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To all who are curious
about life and how it works.
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Rethinking Biology

For the Biology: How Life Works team, it has been an exciting experience to reimagine what a
resource for today's students should look like, We began with the question, *What do we want

students to understand and apply at the end of the course?" Once we decided where we wanted
students to end up, we started asking other questions: What content should be covered? How
should it be organized? How should it be delivered—in the narrative, a figure, an animation? What
questions should we ask students to gauge their understanding? What questions should we ask to
help students work toward that understanding? Through this process of questioning and answering,
one point became clear—we'd have to start from scratch and build Biology: How Life Works from
the ground up.

Rethinking biology means rethinking the text,
visual program, and assessment.

Rethinking biology required rethinking the way a textbook is created. Ordinarily, textbooks are
developed by first writing chapters, then making decisions about art and images, and finally,
once the book is complete, assembling a test bank and ancillary media. This process dramatically
limits integration across resources and reduces art, media, and assessments to supplements
rather than essential resources for student learning.

Biology: How Life Works is the first project to develop three pillars of learning—the text, visual
program, and assessment—at the same time. These three pillars are all tied to the same set of core
concepts, share a common language, and use the same visual palette. In this way, the visual program
and assessments are integral parts of student learning, rather than accessories to the text. In addition,
every concept is conveyed and explored in multiple ways, allowing for authentic learning.



I think the best selling point is
that the text focuses on helping
students make connections
between the subfields

of biology.

Cinoee GIFFEN, INSTRUCTOR
UNIVERSITY OF WISCONSIN, MaDISON

I like its simplicity and focus on key
concepts using relevant examples,
Linkage to previous chapters was
one of the strongest parts,

Davio Hicks, INSTRUCTOR
THe University oF Texas AT BROWNSVILLE

1 really like the streamlined
approach and emphasis on
ideas and concepts rather
than details and facts.

Scorr SoLomoN, INSTRUCTOR
Rice UNIVERSITY

I like the evolution emphasis
throughout. If evolution really
is the central organizing
principle in biology, it's
about time somebody wrote
an introductory textbook

that reflects that.

Davip Lampe, INSTRUCTOR
DuauesNe UNIVERSITY

I think it is more readable than
the text we currently use and it
does a better job of integrating

the theme of evolution.

KatHrYN CRAVEN, INSTRUCTOR
ARMSTRONG ATLANTIC UNIVERSITY

Rethinking biology means rethinking
THE TEXT

Biology: How Life Works includes a text that is uniquely integrated, selective,
and thematic.

INTEGRATED

Textbooks commonly present biology as a series of minimally related chapters. This style of
presentation lends itself to memorization and offers students little guidance on how concepts
connect to one another and to the bigger picture. Biology: How Life Works moves away from this
model and toward an integrated approach. Across the book, we present chemistry in context, and
cover structure and function together. We introduce the flow of information in a cell where it makes
the most conceptual sense and use cases as a framework for connecting and assimilating information.

SELECTIVE

With the ever-increasing scope of biology, it is unrealistic to expect the majors course or a textbook
to cover everything. From the start, we envisioned Biology: How Life Works not as a reference book
for all of biology, but as a resource focused on foundational concepts, terms, and experiments. We
explain fundamental topics carefully, with an appropriate amount of supporting detail. This allows
students to more easily identify, understand, and apply critical concepts. In this way, students will
leave an introductory biology class with a framework on which to build.

THEMATIC

We wrote Biology: How Life Works with six themes in mind. Deciding on these themes in advance
helped us make decisions about which concepts to include and how to organize them. Introduced in
Chapter 1 and revisited throughout the text, the themes provide a framework that helps students see
biology as a set of connected concepts. In particular, we emphasize the theme of evolution for its
ability to explain and predict so many patterns in biology.

1. We learn how life works by applying the scientific method, which involves
making observations, generating hypotheses, and testing hypotheses through
experiment and observation.

2. Life works according to fundamental principles of chemistry and physics.

All organisms share a limited number of molecules and chemical processes.

