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This issue of FOME focuses on service learning. One of our authors,
BruceAlexander, quotes Pamelaand James Tool € sdefinition: * Service-learn-
ing isaform of experiential learning where students apply academic knowl-
edge and critical thinking skills to address genuine community needs.” A fre-
guent service-learning experience is using our students as teachers in K-12
classrooms. Several articles in this issue describe such experiences. Other
service-learning activities involve our students in addressing actual commu-
nity problems, as described by Marion Fassin her Feature article, below.
Many of us have seen growing participation in service learning on our cam-
puses. We hope one of the many stories shared in thisissue give you insight
and stimulate your own ideas around service learning.

You'll also notice that we have a brand new updated logo! Thanks to
Kristen Catlin-LeBaron, our ASM production editor, for sharing her graphic
artstalent with us.

Kelly Cowan
Editor, FOME

Connecting Microbiology With the World Outside:
Constructing Opportunities for Authentic Learning in the
Classroom and the Community

Marion Field Fass
Beloit College

Each of us, asmicrobiologists, easily acquires new knowledgein our field
by connecting “the new” with older concepts and model s that we use to struc-
ture our understanding. Just aswe have collections of slides and PowerPoints
and scenarios for explaining difficult material, we also have organized sys-
temswithin our brainsthat allow usto accumulate microbiol ogical facts more
easily than our novice students. New research on cognitive science demon-
stratesthat it isthis schemaof knowledgethat differentiate expert from novice
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Complex cognitive structures de-
velop from knowing the facts and
knowing how to apply them to solve
problems. They are
strengthened by the
rich experiences of
professionalsin their
fields. Anillustration
of the advantage that
experts have in ac-
quiring new informa-
tion can be seenin a
cognitive behavior
study that contrasted the ability of chess
masters to remember the location of
pieces on a chessboard with that of
naive chess players. The experts, who
knew what achessboard meant, remem-
bered thelocation of more chess pieces
than the novice, for whom the board
was just a set of unrelated pieces (1).
As we face the challenge of educating
students for understanding and reten-
tion, and not just memorizing thefacts,
we need to ask how we can help stu-
dents structure their knowledge so that
they can use and apply the concepts
they learn in different arenas.

How People Learn, the National
Research Council report on applying
cognitive science research to the prac-
tice of learning, suggeststhat “relevant
knowledge hel ps people organizeinfor-
mation in ways that support their abil-
ity to remember”(1). We can do this
by building on the experiencesthat stu-
dents bring to the classroom, by build-
ing engaging experiences in the class-
room, and by structuring experiences
that enable students to bring their mi-
crobiology skills to community prob-
lems.

| recently asked my Introductory
Microbiology students what had en-
gaged them in the study of microbiol-
ogy. | teach a class of 20, so discus-
sioniseasy. Students mentioned labo-
ratory experiences and simulations as
the aspects of the class that made mi-
crobiology meaningful. They want to
see microbes—evenif wetell them that
they are “unseen”—and they want to
see what they do.

More than any other activity, stu-

dents mentioned the value of the ex-
ploratory laboratory on Microbial Di-
versity from Handelsman et al., Biol-
ogy Brought to Life
(3), inwhich students
grow microbes from
soil samples on four
different selective
media. The diversity
of microbia life that
emerges from soil is
amazing, and the
changes that the stu-
dents can track over the period of two
weeks reinforce difficult concepts like
selective media, microbia competition,
communication, and succession. We
often assume that students are able to
visualizethemicrobia world anditsin-
teractions, when they are still looking
for proof of its existence.

My goal in the classroom, in the
laboratory, and in establishing field
experiencesfor studentsisto reinforce
factual understanding by connecting
microbiology to students' lived experi-
ences. The fermentation of Korean
kimcheeisalaboratory experiment that
introduces studentsto industrial micro-
biology in a multicultural context and
gives them ways to safely manipulate
experimental conditions. Inthisactiv-
ity microbial growth and metabolism
can be studied quantitatively (2), and
students can explore the connections
between the addition of fish and pep-
pers to kimchee and the impact of al-
tering nitrogen supply and inhibitory
compounds on microbial growth.
(NOTE: Students only eat their
kimchee when prepared outside of the
laboratory!)

Real world events provide micro-
biology educators with invaluable as-
sets for constructing learning experi-
ences that enhance understanding and
recall. Analyzing complex everyday
situations provides structures upon
which students can organizetheir learn-
ing as they move from being novices
to being experts. | recently used acase
study of the control of citrus canker (5),
based on actual eventsin South Florida,
to guide students through the applica
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tion of microbial control strategies us-
ing concepts of pathogenicity, epide-
miology, and genomics. The case study
also reinforced the importance of con-
sidering economic and political issues.
Students in
the classroom
became en-
gaged withthe
biology and
with the com-
plexities of
control, an ex-
perience en-
hanced by the
fact that there
wasn't a clear
answer to what was best for the com-
munity.

Case studies (and the opportunity
for connected learning) lie in the mi-
crobia news that confronts us daily,
from the recent outbreak of Hepatitis
A in Pennsylvania to the concerns in
Wisconsin about the risks of “chronic
wasting disease” in deer and itsunpre-
dictable impact on hunters and their
families. Far from our shores, millions
of people are suffering from HIV/
AIDS, an uncontrollable but prevent-
able disease that is complicated by a
range of biological aswell associd and
cultural factors. Another good source
of activities is Microbes Count! by
Jungck, et al., which uses case studies
and real world issues to provide stu-
dentswith the opportunity to use quan-
titative reasoning and microbial knowl-
edge in proposing solutions to these
and other problems (4).

ServiceLearning

For microbiology students, service
learning experiences can also enhance
their understanding of science and its
applications. One definition of service
learning is experiential learning that
aims to solve problems with the input
of the community. Just like laboratory
activities, service learning opportuni-
ties need to be carefully constructed to
lead students through the application
of knowledge in solving problems.
They should also include a reflective

segment so that studentsare ableto con-

nect their activity to classroom learn-

ing. Service learning activities differ

from the laboratory activities in most

introductory courses in that student
work is designed to
contribute to the solu-
tions of real problems
faced by the agencies
or communities in
which they are carried
out.

