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Background and hypothesis: Bacteriophage discovery,
biology, and genomic analysis have been used successfully
In the past by undergraduate educators, including the
authors of this submission. Supported by the HHMI-SEA
program, we began an effort to increase enrollment and
retention in the STEM disciplines, with this course being
one of several approaches. The hypothesis being tested is
that original, interesting research experiences for entering
college students will increase numbers of scientists being
trained.

TITLE/TYPE OF ACTIVITY
DNA Lesson

CONTEXT OF ACTIVITY

Our K-8 education program requires majors to
take a laboratory science course that is

| designed specifically for them. We worked
with education faculty to enroll two students in

this course on a trial basis, and we had two o
students in the fall and one in the spring. The T
student who complete the entire year prepared

a lesson plan on genetics for a third-grade level
class as an exercise to think about what
concepts could be taught at that level and what
sort of activities could be used to teach those
concepts. We will continue to enroll a few

This class of third graders is beginning a unit on DNA. This lesson introduces the complex topic ata
developmentally appropriate level. After being taught about DMA and shown a pictum of the replication process,
the students will construct their own double heloc DMA model using kingx blocks. Leaming about DNA at a
young age wil set them up for success in biology and other scences during their educational carears.

LESSON OBJECTIVES

The student will:
1. Show his/herunderstanding of DNA through construction of a double hele DNA modal.

MATERIALS NEEDED
imagg. of a double helie DMNA model
imAan. of a phage
image of the DMA replication process

Preparation of the Learning Environment
Flace kingx blocks at each siudenfs desk. Gather class on the floor in the front so that everyone can see the projector
SCreen:

Intreduction of the activity
1. Ask the students “Hawve you ever heard of DNA (wait for answers)? Do you know what makes you different from
evaryone else (wait for answers)? Let’s find out.”

- -
-
€dINNINg anc

T

Methods: Our students were self-selected from any major,
and the course did not substitute for any other in their
curriculum. We used was "just-in-time" teaching of phage
biology and laboratory procedures. Students were required

Implementatien of the activity (specific procedure for teacher and students)

1. Tell the students, “DMA has the genetic instructions forevery living organism and virus such as insects, horses,
plants, flowers, fish, monkeys, elephants, etc. Genetics explains why you look like your parents, and why a dog has
puppias, and why flowars make more fiowars. DNA is an insruction manual for life. 1 is ke an nstruction manual to
put somathing together or build something, such as instructions to put your band new bike together. Every person
(except identical twins) is made up of different DMA. DMA is what makes you unique and unlike every other person you
know.”

2. Tell the students, “Look at the projecior screen. This is a picture of the DNA copying process. More copies are made
to get new organisms like newbom animals and humans.” The image at which the studants will ba koking is as
fallows:

to manage their own phage and keep a notebook, and they

were graded on "participation". Quizzes were given on basic students, because they observed that the E E
information, and occasionally readings were required. In the students were epthuséasltlc about this H E,
bioinformatics semester, students worked in pairs and \ experience -oriented class. o

up. It is the old strand of DNA. The first ladder unzips and makes two new ladders fhat are zipped up.”

submitted assignments, for which they were given credit.
This grading scheme resulted in a grade of "A" for almost
every student, except those with poor attendance or failing
to submit assignments.

A unique feature of our course was a collaboration
with software engineering students. In groups of 4, they
were assigned to interact with a real-world problem in
software usage. Each of the groups took on a problem
related to our work and produced a report about how the
problem could be addressed.

\ 4. Show the following image on the projector screen:

/ 5. Tell the students, “This is double stranded DMA. It is a double helc modeal. A helix is shaped like a slinky, spiral stair
casa, atc.” Hold up the slinky while describing the helix. Stretch it out and let it bounce backinto its spiral shape. Pass
the slinky around to the students and say, ‘Toudh this halix, stretch it out and let it bounce back to see how a helix
works.”

6. “Today you are going to make your own double helx modal of DNA using the knex blocks at your desk. Look at this
picture of the double helix DMNA on the projector screen to use as a guide to making your own.” Send students fo their
desks.

7. As studants are working, walk around fo each of their desks to ask about what they are making and help them with
any questions about the directions.

Closure and cleanup
eview the double helix models as a class, asking them again what DNA does. If fhey do not remeambear, remind

them that our DNA makes us unigue and different from averyone else. Show the students pictures of a phage
s an the reen and tell fhem that there is DNA &t the head of the phage.

Results and Conclusions: Our retention rate between
semesters one and two was 82%, compared to 53% in a
control group of students advancing between two semesters
of the traditional biology curriculum. Anecdotal evidence
indicates that there was a high level of satisfaction with the
course, and the number of students interested in continuing
to work during the summer (8/26) is impressive, considering
there is no compensation offered. We know of at least 4
more who are continuing in research in the fall.
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COMPUTER SCIENCE COLLABORATION

A unique feature of our course was the collaboration with
students in a software engineering course taught by a
computer science (CS) professor. A portion of that course
required groups of 4 students to interact with a real-world
problem in software usage. The CS students met with our
students periodically throughout the semester and learned
the challenges faced in use of multiple analysis packages,
such as Sequencher, Consed, and Phamerator Each of the
groups took on a problem and produced a report about how
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