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Arizona State University Criteria Checklist for

NATURAL SCIENCES [SQ/SG]

Rationale and Objectives

Public scientific literacy, critical for sound decisions on scientifically infused issues such as climate
change, includes understanding of basic science concepts, such as the fundamental behavior of matter and
energy. It also includes the understanding that “science” is not an encyclopedic collection of facts. Rather,
it is a process of exploration that embraces curiosity, inquiry, testing, and communication, to reduce
uncertainty about nature. Absent understanding of scientific concepts and of the nature of science, science
and pseudoscience are difficuit to distinguish, and normal scientific disagreements may be misinterpreted
as ideological or political disputes. The goal of the natural sciences (SQ/SG) requirement, including the
laboratory requirement, is to instill understanding of basic science content and of the nature of science in

every ASU graduate,

10/1989
REV: 1/1991, 3/1991, 1/2000, 10/2008, 4/2014
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Proposer: Please complete the following sections and attach appropriate documentation.

ASU--[SQ] CRITERIA

I. - FOR ALL QUANTITATIVE [SQ] NATURAL SCIENCES CORE
AREA COURSES, THE FOLLOWING ARE CRITICAL

CRITERIA AND MUST BE MET:

Identify
Documentation
Submitted

syllabus & learning

X

lower-division level; not a course with great depth or
specificity.

syllabus & learning

IE I:I A. Course emphasizes the mastery of basic scientific o
principles and concepts. objectives
L syllabus & learning
& I:I B. Addresses knowledge of scientific method. ‘
objectives
@ I:I C. Includes coverage of the methods of scientific inquiry syllabus & learning
that characterize the particular discipline. objectives
syllabus & learnin
}X‘ D D. Addresses potential for uncertainty in scientific inquiry. Y g
objectives
IE I:I E. Illustrates the usefulness of mathematics in scientific syllabus & learning
description and reasoning. objectives
F. Includes weekly laboratory and/or field sessions that )
& [:I provide hands-on exposure to scientific phenomena and | Syllabus & learning
methodology in the discipline, and enhance the learning objectives
of course material.
— G. Students submit written reports of laboratory syllabus & learning
I:I experiments for constructive evaluation by the o
instructor. objectives
|:| H. Course is general or introductory in nature, ordinarily at

objectives

L. - A

T LEAST ONE OF THE FOLLOWING ADDITIONAL CRITERIA
MUST BE MET WITHIN THE CONTEXT OF THE COURSE:

syllabus & learning

]
[]

scientific inquiry.

& D A. Stresses understanding of the nature of basic scientific
I55ULS: objectives
IE l:, B. Develops appreciation of the scope and reality of syllabus & learning
limitations in scientific capabilities. objectives
C. Discusses costs (time, human, financial) and risks of syllabus & learning

objectives
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NOTE: CRITERIA FOR [SG] COURSES BEGIN ON PAGE 4,
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III. - [SQ] COURSES MUST ALSO MEET THESE ADDITIONAL CRITERIA: I

Identify
YES | NO Documentation
Submitted
A. Provides a substantial, quantitative introduction to syllabus & learning
]E I:, fundamental principles governing behavior of matter and objectives

energy, in physical or biological systems.

B. Includes a college-level treatment of some of the following | syllabus & learning

topics (check all that apply below): il

syllabus & learning

a. Atomic and molecular structure L
objectives

b. Electrical processes

syllabus & learning

Chemical processes objectives

syllabus & learning

d. h i jecti
Elementary thermodynamics objectives

e. Electromagnetics

OO 04

O X X O X

l:l f.  Dynamics and mechanics

[SQ] REQUIREMENTS CANNOT BE MET BY COURSES:

e Presenting a qualitative survey of a discipline.

e Focusing on the impact of science on social, economic, or environmental issues.

e Focusing on a specific or limiting but in-depth theme suitable for upper-division majors.
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Proposer: Please complete the following section and attach appropriate documentation.

ASU--[SG] CRITERIA

I. - FOR ALL GENERAL [SG] NATURAL SCIENCES CORE
AREA COURSES, THE FOLLOWING ARE CRITICAL
CRITERIA AND MUST BE MET:

Identify
YES | NO Documentation
Submitted

1. Course emphasizes the mastery of basic scientific principles
and concepts.

2. Addresses knowledge of scientific method.

3. Includes coverage of the methods of scientific inquiry that
characterize the particular discipline.

Addresses potential for uncertainty in scientific inquiry.

