
Coming Home to MIT

Bob Kahn [NEST ’13]

Climbing the stairs from Kendall Station
and walking onto the MIT campus, my shoul-
ders relaxed and my inner smile was ear to ear.
A week of intensive learning during SEPT 2013
instilled in me a sense of spending years on the
campus and a feeling of “This is my school!”
Today, June 22, 2014, I am strolling by what I
now consider to be my old stomping grounds:
The Stata Center; The Media Lab; The Green
Building with the Great Sail statue in McDer-
mitt Court; The Infinite Corridor with all the
posters and labs (I could spend hours here), on
into the rotunda of the Rogers Building,
through the columns and onto Massachusetts

Co-Chair Report: 

Inquiry-Based Learning

John Steczak [NEST ’02]

I am concerned that many teachers at var-
ious levels are still teaching science right from
a book or through teacher demonstrations. If
you are aware of this in any setting that has
been part of your educational journey, read on
and pass it on. Change is past due. Inquiry sci-
ence, beginning in early childhood classes,
must extend throughout our K to 12 programs.
Preaching to the choir can create new members
for the collective group and cause. Please read
on and then share this with a colleague.

Inquiry became prominent in science edu-
cation in the 1960s and has continued in many
school science programs. Colburn and Bianchi-
ni (2000) note that teaching instruction needs to
emulate the way real scientists use science.
Their research found that inquiry had been used
to describe the method of science instruction.
The process is the important activity. Collette
and Chiappetta (1994) proposed that when an
individual enters a science classroom, that per-
son should be able to observe an exciting learn-
ing environment where students are wondering,
questioning, presenting ideas, discussing infor-
mation and solving problems.

Report on SEPT 2014

Penny Kelly [NEST ’14]

For a full report on SEPT 2014, go to the 
following website:
www.dropbox.com/s/3lsrzac0gtbq1fs/SEPT%
202014%20-%20Penny%20Kelly.pptx
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School MIT Science

Andreas Boelter [NEST ’10]

School MIT Science (Schule MIT 

Wissenschaft (SMW))—

A German approach of a Science and 

Engineering Program for Teachers

The Starting Point

The MIT Club of Germany has been very
eager to send two selected candidates to MIT
for the Science and Engineering Program for
Teachers every year for more than a decade
now. All the candidates came back and were
very impressed with what they experienced
during the week at MIT. The benefits of listen-
ing to lectures of experts in different fields of
science and technology were enormous, the
hands-on experiences in the workshops led to
new perspectives in regard to the methods of

Continued on page 18

Continued on page 4

* Policy articles

http://www.dropbox.com/s/3lsrzac0gtbq1fs/SEPT%202014%20-%20Penny%20Kelly.pptx


Calendar of Events

Editorial

The first SEPT conference occurred twenty-five years ago
last June. Come this November, NEST will similarly have been in
existence for a quarter century. In each case, that is a noticeable
milestone. When we began, we were small in number, with goals
of having an influence on what is going on in science classrooms
and in our profession. We began small in number, but with high
hopes of changing what is going on in our profession.

Since our inception, our numbers have definitely grown, as has
our perspective. NEST originally was an acronym for New Eng-
land Science Teachers, but our membership and perspective have
expanded, which is why the name changed to Network of Educa-
tors in Science and Technology in 2000. We kept the acronym, but
recognized the broader scope.

The first NEST Newsletter was a two-sided single sheet.
Most of the entries directed members to sources of information
that might be of value, but I would like to share some points from
two brief articles. The first is from Ron Latanision. In addition to
being the founder of SEPT, he was then the Director of MIT’s
Materials Processing Center.

“By all accounts, the experiment [SEPT] was a success. But then
something truly remarkable occurred. The energetic teachers who
attended 1989’s inaugural program organized themselves into a fed-
eration…with representatives from every state in New England….

“NEST is organized for grassroots citizen activism, with the
goal of strengthening science education in New England….”

The other was a two-paragraph editorial from Elaine Hall,
one of the original committee of three coeditors of the newsletter.
[By the third issue, the decision was made to have a single editor,
a role I have handled since then.]

“The NEST Newsletter needs you. The NEST Newsletter
Committee would like to hear about the things you have done, or
plan to do in the future, to promote science education. After our
successful weekend in Andover, I’m sure you were as excited as
I was when you returned to the classroom. I couldn’t wait to let
people know about our organization and our plans to help pro-
mote science literacy. So, the first thing I did was to organize my
thoughts and send a letter off to my local newspapers. My letter
was printed in two newspapers.

“What have you done to promote science education? What
are some of your ideas? Have you been busy trying new tech-
niques to teach science? Have you received any positive feedback
from your school? These are some of the items we would like you
to send us for the NEST Newsletter, along with any other infor-
mation you feel is important….”

These questions are what have guided this newsletter since
its inception and are still fully appropriate today. What can you
contribute to help other NESTers?

October

Renew membership (instructions will be sent by email)

Nominating and electing new NEST co-chair 
and board representatives

January

NEST Executive Meeting (date to be determined) 

January 31

Announcement of 2015 SEPT and NEST Reunion 
dates and submission instructions for:

• NEST Teacher of the Year Award nominations
• McNamara Workshop proposal applications
• NEST Student Award requests
• NEST Reunion registration

March 1

Submission deadline for: 

• Spring NEST newsletter
• SEPT 2015 applications
• Names for consideration as a SEPT host

March 14

Deadline for:

• NEST Teacher of the Year Award nominations
• McNamara Workshop proposal applications

April 10

Announcement of recipients of:

• NEST Teacher of the Year Award
• McNamara Workshop presenters

April 24

Submission deadline for:

• NEST Reunion registration
• NEST Student Award requests

April-May

Student Award books and certificates are 
sent out to nominating teachers

June

2015 SEPT conference & NEST Reunion 
(dates to be determined)
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Knowledge is a comfortable and necessary retreat and
shelter for us in an advanced age; and if we do not
plant it while young, it will give us no shade when we
grow old.

— Lord Chesterfield
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Worthwhile Websites

National Geographic “Global Warming 101” 
http://bit.ly/PAkPRh 

Encouraging girls
www.huffingtonpost.com/2014/06/24/verizon-ad-tells-parents-to-encourage-girls_n_5526236.html?utm_hp_ref=mostpopular

Why Americans Stink at Math
http://nyti.ms/1nTvjER 

Historic perspective of MIT
www.technologyreview.com/article/527861/tech-is-and-always-has-been-hell

Speak up for Research

[This is the closing paragraph from an editorial by John
Edward Porter (a former U.S. Congressman) that appeared
in Science on June 13, 2014.]

Scientists must take off their lab coats and
engage the people of their communities and states.
They must be willing to defend and spread the good
news about science. If scientists themselves are
unwilling to defend science, how can we expect oth-
ers to do so?

Gaps in Science Education

Avi Ornstein [NEST ’89]

Two interesting articles in the August 2014 issue of Scientific

American are worth reading. The first is “The Talent Gap,” which
is a forum article by Rena F. Subotnik, Paula Olszewski-Kubilius
and Frank C. Worrell. The second is “The Science of Learning,”
written by Barbara Kantrowitz. The first article addresses how “the
U.S. is neglecting its most promising science students.” The latter
article addresses how the results of research of “what works best in
the classroom” are not being applied in schools.

“The Talent Gap” notes that the efforts and funding to
increase American advances in STEM education misses a major
pool of students who already love and have skills with science.
The authors believe that this problem is caused by two related
myths. “The first myth is that all talented students come from
privileged backgrounds. A second is that students who are suc-
cessful at a particular time in their school career can somehow
thrive on their own, unassisted and unsupervised.”

The authors then state that we should cognitively challenge
all students and that such effort should not depend on their socioe-
conomic background. “…[S]tudents who are talented in science
and motivated to achieve” can already be identified. Vanderbilt
University researchers feel that the best time to find such students
is when they are in middle school. These students then need to
learn to understand and write in the language used in scientific
journals and they should “witness science in a university, hospi-
tal, corporation or museum laboratory through mentoring or
apprenticeship relationships.” They close by noting that this
“could have big payoffs. More fundamentally, it would challenge
misguided assumptions about talent and elitism that have blinded
policy makers and educators and prevented them from engaging
with this population of students.”

“The Science of Learning” is well worth reading. The article
is five pages long and explores how direct research counters many
common practices used in most classrooms. As the author notes,
“researchers are using emerging technology and new methods of
data analysis to create experiments that would have been impos-
sible to carry out even 10 years ago. Video cameras track eye
movements to see where students are directing their attention;
skin sensors report whether students are engaged or bored. Econ-
omists have figured out how to crunch data to mimic randomized
trials—which are often difficult and expensive to implement in
schools.” As Kantrowitz notes, “Although these studies have not
come up with the ‘silver bullet’ to cure all that ails American

schools, the findings are beginning to fill in some blanks in that
hugely complex puzzle called education.”

Several points worth considering are raised in the article. One
is that kindergarten students are more attentive to what is going
on in class when the walls are bare, rather than being cheerfully
decorated with colorful, pictures, graphs and posters. Paulo Bilk-
stein of the Stanford Graduate School of Education found that stu-
dents retain concepts better if they do hands-on experimentation
before being lectured on scientific concepts. Jordan Matsudaira of
Cornell University found that “summer school could be a more
cost-effective way of raising test scores than reducing class size.”
Grover Whitehurst, founding director of IES, notes that no math
curriculum has actually been proven effective for a district with
predominantly minority students. He also points out that high-
quality science teachers are now judged according to their effec-
tiveness in the classroom rather than their credentials.

The article closes by looking at how Finland “rose to the top
of international math and literacy rankings” by rebuilding its edu-
cation system. Nora Newcombe of Temple University “thinks that
U.S. teacher training should include the most recent develop-
ments in cognitive science.” She feels that students going into
education “are taught a psychology that is not just 10 but more
like 40 years out-of-date….You can’t really write a script for
everything that happens in the classroom. If you have some prin-
ciples in your mind for what to do in those on-the-fly moments,
you can do a better job.”
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Another way to look at inquiry is the idea of teaching science as inquiry—in other words, stressing active learning and the impor-
tance of understanding a scientific topic. Piaget (as cited in Chiappetta, 1994) indicated that scientific inquiry goes beyond construct-
ing knowledge through hands-on activities. Scientists and engineers must communicate with other people. They gather ideas and infor-
mation as well as conduct laboratory experiments. Chiappetta recommended the Worldwide Web for information gathering, as well as
doing authentic investigations. Then inquiry learning becomes more content learning than process learning. Collette and Chiappetta
suggested some strategies and techniques that have been used successfully by science teachers, such as asking questions, science
process skills, discrepant events, inductive activities, deductive activities, gathering information and problem solving. These methods
can be used during study of a topic, when students need to understand fundamental science concepts that relate to their lives. Ques-
tions asked by the teacher are also important. Such questions include “Can you hit a baseball farther with an aluminum bat of a wood
bat?” or “Why do some swimsuits dry faster than others?” The National Research Council (1996) outlines six standards that can be
found in its National Science Education Standards that all grade level teachers should know and implement. They are: the planning of
inquiry based science programs; the actions taken to guide and facilitate student learning; the assessments made of teaching and stu-
dent learning; the development of environments that enable students to learn science; the creation of communities of science learners;
and the planning and development of school science programs. (p. 4) 

Brickman, Gormally, Armstrong and Haller (2009) posited that inquiry-based learning in the sciences has promoted science liter-
acy and research skill development. Bricker, et al., also found increases in self-confidence, particularly in scientific abilities. Original-
ly, inquiry was understood as problem-solving through formulating and testing hypotheses. This meaning has broadened and refocused
on the process of making informed and balanced decisions or using student-driven, active learning strategies. Brickman, et al., found
that, in addition to gains in self-confidence for all students, the traditional students had an even greater gain for valuing authentic sci-
ence exposure as they learn more.

Learning theories and roles of administrators, educators and students are essential ingredients for innovative learning. The com-
ponents involved in inquiry-based approaches versus traditional approaches to learning are illustrated here: 

Inquiry-Based Approach Compared to Traditional

McKenzie and McKinnon (2009) indicated that inquiry-based learning is a way to place the learner into a relevant situation and
help in the learning process. McKenzie and McKinnon claimed that students have a certain idea in mind concerning the scientific parts
of the world, but are misinformed about the real world of science. By utilizing inquiry-based learning, students are led into inquiry
about the world and are sparked to investigate and learn. Inquiry leads to construction of meaningful knowledge. Inquiry mirrors the
stages of Bloom’s learning phases. Engaging students’ multiple intelligences, as found in Howard Gardner’s (1983) studies at Harvard,
fosters many types of successful contributors and student engagement in multiple levels. (Gardner, 1983) Gardner’s identified intelli-
gences complement inquiry-based learning. The child who has kinesthetic intelligence has the need to move, touch and manipulate.

The National Research Council (1996) defined scientific inquiry as having a dual meaning for scientists in the way students study
the natural world around them and for the way students learn and develop meaning of what is around them. Discoveries in psycholo-
gy and brain neurophysiology have led to new theories of learning and the renewal of former theories. These theories include con-
structivism, multiple intelligences, differentiated instruction and Bloom’s Taxonomy of Learning. Inquiry-based approaches to science
education are combinations of these theories of learning; they are a learning process or strategy rather than a specific set of lessons.
These cited theories are not all inclusive and each teacher has a unique delivery. The underlying theories can be incorporated into a
teacher’s methodology by using inquiry as the basic formula for presenting subject matter.

Hall and McCudy (1990) posited that inquiry-based curriculum develops independent and critical thinking skills and curiosity
toward science. When curiosity surfaces, students begin to think and they become information-oriented problem solvers. Collaboration
with other teachers and administrators can help the change happen so that the classroom becomes an exciting place with students who
are excited about asking questions and finding answers. Thiers (2001) noted that the U.S. Department of Education report pinpointed
the need for higher thinking skills due to work force needs to lead the way. Hubbard (2001) listed three essential factors [trust, power
and risk] that are needed to develop and change curriculum. To engage students and make learning more relevant, the students must
take risks and choose significant topics. This requires the teacher to have less power. 

Continued from page 1 “Co-Chair Report”

Theory-roles Inquiry-based Traditional

Principal learning theory

Student participation

Outcome

Student role

Curriculum goals

Teacher role

Constructivism

Active

Increased responsibility

Problem solver

Process oriented

Guide-facilitator

Behaviorism

Passive

Decreased responsibility

Direction follower

Product oriented

Director-transmitter
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In a review of Howard Gardner’s book, Intelligence Reframed, London (2000) explained Gardner’s theory that each individual has a set
of intelligences that can be nurtured and channeled in specific ways. Gardner first presented this theory in 1983 in Frames of Mind in which he
outlined a theory based on multiple skills and abilities that became known as Multiple Intelligences. The intelligences include: 

These individuals are able to relate with the cosmos or the infinite (Gardner, 1983).
Gardner’s identified intelligences complement inquiry-based learning. The child who has kinesthetic intelligence has the need to

move, touch and manipulate. For example, that child may ask the questions for learning as the child reacts to the physical sensation of dis-
secting a frog. Or a child who has naturalistic intelligence will flourish when the class takes a field trip to a farm or goes outside to learn
about flowers or clouds or insects. The student who easily vocalizes information or asks pertinent questions in a learning atmosphere is
consistently articulate on a variety of subjects demonstrates linguistic intelligence. Personal preferences go beyond learning styles to
include preferences for atmospheric conditions, such as optimum time of the day for learning, amount of light preferred and additional
environmental conditions. One of the teachers in the study school who had learned about students’ optimum time of day for learning decid-
ed to try an experiment. The teacher changed a group of struggling readers from a morning time period to an afternoon time. The change
in achievement was evident.

Tomlinson (2008) defined differentiated instruction or differentiated learning as tailoring instruction to meet a student’s individual
needs. This also means that the teacher focuses on interacting with one of more students as their needs dictate. Tomlinson noted that dif-
ferentiation can relate to any of the following: content; process; products; learning environment; use of ongoing assessment; or flexible
grouping. According to Tomlinson, differentiation in content refers to what the student desires to know and how the student can get the
information. Process differentiation pertains to activities needed to master content. Products are projects in which students research, apply
and extend their learning. The learning environment is the way the classroom is constructed to meet ways in which students can work and
feel productive. Tomlinson claimed the goal of differentiated instruction is for the teacher to know the students and to have a repertoire of
teaching strategies to engage the students in the learning process. Tomlinson explained that at the most basic level; differentiated instruc-
tion is having multiple options for students’ use to take in information and to be able to communicate what they have learned. Readiness,
interest and learning needs of students can be met through process, product and content in the teacher’s proactive plans, using differenti-
ated strategies in the classroom. Tomlinson (2005) noted choice is the most important component of differentiated instruction. 

Luster (2008) noted that differentiation starts where the student is, rather than from a set plan that begins everyone at its beginning that
leads to a disregard for student readiness, interest and learning profile. Walker (2007) believed that a community must be created within a
school to work as a team to benefit from one another’s practices of differentiated instruction. Ferrier (2007) verified that differentiated
instruction has been found to help struggling learners as well as those who find schoolwork to be easy. By using differentiated instruction-
al strategies, the chances are that more students are likely to have success in learning. McMackin and Witherell (2005) posited that a teacher
needs to provide targeted instruction to each student. Using a variety of customized, tiered graphic organizers is one way to differentiate
instruction to meet the readiness of the students. Each organizer in the tier is still challenging and carries the same outcome when complete. 

Piaget (as cited in Chiappetta, 1997) indicated that scientific inquiry goes beyond constructing knowledge through hands-on activity.
Scientists and engineers must communicate with other people. They gather ideas and information as well as conduct laboratory experi-
ments. Chiappetta recommended the Worldwide Web for information gathering as well as doing authentic investigations. According to the
American Association for the Advancement of Science (1965), basic process skills in science involve observing, classifying, space rela-
tions, using numbers, measuring, inferring and predicting. Integrated skills involve defining, formulating models, controlling variables,
interpreting data, hypothesizing and experimenting.