3. All of the chemical and physical functions of life are packaged within cells.
Multicellular organisms function by the differentiation and coordinated
operation of many cells.

4. Both the features that organisms share and those that set them apart are
explained by evolution. Variation exists within as well as between species.

5. Organisms interact in nature, with basic features of anatomy, physiology,
and behavior shaping the ecological systems that sustain life.

6. Humans have emerged as major agents in ecology and evolution. Our future
welfare depends, in part, on improving our knowledge of how life works.



1 think the figures are

much simpler for beginning
students to understand.
1found all of the figures

in my chapter to be clear,
concise, and distilled into
the most relevant facts
necessary to illustrate

the concepts.

DaLe CasamatTa, INSTRUCTOR
Universtty oF NorTH FLORIDA

The figures in this chapter
[Chapter 22: Species and
Speciation] are particularly
good. These are not the only
great figures, but they are
among my favorites for how
they demonstrate a concept
so easily that might otherwise
require a couple of
paragraphs of text,

MATT BREWER, INSTRUCTOR
GEORGIA STATE UNIVERSITY

My initial reaction was
“Wow.” It [animation on
gene expression] helped
me visualise the spatial
relationships associated
with information flow at the
cellular level, and I think

it is thus likely to really
help undergraduates.

Dave Kusien, INSTRUCTOR
University oF NEw BRUNSWICK

Rethinking biology means rethinking
THE VISUAL PROGRAM

The Biology: How Life Works visual program—all art and visual media—is an

integrated, engaging, visual framework for understanding and connecting concepts.

INTEGRATED

Just as we decided on a consistent vocabulary to explain concepts and processes, we also created a
consistent “visual language.” This means that across Biology: How Life Works—whether students
are looking at a figure in the book, watching an animation, or interacting with a simulation—they see
a consistent use of color, shapes, and design. Having a coherent, integrated visual program allows
students to recognize concepts they have already encountered, and assimilate new information.

ENGAGING

We have a shared goal with instructors—we want students to want to learn more. Cognitive science
tells us visualization is tremendously effective at triggering student interest and passion. With that in
mind, the Biology: How Life Works team committed to designing and developing a visual program
with the same attention and care that goes into text development. Every image—still and in motion—
engages students by being vibrant, clear, and approachable. The result is a visual environment that
pulls students in, deepens their interest, and helps them see a world of biological processes.

VISUAL FRAMEWORK

Scientists often build a contextual picture, or
visual framework, in their mind upon which they
hang facts and connect ideas. To help students
think like biologists, our visual program deliber-
ately provides this type of framework. Individual
figures present foundational concepts; Visual
Synthesis figures tie together multiple concepts
across multiple chapters; animations bring these
figures to life, allowing students to explore con-
cepts in space and time; and simulations have

students interact with the concepts. Collectively, this visual framework gives students a way to contextu-
alize information—to move seamlessly back and forth between the big picture and the details, from the

basic to the complex.

Xi



The pre-class questions are
basic and yet not simple
repeat-from-reading, and the
other questions fit comfortably
at the level where I think they'll
challenge my students but

not be so difficult they're
unreachable for them.

I particularly like that

many of these questions
involve interpreting data, or
analyzing a case story.

ANNE CASPER
EASTERN MICHIGAN UNIVERSITY

These questions are great in

that they really require a greater
depth of understanding and ability
to apply concepts than I've seen in
any other assessment packages.
There’s a clear connection
between the pedagogical
approach of the textbook

and the assessment materials.

Sonsa Pyott, INSTRUCTOR
University oF NorTH CAROLINA AT WILMINGTON

The questions in these assessments
seem to be superior, since they
require higher-order thinking and
application of knowledge, rather
than just simple factual recall.

PeGGY ROLFSEN, INSTRUCTOR
CINCINNATI STATE TECHNICAL AND
CommuniTYy COLLEGE

There are more suggestions
about how to use various types
of assessments—my current text
gives examples of questions
but it is left to me to imagine
how I might use them.

