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GOALS
• To extend scientific knowledge and 

laboratory skills

• To guide students in applying scientific 
knowledge and skills in ethical ways to 
solve real-world problems, using activities 
that activities that include collaborative 
STEM experiences

• To enable students to create models that 
describe the natural world and use them 
to make predictions

• To equip students with the skills to 
interpret informational text and apply 
scientific knowledge in accordance with 
biblical teaching

To equip students to ethically engage in scien-
tific inquiry, data analysis, and model-making 
so they will be able to solve real-world problems 
within the framework of a biblical worldview.
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The BJU Press secondary science program uses a lab-
based approach to equip students to ethically engage 
in the work of science. Our program teaches science 
content from an ethical perspective based on a biblical 
worldview and explores what science can do through 
strategic modeling in inquiry labs and collaborative 
STEM experiences. We then direct students to use their 
critical-thinking and problem-solving skills to develop 
workable models that will help them find appropriate 
solutions. To that end, each chapter includes opportuni-
ties for extended study that will challenge students to 
harness and develop their scientific understanding and 
laboratory skills to serve God and to serve others. They 
will complete case studies, evaluate existing scientific 
models, and follow webquests that will require them to 
collect and analyze data. Ultimately, we want to equip 
teachers so that they can prepare a generation of stu-
dent scientists who can use 21st century skills to solve 
real-world problems within the framework of a biblical 
worldview and who live in a way that’s biblically faithful. 

PROGRAM APPROACH 



4

Extending Scientific     
Knowledge & Skills
Students will be able to develop solutions to real-world problems only with a 
thorough understanding and knowledge of the sciences, scientific principles, and 
laboratory skills. Most elementary students will have had introductions to the sci-
ences and valuable laboratory skills, but future science study will be more enjoyable 
and comprehensible if students continue to expand their understanding in each 
successive secondary science course.

BJU Press begins each middle school and high school science course with an 
overview of the work of science and foundational biblical themes that 
should shape a Christian’s understanding of the major issues in that 
field. Students will also regularly review the three-element founda-
tion of Christian ethics: biblical principles, biblical outcomes, and 
biblical motivations. In addition to supporting the students’ 
worldview shaping, we also support their continued learning 
development. Our standards-based student textbooks 
use age-appropriate language to support learning and 
retention and include stunning visuals to illustrate 
concepts. Thoughtfully crafted chapter objectives and 
essential questions help students to look for key 
information as they read, and chapter reviews 
give easy-to-use bulleted reviews for each 
chapter.

To prepare students for college and 
potential careers, we highlight 
scientific careers and interdisciplinary 
opportunities related to the sciences 
they study and provide direction on 
how to pursue a field that interests 
them. Students need to see every 
opportunity they have for continued 
study. God uses the experiences they 
have in their middle and high school 
courses to lead them to His plan for their 
lives. 

vascular 
cambium

xylem 
(wood)

phloem
cortex

bark

cork cambium
cork 

4



5

Applying Scientific     
Knowledge & Skills
Knowledge often means very little without experience. Lab activities provide a vital opportu-
nity for students to get hands-on application of the skills they’re learning in class. In a broader 
sense, students gain the critical-thinking skills they need to ask better questions and create 
strong hypotheses by completing lab activities. BJU Press secondary science lab manuals are 
designed to help guide students through hands-on activities that build critical-thinking skills 
and refine students’ observational skills and their capacity to follow directions. Consistent lab 
work gives students an opportunity to develop and mature their way of thinking. Beyond 
critical thinking, each lab is also designed to accomplish specific science content learning 
objectives. Mini labs within the student edition and guided discovery labs in the lab manuals 
of BJU Press materials give students abundant opportunities for application and for practice 

with technology, including probeware technology.

By offering inquiry and STEM activities, we give students even more oppor-
tunities to learn hands on and apply the skills from the classroom. These 

activities give students ownership over the creative process, whether in 
groups or individually. Inquiry labs require students to use the scien-

tific process and ask questions, form hypotheses, design investiga-
tions, analyze data, draw conclusions, communicate results, and 

often, ask additional questions. These activities foster curiosity 
and require students to think more critically than they would 

with traditional activities that spell out procedures and 
goals for them.

In addition, STEM activities require students to apply the 
engineering design process and use scientific inquiry, 

mathematical reasoning, and technology. To be suc-
cessful in these activities, students must also develop 
21st century skills, including collaboration, problem-
solving, and communication. They learn what works, 
not just in the scientific process, but also with other 
people. BJU Press lab manual STEM activities present 
opportunities for students to refine their methods so 
that they discover more effective solutions and learn 
that many problems have more than one solution.

THEODOR SCHWANN

Animals are made of cells.

Cells come from other cells.

RUDOLF VIRCHOW

Cell Theory
• All living things are 

made of one or more 
cells.

• All cells come from 
preexisting cells.