Our communities
arefull of potential ex-
periences for stu-
dents—from assisting
day care centersto im-

provetheir methods of sanitationto col-
laborating with local health departments
inassuring water quality or reducing the
risks of vector borne diseases. The de-
velopment of effective servicelearning
opportunities relies on close relation-
ships between teachers and the commu-
nity. Theeffectivenessof servicelearn-
ing placements can be maximized by es-
tablishing long-term relationships with
agencies and by establishing projects
that generate longitudinal data or regu-
lar assessments. There are many ex-
amplesof microbiology serviceprojects
aready taking place. For instance, the
students of Dick Fluck, abiochemist at
Frankin and Marshall, have studied tu-
berculosis control in rural Pennsylva-
niaand provided data upon which new
policies have been based. Students of
chemist Garon Smith at the University
of Montanaat Missoulahave monitored
water quality for that state. Both of
these scientists have
beeninvolved withthe
SENCER project of
Association of Ameri-
can Collegesand Uni-
versities. SENCER
(Science Educationfor
New Civic Engage-
ment and Responsibilities) hasawebsite
of model courses that link science and
the development of strategies to deal
with community problems
(Www.aacu.edu/SENCER/models.cfm).
Beloit College studentshave carried

out servicelearning projectsbothinthe
community and during study abroad.
They have assisted the local health de-
partment to assess public knowledge of
both bioterrorism and of West Nile vi-
rusand have studied the distribution of
disease using Geographic Information
Systems (GIS). During study-abroad
experiences, students have conducted
arange of projects, from examining the
risk factors for fungal infection of ca-
cao treesin Costa Ricato assessing ac-
cess to STI information and treatment
in Tanzaniato analyzing avail ability of
clean water in Kenya. An important
part of al of these projects has been
writing about them upon their comple-
tion. Thisalowsstudentsto give data
back to the community and to reflect
upon methods, successes, and limita-
tions.

Thereare, of course, limitsto what
students can do in communitiesthrough
service learning projects. Students are
not professionals and are better suited
for assessing situations and gathering
information than for developing pro-
grams. But they can collect valuable
information and assist communities to
use it in making decisions.

An understanding of current mi-
crobial issues and threats can help stu-
dents construct aframework for under-
standing the abstract world of micro-
bia life. As educators, our challenge
isto help students appreciate the com-
plexity of relationshipsinthemicrobial
world and to see how they can apply
their newly devel oping scientific skills
and understandings. Asteachersof mi-

crobiology
we have
thetimein
lectures,
laborato-
ries, and
discussion
sections to
actively connect learning to authentic
problems. As shapers of curriculaand
major programs, we have the opportu-
nity to promote the use of case studies
and service learning. No one knows
better than microbiologists about the
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risks of disease in parts of the world
where harsh climates, limited accessto
clean water, and poor access to health
servicesincrease humans' susceptibil-
ity toinfectious diseases. Thechallenge
of the 21% century isto use science con-
structively in building a sustainable
lifestylefor al thecitizens of the planet.
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Annual Biomedical Research
Conference for Minority
Students
(ABRCMS)

November 10-13, 2004
Dallas, Texas

The ABRCMS is a national
conference designed to encourage
undergraduate students to pursue

advanced training and careers in the
biomedical sciences and provide
faculty advisors and directors with
resources for facilitating students’
success.

http://www.abrcms.org
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Service Learning in the Under-
graduate Science Curriculum:
Partnering College Students
with High School and Middle
School Classes

Lee Abrahamsen
Bates College

Asateaching scientist my daysare
more than full. Over time, however, |
have learned to keep an open mind
when enthusi astic students approach me
for help with things that go beyond the
scope of microbiology. Often their re-
guestslead, push, or drag meto places
I never thought I’d go. Intheprocess—
and here's the kicker—I usually learn
something, and | am invariably re-
minded of why | amwilling to work so
hard with these young people.

Atfirgt, | considereditapaininthe
neck, having my students go to alocal
school and teach something. Under-
graduateswould approach mewith this
“new” idea, and little else: no plan, no
connections, and no context. Finding
alocal teacher who was willing to put
up with my students in her/his class-
room, figuring out the format and topic
of theteaching, and ensuring that things
went well were challenges that we
(many times I) met in one serendipi-
tous way or another. But despite the
extra work and hassles, | was often
amazed at the outcomes. Teachers
would comment on the effectiveness of
having a college student as a teacher
and role model for younger students.
Sixth graders would peer into micro-
scopesand call their friends over to see
what “cool thing” they had found. High
school stu-
dents who
had never set
foot on our
campus
would come
to visit their
undergraduate mentors. My students
would tell me how hard they had to
work to really understand what they
were presenting in order to be prepared

to answer questions. It seemed that
the student outcomes (on both sides)
were too good to ignore. | decided to
explore ways of making these projects
really beneficial to teachers and more
logistically reasonable for me to over-
see.

Tothat end, | enlisted the help of a
colleague in our Center for Service
Learning. A former teacher and princi-
pa herself, she explained that teachers
are struggling to make their curricula
comply with the “Maine Learning Re-
sults,” aset of standard topicsand con-
ceptsthat have been established by the
stateasrequired curriculum. Thestan-
dardsarearranged by genera discipline
and for each grade level indicate what
students should know or be able to do
by the time they complete that level.
In the sciences there are many issues
that make it difficult for teachers to
aligntheir lesson plansto the Learning
Results. Many teachers are not famil-
iar with “new” topics such as biotech-
nology or cellular and molecular biol-
ogy. Shrinking school budgets often
make it all but impossible for teachers
to take advantage of workshops and
seminars that would bring them up to
speed. Laboratory spacesare scarcein
public schools in Maine, and where
they do exist, they are outdated and
woefully under equipped. Wedecided
to get some teachers together and ask
what kind of help they needed most.
Theanswersvaried. Somewanted help
designing particular projects or lesson
plansthat they had been thinking about.
Otherswanted to know what resources
areavailable ontheweb. Somewanted
help designing labs that require mini-
mal equipment and facilities. All were

intrigued by
the prospect of
free under-
graduatelabor,
and all agreed
to participate.
In 2000, |
taught a beginning biology class with
40 students who participated in 11 dif-
ferent Partnerships. | havesincerecov-
ered and generally try to keep the num-
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ber of Partnerships to a more manage-
able number (from oneto six ayear).

The notion of “Learning Partner-
ships’ suggests that this kind of ar-
rangement can be good for everyone
involved if we consider each other
learners aswell asteachers. Thelearn-
ing, of course, goesfar beyond the sci-
ence content that is always a central
focus. | have learned that the Partner-
ships work best when the teachers tell
us what they need and we collaborate
to formulate aplan to meet those needs.
| havelearned to keep track of what stu-
dents are doing by requiring detailed
proposal's, one-page bi-weekly progress
reports, and short weekly meetings. |
have learned that when you help one
teacher develop alesson plan, you ac-
tually help many becauseteacherstalk.
| have learned that there truly is some
magical connection between young
kids and college kids and that even a
professor can become a part of that
magic because it comes from a deep
generosity of spirit.

