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[Biology for the AP® Course is]
not just a repurposed college text.
~ Mary Jane Davis, Red Bank

Catholic HS, NJ

The word is out...

This is a textbook | would actually

Biology

use in class instead of a reference 7 : EoralE

book that I [tell] students to keep at AP® Course | love the organization of this book [as]

home. ~ AP® Biology Teacher | It is very streamlined. | was super

Atlanta, GA

excited to see built in science skill

practice within the modules, such as
the [Analyzing Statistics and Data
Boxes]. | usually have to build a
separate unit and find a way to put this

| was impressed that the sequencing of

materials was so logical. It was incredible that missing material in, [so] | could see this

it followed exactly the sequence that | use
when | teach without a textbook. | love the
integration of statistics which | don't feel most
textbooks include. ~ Brandy Tanner | Mt.
Abram High School, ME

simplifying my job and helping my
students, reducing all of our stress
levels. ~ Andrea Schmidt | Platte
County HS, MO
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BFW gets you AP® Ready
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\i

For students, taking an AP®
course is their Mt Everest

Research

Make a plan

Watch the videos

Read the Guidebooks

Do everything you need to do to
prepare...

o“i"‘:

q i But a Sherpa knows the in/outs, has
) % been on the trails, is skilled. BFW is
%\g the Sherpa your students need!
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The Editorial Story... Starts with Jen

“Teachers don’t have to be Google, and lessons
don’t have to go perfectly. As teachers we need
to remember that we are facilitators. If we
provide the questions and the means, what our
students do with those questions is what drives
the lesson.”
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Structured for the AP® Classroom

Follows the AP® Biology Course and Exam Description
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Start with the CED Develop AP® Program Deliver a Program
That Fits



A | bedford, freeman & worth
P | high school publishers

Fully Aligned to the New CED

e Units CollegeBoard AP® Bio CED Biology for the AP®
: . . Course
Unit 1: Chemistry of Life Unit 1: Chemistry of Life

Unit 2: Cell Structure and Function Unit 2: Cell Structure and Function

Unit 3: Cellular Energetics Unit 3: Cellular Energetics

Unit 4: Cell Communication and Cell Cycle Unit 4: Cell Communication and Cell Cycle
Unit 5: Heredity Unit 5: Heredity

Unit 6: Gene Expression and Regulation Unit 6: Gene Expression and Regulation
Unit 7: Natural Selection Unit 7: Evolution and Natural Selection

Unit 8: Ecology

| Unit 8: Ecology
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Fully Aligned to the New CED

Units
Modules
o Modules correspond to topic areas in
the AP® framework
o Scaffolded
o Contains material for 1-2 class periods
o Includes review and practice

7

Unit 1: Chemistry of Life

Module 0: Introduction

Tutorial 1: Statistics

Module 1: Elements of Life

Module 2: Water and Life

Module 3: Carbohydrates and Lipids
Maodule 4: Proteins

Module 5: Mucleic Acids

Unit 2: Cell Structure and Function

Module é: An Introduction to the Cell

Module 7: Subcellular Compartments of Eukaryotes

Maodule 8: Cell and Organism Size

Module 9: Cell Membranes

Module 10: Membrane Transport

Module 11: Water Movement: Osmosis, Tonicity, and
Osmoregulation

Module 12: Origin of Compartmentalization and the
Eukaryotic Cell

Unit 3: Cellular Energetics

Module 13: Cellular Energy

Module 14: Enzymes

Module 15: Photosynthesis |: Overview

Module 16: Photosynthesis |I: Biochemistry
Module 17: Cellular Respiration |: Overview
Module 18: Cellular Respiration |I: Biochemistry

Module 19: Metabolism, the Environment, and
Evolutionary Fitness

Unit 4: Cell Communication and Cell Cycle
Module 20: Cell Communication

Module 21: Signal Transduction

Module 22: Changes in Signal Transduction Pathways
Module 23: Feedback in Cell Communication

Module 24: The Cell Cycle

Module 25: Regulation of the Cell Cycle

Module 26: Meiosis and Genetic Diversity
Maodule 27: Mendelian Genetics

Tutorial 2 Probability

Module 28: Non-Mendelian Genetics

Module 29: Environmental Effects on Phenotypes
Module 30: Chromesomal Inheritance

Unit 6: Gene Expression and Regulation

Maodule 31: DNA and RNA Structure and Function
Module 32: DNA Replication

Module 33: Transcription and RMA Processing
Maodule 34: Translation

Module 35: Regulation of Gene Expression
Maodule 34: Cell Specialization and Development
Module 37: Mutations

Maodule 38: Biotechnology

Maodule 39: Viruses

Unit 7: Evolution and Natural Selection

Maodule 40: Introduction to Evolution and Natural
Selection

Module 41: Natural and Artificial Selection

Module 42: Population Genetics

Module 43: Hardy-Weinberg Equilibrium

Module 44: Evidence of Common Ancestry and
Evolution

Module 45: Continuing Evolution

Maodule 44: Phylogeny

Module 47: Speciation

Maodule 48: Extinction

Module 49: Variation in Populations

Module 50: Origin of Life on Earth

Unit 8: Ecology

Maodule 51: Responses to the Envirenment
Maodule 52: Energy Flow through Ecosystems
Maodule 53: Population Ecology

Maodule 54: Effect of Density of Populations
Tutorial 3: Rate and Growth in Population Ecology
Maodule 55: Community Ecology

Maodule 56: Biodiversity

Maodule 57: Disruptions to Ecosystems

Cumulative AP® Biclogy Practice Exam

Tutorial 4: Graphing

Glossary/Glosario

Index

Answers to Concept Check and Review Questions
The Periodic Table of the Elements
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Fully Aligned to the New CED

Standard Deviation and Error Bars

For a detailed explanation of how to calculate standard deviation and standard error of the mean, anda
discussion of error bars, see "Tutorial 1: Statistics” on page 20. For reference, here are the equations for
standard deviation {s) and standard error of the mean (SEz).

T
5= \M SEp = —

Voa-1 Jn

e Units
e Modules .

. . SP5: Data Analysis and
e Science Practices ;:ms;m y

Statistics

SP3: Questions and Methods

2. The chemical serucrure shown below is cellulose. It is
made up of repeating ghacose molecules

(A G
L—rcC L—n0
.
WV NA N
™\ H ot H /1
N N
[ N b
(a) Identify the type of bond joining the ghicose
moleeules together.
(6) Cellulose is rigid and gives stracture to plant stems
and cell walls. Starch is also made of repeating

Big Idea 1: Evolution

’ S e A e e
Have you ever noticed how ants have the same body plan

Harooc 00 B e ol S T e
but may be big or small, black or red? In fact, there are more i these molecules are a major factor in their func-
than 10,000 different spedies of ants. A species is a group tional difference within living systems.

(c) Describe the sequence of chemical events which

fesen i Al o sl e e e

monomers.

of interbreeding organisms that produce fertile offspring.
A species is often distinct from other groups in body form
behavior, or biochemical properties. FIGURE 0.2 shows

Calclum (Ca)
- - - - 48
two ant specics. While there are many different species of

(d) Explain the difference between the sequence of

Phosphorus (%) chemical events to build cellulose with the chemical

. o 19%

ants and each has distinct characteristics, all ants have similar i, events necessary to break down cellulose. Use
traits that enable us to recognize them as ants. Such simi- sodumie arrows to represent where bonds would be broken
larities and differences are widely observed, and biologists Magnesim (Mg) within the cellulose molecule.

refer to them as the unity and diversity of life. The study

Matter

SP1: Concept Explanation SP4: Representing Data SP6: Argumentation
SP2: Visual Representation
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Science Practices

Tutorials (pg 21)
e Comprehensive explanations
statistics
growth equations
probability
o graphingskills
e Points to relevant Analyzing Statistics
and Data boxes for additional practice.

o O O

SP5: Data Analysis and Statistics

Tutorial 1: Statistics

Sm:\(lﬁ: evidence reely hinges on the result of  single
experimens, messurenent, o chaervation. As we dscumed in
Modale 0 any scientic i mst be bucked = by dia from
acrom mukiple

memtal proces or mukiis observastans b s the accumubeion
of evidence finen sy independens sounces, all potng in the
saeme diection, that lends wetght to 2 cientsic ypothests untd
eventually & heromes 3 theary

“This means that ay statement of 2 menher—ants cn caTy
10 ttmes thetr weight:a human oo can dide 2 26 hours—ts
acully 3 gatement of many menbers Flow do sciemeids deter
mine what zzrbes will reprzsere all of ther evperznentl etk
And how do scienssts sacomcely describe all of e indhidual
data potnis? Sathiics t & feld that heps scienttsts 1o crgantar,
analyne, and e trends 51 data. 1 this torsal, we will dbars sy
e=al aetutcal pok that belp o5 undertand and imterpest data e
will sart with 2 quick look 2t the tmne of precision I eporting
calrviarsen.

Significant Figures
n any seoosded data or quantitatve concs.

NA/) e o s e g . P e
o ez wmething 2d w2y & 5 2 meters ll, does that mean
1t exactly 2 meters or pethaps 2.03 meters o even 2,10 mesers?
Sigeficant fignres tndscate the precision of 3 messwement.
Stgeaficant fgners am meezbers that carry meastg, T example,
2 mesers has Jost one sigeificne fipeee becanse & has cedy ane
digit. By contrast, 2 03 has three sgrificant Sgures. The more
significant figures, the mere practe the mezurement.