Teachers need a solid background in their content area and in assessing the students. This is important for teachers who teach through
inquiry. Ohana (2006) emphasized that training is key to the success of the teacher, which in turn creates greater success for the student.
McKenzie and McKinnon (2009) determined that teachers who take part in training to use inquiry-based learning find that its flexibility pro-
vides them with strength and helps in meeting the needs of specific learners. Dewey (as cited in Grant and Gillette, 2006) noted that the
importance of a teacher’s determination to become an effective teacher is just as important as a teacher’s content knowledge. Marzano (2003)

(a) linguistic intelligence, in which words and language are highly developed

(b) logical/mathematical intelligence, which is concerned with numbers and is evident in physicists, engineers, computer personnel
and others

(c) spatial intelligence, in which spatial configuration and relationships are prevalent

(d) musical intelligence, wherein individuals process thinking from a music, rhythm and patterns foundation

(e) kinesthetic intelligence, which uses body sensation and motor coordination easily

(f) intra-personal intelligence, which enables an individual to understand inner personal cognitive strength and mental functioning

(g) interpersonal intelligence, which is found in counselors, politicians and religious leaders, among others, who are effective com-
municators and make friends easily

(h) naturalistic intelligence, which focuses on features of the natural world, as exemplified in farmers, botanists and biologists

(i) existentialistic intelligence, in which individuals are concerned with cosmic or existential issues and who seek experiences in reli-
gious mythology



PUZZLE CORNER

#1) How does the size of an airplane’s shadow change as the altitude of the plane increases?

#2) When you look in a mirror, why is the image reversed left-right but not up-down?

Solutions to the previous problems:

#1) Friction is both good and bad—it depends on the amount and the situation. We need friction to be able to walk without
slipping, or even to stay seated in a chair. However, either too much or too little friction can lead to problems when it inter-
feres with what we want to do.

#2) Even though the classical picture of raindrops is the shape of teardrops, that image is wrong. Drops we see extending from
a faucet or eyedropper may look like this, but things change when a drop of rain is falling. Surface tension due to hydrogen
bonding pulls the water molecules together into a spherical shape. Air flow pressing against the bottom of the falling raindrop
flattens the lower portion, resulting in a shape similar to a dome.

6

found that school districts have a tendency to make most decisions at a school level, yet research has found that the individual teacher’s deci-
sions have a much greater impact on learning. In highly successful schools, differentiated instruction is used to meet the individual needs of
students. With an inquiry-based method of teaching, the students as well as the teachers make many of their own decisions. This opens up
the way for effective decision making in all realms of learning. Bloom’s Taxonomy of Learning (1956) divides educational objectives into
three domains of cognitive, affective and psychomotor. The cognitive domain includes six levels, from lowest level to highest level, start-
ing with Knowledge. At the Knowledge Level, students recall previously learned materials or what they can remember. The next level of
Comprehension is where the student may organize, compare and give descriptions. Students at this level translate, interpret and extrapolate.
The Application Level goes farther in using new knowledge. That is solving problems by applying known facts, techniques or rules from
previous knowledge. These theories of learning are all a part of inquiry-based methodology that can increase science learning.

[Note: If you want to follow up on the cited papers, contact John Steczak at jsteczak@philasd.org.]
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Salt Swap

[These excerpts are from a brief article by Joseph Bennington-
Castro that appeared in the September 2014 issue of Scientific

American.]

Cadmium chloride is a nasty chemical. If it gets on
the skin, it releases cadmium, which has been linked to
cancer, lung disease and cardiovascular disease. And yet
the expensive, dangerous compound has long been used as
a coating for thin-film solar cells because it increases the
efficiency of converting sunlight to energy. During manu-
facturing, chemists have to don protective gear and use
fume hoods and other precautions to apply the coating,
then carefully dispose of the dissolved cadmium waste.

Physicist Jon Major of the University of Liverpool
in England and his team set out to find a replace-
ment….and found that magnesium chloride yielded
comparable efficiency….

Magnesium chloride is also nontoxic, abundant and
costs about 300 times less than cadmium chloride….

Computers Solving Word Problems

[These excerpts are from an article by Larry Hardesty that appeared in
the July/August 2014 issue of Technology Review.]

MIT researchers and colleagues at the University of Washing-
ton have developed a computer system that can automatically solve
the type of word problems common in introductory algebra classes.

According to Nate Kushman, a graduate student and lead
author on the new paper, the work is in the field of “semantic pars-
ing,” or translating natural language into a formal language. “In
these algebra problems, you have to build these things up from
many different sentences,” he says. “The fact that you’re looking
across multiple sentences to generate this semantic representation is
really something new.”

The researchers’ system exploits two existing computational
tools. One is the computer algebra system Macsyma, developed at
MIT in the 1960s, which can distill algebraic equations into a few
common templates. The other is a sentence parser, which represents
the relationships between words in a sentence as a treelike diagram….

The work could lead to educational tools that identify errors in
students’ reasoning and to systems that can solve more complicat-
ed problems in geometry, physics, and finance.

Taste of Water

[This excerpt is from an article by Daniel Engber that appeared in the
February 2014 issue of Popular Science.]

For thousands of years, philosophers claimed that water had
no flavor. It’s the baseline for the sense of taste, they said—a
starting point and null condition. What water is to tongues, dark-
ness is to eyes and silence is to ears. “The natural substance water
per se tends to be tasteless,” wrote Aristotle. In his view, it serves
only as the vehicle for water.

But eventually, scientists began to notice that a draught of
pure distilled water could provoke a certain taste. Some found it
bitter on the tongue; others said it was insipid. By the 1920s, evi-
dence was mounting that water changes flavor depending on what
you happen to have tasted just before. Take a sip of Poland Spring
after putting something acidic on your tongue, and it way taste a
little sweet. Drink some after eating salt, and it could have a hint
of bitterness.

In the 1960s and 1970s, Yale psychologist Linda Bartoshuk
published a series of papers on the so-called aftertastes of water.
When a person eats or drinks, his or her taste cells become adapt-
ed to that stimulus, Bartoshuk explained. If you then wash out that
flavor with water, the cells rebound into an active state. It’s some-
thing like the after-image of a color seen against a sheet of blank
white paper.

You don’t even need to eat or drink to experience the same
effect. Bartoshuk found that a person’s own saliva can spruce up
the taste of water. As you go about your day, your tongue will be
awash with slightly salty spit. The saliva doesn’t taste like any-
thing because your mouth has become habituated to it. But rinse
the spit away with water and your cells will rebound to a bitter or
sour taste with your next sip….

Zero Hunger

[These excerpts are from an editorial of the same title by M.S.
Swaminathan that appeared in Science on August 1, 2014.]

…The drive to reduce hunger in the world has largely
relied on crops of wheat and rice that provide calories. But
an increase in calories alone is not good enough. Improved
diets and good health require bolstering nutrition.

Food security programs begun since World War
II…were generally designed to address undernutrition.
Ironically, this approach has led to….predominantly cereal-
based diets with deficiencies in proteins and micronutrients.
Consequential health problems have been seen in several
parts of India and South Asia….Diet deficiencies of iron,
zinc, iodine, vitamin A, and vitamin B12 deny nearly two
billion people a healthy life. Commercial farming tends to
promote market-driven monoculture of food crops, in
which prioritizing nutrient need is generally absent….

Family farming is characterized by diversified crops
and hence can be harnessed to support nutrient-sensitive
agriculture. The steps needed to achieve such a change
include survey and identification of the major nutritional
problems prevailing in an area. Appropriate changes in
crops to address the deficiencies can then be made on fam-
ily farms….

Family farming offers an effective and economic solu-
tion to help meet the challenge of making sure that each per-
son has access not just to calories but to nutritious food.
With an estimated 8 billion mouths to feed by 2025, we
must think much more precisely about the best solution for
reaching zero hunger.
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Friction carries a negative connotation. The general image is
conflict, as between two people or nations with different views or
interests. Another common image of friction is the rubbing of one
surface against another, as in rubbing two sticks to create a fire. This
comes from the Latin root, fricare, which means “to rub.” In
physics, friction is the resistance that one surface or object encoun-
ters when moving over another.

In 1638, Galileo corrected many of Aristotle’s errors in his
mathematical discussion of the laws of motion and of friction in his
“Mathematical Discourses and Demonstrations on Two New Sci-
ences.” The rules of sliding friction had been discovered by Leonar-
do da Vinci, but they were never published and were later discov-
ered in his notebooks. Guillaume Amontons independently redis-
covered these rules in 1699, noting how the irregularities of a sur-
face related to the force needed to move a weight across that sur-
face. He presented two laws of friction. The first is that the force of
friction is directly proportional to the applied load. The second is
that the force of friction is independent of the apparent area of con-
tact. Bernard Forest de Belidor expanded on this in 1737, looking at
the friction between rough surfaces and the degree of roughness of
spheres. In 1750, Leonhard Euler first distinguished between static
and kinetic friction, looking at conditions regarding inclined planes.

Friction was studied further in Charles-Augustin de Coulomb’s
book, “Theory of Simple Machines,” that was published in 1781. He
looked at four main factors: the natures of the materials that are in
contact with one another and the surfaces of these materials; the sur-
face area that is in contact; the normal pressure or load being exert-
ed by one surface on the other; and the length of time that the sur-
faces are in contact. In addition, he considered the influence of slid-
ing friction, temperature and humidity. Coulomb’s Law of Friction
states that kinetic friction is independent of the sliding velocity.

A natural effect of friction is the conversion of motion to heat.

In 1824, Nicolas Sadi Carnot noted that a steam engine does exact-
ly the opposite. It converts heat into motion. At the same time, a
major portion of this heat is lost during the conversion. (In the inter-
nal combustion engine in a car, 70%-75% of the potential energy is
lost. About 20% of the energy is lost due to friction.) These factors
captured the attention and interest of Rudolf Clausius. 

Clausius developed two great concepts. One was the Law of the
Conservation of Energy, recognizing that, while energy can change
from one form to another, the total amount of energy remains the
same. The thermal energy lost due to friction is just part of the total.
The fact that some thermal energy is always lost led him to coin and
define the concept of entropy, which was later redefined by Ludwig
Boltzmann as a measure of the degree of disorder. Whenever energy
is “lost” it means that entropy has a positive value. No machine is
perfect, as some energy is always lost due to friction and inefficien-
cy. This includes living things, such as us. His second work led to the
laws of thermodynamics, the second of which states that the net
change in the total entropy in the universe is always greater than
zero. This “new law was the first scientific explanation for why
everything in the universe aged and eventually died!”(1)

On a broader scale, is friction good or bad? The answer
depends totally on the desired motion. If the friction is too great,
motion becomes impossible. However, the same results if friction is
insufficient. If there was no friction, you would be unable to stay
seated in a chair or to stand on your feet. Walking and driving would
be impossible, since traction is dependent upon friction. It is impor-
tant that the critical role friction plays in our daily lives is recog-
nized, and that gives the frame to understand why learning more
about friction is worthwhile.

1 Guillen, Michael; Five Equations that Changed the World; Hyperion:

New York; 1995; pg. 207.

Friction

Avi Ornstein [NEST ’89]

Chemophobia

[These excerpts are from an article by Mark Lorch that appeared in the April 2014 issue of Chem 13 News.]

…The very word chemical is often synonymous with toxin or poison. We use phrases like “it’s chock-full of chemicals”
to imply something is artificial and bad for you.

Meaningless slogans like “chemical-free” pop up on products in health food stores and billboards…
…Why are synthetic chemicals worse than natural ones? Why is the synthetic food additive E300 bad, while the vitamin

C in your freshly squeezed glass of orange juice is good? (Even though they are both the same thing.)
…So why is chemistry the bad boy of the sciences? Why is there this chemophobia?
Biology doesn’t get a bad rap—quite the opposite. Biology has amazing animals, plants, the human genome project….It’s

natural and good.
What about physics? Well, physics is just pretty damn cool. It’s got stars, lasers and the most impressive machine ever

built—the Large Hadron Collider….
So why does chemistry’s role in accidents get highlighted, and whose fault is it that people are so scared of chemicals?
…at the end of the day, what did the audience remember? Just those bangs—and not a jot of chemistry. Explosive, flam-

ing chemistry demos do nothing to show what chemistry can build and everything to highlight what it can destroy. And in the
process, they blow out any flickering interest in chemistry and replace it with fear.
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Serendipity
“Where observation is concerned, chance favors only the prepared mind.”

—Louis Pasteur, 1854

On April 6, 1938, Dr. Roy J. Plunkett, a chemist working for Du Pont, was working on developing a nontoxic refrigerant.
He intended to carry out an experiment with gaseous tetrafluoroethylene and therefore opened a tank to extract a sample. To his
surprise, nothing came out.

According to its weight, the tank was full, so this raised his curiosity. Instead of merely discarding the tank and taking
another, he decided to invest some time to investigate this. He found that the valve was not faulty, so he sawed off the top of
the tank. Indeed, it was not empty, as the inside of the tank was coated with a white, waxy powder. As a chemist, he recognized
that the tetrafluorethylene had polymerized.

Tests showed that this polymer, previously unknown, had some unique properties. It was very inert—even more inert than
sand. It did not react with strong acids or bases nor was it affected by heat. Furthermore, no solvents could dissolve it. In addi-
tion, it had an extremely slippery texture. 

Had it not been for World War II efforts, this knowledge would probably have merely been set aside, possibly for many
years. However, a few months later a need arose that attracted attention to this polymer. Scientists involved in creating the first
atomic bomb had run into a problem. Uranium hexafluoride (UF6) is used to isolate uranium-235, the isotope needed to create
an atomic bomb. It is a very corrosive gas that was eating away at the gaskets used in its production.

The general responsible for the Army’s part in the Manhattan Project learned of this plastic from an acquaintance who
worked at Du Pont. When told that producing this plastic would be expensive, he responded that cost was no object. The poly-
tetraethylene proved to be resistant to the corrosive UF6 and met the needs in the war effort. 

The general public did not learn about this polymer until fifteen years after the end of the war, when it came out under the
brand name of Teflon.

Low-Tech Water Filter

[These excerpts are from an article by Jennifer Chu in the May/June 2014
issue of Technology Review.]

If you run out of drinking water during a lakeside camping
trip, there’s a simple solution: break off a pine branch, peel away
the bark, and pour lake water through the stick. The improvised
filter should trap any bacteria, producing fresh, uncontaminated
water.

An MIT team has discovered that this low-tech filtration sys-
tem can produce up to four liters of drinking water a day—enough
to quench the thirst of a typical person.

…the researchers demonstrated that a small piece of sap-
wood can filter out more than 99 percent of the E. coli bacteria
present in water. They say the size of the pores in sapwood allows
water through while blocking most types of bacteria.

…sapwood is promising as a low-cost and efficient water fil-
tration material, particularly for rural communities that lack
access to advanced filtration systems.

Sapwood is composed of xylem, porous tissue that conducts
sap from a tree’s roots to its crown through a system of vessels
and pores. Each vessel wall is pockmarked with tiny pores called
pit membranes, through which sap can essentially hopscotch,
flowing from one vessel to another as it feeds structures along a
tree’s length. The pores also limit cavitation, a process by which
air bubbles can grow and spread in xylem, eventually killing a
tree. The xylem’s tiny pores can trap the bubbles, preventing them
from spreading. 

…sapwood can probably filter most types of bacteria, the
smallest of which measure about 200 nanometers.

Influencing Legislators

[These excerpts are from an article by Nancy Flanagan titled “Send This
to Your Legislator!” that was in the April 2014 issue of Phi Delta Kap-

pan. It is well worth reading the entire article.]

…“Wouldn’t it be great if there were a guide for legislators
to making useful education policy?” So here it is: 

#1. You don’t know education just because you went to

school. Even if you were paying attention in high school, your
perspective as a student was extremely narrow and is now obso-
lete. Study the issues, which are more complex and resistant to
change than you think….

#2. Plan to pay many nonphoto op visits to lots of

schools.…

#3. Take the tests that kids have to take. Then you’ll under-
stand why “achievement data” and what to do with it are sources
of high anxiety for public schools, teachers, and students….

#5. Examine your assumptions…. Whatever your deepest
convictions about unions, teacher pay, urban poverty, or kids
today, check those biases at the door. Represent everyone in your
district, not just the people who agree with you….

#7. Remember you were elected to represent your con-

stituents’ goals and desires, not some special interest group….

#9. Big and bold gets headlines, but tinkering around the

edges gets results. Want to raise teacher quality? Don’t endorse
firing the “lowest” quintile, publicly rank-ordering them in the
newspaper, or bringing in untrained but photogenic Ivy Leaguers.
Do it the old-fashioned way: careful recruitment, building teach-
ers’ skills and knowledge, investing in their capacity and leader-
ship over time….
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How can a teacher point students to making their own connec-
tions when these same students are as yet unaware of these cur-
riculum topics? One way to encourage this development is for the
teacher to provide a list of possible project ideas. There are more
project ideas than students. Students randomly draw one assign-
ment sheet. They begin the research for the project. There is a peri-
od of time where students can swap sheets (topics). Also, as the stu-
dent researches the topic, he or she is encouraged to develop his/her
own idea(s). Project assessment is via report or PowerPoint as is
appropriate for the student’s work. Finally, the day the assessment
is due is a debriefing day for the class for the entire module. Each
student presents the highlights of his/her independent research to
the class. The focus of this informal presentation is each student
sharing the new science and the most interesting thing he/she found
in his/her independent work. Each student leaves this discussion an
expert at one advanced topic and cognizant of the essential ques-
tions (and answers) for all other topics. A number of ideas for
extension are included below. 

