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ABSTRACT

The purpose of this project was to develop and test the
effectiveness of relevant and functional general biology lab-
oratory experiences. The laboratory exercises were based upon
information available from various media in which the student
comes in daily contact including newspapers, magazines, films,
and video tapes. The major criterion used for laboratory topic
selection was the following: Is the topic a significant social
and/or environmental problem which can illustrate a basic bio-
logical concept.

The effectiveness of the laboratory treatments was measur-
ed by (1) The Teft on Understanding Science, (2) The Watson-
Glasier Critical Thinkin A rasial, and (3) final examination
scores. stat stica compar son of group means was made using
the student's t test. The results indicated that the "innova-
tive labs" were as effective and functional as the "traditional
labs" at least as measured by the Test on Understanding Science
and the Watson-Glasier Critical Thinking Apprasial.
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INTRODUCTION

Our nation is now awakening to the realization that we are
facing a crisis in our environment as is evidenced by the flurry
of publications in this area (1-14). With this awakening we
find our present educational system inadequate to solve the
problem of educating our young people to understand and cope
with these problems on an intelligent basis. The technological
advancements of our society have rapidly out-paced appropriate
and needed advances on the educational front.

Although we are now generally aware of the major problems
such as over population, water pollution, air pollution, noise
pollution, nuclear radiation and others, the question remains
how best to educate future citizens to understand and solve
these problems. Numerous articles (15,16,17) stress the need
for a citizenry who understand current progress in science, the
need for basic and applied scientific r .search, and an appreci-
ation of the relationship of science to society if such citizens
are to make favorable and wise decisions concerning the contin-
uing support of science and technology in the United States.

On the whole, American colleges and universities have made
little meaningful progress in developing educational procedures
which would cause the general education student to become a
well informed citizen, who should not only have an understand-
ing of his own body, his own reproductive processes, and his
own inheritance, but should also have a sufficient biological
and sociological background to understand the problem of pop-
ulation control, the genetic effect of radiation, the impli-
cations of pollution, and the basic concepts of behavior.

Obviously, no one course no matter how well designed and
taught is going to accomplish all of the objectives listed above.
However, there are several "general education" courses which
are required of most college students that have the unique
opportunity to make valuable contributions toward developing
well informed citizens.

One such course taken as a general requirement in most
colleges and universities is general biology(18). General biology
is one of the most appropriate courses in which to introduce,
discuss, develop and evaluate ideas, principles and concepts
essential to understanding and coping with problems of our society.
Most general biology courses offer, along with lecture-recitation,
a laboratory experance.

It would seem then, that general biology and the general
biology laboratory in particular would be a most appropriate
and useful site for developing in the individual the under-
standing of basic technology, how it affects our lives and how
to cope with it.

The laboratory setting allows the student to learn methods,
approaches, skills, and abilities to deal with the problems
facing him. Therefore if we truly intend to educate young
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people in how to cope with these problems, it is proposed that
the student must become involved personally, to interact and work
with these problems because meaningful learning will not take
place by mere exposure.

Review of Related Literature

In a review of the literature pertaining to the develop-
ment of innovative general biology laboratory procedures for
the college level there is a scarcity of new developments
even though the middle school and secondary school curricula
have undergone major changes in the last ten years. The dom-
inant new curriculum in secondary school biology is the Biol-
ogical Sciences Curriculum Study (BSCS) which emphasizes the
"concept approach" and the use of the laboratory as the major
teaching format. In addition, in the pas'i. few years educat-
ors have almost unanimously agreed that laboratory experiences
are essential if general biology is to be a true science, since
the laboratory is a basic and essential element of any science
course (19, 20, 21, 22, 23, 24).

However, in reviewing a number of representative college
biology laboratory manuals written for use in general biology
courses, one finds the topics for investigation stereotyped
around basically classical bio-traditional topics(25, 26,
27, 28, 29, 30, 31, 32, 33).

Other modern college biology laboratory manuals still
hot to the taxonomic format of study (34,35,36,37). Others
use the cell as their basic theme (38,39,40). Molecular
biology is the theme for a few of the newer general biology
laboratory manuals (41,42,43). Even though the whole labora-
tory approach has been changed in audio-tutorial lab,the
subject matter included is still made up of traditional themes
(44,45). All of the laboratory manuals reviewed, though vary-
ing slightly in approach, made little or no reference to
their applicability or usefulness to the student in under
standing environmental problems so perplexing in today's world.

Problems and Objectives

It was the purpose of this project to develop and test
the effectiveness of relevant and functional general biology
laboratory experiences. These laboratory procedures were
to be based upon information available from various media in
which the student comes in daily cor,act including newspapers,
magazines, films and videotapes. 'Nis, the objectives of this
study were twofold:

1. To attempt to develop functional general biology
laboratory experiences based upon the various media
with which the student comes in day-to-day contact.

2. To attempt to discover the relative affectiveness of
these developed laboratory experiences upon the
student's development of favorable atti+udes tovard
science, critical thinking ability and an understand-
ing of the scientific enterprise.

2



Effectiveness as is implied in the above objectives was shown
by or defined in terms of

1. an understanding of the entirety of the scientific
enterprise and attitudes toward science as measured
by the TOUS test, and

2. the ability to think critically as measured by the
Watson-Glasier Critical Thinking Apprasial, and

3. accomplishing the defined instructor written behav-
ioral objectives of subject matter knowledge as
measured by an instructor written test (final exam-
ination).
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PROCEDURES

During the past few years, the general education course
Bioscience has been structured around a two hour laboratory
with three hours of lecture - recitation for a total of four
semester hours of credit. For the most part, the laboratory
topics which have been utilized in Bioscience up to this time
followed the traditional pattern: Measurement, Chemistry of
the Cell, The Cell, Mitosis, Transport Mechanisms, Homeosta-
sis, Basic Genetics, Human Genetics, Ecology and similar
topics.

