
Personal profile

Circle those that apply to you (you can download and print out a pdf document 
of this on my website). Remember, you won’t find every learning preference 
important for you.

cognitive style

wholist / analytic

verbalizer / imager

unitary / complementary

learning preferences

environmental

sound / quiet

dim / bright

warm / cool

formal setting / informal

emotional

persistence / needing breaks

highly motivated / low motivation

conforming / nonconforming

needs external structure / doesn’t need external structure

sociological

likes to work alone / likes to work with others (in pairs, in a group, or 
with a mentor)

likes routine / likes variety

Physiological

Perceptual

auditory / visual / tactual / kinesthetic

time-of-day

morning / afternoon /evening

need for intake

needs snacks / doesn’t need snacks

mobility while learning

needs to move / can sit still

ability

reading skill

poor / high

knowledge

low / moderate / high

working memory

low / high

motivation and interest

low extrinsic / high extrinsic / intrinsic


Web Resources

note that more up-to-date resources may be available from my website

Concept & mind maps

General information:


http://cmc.ihmc.us/CMC2004Programa.html (includes a number of conference 
papers available in pdf format).

Software:

Cmap: http://cmap.ihmc.us/

Axon Idea Processor 
http://axon-research.com/

Inspiration 
http://www.inspiration.com/

MindManager 
https://www.mindjet.com/resources/


Glossary of terms


advance organizer
: information that appears before the text it refers to, with the purpose of 
putting the information in a broader context. Advance organizers are written at 
a higher level of abstraction than the text, and may be written in a graphical 
format.

alignable differences: differences on the same dimension or 
that share a common structure

analogy: a type of comparison that helps you understand something; uses similarity of structure, of relations between objects

anchor points: facts that you already know very well, that connect to information you’re 
trying to learn. By tying new information to information you already know, 
anchor points help make the new information meaningful and more memorable.

boundary: a way of arranging elements, one of Horn’s 6 major 
visual topologies, see visual language

cognitive load: refers to the burden on your working memory 
system made by information-processing tasks.

cognitive style: your general 
tendency to process information in a particular way. Although there have been a 
number of attempts to classify types of cognitive style, two dimensions seem 
fundamental: your tendency to process information as a whole or in parts, and 
your tendency to think in pictures or words.

concentric: a way of arranging elements, one of Horn’s 6 
major visual topologies, see visual language

concept map: a diagram in which 
labeled nodes represent concepts, and lines connecting them show the 
relationships between concepts; developed by Joseph D. Novak in 1972.

correspondence list: a list of specific correspondences 
between the elements of two analogical examples that are being compared — a step 
in the mutual alignment strategy.

cued recall: remembering in response to prompts, such as 
specific questions.

directional networks: a subset of 
Horn’s 
network topology, a network with directional flow

elaboration: any strategy that involves expanding on the information presented — the aim 
usually being to connect new information with familiar information. It does not 
necessarily involve deepening your understanding of the material; mnemonic 
strategies can involve elaboration.

elaborative interrogation: a strategy that attempts to bring 
to mind relevant prior knowledge you may have, by asking yourself why the new 
information is true.

encode: transform information into a memory code, and place 
it in your long-term memory

expository text: text whose main purpose is to provide information, 
in contrast to narrative text.

free recall: remembering without prompts. For example, when 
you’re asked to write an essay on a topic.

Gestalt principles: principles formulated to describe how we 
are predisposed to perceive certain arrangements of lines and shapes in 
particular ways.

graphic organizer: a type of graphic summary appropriate for material that can be expressed 
hierarchically, that allows the comparison of between-cluster relations. Common 
examples are tree diagrams and matrix diagrams.

graphic summary: a summary that re-organizes the information 
in a more visual format. Examples are graphic organizers, outlines, multimedia 
summaries, maps.

hierarchy principle: similar to, but not one of, the Gestalt 
principles; we naturally organize related information into a hierarchy

implementation intentions: if-then plans that connect what 
would be good opportunities to fulfill an intention with the action required to 
achieve that intention. They differ from simple intentions in that they specify 
the context in which the intentions can occur.

information blocks: another of Horn’s 
terms, the visual language equivalent of a paragraph

information map: another of Horn’s terms, an information map 
is made up of information blocks

joint interpretation strategy: a statement describing two 
analogical examples as a unit — a step in the mutual alignment strategy.

learning preferences: personal 
properties that affect the best conditions for cognitive processing to take 
place

learning style: a term that is more familiar, but one that 
has been used in so many different ways that I have instead used the more 
technical terms (and thus less misused!) cognitive style 
and learning preferences.