• Cells perform the 
functions of living 
things.
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Enabling Students to Use      
& Create Models
Throughout the BJU Press science program, we show students how scientists use models 
to explain, describe, and represent the world more accurately. Models allow scientists to 
test their theories and apply predictions, especially when they’re working with forces and 
structures that are too large or too small to be observed or that no longer exist today. For 
example, the double-helix model of DNA brought biology to the field of molecular genetics. 
The heliocentric model of the solar system more accurately answered the questions proposed 
by observations of the night sky. We explain how historical documents, eggs, and bones help 
us create models and study the behavior and habitats of extinct species such as the elephant 
bird or dinosaurs. When scientists proposed these models, they didn’t have the resources or 
capabilities to prove their theories. They created their models to accurately describe the natu-
ral world and then made predictions based on their models. As we know, scientists have had 

to adjust existing models to accommodate new information and observations, 
like the heliocentric model. We teach students about models to 

show that science is not a progression toward greater truth. It’s 
a quest for more workable models.

To equip students to create and use predictive models 
of the natural world, student lab manuals in BJU Press’s 
secondary science program include technology-based 
modeling tools. Students will use graphing technology to 
create mathematical models and scatterplots in spread-
sheet activities. Other activities use internet modeling 
tools to create models of molecules and atoms. Teachers 

can also choose activities that require students to 
use apps on their devices to create animated 

models and explore the spread and 
severity of viruses. They will then 

use the models they create 
to link presentations and 

phenomena.

6
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Equipping Students to 
Interpret Informational 
Text & Apply Knowledge
One of the biggest challenges for secondary science 
students can be interacting with rich informational texts. 
Science-related informational texts use discipline-specific 
vocabulary and technical scientific diagrams. A prepared student 
can interpret scientific studies, engage with the information, evaluate it from a biblical 
worldview, and answer ethical questions presented in a study.

To properly prepare and equip students, we fill our textbooks with opportunities to engage 
with informational texts on a high level. Not only are the textbooks themselves informational 
texts, but the additional recommended ethics boxes and webquests will challenge students to 
find more informational texts to read and learn from. Our textbooks introduce students to the 
vocabulary they will need, and present scientific diagrams that give students an opportunity to 
practice visual-analysis skills. In assigned ethics boxes and webquests, students get to apply and 
further develop their informational-text reading skills to real-world situations, and then they will 
write responses to what they have learned.

7
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Student Edition
Each student edition introduces students 
to a scientific field with a solid biblical 
worldview foundation and a focus on real-
world applications. Students will explore 
discipline-specific terminology and exist-
ing models for each field as well as ethical 
issues presented. Extensive full-color and 
scientifically accurate illustrations, charts, 
and diagrams will help students to develop 
a visual understanding of the concepts 
they study. Case studies, worldview sleuth-
ing activities, mini-labs, ethics boxes, and 
questions help students think like scientists 
and view each scientific field from a  
biblical perspective.

Teacher Edition
The teacher edition for each grade offers 
research-based strategies, teaching notes, 
and suggested activities to give teachers 
options for daily lessons. The strategies 
focus on explaining concepts to students 
by moving from concrete to abstract and 
by linking scientific concepts and pro-
cesses with prior learning. Each teacher 
edition features a suggested teaching 
schedule, full-color reduced student pages, 
icon-coded items like weblinks and dem-
onstrations, complete answers to review 
questions, background information to 
enhance classroom instruction, and a full-
year lesson plan overview. Teachers will also 
find active learning opportunities, inquiry 
activities, group discussions, formative 
assessments, and intriguing chapter open-
ers to add depth and variety to their daily 
teaching plan.

CHAPTER 1
10

HOMEOSTASIS

Homeostasis literally means “staying the 

same,” indicating the general purpose of 

this principle in an organism to keep the 

internal conditions within the organism 

relatively constant.

COMBINING FORMS

Now is a good time to introduce how 

combining forms are used to understand 

science terms. Refer students to Appen-

dix D. Also, the short introductory activity 

below is suggested.

Introduce the word homeostasis by dis-

cussing its combining forms and their 

meanings. Then divide the class into 

groups of three or four and give them 

the following words to determine mean-

ing using only the combining forms in 

Appendix D: eukaryotic, prokaryotic, au-

totroph, heterotroph, and biobot. One stu-

dent from each group should write down 

the meaning to each word. Alert students 

to the possibility that not all the word 

parts are in the appendix (e.g., bot in “bio-

bot”). In such a case, the students should 

use the best meaning with which they 

are familiar. Since these are terms that are 

introduced later in the chapter, stress that 

they use only the appendix or their own 

knowledge as a source of meanings. After 

about five minutes, have a representative 

from each group read what they came up 

with for each term.

For a more extensive combining form ac-

tivity, visit TeacherToolsOnline.com.

Class Closer: Have the students update their definitions from the start of 

class.

Group Activity: Have students collaborate in using photos of “alive” and 

“not alive” items to determine the characteristics of living things. See the 

teacher note on deducing the characteristics of life on page 8.

