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Setting the stage:
developmental biology in pre-college classrooms
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ABSTRACT Exercises that employ dynamic living material have proved highly successful at
generating interest in science among young students. Developing embryos and larvae are espe-
cially well suited for such endeavors, for they can be handled without expensive or elaborate
equipment, and their changing nature engages students. Using amphibian embryos, which are
relatively large and exhibit profound, easily observed morphological changes, and amphibian
larvae, which are easily kept and observed, captures the attention of children. By designing inquiry-
based exercises and focused discussion sessions, a high intellectual content can be integrated into
these endeavors. The long-term implications for generating an informed citizenry, improving the
participation of women in science, and empowering elementary school teachers are profound.
Professional developmental biology researchers should feel encouraged to participate in these

types of activities.
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Sandi Borland is the Outreach Coordinator for the IU Axolotl
Colony. In her tenure there, she has developed an extensive
outreach program to the national pre-college educational commu-
nity. She has developed materials for students and teachers who
want to use the Mexican Axolotl (Ambystoma mexicanum) in their
science programs. She has worked in the schools and atthe Axolotl
Colony with thousands of children, in addition to giving workshops
for Indiana teachers to learn how to use axolotls in science and
cross-curricular activities, especially using the inquiry method to
allow students to get the most out of science.

Karen Crawfordis a professor of biology, with research interests
in amphibian appendage regeneration. She has transferred some
of her interests in science to the children in her own family and to
young school children in a local school. Her goal is to generate
intellectually stimulating experiences that require minimal expen-
ditures of time, energy, and monetary expense. She has devised
limb regeneration exercises that have proven to be highly effective
for both the students and their teachers. An example of her
research interests can be found in the following:

CRAWFORD, K., (2001). Ooplasm segregation in the squid embryo, Lodige pealed
Biol Bud. 201(2): 251-252.

CRAWFORD, K., {2002). Culture methed for /7 witro fertilization to hatching of the
squid, Lolige pealei Biol Bull 203(2): 216-217.

Victoria Brand is a collaborative peer teacher in science for 11-
to 14-year-old students. Initial experience with outreach efforts
produced enough enthusiasm and ideas among the teachers and
students at her school to inspire follow-up projects in subsequent
years, and she and her fellow teachers have developed a whole
curriculum unit from the initial project.

Changes in Shape, Size and Color capture the Imagina-
tion of Young Students

Introducing young children to the life sciences through study of
developmental biology (though not often called aevelgomental bio/-
ogyin pre-college situations) is a relatively common strategy. In the
United States, students study biological life cycles as part of the
science standards set by national- and state-level school administra-
tive committees. Cocoons are brought into the classroom for stu-
dents to watch the emergence of a butterfly or moth. Mice, hamsters,
and gerbils are housed as pets, and rodent pups are reared (even if
unintentionally) as class projects. Young children watch such events
and are fascinated as they observe changes. Then they ask
questions. The use of living material thereby serves as a jumping-
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off point for scientific inquiry. A natural interest in changing
shapes, sizes, and colors leads young students to ask questions
basedontheirobservations andto offer predictions based on their
prior experiences. This process in turn leads to a search for
answers, which are obtained by asking a teacher or expert, doing
an Internet search, or reading available literature. This scenario
usually occurs on its own, regardless of whether it is part of a
formal lesson. Studying developmental biology is integral in the
natural study of living things. Itis a study of beginnings, of change,
and of structure, process, and purpose. Little wonder that it
captivates the intellectual energy of students.

Use of Living Material in the Public School Classroom
is often the most Cost-Effective Strategy for generating
Interest in the Biological Sciences

The U.S. National Research Council (an advisory board to the
U.S. government) has emphasized that:

Biologicalscience thalis presented to elernentary school
children shouid have natural history as a major focus,
be integrated with other subjects wherever possible,
and emphasize observation, interprelation, and hanads-
on involvement, rather than memorization of facits...
Students... should observe and care for organisms in
the classroom (National Research Council, Committee
on High School Biology Education. [1990]. Fulfilling the
promise: Biology Education in the Nation's Schools.
National Academy Press, Washington, D.C.).