5. Illustrates the usefulness of mathematics in scientific
description and reasoning.

6. Includes weekly laboratory and/or field sessions that provide
hands-on exposure to scientific phenomena and methodology
in the discipline, and enhance the learning of course
material.

7. Students submit written reports of laboratory experiments for
constructive evaluation by the instructor.

8. Course is general or introductory in nature, ordinarily at

lower-division level; not a course with great depth or

specificity.

II. - AT LEAST ONE OF THE ADDITIONAL CRITERIA THAT
MUST BE MET WITHIN THE CONTEXT OF THE COURSE:

OO ogajop4ad
g oo oo | d

A. Stresses understanding of the nature of basic scientific issues.

[]
[]

Develops appreciation of the scope and reality of limitations
in scientific capabilities.

[]
[]

I:] I:I C. Discusses costs (time, human, financial) and risks of
scientific inquiry.
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[SG] REQUIREMENTS CANNOT BE MET BY COURSES:

e Presenting a qualitative survey of a discipline.

e  Focusing on the impact of science on social, economic or
environmental issues.

e Focusing on a specific or limiting but in-depth theme
suitable for upper-division majors.
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Course Prefix | Number Title General Studies
Designation
BIO 151 Biological Thinking

Explain in detail which student activities correspond to the specific designation criteria.
Please use the following organizer to explain how the criteria are being met.

Criteria (from

How course meets spirit

Please provide detailed evidence of how

section that impacts a student's

final grade.

checksheet) | (contextualize specific examples in | course meets criteria (i.e., where in syllabus)
next column)
SQB Each section of the course covers | Leaming Objective from the Science and
Reason section:
the nature, process, and context | Process of science
of science. - Identify, describe, and apply the
scientific method, including basic techniques
such as the use of controls
SQE Where applicable, calculations Learning Objective from Genetics Module:
are performed to illustrate = ‘Bsleulateprbabilitiesand make a
prediction of probabilities of contingent and
biological concepts as they relate | alternative outcomes
to probability and statistics.
SQA While focused in Biology, this Module: 1: Science and Reason covers the
course is grounded in the basic process in detail.
concepts of science and
addresses biological concept
through this lens.
SQF BIO 151 includes a weekly lab From the syllabus:

The Biology 100 Laboratory

The laboratory is a critical part of BIO100.
These are not cookbook exercises in which you
are told to this, then that, and

then that. Instead, you will be doing science in
the lab, trying to solve problems, and formulate
and test hypotheses

scientifically with hands-on materials.
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3QC Biology is a multidisciplinary Topical areas cove‘re{i in clas§ with. focus on the
‘ process/context of science: Biological
approach to science and covers Diversity, Ecology, Evolution, Genetics,
many different areas. This course | Cells.& Molecular Biology,
covers methods for each area
sQG The Lab is a graded part of the from the Syll.abus: You will be doing science
in the lab, trying to solve problems, and
course formuiate and test hypotheses
scientifically with hands-on materials. The
points you earn in lab are based on a mix of
quizzes, homework, and a project
assignment. Your lab teaching assistant (TA)
witl explain the details when you meet in lab.
Because of the importance of
the lab physical experience, you must attend al
laboratory meetings.

SQD Course emphasizes the role of Learning Objective from the Science and
finding new knowledge and how Reason module under "Process of
current knowledge is subject to Science”
change. -Recognize the role of uncertainty as a

necessary feature of the nature of science
From the course description: The course
SQH This is an intro level course for uses an active learning approach to

students interested in Biology

engage students in developing their
scientific reasoning abilities and in
grasping the fundamental concepts of
major areas of biology. A hands-on
taboratory provides opportunity for
students to pursue open-ended
investigations that build their mastery of
content knowledge, scientific methodoiogy,

and data interpretation.
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SQHIA

SQilBacd

Touched on in several topical

areas of the course

Two sections of molecular biology
and a section on respiration and

photosynthesis..

From Respiration and Photosynthesis
Science Content ‘

-Recognize various forms of energy in the
physical world

-Perform an energy balance of an
organism.

-Recognize the definition of Calorie
-Relate the physical rutes of energy
balance to the biological problem of weight
gain / loss via diet and exercise.
-Recognize and apply the Laws of
Thermodynamics in biological situations.
-Explain and delineate the process of
aerobic respiration, accounting for the
molectuiles involved, including those
consumed and produced.

