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The Technical Report Series

The Technical Report Series of the Science Education Center, University
of lowa, was established by action of the faculty during 1973. The serles
provides a mechanism for communicating results of research, developmental
projects, and philosophical investigations to others in Science Education.
The reports include detalls and supporting information not often included
In publications in national journals.

Authors of technical reports include the faculty, advanced graduate
students, alumni, and friends of science education at lowa. Technical
reports are distributed to all major Sclence Education Centers in the United
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packaging and mailing.

Major programs centered In Science Education at the University of
lowa include the following: Science Foundation, a core course in Liberal
Arts for undergraduates in sducation; a special concentration in science for
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the history and philosophy of science; a general science major in Liberal
Arts, including five emphases for secondary science teaching (blology,
chemistry, earth science, environmental studies, and physics); lowa-UPSTEP,
a model six year sequence for preparing new science teachers at the
secondary level; undergraduate and graduate programs in environmental studies;
Project ASSIST, a statewide curriculum Implementation program for In-
service teachers; SSTP, a summer and academic year program setries for highly
interested and motivated secondary school students; self-instruction
materials, including computer-based programs.

Major research thrusts at lowa not reflected in the 1isting of special
programs include: Piagetian Developmental Psychoiogy, Kinetic Analysis of
Verbal Discourse, Classroom Interaction Studles, Teacher Skills and
Attitudinal Studies,

Information concerning the Technical Report Series can be received by
contacting the Science Education Librarlan, Room 470, Science Education Center,
University of lowa, lowa City, lowa 52242. Lists of dissertatios and thesis
reports are available. Also, Field Service Reports, Special Project ASSIST
Reports, reports of faculty research, and material describing the various
facets of the programs at lowa are avallable from the same source.

Since the primary function of the Technical Report Serles is communication,
comments from you and other consumers of the series are solicited.
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SYNOPSIS

Science Foundations is a general science program offered by the
University of Iowa to all undergraduate students as an alternative %o
the traditional "science core" courses such as physics, chemistry,
botany, biology, etc. The three-course sequence comprising the Foun-
dations program was designed primarily for elementary and special educa-
tion majors, but the response of students other than education majors
to the program in its brief period of operation has established the
Foundations program as a viable undergraduate science offering for all
students.

Utilizing a student-structured laboratory setting, the main goal
of the Foundations program is the development ol a science awareness
within the.individusl student, i.e., an awareness in which the student

«
sees himself as an active contributor in structuring an understanding
of science and its processes rather than a passive recipient of some
body of knowledge. Implicit in the Foundations approach is a definition
which holds that science is the process by which man attempts to explain
or make sense of his world and that science theories represent man's
best explanations at any point in time. The emphasis in Foundations is
on man's active role in imposing his thoughts on the world around him.
The Foundations student is given the opportunity to do science ~-- to

work with systems and make sense of those systems.




With the emphasis on individual student activity, Science'Founda—
tions involves no formal lectures or required textbooks. Each student
is given the responsibility of identifying problems or questions which
will require the use of manipulative materials and creative techniques in
the pursvit of possible solutions or explanations. These problems or
questions are selected by the stident and depend only upon the interests,

attitudes, and capabilities of the individual student.

INTRODUCTION

What kind of general science background should be provided far the
non-science student and, in particular, the prospective elementary school
teacher? Educators have pondered this question for some time now and,
although there is no hard evidence on the subject, it appears that the
typical watered-down course in such areas as physics, chemistry, or
biology may not be the answer. This remark is based on an informal survey
of many elementary school programs over the past ten years. If one consi-

ders that the vast majority of all the elementary school teachers presently

working in the schools were probably exposed to cne or more of the
watered-down courses mentioned above and that nine out of ten children in
any typical elementary school are not participating in any regularly
scheduled science program (only an estimate, but surely a conservative cne
at that), there can be no doubt about the failure of the programs for
prospective elementary school teachers.

It is no secret that most prospective elementary school teachers

steer clear of any course dealing with science. If it weren't for the




requirement in most certification programs meking a course in "science
methods" mandatory, few if any preservice teachers would enroll. This

is true regardless of the fact that nearly all teacher candidates know

or assume that they will be responsible for all parts of the curriculum
in their future teaching positions, including science. The sad part is
that the distaste for science among prospective teachers carries over
into their classrooms. As good as some methods courses in science are,
few teacher candidates are "turned on" enough for that enthusiasm to con-
tinue into their own classrooms. The upshod of the whole situation is
that science is rarely, if ever, included in the elementary school child's
program on a regular basis, And, if it is, science is the first activity

to be "bumped" if time ge.s tight in the progression of the daily events.

THE PROBLEM

Looking at the problem from a prospeétive teacher's point of view,
science is a poor investment in relation to all the other areas of the
curriculum in which they might get involved. They feel that one or two
courses in science will generally not provide a sufficient bsckground for
any practical application in the elementary school classroom. However,
this is not the case in areas like reading, social studies, language
arts, or even mathematics. The practicality and applicability of these
areas 1is apparent. Hence, the prospective teacher devotes time and
effort in tnose areas where there appears to be a high yield and elimi-
nates science.

The above argument is very logical from the prospective elementary

teacher's point of view except for one internal flaw; a flaw which the




teacher candidate is in no position to detect. Science as they perceive

it is actually a distorted imsge of what science ought to be based on
experiences derived from their own formal instruction in science. Therein
lies the teacher candidate's problem and therein lies the plight of the
masses of young children with whom these same teachers will be in contact.

Science to the average elementary school teacher is a complex set of
laws and theories which represent the results of years of thinking by men
and women far more intelligent than they. This view is distorted further
by the idea that the average person can do nothing on his own without
full knowledge of "the scientific method." In short, the prospective
elementary school teacher is awed and feels totally incapable of ever
understanding or dealing with science in a meaningful way. The little
science in which these people do get involved makes no sense beyond the
confines and 1equirements of the course itself.

Recent curriculum efforts in the area of elementary school science
have attempted to upgrade programs and to re-orient the teacher's thinking
toward a "process" view of science as opposed to the tralitional "content"
view. ‘But, by and large, the success of programs such as the Elementary

Science Study (ESS), Science Curriculum Improvement Study (SCIS), and

Science - A Process Approach (S-APA) hes been impeded by the classroom

teacher's personal bias and background in science. It has become abun-
dantly clear that curriculum materials are not teacher-proof. By the
time materials and sctivities filter down into the child's hands, a grzat
deal of the potential learning may have been eliminated through the
teacher's use or misuse of the activities. Unlecs the classroom teacher

understands the nature of science as it is protrayed in the activities




57 the newer vrograms, it is highly unlikely that the children will
perceive the nature of science any differently than the teacher. The
result is the children get much "old science" disguised in the new,

tancy wrappers of curriculum reform.

A RATIONALE

What type of science background does a prospective elementsry school
teacher need to meet the needs of tomorrow's citizen? As Toffler (1970)
points out in "Future Shock", the very survival of future generations
will depend upon their ability to deal effectively with the rapid changes
brought on by an ever-expanding knowledge base and the booming world of
technology. There is an imminent danger, according tu Toffler, that man
will be subsumed by his own progress unless he is able to place that
progress in the proper perspective. "Staying on top" of the problem,
however, does not necessarily mean increasing the bounds of "basic educa-
tion" in our schools. In fact, Toffler denounces the efforts of educa-
tion to deal with the basics implying that it is unrealistic to even
attempt to teach the basics of an area like science given the diversity
and complexity of the present day technology. The best thing education
can ao for the child is bring him to a point where he can understand the
complexity of the technology explosion so that ne is noi overwhelmed and
eventuelly subsumed by it.

