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CHAPTER I
INTRODUCTION

There are many prqblems confronting the chemistry teacher today.
Partvof these problems are common to the entire teaching endeavor. The
- burgeoning college enrollments are-causing a variety of pressures upon
the teaching community. Not only are more highly capable students -
entering college today but the student body encompasses a much broader.
range of talents and intelleét; The trend today is for the students-
to continue their education beyond secondary school. This is causing
the need for a more diverse educational program. Ihe»colleges.cannqt
afford unlimited professional faculty--nor could the students and tax-
" payers afford to pay the expense which that would entail. Therefore
‘the college‘and university must be able to cope with the increased
student-teacher ratio as well as to be able to teach a diverse studérit
body. Even in so-called homogeneous grouping there is a diversity of
interests as well as intellect. The real question is simply hew can
we provide an educational program which Will make more efficient.ﬁse
of the professor's time. The primary ansﬁers lie in freeing him from
non-professional record-keeping which could be performed by a secretary
or a computer, freeing him from repetitive duties, and allow him to
use his time dealing directly with the students.

The demand for increased professional salaries further necessi-

tates the more efficient use of time without depersonalizing the

v



Eeaching-leafﬁing process. Whatever solution (or partial solution) to
the problem the cosf-must be considered. It seems apparent that one
possible answer lies in instructional media. ~The cost of either pro-
fessional or para-professional personnel continues to increase. Pres-
ently the cost of hardware for computer assisted instruction is rather
high, although the cost is dropping (3). Through technology.the cost
of equipment lessens as the device becomes .widely used.l

There are -problems .which confreont the entire teaching community. .
In chemistry not only do we have these prohlems but we also have others.
The laboratory is an integral part of the teaching of chemistry. The
problems related to mass teaching of .techniques, procedures, 'safety pre- .
cautions .are but a faﬁ of the problems related -to .laboratory instruc-
tion. In lecture\coﬁrses somé feel that the answer lies in large group.
instruction, but this far no one has suggested large group laboratory
sessions utiliéing only one instructor.

This study deals with laboratory instruction using a media-ap%
proach. . Specifically the use of single concept loop films. The single.
concept loop film consists of a segment of motion picture film wound
in .a spiral, spliced end-to-end, so that it forms a continuous loop.
Mounted in a special cartridge, the .loop allows .continuous running
without . the need (or»capability) of rewinding. These loop filmsbmay
.be operated byjthe~students-themselves, It is not -necessary to have
the instruqtor:superviée their operation.

The remainder of this study will focus upon the use of single.

lConsi\der_the‘decrease in long distance telephone rates during
the past four .decades as opposed to the inflationary costs of .T-bone:
steak and other food items.



concept loop films and how they may be used to alleviate the problems
encountered in laboratory instruction as well as provide more efficient

use of the professor's time.
Nature of the Problem

It is generally agreed that significant learning is acquired
through doing when the subject matter as understood by the learner is
related to his own perceived needs or purposes (76). This is the basis
for science because of the emphasis upon doing actual laboratory experi-
ments. Regretably, however, much‘of the laboratory experience is re-
duced to following the directions and plodding step-by-step through the
experiments. The laboratory instructor attempts to prod the slow while
striviné to keep the faster students busy in.order that all will finish
the experiment on time. This type of experience is no more valuable
than sitting through a deﬁonstration or a film (92j-

The laboratory should be a place where the student is confronted
with a question or a problém to solve, The most-naturél speed for the
solution of this problem is the student's own pace, which may be rather
slow while he becomes used to new surroundings, techniques and equip-
ment. Later, as he gains in skill and expertise the pace should quick-
en. Some students will enter a given laboratory already possessing
some of the necessary skills while others will be completely devoid of
them. Some students will gain the requisite skills more rapidly than
others, ‘The individual student differences manifest themselves in
varied learning rates as well as varied learning depths. Why should
all of the students be forced into the same pattern? We should main-

tain minimum standards for a course, but why should we affix a limit?



No maximum should be considered if it is obtainable within the frame-
work of the time and equipment limitations.:

. The question which must be answered is how much and when to teach
those methods and- techniques which are fundamental to a particular
discipline. The conventional approach 1s for the instructor to show
the entire group prior to the beginning of the experiment. This method
has certain limitations. In order to -concentrate upon a specific sit-
uation, consider organic chemistry. Students taking organic chemistry
have already had a course in general chemistry. The techniques in gen-
eral chemistry require little more than relatively simple techniques
such as heating test tubes and flasks, collecting gases, and simple.
filtration. They have had some introduction into fundamental labor-
afory;techniques and esseﬁtials of safety procedures, yet . the coursé
does present them with a great challenge.. The laboratory techniques
required are much more involved -and coﬁplicated than in general chemis-
try. Organic chemistry confronts the student with a minimum of 500 new
terms during the first semester.2 This assumes that the student is
already with some of the common terms such as "alcohol", 'protein',
and "carbohydrate'. Although these terms will take on broade£; lesé.'
restrictive meanings which are related to their general structural-
classification, others which might be familiar to them might take on

more narrow meanings. Together with the new vocabulary, the student

2This number is taken from Hart and Schuetz, 3d Edition (28), the
textboak used in Chem 3015. This is one of the smallest organic chem-
istry textbooks consisting of only 353 pages. Presently the organic
chemistry textbook which is one of the most popular throughout the
United States and 1s being used in Chem 3053 for chemistry majors. is
Morrison and Boyd 2d Edition (42) which confronts. the students with a
minimum.of 850 new terms in its 1204 pages.



~must grasp new laboratory techniques as well as learn to manipulate

new equipment in order that he will be enabled to prepare, purify, and
elucidate his preparations. In organic chemistry the student encounters
a formidable jigsaw puzzle of standard taper glassware which includes

a kit of over a dozen pieces of interchangeable parts which may be put
together in a myriad of combinations. In addition he may confront for
the first time a variety of items such as filtering flasks and funnels,
~melting point apparatus, and steam lines.

The most common method of pre-laboratory instruétion is for the
instructor to demonstrate the necessary techniques for the experiment.
Aithough teachers feel that all of their students should read the ex-
periment prior to coming to class, it is all too common for the stu-
dents to enter the laboratory ill-prepared. When they are shown some
new technique they are not certain what it is for, therefore the demon-
stration has less meaning for them. The effective pre-laboratory
demonstration requires that all of the students must be ready to view
the demonstration at the same time. The students must be able to see
the demonstration clearly, and for effective learning the student must
feel that he heeds this knowledge. If he is uncertain as to its pur-
pose, he may fail to grasp some of the essential features. Thus demon-
strations require that all students be ready at a part?cular moment
while single.concept films are ready when the student feels the need.

The lack of visibility is.a considerable problem when viewing a
demonstration from across the laboratory. Single concept films provide
each student with mere than a front row seat. They provide him with
as close.a view as is necessary. This might be a long show of an entire

apparatus or a laboratory or a close-up of a thermometer scale or the



surface of a crystal.