In genezal, 2l naneesn numbers (1, 2,3, 22d 30 oo ane
Sgnficant Zeeus betwees othes nimmbers e b sgnifcant.
For example. 25 we noted, the mumber 2,03 has three sty
cant Bgures. Leading sercs frercs that e located to the |e of
ancther numbes) are not sgeicnt. The mumbes 0.02 hs anly
cne symificant Fgure. Tratmg zems frercs loczted 0 the righe
cf amother number) are also not sigeicant, except = mumibers
with 2 decemal patnt. For example, the mznber 210 b (frme
sgnificant fgares.

When daing calrulaticns, dgraficant figunes in a final answer am
determined by the number that & the lesst prectse in your dataes.
Howeesr, do st round tntermediziz values when you perfem
calalatsons; cly round your fina answes. For example, et sy
Yo & asked o calculate the 22 of 2 Tcangle findih fi)
height (A}, with = 4.33 feet and A = 2 fiset. The mwer s

5 feet. That fs: 4,33 2= 5.6, but the answer & sunded up

o 5 biscanse, smong the mumbers yom med in the cloultion, 3
heht of 1 feee—with cne sgnificint Sgume s the les precise
Dot that iF yom i round 4.33 to 4 and then do the closiation,
you get = amwer of 4 % vhich & incormed.

20 UNIT1 CHEMISTRY OF LIFE

tepyright
tsint y S P

Average: Mean, Med
and Mode

Whm sctentsts make observasions or
gt ressalis and collect datz The
mezsaremens tha bave not been

are known 23 aw data. For example, 2 doced
data dbeut your health, mch = height, wesg
breathing rate, heact rate, e biood prsarm

and analyze parerns

Tutorial 4: Graphing

Introduction

raphs serve a5 3 useful visual tool for sciennisss 1o identify

often cask
table. There are several different kinds o

uses. As you will sec. cer of daca are best suiced for cer-
tain types of graphs

In this rasorial, we will discuss some of the most commonly used

ground. Tocal tree height was also measured.

cr rine ample o that the concemtrations

[omae dmertoms [ 78 [ 27 [ 78 [ 225 |

be mezam O you sy st ko 2 vial 50
be chizmed o ook for comman genetic v

[agemgitis 61| 91 728 [152] v

ez The data colferted by physictars |
Ader sciemetus collect raw dta, they cfie
soeme way in codes to make sreme of i O
imvelves determining the average of 2 cf]
[Jmmlnln;(h- averape ke 2l afthe o
and provades 3 sgle,
e differznt was o calcate

Average height

Mean

“The first type and most comman type
mean. Given a set of value, the mean
all of the values n the datzset and divid]
valus 1z the datzset, which 1 indicated
Example: n the datzmet of mine valoes, 3,
the mean 1 determmmed bry adding 2 of
6+3+1+349+1+9) =34, and then
of vakaes =30, or 4 =6

“The mean m abo be cacutaed wang th
== +Z*.

A basic graph

teontl x-xxis and dh.

corresponding x

s W ®» 5 ®
Average Sameter (om)

uch 3 this one. s composed of two xes: dhe hor-

cal y-axis. Each axis has its own babel

is o th
s point hus

-axis a0 s vl

R

Graphs abo &

ure 3 scale. The scae i the sec of sumbers written
o each axis. In the graph of tree dmeter
X

night be good
fihe data are
2 scale with

times, the 0 point may be diff
especally if you are looking at 2

centimeters. The yaxis hnau s measured m
you are asked to give 3
raph. ke e to m

swer regarding reading 3 poiot on 2

aphs reveal trends or parrerns. For example, in both

the

b of tree heght and

1t 350 ncrease. Somctime these patiers are represented

by 2 trend line or line of best fit. Trend fines can appros
nd provide
2 They

in dats points. In the grap

of cert

the trend line is depicted with 1 re

ion of the data Not every point has

rough it. We are trymg to draw 2 line

ph.

o e approvimacely the
d ,m.,-,vm and shove the lie. Trend fimes can

or curved

ly hours. A student decided

6 Gt 1 i s or heand betwee:

TUTORIAL 4 GRAPHING TUT1

e ‘;

2 symibol 2t mmeam “the s of” ¥ mesmn Xt - % A,
whers x, & the mth, ar el value. 50 1t indicabes bt you s all
of the vakucs, And  idicaes et you divide the rosal by the
number of s

Median

Anceiier type of average s the meston. The modian s modde
valoe af 2 roep cf values That i, theee a2 25 mamy valoes Eilling
showe the medtn = below .

The medtan s sametmes usefil hecame it  lem influznced than
the mean i extrame vabses, called anhers An outher 1 2 data

point that 15 ves fferent from all of the othes data points and
hemeore cme that flls ol the cvesall patteem of 3 group of

1 P Pubiishir. UnssiTacted phoshs ki Bk e I this assple i plar
Swricty for

e i i prechucts. Mot o rmchatriusion.
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Science Practices

Analyzing Statistics & Data Boxes (pg 28-29)

Covers the statistics and mathematical tools in
AP® Biology

Reviews important skills from other courses such
as working with scientific notation and
percentages.

Each box walks students through a pra

problem and provides a Your Turn problem to try.
Further practice is available in the Teacher’s
Resource Materials and we include video

ANALYZING STATISTICS AND DATA ®

Percent Change

In biology, percentages are frequently used to describe and ana-
lyze data. For example, a researcher might use percentages to
describe the concentration of a solution, or to compare the num
bers of each gender in a group.

Percentages describe “parts per hundred” or “parts of a whole.”
For example, imagine you have 10 trees in your yard and 4 of
them are maple trees. You could say that & or 0.4 of the trees

in your yard are maple trees. However, you can also calculate
the number of maple trees per 100 trees, or the percentage of
maple trees. To find the percentage of maple trees, you multiply
0.4 by 100

0.4 x 100 = 40%

In other cases, scientists might be interested in calculating percent
change. This is useful to compare an initial value to a final value
which allows you to see how much something has increased or
decreased. Use the following formula to calculate percent change:

final value - initial value

% change = x 100

initial value

If the final value is larger than the initial value, the percent change
is a positive number, representing an increase between the values
you are comparing. If the final value is smaller than the initial value,
the percent change is a negative number, signifying a decrease

between the values you are comparing.

[RACTICE THE SKILL

ft's look at an example of how percent change might be used

himes Kirkham Ramsbottom discovered a way to eliminate para-
tes from daffodil bulbs by immersing them in hot water. Before

e found an effective soaking time of 2 to 4 hours, he immersed

0 bulbs for 30 minutes and 50 bulbs for 1 hour. At the end of

0 minutes, 10 of the daffodil bulbs were free of parasites. After
hour, 25 of the bulbs were free of parasites. What was the per
nt change in the number of healthy, parasite-free bulbs as the

Inmersion time increased?

o start, we must find the two values we need to calculate
ercent change. After 30 minutes, 10 of the 50 bulbs were free
f parasites. The initial value is 10 bulbs. At the end of 1 hour,
S bulbs were free of parasites. So, the final value is 25 bulbs

ow we can plug these values into our formula

-10
10

% Change = 22=19, 100

15
% Change = 2= x 100

% Change = 1.5 x 100
% Change = 150%

here was a 150% increase in parasite-free bulbs as Ramsbottom

hanged the immersion time from 30 minutes to 1 hour.

Your Turn

The emerald ash borer is an invasive species that has destroyed ash fee populations in North America. Before the inse

one forest contained 300 ash trees. A number of years

By what percent did the ash tree population decrea

fter the ash florer was introduced to the area, only 60 ash trees re

ained

o Here's how percent change might f applied to a real situation:
o James Kirkham Ramsbottom 3ffovered a way to eliminate parasites

walkthroughs for students in the digital platform.

SP5: Data Analysis and Statistics

1

Percent Change: Pra

from daffodil bulbs by immersiNg them in hot water. Before he found

ce the Skill

an effective soaking time of hours, he immersed 50 bulbs for 30
t the end of 30 minutes, 10 of the

™
daffodil bulbs were free of p
were free of parasites. What was the percent change in the number of
healthy, parasite-free bulbs as the immersion time increased?

es. After 1 hour, 25 of the bulbs
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Science Practices

Practicing Science Boxes
e Evaluate key experimentsin the
history of biology, while addressing
the science practice of questions and
methods
e AP°®FRQ Practice Question
concludes eachbox pg74

Practicing Science 0.1

Using observation and experimentation
to investigate a horticultural problem

Background Scientific inquiry is often called upon to address prob-
lems that arise in society and industry. In 1916, British horticulturalists
were concerned with a disease that killed daffodils. Daffodils grow
from bulbs, which are large underground stems that store energy and
are seen in many plants, such as daffodils, tulips, and onions. However,
the disease caused leaves to wither, bulbs to become discolored, and
eventually death of the plant. The demise of the plants represented

a substantial loss of commercial production and income to the hor-
ticultural industry. While some suspected a fungus caused the plant
deaths, no one was able to determine the source of the problem.

The British Royal Horticultural Society took up the cause and assigned
the problem to James Kirkham Ramsbottom. At the time he was a
top student at the Royal Horticultural Society’s garden in Wisley, a
community near London.