When an elementary schcol teacher designs a science program for his
students, he must be aware of the fact that in all probability 90% of
what is thousght to be tact now will be discarded or changed in favor of

new explanations by the time his students graduate from high school.




At this point, logic mixzht suggest simply explaining to the teacher
candidate the nature of the expanding field of science and the implications
of a future shock. Many science methods courses have tried this approach
in the past 15 years with little or no success. The "future shock" theme
leaves no impression on the future teacher because none of his own courses
reflect that theme. The empty words of a "do as I say, not as I do"
science instructor carry no weight whatsoever.

If the elementary school teacher is expected to conduct a science
program emphasizing the dynamic nature of the field and the tenuous rela-
tionship between present day explanations and future knowledge, then it is
time that our college and university science courses begin to reflect
those same beliefs. This means shifting the emphasis from the hard core
basics which ere cenented in "laws"” and "principles” of science to a first-
hand exper.ence with science in a real world setting that has meaning and
understanding for the teacher and that has implications and practical
application for the generations of children with whom this teacher will be

in contact for the next 4O years.

THE PROGRAM

To meet the needs of the non-science major, especially the prospec-
tive elementary school teacher, a science program in which the student is
allowed to structure his own knowledge and understanding of science through
a hands-on approa. .8 propcsed as an alternative to the traditional basic
courses in science. The "Science Foundations" progrem at the University

of Iowa provides that experience.




The "Foundations" program consists of a sequence of three courses
desizned to give students first-hand experience in doing science. Unlike
conventional courses in basic science, there are no formal lectures or
raquired textbooks and no standardized or group administered tests. The
courses focus entirely on the student activities which take place in the
scheduled class time,

Each student in Foundations is expected to identify problems or
questions which require the use of manipulative materials in seeking
possible solutions or explanations. These problems or questions are
selected by each student and depend only upon the interests, attitudes,
and capabilities of the individual. In essence the student has almost
complete charge of his own learning in Foundations.

This shift in student role also requires a shift in the instructor's
role. The instructor's main job is to facilitate student investigations.
In this role the instructor assists students in gathering material and
equipment for use in their investigations and stimulates further experi-
mentation through gquestions and comments concerning ongoing student acti-
vities. In general, the instructor is there to orchestrate student

activity rather than to control it.

Goals of the Program¥*

Science Foundations is designed to present science as & human activity

in which each person can assume an active role and to communicate how

)

¥ Adapted from "Sample Goals for Science Education for Children" by
Charles C. Matthews, The Florida State University, 1971.




creetive and systematic thinking relates to solving self-perceived

problems. The following goals are associated with the Foundations program:

(a) It enhances the thinking ability of the student. It provides
opportunities for students to do activities which are compa-
tible with their thinking abilities and personal interests.

(b) It enhances the student's belief that he can interpret and
manipulate his own environment -- that he is a part of this
environment and dependent upon it.

(c) It facilitstes for each student the development of a positive
self-concept with regard to independent learning and manipula-
tion of his environment.

(d) It facilitates individual development of interests, attitudes,
personality, and creativity which enhance the continued develop-
ment 5f individuality in the student.

(e) It facilitates the student's tendency to accept the existence
of individuals who have ideas and values which are different
from his own.

There are specific program objectives associated with the five brosad
goals listed above. The student who completes the Science Foundations
program should be able to design activities (without suggestions) and do
activities (without instructions) in which he:

(a) identifies relationships smong the properties of static objects
or a@ong the factors which affect the behavior of dynamic systems,
and

(b) menipulates objects to test the usefulness of the relationships

which he hes identified.




The Foundations program is designed to enhance the student's self-
concept with regard to science and independent learning. The student
who completes the program should’be able to
(a) identify himself as a person who can be successful in science

and chooses to do science,

(b) describe science in terms of activities which.make sense to him,
(c) state his own explanation for natural phenomena and should

modify these only ~*hen they cease to be compestible with his own

interpretation of his environment, and
(d) identify tentativeness as an important characteristic of scien-

tific knowledge.

Student Activities

Every facet of the Foundations program is designed to allow the stu-
dents maximum opportunity to structure their own learning in science.
The activities in which the students become ir volved provide the frame-
worr on which this structuring can occur. It is recognized, however,
that the average student, having been expose¢ to a very structured learning
environment for the greater part, if not all, of his school life, will
probsbly be unable to plunge right into an independent science investiga-
tion when the opportunity arises. This situation has been considered
in the oversll design of the three courses characterizing the Foundations
program. In the first course of the sequence students are provided a set
of "suggested sctivities" and given the option of working on one or mu.e
of these for the semester or of identifying a problem of their own on
which to work. During the second semester of Foundations, the students

may continue to work on activities from the suggested activities set with

s
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the stipulation that each student must identify a problem of his own and
aesim =n investization around it. By the time the student enters the
Tnira cnarse of the Foundations program, it is expected that he will
srend tne entire semester working on a self-designed investigation.

The nature »: the zctivities with which students become involved are
of prime importance in the Foundations program. There are no "cookbook™
laboratory exercises within the suggested set of activities and students
are discourased from seeking out investigations of this type from other
soarces (such as the library or an old high school chemistry lab manual).
All the =ctivities provided during the first two Foundations courses have
one thins in common -- they are designed to allow maximum student input
and flexibllity in the identitication of specitic problems snd the actual
experimentation. A sample set of suggested activities used in the first‘
two courses >f the Foundations sequence is provided in Appendix I.

The one nuestion most often raised about the activities in which
Frundatinns students become involved deals with the "science content" of tne
courses. There is 2 auestion as to what specific science concepts or pro-
cesses are bein,; emphasized in the various Foundations courses. The
answer tn ~his question is always a shocking "No specific ones!" This is
not Lo imply thet students will not acquire certain skills in the labora-
vory sach 2s leerning now to stain a slide, how to use an eausl arm balance,
oW Louse s omicrosceope, etc.  Furthermore, this is not to imply that
stuients will not learn some "basic" science concepts or thet concepts
are anumportant.,  All the activities involve many science skills and

processes as well as a great deal of content. The important ingredient,

1owever, s the fact the student has Lhe major decision of deciding with
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which s<1lls. processes, and content he will deal. This practice of

mzs ~- the §*:ident, resnonsible for this decision is consistent with the
»z-innale and inals »f the program. Ultimately, the stident is responsible
f9r decinin: what 1e will learn and when he will learn it. And Founda-
~inns recn.inizes this fact,

Eacn a2c%ivity is written in sich a wav that a student mav get
involved a% varinus levels of sophistication, The questions pertaininz
tm an/ »f “he activities are designed to be open-ended rather than vre-
scriptive. After a auick perusal of the various activity sheets, students
n:ickly get the messafe that it is up to them to develop the specific
activity bevond the auestinns pnsed on the individual sheets. At the
time the sheets are given to the st.dents, it is made clear that these
n,estisns are meant tn stimulete further investigation and that thev must
ass.me *ntal responsibilify for the sctivities thev select and how much
ther do> witn them.

The s+ :aents themselves provide the freates” souarce of continuing
activities which are then used to supplement the swyested activities
set,. Altheuzh stidents are discourased from working on "group projects”,
the class is condicted in an informal manner in order to facilitate st :ident
- stident. interaction. This allows stidents to capitalize on each other's
mistazes nnd guccesses.