Live material with accompanying supplies can be obtained from
various biological supply companies (e.g., NASCO Scientific,
Ward's Biological Supply, Carolina Biological). Many materials can
be obtained locally or even collected from nature (at no cost).
Supporting materials and activities for classrooms can usually be
found on the Internet. The teacher doesn't have to take a course to
teach with these materials. They can choose to learn with their

N

Fig. 1. Afive year-old child, observing the living axolotl embryo at the
IU Axolotl Colony. FPhoto courtesy of Sue Hicks and Jitka Horne, Hoosier
Courts Cooperative Nursery School.,

students, demonstrating by their own curiosity and questioning the
love of inquiry and discovery. In the United States, the usual
teacher-training programs for elementary school teachers empha-
size language and math teaching skills, at the expense of science
skills. Teachers who elect to use living material in the classroom
find themselves empowered, and easily able to compensate for
lack of formal science training by engaging and joining students in
relatively straightforward yet intellectually stimulating exercises.
In a study of 86 ten-year-old students, it was observed that using
small, live animals increased interest in and motivation for study-
ing biology (Tamir and Schurr, 1997).

Using living material in the early classroom has a subtle, yet
predicted influence on career choice among young girls (Fig. 1).
Girls are thought to make important career decisions in the late
elementary school years (ages 9-12) (Orenstein, 1994). Elemen-
tary school teachers in the United States are overwhelmingly
female and provide role models for young girls. These teachers,
therefore, need to be enthusiastic and involved in their science
teaching. When teachers are engaged, students tend to follow
suit. Girls are thought to develop more confidence in their science
abilities when they are engaged in hands-on exercises that spark
their curiosity and give them an embodied experience (Rosser,
1997). In this manner, a long-term beneficial effect on closing the
gender gap in science is likely to result.

Information-Age Opportunities are increasingly Avail-
able to Young Students

In today's world, the Internet has greatly enhanced the access
children have to resources at all levels of complexity. A studentin
elementary school can learn about pigment mutations in amphibia
by using a search engine, or, log onto one of the many attractive
science sites designed especially for young students. Students
aged 13-18 can research a genetic disease and become ac-
quainted with ideas and jargon concerning its causative basis.

In addition, as a result of increased outreach efforts of U.S.
colleges and universities, materials and personal expertise are
now available to some of our pre-college classrooms. In many
instances, teachers and students can learn science directly from
practicing scientists. During such collaborations, students learn
about authentic research projects while developing an under-
standing and respect for the power of the scientific method.
Researchitself can become part of the lesson and is then viewed
as a practical, accessible, and necessary part of their world.

Three Examples of Projects that introduce Young Chil-
dren to Developmental Biology

Three successful outreach programs are described below
that illustrate the profound effect college/university outreach
programs can have on the learning experiences of young
children. These descriptions are designed to encourage pro-
fessional developmental biology researchers to get involved
with public school science classes. The motivating effect re-
searchers can have on both young students and their teachers
is very powerful.

The first two descriptions explain on-going outreach programs
for pre-school through elementary school age children, while the
third description explains an on-going middle-school project.
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Fig. 2. (Left) Pre-School teacher, Jitka Horne, learns about developing axolotl embryos with her students. Photo courtesy of Sue Hicks and Jitka

Horne, Hoosier Courts Cooperative Nursery School

Fig. 3. (Right) Using living material as a focus is early education classrooms has wide appeal for more than basic science. Children discuss, draw,

collaborate,

Cooperative Nursery School.

observe, predict and discover as they get

What am | going to do with All These Axolotls? &y
Sandra Borland

For more than 15 years, the Indiana University Axolotl Colony
has developed collaborations with many schools and teachers,
from preschool through pre-college levels. The positive effects of
this program have been noted and even documented over the
years by many teachers and administrators and their students.
For example, Ginny Coppedge, a local teacher of 7-8 year olds,
has explained the manner in which students who were indifferent
to school and learning became enthusiastic not only about sci-
ence but also about writing and drawing as well (Coppedge,
1996). Similar stories have been heard from public school science
teachers using axolotls in their classrooms at all levels. Those
teachers were eager for something different to stimulate interest
in students, who often complain of being bored in the classroom.
Often these teachers are also trying to find an interest in and
method for teaching science themselves.

In the United States, pre-school and early grades are often
ignored with regard to learning science. Our culture emphasizes
math and language development at early ages, often at the
exclusion of science. Even now, with new education guidelines
that require science be taught at the early grade levels, science
is punched and prodded into curricula that will still place greatest
stress on math and language. Unfortunately, this does not culti-
vate the natural interest of young students in the world around
them. Their world is real, not abstract, like math studies and
reading sometimes appear to be. The ideal is to use science to
bring math and reading into the real world. Letthe natural interests
of the students drive their desire to know how to read and
mathematically analyze. This is what many teachers in early
grades have done with our axolotls.