For this project, a series of laboratory experiences to
be used in a one semester course were researched, designed
and written centering around social and/or environmental pro-
blems. The criteria for selection of the topics were as
follows:

(a) is it a significant social and/or environmental
problem which can illustrate a basic biological
concept,

(b) can the topic be developed in such a manner as to
make it understandable and meaningful for fresh-
man level college students with a minimal science
background and little, if any, skills or abilities
in scientific manipulations,

(c) can the topic be designed in such a way as to make
it adaptable for utilization by large numbers of
students and require a minimum of specialized and
expensive scientific equipment, and

(d) is the topic practical in terms of being effective
with the use of materials and equipment readily
available at reasonable cost.

The procedures for developing the selected laboratory
topics were as follows:

1. Writing an introduction to the laboratory experience
utilizing background information which clearly in-
dicated to the student the relationship between the
activities to be carried out and their relationships
to everyday life. To help in this process, a news-
paper was prepared entitled the B.S. Gazette (Bio-
social Gazette). The newspaper consisted of various
articles, found mainly in current popular magazines,
which were relevant to the topic being discussesd.
The articles were photographed and printed on news-
paper for realism (this was done by the local news-
paper at a relatively low cost). The students would
spend the first few minutes of class reading the
current issue of the newspaper which was handed out
with the lab exercise.
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2. Writing hhavorial objectives which delineated the
desired behavorial changes as a result of the stu-
dent completing the laboratory experience.

3. Writing a progression of procedures for the students
to follow in carrying out the laboratory activities.
If possible procedures were designed so as not to be
so structured so as to stifle individual ingenuity
and inquiry. Frequently, the "why" and "how to's'
were left up to the student's themselves.

4. An evaluation where possible, was designed to test
whether the students could apply what they learned
from the laboratory experience.

Titles for the laboratory experiences developed were the
following: Metric System, Candy Coated Children's Hour,
Don't Eat that Dog, Cell-A-Thon, Mitosis, Genetics, Repro-
duction, Development, Population) Drugs, and Pollution. A
brief description of each lab and four laboratory units which
were designed are in Appendix A.

Testing of the Newly Developed Laboratory Experiences

The newly designed laboratory experiences were used during
the first and second semesters of the 1972-1973 school year.
The selection of students for the Bioscience labs used for
this project was accomplished through normal enrollment pro-
cedures. Four Bioscience lab sections were used during each
semectar. The four laboratory sections were divided into two
groups (two lab sections/group). One group was assigned the
"traditional labs" while the other group was assigned the
"innovative labs."

Those laboratory sections assigned the "traditional
labs" utilized laboratory experiences developed in the past
and which are presently used by the Bioscience Staff at
Northwest Missouri State University. Here, the laboratory
period is introduced by the instructor with a pre-laboratory
discussion of the laboratory objectives, procedures,*and use
of equipment. Then, the students perform the laboratory
experience for the day.

The laboratory sections assigned the "innovative labs"
utilized the newly developed laboratory experiences. These
laboratory experiences centered around social and/or environ-
mental problems which could illustrate a basic biological
concept. These laboratory periods were taught in the same
manner as the "traditional labs."

All students, irrespective of the laboratory treatment,
received at the beginning of the course the behavioral objec-
tives for the course. All students involved were administered
a pre-test battery composed of the Test on Understanding
Science, Form W (TOUS) and the Watson-Glasier Critical Think-
ing Aepraisal, Form Zm. All students were administered the
same final examination as a measure of attaining the

5



behavioral objectives of the course. The Test on Understand-
ing Science and the Watson-Glasier critical Appra-sial was administered to all students as a post-test to measureTWiTr understanding of the scientfic enterprise, their atti-tude toward science and their ability to think critically.

In order tc determine the relative effectiveness of thelaboratory treatment a Student'stte:;t was made on the group
means from the scores attained in the above tests. Thehypotheses of this research stated in the null form are:

1. There is no significant difference in the under-
standing of science as measured by TOUS between
those students in the "traditional labs" and those
students in the "innovative labs."

2. There is no significant difference in the ability
to think critically as measured by the Watson-
Glasier Critical Thinking Apprasial between those
students in the "traditional lab" and those studentsin the "innovative labs."

3. There is no signiricar.t difference in the attain-
ment of the specified cognitive skills as measured
by the instructor written test (final examination)
between those students in the "traditional labs"
and those students in the "innovative labs."

The null hypotheses would be rejected it' the value of the
t test exceeded the tabular value at the .05 level of con-Tidence. The statistical results were obtained by using theappropriate t test formulas for either significant or non-
significant variances. The data was run by computer program
on the Hewlett-Packard 2115A. The program allows five decimalplaces for any rounding off procedures.

A questionaire was also given to the students in orderto determine their opinions of the "innovative" and "tradi-
tional" laboratories. Questions were asked about relevance,
creativity, and laboratory format.
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RESULTS

Statistical analysis of the data gathered from the first
and second semesters of the 1972-1973 school years was as fol-
lows:

1. Null hypothesis: There is no significant difference in
the understanding of science as measur-
ed by TOUS between those students in the
"traditional labs" and those students
in the "innovative labs:1

Table 1. Test data from TOUS D.F. = 89

Measurement
Indicator

Group Means
value significanceTraditional Innovative

1st semester
TOUS Pre-test: 33.98 33.47 -0.356 P >.05

Post-test: 32.07 33.12 0.654 P,..05

2nd semester
TOUS Pre-test: 30.79 31.85 0.736 P>.05

Post-test: 30.93 32.35 0.922 P>.05

The I value was not significant at the .05 level. Thus, it indi-
cates a failure to reject the null hypothesis concerning the
TOUS measurement indicatcr.

2. Null hypothesis: There is no significant difference in
the ability to think critically as mea-
sured by the Watson-Glasier Critical
Thinking Apprasial between those stu-
dents in the "traditional labs" and those
students in the "innovative labs'.1.1

Table 2. Test data from the Watson-Glasier Critical Thinking
Apprasial (WGCTA). 6.F. = 89

Measurement Group Means
Indicator Traditional Innovative value significance
1st semester

WGCTA Pre-test: 62.14 61.29 -0.399 P.05
Post-test: 65.67 61.73 -1.853 P>.05

2nd semester
WGCTA Pre-test: 60.44 60.67 0.100 P7.05

Post-test: 59.23 63.79 1.947 P.05

The I value was not significant at the .05 level. Thus, it
indicates a failure to reject the null hypothesis concerning
the Watson- Glasser Critical Thinking_ Apprasial.