34unents are reavired to xeep a dailv lov ot their activities listins
.01 1*em8 as wne vroblem or aiestion thev are parsaing at a viven vroint
tn Lime. Mow Lhev are Troceeding to investipate that problem or giestion.

and anvthin‘ the encounter in the pursaiit. Just as the dailv class

roaitine is verv informel, s» are the student logs. In fact, it is stressed
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-12< *he 1n7s are meent to aid the student in organizing his activit. and
“nen ~n Tacilitate interactions between tqe instructor or another student
and nimsel?, It is emphasized that the daily logs will not be viewed as
renresent ing st dent efforts in the courses but. rather as an extra link
nf comminication. The de-emphasis of notebooks is intended to maximize
student invnlvement in the hands-on portion of the aectivities,

In the normal progression nf events durinz the semester, students
strend the mainsrity »f class time working o»n their own investisations for
zbo:* the first ~-17 weeks., At that.point‘ one hour period per week is
set aside for "student seminars" (the classes meet three times per week.
twd hn'rs ver meetins), Basically, the seminar is a "show and tell"
sessinn in which students are given the opportanii;: to explain what thev
are doin and what, thev are {finding ont.. However, the activities
related %, vhese seminars oo far bes/ond the show and tell stace. As each
5+ .de1% vresents his investipation, the aandience is charsed with the
resunmsibilis, »f critianing the speaker's presentation (usnally 10-2h
tellow S* .cen“s comprise the a.dience). These critigies are intended to
“m¢:s o ‘ne desicn and method of the investisation rather than the
eontent, »f she activi‘ty, After the stndent presentation, the audience
is 2l lowen to askx a'y auestions needed to shed lLight on the merits of
vae denin oand velidi'v of the invesiigation which will aid them in
cowit o cneir individan! ceritigues.

The et inl Sseminars are nnt intended Lo evaluate the sresnker's pre-
sen'rtinn bt rather 4o test the andience's abilits to anslvrze the
speaker's ovperimeﬁta] desirn and procedure. The critiaues written by

the st ident aadience are turned in to the instructor at, the end of each
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seminar. With each student in the class making at least one seminar
tresenzation, every student in the class will have had the opportunijty
15> critigue 19-2b4 other investigations. (Transcripts of actual seminar
discussions are contained in AppendivaI.)

After each student renorts on his investigation, the critique papers
written by the other class members are given to the seminar speaker. -Lt
is the responsibility of the student #iving the seminar to review the
eriticues and modify his investigation in light of {he commenis made by
his fellow students. This process is repeated for all students in the
class.

In 2aaition to the daily investipgations and weekly seminar sessions,
a series »f film-discussion sessions are scheduled throughout the semester.
The filme are intended to be thought provoking and to facilitate discus-
sion about man's role in science and the role of science in society.
Consequently, films dealing with conventional science topics such as
"Newton's Laws" or "The Kreb's Cycle" are not used in these sessions.
Rather films such as "Future Shock" (1972), "Why Man Creates" (1965), and
"Marshall McLuhan the Medium is the Message" (1967) are used. These
three films in particular were selected for their insight into the inner
workings ¢ man and society which iLn turn have direct implications for

science and its role in {oday's and tomorrow's world.

Instractor's Role

i

From what has been described thus far, it is obvious that the
instructor in Science Foundations cannot assume the stereotyped role of

"Mr. Wizard" in the classroom. If there is any chance of accomplishing

O

ERIC

Aruitoxt provided by Eic:

ANEN
>
S




1k

the zoels listed previousiy or facilitating the kind of student activi-
ties outlined above, the instructor must be a "facilitator”" who encourages
the students to conduct their own investigastions. The Foundations instruc-
tor cann»t be an expert in sll the areas of science represented by the
diversity nf student interests and activities, nor should the instructor
even attempt to communicate such an expertise even in the one or two

areas where he or she may have had considersble training. This is not

t> say that the instructnr should walk around the room and profess ignor-
ance »f all science. But initially most students will look to the
instrictor for the "answer" or the "right explanation" - it takes a
ciscious effort »n the instructor's part not tn communicate that he or
she dnes have all the answers. The instructor must be continually aware
nf the 1nns-range goals of the prozram, the first ot which is that the
Foundatinns Program should enhance the thinking ability of the student.
Telling students answers or ¢.ving students the explanation just because
they ask does not facilitate the accomplishment of any of the goals.

The art of "not tellins" is a very difficult one to master, especially
for most science instructors. The students don't make it any easier for
the instructor in this regard. They will penerally badger the instructor
continislly 2t the initial stages for him to tell them if they are right
or wrong. Sometimes students become a little f'rustrated because ideas or
snl.tinns don't "jump right out" at them and the instructor feels com-
pelled tn take the stndent "off the hook" -- to help him out. The temp-
tation tn tell or lecture will be constantly there, but the instructor
must maintain a low profile &s much as possible and allow the students to

work things out for themselves.
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With the primary functicn being that of a sounding board or facili-
tator, the instructor must constantly work on his listening and question-
ing skills. Note the order of those two. Listening skills rank first
simply because the instructor must exhibit an interest in the line of
investiiation taken by the student. Only after the instructor has ascer-
tained what the student is doing end how he is proceeding should the
instructor entertain the thought of asking any questions of a probing or
suggestive nature. This is especially critical with beginning Foundations
students. They will be very dependent on the instructor's questions at
first to direct them in their own thoughts and ideas on the particular
topic of investigation.

Another dsnger in premature questioning of a probing or suggestive
tyve is that these sometimes tend to communicate disapproval of student
gctivity if' the student didn't happen to be following that specific line
of thought. This surely depends on the individual student and how secure
he 1is, but more than likely the newer student will pick up on the instruc-
tor's line o1 cquestionini; and pursue it regardless of his level of under-
standin:. This is highly undesirable in view of the goals of the Foundations
Proyram because the activities soon degenerate into "cookbook" or pre-
scriptive laboratory exercises, ;he only difference being that the student
doesn't have the recipe -- he thinks it's in the instructor's head and
that ne just has to uess what it is.

Tvrically the instructor spends most of the c¢lass time helping
students locate meterials needed in their investipgations, working with
students in planning and designing new procedures (in this capacity the

instructnr must take the responsibility for determining the f{easibility

[
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>I student plens in terms of available space, time, and eouipment), end
interacting with students about their progress on an sctivity (listening

-

~» Sliuent ideas and auestioning them about their experiment).

Grauing trocedires

»

Grading 1n Science Foundations is at first a "hang-up" for both the
st.dents and the instructor. Without a mid-term, a t'inal, outside papers,
and pop-auizes to averasge and crank out irades "objectivelv," arriving
al a urade tor a student turns out to be an interesting experience for
both students and instructors.

Since the majority oi' the student's time is spent on independent
investigat.on of 2ne or more of a variely of problem areas, it is only
ingices that nis irade should reflect his nerformsnce on those investiegn-
tions. The critioue papers written after each seminar represent another
source of {eedback as do the daily logs. But their weight is minimal in
comperison tn the student's classroom perf?rmance. Therefore, students
~re informed at the very start of each semester that their grade will be
based on their daily performance. It is spelled out for the students in
mire specif'ic terms that the instructor will be looking at (l) how
effectivelv each stuagent utilizes the available class time, (2) how
ertensively 2and cerefully ench student develops the activity(s) he is
#orsier on, and (3) how crestively or ingeniously each student overcomes
rroblems encountered during the investigations.

