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ABSTRACT

I have developed a new teaching and learning
model called AAAW, which stand for Analyze,
Acquire, Apply and Write. This model grows
from action research and unique experience in
teaching a biochemistry course to high school
students who are talented in math and sci-
ence. In this model, students first “Analyze”
lab data to generate questions that lead them

Designing and teaching a high school biochemistry course is a
unique and challenging experience because biochemistry is typi-
cally offered as an advanced elective in college. College students
will have taken general and organic chemistry, as well as other
advanced science prerequisites prior to taking their biochemistry
course. Instead, the biochemistry class that I have been teach-
ing for the past six years is one of the elective courses offered
to juniors and seniors at the Illinois Mathematics and Science
Academy (IMSA), a residential high school for students who are
talented in math or science. Even though the students enrolled in
Biochemistry have an aptitude for math and science, they gener-
ally have a wide range of chemistry and science backgrounds.
The prerequisite for Biochemistry is only a semester-long sopho-
more chemistry core course, which means that there can be se-
niors in the elective who have not taken a chemistry course since
the first semester of their sophomore year. Conversely, there are
students in Biochemistry who have taken many chemistry elec-
tives offered including two semesters of advanced chemistry
(equivalent to a college general chemistry course), two semesters
of organic chemistry, as well as advanced biology courses that
touch on related molecular topics.

To accommodate the diverse student background in Biochem-
istry, I have developed a learning model called AAAW, which
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to “Acquire” background knowledge. Students
then go back to the data and “Apply” their new
knowledge to better understand the data. Fi-
nally, students “Write” about the connections
they make from their reading, data analysis,
and application of the data. The rationale be-
hind how the AAAW model was developed
will be shared in this paper.

stands for Analyze, Acquire, Apply, and Write. In this model,
students first “Analyze” lab data to generate questions that lead
them to “Acquire” background knowledge. Students then go
back to the data and “Apply” their new knowledge to better un-
derstand the data. Finally, students “Write” about the connec-
tions they make from their reading, data analysis, and applica-
tion of the data in the context of current research in the field. I
have implemented this learning model to an online biochemistry
course and teacher resource material, which will be mentioned
later. I have also designed the logo as shown in (Figure 1) in
which all four letters are embedded in the image.

BIOCHEMISTRY

Figure 1. A logo for AAAW learning model, which stands
for Analyze, Acquire, Apply, and Write.



The rationale behind how I have developed this model stems
from the five initial design elements of the course that I created
to help to give students skills and knowledge they need to be suc-
cessful in the class regardless of their previous chemistry expe-
rience. First, I designed practice problems to review previously
learned topics and skills, which were especially focused on trans-
fer skills. Often students experience a difficult time transferring
their learning to another context. The study I have done shows
that a positive effect can be demonstrated in student performance
on the unit exam after having them practice transfer skill (Choe,
2014). The practice included spending instructional time in ana-
lyzing practice problems in a systematic way and making con-
nections between and within concepts. For example, when stu-
dents learn about the overarching concepts of equilibrium, they
are guided to make connections between different topics that are
related to it including osmosis, buffer, and amino acid titration.
This is accomplished by providing the students with sets of care-
fully designed guiding questions that are designed to help them
make connections between the topics.

Second, I added more structure to the class by dividing the course
into five units that cohesively flow from small to large molecular
structures, starting with Water and Equilibrium, Amino Acids to
Protein, Protein Structure and Function, Enzyme Kinetics and
Inhibition, and finally ending the course with Metabolism (Table
1). The logic behind the sequence is to have students start the
course with concepts that are related to the last unit of their intro-
ductory sophomore chemistry course, which is equilibrium and
acid-base chemistry. This design makes taking the biochemistry
course more equitable to the students whose only experience is
the introductory chemistry course as opposed to those who have
taken multiple chemistry and biology elective courses prior to en-
tering biochemistry. Also, this sequence helps the course to be
more coherent as it builds from smaller to larger molecular struc-
tures, going from amino acids to proteins, and then to protein
function, such as enzymes.

Third, for each unit, students are required to come prepared to
class with some background knowledge from the textbook. I
provide students with reading questions for guidance and then go
over the material in class. Table 2 shows some sample questions
from the first unit, which is the one on Water and Equilibrium. I
find this method to be more effective than lecturing because stu-
dents are more engaged in the discussion. From time to time,
students are asked to present specific sections of the reading to
classmates.

