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Microbial Revolution
Linda Sherwood, Managing Editor
Montana State University

Back in the 1970s, when I first learned microbiology, Stanier, Adelberg,
and Ingraham stated in their textbook, The Microbial World, “...it is pos-
sible to identify a certain number of specific groups, all the members of which
shave sufficient common properties to suggest a common origin.... How-
ever, the attempt to discern intergroup evolutionary relationships...seems
doomed to failure.” (1) Then came Woese and his colleagues, and the taxo-
nomic world was turned on end. Taxonomists were not the only ones im-
pacted by Woese’s discoveries. Every teacher of microbiology faced the
same dilemma: what to teach and how to teach it. The discussion continues
today, as evidenced by a recent discussion on the Microedu listserv.

We are pleased to present in this issue of Focus on Microbiology Educa-
tion a set of articles that address this pedagogical conundrum. The first
article,“To Three or Not to Three”, summarizes discussions on the Microedu
listserv and on an equivalent biology listserv. As you will see, there is no
unanimous approach to teaching microbial taxonomy, but change clearly is
occurring. The remaining articles offer some insights and examples of how
to incorporate the new phylogeny into a course. We hope these articles stimu-
late thoughtful consideration of your approach to teaching this topic. We
also hope they foster the development of creative teaching approaches on the
topic of microbial phylogeny and that you will share them with us via the
Microedu listserv or more formally in an article for this newsletter.

References

1. Stanier, R. Y., E. A. Adelberg, and J. L. Ingraham. 1976. The microbial
world, 4th ed. p.152, Prentice-Hall, Inc., Englewood Cliffs, N.J.
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To Three or Not to Three, That is the Question
Leslie Lichtenstein
Massasoit Community College

Teaching classification seemed to be on lots of minds last winter. Whether
to teach Whittaker’s Five Kingdoms, Woese’s Three Domains, or some com-
bination of both generated lots of responses on two listservs: the Biolab listserv
from Clemson and the ASM Microedu listserv.

The Biolab listserv was created for those teaching freshman biology, but
many of its postings come from those who teach other college level biology
courses and from those who teach high school biology. The majority of the
Biolab listserv contributors felt that teaching domains is better than teaching
kingdoms. However, for a variety of reasons, these teachers said they were
still teaching kingdoms. Most high school teachers indicated that they teach
kingdoms because that’s how their text is written or that’s how classification
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is covered in their state’s curriculum
guidelines. Many teachers of college
introductory biology stated that they
introduce domains but only after first
describing kingdoms. (In several cases,
the college teachers said they describe
six kingdoms, splitting Monera into
Bacteria and Archaebacteria.) They
did so because that’s what the students
were familiar with from high school
and that’s how it was presented in text-
books. No one was teaching domains
exclusively.

The Biolab listserv discussion also
yielded some useful references. These
included The Tree of Life site from the
University of Arizona (http://
phylogeny.arizona.edu/tree/
phylogeny.html), and the book Five
Kingdoms by Margulis and Schwartz
(6). For the “zoologically inclined”,
Ned Lyke of California State Univer-
sity-Hayward recommended a recent
issue of the American Zoologist (9),
which includes a group of papers pre-
sented at a 1998 Society for Integra-
tive and Comparative Biology sympo-
stum in Boston titled Evolutionary Re-
lationships of Metazoan Phyla: Ad-
vances, Problems, and Approaches.
The papers present a number of ap-
proaches that challenge the “old way”
of looking at metazoan phylogeny.
There are a number of discussions on
the use of molecular techniques to ex-
plore relationships that were previously
established on the basis of developmen-
tal and morphological information.
Lyke wrote that this is “fascinating stuff
that will force changes in a lot of lec-
tures/discussions.” Since the tree of life
seems to branch in ways not anticipated
by the kingdom approach, Bob
Lansman of the University of Wiscon-
sin-Oshkosh suggested Margulis’ lat-
est work, The Symbiotic Planet (5), for
a discussion of the several different an-
cestors of the protoctista and meta-
Zoans.

Most respondents on the Microedu
listserv said that they teach both sys-
tems but favor the domain approach.
There was some discussion among
those teaching kingdoms about what