-Explain how aerobic respiration releases
energy from sugars while capturing it in
useful form.

-Explain and delineate the process of
photosynthesis, accounting for the
molecules involved, including those

consumed and produced.

Molecular Biology 1 {What are genes
made of?)

Science Content

-Evaluate various lines of evidence to
determine whether DNA or protein is the
molecuie of inheritance.

-Use evidence to explain the structure of
DNA.

-Understand how the structure of DNA

{ends itself to replication.
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-Understand how chromosomes, genes,
alleles and DNA relate to one another.
Molecular Bioiogy 2 (How do genes work?)
Science Content

-Describe the central © dogma’ of
molecular biology.

-List the differences between RNA and
DNA.

-Understand the structure and functions of
proteins.

-Describe and accurately demonstrate the
processes of transcription and transtation
-Predict the effects of mutations on an
amino acid seguence.

-Describe how DNA, genes, alleles and
mutations relate to evolution by natural
selection.

-Delineate the similarities and differences
between proteins and nucleic acids
Respiration and Photosynthesis:
Respiration and Photosynthesis

Science Gontent

-Recegnize various forms of energy in the
physical world

-Perform an energy balance of an
organism.

-Recognize the definition of Calorie
-Relate the physical rules of energy
balance to the biological problem of weight
gain / loss via diet and exercise.
-Recognize and apply the Laws of

Thermodynamics in biciogical situations.




Course description

The course uses an active learning approach to engage students in developing their
scientific reasoning abilities and in grasping the fundamental concepts of major areas of
biology. A hands-on laboratory provides opportunity for students to pursue open-ended
investigations that build their mastery of content knowledge, scientific methodology, and
data interpretation. :

Student Learning Qutcomes

Upon successful completion of this course,
o Students will understand the fundamental assumptions of science and be able to
recognize and apply the primary components of scientific methodology.
e Students will be conversant in the major foundational concepts across key domains of
biology and in their historical underpinnings.
¢ Students will appreciate the significance of biological understanding for a variety of
areas important for human welfare, including medicine and the environment.



‘ BIOI51: Biological Thinking
" A course about the science behind the science of life.
- Instructor: James Elser
Lead TAs: Amanda Suchy and Liz Barnes

______ e

BIO151 Course Contract READ ME!

Your instructor, teaching assistants, and other support staff will be available to answer any questions you have about the
course. We are ready and eager to help. Our office hours and contact info are listed on the class Blackboard site. As far
as we are concerned, there is no such thing as a stupid question. Don't let things slide. Ask for assistance if you need it.
We really want you to succeed!

We pledge to come to class on time, to finish on time, to provide as good a learning experience as we are able, and to treat
you with respect for whatever concerns you might have. In return, we ask that you respect your fellow students and us by
observing proper in-class etiquette, including the following basic rules:

+  Once a week we will have an "opening session" when we discuss the past week's work, set up the coming week,
and, generally, have a visitor. During these sessions please do not use laptop computers, tablets, and such unless
otherwise instructed. On active learning days, laptops and tablets can be used but must only be used in support of
the day's activity. Thanks!

+ Cell phones should be OFF during all class periods*. Gracias!

e No food in the classroom. And no drinks near the computers. Arigato!

+ Please use courtesy in carrying on conversations - during active learning activities there will usually be a lot of
discussion but there will be times when everyone needs to be listening. Xie xie!

+ Please do NOT come late to class or leave early from them (bathroom emergencies excepted). If you do this for an

active learning meeting (generally Wed and Fri), you will not receive credit for it. Coming late for Monday
classes will probably lead you to miss the quiz. Danke!

*You are exempt from this if you are member of the US Secret Service, C1A, FBI, British MI-5, or other high security
organization needing high-level communication with the outside world at all times. But we'll need documentation!

By enrolling in this class, you are agreeing to honor these requests.

Required Materials

You are required to purchase (in reality, "rent" since you can turn it back in when you're done) a Turning Point (TP)
transceiver ("clicker"), available at the ASU bookstore. NOTE: if you are using this system in other classes, you need get
only one; it will work for all your classes. For any problems with TP clicker malfunctions, please contact clickers.asu.edu.
NOTE: We do not allow use Response-ware compatible devices because this makes it impossible to ensure that students
are not unfairly accessing additional information during quizzes.