level: a way of arranging elements, one of Horn’s 6 major 
visual topologies, see visual language

linear networks:  a type of 
nondirectional network, an example of Horn’s network topology

listing strategy: a strategy for processing text that 
involves simply listing each point as it appears in the text. The strategy is 
contrasted with the topic structure strategy.

loop network: a type of directional 
network, an example of Horn’s network topology

matrix: a way of arranging elements, one of Horn’s 6 major 
visual topologies, see visual language

mental model:  in the context of reading or studying, a 
mental model is a retrieval structure you construct from a text, integrating the 
information in the text with your existing knowledge. Your understanding of a 
text depends on its coherence; it’s generally agreed that for a text to be 
coherent it must be possible for a single mental model to be constructed from it

mind map: a type of concept map made famous in a number of 
books by Tony Buzan

mnemonic aid: aids to memory such as acronyms, acrostics, and techniques that link 
information by creating visual images or making up a story. They are most 
suitable for information that is not inherently meaningful.

multimedia summary: a graphic summary that combine pictures 
and text in an integrated manner. Especially appropriate for demonstrating 
scientific explanations.

multiple connection network: a type of
nondirectional network, an example of Horn’s
network topology

mutual alignment: a way to find analogies, by comparing two partly understood situations, 
searching for the common structure. This compares to the more familiar strategy 
of comparing an unfamiliar situation with a familiar one (which requires you to 
be familiar with a situation that is analogous).

narrative text: text whose main purpose is to 
tell a story

network:  a way of arranging 
elements, what Horn calls a visual topology, see 
visual language

nonalignable difference: a difference that is unrelated, 
that doesn’t exist within the same structure or dimension

nondirectional network: a 
subset of Horn’s network topology, a network without directional flow

organizational signals: are devices that highlight the topic 
structure of a text, such as headings, overviews and topical summaries.

outline: a type of graphic summary that systematically lists 
concepts with their subordinate concepts and their attributes.

overview: a topical summary that appears before the text it 
is summarizing.

priming: refers to the process of preparing a system for functioning — in this context, 
preparing the brain for learning by activating relevant prior knowledge and 
directing attention appropriately.

proximity grouping: a way of arranging elements, one 
of Horn’s 6 major visual topologies, see visual 
language

radial network: a type of 
nondirectional network, an example of Horn’s network topology

recall: the retrieval of information from long-term memory.

recognition: the awareness that you have seen or learned 
this information before.

retrieval context: the situation in which you attempt to 
remember the information. In the study situation, examples include an exam, 
multi-choice test, classroom discussion, writing an essay, or a brainstorming 
session.

self-explanation: a strategy that involves you explaining the meaning of information to yourself while you read.

serial position: the place of an item in a list; when a list 
of words is presented for later free recall, words at the beginning of the list 
and those at the end are more likely to be remembered (the primacy and recency 
effects, respectively)

topic structure strategy: a strategy for processing text that involves reorganizing the information to 
reflect the presumed hierarchical organization of topics and sub-topics that 
underlies the passage. The strategy is contrasted with the listing strategy.

topical summary: is a simple factual summary of the main points of a text that doesn’t add any 
new information or offer a new perspective (for example, by re-organizing the 
information).

tree diagram: the more familiar term for what Horn calls a 
tree network

tree network: a type of 
nondirectional network, an example of Horn’s network 
topology

verbal mediator: a word or phrase used in a mnemonic 
strategy to tie together the information to be learned with information already 
well-known to you; a “keyword” is an example of a verbal mediator.

verbalizer: an individual who prefers and learns best from 
text.

visual language: this is a term 
formalized by Robert E. Horn in his book Visual Language: Global 
Communication for the 21st Century, where he defines visual language as 
tightly integrated communication units that are composed of works, images, and 
shapes, and which have the ability to be embedded in each other and within other 
nonvisual language documents (e.g., text).

visualizer: an individual who relies mainly on imagery 
processes when performing cognitive tasks

working memory:
 includes the part of memory of which you are conscious; the “active state” of 
memory. Information being “put into” memory is held in working memory; memories 
being remembered are held in working memory. Working 
memory governs your ability to comprehend what you are reading or hearing, your 
ability to learn new words, your ability to plan and organize yourself, and much 
more.

working memory capacity: how much information a person’s 
working memory can hold at one time. Now thought to be 3-5 chunks.