Project for Extension 1:
http://mw2.concord.org/public/part1/drugdesign/drugIndex.cml
http://molit.concord.org/database/activities/299.html 

Drug Design Protein Kinase
Pages 1-4 review intermolecular forces of attraction in proteins.
Jmol images of real proteins are analyzed which allows students to
appreciate the importance of such forces in protein structure. Page
5 is an in depth protein story of a kinase with multiple views of the
protein used to tell its story. Page 6 is an exploration of how a sub-
strate fits into the active site of an enzyme. Students see that there
are multiple chemical forces of attraction holding the substrate in
place in the active site. At the completion of this project, students
should be able to discuss how the active site of an enzyme holds the
substrate in a certain position—ready to react. 

Project for Extension 2: Protein conservation module is at
http://mw2.concord.org/public/part1/conserve/protConsIndex.cml.
This is an exploration of the same protein in three different species.
Pages 6-11 are the ones for a project for extension on conserved
sequences in proteins. Page 6 allows the student to model the
effects of mutation on protein folding. Page 8 allows the student to
explore the chemistry of the amino acid side chains and what a con-
servative substitution means. At the end of the module, students
should be able to explain what the phrase conserved sequence
means and how/why this is evolutionarily important. Also, given a
description of a protein either its structure or a description of its
function, students should be able to predict (and explain) which
sequence(s) are most likely to be conserved. 

Project for Extension 3: students examine the Protein Databank
Molecule of the Month archive at www.rcsb.org/pdb/101/motm_
archive.do. Each entry discusses important structural and functional
aspects of the protein; gives one or more Jmol images of the protein;

and gives the pdb file numbers for proteins (allows students to
access the pdb file and explore on their own). The Molecule of the
Month entries are written at an introductory level so any of these are
accessible to an independent learner. For those who might like a lit-
tle more guidance, two possible examples are discussed below. 

One example of an important protein in the AP curriculum is
the insulin protein which is found at http://www.rcsb.org/pdb/101/
motm.do?momID=14. The resource at http://chempaths.chemeddl
.org/services/chempaths/?q=book/General%20Chemistry%20Text
book/Molecules%20in%20Living%20Systems/1567/primary-
protein-structure provides the amino acid sequence of both the A and
B chains of insulin as well as a review of the positions of the disul-
fide bridges that support the protein structure. The resource also dis-
cusses sequencing of a polypeptide chain. For a student who is inter-
ested, this could provide an additional project idea for extension. In
addition, Figure 1 of the freely available scientific paper resource
www.ncbi.nlm.nih.gov/pmc/articles/PMC2974937/pdf/11154_2010
_Article_9151.pdf provides the complete amino acid sequence for
insulin (including targeting sequence and C peptide sequence). 

A second example is the protein myoglobin whose Molecule of
the Month entry is found at www.rcsb.org/pdb/101/motm.do
?momID=1. The protein myoglobin allows students to explore the 
oxygen binding to one polypeptide with a single heme group.
http://chempaths.chemeddl.org/services/chempaths/?q=book/General
%20Chemistry%20Textbook/Molecules%20in%20Living%20
Systems/1569/higher-order-structure is an excellent resource which
allows students to apply what they have learned about levels of pro-
tein structure, protein back-bone, side chain chemistry and intermole-
cular forces to the heme group of whale myoglobin. 

Project for Extension 4: students learn how to use Jmol model-
ing program. They create their own Jmol image to tell one story of a
protein. The Center for BioMolecular Modeling at the Milwaukee
School of Engineering (MSOE CBM) provides free access to the
Jmol program and extensive tutorials at http://cbm.msoe.edu/smart
Teams/smartTeamsResources.php. The MSOE CBM provides these
resources as part of their student competition in protein modeling
known as SMART (Students Modeling a Research Topic) Teams.
This is an excellent program for students who enjoy molecular mod-
eling. Please see http://cbm.msoe.edu/smartTeams/index.php for
details on that competition. Even if the competition is not possible for
your students, the yearly qualifying project is always a good protein
modeling exercise for AP Biology students. 

Students can download the program and instructional pdf files
as homework before the modeling class. Left entirely to their own
devices, it takes students maybe 30-60 minutes to become familiar
with the Jmol program. If preferred, the instructor can take students
step by step through a few commands. For teachers who might wish
a simple exercise so they can see just how easy it is to learn to use
the Jmol program, Appendix 2 has step by step instructions for pre-
senting the insulin protein in backbone view, with all three disulfide

Bringing Why to Generation Y Science Education:

Molecular Modeling Approach to Protein Structure/Function Curriculum

AP Biology Level (Part 2)

Helen J. Flavin [NEST ’10]
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bridges in place and with chains A & B differentially colored. The
list below contains nine possibilities for AP Biology projects with
students utilizing the Jmol program to model the protein. In addi-
tion, the scientific literacy section in Project for Extension 5 pro-
vides three additional PDB and Jmol modeling ideas.) 

PDB Files and Sample Project Ideas

2hiu is one file for a monomer of human insulin. Directions for
use of Jmol for coloring chains and adding disulfide bridges are
found in Appendix 2. 

4ins is the file for pig insulin and 2hiu is one file for human
insulin. They differ by only 1 amino acid (see www.rcsb.org/pdb
/101/motm.do?momID=14). 

1aio is the file for the hexamer form of human insulin. 1trz is a
file for the dimer for human insulin. (Students can work with chains
A and B for a single insulin molecule or can model all 4 chains in the
dimer.) 2hiu is one file for a monomer of human insulin. AP Biology
students can examine Figure 1 of http://care.diabetesjournals.org/
content/14/11/942.full.pdf which illustrates schematically the disasso-
ciation and bioavailability of the subcutaneously injected insulin.
Essentially the hexamer form is disassociated into dimers which then
dissociate to insulin monomers which can enter the capillaries. 

2dtg is the file for the insulin receptor. AP Biology students can
use http://arbl.cvmbs.colostate.edu/hbooks/pathphys/endocrine/
pancreas/insulin_phys.html to review insulin receptor signaling. The
resource covers GLUT4 receptors being added to the cell membrane
after insulin binds to its receptor. It also discusses the removal of the
GLUT4 receptors when insulin blood levels fall. It is a brief intro-
duction to the feedback cycles for blood glucose levels and also to a
number of effects of insulin. Intracellular signaling is mentioned, but
its details are minimized so students are not overwhelmed by the
intracellular messenger cascades. 

3psg is the file for pepsinogen and 5pep is the file for the
digestive enzyme pepsin. AP Biology students can examine the sec-
tion of pepsinogen that is cleaved and the resultant protein structure
change resulting in the active protein degrading enzyme pepsin. 

2xq1 is the file for peroxisomal catalase from thermo tolerant
yeast which has high enzymatic activity along with altered cavity
that perhaps allows hydrogen peroxide to the active site faster. AP
Biology students utilize catalase in their lab on enzyme activity. 

2nwx This file has a Sodium Glutamate symporter protein
which has the crystallized protein and an aspartic acid. For the crys-
tallization, aspartate was used in place of glutamate. Thus, students
can explore the structure of the protein around the ligand aspartate.
This provides AP Biology students with a specific example of a
symporter protein. It also allows a class discussion comparing
intestinal and cellular glutamate uptake (via the insulin-dependent
glucose transporter GLUT4). 

1rva is the file for restriction enzyme EcoRV endonuclease
with an intact nucleotide segment and file 1rvc is the file for that
enzyme with a cut piece of DNA (see Molecule of the Month at
www.rcsb.org/pdb/101/motm.do?momID=8 for details). Students
can use these files to model a protein interacting with DNA; the
active site of the enzyme; select just the DNA portions to model
and begin to model DNA; or even model some aspects of the
restriction enzyme activity. 

1adc is the file for the enzyme alcohol dehydrogenase (ADH).
The protein was crystallized with the cofactor NAD (chemically
modified NAD) and the substrate ethanol. AP Biology students can

focus on modeling the interactions involved in the active site of the
enzyme. Methanol is an alternative substrate for this enzyme. Stu-
dents can use their active site model to discuss what limits alterna-
tive substrates in binding. In addition, students can use this model
to predict what they think will happen if the ethanol to methanol
ration is 1 to 1; 10 to 1; and 100 or more to 1. A brief resource on
the toxicology of methanol and the use of ethanol as a rescue agent
is http://mdpoison.com/publications/toxtidbits/2013/June%202013
%20ToxTidbits.pdf. The other drug mentioned (fomepizole) is
believed to function also as competitive inhibitor for ADH. Regard-
ing chemical structures for reactants and products, students can use
the resource www.bio.davidson.edu/Courses/Molbio/MolStudents/
spring2010/Ghant/Protein_Template.html which is a college level
molecular modeling project explaining the enzyme ADH. 

Project for Extension 5: scientific literacy and writing. The
resource at www.nature.com/scitable/topicpage/protein-misfolding-
and-degenerative-diseases-14434929 provides a review on protein
folding, misfolding and disease. This is a Scitable resource written to
promote scientific literacy and inquiry in high school students. Stu-
dents have already mastered the Biology in Figure 1. Figures 2-4 pro-
vide research topics where students can sketch and/or explain con-
cepts such as proteins folding to minimal energy conformations; pro-
tein processing and folding in the ER (endoplasmic reticulum); pro-
tein degradation via the ubiquitin proteasome system; and formation
of amyloid fibrils in one neurological disorder (Alzheimer’s Dis-
ease). Students working on that last topic can work in tandem with
students modeling proteins as the Protein Databank has a number of
files for amyloid proteins including files 1iyt (alpha helix form) and
2beg (extended beta sheet). See the Molecule of the Month sheet at
www.rcsb.org/pdb/101/motm.do?momID=79 for further details. 

Regarding the insulin protein and writing projects, both the
Wiley online review article at http://onlinelibrary.wiley.com/doi/10
.1111/j.2040-1124.2011.00100.x/pdf and the Stoy et al., 2010 paper
www.ncbi.nlm.nih.gov/pmc/articles/PMC2974937/pdf/11154_2010
_Article_9151.pdf provide the complete amino acid sequence for
insulin (including targeting sequence and C peptide sequence). Fig-
ure 1 of the Wiley review provides a detailed view of chromosomal
mutations in Diabetes. Both the normal and mutant DNA codons are
given along with the resultant amino acid substitutions. This project
provides for a student look ahead to DNA to mRNA to protein as well
as a link to students modeling proteins as pdb file 1hiq file is the
structure of the Los Angeles insulin variant. Stoy et al., 2010, in Fig-
ure 2, provides information on the inheritance of insulin gene muta-
tions and Diabetes disease phenotype. Figure 4 shows the alignment
of the preproinsulin from 16 animals. This one resource provides
information for independent student research on protein synthesis
and folding in the endoplasmic reticulum; disease onset and severity
related to protein structure changes (relationship of genotype to phe-
notype); mouse models of Diabetes; and functional significance of
conserved regions of protein sequences. 

A final look ahead project regarding insulin is the GE production
of human insulin. The resource at www.abpischools.org.uk/page/
modules/diabetes/diabetes6.cfm?coSiteNavigation_allTopic=1 pro-
vides a simple animation of the process. Students see the GE in
action, see the insulin made, read about the protein being purified 
and see the protein in the insulin pen. They get a good overall picture
of the entire process and why it is important. The resource at

http://www.rcsb.org/pdb/101/motm.do?momID=14
http://www.rcsb.org/pdb/101/motm.do?momID=14
http://care.diabetesjournals.org/content/14/11/942.full.pdf
http://care.diabetesjournals.org/content/14/11/942.full.pdf
http://arbl.cvmbs.colostate.edu/hbooks/pathphys/endocrine/pancreas/insulin_phys.html
http://arbl.cvmbs.colostate.edu/hbooks/pathphys/endocrine/pancreas/insulin_phys.html
http://mdpoison.com/publications/toxtidbits/2013/June%202013%20ToxTidbits.pdf
http://mdpoison.com/publications/toxtidbits/2013/June%202013%20ToxTidbits.pdf
http://www.bio.davidson.edu/Courses/Molbio/MolStudents/spring2010/Ghant/Protein_Template.html
http://www.bio.davidson.edu/Courses/Molbio/MolStudents/spring2010/Ghant/Protein_Template.html
http://www.nature.com/scitable/topicpage/protein-misfolding-and-degenerative-diseases-14434929
http://www.nature.com/scitable/topicpage/protein-misfolding-and-degenerative-diseases-14434929
http://onlinelibrary.wiley.com/doi/10.1111/j.2040-1124.2011.00100.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.2040-1124.2011.00100.x/pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2974937/pdf/11154_2010_Article_9151.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2974937/pdf/11154_2010_Article_9151.pdf
http://www.abpischools.org.uk/page/modules/diabetes/diabetes6.cfm?coSiteNavigation_allTopic=1
http://www.abpischools.org.uk/page/modules/diabetes/diabetes6.cfm?coSiteNavigation_allTopic=1
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www.iddtindia.org/whichinsulin.asp provides a brief history of the
use of insulin as well as a comparison of human and animal insulin
proteins. The resource at www.littletree.com.au/dna.htm provides an
overview of the entire process. 

Although the protein insulin provides a number of areas for AP
level study, many Diabetes disease mutations produce an insulin pro-
tein similar in shape to the native protein, but with reduced binding to
the insulin receptor. Should one prefers a protein where there is a dra-
matic shift in protein structure in health and disease, then the prion
protein is an excellent choice for student research as the same primary
structure has two alternative folding patters with one of these a dis-
ease agent. The resource http://biomedicalcomputationreview.org/
sites/default/files/f2005-nb-simulating.pdf presents a brief (1page)
description of work of one the scientific team creating artificial pep-
tides and examining how they misfold. In conjunction with Figures 2
and 3 of the professional article at http://onlinelibrary.wiley.com/doi/
10.1111/j.1365-2796.2011.02387.x/pdf students can explore and
begin to explain the dynamics of the prion protein misfolding. The
pdb files 1qm2 (normal) and 2rnm (misfolded) prion protein allow
students working on modeling to coordinate with those researching
prion protein folding. 

The wide variety of possible topics for project extensions was
deliberate. Even so, this represents just a small fraction of all the
possible projects. The NCI reports that one human cell may have as
many as 250,000 proteins! Obviously if a teacher prefers a larger
theme or overall context for that last segment of the assignment,
then that is reflected in the possible assignments handed to students.
Two areas in the AP Biology curriculum traditionally covered not
long after protein structure/function are enzymes and cellular trans-
port. There are a number of possible assignments for each of these
areas in the suggested project extensions. Another way to look at
some of the other project extension ideas is to consider them as proj-
ects to be done later in the year. Such an approach allows students
to continue expand upon the knowledge gained from their original
molecular modeling studies of proteins. 

Appendix 2: These are the directions for Jmol viewing of

insulin in backbone view with disulfide bridges and with chains

differentially colored

Please refer to http://cbm.msoe.edu/smartTeams/smartTeams
Resources.php which has multiple pdf files for Jmol training (see
Written Jmol Training section of page).

Open Jmol
Right click in display window
Select Console (to bring up console window)
Position console and display windows side by side
Go to File 
Select Open 
Choose pdb file 2hiu

In Console Window:
cartoon off (enter)
backbone on
backbone 1.5
select cys
ssbonds on
ssbonds 1.0
color ssbonds yellow

set ssbonds backbone
select *a
color red
select *b
color blue

To save image:
File
Export Image 

[Note: the original pdb file, Jmol program and exported images all need to
be in the same folder in order to be able to reopen the exported image again

in Jmol.]

Sustainable Energy for All

[These excerpts are from an editorial by Kirk R. Smith that
appeared in Science on August 8, 2014.]

The importance of energy for development is under-
scored by the United Nations declaration of 2014 to
2024 as the Decade of Sustainable Energy for All.
Among the goals is to provide universal access to elec-
tricity and clean cooking. Each laudable in itself, the two
goals actually overlap. 

About 2.8 billion people in developing countries
rely on biomass for cooking, a number that has not
changed in 25 years. The consequence of the resulting
pollution is an estimated 3.9 million premature deaths
annually. Over the decades, development organizations
have focused on improving the efficiency of cookstoves
that use local biomass fuels, and more recently in trying
to reduce the resulting exposure to household air pollu-
tion. However, it is extremely difficult to burn biomass
cleanly enough to meet guidelines to protect health.

To supply the 1.4 billion who do not have access to
electricity, most attention has focused on supporting rel-
atively small, albeit critical, household uses, particularly
lighting, but there are other important benefits. It is
sometimes ignored that electricity is part of the solution
for clean cooking….

The availability of inexpensive portable induction
cookstoves—a leapfrog technology that is safer and more
efficient than traditional electric or gas stoves—is shifting
the balance more toward electric cooking. This is occurring
mainly in cities because of cost and power availability, but
these constraints are changing as electrification expands
and prices for induction stoves fall with scale….

For those worried about CO2 emissions from power
plants, consider that modest efficiency measures that
reduce 3% of electric power consumption in rich coun-
tries (which are also largely supplied by coal) would
“free” enough electricity to supply half of all biomass
households with induction stoves….

Switching from solid to clean forms of energy can
bring more health benefits than nearly any other mod-
ernization, including clean water and sanitation….

http://biomedicalcomputationreview.org/sites/default/files/f2005-nb-simulating.pdf
http://biomedicalcomputationreview.org/sites/default/files/f2005-nb-simulating.pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2796.2011.02387.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2796.2011.02387.x/pdf
http://cbm.msoe.edu/smartTeams/smartTeamsResources.php
http://cbm.msoe.edu/smartTeams/smartTeamsResources.php
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RECOMMENDED READING

[The following articles are highly recommended to be read, by both
those reading this newsletter and also appropriate students.]

Marijuana and Young Minds

The content of this essay is limited to first-hand observation
and research, as I have no first-hand experience. Having suffered a
brain hemorrhage when I was ten and not knowing what had caused
it, I made a clear decision at an early age to avoid drugs. At first that
was limited to alcohol, but that expanded as I grew. Nonetheless, I
have seen the impact drugs have had on friends and students.

As Nora Volkow, Director of the National Institute on Drug
Abuse, said during a telecommunication in December 2013: “We
know that the use of marijuana interferes with learning and memo-
ry. These kids at school are going to be unable to properly learn if
they are using marijuana regularly.”