Lisa ELFRING
UNIVERSITY OF ARIZONA

Rethinking biology means rethinking
ASSESSMENT

Biology: How Life Works represents a groundbreaking departure from traditional

assessment materials. Written by leaders in science education in collaboration with
the authors, our assessments are fully integrated with the text and visual program,

span the full range of Bloom's Taxonomy, and are properly aligned.

INTEGRATED

If assessment is important, it cannot be ancillary—it must be integral to the learning process. Each
time an instructor asks a student to engage with Biology. How Life Works—whether it is reading a
chapter, watching an animation, or working through an experiment—the opportunity to assess that
experience exists. This unprecedented level of integration results from developing assessments
alongside the text and visual program. This parallel development also allows for consistency of
language and focus, helping students connect what they have read with the questions they are being
asked to answer.

RANGE

For the first time, instructors in majors biology have access to a set of thoughtfully developed,
peer-reviewed formative and summative assessments. Most test banks consist entirely of
low-order, recall questions. Consequently, instructors wanting to teach and test at a range of levels
are left with the time-consuming task of creating their own higher-order questions. The Biology:
How Life Works assessment team has done the “heavy lifting" of question writing for instructors—
providing assessments that span everything from recall to synthesis. They are designed to be used
in a range of settings (pre-class, in-class, post-class, and exam) and come in a variety of formats
(multiple choice, multiple true/false, free response). In addition to questions, our assessments
include in-class activities and interactive, online exercises.

ALIGNED

Traditionally, assessment questions are provided as test banks, organized by chapter but not as a
series designed to work together. We believe questions aren't just for testing—they are for teaching.
To help instructors assess students in more meaningful ways, we wrote and organized sets of
questions we call progressions. Progressions include formative and summative assessment—reading
comprehension questions, in-class activities, post-class assignments, and exam questions—alll
properly aligned with the text's core concepts. Used in sequence, questions within a progression
provide a connected learning path for students and a suggested teaching path for instructors.



I think it's time for an
innovative approach to a
biology text for majors. Your
team of authors has the ideal
combination of research and
teaching experience to be
successful in developing a
superior text that reflects

the contemporary

biological sciences.

ERiK SkuLLy
Towson UNIVERSITY

It has a really fresh narrative
voice. . .. It kept the details
to a minimum, but presented
the information clearly enough
that I think students will get
the big picture without getting
bogged down in the details.
Where details were given, they
were mostly based on exciting,
new findings in the field.

LAURA BERMINGHAM
UNIVERSITY OF VERMONT

I've reviewed several
chapters now, and | like the
writing style. It seems more
engaging and easy to read,
and feels less like reading an
encyclopedia than other
textbooks do.

MaryJo Witz
Monroe CoMMmunITY COLLEGE

AUTHORING B/IOLOGY: HOW LIFE WORKS

Biology: How Life Works is authored by a team of nationally recognized scientists
and educators.

James Morris, Lead Author, Brandeis University

Daniel Hartl, Lead Author, Harvard University

Andrew Knoll, Lead Author, Harvard University

Robert Lue, Lead Author and Visual Program Director, Harvard University
Andrew Berry, Author, Harvard University

Andrew Biewener, Author, Harvard University

Brian Farrell, Author, Harvard University

N. Michele Holbrook, Author, Harvard University

Naomi Pierce, Author, Harvard University

Alain Viel, Author, Harvard University

Melissa Michael, Lead Assessment Author, University of lllinois at Urbana-Champaign
Mark Hens, Assessment Author, University of North Carolina at Greensboro

John Merrill, Assessment Author, Michigan State University

Randall Phillis, Assessment Author, University of Massachusetts Amherst

Debra Pires, Assessment Author, University of California, Los Angeles

The mission of Biology: How Life Works is not to cover all of biology, but to provide a proper
introduction. This selective approach requires a large team of educators who are experts in their
respective fields. Because the authors possess an intimate knowledge of their fields, they were

able to step back and consider where their fields have been, what questions are currently being asked,
and where they are heading. It is only with a collective perspective that Biology: How Life Works is able
to present contemporary biology in a complete but selective manner.