Answers to review questions

Chapter 2


		e

		b, d, e (yes, a and c could be considered factors too — but it’s your 
	ability to deal with these challenges that determines your effectiveness)

		a, b, c, d

		F

		b, c, d, e, f 



Chapter 3


		c

		d

		c

		c

		d



Chapter 4


		b, c

		c, d

		c, e

		b, c, d

		F

		b, c, d

		F

		b, d



Chapter 5


		b, c

		b, c

		F

		b, e

		T 

		b

		c

		b, c, d

		a, c

		b (which is not to say other factors aren’t important, but this is key)



Chapter 6


		b

		b

		b, c

		c

		c, d, e

		T

		F

		a, c, e

		a, b

		F



Chapter 7


		c, d

		b

		d



Chapter 8


		b, d

		a, b

		a

		c, d

		e

		c, d



Chapter 9


		F

		a, b, c

		b

		a, b

		a, b, c



Chapter 10


		a, b, c, d

		e

		a



Chapter 11


		d, e

		d, e



Chapter 12


		e

		d

		b, d

		a, e

		d



Answers to exercises

Exercise 4.1 

These are the headings supplied in the original texts; you may well have 
thought of better ones!

Text 1 = Description

The role of consolidation in memory  

"Consolidation" is a term that is bandied about a lot in recent memory 
research. Here’s my take on what it means. 

How information becomes a memory 

Initially, information is thought to be encoded as patterns of neural 
activity - cells "talking" to each other. Later, the information is coded in 
more persistent molecular or structural formats (e.g., the formation of new 
synapses). It has been assumed that once this occurs, the memory is "fixed" — a 
permanent, unchanging, representation.   

With new techniques, it has indeed become possible to observe these changes. 
Researchers found that the changes to a cell that occurred in response to an 
initial stimulation lasted some three to five minutes and disappeared within 
five to 10 minutes. If the cell was stimulated four times over the course of an 
hour, however, the synapse would actually split and new synapses would form, 
producing a (presumably) permanent change.

Memory consolidation theory 

The hypothesis that new memories consolidate slowly over time was proposed 
100 years ago, and continues to guide memory research. In modern consolidation 
theory, it is assumed that new memories are initially ‘labile’ and sensitive to 
disruption before undergoing a series of processes (e.g., glutamate release, 
protein synthesis, neural growth and rearrangement) that render the memory 
representations progressively more stable. It is these processes that are 
generally referred to as “consolidation”. 

Recently, however, the idea has been gaining support that stable 
representations can revert to a labile state on reactivation.

Memory as reconstruction 

In a way, this is not surprising. We already have ample evidence that 
retrieval is a dynamic process during which new information merges with and 
modifies the existing representation — memory is now seen as reconstructive, 
rather than a simple replaying of stored information  

Reconsolidation of memories 

Researchers who have found evidence that supposedly stable representations 
have become labile again after reactivation, have called the process 
“reconsolidation”, and suggest that consolidation, rather than being a one-time 
event, occurs repeatedly every time the representation is activated.

This raises the question: does reconsolidation involve replacing the 
previously stable representation, or the establishment of a new representation, 
that coexists with the old?

Whether reconsolidation is the creating of a new representation, or the 
modifying of an old, is this something other than the reconstruction of memories 
as they are retrieved? In other words, is this recent research telling us 
something about consolidation (part of the encoding process), or something about 
reconstruction (part of the retrieval process)? 

Hippocampus involved in memory consolidation 

The principal player in memory consolidation research, in terms of brain 
regions, is the hippocampus. The hippocampus is involved in the recognition of 
place and the consolidation of contextual memories, and is part of a region 
called the medial temporal lobe (MTL), that also includes the perirhinal, 
parahippocampal,and entorhinal cortices. Lesions in the medial temporal lobe 
typically produce amnesia characterized by the disproportionate loss of recently 
acquired memories. This has been interpreted as evidence for a memory 
consolidation process.

Some research suggests that the hippocampus may participate only in 
consolidation processes lasting a few years. The entorhinal cortex, on the other 
hand, gives evidence of temporally graded changes extending up to 20 years, 
suggesting that it is this region that participates in memory consolidation over 
decades. The entorhinal cortex is damaged in the early stages of Alzheimer’s 
disease.

There is, however, some evidence that the hippocampus can be involved in 
older memories — perhaps when they are particularly vivid.

A recent idea that has been floated suggests that the entorhinal cortex, 
through which all information passes on its way to the hippocampus, handles 
“incremental learning” — learning that requires repeated experiences. “Episodic 
learning” — memories that are stored after only one occurrence — might be mainly 
stored in the hippocampus.

This may help explain the persistence of some vivid memories in the 
hippocampus. Memories of emotionally arousing events tend to be more vivid and 
to persist longer than do memories of neutral or trivial events, and are, 
moreover, more likely to require only a single experience.

