con s;:rved @

tranistion
. - - - - hal"e betweenis  shape of betwe§1 is

exhibit reported in - either

uniform /
A/A/ James Gorman



(Focus Question: How could national/ state frameworks guide curriculum development and instructional practices?j

This is a demonstration of the educational vision laid out in
. MAPESE. . "Conceptual Mapping to Facilitate Review of State Science Standards"
Science and Technology/ Engineering Curriculum Framework and not a full implementation
(L by James Gorman
I_J jgorman@nps.org
broken
down into
Strands
further /
divided into ’ e.g.

available \
: as
[Physical Sciencesj

\

can be

viewed as
~

covers

Strand maps
only — “—{@f&

illustrate / Introduct
) ntroductory
down into
Possible
linkages

made more Concept
concrete in >

e.g.
/etallex

Grade level serve as unit/ chapter help to Personal
Key Linkages |~ foundation fo cmaps with link shape understanding

materlal

created by created by of

1

Curriculum



http://cmapspublic3.ihmc.us/rid=1HL3HCVNB-8H9KH3-J6J/Vision.cmap

[Fu-:us Question: What is the essential nature of chemistr-,r?]
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Student Example over time
1D Motion Cmap

[Focus Question: How can motion be described/ represented?]
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1D Motion Cmap 2
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1D Motion Cmap 3
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hank you very much!

Jane Heinze-Fry - jahfry@rcn.com
James Gorman - jgorman@nps.org
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v
Evolution
and
Biodiversity

5. Recognize that fossils
provide us with
information about living

things that inhabited the
earth years ago.

Figure 2

6. Give examples of how
inherited characteristics
may change over time as
adaptations to changes in
the environment that
enable organisms to
survive, e.g., shape of beak
or feet, placement of eyes
on head, length of neck,
shape of teeth, color.

L

7. Give examples of how
changes in the environment
(drought, cold) have
caused some plants and
animals to die or move to
new locations (migration).

3. Recognize that plants and

animals go through
predictable life cycles

that include birth,
growth, development,
reproduction, and death.

5.2b. Recognize that species are further classified into a

hierarchical taxonomic system (kingdom, phylum, class,

order, family, genus, species) based on morphological,
behavioral, and molecular similarities.

|

2.3. Use cellular evidence (e.g., cell structure, cell number,
cell reproduction) and modes of nutrition to describe the six
kingdoms (Archaebacteria, Eubacteria, Protista, Fungi,
Plantae, Animalia).

/V

18. Recognize that biological evolution
accounts for the diversity of

5.2a. Describe species as reproductively distinct groups of

——

I

species developed through gradual organisms.
processes over many generations.
3 I

factors are causes of evolution
and the diversity of organisms.

5.3. Explain how evolution through natural selection can result
in changes in biodiversity through the increase or decrease of
genetic diversity within a population.

V.
AV ¢

11. Recognize that evidence drawn
from geology, fossils, and compar-
ative anatomy provides the basis
of the theory of evolution.

5.2c. Describe the role that geographic isolation can play in }

10. Give examples of ways in which [ speciation.
genetic variation and environmental

5.1. Explain how evolution is demonstrated by evidence from the
—> fossil record, comparative anatomy, genetics, molecular
biology, and examples of natural selection.

A4

17. Identify ways in which ecosystems
have changed throughout geologic
time in response to physical
conditions, interactions among
organisms, and the actions of
humans. Describe how changes may be
catastrophes such as volcanic
eruptions or ice storms.




Standard = numbered phrase 1n the
MA STE Framework

(color coded to the topic 1t 1s currently
assoclated with)

5. Describe the hierarchical organ-
ization of multicellular organisms

from cells to tissues to organs to
systems to organisms.

A standards specifies what students should know and be able to do:
* Demonstrated knowledge and skills
* Assessable and/or measurable




Concept = a conceptual unit of understanding
(may be a whole or partial standard)

Some standards were split if they included multiple concepts or skills that
stand on their own (but not always).

( R
9a. Recognize plant behaviors,

such as the way
seedlings’ stems grow
toward light and their
roots grow downward in

response to gravity. (!1?)
| J

B

( 9b. Recognize that many plants
and animals can survive
harsh environments because
of seasonal behaviors,
€.g., In winter, some
trees shed leaves, some
animals hibernate, and

other animals migrate. (!?)
| J




Key to Strand Map

Solid link connects standards within the strand map.

Original standards, color coded by topic.

TR — » (320 Text. > (320, Text.. |

Standards/rom (color coded, full text) and
fo (gray, code only) other strand maps.
Dashed links connect standards from other
strand maps.

TEZ:3 4 AAAS 4E/M2. Text...

Additional AAAS benchmark (not in standards).
Variable dashed link connects AAAS benchmarks.

Notation at the end of a standard indicate particular comments found on
the corresponding notes pages. Ex: (?!) (2)



Assumptions Underlying the
Strand Maps

Some assumptions were made in the
creation of the maps that will assist in
interpreting the meaning of the maps.



Assumption 1
Links show how standards contribute to one another

* Linking arrows = connections that are necessary for
learning, NOT possible connections between concepts (In
AAAS Atlas language: “one contributes to achieving the
other”).

* An arrow leaving a standard implies that the concept
contributes to learning the concept of the next/connected
standard.

*  These links are primarily based upon:

* Wisdom of practice, professional judgment
* Logic of the subject matter
* Cognitive research specific to a particular idea

* General principles of cognitive development: for ex: concrete



Assumption 2
The strand maps represent the current STE Framework

* Standards are always kept within the grade span
and strand 1n which they currently are found 1n the
Framework.

* The topic the standard is associated with may shift
within the strand.

* Coloring designates the original topic (where the
standard currently resides in the Framework).



Assumption 3

Simple is better

* Tried to have as few arrows as was necessary.

* The placement of standards (or concepts) 1s first by
affiliation to a topic, and then placed to reduce any
“spaghett1” effects.