belonged in each kingdom. Leleng To
favors Margulis’ kingdom approach
over Whittaker’s. Only one person re-
ported teaching only the kingdoms ap-
proach because that’s how it was pre-
sented in the text. Mark Gallo from
Niagara University noted, “the 5 king-
doms will continue to receive top bill-
ing as long as that’s what publishers
put in books.” Gallo recommended the
“beautiful tree of three domains” on
pages 78 and 79 of the March 1998 Na-
tional Geographic (7) as “required
reading for EVERYONE.” John
Lennox of Pennsylvania State Univer-
sity-Altoona favors teaching kingdoms
because it presents many points of ref-
erence for students to use as “hooks”
to attach new information, making it a
better pedagogical tool. Ofthose teach-
ing both kingdoms and domains, over
halfreported teaching kingdoms using
the historical approach and favoring do-
mains throughout the course. Jim
Curran of Wake Forest University
wrote that he teaches phylogeny and
taxonomy as “related disciplines that
serve different purposes.
Phylogeny...to understand the evolu-
tion of organisms...biochemical and
genetic systems. ...Taxonomy has a
more practical use. ..allows for the co-
herent discussion of organisms based
onreadily assayable traits.” Ben Wise
took time out from his leave from
Keene State College to contribute a
detailed discussion of the kingdoms
approach. He felt “the Five Kingdoms
system gives a very rough picture of
evolutionary relationships which can
then be dissected further when the sub-
ject of molecular phylogeny is intro-
duced... There need be, and should be,
no contradiction between these
approaches...all criteria-morphologi-
cal, developmental, life-cycle, cytoge-
netic and genetic-need to be included
in any complete phylogenetic method-
ology.” A few “microeduers” reported
teaching domains exclusively. Jim
Herrick of James Madison University
felt it “kind of silly to teach...kingdoms
as if they were somehow equal in phy-
logenetic rank, when...plants, animals
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and fungi are just the tips of branches
of the tree of life while...monera en-
compasses by far the vast majority of
phylogenetic history.” Bob Benoit of
Virginia Tech doesn’t teach either, pre-
‘senting microbial evolution with trees
“of some unknown number.” He sug-
gested Gupta’s paper in Molecular
Microbiology” (2) and Gupta’s review
article in the December 1998 issue of
Microbiology and Molecular Biology
Reviews (3). The Brock (4) and Atlas
(1) texts were suggested as back-
ground, and Sara Silverstone of SUNY
Brockport suggested the 1994 Woese
article “There Must be a Prokaryote
Somewhere: Microbiology’s Search
for Itself” (10) and Pace’s article in the
ASM News (8). Sam Fan felt that while
we introduce domains in upper level
courses we don’t always get that
chance with nonmajors;
“nonmajors...will be the ones making
decisions at the voting booth on con-
servation issues. For them we must get
it right the first time.”

[ urge anyone not already subscrib-
ing to the Microed u Listserv to join
by contacting Matthew Henneman
(mhenneman@asmusa.org). It’s a
great place to lurk and you might just
want to put your two cents in.
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Molecular Phylogeny in the
Undergraduate Microbiology
Laboratory
Jeffrey D. Newman
Lycoming College

Beginning microbiology students
often have been exposed to phylogeny
through a survey of animal diversity and
to taxonomy by studying the various
levels of classification in vertebrates.
Such examples provide an intuitive un-
derstanding of these concepts because
the students can readily visualize evo-
lutionary innovations and similarities
and differences among organisms. In
order for students to relate these con-
cepts to the microbial world, it is nec-
essary to think at a biochemical and
molecular level.

Relatively recent discoveries in this
area have triggered a paradigm shift in
our understanding of microbial diver-
sity, classification, and phylogeny. A
driving force behind this revolution has
been the use of molecular sequence
data, in particular 16S rRNA sequence,
to study the evolutionary relationships
among different organisms. Further-
more, the rapid accumulation of com-
plete microbial genome sequences un-
derscores the importance of DNA se-
quencing as a tool for understanding mi-
crobes and promises to extend the revo-
lution for the foreseeable future.

A classic approach used to improve
learning of specific concepts is to ad-

dress the concepts from several differ-

ent perspectives. Most microbiology
courses now include a classroom dis-
cussion of phylogenetic relationships

among microbes, and textbook cover-
age is generally quite good. Some
courses also include active learning
activities in which the students com-
pare sequences that are provided to
them or that they obtain from databases
such as  Genbank  (http://
www.ncbi.nlm.nih.gov/Genbank/
index.html) and the Center for Micro-
bial Ecology’s Ribosomal Database
Projectm (RDP) (http://www.cme.
msu.edu/RDP/html/index.html). The
strategy we have used is to have stu-
dents apply the principles discussed in
the classroom to solve a real laboratory
problem, the identification of their un-
known microbe. The incorporation of
rRNA sequencing into the unknown-
microbe identification lab and the ac-
tive process of comparing these se-
quences has made the concept of using
molecular data in microbial phylogeny
much more concrete.

In this investigative laboratory ex-
ercise, students sample microbes from
environments of their choice, isolate a
single pure culture, and conduct a se-
ries of biochemical tests for compari-
son to data in Bergey’s Manual of De-
terminative Bacteriology. In addition,
students PCR amplify a segment of the
16S rRNA gene using a set of primers
to highly conserved regions of the gene.
The PCR products are subsequently se-
quenced using nonradioactive methods
(Promega’s Silver Sequence kit) and
compared to sequences accessible
through the GenBank and/or RDP Web
sites mentioned above. Sequence align-
ments, primer sequences, protocols,
and student results are available under
week 9 on the most recent course web
page at http://lyco.lycoming.edu/
~newman/courses/bio32199/
index.html. The spring 2000 version is
part of our Molecular Biology and
Bioinformatics Project (http://

lyco.lycoming.edu/~newman/
models.html) and will include more

detailed sequence comparisons by the
students as well as construction of phy-
logenetic trees from the data.

The primary objective of incorpo-
rating TRNA sequencing into the un-
known microbe lab was to reinforce a
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variety of essential concepts discussed
in class, including microbial diversity
and the use of molecular sequence data
for identification and phylogenetic
analysis. This activity also enabled stu-
‘dents to be more confident in their un-
known microbe identifications and pro-
vided a database link to recent research
on the students’ microbes. This last
benefit often proved useful with organ-
isms which had undergone recent name
changes, such as Paenebacillus. In this
case, molecular level examination of
species within the genus Bacillus has
led to the recognition of relationships
and the creation of new genera. In sev-
eral cases, students had misinterpreted
early results, such as regular versus ir-
regular nonsporing rods, which were
then caught and corrected by the se-
quence analysis.

