


' CHAPTER FOUR
THE CHANGE OF ADVANCED PLACEMENT

BIOLOGY LESSONS TO INQUIRY

Introduction

This chapter contains a traditional lesson plaﬁ and
an inquiry lesson plan for AP Biology from one of the
major categories in the AP Biology Course Description:
Diffusion and Osmosis (see Table 2, CHAPTER THREE) that is
based on the general model of how to change traditibnal
lesson plans into inquiry lesson plans in Chapter Three
(see Table 3, CHAPTER THREE). For the additional lessons
on Mitosis and Meiosis, and Physiology of the Circulatory
System see Appendix.

The AP Biology Lab Manual (College Board, 2001) was
used as a reference to address some of the topics covered
in AP Biology. Since the labs in the AP Lab Manual are
just procedures and follow-up questions, it is inferred
that the topics covered would be covered in a traditional
lecture as in most AP classrooms and therefore the basis
for a traditional lesson plan. Therefore, most of the
information in these labs has been changed to fit the BSCS
“5E” inquiry model, making complete lessons that

incorporate laboratories similar to the AP program’s labs.
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The inquiry lesson, however, differs in how the lab gives
meaning to the content. Using inquiry the labs are
integrated within the lesson to initiate and drive the
learning process. Traditional methods do not offer the
seamless incorporation of lab and lesson, but rather
separates the lab from the lecture.

This chapter is structured so that the first lesson
is the traditional lesson. Following the traditional
lesson is the inquiry lesson covering the same topic. At
the end of the lesson plans, there is a comparison of both
traditional and inquiry lesson plans using the “5OE’s” as
criteria emphasizing the three criteria that are lacking
in traditional lesson plans: engaging the student, student
explanation, and metacognition. The lessons are discussed
in relation to the three criteria. These inquiry lessons
should help biology teachers see how to facilitate
students’ understanding of scientific concepts using an

inquiry method.

Diffusion and Osmosis Traditional Lesson Plan
Topic: Diffusion and Osmosis
Grade level: 9-12, Subject: Biology, AP Biology

California Science Education Standard:
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Cell Biology, la: Students know cells are enclosed
within semipermeable membranes that regulate their
interaction with their surroundings.

Objectives:

a. Students will differentiate between diffusion and
osmosis. |

b. Students will describe the movement of water and
particles through a selectively permeable
(semipermeable) mémbrane.

c. Students will discuss the importance of diffusion
and osmosis as it applies to their own body and
other organisms.

Materials:
PowerPoint Lecture on Diffusion and Osmosis, See
materials list in the.Téacherfslguide for AP Biology
Lab Manual for the Lab on Diffusion-and Osmosis.
Activities or Procedures:
Teacher will lecture using a PowerPoint lecture of
Diffusion and Osmosis. Teacher will make sure that
students understand that diffusion involves traveling
of solutes through the semipermeable membrane and
osmosis is water diffusion. At the end of the
lecture, have students make a T-chart comparing both

diffusion and osmosis. After the students have
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understood these concepts, do Lab One: Diffusion and
Osmosis from the AP Biology Lab Manual (College
Board, 2001, p. 1-18). Model the lab and its
different parts if needed and make sure students know
how to use all the equipment. Make sure students
understand the questions following the lab. Clarify
any questions that students might have.

Assessment:
Students will take a multiple choice énd short answer
quiz addressing the objectives and some knowledge of

the lab.

Diffusion and Osmosis Inquiry Lesson Plan
Grade level: 9-12, Subject: Biology, AP Biology
California Science Education Standard:
Cell Biology, la: Students know cells are enclosed
within semipermeable membranes that regulate their
interaction with their surroundings.
National Science Education Standard:
Life Science Content Standard C: As a result of their
activities in grades 9-12, all students should
develop understanding of The Cell.
Cells have particular structures that underlie their

functions. Every cell is surrounded by a membrane
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that separates it from the outside world. Inside the
cell is a concentrated mixture of thousands of
different molecules which form a variety of
specialized structures that carry out such cell
functions as energy production, transport of
molecules, waste disposal, synthesis of new

molecules, and the storage of genetic material.

Objectives:

a.

Students will differentiate between diffusion and
osmosis.

Students will describe the movement of water and
particles through a selectively permeable
(semipermeable) membrane.

Students will discuss the importance of diffusion
and osmosis as it applies to their own body and
other organisms.

Students will design their own experiment that
illustrates diffusion through a semipermeable

membrane.