Fourth, students collect and analyze data to look for trends, re-
sulting in learning through inquiry. Examples of student data
from titration of amino acid lab and a sample of guiding ques-
tions are provided are shown in Figure 2. These questions help to
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Sample of Guiding Questions:

1. First, write down all the observations you make.
2. Based on the structure of valine and the pka|table
provided to you below, can you make connections
between all three? What questions do you generate
as you are making these connections?
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Figure 2. A sample of student data on titration of amino
acid lab and guiding questions that are provided to the
students

focus the activity so that the students can draw conclusions and
build their understanding of concepts. This practice immerses
students in the authentic practice of science, which aligns well
with the Science Practice Standards from Next Generations Sci-
ence Standards (NGSS, 2013).

Lastly, I created supplementary multimedia videos that reinforce
class concepts so students can review and study on their own
time. As this generation of students regularly uses their mobile
devices to access information, I created videos specifically for my
students to enhance their classroom learning and reinforce the
concepts. All students, especially those with learning differences,
expressed that they were able to review the materials at their own
pace by playing and pausing as needed as they were reviewing
the materials outside of their classroom environment. My stu-
dents as well as others were frequently using these biochemis-
try multimedia videos. For instance, one of the unedited vid-
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Unit 1: Water and Equilibrium

Structure and Properties of Matter: HS-PS1-3
Stability and Change: HS-PS1-6

Analyze and Interpreting Data: HS-PS2-1
Constructing Explanation: HS-LS1-3

Unit 2: Amino Acids to Protein

Structure and Properties of Matter: HS-PS1-3

Organization for Matter: HS-LS-6

Structure and Function: HS-LS-1, HS-LS1-2

Using Computational Thinking:

HS-LS2-1

Developing and Using Models: HS-LS1-4, HS-LS1-5, HS-LS1-7
Analyze and Interpreting Data: HS-PS2-1

Obtaining, Evaluating, and Communicating Information: HS-PS4-5

Unit 3: Protein Structure and Function

Organization for Matter: HS-L.S-6

Structure and Function: HS-LS-1, HS-LS1-2

Analyze and Interpreting Data: HS-PS2-1

Planning and Carrying out Investigations: HS-LS1-3

Obtaining, Evaluating, and Communicating Information: HS-PS4-5

Unit 4: Enzyme Kinetics and Inhibition

Chemical Reaction: HS-PS1-4, HS-PS1-5

Analyze and Interpreting Data: HS-PS2-1

Planning and Carrying out Investigations: HS-LS1-3

Obtaining, Evaluating, and Communicating Information: HS-PS4-5

Unit 5: Metabolism
Definition of Energy:
HS-PS2-1, HS-PS2-2 & HS-PS2-5

Organization for matter and Energy Flow in Organisms: HS-LS-6 &
HS-LS1-7

Energy in Chemical Process:

HS-PS3-3 & HS-PS3-4

Chemical Reactions: HS-PS1-2 & HS-PS1-7

Developing and Using Models: HS-LS1-4, HS-LS1-5, HS-LS1-7
Constructing Explanation: HS-LS1-3

Table 1. Structure of the biochemistry course provided by the five units
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1. Apply molecular structure of water to ther-
mal and solvent property of water

2a. Relate equilibrium to osmosis

2b. Apply the concept of the water molecule
and osmosis to solve problems.

3. Relate equilibrium to buffer.

1. Build background knowledge on structure
of amino acid and examine how amino acid
structures influence their properties

2. Understand amino acids as building blocks
of proteins and how they play role in different
levels of protein structure

1. Relate structures of proteins to their functions

2. Use protein technology tools to isolate, pu-
rify, and analyze structure of protein

1. Use data and Michaelis-Menten and Line-
weaver-Burk plot models to analyze enzyme
kinetics

2. Classify enzyme inhibition into competitive,
uncompetitive, and mixed inhibitors

3. Apply enzyme kinetics and inhibitions to
medicinal drugs

1. Make connections between metabolic cycles



Topic

Sample Reading Questions

Thermal Properties of Water

a. Describe the intermolecular structure of ice, liquid and vapor. Also,

discuss how many percentages of molecule form hydrogen bonding.

b. Human may eliminate as much as 1200 g of water daily in expired

air, sweat, and urine. The associated heat loss may amount to approxi-
mately 20% of the total heat generated by metabolic processes. How is

this possible?

Solvent Properties of Water

Water is ideal biological solvent. It easily dissolves a wide variety of

the constituents of living organisms.

a. Describe hydrophilic molecules:

b. Describe hydrophobic molecule (Water Hating):

Table 2. Sample Reading Questions from Water and Equilibrium Unit

eos I quickly created on Amino Acid Titration for my students,
http://www.youtube.com/watch?v=T-waOLiKCRc , gained
thousands of viewers in a year.

