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A basicbacteriology cour sewasoffer ed in two successiveacademicyears, fir st in aconventional format and subse-
qguently asa “hybrid” course. Thelatter combined (i) online presentation of content, (ii) an emphasison onlinere-
sources, (iii) thrice-weekly, face-to-face conver sationsto advance under standing, and (iv) frequent student postingson an
electronicdiscussion board. We compared thetwo cour sesthrough statistical analysisof student performanceson the
final examinationsand the cour se overall and student assessment of teaching. Thedataindicated that therewasno
statistical differencein performance on thefinal examinationsor the courseoverall. Responseson an instrument of
evaluation revealed that studentslessstrongly affirmed thefollowing measuresin the hybrid cour se: (i) Theamount of
wor k wasappropriatefor thecredit received, (ii) | nter actionsbetween sudentsand instructor werepositive, (iii) | learned
agreat deal inthiscourse, and (iv) | would recommend thiscour seto other students. Werecommend clear dir ection about

activelearningtasksand relevant feedback to enhancelearningin ahybrid cour se.

Baccalaureate education isadynamic process affected by
resources and expectations. Computers, in generd, and the
Internet, specifically, have become increasingly common
resources. Current students expect that computerswill be used
in instruction (surveys performed in 2004 by Instructional
Technology L eadersshow that 72% of L ehigh studentsfavored
web-based course management); parallding thisexpectationis
a sense that lectures (despite the prospect that lectures might
be both efficient and elegant) are often not an appealing mode
of ingtruction.

Recent interest intheimportance of learning tasks supports
thenotion that interactivity among studentsfostersactiveroles
and is an effective way to engage students in learning and to
enhance performance (5, 6, 10, 13). Creating learning tasksfor
studentswhichinvolvean onlinediscussion can be particularly
effective. By creating an online community of learners, students
are able to learn from one another by receiving peer-to-peer
feedback astheir ideas about the subject matter develop (1, 2).
In discussions, students learn from each other asthey struggle
toresolvedifferencesin opinion. Thistension resultsin adeeper
level of understanding. “Students learn from one another
because in their discussions of the content, cognitive conflicts
arise, inadequate reasoning can be exposed, disequilibration
will occur, and higher-quality understandingswill emerge’ (12).
Current research a so supportsthe notion that using web-based
activities can enhance students' preparation for class and
thereby allow the classroom discussion to be moreworthwhile.
Students directed simply to read material before classare less
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likely to do the required reading than studentswho aredirected
to read the material and also complete a task related to the
reading (such as answer aquestion, discuss an issue, preparea
summary statement, etc). Requiring this type of preparation
from students can evoke achangein the style of the classtime
from a lecture format, used to introduce new content, to a
“workshop” format that alows the class time to be used for
discussion of the content and an active learning experience
described asatype of “illumination of the content” (3). This
approach has been described as “ changing the time and space
for learning” where students and faculty reversethetraditional
thinking about therole of classwork and therole of homework
(3,10,11).

Bacteriology seems an especially suitable subject for this
ingtructional format. Studentshaveaccessto aseriesof striking
electronic resourcesincluding the Microbe Library sponsored
by the American Society for Microbiology (http://
www.microbelibrary.org); theMicrobid Literacy Collaborative
sponsored by the American Society for Microbiology, the
National Science Foundation, and the Department of Energy
(http://www.microbeworld.org); the more than 200 complete
genomic sequences of prokaryotes presented by The National
Library of Medicine (http://www.ncbi.nlm.nih.gov/genomes/
MICROBES/Complete.html); accessto microarray technology
for determining the presence and expression of myriad genes; a
detailed and highly extensive rendering of prokaryotic
phylogeny presented, again, by The National Library of
Medicine (http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/
wwwiax.cgi name=Eubacteria); an exhaustive online manual
of germwarfaremaintained by the United StatesArmy Medical
Research Institute of Infectious Diseases (http://
www.usamriid.army.mil/education/bl uebook.htm), and so forth.

With these premises and resources in mind, the
corresponding author first offered a traditional three-credit
lecture course and subsequently a three-credit “hybrid”
bacteriology course at Lehigh University. The hybrid course
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combined (i) online presentation of content, (ii) an emphasison
onlineresources, (iii) frequent student postingson an electronic
discussion board, and (iv) thrice-weekly, face-to-face
conversations to discuss postings in order to advance
understanding.