The Diffusion Lesson Itself

1.

Engage- Start out by using a clear plastic cup and
food coloring. Ask sﬁudents to‘hypothesize what wili
happen if a drop of food coloring is dropped in the

cup of water. Have them draw it (this will help the
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visual learners) and describe what they will see.
Have the students drop a few drops of food coloring
in the water..While students are observing, spray
some perfume of air freshener in the classrooﬁ in
one specified place. Teacher should ask probing
questions to the students to describe what -is
happening. For example, what is moving in the cup
and air and in what direction? Why is this
happeﬁing? What will happen after a few minutes?
What are the similarities between both examples?
What if the temperature of the cup of water is
increased? This i1s intended for students to
understand that particles move in a specified
manner. Students will start questioning and start
hypothesizing. The students should record their
observations and thoughts into their notebooks.
Explore- Do Exercise 1A: Diffusion (included at the
end of this lesson). Make sure to discuss any
unknown reagents and materials that students might
not be familiar with.

Explaiﬁ— Go over the post lab questions in groups
and then as a class. Students should explain what
their results were from the lab. Students should

have come up with a basic understanding of how
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molecules move in and out oflthe tubing (there
should be an understanding of molecules moving from
a high to low concentration) and how the membrane of
the tubing was selective. Introduce how the cell
membrane is similar to the dialysis tubing and how
the vocabulary such as diffusion, dialysis,
selectively permeable, and concentration gradient
are related to each other. This is the part where
the teacher can introduce a short lecture if needed
for clarification and further detail.

Elaborate—- Have students design a different
experiment that involves diffusion and have them
test it out if possible. Ask the students why their
experiment a good representation of diffusion.
Evaluate- Have students write in a learning log.
What did the students learn about a cell’s membrane?
What do they not understand? How could they change
the experiment? Make sure that their answers meet
all of the objectives. Teachers can use a general
rubric that scores the students understanding of the

content (See Table 4).
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Table 4. General Scoring Rubric for Student Reflections

Elements to be Evaluated Scoring Plan

The following objectives should be|Points 1-4:

addressed: 4- Reflection provides an in depth
analysis of what was learned in
the context of the topic. There

(This is where the objectives are many examples and supportive

should be listed) details that are clearly explained
providing a clear understanding of
the topic

3- Reflection gives a general
analysis of what was learned in
the context of the topic. There
are few or general examples and
supportive details that show a
general understanding of the
topic.

2- Reflection is very general in
explaining what was learned in the
context of the topic. There are no
clear examples or details which
are unsupported that show lack of
understanding of the topic.

1- Reflection does not adequately
address what was learned. There
are no examples or details that
show understanding of the topic.

Exercise 1A: Diffusion

Overview: A solution of glucose and starch will be
placed inside a bag of dialysis tubing. Distilled waterx
will be placed in a beaker, outside the dialysis bag.
After 30 minutes, the solution inside the dialysis tubing
and the solution in the beaker will be tested for glucose
and starch. The presence of glucose and starch will be
tested using Benedict’s solution (blue in color) and
Lugol’s solution (Iodine-Potassium—- Iodide, IKT; brown in

color).
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Pre-Lab Questions:

1.

Describe what you know about dialysis tubing. Why do
you think we are using this type of tubing? Explain.
Why did we use Benedict’s solution and Lugol’s
solution? What do they test for? (Make sure you know
before the experiment).

Read the Procedure. Draw the setup of this lab. Set
up a data table(s) that.address your results and is
consistent to this experiment. Predict the initial

and final colors of your indicated solutions. Record

your results on your data table(s).

Procedure:

1.

Get a piece of 2.5 cm dialysis tubing that is 30 cm
long and has been pre-soaked in water. Tie off an
end of the tubing to form a bag. Then, open the
other end of the bag by rubbing the end between your
fingers to separate the edges.

Test your 15% glucose/1% starch solution for glucose
by performing a Benedict’s solution.

Place 15 mL of 15% glucose/1% starch solution in the
bag created in the first step. Tie off the other end
leaving enough space so the contents in the bag can
have room to expand. Record Results in your data

table.
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Fill a cup or 250 mL beaker 2/3 full with distilled
water. Add approximately 4 mL of Lugol’s solution to
the distilled water. Test the solution for glucose.
Record the color in your data table.

Submerge the bag into the cup or 250 ml beaker of
solution. This setup should be left to stand for
about 30 minutes.