3. Null hypothesis: There is no significant difference in
the attainment of the specified cogni-
tive skills as measured by the instruct-
or written tests (final examination)
between those students in the "tradition-
al labs" and those students in the
"innovative labs."
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Table 3. Test data from the final examination scores D.F. = 89

Measurement
Indicator

Group Means
value significanceTraditional Innovative

1st semester
Final Exam 60.26 56.1P -1.605 P).05

2nd bemester
Final Exam 56.05 62.63 2.163 P;P.05

The t value was not significant at the .05 level for data from
the 'first semester. Thus, it indicates a failure to reject the
null hypothesis. However, the t value was significant at the
.05 level for the data from the second semester. Thus, the re-
jection of the null hypothesis is indicated. There is no
readily apparent definitive reason for the complete turn
around of these results. Before any definite statement could
be made on the effectiveness of the two types of laboratories
with regard to this hypothesis, further studies would be needed.
In regard to the other two hypotheses tested, the results did
indicate that the "innovative labs" were as functional and
as effective as the "traditional labs" in enabling the stu-
dents to understand science and think critically.

In comparing student activities in the two types of lab-
oratories, the students in the "traditional labs" generally
asked questions about techniques, location of materials, dia-
grams, etc. They seemed concerned about clarifying the mater-
ial, but did not often try to apply the material to themselves.
In contrast, the students in the 'innovative labs" asked
questions and carried on discussions that related to their
personal interests or experiences. The discussions were very
free and the direction of the discussion often differed from
class to class.

In order to verify these observations, a questionaire was
distributed at the end of each semester to the students in
both the "traditional" and "innovative" labs. When asked if
their lab gave them a chance to think creatively, 39% of the
"traditional lab" students responded favorably, compared to 66%
in the "innovative labs." With regard to the relevance of
the lab material, 53% of the students in the "traditional
labs" felt most of the topics were relevant, while 14% felt
all topics were relevant. In the "innovative labs," 58%
thought most of the topics were relevant, while 39% thought
all topics were relevant.

The students were asked if they felt discussion was an
important part of the learning process. In the "traditional
labs," 74% felt it was important, and 82% of the students in
the "innovative labs" thought discussion was important. When
asked if they would like more discussion in lab, 40% of the
students in the "traditional labs" indicated they would like
more discussion, while 25% of those in the "innovative labs"
felt more discussion was necessary.
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When asked if they became more interested in biology be-
cause of the laboratory, 24% of the students in the "tradition'
al labs" felt they were more interested. In the "innovative
labs," 32% of the students expressed more interest in biology
because of the lab. Personal comments from students in the
"innovative labs" indicated they enjoyed the labs because of
the freedom and varying format.

The instructors felt that they had to be well read and
up to date in order to be prepared for the varied discussions
that took place in the "innovative labs." This made the labs
more interesting and challenging to the instructors. As a re-
sult the "innovative labs" were less dull and mechanized than
the "traditional labs."

9



CONCLUSIONS

Today, lay persons and science teachers alike are more
aware of the need for more relevant lab material. This study
indicated that laboratory exercises can be developed that can,
at least partially, provide meaningful laboratory experiences.
Laboratory experiences based on societal and/or environmental
problems were as functional and as effective as the "tradition
al" laboratory experiences taught in the Bioscience course.
Statistical analysis of group means from student scores on
TOUS and the Watson-Glasier Critical Thinkin A rasill showed
there was no significant difference etween the students in
the two types of laboratories. In addition, a greater percent-
age of the students in the "innovative labs" thought that they
were given more opportunity to thirik creatively, that the lab-
oratory topics were more relevant to their everyday life, and
that their interest in biology increased.
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RECOMMENDATIONS.

The "innovative labs" are recommended for use in general
biology laboratories, especially for non-biology majors. The
"innovative labs" did give the students some insight as to the
social relevance of biology. However, the "innovative labs"
may not provide the students with certain techniques that some
teachers may want their students to learn from general biology
for use in their more advanced courses. Generally speaking,
though, it is thought from this study that this type of "inno-
vative" laboratory approach would help students relate to the
complex environment in which they live, and to the technological
advances in science which will affect their futures economically,
culturally, ethically, and politically.
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A brief description of theflinnovative labs that were de-
veloped is as follows:

Matric A Go-Go presented everyday metric measurements
to the students. The students constructed their own conversion
tables by using meter sticks, yard sticks, thermometers, empty
juice cans, beaker, packages of food, and balances. They com-
pleted an activity that emphasized the need for uniform units
of measurement and they compared the time it took to make con-
versions using the English system as opposed to the metric
system.

The Candy-Coated Childrens Hour was the first of a two
part investigation. The class was set up as the National Nu-
tritional Association. Groups of students were divided into
different departments - fats, carbohydrates, protein, etc.
First they defined assay techniques, and then each department
assayed test materials that confirmed the department's technique.

Don't Eat That Dog emphasized personal nutrition. All
departments assayed the numerous food products that were avail-
able. Then, they completed a Consumer Products Data Sheet.
This information gave the students a qualitative evaluation of
the food products. In addition, the students each completed
a self-evaluation chart on their food intake for one day, and
then, using nutritional catalogs, filled out the amoun.s. of pro-
tein, fat, and carbohydrates, and calories they ingested.

The Cell-A-Thon lab consisted of a series of stations deal-
ing with the use of the microscope, typical plant and animal
cells, and cell functions. Students could proceed through the
material at their own rate.

The Mitosis lab was a completely independent exercise.
A packet of information identified the major cell parts invol-
ved in cell division. There were diagrams of the major phases
of mitosis that described the important changes in the cell
during division. In addition, mitosis was compared to meiosis
with respect. to location, process, and end results.

The Genetic Engineering lab was also an individualized
packet. The material dealt with genetic monohybrid and dihy-
brid crosses, examination of human hereditary characteristics,
and fruit fly crosses.

