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L Introduction

Education is a process or course of learning, instruction, or training
which imparts knowledge, skill, and competence to an individual. If an
educator has been successful, a student can skillfully and competently
research an individual project. This success in independent study is the
major goal of all education.

Education in applied microbiology involves teaching a student how
to apply his instruction and training. Independent study in applied
microbiology is generally highly regarded, but has received little
enthusiasm and involvement in the past. Very few programs today utilize
independent study in general applied microbiology even though this is a
good way of achieving confidence in ones work.

A design of independent study in applied microbiology should
include a topic not covered by an existing course, digging deeper into a
topic which has been introduced, laboratory investigation, and field
study. A design like this will give all students a challenge, independent
of their educational background.

In the past independent study, in any area, has been reserved for
only the gifted and exceptional students. Independent study should give a

student self-direction, irregardless of their present educational level.

A. NSF LOCI Grant Funding

Dr. D.Y.C. Fung has seen a need for an organized project of
independent study in applied microbiology in the past. A grant awarded

to Kansas State University entitled "101" Independent Projects for

Applied Microbiology, has been funded by the National Science



Foundation. The research team, Dr. D.Y.C. Fung and myself, have
undertaken this LOCI course improvement grant from the National
Science Foundation.

B. NEED

The Depm&ent of Animal Sciences and Industry and the Food
Science Program offer instruction to a large, diverse student population,
including Animal Science majors, Food Science majors, and other
disciplines at Kansas State University. This project de'sign is concerned
with the teaching of applied microbiology to both those students for
whom it is required as well as to students who take the courses as
electives.

The two courses primarily involved are Dairy Bacteriology and Food
Fermentation. Dairy Bacteriology is a four-credit course with two hours -
of lectures and four hours of laboratory work per week. It has been
taught for many years in the Department of Animal Sciences and
Industry. The course is an elementary course in bacteriology, emphasiz
ing the applied aspects of bacteriology as they relate to food and dairy
product processing (Appendix A). Food Fermentation is a mare recently
developed four-credit course with two hours of lecture and six hours of
laboratory per week. It is an advanced, applied microbiology course,
dealing with the fermentation of microorganisms for the benefit of
mankind (Appendix B).

Students at the beginning and advanced levels of microbiology
possess a great deal of creativity. They seem to be fascinated by the
microbes and their environment. Because of this, students in Dairy
Bacteriology and Food Fermentation are encouraged to do experiments

havnnd the reauired exercises aiven in the laboratory sessions. These
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experiments are called independent projects. In this exercise, the
students have the freedom of choosing an area of interest to explore.
This independent project provides the students with an opportunity for
creative thinking and planning, the freedom to experiment in a relaxed
atmosphere, and the responsibility of independent research activity. The
independent project potentially provides a great source of educational
benefit to the students who wish to complete projects relevant to their
educational goals of understanding the role of microbes in their home
and natural environments. This opportunity fulfills one key objective of
the educational mission -- to put knowledge into practical application.

Students are encouraged and assisted so they can do a good project,
but the present procedures in applied microbiology are not adequate to
maximize this excellent learning opportunity without utilizing
considerable extra instructor time and materials.

In Dairy Bacteriology and Food Fermentation there will be students
with exceptional microbiology skills and some with minimal, if any,
exposure. Therefore an improved set of approaches and facilities need to
be developed to respond to the needs of both groups of students. Thése
approaches and facilities need to challenge the advanced student but yet

remain simple enough for the beginning student.

C. Objective

The objective of this project is for the students to obtain a better
understanding and approach to the practical application of applied
microbiological skills in conducting independent research projects, and to
develop an improved set of approaches and facilities to respond to the

needs of the student.



For a student to achieve a better understanding and approach to
the practical application of applied microbiology we (the research team
in the NSF project) hope to do three things. We hope to increase the
student's ability to articulate a sound rationale for their problem.
Students frequently engage in microbiological study without having
thought through why the analyses should prove helpful or the problems
they might solve. We also hope to increase the students ability to
demonstrate mastery of basic techniques of analysis. Individual projects
provide ample opportunity for students to demonstrate this mastery of
the basic techniques of analysis. Finally, we hope to increase the
students ability to clearly, completely, and accurately write a scientific
report.