Thedesign of the hybrid course required studentsto exhibit
sustained, active participation. Weexpected that studentswould
be more deeply invested in the course and enjoy their more
active roles. We anticipated that students would have an
enhanced mastery of the course content, greater devel opment
of verbal and analytical skills, and a stronger sense of
accomplishment. In our retrospective analysis, we compared
the two courses through statistical analysis of student
assessment of teaching and student performances on the fina
examination and the course overall.

METHODS

Thecourse. Anexhaudtivesyllabusserved astheprincipal
guide; the course content was divided into ten modules. The
pace of the course was established by moving to anew module
every seven classdaysin thel4-week-long semester. Thetopics
of the modules are presented in Table 1A; an outline of the
content of amoduleis presented in Table 1B.

Postings. The principa active learning task required
students to post commentaries about each module. Students
individualy or in pairswereto post accurate, substantive, literate,
and interesting commentaries pertaining to the current module.
The studentswerefreeto post doneor to select apartner; with
pairs, it was assumed that the studentshad equal responsibility.

No restrictions whatsoever were placed on the extent or
character of the commentaries. Postings were signed by the
authors.  The postings served as the basis of a second active
learning task: in-classdiscussion. After the session of active
face-to-face learning, theinstructor sent an e-mail appraisal of
the postings to the student author(s) commenting on substance
(i.e., sufficiency to sustain discussion), accuracy, and literate
expression (i.e., adherence to standard usage and observance
of conventions, e.g., that the singular of bacteriaisbacterium.)

Whenthe period of timefor amodulewas completed, a20-
minute quiz (comprised of short-answer objective questions
plus an essay, problem, or diagram) covering both themodule
and the student commentaries was administered during the
scheduled meeting time.

Thestudent cohorts. Theacademic affiliationsof students
in thetraditional and hybrid courses arelisted in Table 2. The
students came from a variety of academic backgrounds, and
the hybrid course had fewer Bachelors of Science and more
Bachelors of Arts students. Despite these differences, the
overall academic performances of the two cohorts were
equivaent. Specificaly, the mean cumulative grade point
average for students entering the traditional course was 3.30;
the mean for students entering the hybrid course was 3.05; the
differenceisnot significant (t(62) =0.46). All students,n=341in
the traditiona course and n = 30 in the hybrid course, who
rostered the courses completed them.

Sudent performance. Assessment of performanceinthe
traditional coursewasbased on performanceon 10 quizzesand
acomprehensive final. Assessment of performance in the

TABLE 1. Course content

A. The modules

B. Anexamplein outline form of module content

|.The ubiquity of bacteria V1. Growth

|. Pathogenicity
I11. Defenses against pathogens

IV. The prokaryotic surface and
external structures

agrONPE

V. Theinterior of a bacterium

A. Multiple aspects

B. Batch cultures

The phases. lag, exponential, stationary, death

The biological events occurring in each phase
Mathematical representations of the phases

The physiology (or molecular biology) of phases
Environmental factors affecting growth

a. Substrate concentration (including five relationshipsto O,)

VI. Growth b. Temperature
VII. Energy transformations and i. Cardinal temperatures
intermediary metabolism ii. Arrhenius equation
. . c. pH
VIII. The biogeochemical cycles d. Tonicity
IX. Prokaryotic genomics and e. Pressure
prokaryotic sex C. Continuous culture
. 1. Concept
X. Thewonder of it ll 2. Five mathematical measures. Sr, D(W), Y, Kg, 1 max

D. Synchronous
1. Entrainment
2. Selection

E. Other matters
1. Mini cells
2. Cdl densities
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TABLE 2. Student affiliations

Curriculum Traditional  Hybrid
Bachelor of Science in Biology 13 10
Bachelor of Sciencein 14 6

Molecular Biology

Bachelor of Sciencein 4 5
Biochemistry
Bachelor of Sciencein 0 3

Behavioral Neuroscience

Bachelor of Artsin Biology 3 4
Bachelor of Artsin English 0 1
Undeclared major 0 1

hybrid course was based on performance on 10 similar
quizzes, the quality of the 10 postings, and performance on
acomprehensivefinal which wasidentical totheoneusedin
the traditional course. The format of the quizzes was one
page of short-answer questions and one page of essays.
Theformat of thefinal examination was seven pages of short
answer questions and seven pages of essays. Two examples
of short-answer questions appear in Table 3A; an example
of an essay question appearsin Table 3B.