The rRNA sequencing component
of the experiment is somewhat resource
intensive, in both time and money. The
DNA sequencing can be done manu-
ally for about $4 per reaction in mate-
rials (not counting equipment) or one
could send student samples to commer-
cial or in house core sequencing facili-
ties at a cost of $12 to18 per reaction.
Obviously, the manual sequencing re-
quires a significant investment of time
by the instructor and/or skilled assis-
tants. Pl

The experiment was an absolute suc-
cess during the two trials at Lycoming
College, first with 17 students and then
with 22 students. The students found
the experiment challenging but satis-
fying when their biochemical and mo-
lecular data were in agreement. By
comparison, students in previous years
were not as engaged and excited by the
project when their unknown was one
of the common organisms we worked
with in the lab. In another instance, we
tried to identify environmental un-
knowns without using rRNA sequenc-
ing. However, the students were not
able to unambiguously identify their

unknowns and became quite frustrated.
While rRNA sequencing was e€x-
tremely demanding, the benefit realized
was certainly worth the time and effort
expended.

Bacterial Taxonomy: Melding
Morphology and Molecular
Phylogeny
Janet Siefert
Rice University

In 1977, Carl Woese and George
Fox at the University of Illinois pro-
posed a radical idea in taxonomy. They
suggested a classification scheme based
on differences in the sequence of nucle-
otides in small subunit TRNA genes (es-
pecially the 16S rRNA genes in
prokaryotes and the 18S rRNA genes
in eukaryotes)-genes found in all ex-
tant life. The resulting tree of life was
broadly incongruent with the kingdom
classification system then in favor.
Their results indicated that all of ex-
tant life could be organized into three
broad domains. Two domains were
composed entirely of prokaryotic or-
ganisms. These organisms had previ-
ously been united in a single kingdom
(Monera) and are now known as the
Archaea and the Bacteria. Despite
great differences in their 16S rRNAs,
these organisms share similar cellular
structures. All other life forms, from
fungi and protists to plants and animals,
occupy the third domain, Eucarya.
One of the most striking implica-
tions of this research, and the subse-
quent technical advances of genetic se-
quencing, was its impact on bacterial
taxonomy. Indeed the field was com-
pletely revolutionized. Before the mo-
lecular era, microbiologists relied upon
very simple morphological characters
and a battery of biochemical assays to
identify and categorize bacteria. It was
frustratingly apparent that these char-
acters were insufficient. They did not
carry enough detail to invoke a reliable
association between similarity of traits
and the evolutionary history of those
traits or of the organism. At that time,
microbiologists despaired of a classi-
fication scheme based on phylogenetic
history. But once nucleic acid sequence
analysis afforded microbiology with a
scheme, it was rigorously and enthusi-
astically applied. Indeed, the 16S rRNA
gene was so sensitive to phylogenetic
signal that it could be used to identify

genera and even species without culti-
vating the organism. The microbial
world as the unseen majority was
quickly becoming a knowable entity.

While molecular phylogeny was
quickly replacing classical microbio-
logical techniques for identification, a
dilemma brewed. Classical schemes,
though known to be insufficient, were
not thought to be inherently incorrect.
However, certain relationships discov-
ered through molecular phylogeny
were proving counter to the logic of
classical taxonomy. Specifically, mo-
lecular phylogeny began to place cer-
tain disparate morphologies together as
closely related. The knee jerk reaction
was to choose one approach over the
other. And generally molecular phylog-
eny was chosen as the better taxonomic
scheme. But intuition forces us to con-
sider whether there should be reconcili-
ation between the molecular data and
the morphological and biochemical
observations performed by the pre-
molecular era taxonomists. After all,
the phenotypic and biochemical char-
acters used by classical microbiologists
are products of the genetics of the or-
ganisms whose phylogenetic history is
being reconstructed. They shouldn’t be
at odds.

George Fox and I conducted a
simple study (1) to address the intrin-
sic value of morphology as an indica-
tor of phylogenetic signal in bacteria.
We superimposed classic morphologi-
cal descriptions of ~250 bacterial spe-
cies onto the phylogenetic framework
provided by 16S rRNA analysis. We
chose these organisms from a publicly
accessible database, the Ribosomal
Database Project (http://
www.cme.msu.edu/RDP), because
they represent all of the major groups
of bacteria known to exist. We reasoned
that by tracking each branch of the tree
from the base to the tips and noting the
bacterial shapes along the way, we
might detect a pattern that would pro-
vide clues about the evolution of bac-
terial shape. To our surprise a pattern
did emerge. As lineages of bacteria
begin to diverge, the earliest ones, those
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closest to the base of the tree, were all
rod shaped. Some lineages were com-
pletely homogeneous for novel mor-
phologies (e.g., spirochuates and my-
coplasmas), some were homogeneous
“for coccus shape, and several were
heterogeneous, containing both rods
and cocci. In the heterogeneous clus-
ters, cocci were frequently inter-
spersed with rods, but never the alter-
native. A cluster of coccus-shaped
species never exhibited a rod-shaped
species embedded within it. We con-
sidered one of the heterogeneous lin-
eages, the low G+C gram-positive
cluster in detail, and extracted and
compared 160 sequences. The results
were robustly in support of the previ-
ous results. The coccus morphology
had arisen in many lineages, but once
it had done so it was never seen to re-
vert to the rod morphology. The re-
sults indicated a specific pattern, dem-
onstrating that although bacterial mor-
phology is not useful in defining bac-
terial phylogeny, it is remarkably con-
sistent with that phylogeny once it is
known. Classical systematics had not
been wrong in assigning phylogenetic
significance to morphology, it only
lacked the perspective afforded by
molecular phylogeny to assess its sig-
nificance. For microbiologists,
whether classically trained or members
of the post molecular movement, there
is a distinct satisfaction in these results.
References
1. Seifert, J. L. and G. E. Fox. 1998.
Phylogenetic mapping of bacterial mo-
phology. Microbiology 144: 2803-2808
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Learning Styles and Microbiol-
ogy Education: a New Empha-
sis in a New Millennium
Beverly L. Smith
University of Minnesota and
Concordia University