The multi-author approach was also necessary for the amount of writing, design, development, and
collaboration this project required. With the text, visual program, and assessments all being developed
in parallel, Biology: How Life Works needed more than one author. Additionally, the level of integration,
creativity, and new ideas present in the three pillars of Biology: How Life Works was largely achieved by
having a community of authors who were able to dialogue, discuss, and debate.

At the same time, Biology: How Life Works has a single voice. This is possible because every chapter,
image, animation, and assessment flowed through one author, James Morris. In this way, it benefits from

multi-author expertise while telling a single, cohesive story.

In sum, the size of the author team is purposeful and directly supports the goals of the project.

xiii



TOPIC COVERAGE
AND ORDER:

KEY FEATURES SUPPORTING THE VISION

TABLE OF CONTENTS | BIOLOGY: HOW LIFE WORKS
PART 1: FROM CELLS TO ORGANISMS

The goal of a single narrative of biology is supported by the Table

CHAPTER 1

LIFE
CHEMICAL, CELLULAR, AND EVOLUTIONARY FOUNDATIONS

CASE1

The First Cell: Life’s Origins

CHAPTER 2
CHAPTER 3
CHAPTER 4
CHAPTER 5

CHAPTER 6

CHAPTER 7

CHAPTER 8

THE MOLECULES OF LIFE
NUCLEIC ACIDS AND THE ENCODING OF BIOLOGICAL INFORMATION
TRANSLATION AND PROTEIN STRUCTURE

ORGANIZING PRINCIPLES
LIPIDS, MEMBRANES, AND CELL COMPARTMENTS

MAKING LIFE WORK
CAPTURING AND USING ENERGY

CELLULAR RESPIRATION
HARVESTING ENERGY FROM CARBOHYDRATES AND OTHER FUEL MOLECULES

PHOTOSYNTHESIS
USING SUNLIGHT TO BUILD CARBOHYDRATES

CASE 2

CHAPTER 9
CHAPTER 10

CHAPTER 11

CASE 3

Cancer: When Good Cells Go Bad

CELL COMMUNICATION

CELL FORM AND FUNCTION
CYTOSKELETON, CELLULAR JUNCTIONS, AND EXTRACELLULAR MATRIX

CELL DIVISION
VARIATIONS, REGULATION, AND CANCER

You, From A to T: Your Personal Genome

CHAPTER 12
CHAPTER 13
CHAPTER 14
CHAPTER 15
CHAPTER 16
CHAPTER 17

CHAPTER 18
CHAPTER 19
CHAPTER 20

DNA REPLICATION AND MANIPULATION
GENOMES

MUTATION AND DNA REPAIR

GENETIC VARIATION

MENDELIAN INHERITANCE

BEYOND MENDEL
SEX CHROMOSOMES, LINKAGE, AND ORGANELLES

THE GENETIC AND ENVIRONMENTAL BASIS OF COMPLEX TRAITS
GENETIC AND EPIGENETIC REGULATION
GENES AND DEVELOPMENT

Xiv

CASE 4

CHAPTER 21

CHAPTER 22
CHAPTER 23

* CHAPTER 24

Malaria: Co-evolution of Humans and a Parasite

EVOLUTION
HOW GENOTYPES AND PHENOTYPES CHANGE OVER TIME

SPECIES AND SPECIATION

EVOLUTIONARY PATTERNS
PHYLOGENY AND FOSSILS

HUMAN ORIGINS AND EVOLUTION

_ontents.

a select number of important and purposeful changes. Below is an annotated table of

Chapter 1 introduces evolution as a
major theme of the book before
discussing microevolution in Chapter 4
as a foundation for later discussions of
conservation of metabolic pathways
and enzyme structure (Chapters 6-8)
and genetic and phenotypic variation
(Chapters 14 and 15). After the
chapters on the mechanisms of
evolution (Chapters 21-24), we discuss
diversity of all organisms in terms of
adaptations and comparative features,
culminating in ecology as the ultimate
illustration of evolution in action.