Observation and Hypothesis Ramsbottom began by making
observations. He examined hundreds of diseased bulbs, preparing
microscopic slides and studying them closely, While he did see fungi,
Ramsbottom observed that all of the diseased bulbs contained a
parasitic worm, Tylenchus devastratix. Ramsbottom hypothesized that
the worm was the cause of the disease afflicting the plants and pre-
dicted that if he could devise a way to kill the worm without killing the
bulbs, the disease would be eliminated

Experimentation Ramsbottom launched a series of experiments

SP3: Questions and Methods

T a7
worm while keeping the plant alive. He tried chemical treatments,
spraying the plants and dousing them, He experimented with both
gas and formaldehyde. He settled on the use of heat. Ramsbottom
immersed the bulbs for different amounts of time in hot water. The
photograph shows the removable wire basket and copper boiler that
permitted Ramsbottom to heat the daffodil bulbs for different periods
of time. He determined that soaking them in 110°F (43°C) water for
2 to 4 hours left the bulbs intact while the parasite was eliminated
Untreated, infected daffodil bulbs failed to grow, died, and did not pro-
duce flowers. The heat-treated daffodil bulbs grew normally and pro-
duced the sought-after plant and flower. Today, the Ramsbottom heat
treatment is still used in virtually the same manner as he developed it

SOURCE
Flower Preservation, 1916. The Scientist, 2:64. Photo: RHS Lindley Collections

AP® PRACTICE QUESTION

James Kirkham Ramsbottom used the process of scientific inquiry
to figure out what was causing the death of daffodils. Organize the
description of his experiment by identifying the following

The scientific (testable) question

The hypothesis

The independent variable

The dependent variable

The experimental group

oV EWN -

The control group




2. Nonmutant B. Norsense mutation o , antibiotics, pan-
TEACH e —— creatic enzyme supplements. and good nutrition. the average
" CCTGAGGAG CCTTAGGAG o,  life expectancy of a person with cystic fibrosis is currently
bedford, freeman & worth Teaching Tip (SP6) SAASIGSLS  SSARMSSES 5 1 40 yean s comtioncs o e
. ; (5 min.) As part of your discussion of the Nimacitid sasearions respowmible e cystic B .
F — u s responsible for cystic fibrosis occur in
h\gh school DUDhSherS varying effects of different kinds of small — [ ! the gene he cystic fibrosis transmembrane con-
— .
mutations, ask students to predict which CCUCACCAZ ccumaccac ™A ductance regulator (CFTR). The CFTR protein is a chlo
type of mutation has the potential to Transiation —I—‘—l——r TT ride channel, which acts as 3 transporter to pump chloride
h 4 =
be more damaging with respect to the - # sor Foxe)

protein: a point mutation or an insertion.

° ° the function of
Ask students to justify their prediction. FIGURE 37.2 A nonsense mutation : s
asmosis, the e
Answer: Insertions have the potential A point mutation that crestes a stop coden is caled 3 nomsense here the CETR
to be more damaging with respect to mutation. (a A small portion of the ronmutant sequence of the MR e

b glotan gene leack to the synthess of s proten with amino acds fibrosis, including 2 mutation
the protein because if one or two (but Pro-Giu-Glu. (o) A nonsense mutation changes an amino scd toastop  known as ASO (deira 508), which is a deletion of three

ns can contribute to cyst

not three) nucleotides are inserted, the codon, resulting in & shortered and unstable proten, 0 ths cse. nucleotides that climinates a phenylainine normally present
. entire reading frame is shifted after the ending i the amino acid Pro at position 508 in the procein, shown in FIGURE 37.3, The
mutation, resulting in a change in all
Argumentation on, et ina chang st e
the amino acids that follow. e e e 5
ter Pro. Nonsense mutations nearly TAGAAACCA TAACCA

e Teaching tips (note the SP numbers) T T e Ry L

p| Making C ions (SP6) down by the cell IS W ..
o e, P”| (10 min.) On the exam, students often AUCUDUGGU AUUGGD
[ ) Act I V I t I es fail to provide reasoning connecting Small Insertions and Deletions e O [
a change on the molecular level (for Another relatively common type of mutation is the deletion o ] B8 ro
example, a mutation) to a change in or insertion of a small number of nucleotides. In noncod- Masing Foocaen
[ ) S or decrease in levels of functioning RNASs or proteias, such mutations have little or no | e o e g

point mutations. In | 2 missing amino acid.

proteins). To provide practice, ask the
following question, available in the

—— handeut- exolain why dual

regions, the effecss of deletions or insertions

nsertion that is an

end on their size. A amall &

L8
6.1 The cell 1s the Tundamental

the ph . .
e | Bell Ringer unit of life
Section 2: Free-Response Question 3) Identify rwo properties of proceins that cause them to ik 6.1 Cell Theory (SP6) T'he cell is the simplest structure that exists as an indepey
. on that causes c) - - "
Write your answer to each part dlearly. Support your answers migrate to different positions on gels. Rl ac’: (15 min.) The cell theory, a unifying dent unit of life. Every Living organism is cither a sing
with relevant information and examples. Where calenlations b) Predict the number of bands that would be observed osmosis. Answer: |  concept in biology, has three critical cell— unicellular—or a group of a few to many cells
are required, show your work. on the gel if proseins were isolaed from a bind that is missing anamind _ claims: all organisms are made up of multicellular FIGURE 6.1 shows examples of both unicell
Variation in the DNA sequences of genes encoding omozygous for one allele of the gene encoding the shape of the pro]  (oils: c.ells WS il v of Iar and multicellular organisms. Most bacteria, yeasts, and t
proteins can result in different individuals in 2 population protein. e protein isa chlol . "L ; tiny algae that float in oceans and ponds spend their lives
carrying versions of the protein that have different amino €) The researches clain that the gel shown i the figuse mally transports| " and cells come from preexisting single cells. In contrast, plants and animals concain billions
acid sequences. The proteins can be isolated from tissue sadicates that some birds ia the sest may have diferenc of the cell. The a|  cells. Ask students to consider what trillions of cells that fimction in a coordinated fushion
samples and separated with gel electrophoresis. The fathers. Provide evidence to justify whether you channel does no{  they already know about cells, then FIGURE 6.2 shows examples of different types of cell
migration patterns of the isolated proteins reflect the sepportorasiine dhiy cleim vane, which "’:“" choose one of these three claims, turn Most celks ase tiny, with dimensions that are too small f
genotype of the individual from which the proteins were [tmoveoutofthl . o oortner, and describe evidence in the naked eye to see. The cells that make up the layers
isolated. ws solutes in osm ¥ 3 X
moves out of the |  support of the claim. Students can fill out
A researcher isolated a specific protein from blood builds up in the lur| their claims and evidence in the table, 92 UNIT 2 CELL STRUCTURE AND FUNCTION
samples taken from 2 mocher bird and the sex chicks in s have written an | which is availeble in reproducible form in
her nest. The researcher separated the proteins on a gel them to switch p3
and obtained the pattern shown in the figure. The gene b underine the| ¢ handout.
encoding the protein is encoded by a single gene that is on e, circle the evide .
an autosomal chromasome taboxaround t|  Answers will vary but may include:
pnnects the two. 0 .
Mothor Chick Chick Chick Chick Chick Chick Clalm Ev‘denca —
loatiog D81 2 3 4 5 &
welfs = T — I — T — All organisms are made up of Look under a microscope to see that organisms are
s
] cells. composed of cells.
3 -
= = = - Cells are the fundamental unit of All the metabolic processes that keep an organism
8 - - - life. alive occur at the cellular level.
S| - - - -
§ "
5 - ol If you explore anything smaller than the cellular level,
. & the characteristics of life cannot be supported.
.
SPG' Argumentatlon Cells come from preexisting cells. | Cells multiply through cell division to produce more
cells.
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Visual Synthesis Figures

An Essential Visual Program These graphics present key concepts in a

visual way, while helping students make
connections among Biology topics. Pg 19,261

VISUAL SYNTHESIS 1.1 THE FOUR BIG IDEAS OF AP® BIOLOGY

g the process of natural selection, species become ' B
adapted to their environments. For example, *

ancastors of the snowshce hare and Canada lyrox |
thmadapmlmsmnh\tresedthv /

§ EVOlULiON imestiztes chngesinthe (N

genetic makeup of a

population over time. Through

Vopustion can be as small as a cell or as large as the blosphe!e
R0y bl g New biological sy
20l M - the interactions of organisms suchasCanada M\xand
Y 4 snowshoe hares, and thiough interactions between
T species and their environment.

harss
ability to change coat mlovmlhmeseasons

J Systems Interactions
examines the way the components of biological

systems interact with and affect one another. A system

Copyright © 221 BFW Pussishars. Uivcermacted rocks have bean uaed in this sengle chapter.
Oiststustad by SFW Pubdnhers. Stict for cee wifh s prodic. Not o rederiusion

"4 energy with their environment. For example, Canada
"y lynx and showshoe hares acquire, store, and use the

SN  to maintain homeostasis, grow, and reproduce.

e ide colls and 9 - the biasphors, o the process of evolution, which has.

Energetics e teproceses

used by cellsand organisms to exchange matterand |

energy and matter obtained from the environment

Information Storage
and Transmlssmn expores

and organisms. Usmg mformaxm tored in DNAand
Canada tohunt
nspvzymdthesnawslwehar:knmhwmevadens
predator. These behaviors are transmitted to offspring
through DNA and through the process of learning.

SP2: Visual Representation
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An Essential Visual Program

e Hundreds of PHOTOS bring biology
to life and figures help

communicate concepts.

FIGURE 1.15 Lipids

When oil, which is a lipid, is mixed in water, it forms di
minimize its contact with water. Oil, like all lipids, is hy

SP2: Visual Representation
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An Essential Visual Program

e Hundreds of PHOTOS bring biology
to life.

e GRAPHS appear in both the text and
problems, providing ample
opportunities to learn how to read
graphs and understand the
relationship between data and
visual display.

SP4: Representing Data

Average heart rate (beats per minute)
3

Average heart {
rate of students
70| after O cups -~ Error bar
of coffee
60 \E
0 1 2 3 X
Cups of coffee

FIGURE 0.8 Error bars
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An Essential Visual Program

Hundreds of PHOTOS bring biology
to life.