As educators, we are continually try-
ing to understand the natures of our stu-
dents and to define what we must do
for them if they are to learn our sub-
ject. Hippocrates first tried to under-
stand the nature of humans by divid-
ing behavior into four temperaments
governed by four body fluids: phlegm,
blood, black bile, and yellow bile (4).
The study of determining human be-
havior and personalities continued with
Freud, Adler, Spranger, Kretschmer
and others in the early 20th century. In
1946, Jung connected personality and
learning (3), and since then, learning
styles have been further defined and
instruments based on Jungian typology
have been developed for the determi-
nation of learning styles. Through
learning style assessment, we as micro-
biology educators now have an insight
into the natures of our students and can
design curricula to meet their needs.

The 1999 Gordon Research Confer-
ence on Undergraduate Microbiology
Education and various sessions of the
1999 ASM General Meeting empha-
sized many ideas for change in under-
graduate, graduate, and medical micro-
biology education. These meetings are
consistent with the ongoing paradigm
shift from full-time traditional didac-
tic lecture to a learning environment
that engages students by using active-
learning strategies (2). This shift is
fueled by the observation that when tra-
ditional methods of lecture and read-
ing are used, students’ retention of in-
formation ranges from only 5 to 10%
(1). K-12 educators have been using
and assessing active learning for years,
but as ASM addresses issues concern-
ing microbiology education, another
topic must also be considered. This is
the challenge of not only incorporat-
ing active-learning strategies into mi-

crobiology classrooms and laboratories
but also encompassing the diversity of
learning styles within the classroom
while using multiple instructional strat-
egies.

The need to consider the diversity
of learning styles is very clear. Current
assessment data indicate that active-
learning strategies have been effective
in engaging students, enhancing stu-
dent learning, developing critical think-
ing skills, and aiding in the retention
of information by students. These stud-
ies show that retention may be in-
creased from 10%, using lecture and
reading, to 90%, using multiple strate-
gies (1). However, the use of only one
or two methods may not reach all stu-
dents with all learning preferences. It
is with this in mind, that I herald a move
toward diversification of teaching strat-
egies in order to promote learning by
students of all learning styles. Such
diversification would allow students to
learn within their learning style pref-
erences and to further develop their
learning skills by using strategies in-
tended for other learning types.

Several learning style assessment
instruments based on Jungian typology
have been developed and used over the
past 3 decades. The Jungian typology
of personality theory is defined as the
belief that people exhibit styles of life
or personality that predispose them to
recognizable patterns of behavior. In
other words, personality types can be
indicative of learning preferences. Fol-
lowing Jungian typology came the
breakthrough development of the
Myers-Briggs Type Indicator (MBTI),
which reflects, by self-report, prefer-
ences for perceiving and reaching con-

clusions (7). Keirsey and Bates contin-

ued studies with the MBTI and subse-
quently developed the Keirsey-Bates
Learning Pattern Assessment (4). This
instrument is available, in part, as an
on-line learning style assessment, di-
viding student learning styles into 16
permutations based on four tempera-
ments (http://www.bates.edu [to ad-
ministration, career services]). Other
instruments for learning style assess-
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ment have also been developed, includ-
ing the Learning Type Measure, the
Canfield Learning Styles Inventory, 4-
mat, Felder, and Kolb’s Learning Style
Inventory (LSI).

Kolb’s LSI also founded on the Jun-
gian concept of personality types, pro-
poses four stages of cyclical experien-
tial learning: concrete experience, re-
flective observation, abstract
conceptualization, and active experi-
mentation. The LSI also proposes that
learning style is expressed in the degree
of preference a person has for a particu-
lar stage in the cycle. The model de-
picts growth and development as the
student moves from one stage to an-
other. Different learners start at differ-
ent places in the cycle; the most effec-
tive learning involves all four phases.
By answering the LSI questions and
plotting the numerical values from the
responses on a grid, the individual
learns which of the four phases he or
she prefers in a learning situation. The
closer the numerical values are to the
center of the grid, the more balanced
the learning style; the farther away, the
more heavily the individual relies on
one of the four learning styles. Accord-
ing to Kolb’s terminology, these four
groups of learners are the Convergers,
Assimilators, Divergers, and
Accomodators (5).

Each student within a class-with his
or her unique personality, learning style,
and background-forms a relationship
with the instructor through the course
design. As the instructor identifies the
learning styles in a class, a curriculum
can be designed to address the differ-
ences among students and the relation-
ship between each student and the ma-
terial presented in the course. Some
educational theories suggest that each
student may be responsive to one edu-
cational program but not to another.
Because of this, these theories also sug-
gest that students be taught individu-
ally or grouped according to learning
style type. Each group of like learners
can then be taught using the instruc-
tional program appropriate for that
group. Conversely, keeping in mind

Learning Preferences of
Kolb’s Four Groups of
Learners
Convergers: solving problems,
making decisions, reasoning de-
ductively, defining problems,

and being logical.
Assimilators: planning, creating
models, defining problems, de-
veloping theories, being patient.
Divergers: being imaginative,
understanding people, recogniz-
ing problems, brain-storming,
being open-minded.
Accomodators: getting things
done, leading, taking risks, ini-
tiating, being adaptable and
practical

Kolb’s assumptions that the best learn-
ing involves all four learning prefer-
ences, groups may comprise a diver-
sity of learners and multiple instruc-
tion strategies may be used to address
all learning types.