‘What other challenges do we face as educators as technology
advances? I have noticed a couple of shifts among the way my
students learn. Students are spending more time acquiring their
knowledge from electronic and mobile devices rather than from
textbooks. Also, they score better on quantitative type questions
on their assessments compared to qualitative type questions (Fig-
ure 3). This result shows that there is a need for my students to
improve their explanation skills. For instance, my sophomore
students from Introductory Chemistry Course-Scientific Inqui-
ries in Chemistry (SI Chemistry) offered during Spring 2013
demonstrated a test average of 92% when the assessment was
primarily focused on their quantitative skills compared to 76%
as the focus shifted to assessing their qualitative skills (p < 0.05).
The assessment that measured students’ quantitative skills was
based on the Stoichiometry unit and the assessment that mea-
sured their qualitative skills was based on the Equilibrium and
Acid-Base Chemistry unit. In the Biochemistry elective, the gap
between student performance on the quantitative and the qualita-
tive scores on the unit exams decreased by 5%. Although there
may be a limitation in comparing student performance from two
different courses, students enrolled in the Biochemistry elective
still did significantly better on the unit test on Enzyme Kinetics,
which was quantitative in comparison to the unit test on Protein
Structure and Function, which mainly required qualitative rea-
soning. The average on the Enzyme Kinetics unit test was 92%
as opposed to 81% on the Protein Structure and Function test.
‘While the difference is still significant, the decrease in the gap
between the qualitative and quantitative exam scores may be due
to self-selection in that students who have done well on chemistry

or biology tend to take the biochemistry course. This difference
in their performance is shown in Figure 3.

Average Unit Exam Score Comparison

B Quantitative & Qualitative

H Quantitative

N=35 (N=40)
Sophomore SI Chem Junior/Senior Biochem

Figure 3. Student performance on quantitative versus
qualitative based test in two courses, Scientific Inquiries
in Chemistry and Biochemistry offered during spring
semester of 2013, significant at the p<0.05 level.

Due to the strong need that I see in my own students to improve
their ability to learn and explain qualitatively, I started including
more writing pieces that required students to explain their un-
derstanding. This also led to designing an online biochemistry
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course where students are guided to make connections and ex-
plain through writing. This type of a writing-focused course may
not be a typical setting for a science class and it may be more chal-
lenging to engage students without being face-to-face. However,
computer-mediated communication can encourage more distrib-
uted participation and equitable discussion (Swan, 2002). This
could mean that the online biochemistry course can be a place
for students to write to learn and improve their skills in explain-
ing their understandings qualitatively. If designed well, even the
introverted students who may not typically participate in verbal
discussions and/or the students that may dominate the discus-
sion could more equitably contribute their thought process and
gain from feedback on the topics covered.

In my experience described previously, students in the biochem-
istry elective need to improve their qualitative learning. This
need, in conjunction with the five design elements of the bio-
chemistry course, led to development of a one-semester online
Biochemistry course to implement AAAW model. This course

addresses fundamental concepts in chemistry, such as Equilib-
rium, Acid-Base, and Kinetics that addresses chemistry in the
context of biology. The content includes: 1) applying equilibrium
process to study biochemical reactions as well as cell structure, 2)
studying the structure and function of amino acids and proteins,
and 3) analyzing the kinetic parameters of enzymes including
different mechanisms of how drugs are used to inhibit enzymes.
The course is similar to my traditional course (Table 1) except
Metabolism is not included in the online version. That is because
the extra time that is originally designed for learning about con-
nections in metabolism in biochemical pathways is spent in writ-
ing about making connections, and applying, and transferring
the learning to literature articles. The online course is designed
for non-IMSA students who do not have access to a biochemis-
try course in their schools. Also, this online offering can be used
by teachers who are interested in adapting the AAAW model or
in need of a resource to develop units in amino acids or protein,
and/or to design a high school biochemistry course.

Lesson Learning Outcomes Learning Model, Content, Process Assessments
2-1 Analyze the titration pat- *Student will be analyzing the data *Assess student ability to make
Analyze tern of amino acid that is from the titration of amino acid lab  observation and generate ques-
similar to buffer. tions on titration of the amino
acid lab.
2-2 Build background knowl- *Students will acquire knowledge *Assess student ability to
Acquire edge on structure of amino  on basic structure of amino acids. acquire background knowledge
acid *Students will acquire background and answer questions about the
knowledge on how amino acid can structure of amino acids.
be in protonated and deprotonated
form based on the buffer condition
it is placed in.
2-3 Utilize the background * Apply the background acquired to *Quiz: Assess student ability
Apply learned from 2-2 in analyz- further analyzing the data to solve amino acid and buffer
e (fhe et (ivtem o 2 *Students will be solving problem ~ Problems
Apply the titration of
amino acid to buffer and
solve buffer type problems
2-4 Write a review article mak-  *Apply concept of buffer and * Writing Assignment: Assess
Write ing connections from 2-1 amino acid titration to a research students ability to make con-

thru 2-3 to the article

periencing imbalance and acidosis

article, a case study of a patient ex-

nections between concepts and
write their own review article

in the blood buffer system.