In these times of rising standards
and falling budgets, the salvation of
education lies in its one limitless, re-
newable resource: the work of dedi-
cated teachers. Collaborating with our
middle and high school teacher col-
leagues has been enjoyableand very re-
warding from many perspectives. | can
now honestly encourage my own stu-
dentsto consider teaching scienceasa
career and canintroduce them to people
who do it well. Establishing Learning
Partnerships has become aregular part
of my classes. More often than not,
they are win-win situations.

ASM NEEDSYOU!

Submissions are sought for visual
and curriculum
resources in ASM’s prestigous
MicrobeLibrary.

MicrobeL ibrary@asmusa.org for
more infromation.

www.MicrobelL ibrary.org

Activities to Promote Learning
in Microbiology

Poonam Gulati
University of Houston-Downtown

Students learn in different ways
and, asteachers, weneed to design strat-
egiesto aid thedifferent typesof learn-
ers. The activities described in this ar-
ticle focus on microbiology students,
but similar activities can be created for
studentsin any disci-
pline. | have found
that studentswho par-
ticipatein such activi-
tieslearn more micro-
biology and enhance
their education in
other ways.

| am amember of
the Department of
Natural Sciences at the University of
Houston-Downtown (UHD), an urban,
commuter campus of over 10,000 pri-
marily undergraduate students. There
are usually 40-50 microbiology majors
in the department. We teach a general
microbiology coursefor 60-70 students
during the fall semester, a clinical mi-
crobiology course for 25-35 students
during the spring semester, and are in-
troducing a non-science microbiol ogy
coursein the Spring 2004 semester. In
addition, severa upper-level coursesare
offered on arotating basiswith approxi-
mately 20 students each. As away of
showing these students how microbi-
ology can be applied and informing
them of opportunities in the field, we
formed the L eeuwenhoek Society, astu-
dent branch of theAmerican Society for
Microbiology (ASM). We found that
such organizations used wisely can
have an enormousimpact on astudent’s
learning and the student’s ability to
make informed career choices. De-
scribed below are several projects that
the Society has undertaken.

1. Teaching Project: Tointroduce
microbiology to fifth graders, the So-
ciety partnered with a UHD graduate
who is teaching at alocal elementary
school. This program isuseful for two
reasons: 1) our studentsstrengthen their

knowledge by teaching the material;
and 2) we introduce microbiology to
students at a young age. Microorgan-
isms are ubiquitous and serve vital
functions, but most people are unaware
of them or have the misconception that
they are only harmful “germs.” Three
to four of our students conduct a 45-
minute session in thefifth-grade class-
room each week for four weeks. The
students and | design short, interesting
lectures and
simple ex-
periments in
which the
fifth graders
can partici-
pate. Before-
and-after sur-
veys com-
pleted by the
students demonstrated that they had
learned about microbes and enjoyed
this learning experience. As a bonus,
the elementary students began to iden-
tify with the college students as role
models. Our students gained the in-
valuable experience of teaching and
enjoyed the satisfaction of helping the
younger students. Two UHD students
presented the results of their efforts at
local conferences. As aresult of the
success of this project, we have re-
ceived requests to conduct other such
short courses. We hope to obtain ex-
ternal funding and to expand the project
to other area schools.

2. ASM Texas Branch Confer-
ence: The Leeuwenhoek Society mem-
bers participated in the annual Texas
Branch microbiology conference held
each March. This conference focuses
onundergraduatesand isan ideal place
for our students to learn about confer-
ences, meet colleaguesand researchers
from other institutions, and gain confi-
dence in making presentations. Inthe
last two years, approximately twenty
students have attended the conference
and several students have made poster
presentations—two of them have won
prizesfor their research. Participation
in this conference and other confer-
ences has sparked an interest in re-
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search, whichiscrucial to the students’
success in the sciences.

3. Microbial Jeopardy: A fun-
filled activity in Jeopardy format, this
gameactively teststhe students' knowl-
edgein microbiology and related areas.
Groups of four to five students partici-
patein thisgame, whichisheld under a
strict set of rules. The students enjoy
the competitive spirit of the game, while
simultaneously identifying topics that
reguire more study as well as the most
likely studentsin their peer group from
whom they can obtain assistance. The
students love the Jeopardy format and
this annual event has now been ex-
panded from Microbia Jeopardy to Sci-
ence Jeopardy. This past fall the event
was held on October 31% and students
dressed in Halloween costumes.

4. Field Studies: The studentsin
our Society take field trips to various
locations, including hospital s, industrial
plants, and ecological collection sites.
Recently, we visited a wetland and a
state park. The students learned how
to collect soil and water samples and
processthe samplesinthelab. Two stu-
dents continued the wetland project, iso-
lating and identifying several bacteria.
Studies of soil samples from our local
state arein progress.

5. Career Fair: We organized a
Career Fair in Microbiology and Chem-
istry and invited speakers from indus-
try and academia. Inadaylong session,
the speakersinformed the students about
careersinindustry, research, and medi-
cine. Studentshad an opportunity to talk
to the speakersand some students main-
tained contact with individual speakers
in order to obtain specific advice.

The Leeuwenhoek Society also
holds social functions and fundraisers.
| havefound all of these activitiesto be
excellent for teaching students about mi-
crobiology and thevalue of research and
for informing them of career opportu-
nities. Additionally, the students have
formed study groups and have gained
self-confidence. These studentsarein-
terested in their studies and proud of
their accomplishments.

A Rural Science Education
Partnership—the Maine
ScienceCorps

S. Monroe Duboise
University of Southern Maine

Since the 2001-2002 academic
year, the educationa activities of im-
munology and molecular biology
graduate students at the University of
Southern Maine (USM) have gone far
beyond university classrooms and re-
search laboratories to reach into high
school science classes in some of
Maine’'s most isolated rural high
schools. With support from the Na-
tional Science Foundation’s Graduate
Teaching Fellows in K-12 Education
program, the graduate students partici-
pate in a program called the Maine
ScienceCorpsand
collaborate with
teachersin eleven
rural high schools
toprovidelabora
tory-based active
learning experi-
ences that would
otherwise not be
possible with the
limited resources available. Science
teachersin Maine's rural high schools
are generally challenged by profes-
sional isolation, limited access to the
scientific world beyond the classroom,
and minimal laboratory resources.
Under these conditionsit isparticularly
difficult for the rural teachers to meet
state mandatesto align curriculum with
the science education standards articu-
lated in the Maine Learning Results
which are based on the National Sci-
ence Education Standards. The Maine
ScienceCorps, founded in 2001 to ad-
dress these common needs among ru-
ral schools, providesamodel of effec-
tive outreach that enriches the educa-
tional experiences of both high school
and university students while connect-
ing the high school teachersto the uni-
versity scientific community. So far
this educational partnership has in-
volved 16 graduate students, morethan

30 teachers, five scientists from the
university’s Department of Applied
Medical Sciences, the education divi-
sion staff of the Foundation for Blood
Research in Scarborough, Maine, and
morethan 2,500 Maine high school stu-
dents.