GRAPHS appear in both the text and
problems, providing ample
opportunities to learn how to read
graphs and understand the
relationship between data and
visual display.

ILLUSTRATIONS show key concepts
that provide details that help
students understand structure and
function.

SP2: Visual Representation

Matter

FIGURE 1.1 Flow of matter and energy

Matter, such as a carbon atom, cycles among organisms and the
physical environment. Energy, like solar and chemical energy, is

harnessed by organisms to do work and needs to be constantly
added to the system to sustain life.
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Interweaving the Four Big Ideas of AP® Biology

Each module is framed with a
Focus on the Big Ideas prompt
at the beginning and a related
Revisit the Big Ideas question at
the end.

* PREP FORTHE AP® EXAM

FOCUS ON THE BIG IDEAS

ENERGETICS: Look for the elements that make up all
organisms, and the way in which organisms exchange these
elements with the environment.

-

a

\.

REVISIT THE BIG IDEAS

ENERGETICS: Using the content in this module, identify the
key elements that all organisms obtain from the environment

nd exchange with the environment.

! PREP FOR THE AP® EXAM -\

J
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Form and Function
Combined.

e Learning Goals —m

Nucleic Acids

LG 5.1 Nucleotides are the building blocks of nudleic acids.

LEARNING GOALS

/

In the last few modules, we introduced three of the four

LG 5.2 Phosphods bonds join 4 o
LG 5.3 Cellular DNA takes the form of a double helix.
LG 5.4 DNA and RNA have similarities and differences.

Bosodesroy | i to shor ) N

to form nucleic acids.

length. Some of the information in DNA encodes proteins

1.4 b ol ob L ok 211

organic mole

3 i '
“’fl‘m;‘ seen "fl 5.1 Nucleotides are the building
T TSNS blocks of nucleic acids

Just as proteins are polymers made up of amino acids and

discussed 1n Moy
long, linear strin
various combinat] carbohydrates are built from simple sugars, nucleic acids

dimensional shap such s DNA and RNA are polymers of nucleondes. In this

— secuion, we will examine the structure of nucleotides, the
butlding blocks of nucleie acuds

Nucleotides consist of three basic components: 3 base, a
S-carbon sugar, and a phosphate group. These three compo
nents are shown in FIGURE 5.1, Each component plays an
important role in the overall structure of DNA, Let’s consider
cach one in turn

The first component 15 4 nitrogenous base, which

a cyclic molecule that containg nitrogen, carbon, hydrogen,

and oxygen. In DNA| there are four different bases, which
are shown in FIGURE 5.2. Two of the bases are double-

ring structures known as purines; these are the bases

onzed. o
fydranyt & Y- o
groups

FIGURE 5.1 DNA nucleotide st

REVISIT THE BIG IDEAS

AND Describe
the properties of nucleotides and nucleic acids that allow
them to store genetic information and to pass it accurately
from cell to cell and parent to offspring.

Nucleotides consist of a oge: b
phosphate group. This figure uses the
carbon atoms in the ring structure. They
intersection where two lines meet

LG 5.1 Nucleotides are the building blocks of
nucleic acids.

+ Nucleotides assemble to form nucleic acids, which store

and transmit genetic information. Page

+ Nucleotides are composed of a nitrogen-containing base,
a 5-carbon sugar, and a phosphate group. Page 78

+ The four bases of DNA are adenine (A), guanine (G),
cytosine (C),and thymine (T). Page 79

+ Adenine and guanine are purines, which are bases with a

double-ring structure. Page 79

osine and thymine are pyrimidines, which are bases

ge 79

with a single-ring structure

+ Nucleotides in DNA incorporate the sugar deoxyribose.
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Form and Function
Combined.

e Learning Goals
e Section Heads

Nucleic Acids

LEARNING GOALS

LG 5.1 Nucleotides are the building blocks of nudleic acids.
LG 5.2 Phosphods bonds join nucleotid
LG 5.3 Cellular DNA takes the form of a double helix.
LG 5.4 DNA and RNA have similarities and differences.

In the last few modules, we introduced three of the four
! { S 1

- i to shor L N

organic mole

to form nucleic acids.

length. Some of the information in DNA encodes proteins

1.4 b ol ob L ok 211

We have seen th 5.1 Nucleotides are the building
blocks of nucleic acids

Just as proteins are polymess made up of amino acids and

discussed in Moy
long, linear strin
various combinat carbohydrates are built from simple sugars, nucleic acids

dimensional shap such s DNA and RNA are polymers of nucleondes. In this

— secuion, we will examine the structure of nucleotides, the
building blocks of nucleie acuds

Nucleotides consist of three basic components: 3 base, a
S-carbon sugar, and a phosphate group. These three compo
nents are shown in FIGURE 5.1, Each component plays an
important role in the overall structure of DNA, Let’s consider
cach one in turn

The first component 1s a nitrogenous base, which u

a cyclic molecule that contains nitrogen, carbon, hydrogen,

and oxygen. In DNA| there are four different bases, which
are shown in FIGURE 5.2. Two of the bases are double-

ring structures known as purines; these are the bases

onzed o
hydraiyt P s a
groups "O":—O"”;L
o s
H ]
Phosphats
group

oet  Module 5 Summary

(]

FIGURE 5.1 DNA nucleotide st REVISIT THE BIG IDEAS

AND Describe
the properties of nucleotides and nucleic acids that allow
them to store genetic information and to pass it accurately
from cell to cell and parent to offspring.

Nucleotides consist of a nivogenous by
phosphate group. This figure uses the
carbon atoms in the ring structure. They
intersection where two lines meet

LG 5.1 Nucleotides are the building blocks of
nucleic acids.

* Nucleotides assemble to form nucleic acids, which store

and transmit genetic information. Page

+ Nucleotides are composed of a nitrogen-containing base,
a 5-carbon sugar, and a phosphate group. Page 78

+ The four bases of DNA are adenine (A), guanine (G),
cytosine (C),and thymine (T). Page 79

+ Adenine and guanine are purines, which are bases with a

Page 79

double-ring structure.

osine and thymine are pyrimidines, which are bases

with a single-ring structure

ge 79

+ Nucleotides in DNA incorporate the sugar deoxyribose.

Page
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Form and Function
Combined.

e Learning Goals
e Section Heads
e Summaries

/

Module 5 Summary

< PREPFOR THE AP® EAM
REVISIT THE BIG IDEAS

INFORMATION STORAGE AND TRANSMISSION: Describe
the properties of nucleotides and nucleic acids that allow
them to store genetic information and to pass it accurately
from cell to cell and parent to offspring.

LG 5.1 Nucleotides are the building blocks of
nucleic acids.

Nucleotides assemble to form nucleic acids, which store
and transmit genetic information. Page 78

Nucleotides are composed of a nitrogen-containing base,
a 5-carbon sugar, and a phosphate group. Page 78

The four bases of DNA are adenine (A), guanine (G),
cytosine (C), and thymine (T). Page 79

Adenine and guanine are purines, which are bases with a
double-ring structure. Page 79

Cytosine and thymine are pyrimidines, which are bases
with a single-ring structure. Page 79

Nucleotides in DNA incorporate the sugar deoxyribose.

Page 79

ncodes proteins
b oo ohe ool

et are four

s purines

B-2. Two of the bases are double-

different bases, which

s these are the bases

Module 5 Summary

the properties of nucleotides and nucleic acids that allow
them to store genetic information and to pass it accurately
from cell to cell and parent to offspring.

(]

REVISIT THE BIG IDEAS

AND Describe

LG 5.1 Nucleotides are the building blocks of
nucleic acids.
+ Nucleotides assemble to form nucleic acids, which store
+ Nucleotides are composed of a nitrogen-containing base,
+ The four bases of DNA are adenine (A), guanine (G),

9
+ Adenine and guanine are purines, which are bases with a

+ Cytosine and thymine are pyrimidines, which are bases

+ Nucleotides in DNA incorporate the sugar deoxyribose.

and transmit genetic information, Page 78

a 5-carbon sugar, and a phosphate group. Page 78

cytosine (C), and thymine (T).

double-ring structure. Page 79

with a single-ring structure. Pa

Page 79
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AP® Exam Tips pg 27
Written by two former chief readers, PREP FORTHE AP° EXAM  ——
AP® Exam Tips in each module AP EXAM TIP
highlight key content students are You should know what is meant by a5’ — 3’ direction,
||ke|y to see on the exam and and understand that it applies to nucleic acids, such as

. . DNA and RNA, not other organic molecules, such as
provide guideposts on concepts they

proteins and carbohydrates.

should be sure to review.
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Build confidence with multiple layers of assessment.

e Every section within a module concludes with
a Concept Check (pg 27) with 2-4 questions,
allowing students to check their reading
comprehension.

v’ Concept Check

1. Identify the purines and pyrimidines in DNA.

2. With respect to chemical structure, describe the
difference between a purine and a pyrimidine.

3. Identify the sugar in DNA.
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Build confidence with multiple layers of assessment.

Pg 41 Every section within a module concludes
with a Concept Check with 2-4 questions,
allowing students to check their reading
comprehension.

Review Questions at the end of every module.

Review Questions

1. Which 1s not a component of a nucleotide?
(A) A 5-carbon sugar
(B) A phosphate group

(C) A nitrogen-contaming base

(D) A carboxyl group
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Build confidence with multiple layers of assessment.

e Every section within a module concludes with
a Concept Check with 2-4 questions, allowing
students to check their reading
comprehension.

e Review Questions at the end of every module.

e Following each module, Module AP® Practice
Questions tests students’ ability to apply the
Science Practices to module concepts

Module 0

AP® Practice Questions

Section 1: Multiple-Choice Questions

Chaose the best answer for questions 1—4.