When time is up, record the final éolor of the
solution in the bag and the solution in the
cup/beaker in your-data table.

Finaily, test the ligquid in the cup/beaker and in
the bag for the presence of glucose using the
appropriate solution. Record your results in your

data table.

Post-Lab Questions:

1.

Which substances(s) are entering the bag and which
are leaving the bag? Draw your setup and using
arrows indicate which substances are entering and
leaving. What evidence from your experiment supports
your answer?

Explain the results obtained. How are they different
or similar to your predicted resﬁlts? Include the

concentration differences and how the size of the
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poreé (holes) in the tubih§ might affect the
results.

What was the purpose of leaving the setup for 30
minutes? Would your results differ at different
times? Explain.

Using the observations during this exercise, rank
the following by size, beginning with the smallest:
glucose, molecules, water molecules, IKI molecules
(from the Lugol’s solution), dialysis tubing pores,
starch molecules. Explain how you determined this
ranking.

What results would you expect if the experiment
started with glucose and Lugol’s sdlution inside the
bag and only starch and water outside? Explain your

expected results?

The Osmosis Lesson Itself

1.

Engage— Have students carry out Exercise 1B: Osmosis
Using Grapes, which involves grapes in three
solutions, which is included at the end of this
lesson. Have students answer: What is the purpose of
this experiment? Can we use another fruit? What
would we need to change if we changed the fruit?

Explain.

56



Explore- Students will carry out Exercise 1C:
Osmosis Using Dialysis Tubing (included at the end
of the lesson). The teacher should facilitate
students and go around asking questions to help
students begin understanding the concept.

Explain- Students will explain and/or draw what
happened with their grapes (Exercise 1B) and their
dialysis tubing (Exercise 1C). Students should have
some idea of how particles are moving. Students
should be able to differentiate where the solute and
solvent are moving. This i1s a good place to
introduce the terms hypertonic, hypotonic, isotonic,
and vocabulary pertaining to osmosis. It is very
important that the students come up with an
explanation of their own and make sense out of the
material rather than the teacher telling the
students. Ask the students what were the
similarities and differences between the exercise
with the grapes and the one with the dialysis
tubing.

Elaborate- Students will answer the post-lab
questions, focusing on question #4 and discuss their
answers with their groups and the class. Have

students report on an everyday example of how
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diffusion and osmosis is important in life of
different organisms.

5. Evaluate- Students will reflect on their
understanding of diffusion and osmosis. Also ask:
 What would happen to your cells i1f you had to live
off of salt water? How much salt do you think your

cells could take? (You can add or use other
substances or chemicals). Teachers can use a similar
rubric to gradevthe reflection using Tagle 3's
scoring rubric.

Exercise 1B: Osmosis Using Grapes

Overview: There are three grapes under three different
solutions. The three séldtions are: grape juice, sugar
solution and water. Predict whaf will happen to grapes
under these environments. |

Procedure:

1. Make a data table that addresses the following: the
three types of solutions, predidtions of what will
happen to the grapes in the three solutions,
observations before and after 24 hours, and initial
and final mass of the grapes.

2. Label three jars: grape juice, sugar solution, and

water. Fill them according to their labels.
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Take the mass of:.3 grapes and place them in each jar
and record on your table. Close the lidlon each jar
and let them sit for 24 hours.

Fill in the “Observations before 24 hrs.” and
“Predictions/Predicted mass of grape after 24 hrs.”
with any descriptions and predictions from what you
already know about substances moving.

After 24 hours, remove the grapes removed from their
jar énd dry with a paper towel to remove excess
water.

Weight the 3 grapes and record their mass.

Describe your observations of what the grape looked

like after 24 hours.

Exercise 1C: Osmosis Using Dialysis Tubing

1.

Take six 30 cm strips of presocaked dialysis tubing
and tie knots at one end of each ?iece of dialysis
tubing to form 6 bags.

Pour approximately 15-25 mL of each of the following
solutions into separate bags (the solution should
fill about 1/3 to 1/2 of the piece of tubing):
Distilled water, 0.2 M sucrose, 0.4 M sucrose, 0.6 M
sucrose, (0.8 M sucrose, and 1.0 M sucrose.

Make a data table that includes these six solutions

in the bag, the initial and final mass of the bags
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(in grams), the mass difference, and the percent
change in mass.

4. Remove most of the air from each bag by drawing the
dialysis bag between two fingers. Tie off the other
end of the bag leaving sufficient space for the
expansion of the contents in the bag.