The development of an improved set of approaches and facilities is
essential to respond to the needs of the student. There is a need for
independent project ideas, materials for field work, adequate laboratory
resources, printed instructions, and reference materials.

Since many students have had very little previous exposure to
research and independent work they have no concrete ideas as to where
to begin. The students need to see models or examples of feasible
projects that they can reasonably expect to complete in the alloted time.
A well-organized list of suggested projects to help the students develop
and perform well need to be developed.

Many students find microbes in the natural environment fascinating,
and want to perform their experiments at sites that are of specific
interest to them, su'ch as their family farm somewhere in Kansas, a
sewage treatment plant, the store in the neighborhood, the food at home,

the plant in the garden, etc., Since microorganisms may grow or die



rapidly after leaving the natural environment, it is not always possible to
transport samples to the labaratory on campus for analysis, especially
since many of the students' family farms are as far as 100 miles away.
This has been a serious problem in many projects. A functional "travel
kit" for the independent projects needs to be developed. |

In many independent projects, students need to use the microscope,
incubator, water bath, staining reagents, chemicals, etc., during times
when the regular teaching laboratory may not be available. Students who
do field work need to process some tests in the laboratory. Students
need a well furnished laboratory (Activity Center) to maximize their
efforts on the project.

As the students progress in their projects, they require more and
more contact time with the instructor for materials, procedures,
consultations, and report writing. Many students at this level do not
know how to properly write scientific papers, and need individualized
help. Individual contact is very valuable but it is also very time
consuming. Many of the questions are repetitive. Therefore printed
instructions on how to do the projects needs to be made.

Many students cannot easily find needed answers on certain topics
on their projects. There is a need to develop a set of research materials
relevant to these projects, and place these material in the Activity
Center for the students.

In the past the students have been asked to think about their
independent projects after one-third of the course is completed. The
students then decide on their topics and write their outlines of what
they wish to do and what materials they will need. The instructor

evaluates the proposals and discusses with the students the feasibility of



the projects in the context of time and materials involved. After one or
two conversations regarding the proposed projects, the students finalize
their proposals and submit final project outlines and lists of needed
materials. At the appropriate time, the students take the materials and
perform the experiments. About 30% of the students will come back
again for a third round of discussions. These students are typically very
good students, and are very eager to complete excellent projects. Some
of the projects have developed into publishable work in scientific
journals, and in a couple of cases actually developed into M.S. research
topics.

The development of all the above items will hopefully minimize the
instructors time required and maximize the students understanding and

approach to applied microbiology independent projects.



II. REVIEW OF THE LITERATURE

The Oersted medalist, Robert Karplus said, "I believe that people
become vitally interested in their studies and learn best when direction and
guidance from a source of authority are combined with ample opportunities
for the students to direct and control their own learning. The former may be
called instructional input, the latter student autonomy." (Karplus, 1981).
Learning is an individual process and requires student autonomy. However, a
good input from the instructor is also essential to maximize learning. Couch
(1973), assumed that students would learn just as much and score just as well
on examinations under a nonlecture-plus-lab system as they had done under
the traditional lecture-plus-lab system. This assumption proved incorrect.

Several efforts have been made to increase the performance of students
in chemistry and physics in self-learning situation (Karplus, 1981; Ryan, et.
al.,, 1980). However, very little work has been done to improve the teaching
effectiveness in applied microbiology involving independent study.

A program in applied microbiclogy designed by Weiner and Howell
(1975), allows the microbiology student to acquire isolates from an
environment which interests him. The samples are used for a variety of tests
in the laboratory. This project design is good because the student is
discovering microbes in his environment which interest him. However, the
same microbe is used for all of the experiments, and some tests may not be
applicable.