. Survival in some mushroom specic
by the presence of gills with larg
Mushrooms with larger gill surfac

more spores and reproduce more s
those with smaller gill surface are:
environment. Identify which of th
of biology this example best descri
(A) Evolution

(B) Energetics

(C) Information Storage and Transm
D) S

stems Interactions

o

. A student accidentally spilled a bag
some plants while moving the bag {
some time, the student noticed that
area were turning brown and withe
formulated a hypothesis that the pla
because they do not grow well in sa
proposed experiments below, identi
tive way of test

g chis hypothesis.

(A) Keeping a weekly record of any

(B) Plnting some seeds in a conta

soil and some in a container of sawy-sowaTT

observing plant growth in
of weeks

(C) Removing the rack salt from the area,

replanting grass seed, and observing any change

in growth

(D) Spreading rock salt over a larger portion of the lawn

to see if the rest of the grass dies

is enhanced

PREP FOR THE AP EIAH

3. A scientist is doing an experiment to see which con-
ditions are best for bacterial growth. The scientist
has set up an array of several peeri dishes and will
subject the bacterial cultures to varions cool and
warm temperatures, while comparing them to petri

dishes at room temperature. Identify how the condi-
tion of temperature is used in this experiment

{A) As a denendent variable

Module 1
AP® Practice Questions

PREP R THE AP UM

Section 1: Multiple-Choice Questions
Chouse the best answer for questions 1-5.

Identify the main source of energy that would sustain
a shallow water aquatic community
(A) Carbon

(B) Sunlight

. Fluorine (F) is a strongly electronegative element with

seven valence electrons in its outermost energy level.
la), which

has one valence electron in its outermeost level, fluorine

Compared to the less electronegative sodiam (

(A) holds electrons loosely around its nudleus.

(B) is not as g

dy to gain electrons

(C) will have a partial positive charge when it bonds to
other elements.

(D) is likely o become an anion

f the sugar

(C) Chemical ¢
o | Module 2
2. Which is the be

through 2 coms

(A) Sunlight is 1
wash into a
and bacteria
for food —

ach over a period

PREP FOR THE AP EXAM

AP® Practice Questions

Section 1: Multiple Choice Questions
Choose the best auswer for questions 1-4.

1. Which explains why organic molecules like proteins

act as a solute in water?

(A) Proteins have few regions of positive and negative
charge, allowing them to dissolve easily in water.

(B) Proteins and water have similar crystalline lattice

" structures.

(C) Proteins have polar properties and can hydrogen

bond with water.

(D) Proteins are very large, hydrophobic molecules.
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Build confidence with multiple layers of assessment.

e Every section within a module concludes with
a Concept Check with 2-4 questions, allowing
students to check their reading
comprehension.

Unit 3

AP® Practice Questions

Section 1: Multiple-Choice Questions
Choose the best answer for questions 1-15.

3. Which statement accurately describes a similarity
between photosynthesis and cellular respiration?

1. Many chemical reactions that take place inside a cell (A) Both generate ATP using energy from an

e Review Questions at the end of every module.

e Following each module, Module AP® Practice
Questions tests students’ ability to apply the
Science Practices to module concepts

e Unit AP® Practice Questions at the end of
each unit (pg 89)

™~

require an input of energy. Which best describes how

these reactions can occur?

(A) The reactions utilize heat from the body 35 a source
of encrgy.

(B) The reactions are catalyzed by cnzymes that supply
energy.

(C) The reactions utilize energy released from hydrolysis
of ATP.

(D) The reactions capture energy that is released when
NAD * is reduced.

. Which diagram best describes the relationship between

H;0, CO;, and O; as driven by photosynthesis and
cellular respiration?

a b.
0 LY
Fhoto- Cellutyr Photo- Celhular
wum(o’)lm iwlhesls(co,)nm
o "o

[ €0, d 0
+ +
0 H;

oo ) cetuitr photo- [ ) celllr
synthesis respiration  synthests. resplation
0 o,

A)a © ¢
®) b D) d

IS

w

electochemical poton gradient.
(B) Both use H;O as a source of electrons,
(C) Both produce NADPH.
(D) Both increase the entropy of the cell
Which molecule is reduced in both glycolysis and the
Krebs cycle?
(A) Acetyl-CoA (€) Pyruvate
®) CO, D) NAD*

. Seaweeds such as kelp arc not plants. They are

photosynthetic algac that can live 10 to 30 meters

underwater. Long wavelength light, which produces

orange and red colors, does not penetrate deeper than

10 meters underwater. Short wavelength light, which

produces green and blue colors, may penetrate as deep

as 40 meters underwater. Kelp and other underwater
algac are often orange or red in color. Which provides
the best explanation for why these algae are not green
like land plants?

(A) Photosynthetic algae like kelp only appear
brown, orange, or red when they are not in
water; they appear green in their natural aquatic
environment

(B) Green color comes from chlorophyll, which is a
photosynthetic pigment found only in plants

(C) Dull colors like brown, orange, and md contrast
with the ocean floor to make the kelp visible to
herbivores.

(D) Algal pigments have adapted to absorb energy from

shorter wavelength green and blue light so the algac

appear orange or red under full-spectrum visible light.
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Build confidence with multiple layers of assessment.

BONUS! Cumulative Practice AP® Exam
at the end of the book that matches the Cumulative AP® Biology

full structure and scope of the actual AP® Practice Exam

Biology Exam. pg 835 et sereul e ——r—

First Sacond

1. Identfy the main source of oxygen gas in Earth’s pasition pasition
(s"end)

atmosphere.

{A) Natural geologic processes

(1) Photosynthesis by plants, algac, and bacteria
{C) Fermentation by microorganisms u

(1) Decay of organic material

2. Extremophiles are microorganisms that live in envi-

ronments characterized by extreme temperature, acid- c

ity, salt concentrations, or pH. Many extremophiles

that live in high-temperature environments without

axygen perform anacrobic cellular respiration with an A

electron transport chain that uses iron or sulfides as | (Aleg, (ACE B

terminal clectron acceptors instead of oxygen. Which GUU Val | GCU Ala | GAU Asp |

of the following explains why this form of cellular res- c SRS o % o

piration is observed in extreme environments without \ GUG Val | GOG Ala | GAG Gl !

oxygen? : : ’

{A) The extremaphiles needed to obtain additional 3. A portion of a protein is encoded by the following
energy from glucose so they learned o use alterna- mRNA sequence.
tive electron receptorns for respiration. 5° . AUU GCA AGA UCC AGC .. 3"

(B) The iron and sulfides created a toxic envi-
ronment so the extremophiles evolved anaer- Which of the following staements correctly predicts
obic cellular respiration to detoxify their the consequence of a mutation that changes the under-
surroundings. lined A to 4 U?

() Extremophiles that evolved anerobic cellular (A) The mutation would result in a substitution of a
respiration had a competitive advantage over different amino acid at the codon position and
ather microbes and were able to persist in the might change the function of the protein.
environment. (1) The mutation would change the mRNA sequence

(D) The extremophiles did not have organelles so they but would not change the protein sequence or
established an electron transport chain in the cell function
membrane. {CC) The mutation would reduce the length of the

polypeptide and could change or climinate protein
fanction




Practice FRQ in the NEW 2024 Layout - from UNIT 2 of Biology for the AP® Course (pp. 183)

AA | bedford, freeman & worth
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Section 2: Free-Response Question 1

C h a n ges to t h e F R QS Write your answer to each part clearly. Support your answers with relevant information and

examples. Where calculations are required, show your work.

Any Stu d e nt p ra CtiCi n g fro m F RQS 1. Lactococcus lactis is a spherical bacterium commonly found in products such as yogurt. L.

lactis ferments dairy products like yogurt by absorbing the sugar lactose through its

from our bOOk Wi“ be able to membrane and breaking the lactose into its component sugars, glucose and galactose.
tackle this just fine, you may even beetonm o tacios T o mber f sl e e present i éach roup. i
Say the FRQS Will be eaSier for collected for this experiment are listed in the table.
them now - one skill we teach Group ! ’ 3 4
. o . Radius (pm) 0.3 0.5 0.7 1.0
from the beglnnlng Of the bOOk IS Surface area (pm?) 1.13 3.14 6.16 126
the reading Of stimuli and then Volume (um?) 0.11 0.53 1.44 4.19
breaking it into parts, what is Fatecflactosebrezkdown [ 90 Tt *9 32
what this new layout does for

them now. )

AP® EXAM SKILL (i) Construct an appropriately labeled graph using the data in the table to show the rate of
galactose breakdown of the groups.

Reading for Key Information

This may be the first time students have seen dependent variables, the experimental and
T E N Ote pg l 7 a free-response question in this kind of format, control groups, and the null and alternative
with an extensive stem that requires a lot of hypotheses.

reading. Students may be intimidated by the
amount of text in this question’s stimulus, or by
the combination of text and data. A key skill

k f h for students to learn early on is how to read
AI'SO’ tWea ed SO m e O t e F RQS stimuli, determine what is being asked, and
isolate relevant pieces of information. If students
are having difficulty with this, they should try
reading the questions before the stimulus in
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Paula Phillips
> Taught AP® Biology and other related courses for over three
decades-currently teaching HS in Lansing, NY.
> Involved in the AP® reading since 1994-has been a reader,
table leader, and assistant chief reader.