Whether or not the hippocampus may retain some older memories, the evidence 
that some memories might be held in the hippocampus for several years, only to 
move on, as it were, to another region, is another challenge to a simple 
consolidation theory. 

Memory less stable than we thought 

So where does all this leave us? What is consolidation? Do 
memories reach a fixed state?

My own feeling is that, no, memories don’t reach this fabled "cast in stone" 
state. Memories are subject to change every time they are activated (such 
activation doesn’t have to bring the memory to your conscious awareness). But 
consolidation traditionally (and logically) refers to encoding processes. It is 
reasonable, and useful, to distinguish between:


		the initial encoding, the "working memory" state, when new information 
	is held precariously in shifting patterns of neural activity,

		the later encoding processes, when the information is consolidated into 
	a more permanent form with the growth of new connections between nerve 
	cells,

		the (possibly much) later retrieval processes, when the information is 
	retrieved in, most probably, a new context, and is activated anew



I think that "reconsolidation" is a retrieval process rather than part of the 
encoding processes, but of course, if you admit retrieval as involving a return 
to the active state and a modification of the original representation in line 
with new associations, then the differences between retrieval and encoding 
become less evident. 

When you add to this the possibility that memories might "move" from one area 
of the brain to another after a certain period of time (although it is likely 
that the triggering factor is not time per se), then you cast into 
disarray the whole concept of memories becoming stable.

Perhaps our best approach is to see memory as a series of processes, and 
consolidation as an agreed-upon (and possibly arbitrary) subset of those 
processes.

Text 2 = Sequence

Early America

The First Americans

At the height of the Ice Age, between 34,000 and 30,000 B.C., much of the 
world's water was locked up in vast continental ice sheets. As a result, the 
Bering Sea was hundreds of meters below its current level, and a land bridge, 
known as Beringia, emerged between Asia and North America. At its peak, Beringia 
is thought to have been some 1,500 kilometers wide. A moist and treeless tundra, 
it was covered with grasses and plant life, attracting the large animals that 
early humans hunted for their survival.

The first people to reach North America almost certainly did so without 
knowing they had crossed into a new continent. They would have been following 
game, as their ancestors had for thousands of years, along the Siberian coast 
and then across the land bridge.

Once in Alaska, it would take these first North Americans thousands of years 
more to work their way through the openings in great glaciers south to what is 
now the United States. Evidence of early life in North America continues to be 
found. Little of it, however, can be reliably dated before 12,000 B.C.; a recent 
discovery of a hunting lookout in northern Alaska, for example, may date from 
almost that time. So too may the finely crafted spear points and items found 
near Clovis, New Mexico.

Similar artifacts have been found at sites throughout North and South 
America, indicating that life was probably already well established in much of 
the Western Hemisphere by some time prior to 10,000 B.C. Around that time the 
mammoth began to die out and the bison took its place as a principal source of 
food and hides for these early North Americans. Over time, as more and more 
species of large game vanished whether from overhunting or natural causes 
plants, berries, and seeds became an increasingly important part of the early 
American diet. Gradually, foraging and the first attempts at primitive 
agriculture appeared. Native Americans in what is now central Mexico led the 
way, cultivating corn, squash, and beans, perhaps as early as 8,000 B.C. Slowly, 
this knowledge spread northward.

By 3,000 B.C., a primitive type of corn was being grown in the river valleys 
of New Mexico and Arizona. Then the first signs of irrigation began to appear, 
and, by 300 B.C., signs of early village life.

By the first centuries A.D., the Hohokam were living in settlements near what 
is now Phoenix, Arizona, where they built ball courts and pyramid like mounds 
reminiscent of those found in Mexico, as well as a canal and irrigation system.

Mound Builders And Pueblos 

The first Native-American group to build mounds in what is now the United 
States often are called the Adenans. They began constructing earthen burial 
sites and fortifications around 600 B.C. Some mounds from that era are in the 
shape of birds or serpents; they probably served religious purposes not yet 
fully understood.

The Adenans appear to have been absorbed or displaced by various groups 
collectively known as Hopewellians. One of the most important centers of their 
culture was found in southern Ohio, where the remains of several thousand of 
these mounds still can be seen. Believed to be great traders, the Hopewellians 
used and exchanged tools and materials across a wide region of hundreds of 
kilometers.

By around 500 A.D., the Hopewellians disappeared, too, gradually giving way 
to a broad group of tribes generally known as the Mississippians or Temple Mound 
culture. One city, Cahokia, near Collinsville, Illinois, is thought to have had 
a population of about 20,000 at its peak in the early 12th century. At the 
center of the city stood a huge earthen mound, flattened at the top, that was 30 
meters high and 37 hectares at the base. Eighty other mounds have been found 
nearby.