Sole reliance upon demonstrations brings up several other diffi-
culties.v How does.the student who has forgotten or could not see
clearly receive reinstruction? How does the student who was absent
receive the information? The single concept film provides instruction
and reinstruction whenever needed. The only inherent weakness in this
system is that it cannot duplicate the excellent teacher who provides
reinforcement not by identical repetition but with a variety of examples
and -approaches. One explanation or example may capture the imagination
of one student but not of another, This limitation of the single ap-
proach used in each film might be alleviated by producing a variety of .
films on the same topic.

One needs to consider the future design of laboratory programs.

It is pedagogically sound for the student to be allowed to work at his
own . pace and learn.all of the salient features, gaining understanding
as he proceeds through a group of exercises merely hitting the high -
points in order that he might keep up, finish on time, and receive.
credit. Single concept loop films could provide the necessary instruc-
tion whenever needed. In those courses where the availability of in-
dividual items of equipment or facilities is limited3 the films could
be used to advantage to instruct the student on the use of the more
specialized equipment. Written manuals provide some explanation but
films could show the equipment in operation as well as point out diffi-

culties, malfunctions, and point out trouble shooting procedures. The

()

3Examples would be such advanced laboratory, courses as physical
chemistry, organic analysis, inorganic .preparations, and instrumental
analysis. All of these courses primarily rely upon one item of each
kind. Experiments.are assigned on a rotating basis.



student when left to his own initiative or using a sketch in the lab-
oratory manual (which frequently describes a different style of equip;
ment from that which the student is using) may find that the results
are not only disastrous to his equipment and his preparation but also
to himself. It is necessary for efficient laboratory.instruction to be
giﬁen. In some cases.the laboratory instructor may explain and show
each step of the experiment thus robbing the student of the thrill of
discovery. The students then resort to mimicing the instructor. How-
ever, even in.these extreme.cases, the unfortunate student on the other
side of the room cannot .see the smaller and more,subtle details clearly.
This 1s another of the disadvantages to the demonstration as the only
pre-laboratory instruction.

The increased demand upon the time of the professor.in charge of
a laboratery course makes it exceedingly difficult to communicate all
of the laboratory skills, techniques, and procedures that he deems de-
sirable. An experienced teacher will pick up subtle little tricks
which make the particular job easier or perhaps safer. The young grad-
uate students do not in many instances, have the benefit of years of
successful teaching experience. The periodic staff meetings are desir-
able in some. instances to impart this information, however as schedules
become crowded it becomes quite -difficult to find a suitable time. The
use of single concept loop films provides a uniform quality of informa-
tion. In this manner the professor in charge can cantrol the quality
of instruction.

Most laboratory courses have sufficient enrollment to require
several sections. Scheduling a multi-sectioned laboratory.is.a lo-

gistic difficulty. At Oklahoma State University the laboratories are



taught for the most part by graduate teaching assistants. The 0.S.U.
Chemistry Department allows its graduate teaching assistants‘to enroll
in the courses they are taking first, after which their teaching assign-
ments -are scheduled to fit., The quantity .of the gradua;e teaching
assistants depends upon funds available as well as the pool of poten-
tial graduate teaching»assistants. One can forsee a lack of qualified
teaching assistants available. Is it possible to gird oneself for the
event of such a possibility?

Another factor which should be considered arises when one instruc-
tor has two or more identical sections. It is possible to forget and
leave out a portion of the explanation. One finds that he cannot re-
member whether he has shown.this section or perhaps it was the other
section. Film loops free the instructor from this worry. He then can
concentrate upon the other important matters such as individual student.
problems.

Thus the nature of the problem is to determine if a series of
single concept loop films (SCLF) can be used for the pre-laboratory
instruction of techniques more effectively than the present convention-

al approach through demonstrations and verbal instructioms.
Statement of the Problem

The specific problem to be explored by this study is to determine
the effects of using single concept loop films to instruct the students
in the basic techniques and equipment manipulation in the introductory

organic chemistry laboratory.



Definitions

Control Group - Those subsections which are taught by the conventional
manner -without the single concept films. Also referred to as the
"non-film group.'.

Experimental Group - Those subsections which receive the single concept
film loop instruction. Also referred to as the "film group.”

Chemistry 3015 ~ The designation of the course entitled Introductory.
Organic Chemistry at Oklahoma State University. The laboraﬁory
phase of this course was used for this studyf

Chemistry Background - The semester hours of chemistry courses previous-
ly taken by the student.

Chemistry Lab Background - The semester hours credit received by the
student from laboratory instruction only.

Chemistry GPA - The gradepoint average for the chemistry courses pre-
viously taken by the student computed on a four point scale.

Data Card - A 3x5 inch card completed by each student for each labor-
atory.period. The card will contain information pertinent to the
experiment. The student will give the card to the instructor
prior to leaving the laboragtory.

Entry Skills - The' level of laboratory sophistication and self confi-
dence as measured by the laboratory skills survey upon entering
the course.

Exit Skills - The level of laboratofy sophistication and self confidence
as measured by the laboratory skills survey upon leaving the
course.

Experiment Type - The experiments classified into direct, indirect, or

non-filmed technique. experiments.
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GPA - The overall grade point average of the student as measured on a
four point scale.

Direct Filmed Technique. Experiments -~ The experiments in which a tech-
nique was initially encountered and taught via SCLF in the experi-
mental group. (Also referred to as.direct type.)

Indirect Filmed Technique Experiments - The experiments in which the
techniques had previously been instructed via SCLF in the experi-
mental group. Also referred as indirect type experiments,

Non-filmed Technique. Experiment - Those.experiments which involved
techniques which were not instructed via SCLF because,of pre#ious
chemistry training (i.e., general chemistry) or triviality.

Laboratory Accidents - The accidents which occur during an experiment
from minor cuts and burns to severe.accidents. These will be
reported in brief detéil on. the data card.

LaBoratory<Breakage“— The items broken during an experiment. This will
not include equipment broken during washing. Laboratory breakage
will be reported on the data card.

Laboratory Breakage Cost - The cowt of laboratory. breakage computed
from the equipment list given each student when he checked out his
laboratory equipment.

Laboratory Technique Examination - A written five foil multiple choice
examination dealing with laboratery procedures, éetups, and tech-
niques, but not theory. This examination was developed by
'Dr. H. P. Johnston, Dr. E. M. Hodnett, Mrs. M. R. Stephanik, and
the author. It is also known as the JH25 Exam.

Loop Film - A segment of super eight millimeter silent motion picture

film wound in a spiral, spliced end-to-end, forming a continuous
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loop with a maximum of five minutes running time. The terms
single concept loop film, SCLF, film loop, and loop film, may be
considered synonymous in this study.

Laboratory Skill Survey - A written check list survey dealing with
laboratory procedures, set-ups, and techniques.