> Conducts summer workshops.
M eet the > 2016 Outstanding Biology Teacher of the Year from NABT

TeaCher’s F- \ James Smanik

> Taught AP® Biology and other courses for over 34 years-

S = . currently teaching HS in Cincinnati.
Edition b _

Involved in the AP® reading for 28 years-has been reader,
table leader.
Authors

> Conducts summer workshops.
> Served on AP® Biology development committee 2011-2016.
Gordon Uno

> Currently teaching at University of OK.

> Member of the AP® Biology committee that revised the
CED 2010-2016, co-chair for four years.

> Was elected president of the NABT.
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Unit-opening plannin

Unit 3

Cellular Energetics

Unit 3 Overview

Now that students now about the chematry of ife and the funda-
mantals of cell structue ana functon, they ara rwady 10 learn more
st the tramsers of enerzy wiin CanTS ane theough econy
tems. Unit 3 begins by establishi

o e 4 an omergont propery of the

he ruies governing chemecal

reactions in Module 13
chemistry occumng inside and outede of cells. Because ol these

o hamess energy
31a challengng for many
students 5 there are a lof of details and terminology, nd the bio-
herme  sbstract. The two 100!s that may be
helphul are the photosmthesis and celluiar rezpira

which help students focus on comparable inforn

¥ 15 somewt

ways they wil study, a8 well s the modeleng of cheei-
5 which belps make thw processes of electron transpon, oa
3nd ATP synthess with.n the orgarelles

dation recucton reactions,

Module 13: Cellular Energetics

Module 13 fays out the role of energy in ife, explaining the basic
concepts of energy transer that are the foundaton for the rest of
Unit 3, The Module begins by identiying and describing the mo'e-
cules, concepts, and iaws that piay a role in energy transfer in liv.
ng ot t property of all the metsbeic
pathuays and their roguiation. Tho key takeaways a0 that the trane-
i resctions i governed by the lews of ther-
recuure energy 1o move forward
s that release free energy are
cered spontancous. Both reactions roquire enzymes. Tha nero-
 these taeamays shoukd only take one class period s
they will be uti apobed thraughout the Unit, providing
opportunies for renforceme:

sms. Life i an emergy

fer of emargy in chemi

he concept of entrapy is very sbstract but since
s of energy producing heat, students
- metabolism an

they are famiiar with

should mtutvely undes

32 UNIT3 CELLULAR ENERGETICS

entiopy manifests as
& the utabie form of chemical

‘st energy Students need to understand ATP
argy in colls.

pages

Module

students, but
trerealamymf

Module

arergy brom |

Pacing Guide

130 Kinetic and potential anergy are two forms of

energy.

o 13.2 The laws of thermodynamics govern energy
flow in biological systems.
13.3 Chemical reactions transform molecules and
transfer energy in calls
140 Enzymes incroase the rates of chemical
ractons.

-, 4.2 Enzymes bind reactants at active sites, which
arm highly specibc
14.3 Enzymes are influenced by the environment,
actvatons, and inhibitors
151 Photosynthesis is the major enty point for
energy into biological systerns.

L 15.2 Photosynthess is a redax reaction
15.3 Photosynthes:s takes place in two main stages
16.1 The Iight reactions use sunlight to prodkuce ATP
and NADPH

16
16.2 The Calvin cycle uses ATP and NADPH to buikd
carbohydrates.
174 Cellular respiration hamesses anergy of
carbohydrates and other fusl molecules.

o 17.2 Cellular respiration takes place in four stages
12.3 Cellular respiration can make use of dverse
‘organic molecules.
18.1 Glycolysis, pyruvate cxidation, and the Krebs
cycle broak down organic molecues.

= 18.2 Oxidative phosphorylation involves an electron

transport chain and ATP synthesis.

18.3 Fermentation and cellular respiration meet the
anergy needs of a cell

Key Activities (pages)

Pauia & Jim's Con

o
TRM
Map (1900

aaching with Figurs 138191

ching the AP® Tip: Energy

LD Activity: Graphing Catalyss (196)

Teaching with Figures 14.4
and 14.6 202)

@D Activiy: Modeting ohisition 208

Commaon Misconception: 3-Carbon Product
of Photosynthesis (212)

DD Actvey: Modeing Redox 214
QDD Activity: Photosynthesis Organizer 217)

RLLD Teaching the AP* Tip: Modeling the
Light Reactions (226)
QLD Toaching with Figure 16.10 227)

D Acvity: Moceing Becvon Carios
@36

@I Activity: Cobular Respiration
Organizer (237)

EID Tesching with Figure 179 2401

Teaching with Figure 18.4 (248)

DD Activity: Modeling ATP Synthesis 249)

QL) Teaching with Figures 18.8

and 189 255)
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Mini-Exam: Unit 3 AP® Pract

lllustrative Example for Unit 3

lllustrative Examples are case studies that present a “story" in biology and ask students to work

with the data and the information provided to make predictions, conduct outside research, and apply

what they have learned in the course so far. Unit 3's lllustrative Example describes a partnership between

algae and salamanders that makes for a seemingly photosynthetic animal. Students are asked to reach

back to what they learned in Unit 2 about symbiotic relationships that evolve over time, and apply what

they now know about photosynthesis and cellular respiration to predict the effects of the organisms’

relationship and analyze related data. The lllustrative Example is best used toward the end of Unit 3

AP® Laboratory Guide

The AP® Biology Lab Manual includes three popular labs which can
also be time consuming. There are many variations of enzymatic
reaction labs, so feel free to utilize the one with which you feel most
comfortable. Most protocols provide the opportunity to discover
the effect of changes in concentrations of enzymes o substrates

as well as changes in the environment. They also provide the
opportunity for student inquiry. Investigation 5, Photosynthesis, in
the AP® Biology Lab Manual is a simple protocol using leaf discs
that also lends tself to student inquiry. It is vital for students to
master the procedure described in order to get consistent data.

It seems obvious, but it is worth emphasizing that the plants used
must be healthy looking and at room temperature, and the light
source must be of high enough intensity so photosynthesis occurs.

AP® FRQ Practice

Year

Question Content

Interaction of photosynthesis and cellular

4 respiration in the cycling of carbon between
carbon dioxide and organic molecules.

2015

Role of each pathway in cellular respiration
in the making of ATP; justify claim that

2 glycolysis evolved early; calculations of
efficiency of ATP production and connection
to entropy; connection to process of science

2021

Compare relative ATP production via cellular
respiration versus fermentation; negative

3 controls; predictions due to a change in the
protocol; role of oxygen in electron transport
and connection to protocol

Correlation to the AP® Course and Exam Description*
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Marginal notes

Teaching Tip

13.17 Absolute Values (SP1)

(10 min.) Students do not need to memorize the
Gibbs free energy equation, but they do need to
know and apply changes in free energy over the
course of a chemical reaction. Remind them that
free energy is the energy that is actually available
to do work. The table in the handout shows
some reactions and the absolute values of their
associated free energy changes. Ask students to
fill in the last two columns, indicating whether
the AG is positive or negative, and whether the

@) unit 3 Overview Video
Avideo overview of Unit 3 for teachers
is available in the Teacher's Resource
Materials,

Unit 3

Cellular Energetics

WL Lecture Slide Presentation 13
A lecture slide presentation for Module 13
is available in the Teacher's Resource
Materials.

Unit 3 13 i

BiologyExtras: Module 13

BiologyExtras is a curated guide to

Module 13

Cellular Energy

additional animations and videos you
may wish to include in your course,

Teach

Engage

Assess

Connect

Extend

Teaching the AP Tip
Differentiate

Paula & Jim’s Corner

* TEACHING THE AP®

reaction is spontaneous.

(SP1, SP2)

(10 min.) Many cellular reactions are
reversable, such as the synthesis and
catalysis of carbonic acid shown in
Figure 13.7. This may be new for some

to pair up and for each reaction in
the reversable reaction shown in
Figure 13.7, identify the reactant(s) and (10
the product(s). Answer: For the forward
reaction, the reactants are carbon
dioxide and water, and the product is
carbonic acid. In the reverse reaction,
the reactant is carbonic acid and the
products are carbon dioxide and water.

the

EncAcE [

Animation Activity

students, so review by asking students 13

3 Kinetic and Potential Energy

Animation

min.) Go to the online platform to

watch our kinetic and potential energy
animation, using art from the book

|Differentiate: It students need

additional review, download the
handout, which contains questions about

animation

the adaptations.

If students are struggling
to fill in the type of condition in which
each type of extremophile lives, advise
them to break the word down into prefix
and root word using a dictionary, if nec-
essary. Alternatively, provide the extreme
condition, and have students just predict

Answers to Concept Checks 6-7

6. The amount of energy available to do
work is called Gibbs free energy (G). In a
chemical reaction, you compare the free
energy of the reactants and products

to determine whether there is energy
available to do work. This difference is
called AG

7. Catabolism and anabolism are both
metabolic processes. Catabolism is the

exreno [

W Enrichment
6.9 Extremophiles (SP6)
(15 min.) In this activity, encourage students
to think like a research scientist and make
predictions about a biological system. Show
students the short video about extremophiles
(linked in BiologyExtras), and then ask them
to work with a partner to fill in the table in the

handout. The table lists different extremoohiles.

set of chemical reactions that breaks
down macromolecules into smaller units,
releasing energy, usually in the form of
ATP. Anabolism is the set of chemical
reactions that builds macromolecules
from smaller units and requires an input
of energy, usually in the form of ATP.

when time permits, to enhance your
instructions and meet the unique needs
of your classroom

13.1 Food Chain (SPS)

(15 min.) Present students with a
description of a simple food chain

in order to have them use Science
Practice 5, Data Analysis, to start
thinking about Big Idea 2: Energetics.
In providing the food chain description
(which, in the handout, includes
numbers indicating how much energy
each member of the chain obtains from
their food source), the focus is not on
ecology, but rather the transfer of energy
from one member of the food chain to
another. Conveniently, this example can
be used several times throughout the
year so by the time you teach ecology,
students will be very familiar with the
concept of a food chain. The scenario
and questions are available in the
handout

| Paula & Jim's CORNER

Framing Energy for Biology

There are many terms and details in
Module 13, and it can be a challenge

to help students keep their eyes on the
big picture. Tell students that we are
amazing walking chemistry sets. Life is an
emergent property of chemistry, 5o it will
help if they can learn how cells control
these reactions. How do cells turn them
on and off? How do they speed them up
or slow them down? Module 13 begins
to outline how this is accomplished.