The terms discovery and inquiry have been used to describe a variety of
teaching and learning strategies over the last 20 years. Today if an
insructor is not using the "discovery method," he is termed old-fashioned

(Shymansky and Yore, 1980).
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There are several books and laboratory manuals available which c.over
interesting aspects in microbiology, but none of them give the student a
chance to select a project which interests him. These laboratory manuals
provide specific directions for specific projects during course work.

Even though there are many programs available for laboratory work in
science courses, very few use the philosophy of independent study in applied
microbiology.

After reviewing the literature we have found a strong need for an

individual project program in applied microbiology.



IIll. METHODOLOGY

A. Component Development

In the project,"101" Independent Projects for Applied Microbiology, 5
specific components have been developed. They are "101" independent project
ideas, a travel kit for field work, an Activity Center, report writing
material, and reference materials. Each component is responsive to problems
which have been observed in previous individual research work.

Phase I of the project occurred between September 1981 and May 1982.
During that time period the "101" project ideas were identified, the ten
travel kits were developed, the Activity Center started to undergo
development, and a set of reference materials was. started.

During phase II of the project, June 1982, until May 1983, the project
was initiated for student use. Also during this time period 5 different
categories were developed for each of the "101" independent project ideas.

Phase III of the project involved completion and evaluation of the
effectiveness of the project. The final report for the granting agency was
also prepared at this time.

A list of "101" individual project ideas has been developed to guide the
student in project selection. The student can see models or examples of
feasible projects they can reasonably expect to complete in the allotted
time. These project ideas cover many facets of applied microbiology which
are often encountered. The project ideas are in 5 major categories which
most students find interesting. These categories are:

1) The role of microbes in the natural environment.
2) The role of microbes in raw and processed foods and feeds.
3) The role of microbes in food fermentation.

4) The role of microbes in human and animal health.
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5) Effects of chemical and physical agents on microbes.

Twenty sub-topics have been developed for each category, except for
the fifth category which has 21 sub-topics (Appendix C).

Each project idea is typed on a card and then laminated in clear plastic
so it will be accessible to the student. Each project idea card includes:

1) Title

2) Background

3) Materials and methods needed
4) Expected data

5) Expected conclusions

6) Further experiments

7) Questions

8) References

The -atudent’ can choose a project which interests him and then
reference a laminated card for the necessary information. He may take the
card with him for his independent study and field work since it has been
laminated.

A travel kit for field work has been designed which contains the
necessary equ.ipment for viable cell counts, a slide for sample collection, a
sample collection bottle, and auxillary materials such as a needle, a loop, an
alcohol lamp, a box of matches, a magnifying lens, farcgpa, paper towels,
disinfectants, petri dishes, tapes, and wax pencils. Any additional equipment
the researcher feels he or she will need is available upon request. The travel
kit itself, is a medium size cooler, which can be easily handled by the
student. Any samples which need to be kept cool during field work can be

when the kit (cooler) is used.
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In response to the need for special facilities to support these
independent research projects, a small room near the teaching laboratory, has
been set aside as an Activity Center (Appendix D). Through the LOCI grant,
the following materials are provided in this center:

1) One household size refrigerator — for cold storage of
samples and perishables, and for freezing samples.

2) One water bath -- for constant temperature water to be
used in microbiological prﬁcedures.

3) One incubator -- for cultivation of microbes.

4) One bacterial colony counter -- this is essential for
counting bacterial colonies obtained in the viable cell
count kits in the travel kit.

The Department of Animal Sciences has furni.ahed the following
materials:

1) Laboratory tables

2) Student microscopes -- for observation of samples under
100X, 400X, and 1000X.

3) Autoclave for sterilization -- this will teach students to
make their own sterile material for experimentation.

4) Staining area -- an area with appropriate staining reagents
and a sink.

5) A small supply of commonly used bacteriological agar and
chemicals, and disposables and incidental supplies
necessary in a small laboratory.

6) Instrﬁctinn books for using the equipment, a set of the

*]101" project idea cards, a set of instructions on writing
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scientific reports, and a set of relevant reference
materials.

The Activity Center provides a space just for individual projects so the
students can maximize their efforts.