Students with Disabilities

We strive to make BIO151 accessible to all students at Arizona State University. However, in order for us to make
accommodations for a student with a disability, that student must a) be registered with the Disability Resource Center
(DRC) office, and b) must talk to us about the accommodations they need. If you are registered with DRC, please contact
us as soon as possible so that we can make a plan of action.

Grade Breakdown
As the semester starts, you have 1000 points and an A. Congratulations! Don't lose them!

Points distribution
Weekly quizzes: 30% (300 points out of 1000)
Lab: 30% (300 points)
In-class activities and preparation: 15% (150 points)
Mid-term Exam: 12.5% (125 points) Exam date: 10 October (re-take: 17 October)
Final Exam: 12.5% (125 points) Exam date:10 December at 9:50 - 11:40.

August 19, 2014 1



At the end of the semester, students with 900 poinds or more will receive an A; 800-899 = B; 700-799 = C; 600-699 = D,
fewer than 600 points = E. Note that 250 of these points are earmned in lab. We do NOT use the +/- grading system in
BIOI51.

Weekly quizzes: There will be regular weekly guizzes on the first class day of each week (generally on Mondays but see
class schedule at the end of this document). Each quiz involves five questions and deals with the preceding week’s
materials. Because we are not interested in memorization, you can bring one 3 x 5" index card of notes to the quiz (Yes
both sides!). You will be able to drop your three lowest quiz scores; there are no "make-up" quizzes (but see Mastery
information that follows).

IMPORTANT! You will have the chance to master the material and re-take the quiz within a specified period (about 1
week) to better demonstrate your mastery of the material. This will involve re-reading the assigned materials, re-viewing
the mini-lecture videos, and completing some additional practice. Once you complete those mastery tasks, you will be
able to re-take a new version of the quiz. If you scored a 4 of 5 on the first attempt, we witt take the AVERAGE of your
two scores (so BEWARE retaking if you score 4, no?) I you scored 3 of 5 or lower on the first attempt, we will take the
HIGHER of the two scores. Yes, you can use a 3 x 5" card for the re-take too. Details of how and where to do the quiz
re-take will be provided in class.

NOTE: you cannot take the Mastery quiz if you miss the regular quiz due to unexcused absence.

Your quiz point total will be based on the % of correct answers you get across all the quizzes you took, after dropping the
three lowest scores.

In-class activities and preparation: For each week's Module there will be a series of assigned videos to watch and
readings to complete by a given day and time. This will be tracked on line. The percentage of these you complete on
time will be used in calculating your "preparation” grade. Note that you should always complete these assignments
anvway, even if yvou happen to be unable 1o meei the specific deadline for a given component.

Each week (generally on Monday), we will have a visitor, either in person or by Skype. These will be really interesting
and important people who are scientists and biologists and doing cool stuff that you will want to know abouf. Each week
a set of students will be assigned to do a little research on the visitor and prepare a question to ask him/her. These will
serve as "conversation starfers” during the Monday visits. Completing this will be part of your participation grade.

Each week (generally on Wednesday and Friday) we will have in-class exercises and activities that will help you learn the
material. Your "in-class activities" grade will be based on the percentage of these sessions that you satisfactorily
engaged, as judged by your instructor and TAs who are involved in that session. Details about this will be explained in
class. One way to be sure to be marked "unsatisfactory” is to arrive late, leave early, mess around, randomly surf the
Internet, or otherwise fail to participate fully in the learning activity.

To get participation credit for Active Learning Activities, you must:
1y Be present for the full class period and check in with your clicker when the instructor asks
2) Be actively engaged in the activity during class
3) Turn in necessary documents for each activity

There is also the opportunity to earn "extra credit” during the Active Learning Activities. [ your group does an
exceptional job on the activity you turn in, you wili receive one extra credit point for that activity.

Points Present for full Engaged in | Activity Completed

Allocated class period? activity?

0 N0 no Turns nothing in

1 yes yes Completes activity; may have some misconceptions about material

2 yes yes Demonstrates exceptional understanding of material; answers are very
‘ thorough and thoughtful

Remember, you must complete ALL three components to receive credit. For example, if you are not present in class, but
turn in the activity, you will NOT receive any credit. Sorry, but NO EXCEPTIONS. It is also your responsibility to make
sure you are marked as present for class.
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Mid-term exam: We will have one mid-term exam with about 25 questions, building on materials from the first part of
the class. Because we are not interested in memorization, you can bring one 8.5 x 11" sheet of notes to the exam (yup,
both sides!). This exam will be given during the regular class meeting on 10 October, with a re-take version on 17
October (see below). DO NOT MISS THE 10 OCTOBER EXAM; you are not eligible for the re-take opportunity if you
are unexcused from the 10 October exam.