5. Make sure to rinse each bag with distilled water to
remove sucrose spilled during the filling.

6. Blot the outside of each bag and record the initial
mass of each bag in your data table.

7. Set each bag inside an empty cup or 250 mlL beaker
and label the cup/beaker according to your solutions
in step 2.

8. Fill each cup/beaker two-thirds full with distilled
water. Make sure to completely submerge each bag in
the water.

9. Let the bags stand for 30 minutes.

10.When 30 minﬁteé are up, Lembve the bags from the
water and blot to remove excess water. Determine the
mass of each bag and recofd your results in your
data table.

Post-Lab Questigns:
1. What happened to the dialysis bag in each of the six

cases? Describe the direction that water moved and
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the direction the solutes moved. Use the terms
isotonic, hypertonic, and hypotonic in your answer.

2. Why did you calculate the percent change in mass
rather than using the difference in mass?

3. Predict what would happen to the mass of each bag in
this experiment if all the bags were placed in 0.4 M
sucrose solution instead of distilled water.
Explain.

Comparison of Traditional Lesson
versus Inquiry Lesson
When comparing the differences between the
traditional lesson plan and the inquiry lesson plan it is
demonstrated how the three criteria: engaging students,
explanations from students, and metacognition are lacking
in traditional lessons. It is noticeable that the lecture
on diffusion and osmosis is not engaging to the students.
On the other hand, in both ingquiry lessons about diffusion
and osmosis students are doing science. They are carrying
out an investigation as simple as placing food coloring in
water and placing grapes in different solutions. These
activities engage students in thinking about the topic as
opposed of taking notes to a lecture. When comparing the
traditional lessons and the inquiry lessons, it is

noticeable that in the inquiry approach, there are
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experiences first. For example, the lab or activity
precedes a lecture which is a trait that promotes inquiry
in the classroom. In contrast, in the traditional
approach, lecture comes first.

Both traditional and inquiry lessons include the
“explore” stage of the “5E’s.” However, as opposed to just
conducting the lab from the AP Biology Lab Manual as the
traditional lessqn does, the inquiry lesson modifies the
lab. The lab follows similar procedures. However, there
are pre-lab questions included that the AP Biology Lab
Manual does not include. These pre-lab questions are a way
for students to analyze the procedure that they will carry
out and make sense out of it. There are questions that
might be just recall questions in both lessons, but in the
inquiry lesson it is the teacher’s role to ask probing
questions during the process of investigation.

During the “explain” stage of the lessons, the
traditional lesson has the teacher doing the explanation
before the lab. The teacher is the only one providing
explanations while students are just listening and
receiving information. In the inquiry lesson, the students
are explaining the results of their diffusion and osmosis
experiments to their group and the class. This will help

them know what they learned from conducting their
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investigations. The teacher builds upon the students’
explanations by introducing the voéabulary needed and
covers material necessary for deeper understanding. This
is unlike in the traditional lesson where students have
already had a lecture and students answer questions from
the lab to report their findings.

Depending on the teécher, students can carry out
further experiments or answer questions that apply their
knowledge. In traditional léssons, such as the one given,
the application questions are usually used at the end of
the investigation or during the final éuiz or test that
the student takes. In the inquiry lesson example, students
are given further chance to elaborate orn their
understanding and ideas by creating their own experiment
of how diffusion can be shown. In the osmosis lesson,
students are to apply the knowledge that they learned from
both diffusion and osmosis and report how these processes
are important to different organisms.

In traditional lessons only the teacher is assessing
the students, so the students do not have the opportunity
to think about what they understand and what they do not.
In this‘case, the lesson involves the student taking a
multiple choice quiz which assesses the students’

memorization skills to the facts learned. In the inquiry
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lesson, the students reflected on what they understood and
what they did not. They also tﬁought of ways that they
could change the diffusion expefiment. In the osmosis |
lesson students were given a chance to reflect new
questions were asked: What would happen.tQ your cells if
you had to live off of salt? How much salt do you think
your cells could take? These questions can lead to other
questions, discussions, and explorations. Inquiry lessons
allow the students to think and get to their own
explanations that help clear misconceptions and therefore
teacher intervention in the form of probing and leading
questions is critical to understanding. See Table 5 for a
table that compares the traditional lesson versus the

inquiry lesson on diffusion and osmosis.
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instruction because as ;esearch“points out, this form of
instruction looses students’ interest and disengages them.
Because inquiry suggeéts that stﬁdents' understanding
increases, it is suggested that traditional lesson plans
that are lecture based are changed to‘ipquiry lessons
using the Biological Sciences Curriculﬁm Study (BSCS) “5E”
instructional model.