A set of materials for reference has been purchased so the student can
more effectively perform their projects and complete them in a timely
manner. This collection includes materials which are relevant to applied
microbiology and scientific report writing.

B. Judge's Evaluation

To determine the effectiveness of the project "101" Independent

Projects for Applied Microbiology, an evaluation was obtained from qualified

microbiologists. Student's independent projects before the implementation of
the NSF project were used as a control group while-the experimental group
contained individual projects during the application of the NSF project. All
projects were photocopied with names and identities deleted. The control
group consisted of those students in Dairy Bacteriology (fall 1981). The
experimental group included students in Dairy Bacteriology (fall 1982) and
and those students in Food Fermentation (spring 1983). There was a total of
18 control subjects and 24 experimental subjects. The experimental design
was approved by an expert, Dr. Don Hoyt, in education evaluation at Kansas
State University.

Microbiologists, from a variety of disciplines, assisted with the
evaluation of the individaul projects. The microbiologists involved were
either graduate students or professors in areas such as food microbiology,

ruminant microbiology, soil microbiology, genetic microbiology, veterinary

microbiology, and medical microbiclogy.
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Six teams were used in the evaluation with 3 team members per team,
giving a total of 1B judges. The teams were labeled A, 8, C, D, E, and F
with judges numbered 1, 2, and 3 on each team. Eighteen control and 24
experimental individual projects we;re evaluated. The projects were randomly
numbered and student names and dates of submission were omitted to prevent
any personal bias by the judges.

The projects were judged on the basis of the student's ability to
rationally select a project(Attribute 1), the ability of the student to employ
applied microbiologocal analysis(Attribute 2), and the students aptitude in
writing a scientific repart(Attribute' 3 -

Students conducting individual projects are expected to develop and
articulate a sound rationale for their investigation (Rationale). The judges on
teams A and D were asked to rate the degree to which the student acheived
this objective in his report. The following scale was used by following an
established set of guidelines (Appendix E):

1 = Unsatisfactory
2 = Weak

3 = Acceptable

4 = Strong

Students conducting these projects are also expected to demonstrate
their ability ta employ basic techniques of microbiological analysis. The
judges on team B and E were asked to rate the degree to which the student
displayed mastery of basic techniques of analysis through this project
(Analysis). The previoué scale was again used by following an established set
of guidelines (Appendix F).

Finally, the judges on teams C and F were asked to evaluate the

students on their ability to succinctly and accurately describe the problem,
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procedures, results and conclusions (Report Writing). The same scale was
again used by following an established set of guidelines (Appendix G).

Each judge was given a folder with a number. The contents of the
folder included 9 individual projects, a set of guidelines to follow while
evaluating, a brief description of the project (Appendix H), and a score sheet
(Appendix ).

Each team was required to judge 21 projects. Each team member judged
9 projects, 6 being different from his other team members and 3 being the
same. This enabled us to determine individual judge differences on the 3
common projects. The other 6 project scores were adjusted accordingly.

The scores on the 3 common projects were averaged for each individual
judge. The average scores for the- 3 judges on a team were also averaged.
The adjusted scores were then obtained by adding or subtracting the
adjustment factor to all of the other scores for the individual projects.

Individual judge differences were also obtained for the 3 common
projects. If the judges had a perfect match it was recorded as well as
differences of 1, 2, or 3.

Using the adjusted scores, an average for each of the 3 categories was
found. This was done for both the experimental and the control groups.
Standard deviations were also calculated. A t-test was conducted to
determine if there was a significant difference between the experimental and
control groups.

C. Student Evaluation

Students attitudes toward the individual projects, before having the
benefit of the NSF project and while using the project, were also evaluated.
An evaluation form was given to both the control and experimental groups.

This form briefly explained the purpose of the NSF project and then asked
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them to rate their attitudes toward their independent project work. Severalr
questions were asked concerning their confidence in writing a better report,
interest in the subjgct matter, enjoyment of the teaching approach used, and
confidence in applying microbiological techniques to practical
problems(Appendix J).