Think, Pair, and Share Contest: After introducing the term homeostasis 

and illustrating it with one example, such as breathing faster as a result 

of exercise, have your students think about examples of homeostatic re-

sponses in the activity described in the teacher note on page 8.

CHAPTER 1
10

 1.5   THE BALANCE OF LIFE 

So now you know how to tell whether something is alive. But how 

does an organism stay that way? An organism’s body and its envi-

ronment are constantly changing, so the organism’s body has to 

continually adjust. There are life processes that work to keep an in-

ternal balance. That’s what homeostasis is—an 

organism’s ability to keep its internal pro-

cesses stable. The body needs and looks 

for information about its internal or ex-

ternal state and for ways to respond to 

changes.

For example, when you begin to 

exercise, your cells need more  

energy. The body can sense 

this and it can also respond. 

Your body starts burning stored  

energy, your heart beats faster,  

and your breathing speeds up.  

Your body keeps the oxygen in 

your blood at just the right level 

so that you can sustain this ac-

tivity. Your body has its limits 

though. Try running a mara-

thon without training! In the 

most extreme cases, an organ-

ism will die if the stress from 

its environment is too big for its 

body to balance.

The heart pumps 

more blood.

More air is supplied to the lungs.

The blood carries more oxygen.

11

GOD’S LIVING WORLD

LIFE MOST SPECIAL
This might be a good place for a class 

discussion on how life is special and 

human life is most special. This could in-

clude the reasons for this uniqueness and 

the ramifications regarding issues such 

as abortion, embryological stem cell re-

search, drug testing with animals, and 

the actions of animal rights groups. Ques-

tions to ask include the following: “Do 

we know of life on other planets? What 

makes our Earth especially suited for life? 

Is this all just a coincidence? Is human life 

any different? How is it different? Should 

we value human life above other kinds 

of life?” You might also bring in the prin-

ciples involved with making ethical deci-

sions.

 1B  REVIEW ANSWERS 1. Snowflakes don’t consume energy or reproduce. (p. 9)

 2. Humpback whales exhibit internal organization through homeo-

stasis. They consume energy, grow, respond to their environment, 

and reproduce. Since they have all the characteristics of life, they are 

alive. (p. 9) 3. God commanded animals and mankind to reproduce after their 

kind. The ability of life to reproduce is part of God’s good design of 

creation. (pp. 4, 9) 4. a.  A thermostat exhibits homeostasis because it can switch a heater 

or an air conditioner on or off using information about the tem-

perature nearby.

  c.  Autopilot in an aircraft will steer an airplane in response to 

changes in its environment in order to arrive at a set destination 

using information about direction.
  d.  Cruise control in a car exhibits homeostasis because it can adjust 

how much fuel is fed to an engine on the basis of information 

about speed.  The electric mixer and hairdryer don’t exhibit homeostasis because 

they don’t have mechanisms to collect information and respond to 

changes in the environment. (p. 10)
 5. Student responses should contain some of the following words: God, 

design, homeostasis, energy, information, and organization. (p. 11)

 6. God made people in His image and commanded them to wisely rule 

His world. (pp. 4, 11)

11

 1.6   THE VALUE OF LIFE 
Your body is made of about 60 trillion cells! God has engineered all 

these cells to work together to maintain your body’s homeostasis. He 

didn’t do this just for you; God provides this for all living things. Life 

is special because the Bible tells us that God created life. It has been 

divinely engineered with everything it needs down to the tiny cell. 

The energy and information required to sustain life show us that it 

is no coincidence. The complexity required for even a unicellular or-

ganism to maintain homeostasis is too great for it to be the product 

of random chance. God provides for life.
God doesn’t just provide for you—He loves you and made you in 

His image. Your body reflects His divine design, and you reflect His 

image. We will explore many living things in this textbook. Remem-

ber your place in God’s creation: you are His special design. 1B   REVIEW QUESTIONS 1. A snowflake moves, grows, and has an organized crystal structure. Why 

isn’t it considered alive? 2. Humpback whales migrate to the coast 
of Madagascar to give birth. A mother  
won’t eat for several months until she  
and her nursing calf migrate to the 
Antarctic to feed on schools of fish. 
Prove that the humpback whale is  
alive using the characteristics of 
life.

 3. How is the ability of living things to 
reproduce linked with the Bible’s story of 

Creation (see Gen. 1: 24–30)? 4. For an organism to maintain homeostasis, it needs a way to (1) collect 

information about the environment and (2) make changes to stay bal-

anced. Identify which of the following machines perform both functions 

and explain your answer(s). a. thermostat b. electric mixer c. autopilot in a flying airplane d. cruise control in a car e. hairdryer 5. How do living things show that God has divinely engineered them?

 6. How are people different from other living things?

33
CELL STRUCTURE

The endoplasmic reticulum, or ER, is a network of tubes 
that help produce and transport proteins and other 
molecules throughout the cell. Rough ER has protein- 
producing ribosomes attached to its surface. ER without 
ribosomes, called smooth ER, makes fat molecules for 
the cell membrane.