As a graduate teaching assistant
and as a new instructor, I have ob-
served several difficulties that often
plague microbiology teaching labora-
tories. For instance, students are of-
ten unprepared for lab. They rush to
complete the lab without thinking criti-
cally and synthesizing key concepts,
and they may leave the course without
understanding microbiological tech-
niques, media, and cultures. In addi-
tion, a diversity of students’ back-
grounds, majors, and learning styles
are found in each class. Here I briefly
describe how I used the LSI to assess
student learning styles; developed an
inquiry-based curriculum, which
would engage students of diverse
learning styles and enhance learning
in a general microbiology laboratory;
and evaluated the effectiveness of the
inquiry-based curriculum.

In the inquiry-based labs, students
used the LSI on the first day of class
to evaluate their own learning styles.
Groups containing a diversity of learn-
ing styles were formed so that mem-

bers of each group would work together
and would assume particular roles
which capitalized on their strengths and
covered each other members’ weak-
nesses. In addition, students occasion-
ally were challenged to step outside of
their leaming preferences and develop
new strategies for learning. The lab in-
corporated active learning strategies
specific for all four learning prefer-
ences. Technology was also included
by using the CD-ROM Identibacter
interactus McGraw-Hill).

To reach the diverse needs and
learning styles of students and to pro-
mote development of learning outside
the individual’s learning preference,
each student belonged to two groups
in the lab: an experimental group and a
teaching group. Experimental groups,
preferably composed of four students,
represented a diversity of majors and
learning styles. Each week, experimen-
tal groups were given an inquiry-based
problem. Beginning with a set of ques-
tions and a list of strategies for prob-
lem solving, experimental groups first
brainstormed, then eliminated possi-
bilities, solved problems, formulated
hypotheses, made media, and gathered
reagents to test their various hypoth-
eses. For example, given chicken broth,
heat, and flasks, the students were
asked to design an experiment to test
the theory of spontaneous generation.
Since this was before the discussion of
spontaneous generation, students
brainstormed and problem solved,
came up with controls and variables,
and ultimately designed Pasteur’s
swan-necked flask experiment.

In other labs later in the semester,
each experimental group isolated an
unknown from an environmental
source (soil, rectum, throat, food, or
water) and was given an unknown by
the instructor. Then, members of each
group determined what they knew
about their unknowns; referred to the
CD-ROM Identibacter interactus, their
lab manual, and their text book; decided
how they could test their unknowns;
made media specific for their chosen
tests; and ultimately identified their un-
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knowns using Bergey’s Manual. Dur-
ing these interactions, it was not un-
common for particular students to per-
form particular tasks. Occasionally,
they were asked to step outside their
comfortable learning preferences and
perform a different task. Admittedly,
they did not “prefer” doing this, but in
talking with the instructor, they grew
to understand their learning style’s
strengths and weaknesses and to appre-
ciate the goal of developing other learn-
ing skills, which could transfer to learn-
ing in other classrooms. In addition,
after the lab “experiments” were com-
pleted, each group had to ensure that
all members understood and could re-
port on that day’s lab exercise before
going into their teaching groups.

The teaching groups were composed
of students from each experimental
group. Generally, students in a teach-
ing group had similar learning prefer-
ences. Atthe end of each lab exercise,
the experimental groups broke into
teaching groups, and since the mem-
bers of the teaching groups came from
different experimental groups, they
shared and compared approaches and
solutions to that day’s problem. In this
manner, students could learn about
other methods to solve a problem and
other problem solving skills, types of
media, microbial techniques, and bac-
teria from their peers. They also used
critical thinking skills to evaluate and
choose relevant procedures for their ex-
periments.

At the end of the semester, a Likert
scale was used to survey the students.
The results were quite pleasing. The
students indicated that they thought the
lab contained components for all learn-
ing styles and that they learned from
several different strategies. However,
although student surveys are useful in-
dicators of student learning, additional
methods of assessment are needed in
the future. As educators, we teach our
students using a variety of methods; we
must also evaluate our students using
various levels of assessment. Several
other forms of assessment could be
valuable, including portfolios, to assess

critical thinking and creativity, and
performance on examinations and stan-
dardized tests. In future studies of cur-
riculum design, a larger collaborative
effort among microbiology educators
may be facilitated by the design of an
assessment specific for active learning
in microbiology education. For more
discussion and collaboration on this
topic, I encourage questions and com-
ments on the ASM Division W listserv
at UGCONF@mail.asmusa.org.

For those who do not have the time
or resources to assess learning styles
in your classroom, I encourage you to
assume that you have a diverse class.
Based on that assumption, use multiple
active-learning strategies, if not within
a single classroom period, at least
within each learning unit per examina-
tion. In doing so, keep in mind a few
of the strengths from each of Kolb’s
learning groups (5) or from other simi-
lar Jungian-based inventories, with par-
allel characteristics.