Three traditional lesson plans and three inquiry
lesson plans have been provided as models of how one can
take a traditional lesson and cookbook lab and turn it
into an inquiry lesson, using the BSCS “5E” instructional
model, that benefits student understanding of scientific
knowledge (see CHAPTER FOUR and APPENDIX). These lessons
were created using a general model of how to change
lessons from traditional to inquiry and the criteria that
was lacking in traditional lessons. The criteria missing
from traditional lessons were: engaging students, students
creating their own explanations to their investigations,
and students practicing metacognition. The criteria that
the traditional lessons had, which were e%plore and
elaboraté, had to be adijusted to include more open-ended
questions and activities that preceded explanations from
the teacher to make content more meaningful to the

student. Both traditional and inquiry lessons were
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compared to each othef using the all of the “5E’'s”
emphasizing the three criteria stated. This comparison
showed how inquiry lessons force student involvement and
the responsibility for learning. These lessons are
examples of how to take a step towards practicing inquiry,

and how becoming an inquiry teacher can be approached.

Conclusions and Recommendations

The present method of teaching advanced placement
courses, which is mostly through traditional means, has
defied the purpose of the advanced placement program into
improving students’ education through a high quality
program. Even though the College Board has not indicated
instructional methods to teaching their subject matter,
the amount of information covered and their suggestions to
teach the content have been mostly through traditional
lecture-based instruction. In order to keep high quality
instruction and help students understand scientific
knowledge to consequently be successful, the need to
improve pedagogical practiceé in’the advanced placement
classroom is needed. A problem that arose during the
process of this project was that there was research
indicating how the AP program might not indicate college

success, but researchers failed to clearly elaborate and
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point out why the AP program was not_successful. Research
pointed to the instructional strategies practiced by the
AP teachers affected the AP:brogram, but there was no
clear research that addressed that the AP program was not
successful due to the instructional strategies practiced
in the AP classes. Therefore, more research needs to be
conducted in this area.

So far, inquiry has deemed to be a method that has
succeeded in developing student understanding. Yet
researchers’ main focus is at the elementary level. There
are few studies about inquiry in high school and even less
research on the undergraduate level. The studies done at
the undergraduate level indicate that inquiry can be
practiced in large classrooms as opposed to some people
thinking that inquiry is geared for a small group of
students. Research of inquiry on the undergraduate level
is crucial to the educational system because these college
students are the future teachers that will teach our
students. If teachers would have been taught using
inquiry-based instruction, today teachers would have been
familiar with the process and would not have struggled to
realize that traditional lecture-based instruction 1is not
the best instructional method for scientific discovery and

learning.
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Consequently, the teacher’s credential program that
teaches pedagogical methods to improve teaching needs to
be reformed to show some of the instructional strategies
that are successful in all subjects including science.
During the California State University, San Bernardino
credential program, all the teachers were required to do
lesson plans using a variation of the traditional lesson
plan template. If an inquiry-based method was the
pedagogical method of practice for teaching, then programs
such as the university credential program would advocate
this method as well.

This project is intended to show that inquiry is one
way to improve instruction in the science classroom by
changing present traditional lessons into inquiry lessons.
Yet, teachers should practice various instructional
strategies that will indicate the best methods of teaching
for their students. There are other ways to get students
to understand scientific knowledge such as problem-based
learning which deals with the teacher presenting a big
theme and/or problem that students work on for wvarious
weeks. There are programs such as the “Teams and Streams”
program discussed in Chapter Two, which have also helped
students gain a deeper understanding of science concepts.

There are different programs and strategies that arise
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from inquiry methods having the same or similar components
of the BSCS “5E” instructional model. More research on
inquiry and its effect on learning should be conducted to
solidify that inquiry-based teaching should be the
direction that teachers should move towards to improve
student understanding. Furthermore, the model created as a
guide to change traditional lesson plans into inquiry
lessons created in this project that has been provided
here can be further used to help teachers create unit
plans or help revise AP coursework in the future. This
model can help design programs which help students develop
inquiry skills, so they become superior and successful

learners.
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APPENDIX

ADDITIONAL LESSON PLANS

14



Mitosis and Meiosis Traditional

Lesson Plan

Topic: Mitosis and Meiosis

Grade level: 9-12, Subject: Biology, AP Biology

California Science Education Standards:
Genetics, 2a: Students know meiosis 1is an early step
in sexual reproduction in which the pairs of
chromosomes separate and segregate randomly during
cell division to produce gametes containing one
chromosome of each type.
Genetics, 2b: Students know only certain cells in a
multicellular organism undergo meiosis.
Genetics, 2c¢: Students know how random chromosome
segregation explains the probability that a
particular allele with be in a gamete.