8

Many proteins made in the ER are sent to the Golgi 
apparatus. This organelle modifies many of these pro-
teins and packages them into vesicles, small bubble-like 
structures that transport the proteins to their final desti-
nations.

9

ribosomes are small structures that assemble proteins. 
Both eukaryotes and prokaryotes have them.

10

The lysosomes are small organelles that act as the demo-
lition crews of the cell. They contain enzymes, which are 
proteins that speed up or slow down chemical reactions. 
The lysosomes dispose of old cellular structures and de-
stroy foreign substances such as bacteria or viruses.

12

The cytoskeleton consists of several types of long, thin 
fibers anchored to various parts of the cell. It helps the 
cell maintain and change its shape. It also serves as a 
highway for moving vesicles and organelles.

11

The “powerhouses of the cell,” the mitochondria (s. mito- 
chondrion), make most of the cell’s ATP, which is used to 
power cellular processes.

13

EUKARYOTIC CELL STRUCTURES
The nucleus holds the DNA inside a nuclear membrane, 
which controls what enters and exits the nucleus.
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CHAPTER 348

The “rungs” of the DNA ladder are made of pairs of bases 3 . It 

should come as no surprise that a base on one side of the DNA 

molecule coupled with its partner on the opposite side of the 

molecule is known as a base pair. There are four kinds of bases 

found in DNA: adenine, thymine, guanine, and cytosine. Because 

of their chemical structures, these bases can pair together in 

limited ways only—adenine always pairs with thymine, and 

cyto sine always pairs with guanine.

The sides of the ladder 1  are 

made of two different molecules. 

One is called phosphate, and the 

other is a sugar known as deoxy-

ribose (dee ahk see RI bos).

The long DNA molecule is made of many 

smaller subunits known as nucleotides 2 . 

Each nucleotide consists of a sugar, a phos-

phate, and a base. The DNA in each of your 

cells consists of about 6 billion nucleotides!

A DNA molecule looks like a twisted ladder, a shape called a 

double helix. This structure was first suggested by James D. 

Watson and Francis H. C. Crick in 1953.

SUGAR

BASE

PHOSPHATE

ADENINE + THYMINE

GUANINE + CYTOSINE

1

2

3

 3A  

DNA AND GENES

How do cells store information?

 3.1   THE NEED FOR INFORMATION 

The larva on the previous page is a baby sea star! Surprised? To 

change into an adult sea star, the larva needs a plan for making major 

changes to its body. New types of cells with new functions have 

to be added. To do this, the sea star needs a certain something. It 

needs information. Just like people who build things need instruc-

tions, the cells in the sea star larva need instructions too. If it could 

think, the sea star larva might be asking itself, 

“What kinds of cells do I need? And how do 

I make them?” When God made the first liv-

ing things, including sea stars, He built into their 

cells a special kind of information-rich molecule. 

This molecule, DNA, is a kind of nucleic acid that stores 

the information needed to make all of the complex cellular 

machinery that you learned about in Chapter 2—machinery cells 

needed to live, grow, and reproduce. Let’s take a closer look at the 

structure of DNA and see how it stores information.

3A Questions

• Why do cells need information?

• What does DNA look like?

• How does the structure of DNA hold 

information?

?

STRUCTURE OF DNA

MATERIALS
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Student Lab Manual/  
Student Activities
Each lab manual or student activities manual 
gives students opportunities to develop labo-
ratory skills and apply what they have learned 
in real-world situations. Students will solidify 
their understanding of concepts by connect-
ing the content with real-world problems. 
Discovery labs give guidance for exploring 
God’s world; inquiry labs require students to 
use the scientific process to create their own 
activity; and STEM activities develop key sci-
ence, engineering, and problem-solving skills 
through observing, recording, and analyzing 
samples and data to make models. Students 
then test those models to understand   
their workability.

Teacher Lab Manual/    
Student Activities Answer Key
The teacher lab manual and answer key contains 
full-color, reduced-size lab manual pages with answers 
as well as additional instructions on preparation and 
the safe execution of lab exercises.

Assessments
The assessment packets provide summative assessment 
opportunities to measure students’ knowledge and 
understanding of key concepts. The tests and quizzes 
include opportunities for students to infer information 
from images, and they assess students’ recall and 
higher-order thinking skills. An assessments answer key 
is available for each grade.

CHAPTER 1: GOD'S LIVING WORLD
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LOOKING WITHIN

LAB 1D
LOOKING WITHIN
Observing Cells with a Microscope
HOW CAN I SEE CELLS?
In this chapter we’ve investigated the properties of life, including cells. 
We’ve studied how microscopes work. But how can we see cells? You can 
use a microscope to find out what cells look like.
Procedure
You will use a microscope to observe several prepared slides (slides that 
have preserved tissues mounted on them) and fresh specimens that your 
teacher has chosen. Prepared slides usually have specimens that have 
been stained for easier viewing. Different organisms have different kinds 
of cells. Be sure to observe at least one kind of animal cell and one kind 
of plant cell. View your slides at both low and high magnification.USING THE MICROSCOPE

Always follow these instructions to properly obtain, set up, and return 
your microscope.