Cities such as Cahokia depended on a combination of hunting, foraging, 
trading, and agriculture for their food and supplies. Influenced by the thriving 
societies to the south, they evolved into complex hierarchical societies that 
took slaves and practiced human sacrifice.

In what is now the southwest United States, the Anasazi, ancestors of the 
modern Hopi Indians, began building stone and adobe pueblos around the year 900. 
These unique and amazing apartment-like structures were often built along cliff 
faces; the most famous, the "cliff palace" of Mesa Verde, Colorado, had more 
than 200 rooms. Another site, the Pueblo Bonito ruins along New Mexico's Chaco 
River, once contained more than 800 rooms.

Perhaps the most affluent of the pre-Columbian Native Americans lived in the 
Pacific Northwest, where the natural abundance of fish and raw materials made 
food supplies plentiful and permanent villages possible as early as 1,000 B.C. 
The opulence of their "potlatch" gatherings remains a standard for extravagance 
and festivity probably unmatched in early American history.

Native-American Cultures  

The America that greeted the first Europeans was, thus, far from an empty 
wilderness. It is now thought that as many people lived in the Western 
Hemisphere as in Western Europe at that time -- about 40 million. Estimates of 
the number of Native Americans living in what is now the United States at the 
onset of European colonization range from two to 18 million, with most 
historians tending toward the lower figure. What is certain is the devastating 
effect that European disease had on the indigenous population practically from 
the time of initial contact. Smallpox, in particular, ravaged whole communities 
and is thought to have been a much more direct cause of the precipitous decline 
in the Indian population in the 1600s than the numerous wars and skirmishes with 
European settlers.

Indian customs and culture at the time were extraordinarily diverse, as could 
be expected, given the expanse of the land and the many different environments 
to which they had adapted. Some generalizations, however, are possible. Most 
tribes, particularly in the wooded eastern region and the Midwest, combined 
aspects of hunting, gathering, and the cultivation of maize and other products 
for their food supplies. In many cases, the women were responsible for farming 
and the distribution of food, while the men hunted and participated in war.

By all accounts, Native-American society in North America was closely tied to 
the land. Identification with nature and the elements was integral to religious 
beliefs. Their life was essentially clan-oriented and communal, with children 
allowed more freedom and tolerance than was the European custom of the day.

Although some North American tribes developed a type of hieroglyphics to 
preserve certain texts, Native-American culture was primarily oral, with a high 
value placed on the recounting of tales and dreams. Clearly, there was a good 
deal of trade among various groups and strong evidence exists that neighboring 
tribes maintained extensive and formal relations -- both friendly and hostile.

The First Europeans  

The first Europeans to arrive in North America -- at least the first for whom 
there is solid evidence -- were Norse, traveling west from Greenland, where Erik 
the Red had founded a settlement around the year 985. In 1001 his son Leif is 
thought to have explored the northeast coast of what is now Canada and spent at 
least one winter there.

While Norse sagas suggest that Viking sailors explored the Atlantic coast of 
North America down as far as the Bahamas, such claims remain unproven. In 1963, 
however, the ruins of some Norse houses dating from that era were discovered at 
L'Anse-aux-Meadows in northern Newfoundland, thus supporting at least some of 
the saga claims.

In 1497, just five years after Christopher Columbus landed in the Caribbean 
looking for a western route to Asia, a Venetian sailor named John Cabot arrived 
in Newfoundland on a mission for the British king. Although quickly forgotten, 
Cabot's journey was later to provide the basis for British claims to North 
America. It also opened the way to the rich fishing grounds off George's Banks, 
to which European fishermen, particularly the Portuguese, were soon making 
regular visits.

Columbus never saw the mainland of the future United States, but the first 
explorations of it were launched from the Spanish possessions that he helped 
establish. The first of these took place in 1513 when a group of men under Juan 
Ponce de León landed on the Florida coast near the present city of St. 
Augustine.

With the conquest of Mexico in 1522, the Spanish further solidified their 
position in the Western Hemisphere. The ensuing discoveries added to Europe's 
knowledge of what was now named America -- after the Italian Amerigo Vespucci, 
who wrote a widely popular account of his voyages to a "New World." By 1529 
reliable maps of the Atlantic coastline from Labrador to Tierra del Fuego had 
been drawn up, although it would take more than another century before hope of 
discovering a "Northwest Passage" to Asia would be completely abandoned.