IMPORTANT! Everyone will have the chance to re-take the mid-term exam the following week. To do the re-take, you
must complete at Jeast two of the weekly Mastery exercises from the preceding weeks during the period between the first
mid-term and ihe re-take (feel free to do more than 2!), Once you complete those mastery exercises {and you canrnof do
the re-take unless you have completed them), you will be able to re-take a new version of the mid-term. 1 your grade for
the mid-term was >75%, your mid-term grade will be the AVERAGE of your two scores. 1f your grade for the midterm
was <75%, then your mid-term grade will be the HIGHER of your two scores.

Final exam: We will have a final exam with about 50 questions, building on materials from the entire class but focusing a
bit more on the second half. Because we are not interested in memorization, you can bring oneg 8.5 x 11" sheet of notes to
the exam. This exam will be given on a particular day during finals week. Please check the ASU Exam Schedule. DO
NOT MISS THIS EXAM. Unfortunately there will be no opportunity for a mastery re-take of the final.

Attendance and excused absences: You must attend all class meetings in order to take the quizzes and engage the active
learning materials. However, illness and other matters can happen to all of us, so don't come to ¢lass sick. 1T you miss an
in-class quiz, there are no make-ups but you can present us with written documentation from your doctor or the student
health center within one week of missing the class to obtain an Excused Absence and then take that week's quiz during the
following week as part the Mastery process. (Excused Absences can also be obtained due to family emergencies; these
should also be documented.) Otherwise, that "miss" will be counted against the three "low score” quizzes that you are
allocated to drop,

Unexcused absences from active learning sessions will affect your preparation/participation points as described above. Ja
addition, bevond three missed sessions, each one will cost you 2.5% of vour overgll grade in the class (e.g. 25 poinis). If
you have questions, please come see us. Note that Excused Absences can also be obtained if you miss class due to
official university-sanctioned activity according to standard ASU policy. Note that accumulation of multiple Excused
Absences will probably initiate a discussion of a medical withdrawal from the class.

If you have a documented illness that resuits in having Excused Absences trom both offerings of the mid-term, your mid-
term exam grade will be calculated based on your scores on the weekly quizzes and the final exam. Without that, you
will get a zero for the mid-term. Similar rules hold for the Final Exam. [t wili not be possible be excused from both the
mid-term and the final; such a case would entail a medical withdrawal.

Finally, note that it is your responsibility to keep up to date on ail announcements and updates provided by the class
Blackboard site,

The Biology 151 Laboratory

The laboratory is a critical part of BIO151. These are not cookbook exercises in which you are told to this, then that, and
then that. Instead, you will be doing science in the lab, trying to solve problems, and formulate and test hypotheses
scientifically with hands-on materials. The points you earn in lab are based on a mix of quizzes, homework, and a project
assignment. Your lab teaching assistant (TA) will explain the details when you meet in lab. Because of the importance of
the lab physical experience, you must attend all faboratory meetings. 1f you have a legitimate excuse to miss your
scheduled meeting, you MUST make an arrangement with your TA to attend another lab section during that same week.
If you miss or depart early from one lab exercise, you will lose 25 points. If you have two such unexcused absences, you
will lose an additional 50 points from the course total. If you have three absences from labs, whether they are excused
OR unexcused, you will receive a failing grade for the course {except for medical withdrawals). (Late-registering
students who have missed a fab due to late registration must contact their lab TA regarding the absence policy as it applies
to the first weeks of class.) Please note: If your lab falls on a holiday then you MUST sign up and attend a make-up lab
within that week. Your TA will provide further information. Your TA will also have a more detailed syllabus that has
useful information about what to expect in lab.