Always carry the microscope properly. Excessive jarring and bumping may bring the lenses out of adjustment. 
To avoid damaging the microscope, observe the following rules.•  If it is necessary to take a microscope out of a cabinet or cupboard, 

be careful not to bang the microscope against the sides of the cabi-
net.

•  Carry the microscope with one hand under the base and the other 
hand holding the arm of the microscope.•  Be sure to keep the microscope close to your body in an upright po-  sition so that the eyepiece does not slip out of the eyepiece tube or body tube (depending on the style of microscope).•  Gently place the microscope on the table and position it about 8 cm from the edge.

E
Equipment
microscope
prepared slides of various kinds of cells 
slides of fresh specimens

Key Questions
• What do cells look like?
• How do I use a microscope?

?

CHAPTER 1: GOD'S LIVING WORLD
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THIS OR THAT?

LAB 1E

THIS OR THAT?

Using a Key to Identify Organisms

HOW CAN I CLASSIFY UNFAMILIAR ORGANISMS?

When Michael Fay hiked 3000 miles through the tropical rainforests of 

Gabon in 1999, he stumbled upon many organisms, some of which he 

didn’t know at first glance. How could he identify them, and how could 

he know whether he had discovered a new organism?

Scientists like Michael Fay use dichotomous keys. Dichotomous keys are 

flow charts used to classify organisms according to physical character-

istics that can be observed. One of these characteristics is symmetry. 

An organism shows symmetry if it can be divided into equal halves. 

If an organism has a top and bottom but no right and left sides, it dis-

plays radial symmetry. Another characteristic is a skeleton. If an animal 

doesn’t have a hard outer covering, then it must have some other type of 

support. Often it has a skeleton inside, including a backbone. Look for 

other features to classify organisms, such as gills, feathers, hair, tentacles, 

shells, or body segments.

Now you get to do it! Using the Dichotomous Key on page 17, identify  

the phylum, subphylum, or class to which each animal in the picture 

belongs. Start at the first row, and follow the directions. Sometimes 

you’ll get a few hints along the way. Assume that animals have backbones 

unless otherwise stated.

 1. has no backbone

 3. has no backbone

 2. 

 4. has no backbone

Michael Fay

E
Equipment

Dichotomous Key

Key Questions

• What is a dichotomous key?

• How can I use a dichotomous key 

to classify unfamiliar organisms?

?
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PLANT ATTRIBUTES

Photosynthesis. Almost all plants are au-
totrophs—they produce their own food 
through photosynthesis. A few plants are 
parasitic, getting their nutrition from other 
living things.

WEATHERING, EROSION, AND SOILS 293

TEACHING THE MATERIAL
ESSENTIAL QUESTION

How does soil form?

OBJECTIVES

12C1 Describe how soil forms, including its horizons.
12C2 Analyze how different factors affect soil.
12C3 Evaluate ways for using and conserving soil. Bi

RESOURCES

Life Connection: Living Soil

Info Box: Controlling Erosion

Careers: Serving God as a Pedologist

Mount St. Helens Eruption video, USDA’s National Resources Con-
servation Service website
Mount St. Helens, Chapter 12 Map Exercises

STRATEGIES

Class Opener: Start class by asking your students how earth science and 
biology are connected. Use the Life Connection on page 294 (Living Soil) 
to show how truly connected these two sciences are.
Graph Reading: Use the soil classification graph (p. 295) to have your 
students work on graph reading skills. Give students the percentages and 
have them determine the type of soil. Alternatively, give them the type of 
soil and have them determine the percentages of clay, silt, and sand.

ORIGINAL SOIL

It is interesting to conjecture about what 
Earth might have looked like before the 
Fall and the Flood. Take soil, for example. 
From our vantage point on this side of the 
Flood, we believe that soils take hundreds 
of years to form and that they are the prod­
ucts of gradual weathering and deposition. 
The original soils were not produced in this 
way. Therefore, it is not certain that they 
were similar in composition or appearance 
to today’s soils.

Have your students consider other natural 
features that we intuitively believe take 
long periods of time to form and then con­
sider what they might have looked like at 
the end of Creation Week. Some features, 
such as canyons, rocky seashores, sand 
bars, deltas, and the like, may not have ex­
isted at all in the earliest days of the earth.

(continued)

293

 12C 

SOIL
How does soil form?

 12.13   WHAT IS SOIL? 

You’ve learned how rock breaks down into sedi ments through 
weather ing and erosion. Sedi ments can build up in one place or they 
can be transported to a different place. When you see fine sedi ments 
covering the ground, you might think, soil! But is it? For most earth 
materials, this is only the beginning of the makings of a good soil.