The regular use of marijuana appears to be increasing. The fol-
lowing two paragraphs are from an article by Michael E. Bratsis
that appeared in the Summer 2014 issue of The Science Teacher
that was titled “Putting the Brakes on Marijuana Use.”

The number of high school students who try marijuana appears
to be rising slightly, but more concerning is how few see regular
marijuana use as harmful. That number is at the lowest level since
the late 1970s, according to a national survey….

Sixty percent of high school seniors say they believe regular
marijuana use is not a “great risk,” according to the survey of 41,700
students in grades 8, 10, and 12. The survey, called Monitoring the
Future, also showed that 35% of seniors used marijuana in the last
year. About 55% of sophomores said regular use is not harmful, with
about 30% of sophomores reporting use in the last year.

As a closing point, here are a set of excerpts from an editorial
written by Robert L. DuPont and Jeffrey A. Lieberman that
appeared in Science on May 9, 2014.

The debates over legalization, decriminalization, and medical
uses of marijuana in the United States are missing an essential piece
of information: scientific evidence about the effects of marijuana
on the adolescent brain. Much is known about the effects of recre-
ational drugs on the mature adult brain, but there has been no seri-
ous investigation of the risks of marijuana use in younger uses. In
April 2014, a controversial study suggested that “casual” use of
marijuana is associated with structural abnormalities in the brains
of young people (ages 18 to 25), particularly in regions vital to
emotion, motivation, and decision-making. The fact that the find-
ings are preliminary and disputed indicates that rigorous research is
needed to inform discussions about the public health benefits and
risks of legalized marijuana.

Although marijuana remains illegal for people under the age of
21 in the United States (including in the two states that have legal-
ized it for adults), young people will almost certainly have greater
exposure to, and likely more ways to access, the drug (as they
already do with alcohol and tobacco), as new initiatives to change
marijuana laws in many states come to fruition. Proponents of legal-
ization argue that the medically harmful effects of marijuana are “no
worse” than those of alcohol and tobacco. But even if that is true, it
does not mean that the risks are the same. Over the decades, the
United States has funded research to study the long-term health
effects of alcohol and tobacco, but not marijuana. Yet many of the
most worrisome brain pathologies from drug use are seen in mental
health (as opposed to pulmonary disease and cancer with smoking,
and gastric and liver disease with alcohol), where marijuana use is
associated with, among other conditions, anxiety and psychotic dis-
orders. Research suggests that early marijuana use is linked to these
problems, but their biological underpinnings are a mystery.

The National Survey of Drug Use and Health has repeatedly
found that children who began alcohol or marijuana use before age 15
had a fivefold-increased prevalence of substance use disorders later in
life. This may be due to effects of early drug use on the trajectory of
the brain’s subsequent development, but we don’t know for sure….

…Without more scientific evidence to inform policies, we are
gambling with the health and safety of our youth in making deci-
sions about psychoactive substances such as marijuana when the
real risks are unknown.

Cleaner Fertilizer

[These excerpts are from an article by Robert F. Service that
appeared in Science on August 8, 2014.]

The ability to turn the nitrogen in air into fertilizer has
enabled farmers to feed billions more people than our planet
could otherwise support. But it’s costly. The massive chemi-
cal plants that produce ammonia—the starting material for
fertilizer—consume up to 5% of the world’s natural gas and
belch out hundreds of millions of tons of carbon dioxide
(CO2) annually. Now, chemists have come up with an alter-
native approach drawing on renewable energy….they report
using heat and electricity produced from sunlight to stitch
together nitrogen from the air and hydrogen from water to
make ammonia, all without emitting a molecule of CO2….
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Kudos

Bette Bridges [NEST ’90], Steve Cremer [NEST ’90],
Sharon Cumisky [NEST ’10], Harvey Gendreau [NEST

’96], Joyce Gleason [NEST ’92], Ann Kaiser [NEST ’11],
Susan Kelly [NEST ’10], Pete McLaren [NEST ’95],
Julianne Opperman [NEST ’97], Avi Ornstein [NEST ’89],
Bhavna Rawal [NEST ’09] and JulieAnn Villa [NEST ’14]

all presented at the 2014 NSTA Conference in Boston, MA.

Ann Kaiser [NEST ’11] was named the “Top Overseas
Teacher” by the Singapore Ministry of Education and was an
invited speaker at the biennial Singapore Teachers Confer-
ence in June 2014. Her lecture was “Use of Engineering
Design Projects to Include Values, Ethics and Global Citizen-
ship in Science Curriculum.”

Rachel Manzer [NEST ’13] received the 2014 Connecticut
Science Educator Fellowship Award for service to science
organizations in Connecticut. Rachel was also selected to sit
on the Next Generation Science Standards (NGSS) State
Advisory Committee.

An article on “Affected Light” by Avi Ornstein [NEST ’89]

was published in the Summer 2014 issue of the Connecticut

Journal of Science Education.

Mary Patterson [NEST ’07], has been selected for a 2014-
15 Albert Einstein Distinguished Educator Fellowship. She
will serve at the National Science Foundation, Computer and
Information Science and Engineering Directorate, Cyberin-
frastructure and Cyberlearning.

Brian Shay [NEST ’14] received a 2014 MIT Inspirational
Teacher of the Year Award, having been nominated by a former
student who is now attending MIT. This July he also accepted
a four-year appointment to the Test Development Committee
for SAT math subject tests.

Brian Sherrer [NEST ’13] and Brooks Twilley [NEST ’12],
both engineering and technology education teachers in the
Brandywine School District in Wilmington, DE, were nomi-
nated for the first Delaware STEM Teaching Award.

The Impact of the Educational Environment

Avi Ornstein [NEST ’89]

…At home, he had been allowed his introversion; but now,
with its strict rules, this religious institution forced him to partici-
pate in, and conform to, the outside world.

“Worst of all,” Einstein would say one day,” is when a school
is mainly run by fear, power and artificial authority. All it produces
is a servile helot.” From this point on, Einstein came to hate disci-
pline. The more his teachers insisted on conformity, the more like
an outsider he felt; it was an emotion that would stay with him for
most of his life.

For the next five years, young Einstein complained about hav-
ing to attend this particular school, but at his parents’ urging, he per-
severed. When time came for him to attend the local secondary
school, the Luitpold Gymnasium, things did not improve; he
despised its rote style of learning and stern teachers.

Fed up with Luitpold’s authoritarianism, Einstein persuaded
the family doctor to write a note excusing him from school, blam-
ing it on “nervous exhaustion.” Deciding not to wait for the letter,
Luitpold expelled him outright, claiming that “your presence in the
class is disruptive and affects the other students.”

Though his terrible experience at the Luitpold Gymnasium had
made him dislike school, Einstein was pleasantly surprised by the
Swiss educational system. At Aarau, teachers willingly spared the
discipline and spoiled the mind; they indulged Einstein’s unrelent-
ing and undisciplined inquisitiveness, and in return, he indulged
them with “happy and responsible work such as cannot be achieved
by regimentation, however subtle.”

He attended the Aarau school for only a year, but in that short
time, his private world, which for years had huddled in the shadows

of German intolerance, was now suddenly flooded with the light of
Swiss sufferance. He felt liberated, energized, ready to explode with
unconcealed curiosity….

“It is, in fact, a very grave mistake to think that the enjoyment
of seeing and searching can be promoted by means of coercion,”
Einstein would later say.

During his lifelong struggle, he had come to have utter con-
tempt for the schools of his day; he wrote: “It is, in fact, nothing
short of a miracle that the modern methods of instruction have not
yet entirely strangled the holy curiosity of inquiry; for this delicate
little plant . . . stands mainly in need of freedom; without this it goes
to wrack and ruin without fail.”

The five previous excerpts are from Michael Guillen’s book,
“Five Equations that Changed the World” (pg. 222-223, 227, 228-
229, 230 and 263-264). They display how important the environ-
ment of school can be and how it can influence a student. While the
example here is Albert Einstein, the same is true for every student.

An important point to remember is why we have students go to
school. Is the purpose to make them fit into a regimented world or
is it to develop their minds so they can expand and achieve a
rewarding, fulfilling life? I, for one, prefer the latter. Students can
look up facts, either on the Internet or in books, though most rarely
seem to use the latter source any more. Having them memorize and
spit back facts is a waste of time. We need to focus on teaching stu-
dents how to learn, how to think, how to use facts, how to organize
information, how to work in teams, how to communicate and how
to be creative. We need to use labs and demonstrations to teach sci-
ence. School should be hands-on, where we can try to encourage
their interest in learning. As Einstein noted, rather than using coer-
cion, we need to make schools an enjoyable environment.
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Fish Banks Simulation

Jim Reichling [NEST ’14]

This past June, SEPT 2014 participants were introduced to an interactive simulation called Fish Banks. Originally developed by Den-
nis Meadows (a 1969 MIT PhD in management), Fish Banks allows participants to control competing commercial fishing companies. The
participants’ goal is to achieve the highest net worth at the end of the simulation. Teams build value by investing in fishing vessels and
then deploying ships to different areas (harbor, coastal waters, deep ocean) each fishing season. The simulation is available online and the
facilitator controls parameters such as the cost of ships, fish prices and the reproductive characteristics of the fish population. 

Fish Banks teams start with identical resources. As the simulation continues, teams pursue varying strategies for increasing their net worth
by buying, selling and deploying ships differently. There are mechanisms for teams to interact with each other, including a messaging system
and an auction for exchanging ships. Within a short number of years, the increasing number of ships and the default fish population charac-
teristics push the number of available fish into a state where the replacement rate is far below the annual catch of even a small number of
ships; this causes the population to collapse. The resulting low population density of fish means that, even with all ships removed, it takes a
large number of years for the fish population to recover and, since participants pay to maintain even idle fishing boats, net worth plummets. 

As a participant, I enjoyed the strategy and questions that arose during the simulation and feel it would be very engaging for students.
Further, the dramatic decline in fish population (as evidenced by decreased yearly catch) was very impactful, as was the long period with
seemingly no noticeable recovery. However, what I liked best about the simulation is the wide range of issues that it addresses. Fish Banks
has obvious applications in biology and environmental science courses and can fit classes at different levels by adjusting its complexity
with tunable parameters. It would also be an excellent mathematical modeling activity, providing students with simulation data and ask-
ing them to develop mathematical models to describe that data would be challenging mathematics or computer science exercises. At the
post-secondary level, Fish Banks seems to be most widely used for policy and management instruction. While many high schools don’t
offer curriculum of this type, Fish Banks could be used in a U.S. Government course where repeated or parallel iterations of the game are
run under different regulatory conditions, with the results provided to students to discuss the impacts of each set of conditions. Addition-
al applications may be possible in areas such as accounting and introductory finance classes. Finally, Fish Banks would be valuable as part
of a school-wide focus on sustainability, perhaps in conjunction with a series of Earth Day activities, and has excellent ties to Garrett
Hardin’s 1968 essay Tragedy of the Commons. 

The Fish Banks simulation is available online for educators from K-12 or post-secondary academic institutions. Instructors register
for a free educator account and then run the simulation for their classes. Information is available from MIT:
https://mitsloan.mit.edu/LearningEdge/simulations/fishbanks/Pages/fish-banks.aspx

A video introduction to the game is also available from MIT:
https://mitsloan.mit.edu/LearningEdge/simulations/fishbanks/Pages/Video.aspx

An example resource for using Fish Banks to study policy is M. Halbower’s simulation guide, “Fish Banks Policy Analysis Exercise,”
available at: www.uvm.edu/~lpolya/ENVS%20295/Models/Fishbanks/Fish%20Banks%20Policy%20Analysis.pdf

A nice overview of the mathematical modeling that supports the simulation (updated only to a 2001 version) was prepared for MIT
Sloan and is available here: www.uvm.edu/~lpolya/ENVS%20295/Readings/Building%20the%20Fish%20Banks%20%20Model.pdf

A board game version of Fish Banks for use without Internet access may also still be available, and information can be found at the
following URL: http://fishbanksgame.blogspot.com/2011/07/how-to-order-your-fishbanks-game.html

Contaminated Water

[These excerpts are from an editorial in the July 2014 issue of Scientific American.]

…Nationwide, 19 million Americans become sick every year from viruses, bacteria and parasites that sneak through inef-
fective drinking-water treatment plants….

Contamination of water supplies occurs for many reasons. Chemical storage tanks, often poorly built and monitored, can
leak and foul drinking water. Inspectors in many (if not most) states do not even know where all those states’ chemical storage
facilities are located. And the Environmental Protection Agency has placed significant restrictions on only five of the tens of
thousands of chemicals used commercially.

It is time for state and federal legislators to strengthen regulations that protect U.S. drinking-water supplies and for govern-
ment agencies to aggressively enforce the rules….

A thorny question is where states would get the money to enforce the rules. One place is the Drinking Water State Revolv-
ing Fund, which provides federal aid for such purposes….

Wider measures should also be taken to safeguard drinking water. The Toxic Substances Control Act, last updated in 1976,
allows industry to use new chemicals without first demonstrating that they are safe. Instead it places the burden of proof on the
EPA. Yet of the more than 50,000 chemicals used commercially, the EPA has tested just 300….

Unfortunately, there is no single solution to our water woes. Clean water requires keeping water sources pristine and then
scrubbing the water further at advanced treatment plants….
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Over the years, I have modified a lab that enables students to
get a fairly good conceptual image of the Kinetic Molecular The-
ory. The material required is a balloon for each student plus a
direction sheet. The students then need to carry out the lab at
home and write a report. I usually have the report due four or five
school days after assigning it. Below is a copy of the direction
sheet and an example of a good student response that reflects the
ideas I wanted the students to conceptualize.

Kinetic Molecular Theory

Materials

List all of the materials that were required to perform this lab.

Procedure

1) At home, pour a small amount (~5 mL [100 drops]) of vanilla 

flavoring in the balloon. [If vanilla flavoring is not available, you 

can use a small amount of perfume or after-shave lotion.]

2) Blow the balloon up completely and tie a knot at the end of the 

balloon.

3) Place the balloon in a closed closet for a few hours. Keep the door 

closed.

4) After a few hours (3-5), open the closet and observe what has 

occurred. Record these observations.

5) Clean up.

Observations

Write a complete paragraph (five or more sentences) telling what

you observed.

Analysis

Write at least one paragraph explaining how your observations

agree with the Kinetic Molecular Theory.

Conclusion

Write at least one clear paragraph that explains what you learned by

performing this lab. Do not merely repeat your observations and/or your

analysis. Be specific.

Notes:

In addition, your parent must sign the report, noting that you did

carry out the experiment and telling the day and time that it was done. 

This lab will also receive a writing grade.

Lab report—Kinetic Molecular Theory

Materials:

balloon; vanilla extract; closet; clock; measuring spoon
Observations:

When I visited my closet after five hours, I made note of
two major observations. First, the whole closet had a strong
vanilla smell. The smell was not just concentrated around the
balloon, but had spread throughout the entire closet. Second,
the vanilla in the balloon had changed temperature. When I felt
the balloon, the puddle of vanilla at the bottom was very cold.
In addition to these two significant changes, I also noticed spots
where vanilla had dried on the inside of the balloon. While the
majority of the vanilla was still concentrated in one puddle, a
few areas in the balloon were speckled with vanilla stains.

Analysis:

The observations recorded in the above paragraph may be
used to support all three laws of the Kinetic Molecular Theory.

The first law of the Kinetic Molecular Theory states that all
matter is made of molecules. I could not have caught the scent
of the vanilla if some of it had not escaped from the balloon. To
the naked eye, the balloon seems to be free of holes. Conse-
quently, if there were holes in the balloon, they would have to
be very small. In order to escape the holes of the balloon, the
particles of the vanilla itself would have to be even smaller. If
matter was not made of small particles, then the vanilla would
not have been able to escape through the tiny holes of the bal-
loon, and I would not have been able to smell it.

The second law of the Kinetic Theory declares that mole-
cules are in a state of constant motion. The observed scent of
vanilla is in agreement with this law as well. If the particles
were to have stopped moving, then they would not have been
able to spread themselves throughout the closet in which the
balloon was stored. Furthermore, if the particles were not mov-
ing constantly, then they may not have taken a path that allowed
them to escape out of the balloon in the first place. Had the
motion of the particles stopped after they left the balloon, then
I may have only detected their scent in the spot where the bal-
loon was placed in the closet. Because the vanilla particles were
in constant motion, the smell of vanilla could randomly spread
throughout the entire closet and reach my nose.

The final law of the Kinetic Molecular Theory states that the
collisions of molecules are perfectly elastic. The constant tem-
perature of the closet is a testament to the veracity of this law. If
the temperature of the closet had changed, then the impact of the
particles of vanilla would have transferred energy to the closet, or
vice versa. As long as collisions are elastic, this does not occur,
and temperature remains the same. While the vanilla inside of the
balloon became cooler, the total energy of the closet and the sys-
tem as a whole remained constant. As a final note, the vanilla
inside of the balloon cooled because the particles with higher
temperatures evaporated and escaped the liquid state. When the
particles with higher energy escaped, the average kinetic energy
of the remaining particles decreased, corresponding to a colder
temperature in the liquid vanilla. Similarly, the coldest particles
of vanilla solidified, creating the spots that I observed on the
inside of the balloon. In each of these state changes, energy was
either absorbed or released, maintaining the constant total energy
described in the Kinetic Molecular Theory.