Section - The entire group meeting at a given laboratory period.

Subsection - The group meeting in a particular laboratory. A maximum
of 24 students can be accommodated in one subsection.

Treatment - The treatment refers to whether the students received in-

struction via SCLF or not.
Assumptions

1. The group involved in this study is assumed to be a random
sample of undergraduates pursuing science related majors. It is assumed
that their abilities will approach a Gaussian distribution.

2. The JH,S examination is assumed to measure accurately the
laboratory skills and techniques as learned in Chem 3015.

3. The laboratory skill survey taken upon commencing and complet-
ing the course is assumed to be an accurate reflection of their self-
appraisal in laboratory skills (when allowance is made 'for carelessly
completed forms.)

4., Placement of a given stﬁdent into the experimental or control
group 1s assumed to be by chance.

5. Assignment to a given laboratory section is assumed to be by
chance.

6. Assignment to a given laboratory subsection is assumed to be

by chance.
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7. The Data Card is assumed to reflect accurate data as reported
by the student.
8. It is assumed that no differences will occur as a result of

placement in any one of the three laboratories (PS 356, 357, or 358).
Limitations

This study will be limited to determining if .single concept loop
films depicting laboratory techniques and set-ups have any effect upon
the improvement of laboratory skills, the time required to perform an
experiment, the number of accidents, and the equipment breakage in the

laboratory and their attitude toward the experiments and the techniques.
Significance of the Problem

Any technique or method which will 1) provide uniform repetitive
instruction of high quality; 2) free the instructor from the tedium
of repetitive instruction in order to ailow him to deal with individual-
ized student problems; and 3) permit individual instruction to allow
for varying student abilities and progress rates, should be worthy éf

consideration for inclusion in any course where needed.



CHAPTER II
REVIEW OF THE LITERATURE

The value of the science laboratory is not the question in this
study. However, other studies indicate that the students gain more
knowledge when they experiencé,science either from demonstrationvor by
actual experimentation rather than an explanation by lecture only (92).
Another study was made by Bradley (15) in which various parameters were
compared. The study was made between a series of lecture demonstra-
tionS'and>individual experiments in physical science. The results in-
dicated that there were no significant differences between methods,
because of sexes, instruction, or scientific backgrounds. The only
case in which there was a difference (although not significant at the
0.05 level) was in classes of predominantly superior students regard-
less of method:. This is a typical case of an educational study in
which no significant differences were detected. (The problem of contam-
ination, confounding variables, and instruments will be discussed in a
later chapter.)

In industry it has been discovered that instructors seek out or
produce visual aids and other‘instructional media on their own initi-
ative yet many of them have had no professional teaching experience or
training. 'They_are merely practioners who are attempting to get across
a point, method, process or idea. By trial and error, they have found

their students understand better when they use an approach which

13
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stimulates them both visually and audibly (17). Indusfry's results
with audio-visual media may not be immediately attainable in public and
higher education. While industry generally restricts itself to teach-
ing skills, schools, have multiple goals. Some courses teach few if
any skills and most go beyond them to underlying theories; backgrounds,
or affective behavior. Finally, industry enjoys working with smaller
classes. But even though institutions of learning may face a radically
more complex situation, they must make more and efficient application
of instructional media. |

In the search for methods of improving instruction, several.kinds
of media are receiving particular attention today. Those which are
being used in chemistry include full length sound mofion pictures,
computer assisted instruction (CAI), programmed material, closed cir-

cuit television (CCTV), and single concept loop films.
Media Used in Courses \

Dworkin and Holden (24) examined the differences between a series
of sound filmstrips and 1ecfures, but they found no significant differ-
ences between groups. This study did not, however, test the interest
level of the students over a period of time, nor did it attempt to go
bayond factual matter to communicate experimental techniques.

Motion pictures based in the classroom since 1920 (46), have some-
times yielded encouraging results. Haft (36) studied the U. S. Navy's
use of these during World War II, in science and technology applica-
tions. He found students trained with films regalled 35% more factual
material and remembered the material 55% longer than those students

who were taught the same material without the films.
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Findings such as these created a great deal of activity in the
late 1950's with the John Baxter chemistry films (6,7,8,40,64,72) and ~
the Harvey White physics‘films'(5,59,60,64;7l;72,90) as well as their
respective Continental Classroom chemistry and physics courses on com-
mercial television. Yet contrary to expectation, studies related to
 the use of these films to replace the lecture and the laboratory result-
ed in no significant differences even in those studies which were most
favorable toward the film (or TV). A majority of the studies, in
fact, revealed a significant difference in favor of the non-film
(control) groups. In film groups, the interest of the student dimin-
ished throughout the semester (6). Wendt and Butts (89) exploring tﬁe
matter, discovered a saturation point which is exceeded when 30 minutes
of film is shown daily for a period of several months.

The Physical -Science Study Committee (PSSC) and the Chemical Edu-
cation Materials Study (CHEM Study) films théugh enjoying wide accept-
ance have produced relatively few studies (67). The CHEM Study films,
for example, have received wide acclaim from chemists and teachers for
their treatment of the subject matter (both live and .animated), as well
as having won a host .of medals and awards from the film industry for
artistic treatment and photographic quality.

McTavish (52) showed that repetitive viewing increases retention
to a certain extent. Viewing a film twice increases achievement but
forcihg the students to view a film as many as four times resulted in
a slight reduction in learning.

There is still a great deal of activity in film, although other
media are receiving increasing attention. Computer Assisted Instruc-

tion (CAI) although expensive to initiate and operate, is being used to
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teach a variety of subjects. Many.aspects of chemistry are being
adapted to the computer for tutorial and computational purposes.l
Studies using CAI for general chemistry (21) and organic chemistry (68)
have been released. Both (at the University of Texas) have shown a
significance in favor of CAI as an adjunct to fhe regular class.

It is probable that as mass production decreases the cost of com-
puters, they Will increasingly supplement instruction. . For reasons
found by Strum and Ward (84), it is doubtful, however, that CAI will
replace the teacher., They cite 1) poor communication betwgen man and
machine (due in main to the author of the program); 2) the inability of
the system to interpret the student's answers; 3) the immense amount of .
effort required to prepare the course material; 4) the‘high cost -of
hardware -and actual programming; 5) the high proportion of down-time
for repairs; and 6) the CAl's effectiveness for the superior student
as opposed to their lack of effectiveness with remedial students.

Improvements in computer languages can enable the student to com-
municate with the computer more easily. Among these languages and
tutorial systems, Alpert (3) feels that the PLATO III, and (subsequent-
‘élly) the PLATO IV systems will provide solutions to.many difficulties
such as those .described by Strum and Ward. High CAI costs, though,
are still prohibitive, Alpert indicates PLATO III ranges from $2.00
t6 $5.00 per student-contact-hour when the costs are amortized over a
five year period. He feels that through extensive use and redesigned

consoles and systems (e.g., PLATO IV) the costs could be reduced to

lFor-an entire issue devoted to the use of computers in teaching
chemistry see J. Chem. Educ. 1970 47 (2) (February, 1970).
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between $0.34 and $0.68, which will make CAI competitive with present
methods in public schools.