The Reproduction unit dealt with basic human anatomy,
behavioral traits, and physiology. Filmloops supplemented this
material. The four main venereal diseases were also studied.
Much of this lab was discussion orientated.

The Development lab was concerned with human development
through birth, and the stages of delivery. Filmloops and a film
were used to supplement the lab material. A great part of the
lab was discussion.

The Population lab investigated some current theories
about population trends in the future. The students practiced
graphing and interpreting data on population projections.
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The Drug lab was concerned with the physiological effects
of stimulants, relaxants, hallucinogins, depressants, and nar-
cotics. Several case histories were examined and the type of
drugs involved were determined by the use of drug testing kits.

The Pollution lab was an open discussion type of labora-
tory exercise that centered around imaginary company planning
to build in the local community. The students split into groups
representing various factions of the town. A "town meeting"
was held to determine whether or not the company would be encour-
aged to build. Tape recordings of local business leaders, the
city manager, the city engineer, etc. were made available to the
students to help them in their roles.
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METRIC A GO-GO

As can be surmised from the foregoing excerpts, the
adoption of the metric system of measure by the U.S. is not
only inevitable, but is imminent. Everyone needs to have
a basic unddrstanding of this system, not only because it is
utilized extensively in science today, but because it will
be a part of daily life tomorrow. The following activities
are designed to test your awareness of measurement in general
and to facilitate your future use of the metric system in
particular. How well do you "measure up?"

Objectives:

After the student has completed the following activities,
he should be able to demonstrate in writing his achievement
of the following objectives.

1. Explain the need for uniform units of measurement.

2. Tell why the metric system is easier to use than the
English system, and illustrate this point with examples.

3. Design a chart of the most common English units and their
magnitude in the Metric system.

4. Demonstrate in writing the ability to work with and con-
vert common English units of measure to the Metric system.

18



I. STRIP-TEASE

You will find two strips of paper, two cups, and a large
tin can on your lab table. Each student will take one of the
strips of paper and measure the height of the lab table.
He will also take one of the cups and determine how many cup-
fuls of water the large can holds. All data should be re-
corded below:

DATA

Student 1 - table height =

Student 2 - table height =

Student 1 - volume of can =

Student 2 - volume of can =

Now think:

paper lengths

paper lengths

cupfuls

cupfuls

What have you learned from this activity?

How do you relate what you learned from this activity
to the life situation in general?
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II. CONVERSION AVERSION?

Do you suffer from this? If so, prepare to be cured of
your ailment--for such aversions arise mainly from a basic
lack of understanding. Once a new system is clearly under-
stood, conversion to it is simple. The following should
help you to better understand both the Metric and English
systems of measure and how they work.

are

English System - Common Units

Length - inch (in), foot (ft), yard (yd),
mile

Mass - ounce (oz), pound (lb), ton (T)

Volume - cup ( cp), pint (pt), quart (qt),
gallon (gal)

Temperature - °Fahrenheit

Look at the units of measure above. Think abcut how they
related as you examine the conversion table below.

Length:

Mass:

Volume:

English System - Conversion Table

inches = 1 foot
feet = 1 yard
yards = 1 mile

ounces = 1 pound
pounds = 1 ton (short)

cups = 1 pint
pints = 1 quart
quarts = 1 gallon

Can you see any special relationship between the different
units of length? How about Mass?
or volume?

Is there any overall relationship between length unis, mass
units and volume units?
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Now let's look at the common units in the metric system
and a similar conversion table.

Length

Mass

Volume

Metric System - Common Units

- millimeter (mm), centimeter (cm),
meter (m), kilometer (k,)

- milligram (mg), gram (g), kilogram (kg)

- milliliters (ml), liter (1), kiloliter (kl)
1 also equals 1 cubic centimeter (cc)

Temperature - °Centigrade

Now study the metric system conversion table below which
has already been filled out for you

Length:

Mass: 1000 milligrams = 1 gram
--TM grams = 1 kilogram

Volume:

Metric System - Conversion Table

10 millimeters = 1 centimeter
O centimeters = 1 meter

1000 meters = 1 kilometer

1000 milliliters
(or cc's)= 1 liter

1000 liters = 1 kiloliter

Do the different levels of measurement within each of the
three groups seem to be systematically related? If so, how?

How does this relationship compare to the English system?

What have you learned from this activity?

How do you relate what you have learned from this activity
to the life situation in general?
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III. METRICATION FASCINATION?

Due to your outstanding intelligence and overwhelming
enthusiasm for science, you have been chosen to make up a
simple conversion table to facilitate the entrance of the
metric system into everyday American life. This table should
outline common English measures and their equivalents in
Metric measure. Using only the equipment available and any
original techniques you wish to employ, make up a conversion
table. Try to include at least two conversions for all four
types of measurement (length, mass, volume, and temperature).

Conversion Table - English to Metric

Length

Mass

Volume

Temperature

a
a

a

a

a

a

a

What have you learned from this activity?

How do you relate what you have learned from this activity
to the life situation in general?
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IV. WEIGHTY MATTERS

Each student will weigh three different (ml) volumes
of liquid in grams. One student will use water; the
other, molasses. Record data:

H2O

Molasses

ml =

ml

ml =

ml =

ml =

ml

What have you learned from this activity?

How do you relate what you have learned to the life situa-
tion in general?

V. THE 100 METER DASH

The big race is about to begin. Poised on the starting
line and eager to compete is "Big M", a wellbuilt young racer,
fairly new to *his U.S. racetrack but well known throughout
the world. There beside him, equally eager and somewhat smug
and confident is "Big E". Although more gangly than "M", he
has always been the winner here in the U.S. As the starting
gun fires both racers take off for the finish line--solving,
as accurately as possible all conversion problems in their
pathways. He who arrives at the finish line first with the
least amount of errors is the winner. The racers are allowed
to refer to conversion tables available within this lab exer-
cise.

Get ready Get set
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2. 4000
grams equals
how many kilo
grams?

3. Which is
larger, 4 liters
or 5000 milli-
liters?

yaw

3. Which is

1 larger, 4 gallons
or 54 cups?