Conclusion:

Before this lab, I had a very limited view as to how the laws
of Kinetic Molecular Theory could apply to any experiment
that we could create in a high school chemistry classroom. After
recording my observations, I was at a loss as to how the Kinet-
ic Molecular Theory could explain the simple changes that I
observed. For instance, when I opened the closet door after five
hours, I dismissed the overwhelming vanilla smell. I did not
think that the smell would be the key to relating the lab to the
Kinetic Molecular Theory. In class we had defined the term dif-
fusion, but without the experience of this lab I would not have
realized that the smell was a result of the constant motion of
vanilla particles. In addition, our textbook explained that evap-
oration occurs because the particles that have the most energy

Kinetic Molecular Theory

Avi Ornstein [NEST ’89]
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Dream Teaching Assignment

Avi Ornstein (NEST ’89)

Six years ago, a question was posed in Edutopia, ask-
ing “What is your dream teaching assignment?” My
response (one of the shortest and simplest) was posted in
the April 2008 issue. My dream was: “A class where
everyone wants to learn and is willing to work.” That is
still my dream. If it was fulfilled, I would be ecstatic, as I
am confident would be the case for any teacher.

Teachers invest their time and energy to help students
gain the skills and experience that can help them succeed
in an unforeseen future. We only see each student for a
small fraction of the year, battling conditions beyond our
control. We cannot directly influence their home environ-
ment, the pressures they experience from their peers and
outside forces or the ever-growing electronic and social
factors that compete for their time and attention.

In an optimal world, students would come to school
rested, well fed and yearning to learn. They would have a
long-term perspective that let them see the role education
plays in their future and why a strong effort is a good
investment. Rather than questioning why they needed to
know a specific fact, they would look at the broader pic-
ture, seeing that different components fit together and that
education is a process that helps develop mental abilities
and levels of thinking. It enables them to put ideas togeth-
er and to work well with others. They learn how to search
for answers and then be able to express these answers in
ways that are meaningful to others.

Education opens doors. It increases possibilities and
opportunities. It allows them to be able to make choices
in the future and to choose a path they desire, rather than
being forced into one they do not want to follow. We can
recognize the students who have received this message at
home, as they come to school with a hunger that makes
our task rewarding.

Unfortunately, there are also students who do not see
a reason to invest time and effort into their academic
classes. No matter what is done or said, to either them or
their parents, it is extremely difficult to get them to
change. The problems they have outside of school play a
greater role in influencing their decisions. They are, in
effect, a leaden weight, acting negatively upon both them-
selves and their peers. When there are too many of them,
teachers wind up leaving the profession or stop investing
their effort. The latter is unfortunate, as it has social reper-
cussions that are long-lasting.

I frequently get feedback—from both parents and for-
mer students—that the way I teach is both valued and
appreciated. The time and energy I invest is worthwhile, as
it has a positive and lasting impact. It makes a difference.
As stated earlier, my dream would be that such was always
the case, but at least enough students want to learn to keep
me in this profession, which is now in its fifth decade.

in a liquid are able to free themselves from the attraction of their
neighbors and change state. However, it was not until I felt the
colder vanilla at the bottom of the balloon that I had a memo-
rable example of this effect. With this in mind, I am now ready
to ask myself questions about how other substances cool, based
on particle activity. Now that I have completed this lab, I will
be able to recognize temperature changes and other normally
humdrum occurrences as repercussions of events on the molec-
ular scale. While we may not be able to observe the molecules
that we are describing directly, the observations of this lab
prove that their behavior is no less definite than that which
might be described by a law. In conclusion, considering the
result of the observations from this experiment, the effects of
laws and theories can be considered equally valid both in the
lab and in our lives.

Note: This lab report was written by Nicholas Serrambana, a previous

winner of the NEST Student Award.

Continued from page 1 “Coming Home to MIT”

Avenue and, finally, Maseeh Hall. I was home. My mountaintop!
I was returning to act as a host for SEPT 2014, the 25th anniver-

sary of SEPT, to assist Emily Martin with running the program for
the first time (although she seemed like she had been running it for
years). Arriving at the Technology Enhanced Active Learning
classroom Monday morning both flooded my mind with experi-
ences from SEPT 2013 and made me giddy with anticipation for the
coming week. The other host was Sandy Mitra and she and I were
basically on call to help Emily with whatever she needed. One of
our main charges was to organize evening outings. After the wel-
come dinner, I took a large group to The Miracle of Science. Their
periodic table menu put everyone at ease as we were all in our ele-
ment. (Sorry, couldn’t resist.) Later in the week, dinner at Tory Row
in Harvard Square put everyone in a festive mood, even though our
hearts belonged to the campus downriver. After dinner, several of
us went to the Beat Hotel (not actually a hotel), inspired by the hip-
pie and beat movements of the mid-twentieth century, for some free
live jazz, Bailey’s and coffee and dessert. Later in the week, anoth-
er small group of us participated in a raucous contest of trivia at The
Phoenix Landing. Finally, the atmosphere of The Muddy Charles
pub, a favorite of my 2014 NESTers, was made privy to many seri-
ous and frivolous conversations and hack planning. 

Of course, the 2014 SEPT program was outstanding, as was
expected. Some highlights include tours of the nuclear power plant,
the Wright Brother’s Wind Tunnel, the Koch Institute and the Media
Lab, a wonderful interactive lesson on probability, a talk about
inflationary theory of the universe, Fish Banks, LEGO Molecular
Biology modeling kits, learning about underwater robot building
kits, zebra fish research, how the Hubble space telescope was fixed
and the always enjoyable Moriarty hands-on physics activities. 

During this week, my 17-year-old daughter texted me: “How is
MIT?” A bit taken aback, but pleased that she was even thinking
about me, I replied: “It is so incredible! I feel like I am back in col-
lege, only now I know why I am here.” Somehow, next summer I will
have to find my way back or endure MIT withdrawal symptoms.
Thank you to all of the people who make this program the best pro-
fessional development that a science teacher can experience.
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Continued from page 1 “Ed Reform: Vision-Impaired”

teaching a topic at school. So the idea came up to create a conference in Germany similar to SEPT in order to share similar experience
with more German teachers. 

“To enthuse the ones that shall enthuse”—this is the motto of School MIT Science because enthusiasm is the most important driv-
ing force for learning, research and innovation.

School MIT Science

In order to find out if the idea of such a conference is realizable, two problems are evident.
First of all, it is necessary to come into contact with partners and sponsors who bear the costs of the conference so that only a sym-

bolic fee of 98 Euro has to be paid by each participant. The sponsors have to be convinced that the continuing education of teachers in
the field of science and technology is a key to inspire students for these topics and to influence them in their choice of academic study. 

On the other hand, such a conference has to be of a high quality, just like it is at MIT, to make it attractive for teachers. The qual-
ity of a science conference correlates with the quality and the reputation of the speakers. Based on this, the key note speaker has to be
a Nobel Prize laureate and, for us as MIT Club of Germany members, it is also very important to invite lecturers from MIT to let the
people become aware of what we call the MIT spirit. For more information, read the schedule of School MIT Science 2014 below. 

The goal of the workshops is that the participants get insight in regional structures and best-practice models so that they get new
suggestions of how science can be brought into their schools.

This year, School MIT Science will take place during a weekend in the beginning of November at Erfurt, Thueringen. Our goal is
to interest about 100 teachers to take part in the conference.

The website www.schule-mit-wissenschaft.de contains all necessary information about the conference per se and also about the
speakers, the topics and the abstracts of their lectures or workshops. In addition, the website is the tool for online registration and the
collected data of the participants will be the basis for a German network of educators in science and technology that is being established. 

Schedule: School MIT Science

November 7, 2014

Registration

“Get together”

November 8, 2014

Welcome

Lecture 1
Architecture of Proteins: The Components of Life (Robert Huber, Nobel Prize Chemistry 1988, Munich)

Questions & Discussion

Lecture 2
The Higgs-Boson: What’s the Use of It? (Klaus Desch, University of Bonn)

Questions & Discussion

Lecture 3
Systems Biology: A New Hype or the Future? (Rudi Balling, University of Luxemburg)

Questions & Discussion

Lecture 4
Biophotonics—Light for Health (Jürgen Popp, Leibniz Institute for Photonic Technologies, Jena)

Questions & Discussion

Lecture 5
The Molecular Reasons for Carcinogenesis (Alfred Wittinghofer, MPI Dortmund)

Questions & Discussion

Lecture 6
To See with the Eyes of Insects (Andreas Tünnermann, Fraunhofer Institute for Applied Optics and Fine Mechanics, Jena)

Questions & Discussion

Networking

Workshop 1
From Higgs-Boson to 
Cosmic Radiation: 

Experiments for Students
(Netzwerk Teilchenwelt, 

University of Bonn)

Workshop 2
Photocatalytic Conservation
and Storage of Solar Energy

(Michael Tausch,
University of Wuppertal)

Workshop 3
Modern Microbiological

Diagnostics
(Olivia Makarewicz, 
University of Jena)

Workshop 4
Experience and Perspec-
tives: Optical Benches with

Toy Building Blocks
(Christiane Walther, 

Witelo, Jena)

Workshop 5
Quality Check with 

Laser Light
(Jürgen Popp, Institute for
Physical Chemistry, Jena)
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Sustainability

The conference—School MIT Science at Erfurt—is the first in a row that will take place annually in different cities and regions
of Germany from this year on. By means of our website, we refer to a lot of links that lead to more offerings of further education for
teachers, such as MIT Blossoms, EdX and Experts into School (Experten in die Schule). Over the years, we intend to build up a net-
work of teachers in science and technology all over Germany pursuing the goal to connect science and school whenever possible. 

Team (in alphabetical order)

Andreas Boelter (SEPT ’10) Marcel Muth (SEPT ’08)
Christian Burisch (SEPT ’12) Britta Schulze (SEPT ’10)
Rainer Linden (SEPT ’08) Stefan Weissflog (Treasurer, MIT Club of Germany)
Helmut Lotze (2nd Vice President, MIT Club of Germany)

[Note: If you were not aware, the word mit in German means with.]

November 9, 2014

Lecture 7
How Continents Arise (Oliver Jagoutz, MIT, Cambridge, MA, USA)

Questions & Discussion

Lecture 8
Transport and Communication through the Nuclear Membrane (Thomas Schwartz, MIT, Cambridge, MA, USA)

Questions & Discussion

Lecture 9
The Hattie Survey (Stephan Huber, University of Education, Zug, Switzerland)

Questions & Discussion

Farewell

Workshop 1
From Higgs-Boson to 
Cosmic Radiation: 

Experiments for Students
(Netzwerk Teilchenwelt, 

University of Bonn)

Workshop 2
Photocatalytic Conservation
and Storage of Solar Energy

(Michael Tausch,
University of Wuppertal)

Workshop 3
Modern Microbiological

Diagnostics
(Olivia Makarewicz, 
University of Jena)

Workshop 4
Experience and Perspec-
tives: Optical Benches with

Toy Building Blocks
(Christiane Walther, 

Witelo, Jena)

Workshop 5
Quality Check with 

Laser Light
(Jürgen Popp, Institute for
Physical Chemistry, Jena)

Dinosaurs Are Important

[These excerpts are from a commentary of the same name by Mary H. Schweitzer that appeared on page 12 of the June 2014 issue of 
Scientific American.]

The best way to look ahead is to look behind, at those organisms, including dinosaurs, that survived extended climate
change. The fossil record helps us compare today’s climate changes and people’s role in them with long-ago shifts before
humans existed. And it has shown us five previous worldwide extinction events that occurred before the human era, enabling
us to ask whether human activity is now causing a sixth global die-off. We could never consider such a question without
knowledge of the distant past….

Observing a temporal span of more than 200 million years and a geographical range that includes every continent and
virtually every niche, dinosaurs have much to teach us. No other terrestrial vertebrates have ever remotely approached the
great size of the sauropods, nor have they achieved the food-processing efficiency of the hadrosaurs, which had vertically
stacked teeth were replaced as they wore out. And we can only speculate on the diversity of flight ability among extinct avian
dinosaurs such as the enantiornithines and the enigmatic, four-winged microraptors, with flight feathers not only on their
forelimbs but also on their legs. The fossil record exhibits for us what is possible for vertebrate organisms, both in niche occu-
pation and in biomechanical and morphological adaptations to these niches.

There is another, no less important reason to study dinosaurs: they fascinate even nonscientists. We can use this fasci-
nation to encourage young people to enter the sciences, at a time when that is more important than ever….

Scientists have a responsibility to raise awareness of the value of fossils—not just a collectibles but for the lessons we
have yet to learn from the creatures that once walked this planet. Only by understanding the geologic records of diversity,
adaptation and climate variability can we hope to face the challenges ahead.
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This article will give
you a summary of one of
many classroom projects in
which new STEM scenarios
were successfully explored
and applied in our school.
The initiative of exploring
new models to accumulate
practical experience through
didactic activities departs
from the norm of a group of
professors and it is carried
out at the school Institut

Font del Ferro of Palafolls
(Barcelona, Spain). The par-
ticipants belong to the Mathematics, Science and Technology
departments, all involved in the integration of learning STEM dis-
ciplines (Science, Technology, Engineering and Math) into the cur-
riculum of secondary school education as a main working line. 

Among the key objectives of this work that were included to
emphasize the importance of integrative and interdisciplinary
STEM-based education are the following: to encourage learning
about the natural environment through research, exploration and
solving real problems; to promote understanding of connections
between the various involved disciplines; and to create interdisci-
plinary learning activities and problems appropriate for the curricu-
lum. It is supposed to adapt the activities to the content level and
students’ skills by bridging it with the real environment.

Project: Using Big Data to Investigate Marine Ecosystems

The main goals of this project includes: promoting the treat-
ment and interpretability of big data by the students in the class-
room; teaching students to handle non-structured and complex data
in a very simple way; asking questions; making inferences; and
finding real world relationships. Furthermore, students can report
their observations and results by using dynamic mathematics, sta-
tistical learning, computational geometry and artificial intelligence
methods adapted to secondary school. The project also aims to
energize the students’ language competency in English, quite
important in worldwide scientific projects.

The methodology was based on the development of environ-
mental research based on the tracking of marine species and their
ecological impact. Students have access to the site
www.oceantracks.org. During the project, the topics the students
had to investigate include: species behavior; which species travel
the largest distance globally and daily; places where prey are sup-
posed to be; the major density area of each species in the sea; and
the environmental impact of human beings. They applied statisti-
cal techniques based on intelligent data analysis, knowledge
extraction and external related data (such as maritime traffic and
population density close to the area). Students worked in pairs dur-
ing the initial sessions and in team during the last sessions. More-
over, the guided activities allow students to explore the great
potential of the data available and to analyze, in a broader context,
the investigation of human impact on the marine environment. 

Figure 1: Student presentations

Figure 2: Statistic analysis of the albatross’ migration: 
speed vs curviness

Figure 3: Area of influence of the albatross 
in the North Pacific Ocean

As a result, we suggest using large data sources in secondary
schools to guide teachers to bridge new ideas with classical con-
cepts, to encourage students to find data correlations, to explore data
patterns and tendencies, to make inferences, to predict outcomes and
future behaviors and to visualize and simulate data while they 
discover new relationships during the data analysis process. As
described by Professor Ing. Daniel López Cazorla, the project coor-
dinator and the Director of the Institute, this initiative can be a 

Opening New STEM Scenarios: Bridging the Real World

Martha-Ivón Cárdenas [NEST ’14]
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starting point to explore new strategies for more open and flexible
learning environments. In the reference is a related article where the
majority of our projects are shared. For more information, details or
any questions, please contact me at iespalafolls@xtec.cat. 

Reference:
M.I. Cárdenas and D. López-Cazorla. The potential of learning

big data in secondary school. Proceedings of 6th International Confer-

ence on Education and New Learning Technologies Barcelona - 7th - 9th

of July 2014. Edulearn 2014. ISBN 978-84-617-0557-3.

Teacher Evaluation

[These excerpts are from the lead article in the Spring 2014 issue of
American Educator, written by Linda Darling-Hammond.]

…[Teachers] crave useful feedback and the challenge and
counsel that would enable them to improve. Far from ducking the
issue of evaluation, they want more robust systems that are useful,
fair, and pointed at productive development….

Although there is widespread consensus that teacher evaluation
in the United States needs serious attention, simply changing on-the-
job evaluation will not, by itself, transform the quality of teaching.
For all of the attention focused on identifying and removing poor
teachers, we will not improve the quality of the profession if we do
not also cultivate an excellent supply of good teachers who are well
prepared and committed to career-long learning. And teachers’
ongoing learning, in turn, depends on the construction of a strong
professional development system and useful career development
approaches that can help spread expertise. Finally, improving the
skills of individual teachers will not be enough; we need to create
and sustain productive, collegial working conditions that allow
teachers to work collectively in an environment that supports learn-
ing for them and their students.

In short, what this country really needs is a conception of
teacher evaluation as part of a teaching and learning system that
supports continuous improvement, both for individual teachers and
for their profession as a whole. Such a system should enhance
teacher learning and skill, while at the same time ensuring that
teachers who are retained and tenured can effectively support stu-
dent learning throughout their careers.

Of all the lessons for teacher evaluation in the current era, per-
haps this one is the most important: that we not adopt an individual-
istic, competitive approach to ranking and sorting teachers that
undermines the growth of learning communities….At the end of the
day, collaborative learning among teachers will do more to support
student achievement than dozens of the most elaborate ranking
schemes ever could.

…There is relatively little emphasis in Finland on formal on-the-
job evaluation, and much more emphasis on collaboration among
professionals to promote student learning. In truth, we cannot fire our
way to Finland. If we want to reach the high and equitable outcomes
it has achieved in recent years, we will have to teach our way to
stronger student learning by supporting teachers’ collective learning.

…A productive evaluation system should consider teachers’
practice in the context of curriculum goals and students’ needs, as
well as multifaceted evidence of teachers’ contributions to students’
learning and to the school as a whole….

The extent to which teachers experience dissimilar teaching
conditions—and students experience very different learning condi-
tions—has been made clear in the school finance lawsuits brought
in many states, which describe in vivid terms the differences
between rich and poor schools….

…If teaching is to be effective, the policies that construct the
learning environment and the teaching context must be addressed
along with the qualities of individual teachers.

We need a more systemic approach to building and sustaining
teacher effectiveness. Despite the apparent single-minded emphasis
on teacher evaluation from some policy quarters, the importance of
a more comprehensive approach is gaining currency….