Programmed instruction, another medium, may be as sophisticated as
a teaching machine or as simple as a printed booklet. Geller (30) con-
cluded that students liked the programmed material (a unit on organic
chemistry in a general chemistry class), but that they did not like the
teaching machines (Koncept-O-Graph) themselves. Generally, teaching
machines - (not to be confused with CAI) are difficult to load and store.
as well 'as being quite unreliable mechanically. Hence, printed pro-
grammed booklets have almost completely replaced the machines (31).

These programmed materials have been used -in a variety of situa-
tions with mixed results. Geller's study (30) found that the students
using programmed material learned the basic concepts of ‘organic chem-
istry just as wall as those who were taught the same material by
lecture. On factual examinations there were no significant differences
between the groupé.

Young (93) studied the effects of programmed booklets2 as a supple~-
ment to general chemistry. He found no overall significant difference
between the group using the supplementary material -and the group wﬁich
did not. However, the booklets were worthwhile, complementary study
aids (93).

Television has been employed in chemistry instruction primarily
for lectures (12,13,41,77). However, it is also being used for pre-

laboratory instruction (14). Although no statistdical evaluations have

2The series of five booklets by Virginia P. Powell, "Programmed
Units in Chemistry," Prentice-Hall, Inc., 1965, were used in this
study.
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been published, theée programs have generally met with the approval of
the faculties using them. Siegel (78)vcompared lectures both with and
without discussion, closed circuit television, multiple .sections.taught
by graduate students, and independent study in.a variety of subject
areas including chemistry. The results as measured by achievement
tests showed no significant differences among the methods. Students
preferred the smaller classes irrespective of the method. This study
also showed that the instructor himself had more to do with the atti-
tude of the student toward the class no matter whether the instructor

lectured in person or on television.
Media Used for Laboratory Instruction

Various media approaches have been employed in laboratory courses.
An attempt.to alternate filmed experiments which invelved either :
lengthy reactions or expensive equipment with actual experiments per-
formed by the students was made by Brubacher and:co-workers without
statistical evaluation. Although no direct results were obtained from
this approach, it was reported that the students did display a high
degree of enthusiasm for this method (19).

A study of teaching biological sciences laboratory techniques
through the use of tape recorded instructions and 35 mm colored slides
was . made by Requa (66). ‘The results indicated no significant differ-
ence between the experimental -and control groups; however, the experi-
mental group demonstrated a Rositive attitude toward this method.

The Purdue Research Foundation (65) has shown that the presenta-

tion of lecture demonstration experiments by .short motion picture films

is as effective as the conventional method of presenting lecture
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demonstrations.

Barnard and Yingling (14) have produced films in modules of between
one and five minutes for pre-laboratory instruction in general chem-
istry at Ohio State University. These are viewed by closed circuit
television in each laboratory. The program has been well received by

both faculty and students; however, no statistical evaluation has been

reported.
Single Concept Loop Films

In recent years the single concept loop film (SCLF) has received
considerable attention. As its name implies, this medium presents only
one idea, topic, or technique -in each film. Thus if one wishes to have
a concept repeated, he need not wait while several minutes of irrele-
vant film pass through the projector as he must well multi-concept
films.

SCLF cartridges have received much attention from classroom teach-
ers since the Technicolor Corporation introduced their cartridge loop
projectors in 1962 (20,46,47,81). The titles available have increaséd
from 700 in 1964 to 3,000 barely two years later (73). By 1968 well
over 6,600 titles were available with more coming each month. The
quality of these lbops does, however, vary. Many of them consist simply
of segments clipped from existing footage instead of having them de-
signed-as SCLF’(ZO).

Stein. (82) in 1958 used SCLF in beginning typewriting classes.

She found that although the film group typed more rapidly (but less
accurately) than the non-film group, there was no significant differ-

ence overall.
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Steiner (83) has used single concept loop films for pre-laboratory
instruction in biology with success but without statistical evaluation.

The U. S. Air Force has used single concept loop films for teach-
ing the operating procedures:for some of their equipment. Since these
training films have been employed, there has been a notable saving in
the repair of the particular equipment (20,74).

In technical education Gaussman and Vonnes (29) have used SCLF
for teaching a wide variety of topics including the proper use of
tools, food preparation, and the operation of business machines. These
films are being used to lend maximum flexibility to their instructional-
program. Students may view and review the films whenever they wish.

It was discovered that 90 percent of their students enrolled in the
business machines course received proficiency certificates from the
manufacturer. Since the national average was only 50 percent these re-
sults indicate that the films were helpful in increasing manipulative
skills.

Trinklein (86) used excerpts from the CHEM Study film on Bromine
in his study. He found that these clips were useful as supplementary
material because the group which viewed the full films plus the excerpts
learned significantly more factual data than those viewing either the
films or the clips once only. The confounding variable in this case
is repetition, known to increase the retention (52).

Brandon (16) examined the quality of SCLF's produced by clipping
segments from existing footage. He reported that a group of high
school chemistry teachers in an NSF Summer Institute found that the
existing 16 mm films provided few suitable single.concept film clips

with the exception of some of the CHEM Study films. The clips of



21

reasonable quality included some of the animations of reaction mechan-
isms as well as some of the demonstrations.from the CHEM Study films.

The major difficulty with the existing loop films appears to be
that they do not fit the format of the single concept film. The
Advisory Council on College Chemistry (AC3) in an.effort to upgrade the
single concept films has sponsored workshops for producing single con-
cept films (62). It is only when the single.concept films are produced
for a specific purpose by the teachers themselves that they will be-
come . the paperbacks of the instructional media (2).

The single concept format differs from that of the ordinary motion
picture. Titles and credit 1lines are kept to a minimum. Explanatory
titles and directions last only a few frames. If the viewer needs ﬁo
read the directions he may stop the film. If he does not then little
time will be wasted. Usually the demonstrator in a regular motion
picture picture is considered the "star" because of his domiﬁant role
and frequent appearance in the scenes. In the single concept format,
no more,than the hands of the demonstrator may appear. Scenes of a
particular operation are taken from "zero angle"3 Showing the opera-
tion from the perspective of the one performing it. Thus, when zero
angle films are used for pre-laboratory instruction there is no right-
to-left ‘transfer of direction necessary. Furthermore, the student has
a close~up view of the operation. .