2. 4000
pounds equals
how many
tons?

1. Convert 1. Convert
one kilometer i one mile to
to milli- inches.
meters

M" START "Big E"
e p aye i Role played

by student. by student
#1 using #2 using
metric units English unit

BEST COPY AVAILARLE

%N.

4. What are 4. What
the freezing are the
points and freezing
boiling points points
of water? and boil-

ing points
of water?

5. One cup 5. 10
of water millili-
weighs I ters of

lbs. water
weighs

g.

S
LIMIT
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WHAT ARE LITTLE BOYS MADE OF?

Snakes and snails and puppy dog tails? . . . . Hopefully
not, although we must admit that snakes, snails, puppies and
boys are all made essentially of the same things. This is be-
cause they are all living things whose composition includes
certain important organic compounds which contribute heavily
to live characteristics. Being egocentric, as we all are, we
would like to believe that we living things are made of all
sorts of fascinsting and complicated ingredients . . . . sLgar
and spice and everything nice! Not wishing to dampen your
spirits--did you know that you are approximately 85% water?
That's right. Protoplasm, the living substance which makes
up our cells, is about 85% water, 10-20% protein, 13% fat
( lipid), and a small percentage of both sugar (carbohydrate)
and nucleic acids.

Now we all probably know that both eggs and "breakfast
squares" contain protein, and so do some hairsprays. We
know that fat is something which collects under our skin in
all the wrong places when we make too many stops at the
Dairy Queen ( or at the Pub, for that matter). We know that
sugar is what we put in our morning coffee, and what we take
out of diet cola. And although we may never have heard of
nucleic acids, we all probably recognize DNA as being some-
thing important. Seriously though, how much do you really
know about the stuff you are made of? Here you have been
in existence for some 20 years, more or less, and you've
probably never really bothered to learn about the vehicle
you've been riding around in all this time, your body. At
some time or another we have all probably gone out of our way
to avoid buying cheap gasoline for our cars. We know cheap
gas is not good for the engine and we are acutely aware of
the resulting gas "ping". How many of us are as careful about
what we put into our bodies? Our bodies utilize the
food we give them in order to maintain themselves, grow and re-
produce. The food we eat provides energy so our bodies can func-
tion. A poor energy supply invariably results in poor function.
We are what we eat. It is hoped that the following activity
will not only help you to better understand your body, what it
is made of, and it's nutritional needs, but also give you some
insight 'nto nutritional problems which are encountered by all
of us in this day and age of "freeze-dried" this and "reconstit-
uted" that
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Objectives:

After the student has completed the following activities,
he should be able to demonstrate in writing his achievement
of the following objectives:

1. Define the term "assay" and describe the characteris-
tics of a good assay procedure (control, quantification,preci-
sion, discriminating factors).

2. List and describe the major nutritive materials making
up protoplasm.

3. Describe how to determine whether a 'test material"
contains monosaccharides, disaccharides, polysaccharides,
fats, protein, and vitamin C.

4. Analyze data and devise an acceptable assay technique
for the information provided.
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National Nutrition Association
Scientific Assay Laboratories

Memorandum

From: Chairman of the Board--NNA Assay Laboratories

To: All new employees

Welcome to our organization. We would like to supply
you with some general information concerning the Nation-
al Nutrition Association.

Americans have given some of the responsibility for
food protection to our agency. Our organization has
20 district offices across the United States and employs
over 7,000 people. Some are inspectors who routinely
examine food plants, monitor food shipments, and check
for misleading label claims on foods sold in retail
stores. Other employees are scientists who conduct
laboratory experiments, study scientific work outside
the agency, and serve as technical advisers to the
public health agencies of other nations.

Our particular division of this organization is
concerned with the chemical assay of various consumer
products. We attempt to evaluate the chemical make-
up of representative products, to predict their effect
on the consumer, and to make marketing recommendations
accordingly. Our operation is divided primarily into
five departments. Each department is concerned with
a particular aspect of body make-up and body needs.
The departmental structure and jobs available within
each department are listed on the following pages.
After carefully reading this information and sufficient-
ly familiarizing yourself with our organization, fill
out the job request form provided and turn it in to the
Personnel Director.
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Department

JOB DESCRIPTION INFORMATION

NNA Assay Laboratories

Necessary Background Briefinc Job Title Duties Openin

C

A

R

B

0

H

Y

R

A

E

D

E

The Carbohydrate department is
divided into three divisions:

0 Monosaccharides are the
most basic units of all carbo-
hydrate molecules-Frequently
referred to as a simple sugar-
the momosaccharide unit con-
sists of one ring of carbon
atoms charactistically includ-
ing two hydrogen atoms and one
oxygen atom for each carbon it
the ring.

Examples Glucose
a ring of six carbon
atoms--used as ready
fuel for cell acitvity

0) Disaccharide division- -

Disaccharides consist of two
monosaccharide rings together
also referred to as sugar.

Examples Sucrose
common table sugar,

Lactose
sugar found in milk

Maltose- -
sugar found in malt

All of these sugars are also
used for ready fuel, however,
they first break down into
monosaccharide units before
utilization.

Department

Head

Report
at gen-
eral
board
meeting
on find
ings of
dept.

Organ-
ize la-
bor be-

inion
Help

ever
needed

One

Opening

Division
Directors
_MonoSac
DiSac
PolySac

Runs
respec-
tive di
visions
Organ-
izes la
bor--
Helps
plan, d
and eva
uate la
work

One
Opening
Each-

monosa
and po
sac di
sions.

000 Polysaccharide division-
Polysaccharides are chains of
3 or more saccharide units.

Examples: Sturch-
utilized for fuel stor
age.in plants--also
for making collars
stiff

Glycogen
Principle fuel stor-
age form in animals

Cellulose
plays major supportive
role in plant struc-
tures--mainly cell
wall make-up
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Employees

Help
plan
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and
eval-
uate
lab
work
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work
assign
ments
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Divisio
_A open

DiSac
Divisio
-positi
filled
workers
at DiSa

Convent
in St.
Louis

PolySac
Divisi
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Department Necessary Background Briefing Title Job Duties Openings
Available

F

A

T

D

E

The Fat department works
as one unit-Fats structurally
consist of a glycerol mole-
cule with three fatty acid
molecules attached to it -

Fats differ one from another
because they have different
fatty acids in varying order
attached to the basic glycero
molecule-Fats constitute a
reserve fuel supply in the
cell - To utilize the fuel
supply, fats, like polysac-
charides, must be broken down
to smaller units. They also
are part of many cell struc-
tures including cell membrane
and mitochondria. And, of
course, fat has long been
recognized as the principle
body insulator.