The first criterion, dealing with effective time use, 1is fairly
stralsht forward., Attendance is one factor which enters here but there

is another sspect which is not so obvious. The informality of the
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r.mnsroLon nna the non-directiveness of the instructor can be interpreted
b stisents as a license to loafl. Tn many students the line between
frecdom and irresponsibiiity is not well-defined and some will take
adventace of the situstion. For example, a student working on "Boiling
and Freezing" (Appendix I) may decide to investivate the effects of
#rinas additives nn the boilin’ point ot water. So for ten straipght
clzes peroods the student boils dne snlution instead of boiling several,
1¥ not all similtanenusly. The student in this situation is concerned
rrimarily with stretchin; out the investigation as long as possible and
nathin: more. This would probably be construed as inefficient use of
cl2ss time unless the instructor had other input that indicated & lesi-
timate bat shortsi,;hted e{fort.

The secnnd grading factor is more difticnlt Lo deal with on the
surtace, In order to monitor the student's progress on an activity, the
instractor must xeep = current record on the student's daily activity if
rossible.  Consequentiy, esch instructor maintains a "daily log" of
student =c+ivity. The instructor makes log entries based on the obser-
va<ions and interactions of each class perind. By the semester's end,
<he cumulative entries on each student provide a profile of individual
s-udent progress on any one activity as well as an indication of the
stiudent's overall performance.

Tne- third item in the ¢rading scheme, creativity, is the most difri-
¢t » trpee three 40 assess. There nre no reliable non-intervention tech-
nicues 4o denl with creativity in the derily routine of the classroom.
Hence, t' s factor is weipghed only slishtly in the prading of students. 1In

those cases where students are workin;y on similar activities, relative
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assessments can be made. But even this alleviates the problem only
slightly. However, creativity is included as a grading criterion simply
to communicate to students that their ideas are o1 prime importance.

Recognizing that certein areas of student performance are more sus-
certible to instructor biss in the evaluation process, the Foundations
prosram utilizes “third party" input on a regularly scheduled basis.

The third nsrty is anolher Foundatinns instructor who operates on a con-
sulting baslis to both the students and the rejular insiructor throughonut
the semester. In this capacity, 2 second instructor attaches himself/
nerself +o a2 Foundations class and spends approximately one hour per

week interactinyg with the students as a replacement for tite regular in-
structor (this amounts i- all the Foundations instructors simply switching
one hour »f class time per week). Students who are having communication
rroblems with the 1ejular instructor are afforded another sounding board
ana vice versa; instructors haying problems with individual students can
ren, another opinion on the matter.

The third perty input is welcomed by the students (this practice was
sugested by students at a weekly inter-class student-instructor rap
session) and provides an added source of feedback to the regular instruc-
tor. But beyond the inmediste payoff, the second instructor helps rede-
t'ine the instructor's role in the classroom as one of a facilitator or
partner in learning rather than the traditional authority figure of the
clzss. The overnall efifect of the third party input is that of reducing
the wressare on stuaents to "perform" for their repgular instructor. In
consultin,s with a sec nd instructor, it helps siudents to view the

resular instructor in a similsr role. Once the pressure to perform is
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redaced, the student is free to pursue his own line of interest and

~asuznt =nd that's what the program in Foundations is all about.

FROGRAM EVALUATION

As is the case with any new program, the question of effectiveness
mast be adaressed. Does Science Foundations accomplish its stated goals
and is the program more effective than existing programs designed tor
the same target norulation? Thus far two formal evaluations of student
performance in Science Foundations have been completed (Berkland, 1973
and Siemrn, 1974). Berkland's study compsred a sample of Foundations
stidents to a sample of students enrolied in a basic science course
entitled "Eerth History snd Resources". The study focused on student
zttitudes toward science using an instrument designed by the investigator
snd the students' understanding of science processes as measured by a

shortened form of the American Association for the Advancement of Science

--Process Measures for Teachers (Form A). Results of these tests indicated

that neither prosram produced significant changes in attitudes toward
science, but that Foundations students did possess a greater understanding
ot the processes of science than students 3xposed to the traditional
course.

Siemrno als» investi,ated the relationship between student experience
in srience (Sclence Foundations vs traditional core science courses) ana
stadent sttitides toward sclence and their understanding of science. On
each »f these factors, no significant relationships were revealed by

the instruments used,




The overall problem of program evaluation 1is reflected in the two
studies mentioned. Even with refined instrumentation and tighter experi-
mental controls, definitive results will continue to be elusive. The
traditional measures of factual recall and content memorization do not
iend themselves to 2 triue comparison of effectiveness between the Foun-
datisns cnurses and the conventional science course. Yet the higher level
learning in both the copgnitive and sffective domains continues to defy
assessment experts.

Currently evaluation efforts in Science Foundations are being
directed at student perceptions in science. Intervention and non-
intervention technigues are being explored to determine the effect the
Foundations program hzs on changing the way the student views science
and his role in science. There is some evidence to support the view that
a2 rigidly structured science program tends to develop a "split percep-
tion" of science among students, i.e., a different view of science
depending upon whether the student relestes to science as an active parti-
cipant or 2 passive observer (Shymansky, et al., 197h4). Student
perceptions are viewed as an important part of the Foundations prosgram
and will continue to receive csreful attention in future evaluation

efforts.

CONCLUDING REMARKS

The Science Foundations ides is not really that new nor is it a
pa~acea. The general tone of the program resembles the "progressive"

movement, of the 1930's. Perhaps the most innovative aspect of the entire
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pro.sram is the fact that the instructors involved in the program believe
in its oels and their classroom behavior reflects that belief. A visit
to any »f the Foundations classrooms would reveal that the ideas expressed
in this peprer are in operation with students. Perhaps the biggest problem
confronting the instructors of the Foundations courses is the fact that
many students ,just can't believe that such & program exists. Along those
same lines, the biggest problem facing many students in Foundations is
that, tor the first time in their total education, they are given the
responsibility of structurini; their own learning in a course -- a chance
%o say what is relevant and irrelevant, a choice of routes to follow. To
many students .his is frighteninsg!

The frustration among students enrolled in Foundaézons for the first
time is eztremely high. Students admit that they have never been given
such freedom and responsibility in a course in their lives and that they
don't auite xnow how to cope with it. Some students can't. Some students
ratisnalize their inability to accept the directorship of their own learn-
ing by blaming the course or the instructor; they say they're .ust not
turned on, so they tune out. Usually less than five out of 125-150 drop
Foundatiosns nnce the semester has bepun, but there are usually another
2?9 students »Hr so whn remain in the course but ,just mark time throughout
the semester.

There #re still others whn ¢an never really accept their investia-
vinns ns "zeience”. These students {ecl that anything short of 2 complex
passase in » textbook {ollowed by a toi.sh workout on the slide rule is
sust not science. Some of these studer ts become real dyed-in-the-wool

traditionalists by the end of one seme:ter in Foundations, claiming they




were right all along. Others of the same disposition do a 180 degree
change and really get turned on to the idea that they can manipulate
various segments of their environment and that science is, among other
things, a collection of man's best explanations at the time. It's the
latter group of students that make ar instructor feel a sense of pride
and satisfaction. It's the former group that makes other instruc:ors

reach out for new idess and technicues for teaching scicnee.

wa
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APPENDIX I

A SAMPLE OF SUGGESTED ACTIVITIES FOR FIRST AND
SECOND SEMESTER FOUNDATIONS STUDENTS




AERODYNAMICS

Activity

Investigate aerodynamics by creating and building a variety of paper
airplanes,

Scme Things to Consider:

1. w“hich type of paper airplane can fly the greatest distance?
©. Wrnich can stay in the air for the longest time?
3. Whst material produces the best paper airplanes
L. hat zerodynamic properties of the plane affect its flight?