Anderson (4) indicates that the single concept film will fill the

void between lectures or demonstrations and self-instruction. At the

3The camera angle is coincident with the normal viewing angle,
This is achieved by aiming the camera over the shoulder of the demon-.
strator. .
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proper moment in the instructional sequence, the student can view the
film (46). He may even view the film a number of times and adapt the

SCLF to -his own learning rate.
Color Versus Black and White

The advantages of color over black and white presentation have yet
to be adequately shown by research studies. It is axiomatic that films
depicting color changes would be worthless if viewed in black and white.
May and Lumsdaine (54) indicate that the only definite correlation
(r=0.90) exists between the gain in knowledge for both color and black
and white., Material which is effective in black and white will also be.
effective in color, whereas that which is not effective in black and
white correspondingly will not be effective by color. Their study was.
limited to material in which color did not play an important  part.

Vandermeer (88) reports that although there is no significant
learning differences (factual) between color and black,and white film,
the recall of material from color film was greater (although not sig-
nificant at the 0.05 level) in three out of five cases. All of the
above tests were based upon factual knowledge and recall and did not
indicate the interest or aesthetic value of the color.

Kanner (44) reported that black and white and color television
yielded no significant differences in learning factual knowledge in
10 out of ‘11 cases. A subsequent report by Rosenstein and Kanner (70)
indicated no significant difference between color and black and white.
All of these studies, however, used color merely to. illustrate a graph
or a picture. Color was employed only to increase the discernability

of the image, an end which can be accomplished in black and white with
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proper contrasﬁ'control. The evaluations, achieved by factual multiple
choice tests, made‘né attempts to determine the motivation or the at-
titude of the students. .

Barnard and O'Connor  (13) feel that in chemistry films, the appeal
or interest value of color is sufficiently significant to warrent its
use, but their opinion is not substantiated by statistical examination.
The cost of color films frequently deters their use, and the cost of
color television cameras is considerably higher than black and white.
It is surprising to note, however, that the cost of amateur.motion
picture film and processing is not significantly different from that

of black and white.4

4The average cost of Kodak Tri-X (black and white) super 8 mm
film with processing is $4.49.  Kodak Kodachrome II (color) super 8 mm
film also with processing (by Kodak) is $4.46. Thus while almost. the
same cost, the color film is actually cheaper. It should be noted
that .these are discount prices which anyone can.obtain by careful
shopping. The processing of the color film was by Kodak Laboratories
and the black and white by a reputable independent processor. The-
difference in cost is primarily due to the great demand for color
film by amateurs as opposed to the relatively little use which black
and white receives.



CHAPTER III
FEXPERIMENTAL DESIGN
‘Preparation of the Single Concept Loop Films
Criteria for the Films

To insure that films for this study be related to the techniques
needed for Chemistry 3015, it was necessary to determine which experi-
ments were to be assigned. Dr. Henry P. Johnston (professor in charge
of the course) selected and determined the order of experiments from
the laboratory manual by Coleman, Wawzonek, and Buckles -(22) and from
those written by Dr. Johnston and others of the 0.S.U. Chemistry Depart-
ment. Table I shows the experiment titles (in assigned order) as well
as those techniques, manipulations, and equipment setups needed.

The next step was to determine which techniques and experiments
the studeﬁts appeared to need most help with. To do so, the author
visited a Chemistry 3015 laboratory for one semester (not as a teacher
but ostensibly as a casual observer). It was found that techniques
demonstrated were at times difficult to see. This situation, together
with the fact that occasionally a student would allow his attention to
wander, resulted in less than the total group's knowing what to do.
And, while some students would ask their instructor, classmates, or the
author for help, others would blunder ahead. - Table II shows a list of

techniques which students occasionally or frequently performed

24
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TABLE I

TECHNIQUES NEEDED FOR ORGANIC CHEMISTRY LABORATORY EXPERIMENTS
(CHEM 3015)

EXPERIMENT

Number Name Source
Techniques (setups, manipulations)

1 Purification by Crystallization CWB
Seeding or scratching the supersaturated solution
Use of boiling chips
Use of decolorizing carbon
Folding Fluted filter paper
Suction filtering (Hirsch)
Reflux condenser

2 Determination of melting points CWB
Preparation of the melting point capillary
Determination of melting point with Thiele-

Dennis Tube
Calibrating a thermometer

3 Distillation and the determination of boiling points CWB
Setting up and operating a simple distillation
Use of boiling chips
Placement of the thermometer bulb

4 Fractional Distillation CWB
Setting up and operation of fractiemal
distillation apparatus
Boring holes in corks
Thermometer bulb placement
Use of boiling chips

5 Qualitative analysis for elements CWB -
Sodium fusion tests--making the solution
Tests for nitrogen, sulfur, and halogens

6 Hydrocarbons: Methane, Acetylene, Ethylene CWB
Use a side arm tube and gas collection*

meta-Dinitrobenzene HPJ-0SU
Recrystallization
Suction filtering (Buchner)
Melting point determination
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TABLE I (Continued)

EXPERIMENT

Number

Name Source
Techniques (setups, manipulations)

13

11

Cyclohexanol; Properties of Alcohols ' CWB .
Steam distillation (set up and operation)
Salting out
Ether extraction
Drying the ether extract:
Ether removal

n-Propylbromide : CWB
Simple distillation
Washing with a carbonate
Drying with CaCl _
Filtering thrqugﬁ cotton
Distillation range

Methylethyl ketone HPJ-08U

Simple distillation
Use of boiling chips
Fractional Distillation

Methyl salicylate HPJ-0SU

Reflux

Use of boiling chips

Neutralizing with bicarbonate (washlng with
carbonate)

Separation

Fermentation (Ethanol) HPJ-0SU

16

17

Fermentation lock*
Fractional distillation
Use of boiling chips

Carbonyl Compounds CWB -
Tollens test* v :
Schiffs test*®
Bisulfite addition#*

Iodoform test#*
Phenylhydraxine*

Acids CWB
Simple distillation
Freezing (melting) p01nt determlnatlon*
Use of boiling chips
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EXPERIMENT

Number Name Source

Techniques (setups, manipulations)

20

Butter and Oleomargarine

35

26

30

29

36

Saponification of Isoamylacetate
Reflux
Use of boiling chips
Simple distillation
Washing with carbonate
Separation
Filtering through cotton

Reflux
Use of boiling chips
Simple distillation

Aspirin (Acetylsalicylic acid)
Reflux
Rapid filtering (Buchner)
Decolorizing, fluted filter, and recrystallization
Melting point determination

Properties of Amines
Melting point determination
Preparation of anilides®
Preparation of benzanilides*
Preparation of benzenesulfonamide*
Preparation of picrates*

Diazo compounds
Preparation of diazonium salt (diazotization)
Coupling reaction

Sulfanilamide
Gas trap
Rapid filtering (Buchner)
Decolorizing, fluted filter, recrystallization
Melting point determination

Carbohydrates
Benedicts or Fehling's test®
Osazone test*
Periodic .acid test*

CWB

HPJ-0SU

CWB

CWB

CWB

CWB

CWB

Technique not covered in films.
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TABLE II