Academic Integrity

In the “Student Academic Integrity Policy” manual, ASU defines “'Plagiarisim” [as] using another's words, ideas,
materials, or work without properly acknowledging and documenting the source. Students are responsible for knowing
the rules governing the use of another's work or materials and for acknowledging and documenting the source
appropriately.” You can find this definition at: https://provost.asu.eduw/academicintegrity/defined
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Academic dishonesty, including inappropriate collaboration and the uncredited use of other’s written work wiil not be
tolerated. We're quite serious about this. There will be severe sanctions for cheating, plagiarizing, and any other form of
academic dishonesty, including an “EX” grade for the course and referral to the relevant University judicial body. 1t is the
student’s abligation to read and uphold the ASU Academic Dishonesty Policy and act with honesty and integrity and
respect the rights of others in carrying out all academic assignments and examinations.

You are strongly encouraged to work in groups for appropriate activities in class and when studying. However, graded
assignments must always be your own independent work. Students who submit identical or reworded papers or writings
of others will be subject to disciplinary action. NOTE! Misuse of TP clickers that may be used in quizzes constitutes
cheating and will be dealt with accordingly.

Boitom line: Don't cheat - you're a better person than that!

Threatening and Disruptive Behavior

This is just a small, hopefully superfluous, reminder that ASU has strict policies about student behavior that interferes
with the peaceful conduct of university-related business or activities. Consult Student Services Manual sections SSM
104-01, 88M 104-02, and SSM 20110,

SI (Supplemental Instruction)

SI secks to help students process material presented in ¢lass through facilitated group discussion led by a trained peer who
has already successfully completed introductory biology coursework and beyond. More infermation will be available on
Blackboard under the $1 Study Group or via our BIO151 SI facilitator Chaytee Kohler (Chaylee. K ohleradasu.cdu).

Blackboard Help

You will be using Blackboard a lot this semester. Here are some resources to help if you encounter problems:
o Blackboard help for students: http://asu.force.com/kb/articles/Informational/Blackboard-Help-for-Students/
»  Blackboard Test Survival Guide: hutp://asu.force.com/kb/articles/Informational/Blackbeard-Test-Survival-Guide/
»  You can search the student’s knowledge base at http://asu.force.com/kb/ to locate links to other help articles.
+ For immediate assistance, call ASU at 1-855-278-5080. If you have technical problems, please call them!
*  Visit the My ASU Service Center (my.asu.edu/service) to get personalized support through 24/7 tive chat or by
submitting your request online.
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Class Schedule

Week of:
81712014

8/24/2014

B/31/2014

9772014

9/14/2014

9/21/2014

9/28/2014

10/5/2014

101272014

10/19/2014

10/26/2014

11/2/2014

11792014

11/186/2014

1172372044

11/3072014

Module

Module 1: Science & Reason
Module 2: Diversity/Taxoncmy
Module 3: Ecolegy
Modute 4: Evoltion 1
Moduie 5: Evolution 2
Module 6. Genefics
Module 7: Genetics (con't)
Module 8: Cells
Module 9: Molecular Biology 1
Module 10: Molecular Biology 2
Module 11; Respiration & Photosynthesis
Module 12: Organismal Systems
{diabetes)

Medule 13 Glohal Systems
{ctimate change)

Module 14: Science & Reason 2

Module 15: Synthesis & Integration

(no quiz}

NO CLASS

C
{quiz})
c

{quiz)
c

(quiz)
c

(quiz)
Al

NO CLASS

C
{quiz}
Cc
{quiz}
c

(quiz)
c

(quiz}
c

{quiz}
C

(quiz)
[

(quiz}

AL
C
(quiz}
AL
AL
AL
AL
C (cells}
{quiz)

AL

AL

AL

AL

AL

A

AL

{no quiz)
AL

AL
"
A

MIDTERM EXAM

MIDTERM EXAM
(re-take)

AL
A
AL

AL

AL
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Weekly

learning objectives for BIO151 Biological Thinking

Science & Reason

Nature

of Science
Identify and describe the philosophical assumptions and limitations of science
Differentiate among claims/approaches that are scientific and non-scientific
Use evidence to rank scientific explanations
Recognize some defining attributes of scientific knowledge

o It can be biased, but the rules of science are geared to minimize bias.
It is stronger when it has multiple lines of evidence.
It is always open to change with compelling new evidence.
It is established through “fair tests.” (“controls”
[t is not about achieving complete certainty, but rather about achieving relatively
low degrees of uncertainty.

G O O 0O

Process of science

Identify, describe, and apply the scientific method, including basic techniques such as the
use of controls

Difterentiate among facts, hypotheses and theories.