Objectives:

a. Summarize the events of mitosis and meiosis in
animal and plant cells indicating differences and
similaritieé.in each.

b. Describe how independent assortment and crossing
over can generate genétic variation among the

products of meiosis.
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c. Relate chromosome activity to Mendel’s laws of
segregation and independent assortment.
d. Use models to illustfate mitosis and meiosis.
Materials:
PowerPoint Lecture on Mitosis and Meiosis, See
materials list in the Teacher’s guide for AP Biology
Lab Manual for the Lab on Mitosis and Meiosis
Activities or Procedures:
Students will take notes and draw the appropriate
steps of mitosis and meiosis. Make sure to cover how
Mendel’s Laws of Segregation and Independent
Assortment apply and can be demonstrated by meiosis.
Teacher will ask the students what the differences
were between mitosis and meiosis and what the
similarities between the two using a t-chart. Have
students complete Lab 3: Mitosis and Melosis from the
AP Biology Lab Manual (College Board, 2001,
p: 29-44). Students will answer the questions in the
lab.
Assessment:
Students will identify slides in a microscope and
label it with the appropriate stage. Also, students
will have a short quiz from the material covered in

lecture and lab.
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Mitosis and Meiosis Inquiry Lesson Plan

Grade level: 9-12, Subject: Biology, AP Biology

California Science Education Standard:
Genetics, 2a: Students know meiosis is an early step
in sexual reproduction in which the pairs of
chromosomes separate and segregate randomly during
cell division to produce gametes containing one
chromosome of each type.
Genetics, 2b: Students know only certain cells in a
multicellular organism undergo meiocsis.
Genetics, 2c¢: Students know how random chromosome
segregation explains the probability that a

particular allele with be in a gamete.

National Science Education Standard:
Life Science Content Standard C: As a result of their
activities in grades 9-12, all students should
develop understanding of molecular basis of heredity.
Most of. the cells in a human contain two copies of
each of 22 different chromosomes. In addition, there
is a pair of chromosomes that determines sex: a
female contains two X chromosomes and a male contains

one X and one Y chromosome. Transmission of genetic
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information to offspring, occurs through egg and sperm
cells that contain only one representative from each
chromoéome palir. An egg and a sperm unite to form a
new individual. The fact that the human body is
formed from cells that contain two copies of each
chromosome—and therefore two copies of each gene—
explains many features of human heredity, such as how
variations that are hidden in one generation can be

expressed in the next.

Objectives:

a.

Summarize the events of mitosis and meiosis in animal
and plant cells indicating differences and
similérities in each.

Describe how independenf:assortmentIand crossing over
can generate genetic variation aﬁong the pfoducts of
meiosisf

Relate chromosome activity to Mendel’s laws of
segregation and independent assortment.

Use models to illustrate mitosis and meiosis.
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The Mitosis Lesson Itself

1.

Engage- Students will draw and describe different
stages of mitosis from a prepared slide of an onion
root tip. At this-point, students should have
understanding/kﬁoﬁledge of thom@some structure,
number in différent:organisms, and location within
the cell. Students should be aware that they are
looking at chromosomes within célls and their
purpose it to look for different stages of
chromosome location/movement. Students will then
watch a short video clip regarding mitosis. During
the video, the students’ job is to name their
drawings according to the different descriptions in
the video and add more descriptions to their
drawings.

Explore- Students will summarize their pictures and
model the stages of mitosis describing each stage.
There are different kits for mitosis and meiosis
where beads can be used to model chromosomes. Cther
options are using pipe cleaners, yarn, or clay to
model chromosomes. Model Meiosis using Exercise 3B:
Meiosis from the AP Biolbgy Lab Manuél (College
Board, 2001, p. 35-40) or any other preferred

meiosis modeling lab. Teacher should monitor-
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students modeling each stage. While students are
modeling meibsis, fhey should start relating how
these events were similar to what they drew about
mitosis and what the differences were. Students will
watch a video on.meiosis.