ScienceCorps fellows, typically
working in teamsof two, make regular
visits to eleven high schools widely
distributed across the state where they
present scenario- or case history-based
laboratoriesthat teach conceptsinvolv-
ing nucleic acids, proteins, microbes,
viruses, human disease, and immune
responses. The demands of the out-
reach experience are significant and
present challenges in balancing these
duties with graduate course work and
research. Itisgeneraly only students
who have compl eted the first and most

intenseyear of
course work
who are cho-
sen by a fac-
ulty selection
committee to
become
ScienceCorps
Fellows.
Most teams of
fellows are assigned to work with
teachers and students at two participat-
ing high schools. Visitsto five of the
eleven schools require travel between
200 and 330 miles oneway and conse-
guently involve overnight staysfor the
fellows. Visitsto the other six schools
usually can be done without staying
overnight. Extensive communication
occurs between the fellows and the
cooperating teachers between visits to
coordinate integrating the planned ac-
tivities into the curriculum. Labora-
tory-based activities aigned with the
Maine Learning Results are provided
to each school in eight to ten
ScienceCorps visits during an aca-
demic year. Planning and preparation
of lab materials generally involves ex-
tensive effort because amost all sup-
plies and equipment are transported to
the classrooms. Activities are fre-
quently modified and adapted to fit the
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curriculum of specific classes and the
time constraints presented by each
school’sclassscheduling. Intheclass-
roomsevery student isdirectly involved
in performing the laboratory tasks
themsdvesand thenininterpreting their
results.

This project has made major con-
tributionsto (i) enhancing the graduate
education experience of immunology
and molecular biology graduate stu-
dents at USM through providing them
with authentic | aboratory-based teach-
ing experiencesin high school science
classrooms and (ii) bringing scientific
role models and advanced laboratory
activitiesinto some of the most remote
and isolated rural classroomsin Maine.

The communication skills that the
graduate studentsdevel op arereflected
in their research presentations as well
as in the high school classrooms. The
teaching experience they gain is more
extensive than that of most university
teaching assistants. Through their out-
reach roles, the graduate students are
prepared for future rolesin the profes-
soriate and are encouraged to collabo-
rate in science education at al levels
throughout their careers. After ayear
of participating in ScienceCorps |abo-
ratories brought to them by graduate

students, the high school studentseven
in a remote high school in northern
Mainewill know at least two scientists
and will have experienced a sampling
of thelaboratory methodsthat are used
in biomedical science.

The Maine ScienceCorps experi-
ence has made clear both successful
strategies and the limitations and chal -
lenges that are encountered in bring-
ing inquiry and lab activitiesinto high
school classrooms. Surveys indicate
that the scenario-based ScienceCorps
lab activities have stimul ated the inter-
est of most students participating, and
teacher evaluations of thevalueto their
classes has been overwhelmingly posi-
tive. Someteachersindicate—and stu-
dent surveys suggest—that some stu-
dents are influenced to aspire to scien-
tific majors when they go to college.
Several teachers have noted seeing in-
creased interest in science among some
of their students who are not ranked
high academically and have generally
been considered among the less moti-
vated students. This may reflect the
value of hands-on active learning for
these students. The ScienceCorps ex-
perienceillustratesthat bringing active

FIG. 1. Students in the Maine ScienceCorps program.

learning into the classroom through
laboratory-based activitiesisquitevalu-
able, but is easier than making the ac-
tivities truly inquiry-based under typi-
cal classroom time constraints. Recent
efforts are directed toward providing
greater content linkage between the dif-
ferent laboratory activitiesto providea
more inquiry-based approach that al-
lows students to experience how se-
lected research questions can be inves-
tigated. A particular focus has been on
developing a series of bacteriophage
laboratories to convey knowledge of
basic virology. Theselaboratoriesalso
lead students through basic molecular
biological investigations using PCR,
molecular cloning methods, restriction
endonuclease digestion, and the basic
bioinformatics of comparing DNA se-
guences with those in sequence data-
bases.

ScienceCorps fellows have also
provided support for the efforts of sev-
eral teachers who are working to de-
velop research projects and collabora-
tionsthat can involve their high school
students. Establishing small-scale col-
laborative research projectsthat actively
involve students at selected schoolsis
work in progress that reflects the long-
term goal of creating opportunities for
the high school students to experience
scientific inquiry in direct and highly
meaningful ways. Among the eleven
participating high schools, some pro-
vide specia opportunitiesin biotechnol-
ogy education as part of the curriculum
or as voluntary after-school activities.
Faculty scientists and graduate students
at USM are currently engaged in acol-
laborative research project with teach-
ers and students at three high schools.
This research interfaces with a devel-
oping research program at USM inves-
tigating lobster shell disease, apolymi-
crobia disease of ill-defined etiology
that is characterized by degradation of
the chitinaceous carapace of these eco-
nomically important crustaceans. Epi-
zootic lobster shell disease in southern
New England and Long Island coastal
waters in recent years has caused sig-
nificant concern within the Maine lob-
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ster industry. Shell disease is a prob-
lem in biocomplexity involving com-
plex microbia communitiesand myriad
environmental factors that provides a
rich framework for interdisciplinary
scientific inquiry in the laboratory and
the classroom. Students in an after-
school biotechnology research club at
Skowhegan Area High School and in
biotechnology classes in the Augusta
area are currently working to isolate
bacteriophagesthat infect bacteriaiso-
lated from |obster shell diseaselesions.
The importance of bacteriophages in
the ecology of microbial communities
and the numerous precedents for their
importance in bacterial pathogenicity
suggest that study of shell diseasefrom
avirological perspective may beinter-
esting. Students participating in this
research project gain basic experience
in research and learn research methods
and much about the abundance and
importance of bacteriophagesintheen-
vironment. The collaborating teachers

and graduate studentswill present their
findings as well as their perspectives
on this collaborative project at scien-
tific meetings during 2004.