Are there other factors which might affect the
performance of a paper airplane?
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ANTISEPTICS

hctivity

Determine the effects of antiseptics on different sources of bacteria.

Some Things to Consider:

1. Do different antiseptics {iodine, alcohol, bactine, mercuricrome,
lysol, etc.) have different effects on the culture growth?

2. Dues the amount of antiseptic make a difference?
3. Does the part of your body the bacteria comes from make & difference

(hand, arm, face, foot)

Cun you think of other factors which might influence
the action of antiseptics on bacteria?
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RATTERIES & BULBS: Simple Electrical Systems*

Activity

Find out all you can about electrical systems using batteries, bulbs,
wires, and whatever.

Some Things to Consider:

1. How many different ways can you light one bulb using
(a) one battery, one wire
(b) two batteries, one wvire
(c) one battery, two wires
(d) two batteries, two wires
(e) two batteries, 2 ? ? etc.

2. How can you light two or more bulbs with one battery? Are the lights
as bright as one bulb lit with a single battery?

3. Can you light more than two bulbs with one battery in such a way
that when one bulb goes out, the others stay on? Are these bulbs

as bright, less bright, or brighter than the bulbs from the #2
set-up?

L. What other kinds of arrangements can you make using switches, bells,
batteries, and bulbs.

What are some other questions and problems you can think of?

* Some materials in cabinet

-
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BLHAVIOR OF MEALWORMS*

Activity

Investigate the relationship of mealworms to different factors within the
environment.

Some Things to Consider:

1. How do mealworms react to heat? light? water? alcohol? sugar?
salt? o01il? etc.?

2. Do mealworms have personalities? Explore?
3, How do mealworms eat? Do mealworms sleep?
4. Can mealvorms "walk" backvards? sideways?
5. How d» mealworms react to different surfaces? Different colors?

Different inclines or slopes? etc.

What other things can you find out about mealworms?

* See instructor for meelworms.
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BOILING AND FREEZING*

Activity

Find out all you can about the properties of different liquids as they
boil and freeze.

Some Things to Consider:

1. How do you know when a liquid has reached its boiling point?

2. Can the boiling or freezing point of a liquid be changed by adding
materials?

3. How do the surroundings affect the boiling or freezing of a liquid?
For instance, does a given liquid boil at the same temperature in a
hot room as in a cold room?

Wnat other factors can you identify that might
affect boiling and freezing points.

¥ You decide what liquids and materials you would like to use.

k{‘




BUILDING BRILGES

Activitz

Explore bridge designs by using various angles of structure and different
building materials.

Some Things to Consider:

1.

(WS}
.

N
.

How many different angles can you design for constructing bridges?

Vhat material might be used from the classroom to construct miniature
models?

What =re the advantapges of one design over another design?

Find ~ut if the strength of a bridge is due to its design, its
biilding material, or/and the way the building material is held
together.

Do bridges of different designs have different weights?

Is there a relationship between the angle/weight of the bridge and

the smount of force it will support?

What other properties of bridges can you investigate?
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CHARACTERISTICS OF BLOOD

Activity

Find out all you can about the nature of blood.

Some Things to Consider:

1. Is all blood identical? What things can you identify that differen-
tiate blood samples?

2. What techniques can you devise to differentiate between blood samples?
3. In what ways can you modify blood samples to take on certain desired

characteristics?

What other techniques can you devise
for differentiating various blood samples?




Activitl

Find out all you can about the relationship between water flow and
soil erosion.

Some Things to Consider:

1. How can erosion be measured?
2. Vhat are the important factors which govern erosion?
3. What affect does soil type, amount of water, and vegetation, have

on erosion?

What other factors can you identify
which might affect erosion?

% Sore materials in .

‘.'\Q

LR
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_FLATWORMS
Letivity

Investigate the relationship of flatworms to different factors within
their environment, and the various properties of flatworms.

Some Things to Consider:

1. How do flatworms react to light? heat? touch? etc.?

N

ne
.

Can flatworms be irained?

3. What will happen if a flatworm is cut in half?

hat other +hings can yon find out about flatworms?

s/




FLOATING AND SINKING

Activitz

Find out all you can about different substances that sink or float
and different liquids in wr*~h substances sink or float.

Some Things to Consider:

1. Can a given substance which normally sinks be transformed to float?
Vice versa?

2. Can a given liquid in which a substance normally sinks be trans-

formed in such a way that the same substance will float? Vice
versa?

3. What affect does temperature have on the sinking and floating abilities
. of substances or on the supporting abilities of various liquids?

What other factors can you identify that might
affect the floating and sinking of an object?



THE GENERATION GAP

ketivity

Find out all you can abnut a population of fruit flies.

Some Things to Consider:

1. Can family traits passed on by the fruit flies be altered?

2. Vvhat factors seem to affect the traits of successive generations of
fruit flies?

3. By manipulating the fruit flies environment, can you predict what
characteristics succeeding generations of fruit flies will possess?

Yhat other techniques can you
investigate in “fruit fly engineering"?



Activity

What are some differences in hair?

Some Things to Consider:

1. Do both ends »f 8 hair strand look alike?
¢. Do different shampons affect the appearance of the hair?

Do bleaches change the appesrance of the hair?

(WY

=
L

/o dyes affect the hair's appearance -- other than changing the color?

(4
[

oes naturally different colored hair look different?

€. How will you measure this difference?

Vinat zre some other characteristics of hair which can
be investipated?

7.

(R
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MAGNETS*

Activity

Investigate as many properties of magnets as you can identify.

Some Things to Consider:

1.

What is meant by the strength of a magnet? :fow can magnetic strength
be measured?

What materials seem to be affected by magnets?
Can the strength of a magnet be changed? How?

Are all parts of a magnet equally strong in attracting other materials?
Which parts are strongest?

Can meterials which are not naturally magnetic be made magnetic?
How?

Is there any relationship between magnetism and batteries, bulbs, and
wires? What?

What other properties of magnets can you investigate?

Some materials in cabinet
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Activity

MOUTH WASHES

“hat things affect tre grouth of bacteria in your mouth?

Snme Things to Consider:

Y

W

N

oo mouth washes hove an effect on the bacteria? Is there a difference
in them?

3, 211 mouth cultures look alike (from different individuals)?

Joes diet affe-t the culture of your mouth?

Whet ot er effects of mouthwashes can you investigate?
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PENDULUMS*

Activity

Try to determine which factors affect the motion of a swinging object.

Some Things to Consider:
1. How can the motion of a swinging object be described? Measured?

2. What effect does the weight, shape, color, density, etc. of an
object have on its swinging motion?

3. What effect does the type of string or cord or length of string

have on the motion of a swinging object?

Wihat other kind of swinging systems can you devise? How
does their motion compare with other systems you've investigated?

*  Some materials in cabinet

/’Q\
. ’
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QUALITATIVE ANALYSIS¥*

Activity

Given some "known" powders and liquids, make some positive identifications
of some unknown powder samples.

Some Things to Consider:

1. Whal does it mean to make a positive identification of a substance?

Can you "prove" your findings?

¥ Some meterisls in cabinet .
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ROLLING OBJECTS*

Activity

Find out sll you can sbout the way in which objects roll.