In the course of the |.U. Axolotl Colony's normal breeding
program, which is entirely self-sustaining and supplies materials

expenence in basic biology. Photo courtesy of Sue Hicks and Jitka Horme, Hoosier Courts

to labs all over the world, we accumulate surplus animals and
embryos. Although the availability of surplus material did not
stimulate the outreach, it did make it easy to participate in
outreach activities. We had animals to spare and teachers who
wanted something different for their classrooms, for their stu-
dents, and for themselves. Consequently, axolotl aquaria have
now beensetupinclassroomsin many schools around the United
States.

Initially, we brought children into the colony for tours (Fig. 1).
We set up axolotl life-cycle demonstrations and collected repre-
sentatives of other amphibian and reptilian species. We prepared
booklets with collections of axolotl art and information for students
to take home and share with their families. We discussed the
axolotl's status as an endangered species and issues of conser-
vation and the environment. We reviewed anatomical structures
and purpose: What make axolotls special? How do they grow and
change? What makes axolotls different from other amphibians
and from reptiles, mammals, birds and fish? And we answered
questions, endless questions! Anyone who has worked with
young children knows that keeping them engaged and interested
in the same topic for 30 minutes is extraordinarily difficult. Never-
theless, axolotls succeeded in holding the attention of even the
youngest students. | found that if | let the students’ questions drive
the discussion, we could hold their attention for longer than 30
minutes. Students are so interested that they would even listen to
each other's questions! Teachers very often ended up thrilling
their students by adopting an axolotl or two for their classrooms.
A year later we sometimes received messages and questions
concerning the now adult-size adoptees, now loved by the next
year's crop of students. Very often we received panicked yet
excited calls and e-mails from teachers whose now grown axolotls
had just produced several hundred eggs. They were amazed,
their students were thrilled, and the event often created excite-
ment throughout the school and the community. Many teachers
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Fig.4.Graphicrepresentations by preschoolers tellus much about their
abilities to observe and relate to their world. Here, not only do we see
surpnsingly accurate drawings of developing axolotl embryos, but you see
that the child is involved with that world as part of her own, Sketch courtesy

of Sue Hicks and Jitka Horne, Hoosier Courts Cooperative Nursery Schoo!

and their classrooms have been reported in their local newspa-
pers. Other teachers from the schools or the region would contact
those teachers or the colony so that they could do the same thing
in their own classrooms. Such is the effect of natural science, and,
in this case, of axolotls, on stimulating interest in students, their
families, and teachers.

Eventually, we began to travel with our axolotl material to class-
rooms and school community science fairs. Time after time, | found
that if | let the students guide the discussion through questions and
comments, the seriousness and involvement of each individual
studentincreased. They observed and asked questions. | answered
their questions and listened to many of their stories.

More and more teachers have discovered the joy of teaching
with axolotls. Below is a list of some of the activities that can be
done with young students (Figs. 2, 3):

Early Axolotl Embryos
Count embryos
Manipulate and divide embryos into sets
Sort embryos by stage of development
Prepare staging series (which comes first, second, third, etc.)
Observe effects of gravity
Experiment with effects of temperature on developmental rate:
collect data from test groups and represent differences graphi-
cally
Use simple dissecting scope or magnifying glass to observe
embryo structures and changes
Observe beating heart and blood moving through the 3 cham-
bers
Observe circulation in gills of near-hatchlings
Draw pictures of observations or changes in a lab notebook

Axolotl Larvae
Observe development of limbs
Experiment with the effects of temperature, type and quantity of
food, and other parameters on growth rate

Study habitats (natural and artificial)

Experiment with environment preferences

Collect data on growth rates

Compare axolotls with different pigments

Observe locomotion

Compare with other species and animal groups

Discuss metamorphosis and “growing up”

Discuss ability to grow new parts and interest of scientists in this
process

Map natural location of axolotl on world map

Observe pollution in local streams and relate to axolotl habitat
Read about axolotls in culture and history

Create myths/stories about axolotl creation

Today, we have axolotl developmental biology kits available for
teachers to purchase at a nominal cost. The idea behind the kits
was to make it easy for teachers to have as large or as small an
axolotl project as they can handle, with the supplies and informa-
tion at hand to get them started. Kits can be ordered with embryos
or larvae and come with basic supplies (i.e., water treatment
chemicals. food) and information on development and care and
safety for students and animals.