Table 3. A sample of how AAAW is used in one of the units on Equilibrium in Amino Acids
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ZIMSA EEI0E

My home » My courses

UNIT 1: WATER & EQUILIBRIUM » 1.1: Analyze

1.1: Analyze @ kb

Preview Edit Reports Grade essays Introductian
Osmasis Experiment

Osmaosis Experiment:
Otservations

Introduction
Osmasis
Quetions
What's next?
Mavigation =1 |
WATER & EQUILIBRIUM
My home
Site home
INTRODUCTION B ehe s
% - 5 P My profie
In this lesson, we will learn about: WP Ciarhnt coures
v
« The molecular structure of water .
« Thermal and solvent properties »
« Equilibrium as it relates to osmosis P course
INFORMATION
We will begin by looking at an osmosis WUNIT 1: WATER &
EQUILIBRIUM
experiment. N i
= 1.2: Acquire
= 1.3: Apoly

¥ Quiz for Lesson
1.3: Apply
= 1.4 Write
“ Word Template for
Lesson 1.4
CI Assignment for
Lesson 1.4: Write
P unir 2
EQUILIBRIUM 1N
AMING ACIDS
> uniT 3: AMIND
ACID STRUCTURE &
FUNCTION
You will not see the progress bar because you can edit this P uniT 4: PrOTEIN
lesson STRUCTURE &
FUNCTION
P unIT 5 ENZYME
KINFTICS & DRUG
INHIRITION

Figure 4. A snapshot example of an introduction page to
the Water and Equilibrium unit that outlines the goals for
the section

The online biochemistry course is built on the Analyze, Acquire,
Apply and Write (AAAW) model that I developed. A sample of
AAAW model for one of the units on Equilibrium in Amino Ac-
ids is shown in Table. 3. The online course, similar to the origi-
nal course (Table 1), consists of the following five units in order:
Water and Equilibrium, Equilibrium in Amino Acids, Amino
Acid Structure and Function, Protein Structure and Function,
Enzyme Kinetics and Drug Inhibition. The main difference is
that the online version is writing-focused and follows the AAAW
model.

As ] created and used the AAAW model for my online biochem-
istry course, I wanted to outline the goals clearly for both teach-
ers and/or students in each unit to avoid any confusion (Figure
4). T also tried to address the following question in my course
design: How can the online biochemistry course be effectively
used either by students or teachers of students who have been
exposed to digital media their entire lives? This question was ad-
dressed by adding interactive pieces such as having students write

Falhdl) > o

WATER & EQUILIBRIUM
OSMOSIS EXPERIMENT

Once the shell was softened and became semi-
permeable, the egg was placed in distilled water
(hypotonic solution, DI H,0).

Bafore

Initial mass: Initial mass:
79.99g 85.16g

Water potential if applied to plant cell

Water potential (Ww) = Solute potential (Ws) +
pressure potential (Wp)

Wp (MPa) 0.0 0.0

W, (MPa) 0.0 -0.2 -0.2

w,, (MPa) 0.0 -0.2 0.0

W = psi, 1 MPa (megapascals) = 10 atmospheric
pressure

‘Write down all your observations about this data in
the text box provided below.

Your answer

meagngh * B O 2 | a el

Path: p

Figure 5. A snapshot example of “Analyze” section from
Water and Equilibrium unit, which shows an interactive
piece of where students have to make an observation of
data to move on to the next step.

data-driven analyses (Figure 5). Students are also asked to share
their analysis before they move onto the next step, which serves
as a personalized learning space for each student as they write
about their own analysis of the data, explanations of their un-
derstanding and connections they make as well as others. This
model also may help teachers who are used to traditional ways
of teaching to adapt to changes in how students learn and pro-
cess information. It has become more important that students ex-
press their understanding as they have tendency to passively gain
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understanding through online materials rather than integrating
knowledge and expressing qualitatively. I offer the AAAW mod-
el as one of the data-driven ways to promote student writing in
science classes. This is accomplished as students initially start
with data analysis, then acquire concepts that allow them to go
back to the data and further apply their understanding. I hope
deeper understanding of concepts occurs as students write about
connections they make during the AAAW processes.
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