The main concepts in Module 13 can

be distilled down to key ideas that are
applicable to the biochemistry that
students will learn in the remainder of
Unit 3:

The laws of thermodynamics state
that energy cannot be created

184 UNIT 3 CELLULAR ENERGETICS

LEARNING GOALS *LG 13.1 Kinetic and

potential energy are two forms of energy
LG 13.2 The laws of thermodynamics govern energy flow in biological systems.

LG 13.3 Chemical reactions transform molecules and transfer energy in cells.

In the last unit, we focused on the strucrure and finction
of cells €

shapes and sizes, but

ergy from the environment

gy 15 and how cells wse it 1o

carry out their functions

As we discused in Unit 1, ene

work. Cells need energy to do all kinds
and divide. They move. chany

and transport vesicles. They

crgy

We are all familiar with different sources of energy

new energy from the environment and convert it &

that allows them to do the work necesary to sustain

Cells harness energy from just two sources: the sun and

the context of
ergy. and ther

gy is transferred from

form to ano

Finally, we will exami
reactions are procewes by whick

other molecules by the breal

chemical be They are alo the

he many ways that ceils make use
of energgy and note the strategies coll utke to capturs,
convert. and store energy

184 UNIT 3 CELLULAR ENERGETICS

or destroyed, but it can be transferred
from one form to another. However, this
transfer is not 100% efficient, so entropy
increases and in many of the metabolic
reactions we see in cells, this means heat
is produced

Though not discussed until Module 14,
all of the cellular reactions require an
enzyme.

~N

w

There are two major types of chemical
reactions based on energy transfer: spon-

Exergonic reactions only need an
enzyme in order to occur and result in
energy being released.

o

Endergonic reactions require enzymes,
but they also require the input of
energy into the system for the reaction
to occur. This energy source is usually
ATP.

After covering the fundamental rules
governing cellular energetics in Module
14, the rest of Unit 3 examines important

»

taneous g and
(endergonic)

compo of energy transfer in living
organisms. Since all reactions require
enzymes, Module 14 has a focus on how
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Teacher’s Resource Materials

e Pacing Guides

e Worksheets/Handouts

e Overview Videos & Animations

e Additional math practice questions for each Analyzing Statistics and Data box
e Additional AP-style FRQ for each Unit review

e BiologyExtras: Outside web resources

e Lecture Slides for each Module

e PD video foreach Unit

e Answer Keys/Suggested Responses

*AP® is a trademark registered by the College Board, which is not affiliated with, and does not endorse, this product.
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E Assessment ? /

1 Over 2,000 questions

1 The platform is fully customizable, allowing you to enter your own
questions and edit existing questions

1 To discourage cheating, the test bank can scramble answers and change

the order of questions

Can easily export into most common LMSs

Our BFW Test Generator is cloud-based and does not require installation

Works seamlessly on a Mac or PC

Iy
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Using AP®Classroom in conjunction with Achieve

Achieve can function as your primary tool, offering:

daily practice that builds AP®-level mastery. AP Classroom

e AP®- style questions, including a full exam, that have never been seen before (not released gs)

e formative wrong-answer feedback for multiple-choice questions in most course areas, and
Learning Curve adaptive formative assessment in other course areas. All this formative )
assessment is guiding students to understanding. biw publishers

® unique Goal-Setting and Reflections surveys, designed to help students become better
students and learners - to maximize study time and refine habits with tips from the science of
learning. These are pre-made and easy to assign.

e great flexibility to customize as you see fit.

e allyourteacher resources.

e integration with common LMS and rostering systems.

AP® Classroom is a great supplement, for:

e daily videos (flipped classrooms/remediation/absences).
e topic questions/progress checks that are helpful for checking basic understanding.
o full exams for end-of-vear review.
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Achie/e

Online
Courseware

B A ¥ G

E-book Resources Assignments Reports &
Insights
@ @ &
Homework with Adaptive Summative
Targeted Feedback Quizzing Quizzes
Gradebook

Coming Fall 2025 —
Respondus Lockdown Browser!!



24 bfw publishers

Our research on
Achieve

Saves teachers time
planning
assigning/collecting HW
grading, etc.

Meets class goals
alignment
exam prep
differentiation
insights/reports/data

ﬁMA Achie/e

publisher:

Empowering teachers.
Elevating student performance.

STUDY SAMPLE:

19 Teachers 414 Students

(D Psychology “ Statistics N Lit& Comp

“We only have so much time! Achieve has been a
time-efficient system this year. This is emotional
for me and my students because time not spent on
logistical and technical problems is time spent with
our families and engaged in meaningful work””

KARL SINEATH, PSYCHOLOGY TEACHER

SAVING TEACHERS TIME

“The online assessments were
great for homework and
immediate feedback on student
conceptual understanding”

JENNIFER MUELLER, STATISTICS TEACHER

/
olol] meeTing cLAsS GoALs

v User friendly interface
v Immediate feedback
v Curriculum and as:
v Flexibility a
v AP exam prep
v AP level problem sets

v Reports, insights, and data

essment alignment

v Grading ar
v Adjust du
v Wrong answer feedbacl

v Visibility of students’ notes

r higher

tests and the AP e.

PSYCHOLOGY STUDENT
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Ebook:

Reader Preferences

Display  Highlighters  Sharing

Text Size

During DNA replication, one strand
/ is synthesized continuously and the

Read aloud other discontinuously

Highlights B

semiconservative replication, in which each newly synthesized DNA molecule

N O t e consists of a parental strand and a daughter strand. In this section, we will logk ‘ Day ‘ - Sepia

the copying mect in more detail, fTConsider the enzymes
. b . l . i A replication and look at how each of the two daughter

D O W n l O a d a b l e As we have seen, DNA replication begins at a replication fork, where the parental
* strands separate. Many enzymes are involved in DNA replication, some of which are

shown in FIGURE 32.4. An enzyme called helicase separates the strands of the
parental double helix by breaking hydrogen bonds holding the base pairs together.

OpenDyslexic

Margin Line Height

involys

DNA Replication Enzymes

Does something not lock right?

Reset to publisher format

9/8/2023

Important for exam.

Then single-strand binding protein binds to these single-stranded regions to
prevent the parental strands from coming back together. Another enzyme called

2:41 -l - ) o )
topoisomerase works upstream fro; eplication fork to relieve the stress that
= Q A FH - results from unwinding the double the replication fork. Topoisomerases are
T T a family of enzymes that wind or unwind DNA to help relieve stress that occurs

during both replication and transcription.

32.2 During DNA replication, one strand
is synthesized continuously and the
other discontinuously

DNA polymerase —_

DNA polymerase acts at the
site of the growing chain to.
increase the chain length one
DNA subunit at atime,

Mo, etal, Biology or the AP Cours, 1., 1 2022 BFW High School Publishers

Single-strand bindin
protein stabilizes single
strands of DNA.
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Assessment/AP Exam practice

Use the following figure to answer question 1.

a ACAGTTGCA b. ACAGTTGCA
Frrrrertd Prrrrrred
ACAGTTGCA TGTCAACGT

¢ ACAGTTGCA d ACAGTTGCA
el Lrrrerind
GTGACCATG CACTGGTAC

M. ot b Bcfogy o the AP

Sthocl Pubbbmrs

Which correctly illustrates DNA base pairing?

Dltcsores B Giesnt e

@ Attemptl v

they do not
pair together. C and T are both

pyrimidines. they do not pair together.
When DNA

pecilic purinc-pyrimidine pairs form.

ase pairing occurs,

Use the following figure to answer question 1.

a. ACAGTTGCA b ACAGTTGCA $3f
e PLirhiill 3%
ACAGTTGCA TGTCAACGT igz;

e

¢ ACAGTTGCA d ACAGTTGCA i
Lirrerrnd Lrerrrrrnr g3
GTGACCATG CACTGGTAC =7

‘Which correctly illustrates DNA base pai

@ Attempt1l ¥

Although A is a purine and C is a
£ pyrimid

A does not pair with C.
The same can be said for G and T

Although G is a purine, it docs not pair
Z with the pyrimidine T. Different

purine-pyrimidine pairs are formed in

DNA base pairing.

Different wrong
answer-
different feedback
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Analyzing Statistics and Data videos

Percent Change: Practice the Skill

e Here's how percent change might be applied to a real situation:
o James Kirkham Ramsbottom discovered a way to eliminate parasites

from daffodil bulbs by immersing them in hot water. Before he found
an effective soaking time of hours, he immersed 50 bulbs for 30
minutes and 50 bulbs for 1 b“\t the end of 30 minutes, 10 of the
daffodil bulbs were free of p es. After 1 hour, 25 of the bulbs
were free of parasites. What was the percent change in the number of
healthy, parasite-free bulbs as the immersion time increased?

o) B x
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Teacher ebook
Teacher resources

AP BIO: AP Biology

MTUWThF 9:00 AM-10:00 AM

Search Content (Need help customizing?)