To assess the extent of learning, we compared the
performances on the final examination and the final grades
for the two classes, despite the inclusion of postingsin the
hybrid course and their absence in the traditional course.

Assessment of teaching. Faculty at Lehigh University
use a standard set of measures for evaluation of the course
and the instructor by students. The evaluation instrument
ismodeled on the I nstructor and Course Evaluation System
(ICES) developed by the Division of Measurement and
Evaluation of the Office of Instructional Resources at the
University of Illinois (9). The 21 measures are broadly
representative of areas deemed to be important in ng
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student response to both the course and the instructor;
these categories are: (i) global questions about the
effectiveness of teaching and the overall quality of the
course, (ii) course management, (iii) student outcomes of
instruction, (iv) instructor characteristics and style, and (v)
instructional environment.

The instrument asked students to respond to a series of
statements on a5-point scale, whereA isAgree Strongly and E
is Disagree Strongly. The statements appear in Table 4.

The assessment was performed approximately 7 to 10
days before the conclusion of the semester during the first
15 minutes of ascheduled class. The instructor was absent
from the room while students recorded their responses. The
bubble-sheet response forms were collected by a student
volunteer and mailed to L ehigh’s Department of Psychology.
The machine-graded results were sent to the instructor after
submission of grades and the conclusion of the semester.
Twenty-six students submitted evaluationsin thetraditional
course; 24 in the hybrid course.

Institutional Review Board (I RB) permission. The
United States Code of Federal Regulations Title 45 exempts
“(i) research conducted in established or commonly
accepted educational settings, involving normal
educational practices; and (ii) research involving the use
of educational tests (cognitive, diagnostic, aptitude,
achievement), survey procedures, interview procedures
or observation of public behavior” (http://
squid.law.cornell.edu/cgi-bin/get-cfr.
Cgi7TITLE=45& PART=46& SECTION=116& TY PE=TEXT)
frominformed consent practices. The Lehigh University
IRB has reviewed the procedures used in acquiring the
data for this study and has concluded that the “protocol
has been approved by the Institutional Review Board for
Human Subjects Research under paragraph #2 in the
expedited review category.”

RESULTS
Perfor manceon thefinal examination andin thecourse
overall. We took the distribution of grades for the final
examination and the distribution of the assigned grades for
each semester, and assigned 4.0to A, 3.7t0oA-, etc. For each

TABLE 3. Examples of quiz questions

A. Short answer

B. Essay

Among bacteria, not all organisms use molecular
oxygen as aterminal electron acceptor. Provide
examples of two compounds used in anaerobic
respiration.

Organisms (likely prokaryotes) transmitted from one
planet (or moon) to another would need to be
metabolically inert or in a state of suspended
animation. What word is used to describe an organism
in which the water content has sublimed?

I. Define antibiotic.

[1. Some organisms are resistant to antibiotics
while others are not. Why? (That is, what
mechanisms confer antibiotic resistance?)

1. Viruses, for the most part, seem unaffected by
antibiotics. Why?

IV. Genetic vectors of antibiotic resistance are
transmitted “horizontally” among bacteria.
What name is given to these “vectors’? What
essential components must be present in these
vectors for them to achieve their function?




VOL.6 A“HYBRID” BACTERIOLOGY COURSE

TABLE 4. Statements used in student evaluation of
course and instruction

Overall, the instructor’ s teaching was effective.

Overdll, the quality of the course was good.

Theinstructor stated clearly what was expected of the

students.

The course objectives were clear.

Theinstructor presented the material clearly.

Theinstructor gave good examples of the concepts.

Theinstructor answered questions clearly and

concisely.

8. Theinstructor knew the subject well.

9. Theinstructor was generally well-prepared for class.

10. The grading procedures for the class were fair.

11. Thetext and/or readings were valuable in learning
course content.

12. The assignments helped me learn the subject matter.

13. Testsand papers were graded and returned promptly.

14. The amount of work was appropriate for the credit
received.

15. Theinstructor was enthusiastic about teaching.

16. Theinstructor was helpful when students were
confused.

17. Theinstructor treated the students with respect.

18. Interaction between students and instructor was
positive.

19. Theinstructor was available for conferences with
students.

20. | learned agreat deal in this course.