Examples: Animal
Fat--butter, lard

Plant
Fat--corn oil,olive

oil, and margarine

Dept.

Head

1

Report to
board of di-
rectors and
chairman at
general board
meetings on
departmental
findings- -
Organize
labor--Help,
do, and eval-
uate lab work

Help plan,
do, and evalu-
ate lab work
concerning

Lab
daily work

Employee
assignments

One

Opening

Four

Openings

R

0

E

I

N

D

E

P

T

4) Proteins are far more
complex than either carbohy-
drates of fats. The basic
building blocks of the pro-
teins are the amino acids-
Some 23 amino acids combine
in long chains to make up
proteins--These chains
in turn twist anefold to
make a very complex struc-
ture--Proteins are impor-
tant functionally as enzymes-
Enzymes regulate the chemical
reactions in the cell-Struc-

Dept.

Head

Report to
Board of
Directors
and chairman
at general
board meet-
ings on de-
partmental
findings- -
Organizes la-
bor-Helps do
and evaluate
lab work

One

Opening

turally, proteins can be Help plan, do
found in almost all parts of Lab and evaluate
the cell lab work

Employee concerningExamples: Gelatin
and hair daily work

assignments
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Department Necessary Background Briefinc Title Job Duties

N

U

C

L

E

I

E

A

I

D

040 The nucleic acid depart
ment deals with DNA and RNA-
On these molecules is coded
the genetic information
that controls'and directs
all of the activities of
protoplasm--The nucleic
acid structure is one of a
spiral ladder or double he-
lix.

Dept.

Head

Report at
general
board meet-
ings on
findings of
department-
Organize
labor be-
tween divi-
sions--Help
wherever
needed

Openings
Available

Lab
closed
due
to
power
failure
in this
wing of
plant

Help plan,
do, and

Lab
evaluate

Employee
evaluate

work
concerning
daily work
assignments

Lab
closed
due
to
power
failure.

this
of

plant

V

. I

T

A

M

I

N

D

E

p

T

The vitamin department
is concerned with vitamins.
These are relatively simple
organic compounds that are
present in the body in very
samll amounts and are essen-
tial to life. Vitamins are
synthesized mainly by plants
so animals must therefore
take most of them into their
body from outside sources.
They play an important
enzymatic role in cell meta-
bolism--(This department
specializes in Vitamin C).
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ASSAY TECHNIQUE

An assay is defined as an analysis of something to deter-
mine the presence, absence, or quantity of a particular compo-
nent in that something.

Example: You are given a case of bottled beer by
the proprietor of the local pub. The
cases had gotten wet and all the labels
had consequently fallen off the bottles.
Being naturally inquisitive, you wonder
if it is "near beer" (0% alcohol), 3.2
beer (3.2% alcohol), 5.0 beer (5% alco-
hol), or one of those splendid German
brands (7-10% alcohol). Being scienti-
fically oriented, you might decide to
assay the beer for its alcoholic content.

Development of a good assay involves the use of some parti-
cularly unique aspect of the component you are assaying for.
This unique aspect must always be viewed with respect to a
control. A control substance is one which we know does not
contain what we are assaying for, but otherwise resembleiYhe
test substance. The control undergoes all the experimental
tests right along with the substance being assayed. By looking
at results obtained with the control, we can easily see what
non-reaction looks like and also have some proof that the test
result we are looking for is due to the substance we are assay-
ing for, and not some other component.

Example: We all know that alcohol has the fairly
unique property of making one tipsy if
enough is consumed. Therefore, a rather
crude assay technique might be to consume
a large quantity of the beer and observe the
results. Remember, we would also have
to consume an equal amount of a control
substance; for example, water. Then we
would know what non-tipsy beha' "or looks
like and are somewhat assured that the
tipsiness is a result of the presence
of the alcohol. With this method we could
easily distinguish between "near beer" and
the others. But how can we tell the dif-
ference between 3.2 beer and 7.0 beer?

Assay techniques often involve quantification. Results are
sought in terms of actual quantity of the substance assayed for.
Frequently, the "experimental" substance is compared to several
"known" substances, and it's quantity estimated accordingly.
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Example: You might go out and buy some 3.2 beer, some 5.0
beer, and some German beer. Then:

1. Determine how much of each one of these three
types of beers you can drink and still be able
to walk a straight line.

2. Determine how much of the "experimental" beer
you can drink and still walk a straight line.
(Record data if physically possible)

3. Drink a comparable amount of H2O to test the
effect of fluid intake on your ability to walk
a straight line. See non-reaction and record.

4. Possible Data

Beer

3.2 beer
5.0 beer
German beer
Experimental beer
Water

Straight-line limit

12 bottles
9 bottles
6 bottles
8 bottles

20 bottles
produced no effect- -
walked straight line
to nearest commode.

5. Anlyze your data and see which known beer
the results of the experimental beer most
closely approximates. The experimental beer
is probably the 5.0 variety.

Needless to say, an experiment such as this would
best be performed over a period of several days- -
due to the recovery time needed following each
period of consumption.