OBSERVED MISTAKES OR DIFFICULTIES ENCOUNTERED IN EXPERIMENTS

Technique Common Problems or Errors

Seeding a supersaturated solution:
Did not know what to expect
Did not know how to seed a supersaturated solution
Did not know how to scratch the inner surface

Use of decolorizing carbon:
Could not see the demonstration _
Did not .comprehend the difference between filtering
and decolorizing action

Folding fluted filter paper: :
Could not follow directions-
Did not fold the paper properly

Suction filtering:
Used incorrect size paper
Did not properly support.or clamp the flask
Did not know how to remove precipitate (Some scraped
precipitate from paper before removing paper from
funnel,)

Reflux: ,
Did not support the flask properly
Clamped the apparatus inefficiently
Used a stopper to close the system
Reversed the water inlet and outlet
Did not add-boiling chips

Use of boiling chips:
Lacked the knowledge of why chips are used
Had not experienced bumping of solution--until too late
Did not know the proper size of chips

Melting point capillaries:
Sealed capillaries improperly .
Experienced difficulties in filling capillaries

Thiele~Dennis tube:
Heated o0il too fast
Allowed  rubber -retaining ring to become immersed in oil.
Did not place capillary next to thermometer bulb

Calibrating a thermometer:
Had the incorrect belief that all laboratory thermometers
yield a correct reading
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TABLE II (Continued)

Technique

Common Problems or Errors

Simple distillation:

Set up the apparatus inefficiently

Clamped the apparatus improperly
Reversed the water inlet and outlet

Used improper methods . for holding receivers
Placed thermometer improperly

Did not add boiling chips

Fractional distillation:

Set up the apparatus inefficiently .

Clamped the apparatus improperly

Reversed the water inlet and outlet

Used improper methods for holding receivers

* Used inefficient methods for changing the receivers

Failed to use boiling chips
Placed a thermometer improperly

Sodium fusion tests:

Used too much sodium

Waited too long before placing sodium fusion mixture
in water

Used tap water instead of distilled

Did not heat unknown long enough with the sodium

- Did not boil solution before filtering

Did not know what results to expect
Did not know what results were positive, inconclusive,
or negative

Steam distillation:

Salting out:

Used too long a steam line between the trap and flask

Allowed the trap inlet to be higher than the outlet

Bled steam line then turned off steam and clesed system
thus allowing precious preparation to be forced back
into the trap and down the drain

Did not know how to go about setting up apparatus
efficiently

Confused the difference between steam distillatien and
distillation using steam as a heat source.

Did not.know the purpose of salting out
Did not know how much salt to use

Washing with a carbonate:

Used too much carbonate thus allowing the effervescent
solution to spill over
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TABLE II (Continued)

Techniques Common Problems or Errors

Use of separatory funnel:
' Did not know which layer to save and which to discard
Did not know how to properly relieve the pressure
generated in the closed funnel
Did not know when to stop the stopcock

Ether extraction:
'Did not understand the reasons for extraction
Did not understand the use of several small applications
of extracting solvent rather than one large one.
Placed subsequent aliquots of ether with the ether
layer rather than the aqueous layer

Drying the: ether extract:

Did not know how to remove the moisture from the ether.
extract

Did not know how much drying agent to use.

Did not know how to tell if too little drying agent
was used

Did not know how to effectively remove the solid drying
agent

Removing the ether from the solution:
Used unsafe procedures such as flame

Diazotization:
Added nitrite solution too rapidly or in too large-
amounts '
Did not keep the temperature cool enough

Use of a gas trap: :
’ Did not understand the purpose or function of the HCI1:
trap for sulfanalimide experiment

It was noted that some of these difficulties continued each time
a particular technique was used. In time, with patient prodding, .
some managed to overcome their original -difficulties.
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incorrectly, haphazardly, or dangerously.

In accordance with the experiments assigned by Dr. Johnston and
the needs of students observed by the author, each film was designed to
demonstrate -any one of the following: 1) a laboratory setup of stand-
ard taper glassware, 2) a technique or process which the students were
likely to have difficulty executing; 3) a technique or process implied

by some” of the experiments, although not specifically demonstrated by

the teacher.
Producing the Films

Films were designed to require minimal adaptation to the intended
tasks. They were planned in accordance with the objectives shown in
Table III and keyed to the experiments shown in Table IV. Films were
photographed on location in the laboratory showing the same equipment
to be used by the students. Scenes indicate faithfully the logations
of facilities such as water, gas, sinks, steam, aspirators, and fume
hoods. In addition, films were shot from zero angle, permitting em-
phasis upon the task rather than the demonstrator. Films conforming
to these criteria show setups and techniques as students will view them
while performing the experiments.

Because this study was a pilot project, only two copies of each
film were needed: an original and a duplicate to replace damaged
loops. Super eight millimeter film was chosen for two reasons. The
cost of filming the same scenes twice directly on super eight is con-

siderably less than producing a master print on sixteen millimeter for
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TABLE III

FILM TITLES AND OBJECTIVES

The objectives for the films were to show the following:

1.

Crystallization (Supersaturation)

A. The effect of '"seeding" a supersaturated solution.

B. The effect of rubbing or scratching the inner walls with
a glass . rod.

Decolorizing
A. Filtering through paper does not remove colored impurities.
B. The approximate amount of decolorizing carbon to use.

The decolorizing effect of decolorizing carbon.

The sequence of procedures in decolorizing.

Fluted filter paper being used as a matter of simplicity
and speed.

OO

Folding Fluted Filter Paper
A. Folding fluted filter paper properly.
B. VFolding fluted filter paper improperly.

Rapid Filtration

A. Both Hirsch-and Buchner funnels and filter flasks.:

B. The filtering operation,

C. The proper method of supporting the filtering flask.

D. The selection of the proper size of filter paper.

E. The procedures for washing the precipitate.

F. The procedures for removing the paper from the funnel.

G. The circumstances in which each of the funnels should be
used.

Reflux

A. A reflux column in operation.-

B. A systematic method for setting up a reflux column as.
well as supporting and clamping the entire assembly, and
proper placement of the water inlet and outlet hoses.

C. The filling of the flask (and not overfilling) and the
addition of the boiling chips.

. The Use of Boiling Chips

Proper even boiling

Bumping without boiling chips.
The effects when boiling chips are added to a hot solution; -
The bubbles eminating from the chips.

gawp
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TABLE III (Continued)

10.

11.

Methods of Heating

A. Heating a flask (round bottom) with and without a wire
screen and burner.

B. Heating with steam.

C. Heating with hot or warm water.

D. The proper methods.of support with different heating
methods.

. . Thermometer Correction

A: A group of laboratory thermometers do not give the same
reading when placed in a bath of uniform temperature,
thus each must be calibrated to standard or known values.

B. ' The procedures to determine correct temperature values.

Melting Point Determination (Capillary Preparation)

A. How to prepare and seal a capillary by cutting and sealing.

B.  How to prepare a capillary.and seal it by heating and
pulling.

C. How to fill and cause the sample to reach the bottom of.
the capillary.

D. The difference between good and bad capillaries.

E. Proper methods for affixing capillary to. thermometer.

Melting Point Determination (Thiele-Dennis Tube).