21. | would recommend this course to other students.

wnN e

No gk~

of the two measures, we performed at test for a difference
between means for traditional and hybrid courses (8). The
mean grade onthefinal examinationwas2.51 inthetraditional
course and 2.13 in the hybrid course. These two means did
not differ significantly, t(56) = 0.41. The mean assigned grade
was2.87 inthetraditiona courseand 3.03inthe hybrid course;
thesetwo meansdid not differ significantly, t(61) = 0.19.

Assessment of teaching. For each measure from the
student evaluations, we performed a chi-square test to
determine whether the frequency distribution of responses
differed between the hybrid and conventional courses. We
assigned the responses to three categories: “ strongly agree”
(responseA), “agree” (response B) and “other.” (Therewere
so few responsesin categories C, D, and E that we combined
these three responses into “other” so that the assumptions
of thechi-squaretest would be met.) Four measuresof student
response were statistically significant, viz., “ The amount of
work was appropriate for the credit received” (P < 0.01),
“Interactions between students and instructor were positive”
(P<0.01),“I learned agreat deal in this course” (P < 0.05),
and “I would recommend this course to other students” (P<
0.05). The data for these four measures are presented,
respectively, in Figures 1A, 1B, 1C, and 1D.

For each question on the student evaluation, the
university computes a mean response. Higher mean scores
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for ameasureindicatethat students more strongly affirm that
measure. Notably, only one measure (“ Assignments aided
learning”) received ahigher scoreinthe hybrid coursewhile
two (“Knew subject well” and “Waswell prepared”) showed
no difference. The remaining eighteen measures received
lower scores. We applied the sign test (9) to thisdistribution
of diminished scores and found a significant z = 3.27, P <
0.001, whichindicates|ess satisfaction with the hybrid course
as compared to the traditional course.

DISCUSSION

Active learning tasks in a hybrid bacteriology course
generated a sustained and intense exposure to the course
content. But student dissatisfaction is clearly manifest in
responseto the measure, “ The amount of work wasappropriate
for thecredit received.” Ontheonehand, studentsindicatedin
the course assessment that the assignments were beneficia
and aided learning. On the other hand, anecdotal statements
indicated that the students did not think that the work wastoo
little; rather, the workload was perceived astoo much. Indeed,
this sentiment may have been the defining circumstancefor the
course from the students' perspective.The fedling of having
had towork too hard may have affected other perceptions. For
example, responsetothemeasure, “| learned agreat dedl inthis
course,” wassignificantly lower inthe hybrid course compared
to the conventiona format. Yet, performances on the final
examination and the course overall (which should be measures
of learning) did not differ between the two versions of the
course. (A reviewer suggested that “through the online and
face-to-face discussion [students] came to redlize that they
didn't know as much as they thought. Students in the
conventional course may not have had the opportunity to come
tothisredization.”) Also,improving performanceamong highly
capabl e studentswhile maintaining stringent grading standards
may not bereadily achievable.

The measure, “Interactions between students and
instructor were positive,” was also significantly lower in the
hybrid course. Yetthemeasure, “ Theingtructor treated students
with respect,” wasnot significantly different. Thejuxtaposition
of these two measures suggests that the interaction that was
adversely affected in the hybrid course was pedagogica and
not civil.

Collectively, students in the hybrid course seemed
ambivalent about recommending the course, whereas students
inthe coursewith the conventional format appearedinclinedto
recommend the course. The evaluations were anonymous
so an inclination to recommend cannot be correlated with
grades. But thedisposition to recommend can be correlated
with both the feelings of how much effort was expended and
how much was learned. We speculated that students who
found the amount of work appropriatefor the credit received
would recommend the course to others. Contrariwise,
students who found the amount of work inappropriate for
the credit received would not recommend the course to
others. We confirmed this hypothesis by analyzing the data
as follows: for the statements on the student evaluations
we assigned 1 to “strongly disagree,” 2 to “disagree,” etc.



12 KRAWIEC, SALTER, AND KAY

Llmscges anmesstsd
T e ——
] ] 4 L] B id
Numiber of respordenis

W e

Traditomnal

C.

Apres anmewhal

higree w rongiy

T Do |

]
Drsagres somewhsl -
|
Dl i ol 1 by -

i - L] -
Mumber of respondenis

. Hyted

Tradidenal

MICROBIOL. EDUC.