In conclusion, learning style assess-
ments can be useful to us as microbiol-
ogy educators in understanding the na-
tures of our students and in promoting
their greatest learning potential, not
only in our classrooms but in all their
learning endeavors. We can help them
understand how they learn best and how
they can challenge themselves to
broaden their learning skills. Several
assessment instruments are available
and can be useful in the design and
implementation of curricula, in the for-
mation of cooperative groups, and in
understanding a specific student’s
strengths and weaknesses. By using a
variety of strategies for each learning
preference in our course, we can hope
that each strategy will greatly benefit
individuals with certain learning pref-
erences while also encouraging stu-
dents with other learning preferences
to develop additional skills for optimal
learning.(This paper is presented in part
at: www.microbiology.med.umn.edu/
~bev)

Acknowledgment: Special thanks and
acknowledgment are due to Doris K.
Smith, Ph.D. for her expertise in learn-

ing styles and education and for her
ideas and collaboration on the curricu-
lum design.
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Journal Watch
Linda M. Sherwood, Managing Editor
Montana State University

If you are like me, you subscribe to
one or more scientific journals, but you
do not subscribe to education journals
or have the time to routinely review
them at the library. With this issue of
Focus on Microbiology Education we
begin what we hope will become a
regular item in the newsletter: an-
nouncements regarding recently pub-
lished articles of interest to microbiol-
ogy educators. However, we need your
help. If you have recently published
an article in a journal such as The
American Biology Teacher or if you
have recently read an article you found
interesting, please contact me at
umbls@gemini.oscs.montana.edu so
that we can share these finds with oth-
ers. What follows is the first install-
ment of this service:

Use of Veterinary Records to
Teach Laboratory Thinking Skills in
Biology by C. J. Woolverton. The
American Biology Teacher 61(6):444-
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447.
The Winogradsky Column and
Biofilms - Models for Teaching Nu-
trient Cycling and Succession in an
Ecosystem by D. C. Anderson and
- R.V. Hairston. The American Biol-
ogy Teacher 61(6):453-459.

Rediscovering Teacher Educa-
tion - School Renewal and Educat-
ing Educators by John Goodlad.
Change Magazine, Sept/Oct 1999, p.
29-33.

The Scholarship of Teaching -
New Elaborations, New Develop-
ments by Pat Hutchings and Lee
Schulman. Change Magazine, Sept/
Oct 1999, p. 1-15.

Taking Learning Seriously by
Lee Schulman. Change Magazine,
Jul/Aug 1999, p 11-17.

Seventh Annual ASM
Undergraduate Microbiology
Conference
Erica Suchman
Colorado State University

The Seventh Annual ASM Un-
dergraduate Microbiology Education
Conference, generously supported by
the American Society for Microbiol-
ogy, will be held 19 to 21 May 2000 at
the California Polytechnic State Univer-
sity in Pomona. This year the meeting
will once again immediately precede
the general meeting (22 to 25 May).
The planning committee and ASM staff
have worked hard all summer to put
together what we feel will be an excit-
ing and informative program entitled
“The Cutting Edge of Microbiology
Education.” This meeting is designed
to prepare you for the new millennium
with the latest information about both
microbiology and education. The ple-
nary topics include:

HIV and the Immune System:
Emerging Concepts in Pathogenesis of
AIDs (Mark Goldsmith, Gladstone In-
stitute)

In Search of Previously Unrec-
ognized Microbial Pathogens (David

Relman, Stanford)

Bioinformatics in the Classroom:
DNA to Digital (Mark Gallo, Niagara
University and Chris Woolverton, Kent
State University)

Assessment: The Teaching and
Learning Bonding Site (Virginia
Anderson, Towson State University).

In addition, there will be con-
current sessions on

Publishing Education Oriented
Articles

The Scholarship of Teaching Un-
dergraduate Microbiology,

Biotechnology Workforce: Who is
the Industry Seeking

More on Bioinformatics

Active Learning in Microbiology

In the last session, participants will
break into groups consisting of people
teaching similar subjects, student au-
diences, and class sizes. These groups
will attain two objectives. One is to
develop active learning strategies and
assessment instruments for teaching
either immunology or bioinformatics.
The other is to develop curricular
guidelines for the following: under-
graduate programs leading to degrees
in microbiology, inclusion of microbi-
ology in undergraduate programs in
biology, and microbiology courses for
non-science majors. All groups will
ultimately share their outcomes with
the entire conference.

For more information on the con-

ference, please see our Web page at.

http://www.asmusa.org/edusrc/
edu42000/htm.

You are not Alone!
Report from the UK
Joanna Verran
Manchester Metropolitan University

Having attended a couple of the
ASM Undergraduate Microbiology
Education conferences and the recent
Gordon Conference, I thought mem-
bers might like to know a little about
how other microbiologists active in
education disseminate some of their
work. The Society for General Micro-
biology (SGM)has an Education
Group, which organizes meetings twice

yearly, concurrent with the society’s
Scientific Symposia. This is a brief re-
port on our most recent meeting.

The Education Group of the SGM
recently held a half-day meeting within
the 4-day society symposium at Leeds
University. The topic was “Microbiol-
ogy for the Nonmicrobiologist,” a
somewhat bemusing topic for United
Kingdom lecturers who are less accus-
tomed than our American colleagues
to teaching microbiology to a diverse
student body. As always for the SGM
Education group, the meeting facili-
tated dissemination of examples of
good practice, provided mutual sup-
port, and allowed the discussion of gen-
eral issues of concern. The group ses-
sions, as always, attracted modest num-
bers of voluble participants, usually
divided equally between the “old” (re-
search-oriented) and “new” (compa-
rable with 4-year colleges, with con-
siderable post-18 teaching contact, in-
cluding postgraduate qualifications, as
well as commendable research activ-
ity) universities. The speakers were
similarly split on this occasion.