A. The Thiele-Dennis Tube in operation.

B. The melting of the wax (or oil).

C. The proper amount of oil.

D. Where to heat the tube.

E. Where to place the thermometer bulb.

F.  The vent for pressure release.

G. That the melting point is the range between the initial
melting and the final melting.

H. That the heating rate should not exceed a degree per
minute.

I. Thag the thermometer should be read to the nearest 0.1 or
0.27C.-

Boring Holes in Corks

A. The set of cork borers.

B. The proper method of selecting the proper size of borer.

C. The selection of the proper size of cork.,

D. The cork borer sharpener.

E. The proper method of sharpening a cork borer.

F. Moistening the cork borer.

G. Drilling the cork (with a twisting motion) from both ends-
toward the middle.

H.  The effects of improper boring such as "blown'" corks.

I. The proper method of putting the cork on a glass.tube.
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TABLE III (Continued)

.12,

13.

- 14,

15.

16.

Simple Distillation (Setting Up)

A. The distillation in operation.

B. Setting up the simple distillation apparatus in a logical
order (flask, column, hoses on.condenser, condenser,
adapter, receiver).

C. The proper placement of clamps.

D. The proper placement of water inlet and outlet on
condenser.

E. Proper methods of attaching the receivers with two methods
of clamping. . )

Simple Distillation (Operational Hints)

A. The proper methods of filling the flask.

. . The proper thermometer bulb placement.

. . The effect if proper attachment of adapter is not used.

. The effect if the proper attachment of the receiver is
not used. :

E. The proper method of changing the receivers.

B
C
D

Thermometer Placement

A. The proper placement of a thermometer bulb in distillation.

B. That the temperature of the boiling liquid is slightly
higher than the vapor in the column.

C. The temperatures as read by the thermometer when the bulb
is slightly higher,-at, and slightly lower than the outlet
to the condenser.

Fractional Distillation

A. Two alternate types of distilling columns.

B. Methods of changing receivers.

C. A distillation in operation boiling smoothly.
D. Flooding in.the column from too rapid heating.

Sodium Fusion Tests 1-Solution Preparation

A. Placement of soft glass tube in the transite square.

B.  How to judge the appropriate volume of distilled water.

C. The proper size piece of sodium.

D. The proper treatment of the sodium by absorbing the
kerosine with filter paper.

E. The proper sequence of events; a) melting the sodium,
b) adding a small quantity of unknown, c¢) strong heating
of the unknown with the sodium, and quickly plunging the.
hot tube inte the distilled water.

F. The proper method of plunging the hot tube into the
distilled water thus breaking the tube.

G. Boiling the solution to insure dissolving.

H. Filtering the solution to remove glass and insoluble
materials.
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TABLE III (Continued)

17A.

17B.

17c.

18.

19.

20.

Sodium Fusion Tests.  II - Nitrogen Test

A. The proper sequence of operations in the nitrogen
determination.

B. Positive results.

C. The lack of color which may occur at first but slowly the
color develops into a bluish or greenish color of the
positive test.

D. The result of filtering an indistinct result thus showing
the traces of blue precipitate.

Sodium Fusion Tests. III - Sulfide Test

A. The proper sequence of operations in the sulfur (sulfide)
test.

B. Both positive and negative results.

Sodium Fusion Tests. IV - Halogen Test

A, The proper sequence of operations in the halogen tests.

B.  The acidifying and boiling of the solution to remove
HCN and HZS‘which interfere.

C. Both positive and negative results.

D. The use of a blank test.

Steam Distillation-

A, A steam distillation in operation.

B. The assembling of a steam distillation apparatus.

C. '"Bleeding' of the steam line prior to commencing.

D.  The use of a short distance between the steam trap and
the distilling flask.

E. The use of the steam trap.

F. How to start the steam distillation.

. Separation and Purification 1: Washing with a Carbonate.

A. How to use a saturated sodium carbonate solution to
remove . the excess acid.

B. The use of solid sodium carbonate. -

C. The proper method of small applications with shaking
rather than one large application.

D. The proper handling of the separatory funnel.

Separation and Purification II: Salting Out

A. The use of sodium chloride.

B. How to estimate the amount of salt to use:

C. , The proper method of shaking a separatory funnel.
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TABLE III (Continued)

21.°

22,

23,

24,

25.

26'

Separation and Purification 1III: Ether Extraction

A. The use of small applications with ether.

B. Determining which layer is the ether.

C. The proper method of shaking and relieving the pressure
of the evaporated ether with the separatory funnel.

D. The proper method of stopping the level at the interface.

E. - Saving the ether extractions together.

F. The addition of a.fresh aliquot of ether to the aqueous
layer.

. Separation and Purification IV: Drying Ether.

A. The application of anhydrous potassium carbonate (as well
as calcium chloride and other drying agents).

B. Allowing the solution to stand for a period of time.

C. What to do in case the potassium carbonate dissolves.

D. Filtering through cotton, pressing the cotton with a
glass . stopper and rinsing with dry ether.

Separation and Purification V: Ether Removal
A. The safest method of removing the ether is by distilling
off the ether with a steam bath and an. ice packed reciever.

Fume and Vapor Removal
A. The use of the fume hood. (Shows the effect of pulling
~ out nitrogen dioxide vapors:)
B. The use of the water aspirator and a funnel to improvise
the removal of small amounts of noxious noncorrosive
- vapors at ones desk. :
C. Vapor removal in distillation columns, and vapor traps
for reflux columns.,

Diazotization

A. The diazotiazation procedure using a three neck flask
and sulfuric acid. This is useful when followed by steam
distillation. '

B. The use of a steady drip of the nitrite solution rather
than intermittant larger amounts.

Diazotization II

A. The diazotization procedure using a single neck flask
and hydrochloric acid.

B. Using a steady drip of the nitrite solution rather than
intermittent larger amounts. :
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TABLE IV

FILMS KEYED TO THE EXPERIMENTS

Experiment .

Title Film Numbers.
1 Crystallization ' 1, 2, 3, 4, 5, 6, 7
2 Melting Points: - : 8, 9, 10
3 Distillation. 12, 13, 14, (6)
4. Fractional Distillation 11, 14, (6), (14)
5 Qualitative Analysis. 16, 17A, 17B, 17C
6 Hydrocarbons : None
(Procedures used in general chemistry)
m-Dinitrobenzene | (2), (&), (9), (10)
13 Cyclohexanol 18, 19, 20, 21, 22, 23
11 n-Propyl Bromide (12), (13), (14), (15),
(6)
Methyl Ethyl Ketone (12), (13), (14), (15),
(6)
Ethanol (6), (15)
(new techniques quite easy to follow in directions)
16 Carbonyl Compounds. None
(tests quite easy to perform, results not confusing)
16 Acids (6), (12), (13), (14)
Methyl Salicylate (5), (6), (19), (20)
20 Isoamyl Acetate (5), (&), (12), (13),
(14)
Butter and Oleomargarine (5), (6), (4), (L),
(2), (3, (9, (10)
35 Acetylsalicylic Acid (5), (6), (1), (2),
(3), (9, (10)
26 Amines None (9), (10)

(Tests easy to perform, results not confusing)
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TABLE IV (Continued)

Experiment Title Film Numbers”
30 Diazo Compounds 25, 26
29 Sulfanalimide (L, 2, 3, ),
(5), (9), (10)
36 Carbohydrates None

(Tests easy to perform, results not confusing)

* .
Film numbers in parentheses indicate titles for review only if

needed.