Explain- Students will summarize both mitosis and
meiosis and their imbortance in life and indicate
the big differences between each. Share the
summaries with the class. Also students will
determine how meiosis I and II differ and how are
they similar. Students will complete a table of
similarities and differences between mitosis and
meiosis; have the students come up with as many
differences and similarities as they can.
Similarities and differences of mitosis and meiosis
can include: purpose/function, number of divisions,
number of DNA replications, chromosome number of
prarent and daughter cells, and number of daughter
cells produced, (College Board, 2001). This is the
stage where the teacher clarifies confusion and will
fill in thelgaps that students might have missed
while modeling‘the sﬁége;h;na-intrdduce vocabulary
pertaining to the topic by lecturing when necessary.

Making a table and talking about each stage will be
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helpful in recording students’ explanations and
clarify any misconceptions. Ask questions like: How
does crossing over in ﬁeiosis affect chromosome
information? Why is mitosis and meiosis important?
Differentiate between meiosis and mitosis.
Elaborate- Give students Mendel’s law of segregation
and have students demonstrate how these laws can be
illustrated by the process of meiosis using their
models.

Evaluate- Students will reflect on what they learned
about mitosis and meiosis and how it is important to
life. Ask: What do you think might happen if
something went wrong during mitosis? Meiosis?
Explain. This question can lead to talking about
mutations and chromosomal disorders and lead to
further explorations. Use a rubric like to assess
student understanding of objectives (see Table 4,

CHAPTER 4 for a sample scoring rubric).
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Table 6: Comparison of Traditional Lesson versus Ingquiry

Lesson on Mitosis and Meiosis.

Traditional

5E’s with Criteria
used to change from
Traditional to Inquiry

Inquiry

Students are given a
lecture on the mitosis
and meiosis; Students
are not engaged

Engage—~ students
interact with material
(criterion one)

Students will use the
microscope to look and
draw mitosis in an
onion root tip; They
will watch a short
video clip covering
mitosis; Teacher asks
probing questions in
both situations

Students carry out the
Lab on Mitosis and
Meiosis from the AP
Biology Lab Manual

Explore

Students model the
stages of meiosis
paying attention to
specific events in
each; they can also
carry out the Lab on
Mitosis and Meiosis
from the AP Biology
Lab Manual. Teacher
questioning of student
is important

Students Answer written
questions from the lab;
Students make a T-chart
stating the differences
of meiosis and mitosis
after teacher explains
the information.
Students do not provide
their own explanations.

Explain- students will
provide their own
explanations
(criterion two)

Students explain and
discuss their results
within their groups
and make a T-chart
stating the
differences of meiosis
and mitosis; Students
will watch a meiosis
video. The teacher
elaborates on the
topic and there is
discussion between
teacher and students

Some questions from the
lab/quiz are
application questions

Elaborate

Students figure out
how and why Mendel’s
laws of independent
assortment and
segregation can be
illustrated by meiosis

Students take a quiz
using the microscope
slides and short answer
format; Students do not
stop to think what they
understood and what
they did not; no
metacognition

Evaluate- Students
will practice
metacognition
(criterion three)

Students reflect on
what they understood
and what they did not
and determine how
these processes are
important to life.
They were asked
questions can lead to

further explorations.
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Physiology of the Circulatory System
Traditional Lesson Plan

Topic: Circulatory System

Grade level: 9-12, Subject: Biology, AP Biology

California Science Education Standard:
Physiology, 9a: Students know how complementary
activity of major body systems provides cells with
oxygen and nutrients and removes toxic waste products
such as carbon dioxide.

Objectives:

a. Students will trace the movement of blood to and
away from the heart. .

b. Students will compare arid contrast the human
circulatory system to another organism’s circulatory
system. |

c. Students will compare and contrast systolic and
diastolic pressure.

d. Students will know how to use a sphygmomanometer.

e. Students will measure blood pressure and heart rate.

f. Students will know how temperature affects heart
rate.

Materials:
PowerPoint Lecture on the circulatory system, See

materials list in the Teacher’s guide for AP Biology
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Lab Manual for the Lab on Physiology of the
Circulatory System;' |

Activities or Procedures:
The teacher will give a short explénation of Lab 10:
Physiology of the Circulatory system from the AP
Biology Lab Manual (College Board, 2001, p. 109-124)
so students can complete it. Students will answer the
questions after each exercise. Then have students ask
any questions that they have. This will lead into
lecture that is more detailed discussing the anatomy
and physiology of the human circulatory system and
other ofganism’s circulatory system.