The first set of chapters emphasizes
three key aspects of a cell—
information, homeostasis, and energy.
Chemistry is taught in the context of
biological processes, highlighting the
principle that structure determines
function.

[ found [Chapter 2: The Molecules
of Life] quite readable and it
makes the chemistry seem much
more relevant to organisms from
the beginning.

Upo SavaLLi, INSTRUCTOR

Arizona STATE UniversiTy WEST

The genetics chapters start with
genomes, move to mutation and genetic
variation, and then consider inheritance
to provide a modern, molecular look

at genetic variation and how traits are
transmitted.



AND STORY OF

The book’s chapters and sections are arranged in a familiar way to be used in a range of introductory biology courses, with
contents, highlighting these changes and the reasons behind them.

PART 2: FROM ORGANISMS TO THE ENVIRONMENT

= CHAPTER 25

CYCLING CARBON

[Chapter 25: Cycling Carbon] does a great
job connecting the “halves”; providing
examples in the text and asking questions
along the way forces the student to give
some thought to the topic. ... Well done.

CASE 5 The Human Microbiome: Diversity Within DIEPHEN TRUMBLE
¢ BavLor UNIVERSITY
CHAPTER 26 BACTERIA AND ARCHAEA
CHAPTER 27 EUKARYOTIC CELLS We present the carbon cycle as a bridge
ORIGINS AND DIVERSITY between the molecular and organismal parts
* CHAPTER 28 BEING MULTICELLULAR of the book; integrating ecology and diversity.

CASE 6 Agriculture: Feeding a Growing Population
|
) CHAPTER 29 PLANT STRUCTURE AND FUNCTION The plant chapters combine content in
; MOVING PHOTOSYNTHESIS ONTO LAND novel ways to better integrate content and
CHAPTER 30 PLANT REPRODUCTION provide context for biological processes,
FINDING MATES AND DISPERSING YOUNG such as plant reproduction with the timing
CHAPTER 31 PLANT GROWTH AND DEVELOPMENT of reproductive events.
BUILDING THE PLANT BODY
= CHAPTER 32 PLANT DEFENSE
| KEEPING THE WORLD GREEN
‘ CHAPTER 33  PLANT DIVERSITY
CHAPTER é4 FUNGI Diversity follows physiology in order to
STRUCTURE, FUNCTION, AND DIVERSITY provide a basis for understanding the
groupings of organisms.
CASE 7  Predator—Prey: A Game of Life and Death
CHAPTER 35 ANIMAL NERVOUS SYSTEMS
CHAPTER 36 ANIMAL SENSORY SYSTEMS AND BRAIN FUNCTION
CHAPTER 37 ANIMAL MOVEMENT
MUSCLES AND SKELETONS
CHAPTER 38  ANIMAL ENDOCRINE SYSTEMS ® Biology: How Life Works includes
CHAPTER39  ANIMAL CARDIOVASCULAR AND RESPIRATORY SYSTEMS ehaphensr et tiori iraditionaly appear In
introductory biology texts, one in almost
CHAPTER 40  ANIMAL METABOLISM, NUTRITION, AND DIGESTION every major subject area. These novel
CHAPTER 41  ANIMAL RENAL SYSTEMS chapters represent shifts toward a more
WATER AND WASTE modern conception of certain topics
CHAPTER 42  ANIMAL REPRODUCTION AND DEVELOPMENT in biology:
CHAPTER 43 ANIMAL IMMUNE SYSTEMS = The basis of cgmplex traits (Chapter 18)
= Human evolution (Chapter 24)
CASE 8 Biodiversity Hotspots: Rain Forests and Coral Reefs * Cycling carbon (Chapter 25)
= Multicellularity (Chapter 28)
CHAPTER 44  ANIMAL DIVERSITY = Plant defenses (Chapter 32)
CHAPTER 45 ANIMAL BEHAVIOR = Human impact on the environment
CHAPTER 46 POPULATION ECOLOGY (Chapter 48)
CHAPTER 47 SPECIES INTERACTIONS, COMMUNITIES, AND ECOSYSTEMS