AJeE TG

I
P

-—

—

e el |

CEEgFs Mgy

¥

] 1% ] %
Mumbsr of essondeTs

| S H

Traosarnsl

mal oo il ke o b e e 2ok ol el o ik el bl s oot il il o]

Agres snmmvhal

P Gpanicn
Dlmsgres momarsiat
Dmagres stromgly

i 8 B 1 12
Humbar of respardents

L=
i

| L

Traddiceal

FIG 1. Distributions of statistically significant student responses in the conventional and hybrid courses. (A) The
amount of work was appropriate for the credit received. (B) Interactionsbetween students and instructor were positive. (C)
| learned a great deal in thiscourse. (D) | would recommend this course to other students.

We then computed the correlation (8) between the response
to the statement “Appropriate amount of work” and the
statement “ Recommend the course.” We obtainedr = 0.45,
which was significant beyond the 0.05 level. Studentswho
were moreinclined to recommend the course to otherswere
more likely to think that the workload was appropriate to a
three-credit course.

Two reasons are suggested to explain why the measure
of satisfaction between “interaction between students and
instructor” waslower inthe hybrid course were that students
(i) lacked clear direction about therequired task and (ii) lacked
sufficient or relevant feedback from theinstructor to let them
know if they were on track with their responses. These
interpretations suggest that the e-mail responses of the
instructor were inadequate in some fashion.

Studentsrequire clear direction about thetask that they
arerequired to do (2, 4, 7). The students were told to post
“accurate, substantive, literate and interesting commentaries
pertaining to the current module.” The instructor assumed
that interactivity among students and their more activeroles
would engage the students in learning and enhance
performances. But, research has established that such a

result will not be achieved without explicit direction fromthe
instructor about (i) the purpose of the online discussion and
(ii) how to participate effectively (1, 2, 4).

The second suggested reason for students’
dissatisfaction is that they lacked sufficient or appropriate
feedback from the instructor to guide their discussions. At
each stage, the instructor can provide online feedback
(instructor to students) to guide them through the discussion.
For example, if the students have difficulties generating
evidence related to the hypotheses suggested or generating
alternate solutions, the instructor can provide online
guestions to model an appropriate line of reasoning.

Feedback can also be provided by peersif an onlinegroup
is established that has well-defined requirements for the
members. The University of Waterloo (UW) has developed a
model based on student and instructor feedback from many
onlinecourses (http://LT3.uwaterl0o.calfaculty). The UW modd
assigns students to groups of four (10). Group members have
an online discussion about a defined topic. Participants must
make an initial posting about the topic before accessing the
submissions of the other members. This requirement ensures
that each member participates and takes a stand on the issue
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beforehe or sheisinfluenced by reading the opinions of others.
Also, by reducing the number of participants in the group to
four (rather than the full class), students are less likely to fedl
overwhelmed by thelarge numbersof postings. Group members
taketurnsastheleader whoisresponsiblefor postingasummary
of the group’s comments to a posting that will be read by the
full class.

In a second rendering of the hybrid course, we asked
students a series of open-ended questions, e. g., “What was
the most valuable feature of this course? ...the freedom to
devel op your understanding in any way that youwished? ...the
lack of regimentation? ... the affirmation of student ability?
...the intended emphasis on principles rather than rote fact?
...something else?’ The responses to such questions were
plainly positive. Since similar questions were not asked in the
traditional course, comparisonsare not possible. Nonethel ess,
these responses indicate that the intense hybrid course did
have positive outcomes and that the form of assessment isan
important varigble.

A second outcome which has yet to be assessed is a
difference in long-term recall between the two forms of
instruction. A longitudinal study may be informative and
significant.

CONCLUSION

Web-based baccal aureate education providesanimmense
opportunity for learning bacteriology (and other subjects.)
Paradoxicaly, that immensity can bealimitation. Theexperiences
of studentsin L ehigh’shybrid bacteriology course demonstrate
conclusively that therole of the professor in managing student
participationisof paramount importance. Similarly, providing
freedom to students in their approach to a formal body of
knowledge also requires diligent guidance by the professor.
These conclusions are manifest in the model developed at the
University of Waterloo that optimizes student performancein
anonlineor hybrid courseby specifying rolesin group activities
and offering appropriate supervision.
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