Recognize the role of uncertainty as a necessary feature of the nature of science

Describe why the outcome of a single experiment is rarely sufficient to establish a
knowledge claim

Recognize and explain the differences between a hypothesis and a prediction

Context of science

Biologi

Recognize and demonstrate the use of scientific reasoning in personal and societal
contexts

cal Diversity & Taxonomy

Science

Content
Recognize the extent and patterns of distribution of species diversity on Earth.
Understand the nested hierarchy of shared characteristics
Use observations and data to classify organisms
Recognize and use the Linnean system of biological classification

Process of science

Describe the science of taxonomy and the role of biological classification

Context of science

Recognize the historical context of taxonomy during “Age of Discovery,” Linneaus, ete.

Ecology

Science

‘onlent
Understand some of the major hypotheses for observed variation in species diversity in
ecological communities.



- Understand concepts of exponential vs logistic growth and explain the concept of carrying
capacity in an ecosystem.

- Understand the effects of limiting factors on population distributions and dynamucs.

- Analyze possible causes of population fluctuations

- Describe competitive, mutualistic, predator/prey, and parasitic/disease relationships
Process of science

- Use a model to generate and test hypotheses

- Describe and apply concept of multiple causality
Context of science

- Recognize implications of concepts such as exponential growth, carrying capacity, and

limiting factors for human society.

Evolution 1 and 2 (From whence diversity?)

Science Content
- Describe and distinguish creationism, spontaneous generation, and evolution
- Understand and evaluate evidence including the fossil record, homologous traits, vestigial
traits, biogeography, and experimental data to assess the validity of the three hypotheses.
- Describe the theory of uniformitarianism and understand its contribution to the
development of the theory of evolution.
- Understand how evolution/diversification can account for hierarchy of shared
characteristics (including homologous traits, vestigial traits)
Natural Selection
- Describe Darwin’s theories and explain how heritable variation and limits on
reproductive success lead to differential reproduction (natural selection)
- Propose explanations for the rise of adaptations that are consistent with evolution by
natural selection.
- Understand the differences between Lamarck’s hypothesis of evolution by inheritance of
acquired characteristics and Darwin’s theory of evolution by natural selection.
Speciation
- Describe Darwin’s theories and how principles of natural selection can lead to speciation
- Define and differentiate between allopatric and sympatric speciation
- Propose and analyze scenarios by which speciation might occur.
- Describe the biological species concept
Process of science
- Distinguish between a theory and a fact in the context of evolution.
- Understand how creationism violates the assumptions of science and identify and
articulate the misconceptions/logical flaws of arguments from intelligent design.
Context of science
- Understand the key elements of the historical context within which Darwin’s ideas
emerged and the events in his life leading to his theory.
- Distinguish between societal controversy about evolution and scientific status of
evolution within biology
- Recognize relevance of constitutional limits regarding public school instruction about
origins.



Genetics 1 and 2 (Inheritance)

Science Content
Probabilities
- Calculate probabilities and make a prediction of probabilities of contingent and
alternative outcomes
- Recognize common misconceptions about randomness (e.g. representativeness, recency,
effects of sample size)
- Describe the law of large numbers and its implications for sample size and replicates,
Introduction to Mendel and single trait crosses
- Recognize the historical context within which Mendel’s ideas emerged.
- List the aspects of Mendel’s experiments that enabled him to postulate his laws of
inheritance.
- Understand the assumptions and limitations of Mendel’s model of inheritance,
- Make predictions and interpret results of single trait crosses.
- Recognize the role of Mendelian inheritance in various genetic diseases affecting
humans.
Extension to two traits {dihybrid)
- Understand Mendel’s law of independent assortment and make predictions of two- trait
Crosses.
Process of science
- Recognize the historical context of genetics concepts leading up to and as transformed by
Mendel
Context of science
- Recognize the medical and ethical implications of Mendelian inheritance for human
disecase

Cells (Cell Theory, mitosis and meiosis)

Science Content
- List the differences between eukaryotic and prokaryotic cells.
- Delineate the components of Cell Theory
- Name where chromosomes are found in the eukaryotic cell and explain why
chromosomes come in pairs.
- List the “purposes” for mitosis (growth, repair, asexual reproduction)
- Understand the function of mitosis in terms of the genetic composition of progeny cells
- Explain the importance of meiosis and sexual reproduction in how it relates to Mendelian
inheritance.
- Explain the differences between somatic cells, gametes, and embryos, while also
understanding how they are related to one another.
- Be able to identify which cells are diploid or haploid (in an average eukaryote)
Process of science
- Recognize the historical events leading to the development of Cell Theory
- Understand the design and interpretation of Pasteur’s experiments with "spontaneous
generation”
Context of science