Among the most significant early Spanish explorations was that of Hernando De 
Soto, a veteran conquistador who had accompanied Francisco Pizarro in the 
conquest of Peru. Leaving Havana in 1539, De Soto's expedition landed in Florida 
and ranged through the southeastern United States as far as the Mississippi 
River in search of riches.

Another Spaniard, Francisco Vázquez de Coronado, set out from Mexico in 1540 
in search of the mythical Seven Cities of Cibola. Coronado's travels took him to 
the Grand Canyon and Kansas, but failed to reveal the gold or treasure his men 
sought. However, his party did leave the peoples of the region a remarkable, if 
unintended, gift: Enough of his horses escaped to transform life on the Great 
Plains. Within a few generations, the Plains Indians had become masters of 
horsemanship, greatly expanding the range and scope of their activities.

While the Spanish were pushing up from the south, the northern portion of the 
presentday United States was slowly being revealed through the journeys of men 
such as Giovanni da Verrazano. A Florentine who sailed for the French, Verrazano 
made landfall in North Carolina in 1524, then sailed north along the Atlantic 
Coast past what is now New York harbor.

A decade later, the Frenchman Jacques Cartier set sail with the hope -- like 
the other Europeans before him -- of finding a sea passage to Asia. Cartier's 
expeditions along the St. Lawrence River laid the foundation for the French 
claims to North America, which were to last until 1763.

Following the collapse of their first Quebec colony in the 1540s, French 
Huguenots attempted to settle the northern coast of Florida two decades later. 
The Spanish, viewing the French as a threat to their trade route along the Gulf 
Stream, destroyed the colony in 1565. Ironically, the leader of the Spanish 
forces, Pedro Menéndez, would soon establish a town not far away -- St. 
Augustine. It was the first permanent European settlement in what would become 
the United States.

Text 3 = Problem

The Relationship Of Ozone And Ultraviolet Radiation: Why Is Ozone So 
Important? 

In this section, we will explore what is ozone and what is ultraviolet 
radiation. We then will explore the relationship between ozone and ultraviolet 
radiation from the sun. It is here that ozone plays its essential role in 
shielding the surface from harmful ultraviolet radiation. By screening out 
genetically destructive ultraviolet radiation from the Sun, ozone protects life 
on the surface of Earth. It is for this reason that ozone acquires an enormous 
importance. It is why we study it so extensively.

2.1 Ozone and the Ozone Layer 

About 90% of the ozone in our atmosphere is contained in the stratosphere, 
the region from about 10 to 50-km (32,000 to 164,000 feet) above Earth's 
surface. Ten percent of the ozone is contained in the troposphere, the lowest 
part of our atmosphere where all of our weather takes place. Measurements taken 
from instruments on the ground, flown on balloons, and operating in space show 
that ozone concentrations are greatest between about 15 and 30 km.

Although ozone concentrations are very small, typically only a few molecules 
O3 per million molecules of air, these ozone molecules are vitally 
important to life because they absorb the biologically harmful ultraviolet 
radiation from the Sun. There are three different types of ultraviolet (UV) 
radiation, based on the wavelength of the radiation. These are referred to as 
UV-a, UV-b, and UV-c. UV-c (red) is entirely screened out by ozone around 35 km 
altitude, while most UV-a (blue) reaches the surface, but it is not as 
genetically damaging, so we don't worry about it too much. It is the UV-b 
(green) radiation that can cause sunburn and that can also cause genetic damage, 
resulting in things like skin cancer, if exposure to it is prolonged. Ozone 
screens out most UV-b, but some reaches the surface. Were the ozone layer to 
decrease, more UV-b radiation would reach the surface, causing increased genetic 
damage to living things.

Because most of the ozone in our atmosphere is contained in the stratosphere, 
we refer to this region as the stratospheric ozone layer. In contrast to 
beneficial stratospheric ozone, tropospheric ozone is a pollutant found in high 
concentrations in smog. Though it too absorbs UV radiation, breathing it in high 
levels is unhealthy, even toxic. The high reactivity of ozone results in damage 
to the living tissue of plants and animals. This damage by heavy tropospheric 
ozone pollution is often manifested as eye and lung irritation. Tropospheric 
ozone is mainly produced during the daytime in polluted regions such as urban 
areas. Significant government efforts are underway to regulate the gases and 
emissions that lead to this harmful pollution, and smog alerts are regular 
occurrences in polluted urban areas.