Some Things to Consider:

1. How can the "roll-ability" of an object be measured?

2. According to your system of measurement, which objects appear to
roll the best? The worst?

3. What cheracteristics of an object seem to affect its "roll-ability"?

4. ‘Yhat effect does the surface on which the objects roll have on the
"roll-ability"?

5. Can the "roll-ability” of an object be changed by adding a substance
on the rolling surface? How does it change?

Wwhat other factors can you investigate?

% Some materials in cabinet
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THE SUN

hActivity
Examine the sun indirectly through a telescope.

NOTE: NEVER LOOK DIRECTLY THROUGH A TELESCOPE AT THE SUN. USE A
FROJECTINN METHOD.

Some Things to Consider:

1. Is the sun a "perfect, unblemished body"?
2. Do sunspots change with time?
3. Do colored filters allow you to see greater detail on the sun?

L. How do atmospheric conditions and/or time of day affect the image of
the sun?

5. Does the sun rotate? How do you know?

6. Can you determine any characteristics of the sun's rotation?

What other properties of the sun
can you investiigate?
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APPENDIX II*

SAMPLE TRANSCRIPTS OF STUDENT SEMINARS

* Author's note:

The enclosed transcripts were made from audio
tapes of the student seminar sessions. These

transcripts represent the actual discussions
with no editions or changes.
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TRANSCRIFT #1

Seminar Spealrer's Topic: The Behavior of Mealworms

Background of the Speaker: The speaker in this selection is a first-

‘.

Speaker:

Discussant.:

SpeaKer:

Discussant:

semester Foundations student with no
previous science course work beyond the
high school level.

I'm just doing certain things with them now. When I first
started out I first observed it under the microscope and

did a lot of stuff that I found out that certain parts of
the body that I can't see with just the eye alone. I

found out that they have a small hair fiber on their lower
sides and underneath their body and each worm has six legs,
three on each side, up toward the head part. It can crawl
forward or backward. As far as sideways, I haven't
determined that yet. You can tell the difference between
the head and the tail. The tail has a little -- I haven't
determined what yet -- but just from observing a little black
thing out at the very end of it. You can see possibly where
two eyes could be in the head. That's just from observing
it that I found that out. Next I wanted to start finding
out about hov mealworms react and I first started with

heat and I started by immersing the mealworms in heated
water at different temperatures and this is the way I

would determine if the mealworm was dead or alive when I

did other experiments. At 60 degrees I stuck the mealworm
in for 7 seconds and the worm moved around very fast like

it was resisting and then it stopped and then there was

no response anymcre from the mealworm -~ it was cooked.

At 58 degrees it did the same thing so finally I got it

down to S0 degree and there was no movement left at all but
at 39 degrees I immersed the mealworm in for 7 seconds. The
mealworm squirmed around for the full seven seconds and when
I took it out it was still moving.

Did you totally submerce the worm?

Yes, I did. You see I know that it wasn't drowning because
I did 1l of them for 7 seconds yet the one that I put in
the 45 degree water lived so I didn't drown it because I
didn't do it for any longer than 7 seconds.

Do you think the mealworms differ in their lung cspacity or
in their ability to meke it through?

s

T Y o e T
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Speaker: Vell, so far I've put 5 mealworms in for 30 secondsi I just
did this kind of as a quick experimeint because I thought
wbout that. They were all in there for 30 seconds in b5
degree water or just a little below that and they were still
.iving at the end of 30 seconds so I'll eventually further
Ly experiment and see how . . . Dperhaps a mealworm . . .

1 can't determine yet because I put one in for two minutes
once and when I took it out it was still living but it
eventually died. So I don't know -- it didn't die from
seven seconds.

Discussart: W%hat was your purpose in doing this?

Speaker: This is how I would determine whether mealworms were alive
or dead. If I picked up a mealworm, say I've had it in
alcohol. Sometimes it won't move. But when I dip it in
the 45 degree water it ealways brought a response because
it was such a quick change of temperature. Like a quick
movement and if there was no movement whatsoever then the
mealworm wasn't living. Then I started with alcohol and my
first experiment was dipping them in alcohol for like 3
seconds and then taking it out to absorb the excess alcohol
so it wouldn't drown, so it wouldn't breath it in. And I
really thought that they'd die from being in alcohol but
it was still living so I decided that even after putting
it in for 3 seconds it still lived. So what I'm doing now
is seeing if it has an effect on . . . it will eventually
have an effect on it. So what I can do is I have ten meal-
worms in one little glass thing and 10 in another and the
one case with just ten in are living in normal conditions
and the other that I have ten in I dip in s&lcohol for seven
seconds every time I come to class. So far five of the
vorms in alcohol have died and still five living but it is
starting to effect them because they are moving very slow
and they are very sluggish and they don't have as quick a
response as the ones that haven't been dipped in alcohol.
That should have some effect on whether they live or die.

Discussant: ihy did you decide on seven seconds for everything? Do
you time it witih & stop watch or do you just look at the
clock?

Speaker: I look at the clock. I time it that way.

Discussant: Why did you decide on seven seconds?

Speaker: Well, three seconds wasn't much and seven seconds seemed
to be enough. I just decided on that.

Discussant: Have you tried it on anything else? Like, what if you did
it at ten, would they die?

Al
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<
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Speaker:

Discussant:

Speaker:

Jiscussant:

Speaker:

Discussant:

Sgeaker:

Discussant:

SEeaker:

Discussant:

Speaker:

Discussant:

I haven't tried that yet, I've been just doing it for seven
seconds nov and see what eventually what the turnout will
be.

Did you ever think that their age might be a factor?.

Yes, I have. What I've decided is I've taken the mealworms
that have been approximately the same size. I haven't
determined how old the worms are because I've just gotten
them out of the carton.

What do you think is being effected on the mealworms when
you put them in alcohol? Why do you think he's more sluggish?
Dosyou think it's from inhaling the alcohol?

I can't be for sure about what it is. I can make a hypothe-
sis that it would be the fumes of it, the content of the
alcohol, but I'd have to go into some kind of study orf the
alcohol to find out what is in it that affects something like
that. What I'm saying now is if alcohol does have an effect
on them. Then I'm going to see if maybe sugar does, and
light, and on down the line. At first I thought the alcochol
would kill it right away but it didn't so I had to go on
with a more prolonged experiment to see what would happen.

I just want to know, on the second experiment of this long-term
experiment where everyday you are coming in and dipping them

in the alcohol you said five of them have died already out of
ten. Why would the long-term effect be any different than the
first time that you dipped them in and they all lived.

Were the conditions the same as the first time you did it

and the following times?

Yes, I mean, everything is the same.

You mean you do it for ceven seconds or for however long you
did it and then you just take them out and let them dry off?

Yes, I do the same thing every day.

How long is it that you've been doing that?

I'd say I've been doing that for about two weeks now so I've,
we1ll, not quite, maybe a week and a half, so I've dipped
them in say five times all togelher.

Do you think that possibly the long range iime has affected
it more than just doing it once? You think that continuously
doing this is what is affecting the mealworms?
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Speaker:

Discussant:

Speaker:

Discussant:

Speaker:

Discussant:

Speaker:

Discussant:

Speaker:
Discussant:

Speaker :

Discussant:

Speaker:

Yes, I think the continuous . . . . The ones that I did for
three seconds, that I thought would all die but didn't, I
still have in the same container and all of those are still
living. And I think two of them have turned into what is
called the beetle stage. They've transformed into right
before what they turn into before they turn into a beetle.
What I'm seeipng now is the ones that have been dirped, I'm
seeing if that has an effect on how long it takes them to
actually turn into a beetle. I'm just seeing if alcohol
will prolong the time it takes for it to turn into the
beetle stage.