The premise behind this year’s
meeting was that increasing modular-
ity in undergraduate degrees would in-
evitably encompass more “non-ma-
jors,” whose academic requirements
would differ from those of the dedi-
cated microbiology major. How could
we cater to those differences?

In general, nonmajors tend to take
part of a general biology degree, with
microbiology courses being taken early
in the program. The nonmajors are
usually in the same classes taken by
students having more microbiologi-
cally oriented aspirations, and these
classes tend to be large. The large class
sizes usually require that instructors
work in teams to design a curriculum
that ensures students have comparable
experiences, whichever lecturer is
teaching. This formalization does not
necessarily preclude innovative or stu-
dent-centered assignments—for ex-
ample group work is often of value—
but such assignments need to be built
into the course at the beginning, when
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there is more flexibility. In later years
of the program for nonmajors, students
may take microbiology courses specific
to their degrees. For instance, Materi-
als Technology students take courses on
‘Biomaterials, and Environmental Health
students take courses in Epidemiology.
These classes are smaller, usually un-
der the control of one lecturer, and there
is more flexibility in the content, design
of the teaching program, and assessment
schedule.

With these aspects of teaching the
nonmajor in mind, six speakers de-
scribed specific successful classroom
strategies and courses. These are sum-
marized below.

e Problem-based learning: One
speaker described how members of an
academic staff have the opportunity to
obtain and modify real data (and make
it anonymous where necessary) so that
the work is appropriate for a particular
group of students and real-life problems
are provided for student assignments.
This approach enables students to take
on professional roles in data analysis,
report writing, oral presentations, and
group work.

e  Successful modification of a labo-
ratory course in response to reduced
contact hours. In a laboratory course on
biological diversity, students were
placed in groups of 10 and then subdi-
vided into pairs. Each pair in the group
was given a “spectacular” specimen
from a particular phylum. Having pre-
pared prior to class, they examined the
specimen and then reported back to the
other four pairs in their group. Of the
five practical exercises in the course, the
final three were formally assessed. For-
mative assessment was made if the ear-
lier assignments and the presentations.
Each group of 10 students had a tutor,
usually a postgraduate, who had been
trained to facilitate the finding of solu-
tions rather than to reveal them. The
developer of the course approached its
modification in this way because he held
a firm belief that the stimulation of
learning is more successful than the vain
attempt to cram a mass of taxonomic
criteria into reluctant brains-his experi-

ence with this exercise reinforced that
belief.

¢ Student-centered instruction. Two
student-centered units were described,
where students from any department in
the university could enroll in a general
elective unit addressing different aspects
of microbiology. The unit called
“Plagues, Pestilences, and People” fo-
cused on epidemiology, while “Man and
Microbes” covered more general topi-
cal issues. With minimal formal contact,
the lectures were general and entertain-
ing, often using external speakers. Vid-
eos were used as teaching support, and
each student eventually produced a
2,000-word case study of a topic of their
choosing.

e Practical microbiology courses for
hospital technicians and nurses. Hospi-
tal technicians and nurses are not trained
microbiologists but generally are re-
quired to take some microbiology as part
of their part-time program. Their pro-
gram involves attendance for 1 day a
week for 2 years. The award, an HNC
(Higher National Certificate) in Biologi-
cal Sciences or in Physiological Mea-
surement, is equivalent to the first year
of a full-time 3-year honor degree. Suc-
cessful HNC students may transfer to
year 2 of a part-time honors degree for
an additional 3 years. This also involves
attendance for 1 day each week. Suc-
cess in teaching this audience has been
achieved by focusing on such basic prin-
ciples as cross-contamination, disinfec-
tion, and hygiene rather than by attempt-
ing to cover all aspects of microbiology
in the mere seven lectures allocated to
the topic. Two 2-h lab classes enabled
students to discover the ubiquity of mi-
croorganisms and to learn about their
growth and death. The assignment ac-
companying this short experience was
a group project addressing some aspect
of hygiene. The presentations were
made to the class and included a play
revealing general misconceptions about
food hygiene, a microbiological survey
of the cardiac technician laboratory,
collation of hand washing information
provided to hospital staff, and a “for-
feits” game involving question and an-

swer sessions. Other, more traditional
presentations were also made. Evalua-
tion of the unit was good, since the ap-
plied nature of the content enhanced the
retention of knowledge and also stimu-
lated interest in the area.

e Tutorial assignment: In a course
similar to that described above for hos-
pital technicians and nurses, students
picked a disease, made a one-side hand-
out on the causative agent, and presented
their findings to the rest of the tutorial
group (usually 8 to 12 students). The
presentations emphasized a particular
fascinating fact about the microbe.
Nurses and hospital technicians in
courses such as these are often mature
and are usually parents. Their choices
of disease for this assignment were
strongly influenced by their life experi-
ences; thus, their findings were of per-
sonal value and interest. Evaluation of
this assignment was good, and the work
done by the students received high
grades.

Based on the examples presented
above, it would be easy to think that in-
novative teaching approaches are appli-
cable primarily to teaching nonmajors.
But as the attendees at this year’s SGM
meeting recognized, the teaching goals
are the same for both majors and
nonmajors. Clearly, the generation of
interest, the use of assignments requir-
ing critical thinking, and the focus on
topical and relevant material is appro-
priate for all students. Content, no mat-
ter what the course, should always be
stimulating, activities appropriate, and
assignments relevant to the audience,
whatever their origin.