University science faculty and ad-
ministrators view the ScienceCorps
program as highly congruent with uni-
versity educational, research, and pub-
lic servicepriorities. Consequently the
university is sharing in financia sup-
port of the ScienceCorps program and
is seeking to sustain the program as an
integrated component of graduate edu-
cation in the sciences. Through col-
laboration in education and sometimes
in research, the Maine ScienceCorps
has significantly bridged the cultura
divide between science education in
Maine' ssecondary schoolsanditslarg-
est public regional comprehensive uni-
versity. Targeted enhancement of re-
search capacity at USM islinked tothe
educational priorities of providing for
Maine a scientifically and technologi-
cally well-educated workforce that will

drive regional economic development
and diversity. Itisincreasingly recog-
nized that to fully foster development
of a scientifically and technologically
well educated populace, the university
scientific community must form part-
nerships with K-12 educators that will
help in the preparation of new genera-
tions of citizens for higher education
and afuturethat istechnologically and
scientifically demanding. The Maine
ScienceCorps program and other ini-
tiativesinvolving partnership with sec-
ondary school science education are
creating an environment for faculty in
which scientific research, the scholar-
ship of teaching and learning, and re-
sponsiveness to community and soci-
etal needs are all encouraged and re-
warded. It isexpected that all partici-
pantswill benefit and improvementsin
thequality of teaching and learning will
be evident in university classrooms as
well asin partner secondary schools.

outstanding conference.

Crossip
Bou ndarie%

“Crossing Boundaries:

Pesearch

Innovations

The Council on Undergraduate Research will hold its next national conference, “Crossing Bound-
aries: Innovations in Undergraduate Research,” at the University of Wisconsin - La Crosse on June
23-26, 2004. This conference will bring together faculty, administrators, policy makers, representa-
tives of funding agencies and others with an interest in doing and promoting undergraduate re-
search. With over 100 workshops, presentations by representatives of funding agencies, disciplin-
ary sessions, informal roundtables on current topics, and social interactions, this promises to be an

For information on program and registration, visit
www.cur.org/conferences.html

Innovationsin
Undergradaate

in Undergraduate Research”
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A Classroom Transformed Into
a Lab: Microbiology for
Elementary School

Elisabeth F. Maria Schlegel and Jorge
Luis Mufoz-Jordan

Mount Sinai School of Medicine

Precious Curiosity

Children surpassadultsintheir natu-
ral curiosity and sense of wonder. They
love to observe, ask questions, and ex-
periment. Their curiosity is precious. It
is a curiosity full of eagerly made ob-
servations, unspoiled expectations, and
prejudice. Children learn by asking ques-
tions—some of those questions will be
easy to answer, otherswill be hard.

Scientists also ask questions. Curi-
osity is the key word in science. The
challenge of solving complex intellec-
tual problems and the desire to contrib-
ute to human knowledge drives adult
scientists. The generally accepted scien-
tific method channels scientific curios-
ity. Knowledge is derived from obser-
vation, study, and experimentation. Sci-
entists apply inquiry and skills to con-
duct their investigations and reach con-
clusions. Itisimportant to teach children
science-process skills as they foster
problem solving and assist children in
answering their own questions. Al-
though many children do not realize it,
they investigate natural phenomenaand
objects dl the time. By answering their
own questions and adding to their store-
house of knowledge, they areaso simul-
taneously learning new information.

Itisnot only for passing the Regents
and other standardized teststhat the natu-
ral curiosity of children needsto be cul-
tivated. As today’s children grow up,
they will need to be ableto formulate an
educated opinion on the exploding mass
of emerging knowledge, whether they
become scientists or not. Sadly, curios-
ity and wonder diminish as children
progress through school. Without good
science curricula, up-to-date labs, and
support from scientific institutions,
young children may not only fail exami-
nations but may also be deprived of an
intellectually satisfying approachtolife

itself. Science education has to start
early—in elementary school (1).

Scientists Go Back to School—As
Teachers

The Isidor and Ida Strauss School
(PS. 198) provides Pre-K to Grade 5 stu-
dents with a cooperative learning envi-
ronment and an intensive program filled
with interactive activitiesthat stimulate
teamwork. The school is located on
Manhattan's Upper East Side on the bor-
derline between East Harlem and the
Carnegie Hill areain the vicinity of the
Mount Sinai Hospital and the Mount
Sinai School of Medicine. Many parents
whose children attend this school work
at Mount Sinai, and naturaly they are
interested in their children’s scientific
education.

In the 2002-2003 school year,
Mount Sinai scientistsapproached PS.
198 staff with an offer to help further
develop the science curriculum of the
school. Fourth grade studentsin al New
York City public schools are tested an-
nually inthe areas of mathematics, lan-
guage, and science. Our initial assess-
ment of thetest resultsrevealed that PS.
198 students’ performancewas substan-
tially better than thenorm for the entire
city. Generaly, it was agreed that the
steady progress and the good-to-excel-
lent performance of the students in
mathematics and language was proof of
their great intellectual capacity and the
competency of the staff. However, an
initial assessment al so reveal ed that the
school’s excellent progress in English
and mathematics did not always corre-
late with its progress in science (http://
www.nycenet.edu/daa/school reports/
02asr/102198.pdf; Fig. 1).

Considerable effort wasinvested in
evaluating and improving the situation.
Revision of the science curriculum and
improvements in its implementation
were an important part of our mission,
and teachers are now given better assis-
tance and improved materias that will
help them teach thiscurriculum (2). But
the most ambitious project is one that
brings scientiststotherealm of P.S. 198.
Under thename of “ Science Week at P.S.