2.2 Solar Radiation 

To appreciate the importance of stratospheric ozone, we need to understand 
something of the Sun's output and how it impacts living systems. The Sun 
produces radiation at many different wavelengths. These are part of what is 
known as the electromagnetic (EM) spectrum. EM radiation includes everything 
from radio waves (very long wavelengths) to X-rays and gamma rays (very tiny 
wavelengths). EM radiation is classified by wavelength, which is a measure of 
how energetic is the radiation. The energy of a tiny piece or "packet" of 
radiation (which we call a photon) is inversely proportional to its wavelength.

The human eye can detect wavelengths in the region of the spectrum from about 
400 nm (nanometers or billionths of a meter) to about 700 nm. Not surprisingly, 
this is called the visible region of the spectrum. All the colors of light (red, 
orange, yellow, green, blue, and violet) fall inside a small wavelength band. 
Whereas radio waves have wavelengths on the order of meters, visible light waves 
have wavelengths on the order of billionths of a meter. Such a tiny unit is 
called a nanometer (1 nm= 10-9 m). At one end of the visible "color" 
spectrum is red light. Red light has a wavelength of about 630 nm. Near the 
opposite end of the color spectrum is blue light, and at the very opposite end 
is violet light. Blue light has a wavelength of about 430 nm. Violet light has a 
wavelength of about 410 nm. Therefore, blue light is more energetic than red 
light because of its shorter wavelength, but it is less energetic than violet 
light, which has an even shorter wavelength. Radiation with wavelengths shorter 
than those of violet light is called ultraviolet radiation.

The Sun produces radiation that is mainly in the visible part of the 
electromagnetic spectrum. However, the Sun also generates radiation in 
ultraviolet (UV) part of the spectrum. UV wavelengths range from 1 to 400 nm. We 
are concerned about ultraviolet radiation because these rays are energetic 
enough to break the bonds of DNA molecules (the molecular carriers of our 
genetic coding), and thereby damage cells. While most plants and animals are 
able to either repair or destroy damaged cells, on occasion, these damaged DNA 
molecules are not repaired, and can replicate, leading to dangerous forms of 
skin cancer (basal, squamous, and melanoma).

2.3 Solar Fluxes 

Solar flux refers to the amount of solar energy in watts falling 
perpendicularly on a surface one square centimeter, and the units are watts per 
cm2 per nm. Because of the strong absorption of UV radiation by ozone in the 
stratosphere, the intensity decreases at lower altitudes in the atmosphere. In 
addition, while the energy of an individual photon is greater if it has a 
shorter wavelength, there are fewer photons at the shorter wavelengths, so the 
Sun's total energy output is less at the shorter wavelengths. Because of ozone, 
it is virtually impossible for solar ultraviolet to penetrate to Earth's 
surface. For radiation with a wavelength of 290 nm, the intensity at Earth's 
surface is 350 million times weaker than at the top of the atmosphere. If our 
eyes detected light at less than 290 nm instead of in the visible range, the 
world would be very dark because of the ozone absorption!

2.4 UV Radiation and the Screening Action by Ozone 

To appreciate how important this ultraviolet radiation screening is, we can 
consider a characteristic of radiation damage called an action spectrum. An 
action spectrum gives us a measure of the relative effectiveness of radiation in 
generating a certain biological response over a range of wavelengths. This 
response might be erythema (sunburn), changes in plant growth, or changes in 
molecular DNA. Fortunately, where DNA is easily damaged (where there is a high 
probability), ozone strongly absorbs UV. At the longer wavelengths where ozone 
absorbs weakly, DNA damage is less likely. If there was a 10% decrease in ozone, 
the amount of DNA damaging UV would increase by about 22%. Considering that DNA 
damage can lead to maladies like skin cancer, it is clear that this absorption 
of the Sun's ultraviolet radiation by ozone is critical for our well-being.

While most of the ultraviolet radiation is absorbed by ozone, some does make 
it to Earth's surface. Typically, we classify ultraviolet radiation into three 
parts, UV-a (320-400 nm), UV-b (280-320 nm), and UV-c (200-280 nm). Sunscreens 
have been developed by commercial manufacturers to protect human skin from UV 
radiation. The labels of these sunscreens usually note that they screen both 
UV-a and UV-b. Why not also screen for UV-c radiation? When UV-c encounters 
ozone in the mid-stratosphere, it is quickly absorbed so that none reaches 
Earth's surface. UV-b is partially absorbed and UV-a is barely absorbed by 
ozone. Ozone is so effective at absorbing the extremely harmful UV-c that 
sunscreen manufacturers don't need to worry about UV-c. Manufacturers only need 
to eliminate skin absorption of damaging UV-b and less damaging UV-a radiation.