= CHAPTER 48

THE ANTHROPOCENE
HUMANS AS A PLANETARY FORCE

XV
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CONNECTED LEARNING PATH

CHAPTER 2 . The authors of Biology: How Life Works rethought the standard pedagogical
4 EVOLUTION tools like chapter summaries and end-of-chapter questions. Each element

How Genotypes and Pheg purposefully relates to the same set of core concepts and functions as a
Change over Time .
connected learning path for students.

Variation is 2 fact of nature: A walk down any street reveals
cles is. Skin color and haix cotor, for example, vary from
S 2

i species as
8 ant. According to the traditional view at the time, not only

Core Concep‘[s listed at the beginning of each chapter map to the chapter's numbered

sections and give students a preview of what ideas they should know by the time they finish
'{ﬁ%’ﬁﬁ?&%ﬁ“ . reading. We built each chapter around core concepts in order to focus on the most important
m-ﬁ@mmmm@m and overarching ideas in any one topic.

¥

The breakdown of a molecule of glucose by fermentation yields
only two molecules of ATP. The energetic gain is relatively small
compared to the total yield of aerobic respiration because the

> end products, lactic acid and ethanol, still contain a large amount
Throughout the chapter, QU ick C hecks ask students ofc:emicualemrgyintheirbondsmd:mno(fullynxidmiezed.
. The modest yield explains why organisms that produce ATP by
to pause and make sure they're ready to move on to the fermentation must consume a large quantity of fuel molecules to
. ‘ B N the cell.
nextidea These brief questions pointedly ask the student -
to demonstrate a full understanding of a tough topic before

reading on.

4  Quick Check & ¢

Core Concepts Summary

4.1 PROTEINS ARE LINEAR POLYMERS OF AMINO ACIDS
THAY FORM THREE-DIMENSIONAL STRUCTURES WITH
SPECIFIC FUNCTIONS. =

Students revisit the core concepts in the Core COHCGPJ[S Summary. Here,
they can remind themselves of the big-picture ideas from the beginning of

the chapter and see them in the context of key supporting ideas.

Anamino acid consists of an & carbon connected by covalent g
bonds to an amino group, a carboxyl group, a hydrogen atom, and l“
a side chain of R group. page 42 &

‘There are 20 common amino acids that differ in their side chains.
page 4.2

Amino acids are connected by peptide bonds to form proteins. o
poge ¢-3

) Self-Assessment
The primary

fa protein is

1. Describe two ways in which Mendel's experimental approach
differed from others of the time.

2. Distinguish among gene, allele, genotype, and phenotype.

3. Name and describe Mendels two laws.

Students test their understanding of core concepts with

4. Explain the relationship between Mendel’s two laws and the

mechanics of meiosis.
Se’f_AsseSS ments' These assessments’ along 5. Explain how you can predict the genotypes and phenorypes of
. . . ffspring if you know thy s of the ents,
with the online answer guides, allow students to see for B L
3 escribe an instance when a testcross would be useful,
themselves whether or not they have understood the major . Define the pisplicarion nd sdion les A explet ik

these rules can help you predict the outcome of a cross berween

ideas of the chapter.

Learning doesn't end when the printed chapter ends. A wealth of Media organized
by core concept, including dynamic, zoomable Visual Synthesis figures, animations,
and simulations, reinforce what students have read. Assessments give students
opportunities to apply what they have learned and hone problem-solving skills.