The evaluation form was distributed to the control group right after
completion of the course. The experimental group received their evaluation
forms through the mail. The envelope contained an addressed and stamped
envelope for the student to return the form.

A chi-square test was run to determine variance of the control and

experimental groups.



IV. RESULTS AND DISCUSSION

A. Project Component Development

On completion of this LOCI grant project, Kansas State University has
developed a set of "101" project idea cards, created travel kits, developed an
Activity Center, and has developed a set of relevant reference materials.
These materials will hopefully enhance the learning oppo;-tunitiea for
independent study in applied microbiology in the future.

B. Judges Evaluation

To determine the effectiveness of "101" Independent Projects for

Applied Microbiology, adjusted scores were calculated for each project in

each category. The scores were adjusted by calculating an adjustment factor.
This was accomplished by averaging the 3 common scores for each judge on a
team and then averaging these averages. The adjustment factor is the
difference between the total average for a team and the individual judge
average (Tables 1 and 2). The adjusted scores were recorded along with the
raw scores for both the experimental and control groups (Tables 3,4,5,6,7,
and 8). A t-test was used on the basis of the adjusted scores given by the
qualified microbiology judges. The adjusted scores were averaged and the
standard deviation was calculated. At an of-level of .05, a value of 1.68 was
needed to show a significant improvement of the experimental group over the
control group. The category of report writing showed a significant
improvement of the experimental group over the control group with a t-value
of 1.86. If the average scores are examined, the skills category shows a
slight improvement. However, the evaluation of the rationale category
showed no improvement in the experimental group over the control group.
The total score showed an improvement if the &-level was lowered to .25

(Table 9).



Table #1

Determination of adjustment factors for the team members
individual project scores.

Project Number A Total B
Judge 03 11 18 Average Average
Al 2 3 L 3 2,56
A2 1 3 2 2 2.56
A3 2 2 L 2.67 2.56
Bi 3 2 4 3 2.67
B2 2 3 2 2.33 2.67
B3 2 3 3 2.67 2.67
ci 3 2 2 2.33 2,33
c2 3 2 3 2.67 2.33
C3 2 2 2 2.00 2.33

A The average of the individual judge's project scores

B

B

The average of all the individual judges average on a team

C The difference between Total Average  and AverageA
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Table #2

Determination of adjustment factors for the team members
individual project scores.

Project Number , Total . Adjustmem:’

Judge 23 31 38 Average Average” Factor
Dl 3 u' a 3.67 BcOO -167
b2 1 3 L 2.67 3.00 +,33
I3 2 3 3 2.67 3.00 +,33
El 2 3 2,33 2.67 +,

£2 3 2 4 3 2.67 =33
E3 1 3 4 2,67 2.67 .00
F1 1 3 L 2.67 2,89 +,22
F2 ‘1" a '3- 33 2089 ""u"'
F3 2 2 4 2.67 2.89 +,22

Amhe average of the individual judge's project scores

BIha average of all the individual judges average on a team

cThe difference between Total Avera.geB and Avera.ge“‘
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Table #3

Individual project raw scores and édjusted scores on the
basis of ratiomale for the comtrol group. (Attribute #1)

Judge Project Number Raw Scaore Ad justed Score
Al 03% 2 1.56
07 2 1.56
11% 3 2.56
A2 03* 1 1,56
08 2 3.56
10 L 4,56
11% 3 3.56
13 4 4,56
A3 03% 2 1.89
11% 2 1,89
n 22 2 1.33
23% 3 2.33
24 3 2.33
25 L 3.33
26 2 1.33
31* L 3.33
D2 23% i 1.33
30 3 3.33
J1x 3 3.33
32 1 1.33
33 2 2.33
35 1 1.33
D3 23% 2 2,33
31 3 3.33
36 1 1.33
7 2 2.33

* Common projects used for determination of judge difference.
The average of the common projects was used for calculating the mean,
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Table #4

Individual project raw scores and adjusted scores on the
basis of rationale for the experimental group.(Attribute #1)