Pedologists—scientists who study soils, soil formation, and ero-
sion—define soil as a layered formation at the surface of the earth 
made of inorganic earth materials combined with organic nutrients. 
Soil is also porous, allowing water and air to move through it.

So where did soils come from? On the third day of Creation, God cre-
ated soil best suited to support and nourish the plants that He would 
create later the same day (Gen. 1:9–13). This original soil was the 
result of a supernatural creative act. It’s possible it didn’t even look 
like the soils we see today since today’s soils come from weather ing 
and erosion.

As biblical creationists, we can be fairly sure that there aren’t any 
original soils remaining today as they were at Creation. After the Fall 
and God’s curse on Adam’s sin, all things changed, even soils. The 
new difficulty Adam had in farming likely resulted from soil qual-
ity and fertility (Gen. 3:7–19). People probably had to start using 
conservation methods to reduce soil erosion and replenish nutri-
ents in the soil. Then the Flood really changed every thing. In the 
upheaval, the floodwaters mixed up the original soil materials with 
other sedi ments. But God in His providence and mercy provided for 
His creation. Soils all over the world were quickly restored through 
weather ing and erosion. But they were probably quite different from 
the original soil.

O12C Objectives
After completing this section, you will be 
able to

 » describe how soil forms, including its 
horizons.

 » analyze how different factors affect soil.

 » evaluate ways for using and conserving 
soil.

pedologist (pe DAHL uh jist): ped- (Gk. 
pedon—ground, soil) + -ology (study of ); soil 
scientist

 12-18     
We don’t know what the soil composition at 
Creation looked like, but it is likely that soil 
was not made up of the products of erosion 
and decomposition since these processes 
had not occurred yet.

IAccording to the biblical model of the earth’s 
history, all the soils of the world that exist 
today must have formed since the Flood, in 
much less than 5500 years.

CHAPTER 12292

Lakes and other quiet bodies of water that receive streams 
of glacial meltwater accumulate thin layers of sediment 
called varves (Sw. varv—layer). Each varve is a layer with 
coarser particles at the bottom and finer particles at the top. 
A varve may be anywhere from a few millimeters to a few 
centi meters thick.

Most old-earth geologists believe that glacial streams in 
the past deposited exactly one varve each year. The rapidly 
flowing water in the summers carried the coarser particles, 
while the slower flows later in the year could carry only 
the finer particles. They believe that this characteristic, like 
tree rings, is useful for dating glacial deposits. However, 
scientists have discovered that more than one varve may 
form each year. Storms, floods, and other events can add 
varves to outwash deposits. Thus, scientists now recognize 
varve counting to be unreliable as a dating method. 

 12B   REVIEW QUESTIONS

 1. Explain the connection between weather ing, erosion, and deposition.

 2. Describe the difference between slow and fast mass wasting of earth 
materials. Give an example of each.

 3. What property of flowing water determines how much sediment it can 
carry?

 4. What are the three ways that streams move sedi ments?

 5. Describe the orderly deposition of sedi ments as water turbulence grad-
ually lessens.

 6. What kind of formation is illustrated in the photo to the left? How did it 
form?

 7. What places are especially prone to wind erosion?

 8. What are two types of formations resulting from wind erosion?

 9. Name two important land features resulting from wind deposition. Which 
type does not seem to be forming today?

 10. How do glaciers form?

 11. What factors determine how fast a glacier moves?

 12. How do glaciers break up bedrock? 

 13. What kinds of landforms result from glacial plucking?

 14. What kinds of moraines result from the long stripes of glacial till after 
the glaciers melt and retreat?

 15. (True or False) Deflation occurs when a glacier shrinks and retreats.

VARVES
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219AnimAl Structure And Function

 11A  

ENERGY 
How do animals get and use energy?

 11.1   DIGESTION 
Like all living things, animals need energy to live, grow, and repro-
duce. Animals are consumers. They cannot make their own food as 
plants do, so they must get their energy from an outside source. They 
do this by eating other organisms. They have a digestive system that 
breaks down food and absorbs nutrients. Such systems often begin 
with a mouth for taking in food. An animal’s mouth may have spe-
cial structures, such as jaws and teeth, for crushing and grinding 
food into small particles. This is called mechanical digestion. Ani-
mals without teeth, such as earthworms and birds, may have a mus-
cular organ called a gizzard that performs the grinding and crushing. 
During chemical digestion, the stomach and intestines use chemicals 
to break down food molecules into nutrients. The nutrients are then 
absorbed into the bloodstream by the intestines. The leftover mat-
ter that can’t be digested is expelled through an anus. The complete 
path from mouth to anus is often called a complete digestive system. 
An incomplete digestive system has only a single opening for both 
taking in food and expelling wastes. 

As you can see in the diagrams, not all animals have the same parts 
and pieces to their digestive system. The digestive tracts of verte-
brates have additional organs whose secretions further aid digestion. 