The experimental design in the foregoing example is useful
for illustrating some important aspects of an assay:

1. Use of a unique _property_ of the substance tested to dis-
tinguish pit from other components.

2. Use of a control to see non-reaction and prove unique
property does in fact belong to substance tested for.

3. Quantification--possibly by comparison of the experi-
mental substance to several "known" substances.

However, if this experiment were actually performed, one
would probably discover that you could not Rkantitatiyely tell the
difference betwAln 3.2 beer and those of hi4NifereiFiTTe content.
In other words, 10 bottles of all of them yielded impaired straigh
line walking abilities. This would mean that the assay techniques
employed were not precise enough--not sufficiently discriminatin
At this point one might think to attempt a chemical ana ys s o t

experimental beer. However, by this time the case is probably
empty anyway!
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NNA ASSAY DATA SHEET

Assay for:

Unique property of above compound utilized:

Basic method employed:

Quantification technique.:

Control utilized:

Proof this assay is specific for said compound:

How precise is your assay:



NNA Labs--General Board Meeting Notes
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Work Assignment

Carbohydrate Department

ATTENTION: Monosac and Polysac Divisions

Due to the fact that our Disac personnel is otherwise occupied
at a convention in St. Louis, it will be your jab to pool your
talents and come up with an assay for Disaccharides. Someone
should be prepared to explain your assay methods for disaccharide
sugars at the board meeting. Assay data sheets should be
reviewed with the Chairman of the Board before said board meeting.
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Work 4ssignment

Carbohydrate Department

Monosac Division

Given Facts:

1. Monosaccharides, when heated for one to two minutes
in the presence of Benedict's Solution react to form
an orange precipitate.

2. Disaccharides break down into monosaccharides when
heated for 3 to 10 minutes.

Using the materials available in your lab area, design one
or more assays for monosaccharides. Your department head should
be prepared to explain your assay methods at the general board
meeting immediately following this work period. Assay data
sheets should be reviewed with the Chairman of the Board before
said board meeting presentation.
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Work Assignment

Carbohydrate Department

Polysac Division

Given Fact:

1. Polysaccharides react with iodine solution to form
a dark black color.

Using the materials available in your lab area design one
or more assays for polysaccharides. Your department head should
be prepared to explain your assay methods at the general board
meeting immediately following this work period. Assay data
sheets should be reviewed with the Chairman of the Board before
said board meeting presentation.
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Work Assignment

Fat Department

Given Facts:

1. Fat produces a grease mark on paper.

2. Sudan IV dye will not dissolve in water but dissolves
readily in fat.

3. Fat has less density than water--it is lighter.

Using the materials available.in your lab area, design one
or more assays for fat. Your department head should be prepared
to explain your assay methods at the general board meeting
immediately following this work period. Assay data sheets should
be reviewed with the Chairman of the Board before said board
meeting presentation.
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Work Assignment for Protein Department

Given Facts:

1. When protein is mixed thoroughly with an equal volume of
10% Sodium Hydroxide (NaOH) solution, and .5% Copper
Sulphate (CuSO4) is added drop by drop, a color change
will occur.

2. A violet color indicates proteins.

3. Make all dilutions of food approximately 1 gram/20 mls.
H20.

Using the materials available in your lab area, design one
or more assays for protein. Your department head should be
prepared to explain your assay methods at the general board
meeting immediately following this work period. Assay data
sheets should be reviewed with the chairman of the board before
said board meeting presentation.
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Work Assignment

Vitamin Department

Given Fact:
...

1. Ascorbic acid (Vitamin C) when added drop by drop to
indophenol solution, will cause the blue color to
disappear.

Using the materials available in your lab area, design one
or more assays for vitamins. Your department head should be
prepared to explain your assay methods at the general board
meeting immediately following this work period. Assay data
sheets should be reviewed with the Chairman of the Board before
said board meeting presentation.
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THERE'S A NEW YOU COMIN' EVERYDAY. . .

EVERYDAY

And this is no exaggeration! "You", your body, appears.
to have a solid sameness from day to day. However, the sub-
stances which make up the living body are not in a fixed state.
Not only our body fluids and active tissues, but all the other
tissues that we generally think of as solid, such as bone and
nerves, are constantly changing their particles. These par-
ticles are generated by the body from the food we eat. Each
day we exchange about 5% of our body weight. In other words,
a person "turns over" a mass of material amounting to his own
body weight every 20 days. In this way every tissue from toe-
nails to hair on our heads, undergoes a complete change of par-
ticles periodically.

Picture each different tissue of the body--blood, bone,
nerve, organs--as being made up of a certain recipe of ingred-
ients. As each separate recipe is being stirred, more ingred-
ients are being added as the same amount of ingredients already
in the recipe are being drawn off. Each different tissue has
its own particular rate of exchange. "What you eat today will
walk and talk tomorrow!"

It is easy to see that good nutrition calls for all the
essential nutrients, or particles, that the body needs, not
only in certain amounts, but also in certain proportions.

Our bodies use food in 2 main ways:
1. Fuel source--to keep it running
2. Nutrient source--for repair and maintenance

All foods can serve as fuel--but we need many different
foods to get all the nutrients needed. Most foods are a mix-
ture of protein, carbohydrates, and fat (along with varying
amounts of vitamins and minerals).

It is important to note that both fat and carbohydrate
can be stored in our bodies. Protein, however, which is so
essential for body upkeep, is not stored in the body. We MUST
have protein daily.

Just as the amount of fuel needed to run an engine can
be calculated, so can the amount of energy-producing food
necessary for our bodies be calculated.

The energy value of food is measured in units of heat en-
ergy, or Calories. In terms of actual food, a Calorie is equal
to the food-energy in three drops of honey--1 gram of fat yields
nine calories of food energy, 1 gram of protein and 1 gram of
carbohydrate both yield four calories of energy.

The amount of energy-providing food a person requires
daily depends on his body weight and his muscular activity.
He needs about 1 calorie/minute just to stay alive. A moder-
ately active person, for example, whose normal weight is 150
lbs. might require 15 calories for every lb. or a daily intake
of 2250 calories. This intake would maintain body weight with-
out weight gain or loss resulting.
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To be sure we get all the essential nutrients we need,
a diet should be "balanced". A balanced diet contains approx-
imately 12-14% protein, 35% fat, and the rest carbohydrate.