414 |
The function of a protein is dependent upan the shape into which the chain of amino g

acids folds. Many are responsible for the protein’s
shape. Assume you have isolated a protein from an organism in its proper shape, and you
Instructors can use and assign material from a set of ais
: : ; T e e i o i n deeomilog e hageof s o
questions we call prog ressions. Progressmng following would have an effect o the shape of 8 protcin? E
. X A. the temperature of the environment
offer questions designed as a sequence to use before, o A ————
ydrophobic
during, and after lecture. Progressions help instructors P AP, oo P e e
» s a [ Core Concept [ Lever | Connections Guidance
align the questions they ask on exams to the in-class a OC,athoughs | Figures 42, 44,231 | Pre-irucion,

thorough explanation post-class or exal
of the free response
questions would be mca
HOC (comprehension) Small group di
for many (most?) d
first-year biology This question prg
students.

activities and homework questions they have students
engage in before an exam.,
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The course I teach strives to
integrate concepts across
multiple levels of biological
complexity and Visual
Synthesis would help

with this goal.

BRreTTON KENT, INSTRUCTOR
UNIVERSITY OF MARYLAND

Visual Synthesis does a great
job of summarizing the
content of [Chapter 42:

Reproduction] in terms of
human development. It
appears to be very
comprehensive including the
concepts of fertilization,
cleavage (including both
maternal and fetal
transcription controls) all
the way through cell
differentiation and tissue
development.

CyNTHIA LITTLEJOHN, INSTRUCTOR
UNIVERSITY OF SOUTHERN MISSISSIPPI

The zoomable Visual Synthesis
image is an incredibly
powerful visual aid for

students, allowing instructors

to bridge the gap between
the details and the larger
concept.

RoBeRT MAXWELL, INSTRUCTOR
GEORGIA STATE UNIVERSITY

The zoomable digital media
is an excellent tool for
students and instructors!

The interactive capabilities
and ability to view content on
different levels of complexity
are unlike anything I have
seen from other texts,

JEANELLE MORGAN, INSTRUCTOR
GAINesVILLE STATE COLLEGE

BIOLOGY: HOW LIFE WORKS

VISUAL SYNTHESIS FIGURES

Just as we integrate topics in biology to create a single narrative, it's our goal to extend integration to
the media by creating a seamless path from the book to all online materials. Visual Synthesis
figures represent one way that we integrate the text and media. In the book, a Visual Synthesis figure
is a two-page spread and serves as a visual summary integrating concepts across multiple chapters.
These figures help students look beyond chapter divisions and see how concepts combine to tell a
single story. Students continue their exploration online, where they can interact with a dynamic

Visual Synthesis figure. Zooming in and out, students can explore both the big picture and the details,
building a framework for how concepts connect and relate. The Visual Synthesis figure also functions
as a launch pad to other resources, like animations, simulations, and assessment questions.

HLW Activity

LUSing the INtBractive visusl, piease Bnswer tAE MURiDle GHawe QUESTNE a5 1ne COTtam of the PAYE. Links ane prowided (o bl ary the answmr chasces

Usetul links
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I would like to incorporate more
animations, virtual labs, and
real-life scenarios relating to the
concepts we are learning in lecture.
It is incredibly helpful when these
resources are created by the
textbook publisher, so they
correspond directly to the

material I am covering.

AsHLEY SPRING
Brevarp ComMuniTY COLLEGE

Students have trouble
visualizing cellular activities,

so we constantly look for tools
to enhance their understanding.

MarGARET OTT
TyLer Junior CoLLEGE

ANIMATIONS AND SIMULATIONS

Biological processes are not static—they are dynamic, always in motion. We use animations as
an engaging and revealing way to bring biological processes to life, place them in context, and give
students an intuitive sense of how these processes work.

Some concepts are best learned by doing, rather than by reading or watching. Biology: How Life
Works Simulations allow students to explore biological processes directly and problem solve
by doing. Each simulation asks students to work within or break a system, and assessment questions
lead students through the system so they can work through a core concept.

The animations and simulations are available independently but are also integrated into the online,
zoomable Visual Synthesis figures. In exploring the Visual Synthesis figure, students can watch
animations, answer assessment questions, and interact with simulations to guide them through
the illustration.

Simulation Results

B
AUGGAAAGA AGCC AL AL

AUGGUAAGAAGCCAULAG AAAA

Questions...

“ow Many amina acids are encosed by this mANA?
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