A few animals even have no digestive organs at 
all. Tapeworms are a kind of parasite that live 
inside the digestive tracts of other animals. 
Since they are surrounded by digested food, 

they simply absorb nutrients through their skin.

11A Questions
• How do animals get energy from their 

food?

• What kinds of foods do animals eat?

• How do animals maintain homeostasis?

• How do animals eliminate wastes?

?

mouth

pharynx
esophagus

cropgizzard

intestine
anus

Complete Digestive Tract.
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TEACHER GUIDE

Lab 7B75a

IT’S IN THE BAG: INQUIRING INTO CHEMICAL REACTIONS

LAB 

7B

There are two main ideas behind Lab 7B. We want stu - 
dents to actually see for themselves some examples of 
evidences for chemical reactions. We also want them to 
realize the importance of limiting variables in experi-
ments.

Part 1: Observing the Reaction
Question 1 is given so that students will have a point of 
reference. They must first be familiar with the physi-
cal properties of the reactants in order to know later 
whether any change in those properties has occurred.
There are other ways of mixing the chemicals other 
than the procedure described in Steps C–F. It is, for 
instance, not absolutely necessary that the two solids be 
kept separate. (But if the solids mix prior to starting the 
initial reaction, the students will know that this combi-
nation doesn’t do anything.) It is also possible to grasp 
the bag in such a manner that the reactants are sepa-
rated into pockets formed between one’s fingers. Some 
teachers prefer to set the bag with the powders upright 
and then measure out the phenol red into a small con-
tainer, such as a medicinal measuring cup. Then the 
entire cup can be added to the bag, the bag sealed, and 
the contents of the cup tipped out.

Part 2: Identifying the Culprits

WRITING SCIENTIFIC QUESTIONS
As you have seen in previous tasks, this inquiry lab 
activity places the responsibility on students for plan-
ning a procedure that will reach the desired end result. 
Many students may not like this at first—after all, it’s 
hard work! But it is also what real scientists must do. 
Students at this grade level will probably need some 
coaching during the planning phase.

DESIGNING SCIENTIFIC INVESTIGATIONS
A critical aspect of this task rests on the fact that stu - 
dents need to specifically identify which combinations  
of chemicals cause which of the effects that they ob-
serve. In order to do this, they will need to start by test-
ing pairs of reactants. They also need to realize that the 
water in the phenol red solution is a possible reactant, 
which means that there are actually four chemicals to 
consider, not just three.

Be alert to students who suggest procedures that may  
inadvertently be testing more than one variable at a  
time. Some timely probing questions may make stu-
dents aware of aspects of their procedure that they 
haven’t thought through thoroughly.
Some students may benefit from having the planning 
phase of this activity done as a class discussion rather 
than in small groups. Be sure to guide them through 
the process rather than just give them a procedure to 
use.

CONDUCTING THE INVESTIGATION
Once all the groups have good procedures, allow them 
to collect their data. They will need some way to track 
their tests and results, and the Student Lab Manual 
suggests that they use a table to do this. A sample table 
is shown on the next page.

Results
Both calcium chloride and sodium bicarbonate are 
soluble in water, so mixing either of them with water 
alone or with the phenol red solution will cause them 
to dissolve. The dissociation of calcium chloride is exo-
thermic (feels hot), while that of sodium bicarbonate is 
endothermic (feels cool). In the Part 1 reaction, dissolv-
ing the two together results in a bag that is warm, but 
not as warm as a bag of dissolved calcium chloride by 
itself.
Phenol red is a pH indicator. It does not change color in 
the presence of calcium chloride, though it may appear 
paler. But as sodium bicarbonate dissolves in water, the 
bicarbonate ions partially dissociate into free hydrogen 
ions and carbonic acid, slightly lowering the pH of the 
solution, so some students may notice a slight change 
in the color of the sodium bicarbonate-phenol red 
solution. The color change is much more vivid and ob-
vious when calcium chloride and sodium bicarbonate 
are combined, as the reaction produces carbon dioxide 
gas (CO2). The indicator will change from red through 
bright orange to yellow. The presence of CO2 is respon-
sible for the acidification of the solution via the produc-
tion of carbonic acid by the gas in an aqueous solution.
Because CO2 is only slightly soluble in water (1.45 g/L), 
most of what is produced by the reaction comes out of 
solution, causing the inflation of the bag.

Full page teaching guides provide essential information 
for presenting and conducting inquiry labs

Teacher guides highlight potential areas of difficulty and 
opportunities to encourage thinking skills

Strategies for directing students as 
they conduct an inquiry lab
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 Squeaky Clean 153

NAME

SECTION DATE CHaPTeR 12   PROkaRyOTeS anD VIRuSeS 

 12a  Squeaky Clean

BaCTeRIa GROWTH anD HanDWaSHInG

How do different methods of handwashing affect bacteria count?

“Make sure you wash your hands with soap and warm water.” If you had 
a dollar for every time you heard these words, you’d probably be rich! 
But do you know why you need to wash your hands this way?