Regional Microbiology
Education Conferences
Barbara Hyde and Amy Chang
ASM
The fourth Mid-Atlantic Conference

was held in May 1999 at Goucher Col-
lege in Baltimore and was organized by
Goucher’s Leleng To. “Based on ver-
bal and written feedback, the partici-
pants found this conference very help-
ful and stimulating, especially since
many of them do not have an opportu-
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nity to attend ASM’s General Meet-
ing,” she said. “Every single respon-
dent said they wanted to continue these
yearly conferences; the breakout ses-
sions and seminars were on topics that
people indicated as the most interest-
ing, according to a survey conducted
in January 1999.”

The Mid-Atlantic conference began
with a presentation by Dr. G. William
Claus of Virginia Tech on using the
Internet to teach a large microbiology
class. He offers a Web-based microbi-
ology course and described how elec-
tronic media can be used in active dis-
tance learning. He communicates elec-
tronically with all his distance-learn-
ing students. Claus also discussed how
he uses teamwork to enhance active
learning through class participation,
which represents a significant portion
of the students’ grades. Team mem-
bers represent their teams in class par-
ticipation, and all members of the same
team earn the same grade. Interested
in earning the best possible grades,
team members usually prepare each
other so that learning is enhanced by
collaborative work. The theme of ac-
tive learning in large classes was con-
tinued by Dr. Philip Sokolove of the
University of Maryland-Baltimore. He
modeled active learning in large classes
by having participants work in groups
to solve problems, such as labeling a
single virus with P** and determining
how many of the progeny will be la-
beled, assuming a semiconservative
model of DNA replication.

Workshop topics at the Mid-Atlan-
tic Conference included Western blot
analysis, use of the green fluorescent
protein in teaching labs, and the Foun-
dation for Microbiology workshop on
programs that enhance science teach-
ing from K-12. ‘Some of the breakout
session topics were promoting critical
thinking in the laboratory; designing
examinations to foster analytical think-
ing, synthesis, and creativity; and
teaching science as a process in the mi-
crobiology laboratory. “Many partici-
pants mentioned that they now plan to
“include teamwork, group projects, and

more active learning in the classroom,”
To said.

Sara Silverstone organized the first
New York State Regional Undergradu-
ate Microbiology Education Confer-
ence at SUNY-Brockport, where she is
a faculty member. The keynote speaker
for the conference was Dr. Charles
Bonwell of Active Learning Work-
shops, an education consulting com-
pany. The topics emphasized in the
conference were empowering students
through student projects, using comput-
ers in teaching, identifying teaching
and learning styles, and assessing stu-
dent learning.

The agenda for the conference con-
sisted of numerous presentations, work-
shops, and other activities. Donald
Buckley, Quinnipiac College (Con-
necticut), demonstrated features of
multimedia learning and assessment
tools customized for microbiology edu-
cation. His examples included a pro-
gram that allows students to design and
conduct experiments to understand the
phenomenon of genetic transformation.
Bonwell led a workshop on active
learning and learning styles. “Active
learning is used more often in the hu-
manities than in science,” Silverstone
noted. “Because there is so much con-
tent in science, it’s quite a challenge to
get away from the lecture mode.”
Bonwell presented strategies that can
be used in large classrooms and de-
scribed visual, aural, and kinesthetic
learning styles. He also discussed dif-
ferences in learning styles between stu-
dents and teachers. “Most students are
multimodal,” Silverstone said, “so a
variety of styles are needed in teach-
ing to reach all different students.” An-
other session focused on case-based
learning and the excellent Hantavirus
case study developed by Janet Yagoda
Shagam, Janet Decker, and Ethyl
Stanley. This case study is currently
available on ASM’s Web site as “Sou-
venirs: A Case Study for the 90s” (http:/
/www.asmusa.org/edusrc/souvenir/
index.html). Other sessions included
a scientific update by Stephen
Olmstead of Wyeth-Lederle on vaccine

development and an informal evening
networking session, which featured
ASM and vendor displays, a poster ses-
sion, demonstrations of educational
CD-ROMs, and a syllabus exchange.
“This session was so popular that the
group had to be forced out of the build-
ing at the evening’s end,” Silverstone
said.

The success of the First Annual New
York State Conference was repeated
August 1999 at Genesee Community
College, but in a smaller, 1 day con-
ference. Silverstone reported that they
“plan to repeat the small, 1 day format
for the Third Annual Conference in
2000 and then organize another week-
end conference at Brockport, N.Y. for
the Fourth Annual Conference in
2001.”

If you would like to organize an
undergraduate microbiology educators’
conference or attend a nearby regional
conference, visit ASM’s Web site
(http://www.asmusa.org/edusrc/
edu37.htm). This site provides helpful
hints on organizing a workshop, infor-
mation about the support available to
do so, and information about upcom-
ing conferences. Announcements of
upcoming conferences can also be
found in Focus on Microbiology Edu-
cation.

Seventh ASM Undergraduate
Microbiology Education
Conference
Important Dates

Abstract Deadline March 1

Faculty Enhancement

Program Application March 15
Facuity Travel Grant

Application March 15
Early Registration March 17
Late Registration April 15

More information and
registration forms availible at:

www.asmusa.org/edusrc/
edu4c2000.htm
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