The ingquiry model is ideal for exploring the developmental
biology of axolotls. Thus it is important not to serve up too much
information but instead to allow students to think and ask and
discover for themselves. Their observations are often astounding,
and they sometimes notice significant details that teachers often
miss. For instance, when some students try to portray axolotls by
drawing, anatomical structures are sometimes included that adults

..

Fig. 5. Researcher Karen Crawford discusses axolotl regeneration
with elementary students.
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never notice. Also, artwork reveals concepts of relationships,
parenting, nature, structure and purpose (Fig. 4). Drawing axolotls
has helped teachers learn about their students, not just about
axolotls!

When teaching science, it is important not to underestimate the
information young students are ready to process and understand.
Correlations and comparisons are how children learn from the very
beginning of life. This should continue throughout development
and should be the guiding principal helping children understand the
interrelatedness of the species and the environment, acomplex yet
logical process for a child.

Elementary Students study Regeneration with a Re-
searcher by Karen Crawford

Over a period of one month, 20 students in a Montessori (private
elementary school) combined classroom for 6-9 year olds ob-
served normal hand regeneration on an adult axolotl. Montessori
schools are privately operated around the world and emphasize,
among other principles, the notion that children learn best from
engagement, and that cooperation (vs. competition) between
students fosters student learning. Thus, this experimental exercise
was well received by students, teachers, and parents.

The first day, while the animal was being anesthetized, we
discussed using anesthetic, regeneration in amphibians and other
animals (Fig. 6), general laboratory safety, feeding and animal
care, and making regular observations (Fig. 5). Since they had
previously drawn the phases of the moon over amonth'stime inthe
fall, | distributed a calendar to each student for them to draw the
phases of regeneration. Once the animal was anesthetized, it was
passed around in its container for the students to observe. Next, it
was placed on a plate and its right front hand was amputated using
small scissors. Upon returning the animal to its water, the students
observed it as it “woke up.” The axolotl re-
mained in the classroom for one month. Stu-
dents took turns caring for it, drew pictures of
the regeneration process, and compared their
pictures withillustrations | provided. At2 weeks,
| returned to the classroom to check on how
things were going and to answer questions. At
that time, the limb blastema was at the late
bud stage. By one month, four digits had
formed. The students kept the animal until
each of them had had a chance to care for it.
At6weeks, Imet withthe class againtoreview
their data and the outcome of our experiment.
Benefits? Their observations and questions
were amazing! The students and parents now
seek me out to tell me extraordinary things.
Science came alive in this classroom. Rather
than dealing with an abstract phenomenon,
this exercise had a profound and personal
meaning for each and every student. The
procedures we employed were as follows:

Day 1 (~ 1.5 hours duration)

1. Introduce the animal, describe where it
lives and why it is unique. Answer questions.
2. Discuss anesthetic and why we use it.

Limb Regeneration (re = again; generation = 1o make)

Salamander (Axolotf)

Allow the students to tell their stories about receiving anesthetic.
Place the axolotl (~8 cm in length) in 0.007% benzocaine in 20%
Holtfreter's solution. While discussing regeneration, amputation,
and animal care, pass the container with the animal in it around for
the students to observe.

3. Introduce the idea of regeneration and metamorphosis. This
stimulates stories of lizards losing tails, crabs without claws,
starfish without arms, even uncles growing fingertips back. En-
courage students to share their stories with the entire class.

4. Describe the amputation procedure, showing students the scis-
sors that will be used. Answer questions about blood, and assure
everyone that there will be very little shed.

5. Oncethe animalis “asleep” (~ 10 minutes), amputate one hand.
Show each student the animal's amputated hand.

6. Return the axolotl to 10% Holtireter's solution, answer ques-
tions, and wait for the students to notice the animal has awakened.
7. Review animal care, feeding, cleaning, and how to make obser-
vations.

Follow-up 1 and 2 (~45 minutes each)

1. After 2 weeks, | returned to the classroom to check on how
things were going, answer questions and show the class some
other axolotls (representing different pigmentation mutants). The
amputated axolotl, now named “Nippy," was doing well and had a
nice late bud blastema.

2. Afteramonth, Nippy had developed four digits and was growing
well. The students decided to keep Nippy until everyone had a
chance to feed, clean, and record regeneration for the class.

Conclusions

1. Regeneration to the digit stage was complete in 4 weeks.

2. The students learned a lot about regeneration, scientific obser-
vations, and animal care.

\.%
.......

Q'

WHY?

Fig. 6. Handout used with elementary students comparing regeneration in different
amphibians at different stages in the life cycle.
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