…there is a large disjuncture in most states between the stan-
dards used to guide preparation and licensing and those that come
into play when teachers are on the job.

Fixing these problems is critical to developing a strong teach-
ing profession. A profession is defined by having all entrants mas-
ter a common body of knowledge and skills, grounded in
research, reflected in professional standards, and used to advance
clients’ welfare….

For teaching to be comparable to other professions, we need
clear professional standards against which teachers are assessed
both for state licensing and for on-the-job evaluation. These would
be reflected in a continuum of performance assessments that valid-
ly and reliably measure actual teaching performance at key career
junctures—initial licensing, the achievement of the professional
license, and the designation of accomplished practice—as well as in
on-the-job evaluation systems….

Although standardized test scores can give a general idea of the
level of student achievement (typically limited to items that ask for
recognition of information), the scores they report do not offer
detailed insight into what students think or what they know how to
do in practice….Finally, it is nearly impossible to attribute students
gains in test scores to a single teacher or to disentangle them from
the many other influences on student learning, as well as the com-
position of the classroom.

Thus, evaluation systems that rely on a single test-based metric
sitting in isolation alongside a rating based on classroom observa-
tions are not particularly helpful in either understanding or improv-
ing the quality of teaching, and may be harmful. Quite often, the two
measures do not agree with one another, and the variation in the
value-added metric are more related to changes in classroom com-
position—which students are assigned—than they are to any specif-
ic changes in teaching practice….

I cannot stress enough that teaching improves most in collegial
settings where common goals are set, curriculum is jointly devel-
oped, and expertise is shared….



Sometimes with the heavy emphasis on student accountabili-
ty and standardized tests, I wonder if we haven’t moved to an
“Administrator Centered” classroom. Although tests can certainly
tell us something about student understanding and comprehension,
there is more to the story of learning that may be overlooked. So I
find it timely to be asked to contribute to our Newsletter because
these issues have come to the forefront as I write my own Intro-
ductory Computer Programming curriculum. As I write, I am try-
ing to regain a student-centered focus, one where I can differenti-
ate based on student ability, take students where they want to go
and explore new avenues with students instead of simply telling
them which to take.

Over the past 15 years I have observed many different learning
styles among students. In my graduate work, I simplified the world
of possible styles to four basic groups: the readers, the doers, the
watchers and the talkers. After years of refining my version of a
curriculum for Introductory Computer Programming along with
some great ‘Understanding by Design’ (UbD) training, I feel that I
am finally approaching a curriculum that makes this important
material accessible to a wider variety of student learning styles. For
example, my number of programming students has increased from
six students in 2002 to 180 students this year. My students have
done very well on the AP Computer Science test (82% success rate)
even though my class is not offered AP and most have never even
seen a practice exam.

Although all teachers know there is no one way to reach their
students, here briefly is where I have ended up after my journey. I
make my class blended to include both classroom time and exten-
sive online materials (using moodle; https://moodle.org). Student
learning styles are at the center of both the classroom and online
materials I create. The materials I have created are available and
used by all students (in the case of some YouTube videos, by stu-
dents not even in my school district!). On the centralized online
platform, I provide: pdf’s (for the readers), videos and class discus-
sions (for the watchers) and example “key-in” programs (for the
doers and talkers). This is the formative part of the learning process
for students, although each student may prefer or process better
based on specific material. Each module is summarized with a cul-
minating Performance Task project which helps the student synthe-
size the material learned with his/her own life experiences, prior
knowledge/interests and natural inclination to seek out information.

Key-ins have become an important approach to access the
wider world of programming: they are programs that I have written
with associated materials to get students answering big questions
regarding coding, such as: “Are those numbers really randomly gen-
erated? How do we know?” Such an approach opens many avenues,
having questions to ponder with a partner or the class and experi-
ments to try. Once the key-ins are completed, targeted performance
tasks can then be more fully understood. These are relatively (and
intentionally) open-ended activities that get at the core of a particu-
lar topic. Examples of performance tasks I am giving are:

The school board has asked, “Why would kids at our high school

need to know about Computer Science?” Because they know we

are discussing the impact of computers on society, the school

board has us to report to them about various impacts. Based on

one of the topics in gapminder (gapminder.org) or a specific field

that is of interest to you, formulate a question and what you sus-

pect the answer to that question is. Then use technology to come

up with a report (including visual representations or whatever

you think is necessary). We will display these reports in the cafe-

teria so that all of our students can see the impact computing has

had on society. Remember to site any resources you use for this

report. [Note: I gave the example in class of how the internet has

grown over the past 20 years.]

Our tech department is concerned that too many students are using

passwords that are not strong enough. Because we have been

studying looping in Java, they have asked us to write a program

that determines if a password entered by the user is strong enough.

The program should ask the user to enter a password, determine its

strength and depending, on the strength, either accept it or ask the

user to enter another (stronger!) password.

Because we have been working on Arithmetic in Java, an elemen-

tary teacher has asked us to help his class with long division. To do

this, you will need a program that will randomly generate a divi-

dend and divisor. It will calculate the quotient and remainder of the

division of these numbers and print them out in a message dialog.

Because we have been working on User Interfaces and Input/Out-

put techniques for Strings, an elementary Language Arts teacher

has asked us to write a Mad Lib simulator for students to play so

they can learn what verbs, nouns, adjectives, adverbs, plural and

singular are. Your program should be easy for students to use and

show the whole story in a dialog box at the end.

Because we have been working on Programming in Java, the par-

ents in the district have asked us to help their kids remediate (rein-

force learning of) a topic in which they have had trouble. To do this,

we will invite family, friends, neighbors and anyone else to join us

to have fun and learn a little something! You will write an educa-

tional tool that plays like a game (is engaging, interesting, fun...)

that will help an individual solidify something s/he is learning in

school. Your ‘game’ should have a name, purpose and intended

audience. [Note: This is the end of year project and will be assessed

by the community members who come in for game night.]

Students will create a rubric designed to help them to build the
best product possible based on user beta testing. Students are given
the latitude (and time) to develop an algorithm, explore and discuss
solving these problems with their partner (or on their own) in a way
that makes sense to them. However, given the current focus of edu-
cation, learning must have a metric to assess this type of innovative
student learning. Here is my current thinking on the topic.

There are specific concepts, styles and strategies I am defi-
nitely looking for. After seeing Thomas Guskey speak regarding
“Standards Based Grading,” I am convinced that a traditional
simple percentage score is not best for student assessment in this
subject. I refer the interested reader to the publications of Thomas

Computer Science in a Student-Centered Classroom

Lori Hunt [NEST ’14]
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Guskey for a more comprehensive presentation. Here I will
briefly describe the rubrics I’ve used to ‘score’ students’ perform-
ance tasks in Intro to Computer Programming.
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4: Distinguished (A+) 3: Proficient (A) 2: Developing (C) 1: Emerging (redo it!)

Making Sense of

the Task

The interpretation and 
translation of the task are
thoroughly developed 
and enhanced through 
connections.

Interpretation and translation
of the task are adequately
developed and adequately
displayed.

The interpretation and 
translation are partially
developed and displayed.

The interpretation and 
translation are not 
developed or displayed.

Representing &

Solving the Task The strategy and representa-

tion are elegant and easy 

to follow.

The strategy that has been
selected and applied and the
representations used are
effective and complete.

The strategy that has been
selected and applied and the
representations used are
underdeveloped and are not
necessarily developed, use-
ful, minimal or not evident.

There is no evident strategy
that has been selected or
applied and/or the represen-
tations used are not devel-
oped, not necessarily useful,
minimal or not evident.

Communicating

Reasoning
The use of Java language

and communication of the

reasoning (documentation)

is easy to follow, elegant

and insightful.

The use of Java language
and communication of the
reasoning follow a clear and
coherent path throughout the
entire work sample and
leads to a clearly identified
solution or outcome.

The use of Java language

and communication of 

the reasoning are under-

developed.

The use of Java language

and communication of the

reasoning are sketchy or 

not evident.

Accuracy The program compiles 

and executes correctly, con-

nections or generalizations

are made, and code works

under every possible 

situation. The code includes

ideas not mentioned in class

that provide enhancement 

to the program.

The program compiles 

and executes correctly 

and works under all 

circumstances tested.

The program turned in 

compiles or executes but is

incomplete and/or does not

produce the proper output.

The program turned in 

does not compile or execute

and/or is incomplete and

does not cover the material.

Reflecting &

Evaluating
The student has repeatedly
reflected and tweaked the
program, discussed it with
other students and has made
enhancements.

The student has reflected

and minimally refined the

program. The program runs

properly under all conditions

tested (and more than 3 

7tests have been used!!). 

The student has minimally

reflected and refined the

program. The program runs

properly, but only under 

certain circumstances.

The student has neither

reflected nor refined the 

program. The program 

does not complete the task

or work properly.

I put letters next to the rubric score because I know this is
how our system will typically ‘judge’ student work, but if a stu-
dent is still developing a topic (for example, a score of 2), I will
give him/her some pointers to help with the concepts that are not
understood or misunderstood. Then the student is welcome to try
again if s/he wants. If the student is emerging, it is my goal to help
the student conquer the concepts and have the student try the proj-
ect again so s/he ultimately can experience success with the pro-
gramming concept or as many parts of it as possible.

When children are young, they have a natural curiosity about
the world; when they play games and sports they want to suc-
ceed—intrinsically. This is true even when no grade is being
administered. I feel this is a powerful instinct to tap into as a
teacher. I have found that when I recognize that everyone wants to

succeed and learn, great things have happened. People have differ-
ent ways of processing information and when I take learning styles,
personalities and experiences into account, along with the freedom
to explore (with some strategic questioning and prompting), I have
found that students will gravitate toward their own strength(s) and
are more apt to achieve their highest ability.

Feel free to view my programming class by logging in as a
guest to see the full Introduction to Computer Programming using
Java course: http://moodle.mcpasd.k12.wi.us/course/view.php?id
=440#section-2

This is another step in a long journey, and I welcome hearing
about other approaches that have worked for you. My email is
lhunt@mcpasd.k12.wi.us.

http://moodle.mcpasd.k12.wi.us/course/view.php?id=440#section-2
http://moodle.mcpasd.k12.wi.us/course/view.php?id=440#section-2
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This column is the latter half of the discussion of resources for
protein structure/function curriculum. The focus of this column is
student inquiry and discovery via use of the Jmol modeling pro-
gram. In essence, students learn the modeling program as they pre-
pare a snapshot view of a protein. Their images illustrate part of the
story of that protein’s function. At the middle school level, each stu-
dent or group of students will be assigned a different part of the pro-
tein story. In that way, at the end of the project, the entire series of
images tells the complete story of the protein’s function. At the col-
lege preparatory through AP Biology levels, the same modeling
program can be used, but the students should be asked to assume
more of the responsibility for researching and deciding how to pres-
ent the view of the protein.

The Protein Databank Molecule of the Month archive at
www.rcsb.org/pdb/101/motm_archive.do provides background
information and also an opportunity for science literacy work. Stu-
dents read and then summarize the information for the assigned pro-
tein. Each “Molecule of the Month” entry presents important struc-
tural and functional aspects of the protein, gives one or more Jmol
images of the protein and gives the pdb file numbers for proteins
(which allows students to later access the Protein Databank (pdb) file
and explore on their own). These entries are written at an introducto-
ry level so each of these is accessible to an independent learner.

The middle school project will be on the oxygen binding pro-
tein myoglobin (Molecule of the Month entry at www.rcsb.org/pdb/
101/motm.do?momID=1). The characterization of myoglobin
opened the field of protein structure study and earned Kendrew and
Perutz the 1962 Nobel Prize in Chemistry. Middle school students
will learn about hemoglobin in blood carrying oxygen to muscles
where myoglobin picks up oxygen from hemoglobin. The class will
be divided into four groups. Each group will model one pdb file.
The files to be used include: 3QM6 tuna deoxy-myoglobin; 3QM5
tuna oxy-myoglobin; 3QM8 tuna cyanomet-myoglobin; and 2W6V
human hemoglobin. 

Teachers and/or students download the program and instruction-
al pdf files before the modeling class. The Center for BioMolecular
Modeling at the Milwaukee School of Engineering (MSOE CBM)
provides free access to the Jmol program and extensive tutorials at
http://cbm.msoe.edu/smartTeams/smartTeamsResources.php. The
MSOE CBM provides these resources as part of their student compe-
tition in protein modeling known as SMART (Students Modeling a
Research Topic) Teams. This is an excellent program for students who
enjoy molecular modeling. Please see http://cbm.msoe.edu/smart
Teams/index.php for details on that competition. Even if the compe-
tition is not possible for your students, the yearly qualifying project is
always a good protein modeling exercise for AP Biology students. 

Three of the four groups for the middle school project will use
essentially the same directions. This will provide a planned series
of similar myoglobin images. Each image downplays much of the
protein structure in order to visually call attention to what is hap-
pening at the heme section. In the complete series of three images,
students will see myoglobin awaiting oxygen, myoglobin with
oxygen and myoglobin unable to accept oxygen due to the pres-
ence of the poison cyanide. 

For convenience, the appendix has step-by-step instructions for
presenting the myoglobin protein (pdb file 3QM5) in backbone
view with the heme in spacefill (colored blue) and oxygen in space-
fill (colored red). The group using pdb file 3QM6 will stop after the
heme (as their file is for deoxy-myoglobin). The group using pdb
file 3QM8 has the myoglobin protein with the poison cyanide in
place of oxygen! This group will visualize this cyanide instead of
oxygen. They will follow the same directions as the other groups.
Then, in the console window (after the heme is blue), instead of the
command sequence for oxy, they will use instead the command
sequence: select cyn/spacefill on/color purple. [Note: The symbol/
means next line of command.]

The fourth middle school group has human hemoglobin. This
quaternary protein has alpha and beta chains and a total of four
hemes. The teacher can choose to go with a gray backbone and four
blue hemes or can choose to direct the students to color the globins
and the hemes. For pdb file 2W6V, the alpha globins are chains A
and C while the beta globins are chains B and D. To select chain A,
in the console window, type: select *A/color green. Next, select and
color each chain individually and appropriately. Then, after all
chains are colored, type in the console window: select all/select
hem/spacefill on/color blue. 

Though the actual processes involved in oxygen transfer and
storage are complex, students now have a complete visual model of
the big-picture for how hemoglobin protein in blood carries much
oxygen which is then transferred and stored in muscle myoglobin.
Middle school students can now understand how whales and other
animals can survive below water for long periods of time. They also
understand why there is a limit to how long such an animal can stay
below the water. In addition, students also have the visual models to
allow them the big-picture understanding of how the poison cyanide
kills by preventing oxygen from getting to brain cells. 

One possible idea for extension of this project is the addition of
pdb files 1HHO and 2HCO. This allows students to explore car-
boxyhemoglobin and carbon monoxide poisoning. If one wishes to
utilize file 2HCO, please go to www.rcsb.org/pdb/explore/explore
.do?structureId=2HCO and scroll to the bottom of the file. There is
a section called Ligand Chemical Component. This is where one
finds the abbreviation CMO to use in the console window in order
to select carbon monoxide for the Jmol model. 

Another possible project extension is examining how oxygen
enters and leaves the protein via diffusion. This requires viewing the
spacefill model for the globular protein myoglobin. In the spacefill
modeling, the heme appears “hidden” within the protein. However,
the console window command spacefill IONIC provides a spacefill
model with diameters consistent with aqueous structures of the pro-
tein. To view this, first enter the name of the pdb file and then enter
the console window commands: spacefill on/select hem/color pur-
ple/select all/spacefill IONIC. The view will be of a cpk colored
globular protein with tiny spaces. Through those holes, the purple
heme can be seen. Those holes are the routes for oxygen diffusion. 

Moving to high school biology curriculum, one important pro-
tein is insulin. Figure 1 at www.ncbi.nlm.nih.gov/pmc/articles/PMC
2974937/pdf/11154_2010_Article_9151.pdf provides the complete

Bringing Why to Generation Y Science Education:

Jmol Protein Modeling for Middle School to AP Biology Curriculum

Helen J. Flavin [NEST ’10]

http://www.rcsb.org/pdb/101/motm.do?momID=1
http://www.rcsb.org/pdb/101/motm.do?momID=1
http://cbm.msoe.edu/smartTeams/index.php
http://cbm.msoe.edu/smartTeams/index.php
http://www.rcsb.org/pdb/explore/explore.do?structureId=2HCO
http://www.rcsb.org/pdb/explore/explore.do?structureId=2HCO
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2974937/pdf/11154_2010_Article_9151.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2974937/pdf/11154_2010_Article_9151.pdf
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amino acid sequence for insulin (including targeting sequence and C
peptide sequence) as well as a review of the positions of the disulfide
bridges that support the protein structure. These are the directions for
Jmol viewing of insulin in backbone view with disulfide bridges and
with chains differentially colored. Open Jmol and choose pdb file
2HIU. In the console window type commands: spacefill on/spacefill
off/wireframe off/backbone on/backbone 1.5/select cys/ssbonds
on/ssbonds 1.0/color ssbonds yellow/set ssbonds backbone/select
*A/color red/select *B/color blue. To add the side chain of an amino
acid, in the console window type commands: [select 3 letter abbrevi-
ation for the amino acid amino acid number and (sidechain or alpha)]
select cys 19 and (sidechain or alpha)/spacefill 1.25/wireframe 1.0.

Moving to projects for extension at the biology level and/or proj-
ects for AP Biology students, the Drug Design Protein Kinase project
at http://molit.concord.org/database/activities/299.html can be com-
pleted by high school students who understand Jmol modeling. Pages
1-4 review intermolecular forces of attraction in proteins. Jmol
images of real proteins are analyzed which allows students to appre-
ciate the importance of such forces in protein structure. Page 5 is an
in-depth protein story of a kinase with multiple views of the protein
used to tell its story. Page 6 is an exploration of how a substrate fits
into the active site of an enzyme. Students see that there are multiple
chemical forces of attraction holding the substrate in place in the
active site. At the completion of this project, students should be able
to discuss how the active site of an enzyme holds the substrate in a
certain position—ready to react. 