Judge Project Number Raw Score Ad justed Score
Al 01 1 0.56
02 3 2.56
o4 - 2 1.56
05 3 2,56
06 3 2.56
18% 4 3.56
A2 09 1 1.56
12 3 3.56
14 2 2.56
18= 2 2,56
A3 15 3 2.89
16 2 1.89
17 3 2.89
18% 4 3.89
19 4 3.89
20 3 2.89
21 2 1.89
DL’ 27 2 1.33
28 2 1.33
38+ 4 3.33
D2 29 1 1.33
34 2 2.33
38% 4 4.33
D3 38% 3 3.33
39 1 1.33
Lo 2 2.33
41 2 2.33
42 3 3.33

* Common projects used for determination of judge difference.
The average of the common projects was used for calculating the mean,
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Table #5

Individual project raw scores and adjusted scores on the
basis of analysis for the comtrol group, (Attribute #2)

Judge Project Number Raw Score Ad justed Score
B1 03% 3 2.67
o7 2 1.67
11#% 2 1,67
B2 03% 2 2.34
08 ;! 3.34
10 3 3.34
11% 3 3.34
13 3 3.34
B3 03+ 2 2.00
11% 3 3.00
El 22 3 3.34
23% 2 2.34
24 L 4,34
25 3 3.34
26 4 4,34
31% 2 2.34
B2 23% 3 2,67
30 3 2,67
31% 2 1,67
32 3 2,67
3 2 1,67
35 4 3.67
E3 2% 1 1.00
31 3 3,00
3% L 4,00
7 2 2.00

*Common projects used for determination of judge difference.
The average of the common projects was used for calculating the mean.



Table #6

Individual project raw scores and adjusted scores on the
basis of analysis for the experimental group. (Attribute #2)

Judge Project Number Raw Score Adjusted Score
Bl 01 2 1.67
02 4 3.67
Ok 3 2,67
05 L 3.67
06 3 2,67
18% 4 3.67
B2 09 1 1.34
12 3.5 3.84
14 1.3 1.64
18+ 2 2.34
B3 15 4 4.00
16 4 4,00
17 4 4,00
18% 3 3.00
19 &4 4,00
20 4 4.00
21 3 3.00
E1 27 3 3.3k
28 4 L.34
38 3 3.34
B2 29 2 1.67
M4 3 2,67
38 b 3.67
E3 38% 4 4,00
39 1 1.00
40 3 3.00
o 3 3.00
L2 3 3.00

* Common projects used for determination of judge difference,
The average of the common projects was used for calculating the mean,
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Table #7

Individual project raw scores and adjusted scores on the
basis of report writing for the control group. (Attribute #3)

Judge Project Number Raw Score Ad justed Score
C1 Q3% 3 3.00
o7 1 1.00
11% 2 2.00
c2 03% 3 2,66
08 3 2.66
10 3 2,66
11% 2 1.66
13 2 1.66
c3 03* 2 2.33
11% 2 2.33
F1 22 2 2.22
23% 1 1.22
24 3 3.22
25 3 3.22
26 3 3,22
1% 3 3.22
F2 ‘ 23% 2 1.56
30 3 2,56
31w 4 3.56
32 2 1,56
33 3 2,56
35 3 2,56
F3 23% 2 2.22
31% 2 2.22
36 1 1,22
37 2 2,22

* Common projects used for determination of judge difference.
The average of the common projects was used for calculating the mean.
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Table #8

Individual project raw scores and adjusted scores on the
basis of report writing for the experimental group.(Attribute #3)

Judge Project Number Raw Score Adjusted Score

C1 o1 2.00
02 1.00
o4

05
06

b
(@]
S)

cz

C3

FWURPEEWDNEFWW DWW EEFWNDRWW N
MMM M v ivivivivivivE N A SRR

F2

F3

FWUFRRPLEEFUWEFVWWNDWWNEEFWWLUNDEENRE SWERN

18%
09
12
14
18%
15
16
17
18%
19
20
21
F1 27
28
38
29
34
38+
38%
39
Lo
I
42

* Common projects_used for determination of judge difference.
The average of the common projects was used for calculating the mean,