The screening of ultraviolet radiation by ozone depends on other factors, 
such as time of day and season. The angle of the Sun in the sky has a large 
effect on the UV radiation. When the Sun is directly overhead, the UV radiation 
comes straight down through our atmosphere and is only absorbed by overhead 
ozone. When the Sun is just slightly above the horizon at dawn and dusk, the UV 
radiation must pass through the atmosphere at an angle. Because the UV passes 
through a longer distance in the atmosphere, it encounters more ozone molecules 
and there is greater absorption and, consequently, less UV radiation striking 
the surface. 

Exercise 5.1 

Main idea: that the flow of blood through the body, though continuous, is a 
function of three interlocking systems.

Text structure: Classification.

Your summary should contain the following important ideas:


		Circulatory system: pulmonary; coronary; systemic.

		Pulmonary circulation: between heart and lungs  

		Coronary circulation: within the heart.

		Systemic circulation: rest of the body.

		Aorta --> smaller arteries --> capillaries --> veins

		Arteries carry fresh, oxygenated blood

		Capillaries release the oxygen

		Veins carry the de-oxygenated blood 

		The heart powers the system.

		Blood enters the heart via two large veins, and leaves via the main 
	artery.

		Carbon dioxide is removed and replaced with oxygen in the lungs. 



Exercise 6.1 

You should have come up with several graphic organizers to cover this 
material. Here are two possible examples:


		Brain cells by function
	
			I.
			Neurons
			      
	

	
			      
			A.
			interneurons
	

	
			      
			B.
			primary sensory neurons
	

	
			      
			C.
			motor neurons
	

	
			II.
			Glia
			      
	

	
			      
			A.
			astrocytes
	

	
			      
			B.
			oligodendroglia
	

	
			      
			C.
			Schwann cells
	

	
			      
			D.
			ependymal cells
	

	
			      
			E.
			microglia
	





[image: tree example]

Exercise 6.2 

Here are some examples:


[image: network example]


[image: network example]


[image: radial network example]


[image: multiple connection network example]
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Exercise 6.3

There are no right or wrong answers to this exercise. But a chronological 
timeline, or a type of directional linear network, would probably be most 
appropriate.

Exercise 8.1 

What constitutes an anchor point is entirely individual, depending as it does 
on your prior knowledge and what’s personally meaningful to you. But here are 
some possibilities:


		UV rays cause sunburn and can cause skin cancer. 


		Ozone at low levels is polluting and can cause smog alerts. 


		Radio waves and X-rays are part of the electromagnetic spectrum we can’t 
	see. 
	

		We can only see wavelengths in a small part of the spectrum, which is 
	visible light.

		We see different wavelengths in this band as different colors. ROYGBIV 
	is a mnemonic that tells me the order of the colors.

		The sun is most dangerous when it’s straight overhead.



Exercise 8.2

veins and arteries

similarities:


		both carry blood

		both are hollow tubes

		both connect to the heart

		both connect to the lungs 



differences:


		veins are thinner than arteries

		veins are less elastic than arteries

		veins carry blood to the heart, while arteries carry blood from the 
	heart

		veins carry blood from the lungs, while arteries carry blood to the 
	lungs

		most veins carry de-oxygenated blood, while most arteries carry 
	oxygenated blood 
	



neurons and glia

similarities


		both are brain cells

		both are a broad class of cells, containing different types



differences


		there are many more glia than neurons

		neurons process information; glia provide support functions



Exercise 8.3 


	
	
			Situation 1
			Situation 2
	

	
	
	
			fortress
			tumor
	

	
			soldiers
			rays
	

	
			roads
			healthy tissue
	

	


Joint interpretation: The fortress (tumor) can be captured (destroyed) by 
having small groups of soldiers (low-intensity rays) converge on it.

Exercise 8.4 

Here are some possible “why?” questions you might have come up with:


		Why is ozone important to us?

		Why is most ozone in the stratosphere? Why is so little in the 
	troposphere?

		Why is ozone concentration greatest between about 15 and 30 km?

		Why are some types of ultraviolet (UV) radiation more dangerous than 
	others?

		Why is tropospheric ozone less beneficial than stratospheric ozone?

		Why do governments try to reduce tropospheric ozone?

		Why can’t we see radio waves? 

		Why is ultraviolet radiation dangerous to us?

		Why don’t we worry about UV-c?

		Why is UV radiation more of a concern when the sun is high in the sky? 
	



Exercise 13.1 

The role of consolidation in memory


[image: assessment tool example]

a simple/complex text (by which I mean on the simpler end of complex)

Early America
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a simple text

The relationship of ozone and ultraviolet radiation
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a complex text

How blood flows
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a simple text

Introducing brain cells
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a complex/difficult text (at the difficult end of complex)
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