People haven’t always had medical reasons to justify handwashing. 
Though some cultures, such as the Jews (Matt. 15:1–2), practiced ritual 
handwashing, it didn’t become widespread for medical purposes until 
the 1800s.

Handwashing saves people’s lives. In 1845, Hungarian physician Ignaz 
Semmelweis pioneered the practice of doctors washing their hands be-
fore working with patients after he observed 
that handwashing greatly reduced the occur-
rence of dangerous infections in new mothers. 
Although many doctors rejected his practices, 
they eventually became standard, and they were 
vindicated years after Semmelweis’s death by the 
formation of the germ theory of disease.

Since the bacteria on your hands are too small 
to see, in this lab you will be growing a col-
ony that will be large enough for you to see 
without a microscope. To do this, you will 
use a petri dish, a large flat dish with a lid 
(see Appendix B), containing a gel-like 
substance called nutrient agar. Nutrient 
agar is a mixture of beef extract, a protein 
called peptone, water, and a gel derived 
from algae. Nutrient agar provides both 
the structure and the nutrients that bacte-
ria need to grow into a colony.

PROCeDuRe

Starting Bacterial Cultures
Your teacher will provide you with a prepared, sterilized petri dish con-
taining solidified nutrient agar.

 A Turn the petri dish over. Divide the circle into quarters using a 
marker on the bottom of the petri dish. Label quarters 1, 2, 3, 
and 4.

 B Shake hands with two other people in your group. You will be 
testing the bacteria count on each person’s hands in a different 
way.

 C Swab one of your group member’s hands with a sterile cotton 
swab. Without putting the swab on the benchtop, open the 
dish only partway. Now swab Area 2 of your petri dish, using a 

Key Questions
 » How dangerous is it when I don’t wash my 

hands?

 » What does water do in handwashing?

 » What does soap do in handwashing?

?

Equipment
microscope
ruler
marker
sterile petri dish with cover
nutrient agar
sterile cotton swabs
hand soap
hand sanitizer
large plastic bags (3)
autoclave disposal bag

14836

E

IMG 12-02-A/P  Art from p. 78 Biology 4th ed. 
lab manual, labeling quarters with 1-4. Perhaps 
revise to show marker. Could also use photo 
instead.
Insert yellow info margin box

1

2

3

4

 Quarters of Your Petri Dish
1—Nothing applied to agar

2—Dirty hand applied to agar

3— Hand washed only with water applied to 
agar

4— Hand washed with both soap and water 
applied to agar

i

Procedure notes and questions to guide students through 
conducting lab experiments and applying thinking skills

Key questions define 
lab objectives

Background information and 
equipment requirements

S
T

U
D

E
N

T
 L

A
B

 M
A

N
U

A
L



14

Tools for Today’s Teachers

• Bank of digital resources

• Designed to support BJU Press materials

• Simple to use

• Searchable by grade, subject, edition, and chapter

• Resources can be filtered by type

Teacher Tools Online gives you quick access to resources 
that work directly with your BJU Press textbooks.

Teacher Tools Online is the premier resource for teachers using BJU Press materials. It encourages 
teachers in their efforts to expand their lessons, enables them to reach struggling students in new 
ways, and enhances their teaching strategies for greater depth. Teacher Tools Online provides 
teacher resources at the touch of a button, freeing up valuable time for teachers. Teachers will 
find educational articles, editable lesson plan overviews, PowerPoint presentations, an electronic 
assessments generator, and much more in the Teacher Tools Online database!

Encourage. Enable. Enhance.

Teacher Tools Online™
TeacherToolsOnline.com
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Customer S er vice 800.845.5731

Available Resources

Media—BJU Press videos, external web links, 
and artwork help you customize lessons for 
different learners. Artwork includes maps, 
charts, and other images that enhance lessons.

PowerPoint—Predesigned, editable 
presentations give you a quick starting point 
every day.

ExamView®—Test-building software with a 
database of questions that lets you quickly 
create your own assessments and prevent 
cheating. 

Lesson Plan Overviews—Editable Word 
documents with an overview of each day’s 
objectives, content and materials needed to 
plan ahead.

Curriculum Trak—PDF versions of 
BJU Press curriculum maps help you 
prepare your own curriculum maps.

Professional Development—
Get your CEUs with free professional 
development courses.

ShopTalk Community—Collaborate 
with other teachers within the ShopTalk 
Community.

eTexts—Take lesson prep anywhere with 
VitalSource and PDF copies of your student 
and teacher editions. You can also make and 
share notes in VitalSource copies of the text.

Included with Purchase:

Get Teacher Tools Online
• Purchase a one-time, transferrable 

license for each teacher needing 
access. Access may be transferred any 
time.

• Assign each teacher the needed 
subjects. Teachers may be given 
access to any available subject.

Education Articles

Community

PowerPoint Presentations

Video Clips

Artwork

eTextbooks

ExamView
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To order an exam kit, contact your Precept sales representative 
at preceptmarketing.com/locator.html. To learn more about 
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