Assessment:
Students will have a quiz regarding the circulatory
system both from their lecture and lab. Students
should also research diseases or disorders that can

affect blood pressure and present it to the class.
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Physiology of the Circulatory System:
Focus on Blood Pressure
Inquiry Lesson Plan

Grade level: 9-12, Subject: Biology, AP Biology

California Science Education Standard:
Physiology, 9a: Students know how complementary
activity of major body systems provides cells with
oxygen and nutrients and removes toxic waste products
such as carbon dioxide.

National Science Education Standard:
Science as Inquiry Content Standard A: As a result of
their activities in grades 9-12, all students should
develop abilities necéssary to do scientific inquiry.
Design and conduct scientific investigations.
Formulate and revise scientific explanations and
models using logic and evidence. Recognize and

analyze alternative explanations and models.

Objectives:

a. Students will compare and contrast systolic and
diastoiic pressure' |

b. Students will know how to use a sphygmomanometer.

c. Students will measure blood pressure.
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d. Studeﬁts will desigh'ah experiment to determine if
blood pressure is different at different bodily

positions.

The Blood Pressure Lesson Itself

1. Engage- In pairs of two, students will take their
blood pressure using a sphygmomanometer and
stethoscope. The teacher should demonstrate how to
use this equipment and to focus on sounds to look
for while listening through the stethoscope.
Questions that the teacher might ask: What are the
two sounds they hear? What do you think they
indicate? Have Students record and describe what
they listen to. Lead students to indicate that they
are the systolic and diastolic blood pressure. Have
students research and find out which one is which
from what they heard. What is the normal human blood
pressure? After they figure this out, have_students
take their blood pressure again. Have them identify
systolic and diastolic pressure. How did they know,
which one is which?

2. Ekplore— Students will design an experiment that
answers the following questions: Is blood pressure

the same at different positions or activities? Yes
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or No? How and why? Give students the liberty to
choose the wvariables to test making sure they record
everything and answer the question. Examples of
possible comparisons: blood pressure while reclining
or standing, exercising or sitting, laying down and
sitting up.

Explain- Using all the information that the students
gained from their exploration, students will explain
through discussion with their groups and then with
the class, the difference between systolic and
diastolic. Students will determine some factors that
make blood pressure rise or lower. Teacher can
explain further the anatomy and physiology of heart.
Elaborate- Students will apply what they know about
blood pressure in answering this prompt: How do
certain diseases affect blood pressure? Why is high
blood pressure a health concern? Allow them 1-2
periods to investigate and report to the class.
Evaluate- Students will reflect on what they did or
did not understand about blood pressure. What else
would they want to know? Teacher will use a rubric
to assess student learning (see Table 4, CHAPTER 4

for a sample scoring rubric).
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Table 7: Comparison of Traditional Lesson' versus Inquiry

Lesson on Physiology of the Circﬁlatory‘System.

Traditional

5E’s with Criteria
uséd to change from
Traditional to
Inquiry

Inguiry

Students. are given a
short :

Engage- students
interact with

Students will take
each other’s blood

Lab on 'the circulatory
system from the AP
Biology Lab Manual

e

explanation/lecture on -[material (criterion pressure; Teacher

how to do the lab of the |one) . helps out by asking
circulatory system; probing questions 'in
Students are not engaged both situations

at this moment.

Students carry out the Explore Students design their

own experiment that
involves testing
blodod pressure at
different positions.

Teacher does the
explaining in lecture;
Students Answer written
questions from the lab

Explain- students

will provide their
own explanations
(criterion, two)

IStudents explain and

discuss the results
from their experiment

tand explain the
|difference between

systolic and
diastgqlic¢; The
teacher elaborates on

|the topic:

Some questions from the
lab/quiz are application
questions; Students
research diseases’ or
disorders that can
affect blood pressure
and present it to the
class :

Elaborafe_

Students answer
prompt and are given
time to research and

|report on how certain
ldiseases affect  blood
- |pressure and why high

blood pressure a
health ‘concern; These
questions extend the
knowledge of the
topic

research

or .disorders
that can affect blood
pressure and present it
to the class; Students
take quiz; No '
metacognition,
do not stop to think.
what they understood and
what they did not

[Students
diseases

students -

Evaluate- Students
will practice
metacognition
(criterion tbreef

Students reflect on

- |what they understood

and what they still
had questions on;

" |Teacher asks

qguestions to evaluate
their learning.
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