Q

Content Collections

Morris, Biology for the AP* Course, le

Sapling: Assessment Imports

Filter Options Clear All ilters
Unit 6 Resources X Unit 6 Online Assessm... X
Unit 6 Animations and x Unit 6 Animation Asses... X

Unit 6 Video Assignment X Unit 6 Active Reading ... X
Uniit 6 Additional FRQ X Unit 6 Handouts X

Unit 6 lllustrative Exam... X Answers to Unit 6 Ques... X

Table of Contents. Hide

» Unit 3 Resources.
» Unit4 Resources

> Unit5 Resources

2_Unit 6 Resources

[E] Module 31 Lecture Slides (

Bl Module 32 Lecture Slides (

Bl Module 33 Lecture Slides (

Gene Expression
and Regulation

lology

for the
AP* Course

James Morris, Dominic Castignetti,
John Lepri, Rick Relyea

Select filtered results to add tgf)

Bl unit6 Answers to AlQuestions (.zip)

pptx)

pptx)

pptx)

(-pptx)

(.pptx)

(.pptx)

Presented by Paula Phillips,
Teacher's edition author

Unit 6

iene Expression
nd Regulation

NING GOALS *LG 31.1 Nucleic acids encode genetic information in their nucleotide sequence.
LG 31.2 Genetic information typically flows from DNA to RNA to protein.
LG 31.3 Chromosomes are typically circular in prokaryotes and linear in eukaryotes.

of the four Big Ideas in bio Il see throughout this unit,is that a

functions, and  two, s0 information is &
mforr
from DNA to RNA. T
ded in DNA

RNA. Finally, we w

« ed, and used

us on how

Focur
on how the structure of DNA and RNA ensure the accurste

ely at how cells Storage of and transmission of genetic mformation

MODULE 31 DNA AND RNA STRUCTURE AND FUNCTION 435

CONNECT [Process [ Role

jded Unit 6 Overview Video
A video overview of Unit 6 for teachers
is available in the Teacher’s Resource
Materials.

LY Lecture Slide Presentation 31
A lecture slide presentation for Module 31
is available in the Teacher's Resource
Materials.

BiologyExtras: Module 31
BiologyExtras is a curated guide to
additional animations and videos you

may wish to include in your course,
when time permits, to enhance your
nstructions and meet the unique needs
of your classroom.

31.1 DNA Review (SP1, SP2)
(5 min.) In Module 3
building on their understanding of DNA
and RNA from Module 5 in Unit 1. To

help students

. students will be

call a few specifics about
fer students back to

these molecules,
Figure 5.4, which is reproduced in the
handout, and ask the following questions
asa
* Ide
on the figure. Identify the type of bond
that connects a nuclec on one strand
of DNA to the nucleotide on the second
strand of DNA. Answer: hydrogen bond.
* Draw an arrow on the figure to identify
where a hydrogen bond linking two
nucleotides would be found. Answer:
See the handout for a sample answer.

* Look carefully at the figure and
describe how you can distinguish the

review

y one nucleotide by circling one

§’ end of a nucleotide from the 3’ end.
Answer: The 5 end is associated with
the phosphate group, whereas the 3'

end is ass with the hydroxyl on

toc

the sugar molecule.

Replication using Compler

storage and

ase pairing makes it possible for

Focus on the Big Ideas template strand a single strand of DNA to serve as a template to make a new
31.2 Information Transmission (SP1) complementary strand. This is key in replicating identical DNA
(10 min.) The content outlining the role of strands for transmission to daughter cells and also to store
DNA and RNA in storage and transmission of genetic information in cells.

information is found throughout the Module Transcription Complementary nitrogen base pairing and the ability of the
Help students focus their attention by asking DNA template strand to temporarily bond to RNA to make
them to fill out the following table, which is also a transcript plays a role in transmission of information about
available in the handout, as they read through making proteins.

the Module: Translation Complementary nitrogen base pairing and the exact

interaction of three types of RNA strands make it

ssible to
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Reports and Insights

Use this information to assess
students’ progress so you can
adjust accordingly

e Top assignmentsto review

e How often are students
logging in?

e What’s the distribution of
scores on an activity?

e How do students scoreson
an activity compare to time
taken?

e How many students
completed an assignment?

e Performance by unit, learning
objective, and student

Assignment Performance

|§ What s the distribution of scores on this activity?

Students
o, -
/O/, -
2y, e
B ot
°
°
°
°
°
-N
Total Attemy
*

Results for: ‘ [E unit1in-BookAP® Pra

(® How do student attempts on this activity compare to the total time
taken?

S
©
Scol
(® How do student scores on this activity compare to the total time (0] @ How many students completed this assignment?
taken? R R o
100 o9minas  100% 2 3
o ® Completed Did Not Open
S
a
In progress Opened Without Starting
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Goal-Setting and
Reflections Surveys u

Category 1: Space it

out!

Learning happens over time,
not all at once.

Research has shown memory benefits from spacing
studying/review sessions over time rather than trying to
“cram” right before a test. Our Brains take time to
consolidate information into long-term memory. Therefore,

In recent weeks...
How often did you give yourself
enough time to complete

assignments on time or start early? we're better able to recall information and concepts if we

learn them in multiple, spread-out sessions.

(O 5 - Always
() 4 - Often

() 3 - Sometimes

() 2 - Rarely
(O 1-Never

Teacher slides



https://docs.google.com/presentation/d/16p6vCVLvvEHlOUPgn0dY6_7C2YeFzuP_utcWAMwL9N0/edit#slide=id.g272daa30e60_0_2758

Research suggests...

Completing just 3 surveys increased course grades
by 6.2%. We saw an increase of 8.4% when 5 surveys
were completed (n=2,529 students).

10

Percent Increase on Course Grade

1 No Crs GSRs 2 3 4 5

Number of Surveys

Study included college students taking intro-level chemistry, biochem, bio, calc, precalc, econ, & English classes

Students found the Goal Setting & Reflection
Surveys valuable for their learning.

Agree/Strongl
Survey Item greq gY

- Agree
The surveys helped me improve as a

. 75%

student this semester.
The §urveys were a valuable use of 62%
my time.
The surveys helped me think about
my goals/learning habits in and 80%
outside of class.
The surveys helped me learn
something new about how

5 A 79%
| can manage my time, studying,
or learning.

"pﬁ bfw publishers
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Using AP®Classroom in conjunction with Achieve

Achieve can function as your primary tool, offering:

daily practice that builds AP®-level mastery. AP Classroom

e AP®-style questions, including a full exam, that have never been seen before (not released gs

e formative wrong-answer feedback for multiple-choice questions in most course areas, and
Learning Curve adaptive formative assessment in other course areas. All this formative )
assessment is guiding students to understanding. biw publishers

e unique Goal-Setting and Reflections surveys, designed to help students become better
students and learners - to maximize study time and refine habits with tips from the science of
learning. These are pre-made and easy to assign.

e great flexibility to customize as you see fit.

e allyourteacher resources.

e integration with common LMS and rostering systems.

AP® Classroom is a great supplement, for:

e daily videos (flipped classrooms/remediation/absences).

e topic questions/progress checks that are helpful for checking basic understanding.
e full exams for end-of-vear review.
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Implementation Training

e LiveTraining
e Independent study/Asynchronous training

e LiveOnline 1:1 Digital Training

(@)
(@)
(@)

Achieve
Test bank
LMS

< .
4 | macmillan

learning

BFW Digital Training Sessions
Achieve Platform Training

®1hr

This one-hour session introduces you to the
basics of Achieve and strategies for student
implementation.

Note: This training is most effective when a
teacher can access their Achieve course for
the school year.

Select a Date & Time

<

SUN  MON
- 5
1 12
18 19

25 26

Time zone

August 2024

TUE

13

20

27

WED

14

21

28

THU

1

15

22

29

>

FRI

16

30

® Eastern Time - US & Canada (2:17pm) ¥

SAT

Friday, August 23

10:00am

10:30am

11:00am

11:30am

12:00pm

12:30pm
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AP® Changes? We’ve got you covered!

% \ bedford’ freeman & worth Browse v About v Community v Help v Search our community

High School Community > AP® Updates

Myers' Psychology for the AP® Course, UPDATED
Third Edition UPDATED |

AP® U pd ates CORRELATED TO

Keep your BFW textbook current to course changes and College Board updates with AP Psychology Curriculum Framework
these resources. (2024)
Practice 1 Concept App Apply psy gl perspectives, theories,
N o and h findi Unit 1: Scientific Foundations of Psychology
Language Arts AP® Updates % Science AP® Updates -
ﬁ guag P P 1.A Apply psychological perspecti theories, pts, and research findings to Module 1: Psychology and Its History; Module 2:
a scenario. Today's Psychology and Its Approaches; Module 3
Subfields in Psychology
1.B Explain how norms, exp and cir as well as Module 1: Psychology and Its History; Module 2:
Q Social Studies AP® Updates cognitive biases apply to behavior and mental processes. Today's Psychology and Its Approaches; Module 3
Subfields in Psychology
Practice 2 Research Methods and Design - Evaluate qualitative and quantitative Unit 1: Scientific Foundations of Psychology-Part
research methods and study designs. Il: Research Methods: Thinking Critically with
Psychological Science
2.A Determine the type of research design(s) used in a given study. Module 7: Research Design and Ethics in
Psychology
2.B Evaluate the appropriate use of research design elements in experimental Module 7: Research Design and Ethics in
methodology. Psychology

2.C Evaluate the appropriate use of research design in Module 7: Research Design and Ethics in
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Focus on Big Ideas and Science Practices
Tutorials and Analyzing Stats and Data boxes
Teacher resources
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