198,” we have designed a program ex-
clusively for thisschool. The program’s
goal is to transform classrooms into
laboratorieswhere children can conduct
experiments that are supervised by in-
structors from various disciplines. A
week of scientific activitieswas planned
which included guest speakersfrom the
nearby Museum of Natural History and
theNew York Hall of Sciencein Queens
and scientistsfrom Mount Sinai special-
izing in areas such as Communications,
Space Science, and Microbiology. Be-
cause our baseisthe Department of Mi-
crobiology at Mount Sinai, we havere-
ceived ingtitutional support, and the
School of Medicine has been extremely
accommodating. For moreinformation,

please refer to our website
(Www.mssm.edu/ps198).
1007 English Language Arts
a0
0-

1993 2000 2001 2002
1007 Mathem atics
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0
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Science
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. 1999 2000 2001 2002
FIG. 1. Percentage of students meet-
ing or exceeding the 4th grade per-
formance standards in English, Lan-
guage Arts, Mathematics, and Sci-
ence from 1999 to 2002. No data
was available for 1999 science
scores. Red columns indicate P.S.
198, and black columns indicate av-
erage figures for all New York City
elementary schools.
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M odules Taught by Scientists

Two new modules have been de-
vel oped toteach the studentsof P.S. 198
about cells and microbes: “Cell, the
Unit of Life” and “Bacteriaare Every-
where.” It was noted that the children
had already been introduced to these
subjects in various ways, and the pro-
gram ensuresthat they receive accurate
information while experiencing a sci-
entific, experimental approach to the
subjects. Focusing on these subjects
enabled the children to master new sci-
entific concepts, which created astrong
motivational force to continue their
learning experience. Themoduleswere
taught to two classes of either 4th or
5th grade students. Students gathered
inthe sciencelaboratory room and were
seated in rows. We team taught and in-
volved the studentsasmuch as possible.
Other scientistsfrom Mount Sinai inthe
fields of Neuroscience, Evolutionary
Biology, and Space Science gave addi-
tional input for the modules.

For both modules, we created

blackboard-sized posterswhich showed
the basic features of cells and bacteria.
Toillustrate the differences between liv-
ing and nonliving things, real plantsand
facsimiles were passed around. By
touching and observing these speci-
mens, the students were able to anchor
the information to sensory input. No-
tionsof structure werethen introduced.
Thereal plant displays highly intricate
and relatively small structuresthat grow
and change to become leaves. A se-
guence of enlarged microscopic pho-
tographs of a meristeme represented a
plant tissuein the process of forming a
leaf. Through adiscussion of theillus-
trations, the studentslearned that thou-
sands and millions of units formed the
meristeme: cells arethe units of life. A
second illustration showed a cell from
the meristeme that was cropped out and
enlarged to demonstrate the ultrastruc-
ture of the cell, and the children were
able to learn about the basic compo-
nents of cells. We geared the discussion
towards a more generalized concept:

FIG. 2. Drs. Schlegel (at right in top left panel) and Mufioz-Jordan (bottom
right panel) teach 4th and 5th grade students their two newly developed
modules, “Bacteria are Everywhere” and “Cells: the Units of Life.” The chil-
dren are very motivated to observe the ultrastructure of cells in the plant
meristeme and the growth of microorganisms on agar plates.

“that, aswith plants, animal and human
tissuesaremade of cells. Infact, all liv-
ing things are made of cells.”

Once the children had learned
about cells and tissues, we explained
that cells can also exist alone, as they
are the simplest organisms. To intro-
duce bacteria, a large illustration was
used as well, but it was made clear to
students that microorganisms are not
visible to the naked eye. To see mi-
crobes, it was necessary to grow them
with nutrients, as on a semisolid sur-
face like nutrient agar plates. Under
close supervision, each student was
given one agar plate that they could ei-
ther touch or kiss or inoculate with a
soil sample taken from the bottom of
their sneakers. The plates were incu-
bated at 37°C at Mount Sinai and taken
back to the students one week later for
evaluation and description with their
individual class teachers. Figure 2
shows that the impressive growth ob-
served on platesled to lively classdis-
cussions. All agar plates were taken
back to Mount Sinai and incinerated.
Finally, ashort handout with questions
was distributed to the students for
homework. Performance on the hand-
out showed that the students were not
only able to answer the questions cor-
rectly but also could provide detailed
information when it came to drawing
and labeling the parts of acell. Thean-
ecdotal resultsclearly demonstrate that
by introducing studentsto real science
procedures, performed by recognized
experts themselves, and involving stu-
dentsin genuine scientific discussions
at an early age, we enabled them to
master new conceptswhich provided a
motivational engine that greatly en-
hanced their learning experience.

Discussion and Future Directions
Science Week aimsto provide stu-
dents with an array of novel activities
delivered by primary science educators
and recognized scientists. Students
learn to make predictions, conduct ex-
periments, and record their observations
while being closely guided by experts
indifferent scientific fields. Welearned
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that it was necessary to assess students
knowledge befor eweteach them sowe
can modify our objectives and toolsin
accordance with their age and educa-
tional needs.

A short questionnaire was distrib-
uted to a
group of
4th grade
students
that had not
interacted
withuspre-
viously.

The study

showed

that approximately 90% of the students
had heard the word “cell” and about
65% had heard the word “microbe.”
However, more had heard theword “an-
thrax” (40%) than “yeast” (35%) or E.
coli (19%). More detailed research
needs to be done, but we suspect that
the students’ knowledge stems more
from public broadcasting and
infotainment rather than basic science
education. Strong emphasis has to be
giventointroducing basic conceptsand
terms at an early age with easy-to-un-
derstand applications and fun-filled
hands-on tasks.

As a consequence of our interac-
tionwith PS. 198 students, teachersand
parents have also become involved in
the effort to enhance the science cur-
riculum. Teachers spend more hours
teaching science and are interested in
acquiring more science books and ma-
terialsand bringing scientificideasinto
the classroom. Parents generously pur-
chased two modern microscopes and a
digital camera, allowing direct visual-
ization of microscopic specimens on a
computer screen. Theinterest generated
makes us hopeful that P.S. 198 will
guickly become a science education
model in the New York area.

We have witnessed the transformation
of aclassroom into alaboratory where
young children with accurate, basicin-
struction can experience the world as
scientists. Our advanced teaching mod-
ules enable students to make predic-

tions, conduct experiments, and record
their observations while being guided
by expertsin different scientific fields.
Currently, two new modules are being
designed which will introduce children
to DNA and the biology of viruses. We
envision
that Science
Week at PS.
198  will
helpto close
the gap be-
tween sci-
ence teach-
ing and sci-
entific re-
search and preserve the natural curios-
ity and enthusiasm of young children.
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| NEWS AND VIEWS .