Did those five die on the same day or at different times?

Last Monday two of them died and today three of them have
died. So they are all within just this week and I haven't
determined yet why.

Do you leave the mealworms exposed to your stimuluses, like
alcohol and whatever else you are using over a certain period
of time?

You mean, do I have alcohol in the contairer?
Do you leave them in the alcohol?

No. I don't even store the alcohol, I go to the cupboard
to get the alcohol and I throw away the dish thai I use.
Once I dip them in and set them on the paper towel to get
the excess coff, the paper towel absorbs the excess, I put
them in a container but they aren't around the alcohol.

Do you submerg the worms in the alcohol completely for
7 seconds?

Yes.
Didn't you find that this killed most of them?

No, it didn't. See, it hasn't. That is what I thought it
would do but it hasn't. I dip them all the way in for
seven seconds and it has just been since Monday that --
Monday two of them died and today three of them died.

Do you think it could be attributed to what was brought up
earlier, that all mealworms are not alike? You know, there
might be stronger ones and weaker ones?

Yes. That is something that I can just go by looks. I can
pair up a mealworm -- I mean you can't study it so that this
one's healthier, this one's not so I take the ones that are
the same size and that I got the same response to like a

vy
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Discussant:

Speaker:

Discussant;

Speaker:

Jiscussant:
Speaker:

Discussant:

Speaker :

Discussant:

Speaker:

touch. Like, if I touch one and it hardly moves it would
seem *hat wouldn't be in as good of condition as if I
truched one and it was really lively. I tried to take the
ones that had the same response and the same size.

After you blot your mealworms off to remove the excess alcohol,
do you wash them off with water?

No, I don't. I let them lay there until . . . . What it
seems like is after I dip them in alcohol they kind of go
into an unconscious stage. I wouldn't know how to determine
if they are unconscious or not, but they walk like say two
inches and stop and kind of curl up. That's why I thought
they were dead when I first did it for three seconds. But
after I let them lay there, and I'd go home and the next
time I'd come back, almost all of them were all moving again
so it's kind of like they go into an unconscious stage for

o little bit but I haven't determined exactly what it is.

Of the five that have died, did they die after you dipped them
in the alcnhol that day or did you just find them dead in the
container?

I found them dead in the container because I can't really
tell if they are dead or not until after I let them set for
a while because like I said they go into this stage that
they . . . .

So it wasn't like after gquite a while?
No. It was after I'd let them lay there.

How do you know if you've left them there for a couple of
days that tiey didn't die from something else?

I don't know, but they are under the same conditions as the
ten that I haven't dipped in alcohol and those are still
living.

Don't you think if you tried doing it vith a larger number,
like maybe say dipping 20 and leaving 20 and meybe that
would eliminate the fact that different mealworms have
different . . . I mean if you use the larger number you
can eliminate the possibility that different mealworms are
stronger or that they died from something else if you had
8 large result one way or the other?

Yes, I would try that. But I thought ten was a sufficient
amount. I could do five and say I should do more and do ten.
I could do 100 but I thought ten was a sufficient amount.

I probably could go on.to do that too.

- vy
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I'm not juite understanding your purpose here. Is it that
you're just observing the reactions that you're getting
from the mealuorms after dipping them in your various
solutions?

I'm just learning what effect alcohol has on them. I'm going
to test what effect light has on them, what effect sugar has
on them, I'm just seeing what effect alcohol has on them.

And so far this is the effect that alcohol has on them.

I'm in the middle of that right now.

Are all ten of the control mealworms liviag?

Yes, tkey are.




TRANSCRIET #2

Semirer Speaker's Topic: Pacteria Growth in a Vacuum

Background »f the Speaker: The speaker in this selection is a second-
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semester Foundations student with approxi-
mately 20 semester hours of basic science
background.

What I did here is I mixed up various nutrient agars and I
exposed them to different types of bacteria. For example,
skin bacteria and mouth becteria. I think mainly that was
the nnly two that I did use because when I ran my first test
on my skin bacteria I got three different types. This had
to be repeated two or three different times to get the
bacteria down to one single strain. In doing this you use a
device as you can see here and I'm not sure what it's
called. You sterilize this by putting it in a bunsen burner
until it turns red hot and then you lift up the top of your
dish and you make an exposed line in a "2" pattern all the
way across the dish so at the first point of contact there is
going to be more of a variety of growth of bacteria than it
would be toward the end as you can see on this. This dish
is one of about the third step down after I have separated
them out quite a2 few times and starting up here at the top
you can see how it is much thicker then when it gets down
toward the bottom.

I just want to make sure I understand what you're doing.
You're transfering the bacteria from one of your petri dishes
to another?

Yes. First of all, I sterilize the needle then just expose
it to my srm. Then I 1ift the dish up and just expose it to
the media. I then left if set for I think it was about 7
days. I had a variety growth -- I think it was three
different types -- you could tell there was three different
varieties of bacteria without running tests just by observing
it because one was a colony of fungus-type thing, another
lonked like a concentration of cream juast dotted on Just the
top of like this dish here. One other one tended to be very
hard as this one and then another was just yellow like mus tard.
I had to separate each of these out so I did this separately
by touching each different bacteria and putting them in their
own separate containers. Then I put them in the vacuum and

I devised a set up that would sustain the vacuum over a

period of time and after exposing these dishes to these various

bacteria I put them in the vacuum, I let them set. tach dish
had its brother or sister -- what ever you want to call it --
one just that was exposed just like it and it acted as its

v
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control. This was placed in a container right next to the
bell jar vacuum and it was exposed to normel atmospheric
pressure whereas the one in the vacuum was completely vacated.
After taking these out I couldn't really see a lot of dif-
ference except for in one mouth bacteria it didn't grow in
either one. I felt that I brushed my teeth that morning --
it must have killed them off. My skin bacteria grew wild and
I couldn't reelly see a lot of difference between the control
and those in the vacuum because they both had about the same
amount of growth. Skin bacteria #1 (I numbered them all off
in three different groups) and the first one was a fungus

and fungus grows -- if you look at it under a disecting
microscope, it has all kinds of fine hairs and at the tip of
these hairs they have little pollen balls, I don't know what
it is called. But there was a different story in the color.
The one that was in the vacuum was really a light shade of
gray across the top whereas the control was very dark. It
wasn't because the polien was a different color, it was
because it was just the number. In the vacuum there was a
1ot less of these little balls than there was towards the
control. I'm about to a point now where Bacteria #2 and #3
were pretty close together. I couldn't see any difference
really between the two except for the control did have a
little more concentration of bacteria growth than btoth 2

and 3 in the vacuum so I'm running these tests again and that
is what I'm in the process of doing right now.

What's that yellow stuff in the bottom of the disn?

That is the nutrient agar. 1t's one of the chemical appliances
over there. You mix it 23 grams per liter. After mixing this
Jp and heating it together you sterlize it in the autoclave

s that there will be no germs in there. With my first culture
that I had I had three different types of bacteria. This

could have been three different variations out of my skin or

it could have been just bad procedure on my part. Because

as soon as you open up the dish you are exposing the medium

to bacteria that is floating around in the air or if you

happen to touch a portion of your needle on the side of the
dish you can't really tell for sure. That's why you got to

do it two or three times and get the bacteria down to just

one single sirain before you can work with it.

How long do you keep them in the vacuum?

Last time T had them in there I kept it over the weekend. 1
think it was three to four days.