One possibility for student Jmol modeling of an enzyme is pdb
file 1ADC, which is the file for the enzyme alcohol dehydrogenase
(ADH). The protein was crystallized with the cofactor NAD (chemi-
cally modified NAD) and the substrate ethanol. AP Biology students
can focus on modeling the interactions involved in the active site of
the enzyme. Methanol is an alternative substrate. Students can use
their active site model to discuss what limits alternative substrates in
binding. In addition, students can use this model to predict what they
think will happen if the ethanol to methanol ration is 1 to 1, 10 to 1,
and 100 or more to 1. A brief resource on the toxicology of methanol
and the use of ethanol as a rescue agent is http://mdpoison.com/
publications/toxtidbits/2013/June%202013%20ToxTidbits.pdf. The
other drug mentioned (fomepizole) is believed to function as a com-
petitive inhibitor for ADH.

At the AP Biology level, some students can be researching protein
information while others are modeling. One protein where there is a
dramatic shift in protein structure in health and disease is the prion pro-
tein. The same primary structure has two alternative folding patters
with one of these a disease agent. The resource http://biomedicalcom
putationreview.org/sites/default/files/f2005-nb-simulating.pdf presents
a brief (1 page) description of work of one scientific team creating arti-
ficial peptides and examining how they misfold. In conjunction, with
Figures 2 and 3 of the professional article at http://onlinelibrary.wiley
.com/doi/10.1111/j.1365-2796.2011.02387.x/pdf, students can explore
and begin to explain the dynamics of the prion protein misfolding. The
pdb files 1QM2 (normal) and 2RNM (misfolded) prion protein allow
students working on modeling to coordinate with those researching
prion protein folding. 

Another project possibility at the AP level is a scientific literacy
and writing project. The resource at www.nature.com/scitable/topic-
page/protein-misfolding-and-degenerative-diseases-14434929 pro-
vides a review on protein folding, misfolding and disease. This is a
Scitable resource written to promote scientific literacy and inquiry in

high school students. Students have already mastered the biology in
Figure 1. Figures 2-4 provide research topics where students can
sketch and/or explain concepts such as: proteins folding to minimal
energy conformations; protein processing and folding in the ER (endo-
plasmic reticulum); protein degradation via the ubiquitin proteasome
system; and formation of amyloid fibrils in one neurological disorder
Alzheimer’s Disease (AD). Students working on that last topic can
work in tandem with students modeling proteins as the Protein Data-
bank has a number of files for amyloid proteins including files 1IYT
(alpha helix form) and 2BEG (extended beta sheet). See also the Mol-
ecule of the Month sheet for amyloid protein, which is found at
www.rcsb.org/pdb/101/motm.do?momID=79. 

Some estimates place the number of proteins in one human cell
at 250,000. There is thus a seemingly endless supply of possible pro-
tein stories for science curriculum enhancement. Jmol modeling by
students provides visualization of concepts and processes which
serves to promote deeper understanding. For the youngest students,
the teacher chooses the protein story and how this will be modeled.
The teacher provides class time for students to model and then learn
from the protein story revealed in the Jmol snapshots. At the high
school level, Jmol modeling allows students to learn from one or
more protein systems. For assessment, the teacher can utilize a dif-
ferent protein. Students will access their knowledge and understand-
ing in order to analyze that new protein system. Upperclassmen and
AP level students who are familiar with Jmol modeling can be
assigned a protein and given literature which describes its structure,
function and molecular story. Students decipher, analyze, and then
create their own protein story through the Jmol images. Another way
to look at some of the other Jmol project extension ideas at the AP
level is to consider them as ideas for projects to be done later in the
year. Such an approach allows students to revisit and then continue
to expand upon the knowledge gained from their original molecular
modeling studies of proteins. 

Appendix:

These are the directions for Jmol viewing of myoglobin in a back-
bone view, with heme colored blue and oxygen colored red. Please
refer to http://cbm.msoe.edu/smartTeams/smartTeamsResources.php,
which has multiple pdf files for Jmol training (see Written Jmol
Training section of page).

Open Jmol
Right click in display window
Select Console (to bring up console window)
Position console and display windows side by side
Go to File 
Select Open 
Go to File
Select pdb file 
Enter name of pdb file in window that opens (3QM5)

In Console Window: (hit enter at end of each command)
spacefill on (enter)
spacefill off
wireframe off [After hitting enter, screen goes black. That is expected!]
backbone on
backbone 1.5 [Gray bars on black background]
select hem
spacefill on

http://mdpoison.com/publications/toxtidbits/2013/June%202013%20ToxTidbits.pdf
http://mdpoison.com/publications/toxtidbits/2013/June%202013%20ToxTidbits.pdf
http://biomedicalcomputationreview.org/sites/default/files/f2005-nb-simulating.pdf
http://biomedicalcomputationreview.org/sites/default/files/f2005-nb-simulating.pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2796.2011.02387.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2796.2011.02387.x/pdf
http://www.nature.com/scitable/topicpage/protein-misfolding-and-degenerative-diseases-14434929
http://www.nature.com/scitable/topicpage/protein-misfolding-and-degenerative-diseases-14434929
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color blue [Blue heme group shown with gray protein backbone]
select oxy
spacefill on
color red [Red oxygen near blue heme with gray protein backbone]

To save image:
In Jmol window:
Go to File
Select Export Image [Note: the original pdb file, Jmol program and
exported images all need to be in the same folder in order to be able
to reopen the exported image again in Jmol.]

[Note: Part 1 of this article, entitled “Bringing Why to Generation Y Science
Education: Molecular Modeling Approach to Protein Structure/Function

Curriculum” appeared in the previous issue of this newsletter.]

2014 NEST Teacher of the Year, Dr. Janice

Mooney-Frank [NEST ’11]

Emily Martin

There are two ways I could approach the announcement of
this year’s Teacher of the Year: I could tell you about her achieve-
ments, the same way her nominators did in the letters they sent
me; OR I could draw upon the single evening I spent with Jan to
tell you how she presented herself as the 2014 NEST Teacher of
the Year. For Jan, I choose the latter—because it was truly the
presentation of herself that stood out. Especially among NEST
members, who all do incredible work, her outstanding achieve-
ments are not what most set her apart (even as impressive as they
are!). Instead, it’s Jan’s enthusiasm, her thoughtfulness and the
powerful way she brings people together.

Amazingly, just one evening with Jan was enough to under-
stand why so many people voiced their support of Jan for this
award—when I met her that day, I noticed her energy immediate-
ly, and her affection for people is the quality I’ll remember most
from her presentation that night. And, of course, energy and affec-

tion for people are two traits that make a great teacher! In the let-
ters of support Jan’s colleagues sent, they recognized how she
harnesses both traits for the sake of STEM education—with stu-
dents and their families at the Academy of Aerospace & Engi-
neering Elementary School in Rocky Hill, Connecticut; with
other teachers and administrators at CREC schools (Capitol
Regional Education Council magnet schools); and with compa-
nies and institutions outside of her district…such as MIT! 

One of Jan’s admirers from the Connecticut State Department
of Education wrote: “She reminds me of the ‘Pied Piper’, enticing

teachers and students to follow her down a path of joyful investi-

gation and discovery….From the aerodynamics of flight, to the

adaptations of wiggly worms, to the buoyancy of different materi-

als, Jan knows how to get teachers and students thinking, talking,

writing and calculating in order to learn about our world.”

Jan was introduced by her CREC colleague Teresa Wilson,
and the ToY award was presented to her by NEST Co-chair, Steve
Cremer [NEST ‘91]. Jan then gave a presentation that lived up to
all her accolades and remarked on the privilege of being on the
Bartos Theater stage in front of an esteemed audience of NEST
members. Her slides showed how much she valued being part of
the communities that defined her career, and she gave tribute to
the many individuals who inspired her—from researchers at the
MIT Media Lab in the 1980s and now (including SEPT 2014 pre-
senter, Fred Martin, of iSENSE) to her family and colleagues,
many of whom drove from CT to join the NEST banquet that
evening. Jan’s husband and children attended, along with the
Principal and Literacy Coach from her school, and even the fam-
ily of one of Jan’s former students!

Of course, Jan also mentioned NEST as a group of people
that’s important to her—not just because of the amazing things
NEST teachers do, but because of camaraderie that forms with
each year of SEPT. I hope that a common connection to MIT and
mutual respect for outstanding teaching always brings NEST
members back to present themselves each year…keeping in mind
Jan’s example that not only does the Teacher of the Year deserve
acknowledgment, but also everyone who supports and inspires
teachers like her! Thank you, Jan!

Technology Education and STEM Modality

Greg Friedrichs [NEST ’08]

The Technology Education Program here at Manchester
Public Schools—in particular Arthur Illing Middle
School—is changing from a traditional exploratory tech cur-
riculum to a STEM modality that introduces and incorpo-
rates an innovative interdisciplinary program of study con-
sisting of rigorous and challenging courses. The revised pro-
gram will continue to provide standards-based, structured
inquiry-based and real world problem-based learning that
now interconnects STEM-related subjects. It will bridge and
connect in-school and out-of-school learning opportunities
for all students. The goal is to increase student awareness of
STEM fields and occupations and to increase the student
academic understanding, comprehension and knowledge
related to STEM fields and occupations. This program will
benefit all student populations within the school.

This curriculum integrates student exploration of
STEM related careers in robotics and programming, game
design, electronics, energy power and mechanics’ design
and other relevant STEM subject matter. This interdiscipli-
nary approach will link content with math and literacy in a
hands-on approach to raise all students’ knowledge, percep-
tion and interest/insight with the benefit of higher test scores
throughout.

Arthur Illing’s principal, Mr. David Welch, and our new
superintendent of Manchester Public Schools, Mr. Matthew
Geary, support this new STEM modality in technology class-
es. This new approach puts a high degree of problem solving,
teamwork, communication skills and interdisciplinary link-
ing and incorporates this with hands-on assignments.

The teachers who are involved and responsible for dis-
seminating this program are tech instructors Gregory
Friedrichs, Victor Berard and Daniel Spada and tech team
leader Jessica Loucks

The students and the teachers can’t wait for school to
begin and to be immersed in all the fun and excitement that’s
forthcoming.
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INFORMATION EXCHANGE

Peter McLaren [NEST ’95] has been selected to serve as a
member of the National Academy of Engineering Committee
”Guiding Implementation of K-12 Engineering in the United

States”. The goal of this three-year project is to provide guidance to
key stakeholders in U.S. K-12 education regarding effective engi-
neering education. The stakeholders include organizations leading
development and implementation of the NGSS (i.e., Achieve, Inc.
and the National Science Teachers Association [NSTA]); teachers
and teacher educators; curriculum and assessment developers;
administrative leaders at the school, district and state level; and edu-
cators and program developers working in after- and out-of-school
settings. This project will conduct an assessment of the concerns of
stakeholders regarding the implementation of engineering educa-
tion at the K-12 level. Using data from the assessment, the project
will develop resources and plan appropriate outreach that all
respond to the identified concerns and needs. The project’s primary
product will be a website, which will be developed iteratively based
on extensive stakeholder input. More information can be found at:
www.nae.edu/Projects/108076.aspx.

The Women in Science Program at Connecticut College will
be held on October 4, 2014, from 8 to 3. Registration begins at
7:45. The girls will participate in 4 events that focus on the areas
of physics, biology, neuroscience and computer science. The girls
can come in teams or individually to be merged with other partic-
ipants. It is FREE. To register, please contact Rebecca Napolitano
directly at rnapolit@conncoll.edu.

Ann Kaiser [NEST ’11] received a Fulbright Distinguished
Teacher Award in 2012-2013. She used this for research and teach-
ing in Singapore in January through July 2013 and produced a
technical paper based on research into the Use of Engineering
Design Projects in Science Curriculum. This paper will be pub-
lished in the proceedings of the 2014 conference of the Frontiers in
Education (FIE), which is sponsored by IEEE/ASEE. More infor-
mation can be obtained from Ann at: akaiser@lasalle-academy.org 

Avi Ornstein [NEST ’89] has a website that includes a
weekly puzzle, plus the answer to the previous weeks puzzle.
This can be used to encourage student mental exercise. In the
past, students could earn extra credit for correctly solving a
week’s puzzle, with a set limit for each marking period. When the
school set a policy against extra credit, the reward was modified
to earning a homework pass. A student who thinks he or she has
solved a puzzle writes his or her name with the answer on a sheet
of paper, along with the class period. This is folded in half and
the date and time are written on the sheet, which is then placed in
a folder. Over the weekend, the first correctly submitted answer
for each class is identified and the sheets are returned the follow-
ing week. If you would like, you are welcome to try it out. If you
cannot solve a particular week’s puzzle, you will not have to
admit it, as the answer will be posted that weekend. Take a look
at the puzzles at www.aviornstein.com and you can also read the
monthly “Shared Idea” which may be useful to you, your stu-
dents or fellow staff.

Abu Rayhan al-Biruni

[These excerpts are from an article by Richard Stone that appeared in Sci-

ence on June 20, 2014.]

He was a Renaissance man long before the Renaissance. Abu
Rayhan al-Biruni, born a thousand years ago in this region of Cen-
tral Asia [Uzbekistan], calculated Earth’s circumference with
astounding accuracy and invented specific gravity, the measure of a
substance’s density compared to that of water. He rejected creation-
ism, accepted that time has neither a beginning nor an end, and—5
centuries before Copernicus—argued that the sun might be the cen-
ter of the solar system. Now, an influential scholar has proposed
adding another laurel to that list: inferring the existence of America.

…”His tools were not wooden boats powered by sail and
muscular oarsmen but an adroit combination of carefully con-
trolled observation, meticulously assembled quantitative data, and
rigorous logic.”

…Biruni was one of a constellation of Central Asian scholars
who lead an “Eastern Re naissance” spanning 7 centuries, from
about 600 to 1500 C.E. These scholars included some of the great-
est minds you’ve never heard of, and their achievements include the
principles of algebra and trigonometry, the invention of the algo-
rithm and the astrolabe, and the foundation of modern medicine….

…At the crossroads of the vibrant cultures of China, India,
the Middle East, and Europe, Central Asians became traders non-

pareil, and for that they had to know how to calculate. “The Chi-
nese were amazed that young boys in Samakand were learning
mathematics when they were 8 years old….”

The brightest star in the Central Asian firmament may have
been Biruni. “He was really a universal genius,” versed not only
in the hard sciences and anthropology, but in pharmacology and
physiology as well….

Born in 973 C.E. near the Aral Sea in present-day Khiva,
Uzbekistan, Biruni used the height of the midday sun to calculate
the latitude of his hometown when he was just 16….as an adult…he
devised a technique for measuring Earth’s circumference using an
astrolabe, spherical trigonometry, and the law of sines. (Like the
ancient Greeks, Biruni was aware that Earth is round.) His calcula-
tion was a mere 16.8 kilometers off the modern value….

…Biruni introduced the concept of specific gravity and
applied it to scores of minerals and metals, making measurements
accurate to three decimal points that…Europeans could not match
until the 18th century.

…the explanation that all geographers from antiquity down to
Biruni’s day had accepted, namely, that the Eurasian land mass
was surrounded by a ‘world ocean’….Biruni rejected that
notion….Biruni argued that the same forces that gave rise to land
on two-fifths of the planet must have been at work in the other
three-fifths. He concluded that one or more landmasses must lie
between Europe and Asia, writing, “There is nothing to prohibit
the existence of inhabited lands.”
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Human Population and the Future

[These excerpts are from a discussion Alan Weisman had on February 22,
2014, about his recent book, Countdown. This appeared in the June 2014
issue of Population Connection. If you want to read the entire article, you
are urged to go to www.populationconnection.org/site/PageServer?page
name=June2014 and download the issue.]

Population only increases in two ways: more people are born
than die, or people live longer, so they’re still around when others
are born. For much of human history, most babies were dead by their
fifth birthday. The fact that population grew so slowly until about
two centuries ago means that even though a woman might have had
seven or eight births, the average number of children who survived
long enough to have kids themselves was barely more than two. And
average life expectancy was only about 40 years.

But then, in 1796, Edward Jenner discovered a vaccine for
smallpox, which used to knock back our numbers each year by the
millions. That was soon followed by vaccinations for other diseases,
antiseptics, eradication of insects that carried epidemics, pasteuriza-
tion of milk—and suddenly, fewer were dying young, and people
were living longer.

An even more significant boost to our numbers than modern
medical technology came from modern food technology. Just before
World War I, two Germans, chemist Fritz Haber and engineer Carl
Borsch, invented something that has changed the world arguably
more than anything else, ever. That was a way to pull nitrogen from
the air and apply it chemically to soils. Before the Haber-Borsch
process, the mount of plant life on the planet was limited to what a
relatively few species that hosted nitrogen-fixing bacteria could con-
tribute to the soil. Artificial nitrogen fertilizer simply blew the lid off
what nature could do. More than 40% of us couldn’t be here with-
out it. Take away artificial fertilizer, and our population would be lit-
tle more than half what it is today.

Green Revolution food technologies are often touted for debunk-
ing dire predictions of inevitable famine as population growth out-
paces food production made by economist Thomas Robert Malthus
and later by American ecologists Paul and Anne Ehrlich, who wrote
the 1968 book The Population Bomb. But…I met no food scientists
who agreed that Malthus or the Ehrlichs had been refuted. Actually,
they said, when Green Revolution founder Norman Borlaug won the
1970 Nobel Peace Prize, in his acceptance speech, he warned that,
“There can be no permanent progress in the battle against hunger until
the agencies that fight for increased food production and those that
fight for population control unite in a common effort.”