Service Learning: A Two-Way
Street

Bruce Alexander
University of North Carolina

According to Pamela and James
Toole, “Service-learning is a form of
experiential learning where students
apply academic knowledge and critical
thinking skillsto address genuine com-
munity needs’ (www.dpi.state.wi.us/
dpi/ditcl/bbfcsp/ddppage.html). Inthis
broad definition, teachers and students
provide a generic serviceto their com-
munity, perhaps by cleaning up aloca
stream or volunteering at a nursing
home. However, in many cases, the ser-
vice provided is that of teaching
younger students. As examples of such
programs, the microbiol ogy-based ser-
vice-learning projectsat the University
of Minnesota and at Colorado State
University were designed so that both
the older and the younger students
learned from the experience. For most
readersof FocusOn Microbiology Edu-
cation (FOME), it is probably obvious
that service learning is supposed to be
a two-way street, benefiting the
person(s) doing the teaching aswell as
those being taught. However, in my
limited experience, interactions be-
tween universities and K-12 schools
may be more of a one-way street. In a
community such as mine, home to a
large research-oriented university medi-
cal center, it is easy to view service
learning asnoblesse oblige, an arrange-
ment where the university faculty pro-
vide the service so that the public
schools in the area can benefit from
their expertise. Make no mistake, the
benefit is real and very much appreci-
ated. However, fromtheuniversity side
of the fence, we seem to have been fo-
cusing more on the “service” than the
“learning.” As someone who has been
both a high school teacher and a uni-
versity instructor, | think we should re-
member that we have alot to learn in
the process of working with K-12
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schools.

First, we should remember that
unlike those of us who were educated
in the science of microbiology, teach-
ers in the schools we visit have been
educated in the science of teaching.
Whilethat does not ensurethat they are
better teachersthan someonetrained as
a scientist, we should admit they may
know athing or two from which wecan
benefit. For example, some of usteach
asif we assume that everybody learns
in the same manner we do, even though
research shows thisis hardly the case.
K-12 teachershave studied how people
learn, both asindividualsand in groups,
and perhaps better appreciate that not
al of uslearn in the same way. As a
result, they have likely experimented
with different teaching techniques that
we may not be familiar with. (Perhaps
| am “preaching to the choir” here. |
suspect that the people who read FOME
are the “exceptions’ rather than the
“rule” when it comes to a willingness
to try creative approaches in teaching
microbiology.)

Also, secondary school teachers,
unlike many of us at the college level,
have had the benefit of significant peer
review, likely including videotaping, as
they developed their teaching tech-
niques. And hopefully they haverefined
thosetechniqueswhile employing them
over and over, typically fivetimesaday,
5 daysaweek, year after year. Again, |
realize that many of you who are read-
ing this spend numerous hoursin front
of aclassand are quite creativein your
approach. However, in my department
which hasastrong research orientation,
thelargest number of lectures given by
an individual per year is sixty, while
other professors give only two a year,
and most givelessthan ahalf dozen. In
contrast, a high school science teacher
may “stand and deliver” a thousand
times each year and has not only been
the subject of peer review but probably
also has observed and critiqued the pre-
sentations of others. In recent years |
have spent considerable time observ-
ing professors and graduate students
whilethey teach and discussing the pro-

cess with them afterwards. | am grate-
ful for their willingnessto listen to my
suggestions and equally grateful to my
high school
teaching
colleagues
many years
ago who
gaveup their
prep periods
towatchme.
Such peer
review, both official and unofficial, is
unfortunately less common at the uni-
versity level.

| believe that our colleaguesin the
K-12 world have given more thought
to how kidslearn rather than just what
kids should learn. This is particularly
true when you consider the develop-
mental and motivational differences
between your average fifteen-year-old
and his college counterpart. For ex-
ample, in our state, all students are re-
quired to passhiology in order to gradu-
atefrom high school. Thus, high school
teachers have to develop strategies to
accommodate students with a much
wider range of abilities and learning
stylesthan the students most of ustypi-
cally face. | agree that we all struggle
to teach and motivate our students, but
might we not learn something from the
men and women who have had to de-
velop the means to reach those same
students and others with even more
challenging needs? Might not our stu-
dents learn from them as well if the
collaboration is designed to encourage
it?

Aside from the pedagogical skills
that K-12 educators have developed,
they are likely to have been forced to
figure out how to do more with less.
Those of us in education at al levels
are familiar with tight budgets. How-
ever, our public school colleagueshave
faced deeper cutsfor longer periods of
time than most of us have. In some
cases, the cuts have hampered their ef-
forts. But in many cases, budget cuts
have forced teachers to develop some
creative approaches; after al “ necessity
isthe mother of invention.” One of my

most memorable lessons involved
teaching anatomy at a cash-strapped
community college using disposable
chopsticks
from the
neighborhood
Chinese res-
taurant to dis-
sect donated
organs from
the local meat
packing plant.
So who knows? When working with
even less than we have now, perhaps
some of us might rediscover lifebeyond
PowerPoint presentations.
Perhapsyou have never tried a ser-
vice-learning project inwhich your stu-
dents take microbiology into the K-12
world as part of your microbiology
course. While | agreeit is not the fast-
est way for your studentsto acquire mi-
crobiology content, they may learn
something equally useful. Think back:
if you are like many of us, you taught
your first microbiology classwith pre-
ciouslittleteaching experience. Maybe
you had assisted in somelabswhen you
wereastudent. But morelikely youjust
took the existing course outlinethelast
instructor left and jJumped in with both
feet. In any event, | think you would
agree that it would have been helpful
to have had some prior teaching expe-
rience before starting that full-fledged
teaching job. Unfortunately, if you did
not get adegreein education, therewas
little opportunity for such “practice
teaching,” a period in which you built
a lesson from the ground up and then
tried it out on someone else's students.
If your classroom experiments flopped
in this practicum, you learned from the
experience without having to wear it
around your neck for therest of the se-
mester. So think of |etting your students
learn some microbiology while also
learning abit about teaching at the same
time, both from you and from the sec-
ondary school teacher. They might just
decideto follow in your footsteps!
I think it isalso fair to assume that
for many of us, teaching is only a por-
tion of what we do. Many microbiol-
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ogy faculty wear multiple hats and are
under pressure to publish, write more
grants, and expand their research. In
light of these stresses, time spent teach-
ing becomes more of an obligation, and
creativity in the classroom becomes
harder to achieve. Yes, this is hardly
uniqueto collegeteaching, for thereare
certainly burned-out high school teach-
erswho lack the creative spark; but the
vast majority of the ones | was lucky
enough to work with taught not just for
a paycheck, but because they loved it.
Simply put: teaching was their focus.
Yes, they loved their materia, beit sci-
ence or social studies. But in the pro-
cess of teaching, they were able to de-
rive energy from the enthusiasm of their
young students. Frankly, in my experi-
ence it is harder, though certainly till
possible, to get that same benefit when
working with medical and dental stu-
dents. These students may appreciatethe
scienceeven more, but they are older and
more goal oriented, and frankly harder
to dazzle. When you, and perhaps your
students, go to teach in the local high
school, you will avail yourself of the
chance to turn the younger kids on to
microbiology, asubject they have never
really thought much about, and seetheir
eyes light up. You may just be reener-
gized yourself.