YWhat does the vacuum do? Like there's no bacteria, there's
nothing in 2 vacuum?




Transcript #2 52
Speaker: Well, I can't say that because definitely there is. It's not

sterilized. It's not clean because all a vacuum does is
withdraw all air pressure and possibly oxygen and what ever
should be in the jar at the time.

Discussant: Wiat conclusions do you gather then from your difference
between why would one look different from another one in a
vacuum? Vhat would be the reason?

Speaker: Definitely with the skin bacteris #1 I had -- like I said,
there was a light shade of gray in the vacuum whereas with
the control it was a dark, really a dark strain growing
across the top and I courd tell right there that the one in
the vacuum was lacking oxygen for its growth. It would have
been just as abundant in -- I don't know what they're called
-- these little tiny dark balls. There would have been
just as many if not more of these as compared to the control.

Discussant: You didn't get the same results on a couple of the other
ones?

Speaker: On 2 and 3 it's a different strain. Number 1 was a fungus
and fungus grows hairs and everything., Numbers 2 and 3 were
bacteria of some type because one, like I said, looked like
a mustard, a cream. I tested these with pH paper and litmus
raper and my tests came out that there was a difference in
the pH between the control and the vacuum just be minute --
not very much at all. As for litmus paper, I couldn't see
any difference there.

Discussant: So you think maybe it's the type of bacteria or the kind
that is affected by the vacuum?

Speaker: It could be. Some bacteria doesn't need atmosphere to grow
and that's maybe what I'm trying to find out.

Discussant: Do you let your bacteris get started before you put it in the
vacuum after you've touched it and anything. Do you let it
#row in regular conditions like the nther one?

Speaxer: The first time I let it set for 2 days and it had a fairly
good start. You could only tell because on the line of
exposure there was just a very slight, minute, you know,
where it was starting to grow. Then I placed them in but the
second time I did it I placed them in the vacuum immediately
after I exposed it. I don't know if there was a difference
there or not. I couldn't really tell because then again it's
how long you want to let them grow.

Discussant: Where did you get your different bacterias from?

~
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Like I said, I got mine off my arm. You just expose your
innoculating needle to your arm and then you eXpose your
needle to your culture media. This supposedly is supposed
to take whatever bacteria that was on my arm and place it
on the media. Then you sterilize this again.

Wby did you say you made the "Z" shape?

Tris is done in the first point of contact with you media you
mey have two or three different types of bacteria on your
ncedle. In doing this they tend to fall off at a different
rate. I threw away all of my other really good samples
because I didn't think I needed them. On this you can tell
how much more concentrated it is than it is down towards
the bottom. The first time you do this you'll get maybe
two or three different types of bacteria all grown together
in one lump sum up here. Whereas when you get down here
towards the bottom of it they'll be separated out so that
yoa can sort of independently . . . .

Do you understand what it is in the bottom of those culture
dishes that make the bacteria grow?

It's like a nutrient broth of some type, beef broth or

. . I don't know, it's just an agar that is put out by
chemical supplies -- I can't tell you what it's made up of
because I don't know. It doesn't smell very good.

Are they all the same like maybe you could have gotten
different bacteria or molds just from having different
things in the bottom of the culture dish?

There is a variety of different types of agars that they use
in testing. Like when they come down to test for tetanus or
some of the hard core diseases, they use these different

var ieties of media in order to see what kind of reaction they
get from if. If they expose it and nothing grows it is a
negetive reaction so they go to another media. They do this
until they get a reaction from it. There are I don't know
how many hundreds of .

Is that what you did?

No. I'm only using one type of media here because I have no
idea what type of bacteria it is. Now, if I wanted to go
through the long lengthy vrocess of figuring it out, I

could probsbly figure it out, which would teke a lot of back-
ground and it would take a lot of studying to find what
bacteria media would react negative or positive to certain
medias. You've just got to do it step by step.

6\1
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I'm not exactly clear what your purpose is. Is it to see if
the bell jar would alter the growth of bacteria as compared
to }ust having it set out?

I was comparinz it to a control, as I said. First, wvhen I
set out I wanted to see if there was a difference in growth
rate of the bacteria.

Was there a difference?

As far as I can see there is a small portion but not a major
disturbing difference because, like I said, they all tended to
grow. They all had really good growth on the medie but there
was just that little difference between concentrations - the
density of it. One seemed to be a little bit darker shade

han the other telling you that the control (like the mustard
type bacteria) was definitely a brighter yellow than the
vacuum was.

So the ones outside the vacuum do grow more?
To » certain extent, yes.

“hat led you to believe that there would be a difference in
the growth rate?

I don't know. -- Curiosity?

So, you thought that the one in the vacuum would really be
obvious and show no growth rate at all.

That's what I thought.

Is the vacuum really tight or what ever . . . ?

I played around with it quite a bit before I actualuiy found
2 way nf keeping the vacuum. I don't know how much of the
vacuum is in there. Maybe this is why they did grow at the
same razte because 1'm not completely vacating the jar.
After playing around with it a bit -- I sealed it with wax
at all the different places and I did get it to keep a
vacuum nver a period of time. Now as to how much of a
vacuum, I don't know.

Dues the vacuum slowly go out after a certain period?

Normally before what I was doing it was leaking through the
valves and stuff that I had set up so that is why I had to

seal them with wax. After I did this it tended to keep its
vacuum up better.
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How did you know, like you said, that the cultures in the
vacuum vere a lighter shade and that led you to believe that
there were less bacteria? How could you know there were less
bacteria? Could you definitely see it under a microscope?

Yes. Under a disecting microscope you can because you can see
all the fine hairs and then right at the top of your culture
are all these little balls. The difference in the color was
only because of the number of these balls. With the one

that was in the vacuum there was very few along the line of
exposure causing it to be a shade of gray compared to the
control there was gads of them which tended to give it a lot
more darker shade.

Now was this the one that you left out a while before you put
it in the vacuum?

Yes.

What did the one look like that you put directly into the
vacuum?

There was a growth on it but it hadn't grown that . .
Like I said, it takes a period of time before each culture
can reach a certain stage and I didn't let the one right
after exposure that I put in the vacuum I didn't leave it in
there long enough to really let it reach a stage to where
these balls vere formed.

So far you've been talking about culture you got from your
skin. What happened to the culture yougot from your mouth?

I ran that test again and I still came up negative. I
couldn't get any bacteria to grow. My dentist must be
pleased.

On both the control and the experimental?
Both

Did you try it without brushing your teeth?
No, I haven't.

Do you keep trying it to see if you can get bacteria from
your mouth to grow?

Yes. From the last test I got somewhat a difference between
one and two. Definitely one was the most, two I got somewhat
of a difference. Three is still up in the air because I
couldn't really estimate growth rates and it was pretty much
constant between the control and the vacuum so today I'm
running it egain.

° 3
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So the reason or difference is just because you're gelting a
better vacuum?

Possibly. Thai's what I think hopefully that it is - just a
lack of procedure. Some fault in the line of doing all thas
that is screwed up so I've got to redo it again. Maybe it
isn't, maybe it is.

Why did you use the litmus papers to test?

I used the pH paper because definitely when you have a growth
of something you're going to have a heat change and I had
somewhat, towards placing the pH paper on the exact top of
the media that wasn't exposed to the bacteria and placing it
in the bacteria, there is a definite difference in pH.

That's sll I could come up with. With the litmus paper
though, it was just out of curriosity, I wanted to check

and see if maybe the bacteria was producing any type of acid
or something of this sort.
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