The following activities will allow you to apply the
knowledge you have gained concerning assay techniques and body
chemistry to actual consumer products on the market today.
It is hoped that such activities will develop in you an "aware-
ness" of both nutritional problems as such, and problems fac-
ing the consumer in the U.S. due to current marketing prac-
tices. These activities might also serve as a guide for self-
evaluaion of eating habits. Each one of us can profit by
analyzing our personal food intake in terms of nutritional
value. Frequently, we "remember the Alpo" for Rover, but
forget our own bodies need proper care, too:
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Work Assignment: All Departments

Apply the assay that you designed last week to as many
of the products available as possible. Be prepared, as ex-
perts in your area, to help evaluate their nutritional value
at the general board meeting following this work period.



CONSUMER PRODUCTS DATA SHEET

++ very concentrated
+ present
- not present

Food PolySac MonoSac Lipid Protein Vitamin C
Starch Sugar

i
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HOW MUCH DO YOU PAY FOR PROTEIN?*

Price/
lb.

Food

Protein
% Carbo-
hydrate

%

Fat
Price/lb.
of Protein

$ .79 Bacon 12.20 1.4 53.0 $ 6.48
$ .89 Beef liver 19.70 6.0 3.2 $ 4.54
$ .59 Bologna 14.40 0.0 18.0 $ 4.13
$ .94 Ce.eal -Sp. K 20.00 73.4 1.2 $ 4.70
$1.25 Cheese(natural) 21.83 1.8 25.0 $ 6.90
$ .29 Chicken 21.10 0.0 4.5 $ 1.38
$ .39 Eggs 12.80 .7 11.5 $ 3.02
$1.19 Ham 14.60 .3 44.0 $ 8.15
$ .69 Hamburger

regular 27.00 0.0 18.8 $ 2.56
$ .95 lean 29.00 0.0 4.75 $1.27
$ .79 Hot dogs 11.00 1.7 30.0 $ 7.19
$3.38 Lobster 16.20 .5 1.9 $20.96
$ .13 Milk 3.50 4.9 3.9 $ 3.70
$1.30 Oysters 9.80 5.9 2.0 $13.26
$ .64 Peanut Butter 26.70 21.3 48.70 $ 2.39
$ .69 Pork Chop 14.80 0.0 32.0 $ 4.69
$ .49 Pork Sausage 10.80 0.0 44.8 $ 4.56
$1.59 Roundsteak 18.70 1.4 17.0 $ 8.43
$1.19 Salmon 17.40 0.0 16.5 $ 6.78
$1.89 Sirloin 15.60 0.0 31.0 $12.10
$1.90 Shrimp 25.40 .2 1.0 $ 7.48
$1.89 T-bone 15.0 0.1 31.0 $12.10
$1.08 Tuna 29.00 0.0 8.3 $ 3.72

*Current prices from a local grocery store
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SELF-EVALUATION CHART

Food Intake (Average day) Proteinl___Fati Carbohydrate Calor

Breakfast

Lunch

Dinner

Snacks
and
Extras

Totals

"Balanced" Day 13% 35% 52% Your
Weigh

ca
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NNA Labs-- General Board Meeting Notes
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Money or Pollution---What's the Solution

Until recently, we have always considered population growth
and economic growth very desirable. This country has always
had a "more is better" philosophy. However, it has become
obvious that continued growth in population and material pro-
duction will lead to the eventual consumption of all the earth's
resources. Another result of continued growth is pollution.

It is true that people pollute, but so do industries. It is
much cheaper to dump harmful chemicals in the stream than to
remove them from the waste outflow. It is easier to let smoke-
stacks belch out harmful fumes than to install effective fil-
tering systems. It is better business for a popular product
to have a short duration because people will hurry back and buy
more. --- The worn-out item just adds to our solid waste.

Wouldn't product quality and duration be more important than
producing a great quantity of things that have a built-in
obsolescence?

Shouldn't proper production methods that minimize pollution
be more important than cheaper methods that foul our environ-
ment?

Shouldn't recycling methods that conserve our precious resources
be more important than the increased consumption of our dwindling
resources simply because it is cheaper to use the raw materials?

Poor Mother Nature----being tricked into thinking margarine
is pure creamery butter isn't her only problem. She has to
salvage the environmental mess we've made in the name of
technological advancement!



1361. Copy

The Harrison Paper Company.

A Division of Seeway Industries

Mr. J.P. Hizzel has been president of Harrison Paper
Company since 1969. The company headquarters are located in
Seattle, Washington. The HPC has six manufacturing plants
and a total employment figure around 4,000 people.

The principle products of the Harrison Paper Co. are paper
napkins, cups, plates, tissues, and toilet paper.

HPC is planning to build a new plant in Maryville, Missouri.
There are two possible construction sites.
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Either site will be comprised of 100 acres. The
price for the land at site 1 would be about $400 per acre.
The land at site 2 would cost about $500 per acre.

The construction costs are estimated at $10,000,000.
Since some local labor would be hired during the building
stages and some local materials used, Maryville would
benefit economically.

The plant would employ 200 people the first year,
then it would expand to approximately 450 people the
second year. About 100 people would be transferred to
Maryville and the rest would be hired from the Maryville
community.

The Harrison Paper Company would have a yearly payroll
of over $2,700,000. Most of this money would remain in
the Maryville economy.

In Maryville there are no definite waste disposal
standards. Proper filter systems for such a large plant
are quite expensive to install and maintain. Maryville
has no organized labor unions. All other HPC plants
employ members of the United Papermakers and Paperworkers
Union.



Several groups interested in promoting or in protesting
the construction of the Harrison Paper Co. will be present at
the Town Meeting next week. Among the groups planning to attend
are:

1. The Environmental Control Board

This organization scrutinizes industries and public service
companies to insure their compliance with state and f,,ed-
eral environmental legislation. In addition, they often
submit new regulations for legislative consideration.

2. Representatives of the Harrison Paper Company
3. Representatives of City Hall

4. The Power and Light Company

5. The Industrial Development Corporation

An organization which attempts to attract new industries
to this area.

6. Representatives of the University

7. The RASCALS Etc.

(Radical American Student Caucus Against Lethal Smoke
Etc.) This is a student group dedicated to strict
environmental legislation.

8. The Citizens League

A private group that is interested in the direction of
Maryville's development and growth.

The present level of air and water pollution can be measured
if you are interested. The necessary materials are available
upon request.