Asyou and your studentswork with
the local science teacher, keep an open
mind aswell asopen eyesand ears. You
may well walk away with some useful
learning. If nothing else, remember to
treat the experience asatwo-way street.
After all, showing the K-12 teacher that
you canlearnfromthemisasmplesign
of respect. While they certainly appre-
ciate the expertise you bring into their
classrooms, they will also appreciate
being treated as afellow professional.

ASM’s
TEN MOST

WANTED

Do YOU have what ASM
wants?

www.microbelibrary.org

| JOURNAL WATCH .

Kathleen S. Jagger
Transylvania University

In this feature for Focus on Microbiol-
ogy Education, journal articles of par-
ticular interest to our readers are cited.
Two types of articles, those addressing
pedagogy or scholarship of teaching and
those relating disciplinary content of
genera interest within microbiology, are
included. Please feel free to share your
suggestions of interesting articles by
contacting me at kjagger @transy.edu.

Pedagogy:

Caccavo, F. et al. 2003. The biological
fuel cell. Am. Biol. Teacher 65:615-618.
(An integrative lab activity that incor-
porates microbiology, chemistry, and
physics and could lead to many open-
ended projects.)

D’ Avanzo, C. 2003. Application of re-
search on learning to college teaching:
ecological examples. BioScience
53:1121-1128. (Reviews impact of
metacognition on teaching biology; in-
cludes many practical examples.)

Microbiology Content:

Darwin, K. H. et al. 2003. The
proteosome of Mycobacteriumtubercu-
losis is required for resistance to nitric
oxide. Science 302:1963-1966.
(Proteosomes protect M. tuberculosis
against biochemical stressin itshost.)

Edmunds, P. J.,and R. D. Gates. 2003.
Has coral bleaching delayed our under-
standing of fundamental aspectsof coral
dinoflagellate symbioses? BioScience
53:976-980. (Interesting comparison of
several mutualistic symbioses and what
drives research on these partnerships.)

Li, W. et al. 2003. Angiotensin convert-
ing enzyme 2 isafunctional receptor for
the SARS coronavirus. Nature 426: 450—
454. (This suggeststhat ACE inhibitors
used for treatment of cardiovascular dis-
eases might be explored as therapy for
SARS)

Nettelbeck, D. M., and D. T. Curiel.
2003. Tumor-busting viruses. Sci. Am.
October:68-75. (A good generd article
on virotherapy for cancer.)

Tovar, J. et al. 2003. Mitochondrial
remnant organelles of Giardia function
iniron sulfur protein maturation. Nature
426:172-176. (Evidence that Giardia
once had mitochondria and still retains
afunctional organelle, amitosome, from
its endosymbiont. Seerelated news ar-
ticlein sameissue p. 127-128.)

| WEB WATCH .

Indiren Pillay
Southwest Tennessee Comm. College

The Winter 2004 edition of WebWatch
focuses, appropriately, oninfluenzaand
severe acute respiratory syndrome. |If
thereisawebsite you have found useful
in your learning or teaching, email it to
Indiren Pillay at ipillay@southwest.
tn.edu and he will share the wealth!

http://www.cdc.gov/ncidod/diseases/flu/
index.htm

The Centers for Disease Control and
Prevention’s“Fluin theUnited Sates’
websiteisvery current with recent sum-
maries of the virus' progression and
chapters on the disease, the virus, and
current prevention methods. It includes
information on the latest vaccines.

http://www.pbs.org/wgbh/amex/influ-
enza

Theseverity of aninfluenzaepidemicis
illustrated at the PBS website showcas-
ing their American Experience episode,
“Influenza 1918.” This website has
some nice resources for the layperson
(and the academic) on events of 1918,
including atimeline, maps, and person-
alities. A Teacher’s Guideisincluded.

http://sarsreference.com

In keeping with therespiratory infection
theme, SARS Reference is a medical
textbook that providesacomprehensive
and up-to-date overview of severe acute
respiratory syndrome (SARS). Thistext
isdownloadablefree of chargein accor-
dance with the Amedeo Free Book Ini-
tiative. Updates are provided as well;
the newest edition isfrom October 2003.
The information is available in a num-
ber of languages.
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ASM’s Conference for Undergraduate Educators

ASMCUE DEADLINES:

March 19, 2004
-Applications for Travel
Awards

-Early-Bird Registration

April 16, 2004
-Final Registration

April 29, 2004
-Housing Reservations

Concurrent Sessions:

O Biosafety in the Teaching Laboratory
O Incorporating Math and Chemistry into
Your Microbiology Course

O Engaging Students in Undergraduate
Research

O Developing a Virtual Biology Labora-
tory Course

O Extreme Halophiles: Models for
Teaching Undergraduate Microbiology,
Molecular Biology and DNA Microarray
Analysis

O Student Incivilities

O Field Bacteriology

O Fermentation and Active Learning
Strategies

O Biofilms in the Undergraduate
Microbiology Curriculum

Other Sessions Include:
Pre-Conference Workshops
Small Group Discussions
Poster Session
Exhibit Showcase

2

AMERICAN
SOCIETY FOR
MICROBIOLOGY

Facilitating Student Learning
in Diverse Environments

May 21-23, 2004

Xavier University of Louisiana
New Orleans, LA

Microbes at Work in Nature
James M. Tiedje
ASM President-Elect and Director, Center for
Microbial Ecology, Michigan State University

Adaptive Mutation: Selection Can Speed Appearance of
Mutants without Changing the Mutation Rate

John Roth

Division of Biological Sciences, University of

California, Davis

The Latest Research on the Biological Basis of
Thinking and Learning

Kenneth Wesson

Education Consultant: Neuroscience

Moving from Research to Practice: A Focus on
Learning in Biology Courses

Barbara Millis

Director of Faculty Development, U.S. Air

Force Academy

Travel Grants Available:

e Early-Career Faculty Travel Grant — support for early-career
microbiology faculty, post-doctoral scientists, and graduate stu-
dent TA's presenting posters at Conference

e Faculty Enhancement Program, Travel Grant — support for
non-ASM undergraduate microbiology faculty at minority serving

institutions to attend Conference

For more information:

ASM Education Department

1752 N Street, NW, Washington, D.C. 20036
Email: EducationResources@asmusa.org

Conference Website: http://www.asmcue.org
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