- Understand the nature of different categories of stem cells and their potential medical
implications

Molecular Biology 1 (What are genes made of?7)

Science Content
- Evaluate various lines of evidence to determine whether DNA or protein is the molecule
of inheritance.
- Use evidence to explain the structure of DNA.
- Understand how the structure of DNA lends itself to replication.
- Understand how chromosomes, genes, alleles and DNA relate to one another.
Process of science
- Recognize the historical events leading to the discovery of the structure of DNA

Molecular Biology 2 (How do genes woirk?)

Science Content
- Describe the central ‘dogma’ of molecular biology.
- List the differences between RNA and DNA.
- Understand the structure and functions of proteins.
- Describe and accurately demonstrate the processes of transcription and translation
- Predict the effects of mutations on an amino acid sequence.
- Describe how DNA, genes, alleles and mutations relate to evolution by natural selection.
- Delineate the similarities and differences between proteins and nucleic acids
Context of science
- Understand the societal (moral / ethical, economic) implications of genomic technologies
for medicine, agriculture, industry, criminology, etc

Respiration and Photosynthesis

Science Content
- Recognize various forms of energy in the physical world
- Perform an energy balance of an organism.
- Recognize the definition of Calorie
- Relate the physical rules of energy balance to the biological problem of weight gain / loss
via diet and exercise.
- Recognize and apply the Laws of Thermodynamics in biological situations.
- Explain and delineate the process of aerobic respiration, accounting for the molecules
involved, including those consumed and produced.
- Explain how aerobic respiration releases energy from sugars while capturing it in useful
form.
- Explain and delineate the process of photosynthesis, accounting for the molecules
involved, including those consumed and produced.
Process of science
- Recognize the historical events surrounding "phlogiston” theory and how it was
transformed to our modern understanding of respiration and photosynthesis



Context of science
- Understand the complexities and socictal implications associated with increasing obesity
in the USA.

Organismal systems:; Homeostasis and health

Science Content
- Analyze and understand the physiological mechanisms of glucose regulation as a
homeostatic system.
- Explain diabetes as a failure of homeostatic regulation,
- Describe and explain the structure and nature of positive and negative feedback systems.
- Diagnose interactive systems as involving positive or negative feedback
Process of science
- Understand the key findings and experiments leading to our modern understanding of
diabetes
Context of science
- Recognize the impact of current trends in diabetes in modern society.

Ecological systems: Global change

Science Content
- Evaluate the controversy surrounding global climate change by examining scientific
evidence.
- Explain the roles of photosynthesis and respiration in the global carbon cycle.
- Distinguish between anthropogenic and “natural” sources of variation in the climate
systems.
- Understand the roles of different atmospheric components, including H20, CO2, and
CH4, in altering the radiative balance, and thus temperature, of the atmosphere.
- Analyze changes in atmospheric CO2 concentrations in terms of input and output models.
Process of science
- Read and interpret graphs.
- Understand the role of computer models in scientific investigations
Context of science
- Understand the process of peer review and the meaning of scientific consensus in the
context of climate change.

Scilence & Reason 2

Science content
- Use a chi-square test to estimate the probability that a given outcome is just due to
chance.

Process of science
- Apply critical thinking and scientific reasoning to evaluate medical claims
- Explain and distinguish important study design components involved in testing medical
(and other) claims: randomization, placebos, double-blind design



- Understand and apply the components of the SEARCH formula to extraordinary claims
- Recognize the limitations of "post hoc" analysis in the context of claims of prophecies
of future events.

- Use evidence and the Criteria of Adequacy to rank competing explanations

- Identify, describe, and apply the scientific method, including basic techniques such as
the use of controls

- Recognize the role of uncertainty as a necessary feature of the nature of science

Context of science
- Recognize and demonstrate the use of scientific reasoning in personal and societal
contexts
- Recognize the role of government regulation in products making medical claims and the
limitations of such regulations

Wrap-up
The main objective for this week is:

- to gain a broader perspective on our class, on the role of science in an industrialized
economy, and on the role of critical thinking in the functioning of a democracy