Borlaug, who is credited with saving more lives than anyone in
history, understood the paradox of food: The more we produce, the
more people don’t die of starvation and live to beget more people
who need to be fed. Until his death, he served on the boards of pop-
ulation groups, because he knew that food production can’t keep up
with the very population growth it helps produce.

And despite everyone’s best efforts, it’s likely going to get
worse. The first two places where the Green Revolution was tried
were India and Pakistan. Both were saved from what seemed like
certain famine. But as a result, in about a decade India will surpass
China as the most populous nation. And Pakistan is one of the fastest
growing, and one of the scariest, places on earth. Pakistan today has
more than 185 million people in a country not much bigger than

Texas, which has 26 million. By mid-century, if its growth contin-
ues apace, Pakistan will far outnumber today’s United States, with a
projected 395 million people—all in a land the size of Texas.

According to figures from their farm union, corroborated by the
Indian government, 270,000 Green Revolution Indian farmers have
committed suicide since 1995. Overwhelmingly, the symbolic
method of choice is by drinking pesticide, which must be used to
protect their laboratory-bred crops that didn’t evolve in nature. “Half
our people are sick from pesticides: heart attacks, high blood pres-
sure, cancer,” the farmers told me. “Our kids have skin diseases and
bad eyesight. No matter how much they eat, they’re anemic. Their
teachers call them slow learners. And their fathers, all 200,000
rupees in debt on every acre, are all suicides-in-waiting. We’re all on
each other’s suicide watch.”

Today more than half the human race lives not on farms, but in
cities, compared to only a third of us in 1950. Since kids in urban areas
aren’t an economic asset to parents like they are on farms, it’s been
widely assumed that world population would level off around 9.2 bil-
lion by mid-century. But even though we’re growing more slowly,
there are already so many of us that the UN Population Division’s lat-
est revision projects that our numbers will keep growing, hitting near-
ly 11 billion by the end of the century, with no sure peak in sight.

Agricultural engineers face another problem, spawned by
growing populations: As ever more of us expel more carbon, our
overloaded atmosphere overheats the planet. Grains have tempera-
ture thresholds; for every 1

o

C of warming, scientists predict, harvests
drop 10 percent. With our world now headed beyond a 2

o

C increase
at present emission rates, population will be up, food production
down, irrigation water scarcer—and, coasted dikes may have to pro-
tect much of the world’s rice production from sea level rise: proba-
bly an unaffordable scenario. And rosy predictions that northern
Canada and Siberia will be breadbaskets in a warmer world neglect
that their conifer-covered, acidic soils will take millennia to adapt to
the needs of crops.

Here’s the bottom line: If we keep on the way we’re going,
we’ll add 2.5 billion more people in the next 35 years. Because
we’ve already used up the best lands and the cheapest energy
resources, they’re going to have a much bigger, much dirtier impact
than the last 2.5 billion. Population increase is mainly among the
world’s poor, and the richest fifth of the world’s people consume up
to 66 times as much as the poorest fifth. If we multiply our numbers
by the amount we consume, it turns out that the United States is the
most overpopulated country on earth.

But our numbers have reached a point where we’ve essentially
redefined the concept of original sin. Even the humblest among us
compounds the world’s mounting problems by needing food, fire-
wood, and shelter. The world’s masses may be poor—but more now
live in cities, where they somehow manage to get cell phones, and
whether they’ve pirated the power or not, they’re plugging in their
chargers every night, like you and me.

More than half the world’s countries have fertility rates that are
near, or below replacement rate. If we do whatever it takes to help
get the rest there, too, by making the means available so everybody
can choose the number of children they want, we’ll gradually be
heading down toward a truly sustainable number.

http://www.populationconnection.org/site/PageServer?pagename=June2014
http://www.populationconnection.org/site/PageServer?pagename=June2014
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1914 and 2014

[These excerpts are from an editorial by David Titley that appeared in
Science on July 25, 2014.]

2014 marks the centennial of the commencement of World
War I. One connection between today and that seemingly long-
ago war is how we make choices when the future seems obvious
only in retrospect, in what former U.S. Secretary of State George
P. Shultz refers to as a world “awash in change.” Max Hast-
ings…summarized his views on how the rulers of Europe allowed
World War I to start…”It is more appropriate to call them deniers,
who preferred to persist with supremely dangerous policies and
strategies….”

The parallels between today’s political decisions regarding
climate change and the decisions that led Europe to World War I
are sobering. Those made in 1914 reflected political policies pur-
sued for short-term gains and benefits, institutional hubris, and a
failure to imagine and understand the risks. The result was a dis-
aster in many ways, the reverberations from which are still felt a
century later.

Once again, nations face a challenge—climate change—
which, if left unmanaged, has the potential to bring tremendous
pain to hundreds of millions of people and seriously disrupt the
existing economic and political orders of the day. Although we do
not know exactly how climate change will evolve, we do know
that ignoring climate change in tantamount to assuming that there
will be no change, an exceedingly unlikely outcome.

So, what to do? Here are three proposals to “buy-down” the
risk we have accredited: Increase our understanding of the near-
term future, and focus on the most dangerous and most probable
risks; take the actions needed to maintain society’s essential infra-
structure: water, food, and a viable coastline; and make the com-
mitments to accelerate our shift to a no-carbon energy future….

In 2014, we again face uncertainties and choices of enormous
consequence, just as the European powers faced choices in 1914.
The data and projections are laid out in front of us, as they were
for them. Will we repeat the same mistakes they made a century
ago?...Humanity can perform amazing, nearly miraculous feats.
But it requires sustained leadership from all sectors and at all lev-
els. Political leaders must remember those ghosts from history a
century ago—and this time avert the crisis.

Slow Motion Disaster

[These excerpts are from an article by Thomas Sumner that appeared in
Science on May 16, 2014.]

A disaster may be unfolding—in slow motion. Earlier this
week, two teams of scientists reported that Thwaites Glacier, a key-
stone holding the massive West Antarctic Ice Sheet together, is start-
ing to collapse. In the long run, they say, the entire ice sheet is
doomed. Its meltwater would raise sea levels by more than 3 meters.

…in as few as 2 centuries Thwaites Glacier’s edge will
recede past an underwater ridge now stalling its retreat….the gla-
cier will then cascade into rapid collapse….the 600-meter-deep
ridge is the final obstacle before the bedrock underlying the gla-
cier dips into a deep basin.

Because inland basins connect Thwaites Glacier to other
major glaciers in the region…its collapse would flood West
Antarctica with seawater, prompting a near-complete loss of ice
in the area over hundreds of years….

…from 1992 to 2011 Thwaites Glacier retreated 14 kilome-
ters. “Nowhere else in Antarctica is changing this fast,” says UW
Seattle glaciologist Benjamin Smith….

…In simulations that assumed various melting trends, the
model accurately reproduced recent ice-loss measurements and
churned out a disturbing result: In all but the most conservative
melt scenarios, a glacial collapse has already started. In 200 to
500 years, once the glacier’s “grounding line”—the point at
which the ice begins to float—retreats past the ridge, the glacier’s
face will become taller and, like a tower of blocks, more prone to
collapse. The retreat will then accelerate to more than 5 kilome-
ters per year….

And once Thwaites is gone, the rest of West Antarctica would
be at risk.

Oil Spills

[This excerpt is from an editorial by Marcia McNutt regarding the

25th anniversary of the Exxon Valdez that appeared in the
March 21, 2014, issue of Science.]

Science can not only address oil spills after the fact by
guiding actions for response and recovery, but it can also be
applied to avoid spills through safety engineering. In a
number of industries, accidents have declined through a
deliberate consideration of potential failure modes in engi-
neering systems and in their interfaces with humans. Such
an analysis is well overdue to prevent oil spills.

A Cleaner, Greener French Fry

[This brief news item appeared in the June 27, 2014, issue of
Science.]

Prince Edward Island (PEI) has a nitrogen pollution
problem—and shorter French fries could be a solution.
PEI’s farmers are Canada’s biggest potato producers,
and they use a lot of fertilizer, which leaks nitrates into
ground water and the nearby Northumberland Strait.
One way to soak up the pollutants: Sow a fast-growing
“catch crop,” such as radishes or spinach, after the pota-
toes are harvested, suggested geochemist Martine
Savard of the Geological Survey of Canada and George
Somers of PEI’s environment department at last week’s
American Geophysical Union Science Policy Confer-
ence. But there’s a hitch: Demand for longer fast-food
fries has farmers planting longer, slower growing tubers,
reducing the window for a catch crop. Persuading con-
sumers that a shorter fry is a greener fry, however, could
reopen the door to stubbier taters—and cleaner water.
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Archaeopteryx

[This brief article appeared in Science on July 4, 2014.]

To fly, modern birds now need a particular type of feather, with
a thick stalk and a blade on either side. But researchers examining
a new Archaeopteryx fossil think these “pennaceous,” or quill-like,
feathers may have had other functions first, such as insulation or
mating display. The fossil is an unusually complete specimen of the
primitive bird, showing the quill-like feathers all over its body—not
just on the wings and tail, but also on the body and legs. That body
plumage could not have been aerodynamic, the team noted this
week in Nature. Furthermore, fossils from other feathered
dinosaurs and early birds show widely varying distributions of pen-
naceous feathers—variations that make no sense if the feathers
evolved to aid flight, the team concluded. “Aerial locomotion
places fairly tight constraints on an animal; if there’s one fault in
your design, you’re dead,” said paleontologist Oliver Rauhut of the
Bavarian State Collection for Paleontology and Geology in
Munich, Germany. Instead, pennaceous feathers may have been
later recruited for flying, once the creatures took to the skies.

Research and Development

[These excerpts are from an editorial by Timothy Gardner that appeared
in the August 22, 2014, issue of Science.]

Reproducibility is the ugly duckling of science. It provokes dis-
tress, denial, and passionate calls for action. With $1.5 trillion spent
globally each year on R&D, the idea that 80% of it is irreproducible
can cause downright dread. It threatens the foundations and credi-
bility of the scientific enterprise. But look past the surface, and
reproducibility may well be a swan in the making….

After World War II, the teachings of engineer W. Edwards
Deming on quality helped revolutionize a Japanese manufacturing
industry then known for cheap, unreliable products. By the 1980s,
the quality of Japanese products was shaking the foundations of
American electronics and car companies. Today, such uncompro-
mising quality is ubiquitous and expected….

Achieving reproducible research—research we can trust and
build on efficiently, like high quality parts in a supply chain—will take
a collective movement to change the incentives, culture, and tool sets
of science. The good news is that the movement has begun….

Creativity and Change

[These excerpts come from an article by Nan H. Hathaway and Diane B. Jaquith that appeared in the March 2014 issue of Phi Delta Kappan.]

American education today wants what it can’t quite grasp—creativity in teaching and learning. Creativity isn’t really elusive—we can
sense it when we experience it—but an infusion of creativity in schools requires fundamental changes in attitude and approach….Change is
hard. Who will take the first step to embrace ambiguity, the hallmark of creativity? Who will risk public scrutiny to take a stand for innova-
tion? Who will go the extra mile to infuse daily instruction with personalized learning? As reform issues are added layer upon layer, teachers
speak of a broken system, untenable expectations, low morale, and students who quit. Too often, learning remains a passive endeavor where
teachers dispense knowledge for students to acquire, retain, and repeat back on tests….

When there is more information than can possibly be taught with ever more content exploding daily, progressive educators set a new
agenda for teaching and learning and prioritize innovation. Look to pedagogy. The end product of education is the whole child who can,
through creative thinking, expand knowledge and skills, make meaningful connections, and build relationships with the world….

Helping Low-Income Children

[This excerpt is from an article by Greg J. Duncan and Richard J. Murnane that appeared in the March 2014 issue of Phi Delta Kappan.]

By widening the gap in educational opportunities between children from low- and higher-income families, increasing income
inequality jeopardizes the upward socioeconomic mobility that has long held our pluralistic democracy together. Improving educa-
tional outcomes for children growing up in low-income families is therefore critical to the nation’s future and requires a combination
of policies that support low-income families and measures to improve the quality of schools that low-income children attend.

The United States has implemented a range of policies to raise the buying power of low-income families, including the Child Tax
Credit, the Earned Income Tax Credit, cash assistance programs, and the Supplemental Nutrition Assistance Program (formerly Food
Stamps). Recent supplies show that the increases in family incomes produced by these programs result in improved educational out-
comes for young children and health in adulthood….Unfortunately, these programs are under attack as Congress seeks ways to reduce
the federal budget deficit.

Improving the quality of schools attended by low-income children poses even more important and difficult challenges. As a nation, we
have failed to appreciate the extent to which technological innovations have brought changes in the skills needed to succeed in today’s econ-
omy. Moreover, the rising economic and social inequality produced by technology and globalization has weakened neighborhoods and fam-
ilies in ways that make effective school reform all the more difficult. For a variety of historical reasons, our nation has not learned how to
provide the consistent supports that schools—especially those serving large numbers of low-income children—must have to succeed.

Discussions of school reform often center on simplistic silver bullets: more money, more accountability, more choice, new orga-
nizational structures. None of these changes has turned the tide because none focus directly on improving what matters most in edu-
cation: the quality and consistency of the instruction and experiences offered to students….



31

Lost Opportunity

[This excerpt is from an article by Kevin G. Welner that appeared in the
April 2014 issue of Phi Delta Kappan.]

…the status quo approach involves a choice of one set of poli-
cies to the exclusion of another. When politicians opt for accounta-
bility and market-based privatization policies, they supersede poli-
cies that are grounded in best practices—evidence-based reforms
that have succeeded in enhancing opportunities to learn.

In doing so, politicians seem willfully ignorant of the direct
connection between opportunity and achievement. Our national
opportunity gaps lead inexorably to our achievement gaps. Yet the
test-based accountability policies still advocated by politicians
disregard the opportunity side of the equation. Capacity building
and supports are relegated to a small footnote within a long dia-
tribe about mandated performance. The Marie Antoinettes of
today proclaim, “Let the take tests,” callously brushing aside the
needs of our children for intellectual nourishment.

Standards can be beneficial elements of a high-functioning
education system; so can assessments. Moreover, many well-
intentioned and smart people are working to advance the Com-
mon Core and make it successful. But unless and until our politi-
cians reverse course and focus on closing opportunity gaps, the
Common Core will be part of the problem, and its potential ben-
efits will never be realized.

The Sixth Extinction

[The excerpts are from a book review by Kendra Smyth that appeared in
Science on July 18, 2014.]

A thought-provoking work of scientific journalism, Elizabeth
Kolbert’s The Sixth Extinction tackles the sobering reality of the
large-scale loss of biodiversity happening before our eyes.
Although the fossil record documents five previous great extinc-
tions, this time the driving catalyst is neither asteroid nor volcanic
eruption but a single inhabitant of Earth: us. For millennia,
humans have succeeded extravagantly to the detriment of other
species. “Though it might be nice to imagine there once was a
time when man lived in harmony with nature,” Kolbert notes, “it’s
not clear that he ever really did.”

…In the mid-18th century, the prevailing view was that
species were immutable, decreed by God. When mysterious
bones were unearthed in present-day Kentucky, scientists ration-
alized that they were remnants of elephants and hippos that had
wandered astray. As Thomas Jefferson put it, “Such is the econo-
my of nature that no instance can be produced of her having …
formed any link in her great work so weak as to be broken.” Then
in 1796 the French naturalist Georges Cuvier argued that life had
a history, one “marked by loss and punctuated by events too ter-
rible for human imagining.” The concept of extinction was born,
although not readily accepted for decades.

Today, we struggle to grasp a different concept of extinction:
humans are responsible for transforming the biosphere….at warp
speed, humans have altered the composition of the atmosphere,
acidified the oceans, hunted and fished large species to their
brink, and destroyed ecosystems….

In pushing other species to extinction, what happens to us?
Ecologist Paul Erlich warns “humanity is busy sawing off the
limb on which it perches.”….

Student Disengagement

[This excerpt is from an article by Elliot Washor and Charles
Mojkowski that appeared in the May 2014 issue of Phi Delta Kappan.]

Many students drop out because of academic failure,
behavioral problems, and life issues; many more stay in school
but drop out in their heads—gradually disengaging from what
schools have to offer. These disengaged students pass the tests
and get passing grades, but they limp to a tainted graduation
and a diploma that papers over their lack of readiness for suc-
cessful postsecondary learning and work. Often these disen-
gaged students are just off the radar screens of those early
warning systems devised to detect potential dropouts.

Researchers have calculated the cost of dropouts to soci-
ety, but they’ve missed the significantly larger cost of disen-
gaged students. They are the ones who graduate from high
school but are unprepared for lifelong learning. Their talents
and potential have been sadly ignored, often because those tal-
ents reside just outside the traditional subject-matter bins of a
cognitive-abstract curriculum.

Future Imperfect

[These excerpts are from an article with the same title by David
Pogue that appeared in the March 2014 issue of Scientific American.]

…In a New York Times article 50 years ago, [Isaac] Asi-
mov called his vision “Visit to the World’s Fair of 2014.”…

Asimov also worried at length about overpopulation,
estimating the 2014 world population to be 6.5 billion and the
U.S. population to reach 350 million. He came very close; the
actual world population is about 7.1 billion, and the U.S.’s
tally is 317 million….

His dream of “large solar-power stations” operating in
the desert has been slow to arrive. But stations are finally
being built, as economic and political obstacles fall.

Another example: he gave us, the future humans, more
credit than we deserve for tackling overpopulation. It must
have seemed logical to anticipate “a worldwide propaganda
drive in favor of birth control”—but opposition to contracep-
tion remains strong.

Asimov’s predictions illustrate three lessons for those
who would predict the future. First, almost every new tech-
nology takes longer to arrive than sci-fi writers imagine.

Second, you’ll never hit all the big ones; the history of
technology is framed by enormous zigs or zags—consider,
for instance, the Internet—that not even Asimov saw coming.

And third, many attractive or logical developments
never materialize, thanks to our own human failings. The
fault, dear Isaac, is not in our engineering but in ourselves.
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