The techniques have been covered in previous experiments.
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reduction copying onto eight or super eight millimeter.l In addition,
super eight's format of 21.5 mm2 provides 50 per cent greater image
area than eight's 14.3 mm2 and, hence, sharper resolution for the same
viewing image size.

Equipment for filming included the following:

Beaulieu 2008S, super eight millimeter motion picture camera
equipped with an f/1l.4 Angineaux 8 to 64 mm variable focus (zoom) lens.,
The camera empioys through-the-lens focusing and viewing as well as an
automatic diaphragm control with manual override capabilities.

Three Smith-Victor lighting stands equipped with 3200°K
quartz-halide lamps to provide proper color balance with Kadachrome iI
film.

Quick Set Husky elevator tripod.

Backgrounds of textured surface poster board in pastel shades.

Titles provided by rub-—off letters on matte finish poster
board; credits and titles provided by adhesive backed three dimensional
plaster letters mounted on orange burlap.

Following processing by Eastman Kodak's Chicago Laboratory, the
editing was accomplished with a Vernon action viewer and a Kodak Press-
tape splicer. (Tape splices hold eight millimeter film better than
cold cement (53).) Finally, the edited films were placed into Tech-

&
&

nicolor Magicartridges for projection in Technicolor 800 projectors.
Experimental Design

The experimental design for this study required that it be

1
Dupllcatlon without reduction copying results in a s1gn1f1cant
loss of contrast-and detail.
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adaptable to the existing class schedules and pfocedures for Chemistry
3015 with a minimum of disruption. Therefore the evaluation will, of
necessity, be a comparative method design. To overcome the obvious
shortcomings of comparative method studies, and yet provide a maximum
of individuals, the following plan was used.

The 170 students of Chemistry 3015 were assigned as randomly as.
possible to the experimental and control groups. This was done during
pre-enrollment by the Registrar's office. Schedules are frequently re-
arranged during pre-enrollment course balancing. The only student bias
involved in section assignment is that created by time conflicts with
other courses. Thus, while a student may indicate preferences, his
assignment to a laBoratory section is not directly determined by the
student himself, but indirectly as a result of his other schedule in
view of the schedule readjustments made by the Registrar's office
during pre-—enrollment. Assignment to subsections is normally by alpha-
betical arrangement, However, to achieve maximum randomization, the
class cards for a given section were shuffled seven times and dealt
into the appropriate number of stacks face down for assignment to a
subsection. Because the three laboratories which were being used for
Chemistry 3015 are essentially identical, it was arbitrarily determined
to designate PS-356 for the experimental subsections. Locating all
three of them in one laboratory permitted\keeping the films and pro-
jectors there facilitating student access to them during class, at
other times they could be kept in locked drawers.

Because the individual teacher or time-of-day differences might
possibly contaminate the results, the schedules as presented in Table

V will allow for these differences, if present, to be statistically
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determined.

General instructions, any modifications in the basic experiment,
and safety precautions, were written and given to the instructors in
lieu of staff meetings. The instructors in the experimental groups
were cautioned to omit from their pre-laboratory discussion anything
which was covered in the films. The students in the experimental groups
Were'showh how to.use the Technicolor Projectors and the film cartriges.
They also were instructed in what to do in case a film jammed. Finally,
they were given a list of films keyed to the experiments (Appendix G)
and informed that they could look at the films at any time during the

laboratory period except during discussions or quizzes.

TABLE V

ASSIGNMENT OF GROUPS AND INSTRUCTORS

Room: PS 356 PS 357 PS 358
Section:
Section 1 Subsection 1 ° " Subsection 2 Subsection 3
MW 1:30-4:20 J. Tai ' H. Herzer P. Mooney
’ Teacher A Teacher C Teacher B
Film Group Non Film Group Non Film Group
(Group 100) (Group '600) (Group 500)
Section 2 Subsection 1 ‘ Subsection 2
10:30-2:20 P. ‘Mooney J. Tai
Teacher B Teacher A.
Film Group Non Film Group
(Group 200) (Group 400)
Section 3 Subsection 1 Subsection 2
2:30-5:20 H. Herzer R. Lyeria
Teacher C Teacher D
Film Group. Non Film- Group

(Group 300)

(Group 700)
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Control groups- were taught in the conventional manner. The labor-
atory instructor began with a brief discussion of the theory underlying
the reactions, a description and demonstration of the techniques in-
volved, plus any deviations from the instructions in the laboratory
manual. Emphasis was given to safety procedurés_and handling of hazard-
ous materials. Students in.both groups were required to have their
equipment setup checked before they began their experimentation.

Experimental groups were handled in the same manner except the
instructor did not demonstrate the equipment setup or the techniques
which are covered in the films. In those cases where a student had an
incorrect setup, it was suggested that he review the film rather than

the instructor telling him how to correct his error.
Instruments

1. Data Card. Each student was asked to submit pertinent data
on a 3 x.5 inch card and hand it to the instructor prior to leaving the
laboratory. These cards were provided for the students and a specimen
of one\completed\was posted in the laboratory. Data requested varied
from day to day (depending upon the nature of the experiment), and
instructors received directions before each session. Items recorded
included name, date; subsection, experiment number, time spent on the
experiment exclusive Qf clean up or prelaboratory discussion (calculated
to the nearest five minutes), name of partner (if any), percent yield,
melting péint, breakage (exclusive of clean up), and accidents (each
briefly described).

2. Laboratory Skill Survey. A self appraisal in organic labor-

atory .procedures was determined by a laboratory skill survey given at
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the commencement and conclusion of the course (Appendix g). The stu-~
dents were informed that the results would have no effect upon their
grades for the course. The care with which each instrument was com—
pleted was ascertained by checking those items which involve techniques
which they ehould know (such as lighting a bunsen burner and simple
filtration) and those techniques which they should not know (such as
vacuum distillation) and by the consistency with which they responded
to duplicate items.

This instrument was adapted from a form used at Michigan State
University in Physiology (42). The Michigan State form was used in
conjunction with a media approach to the preparative laboratory in
Advanced Mammalian Physiology. Techniques such as muzzling a dog and
pithing a frog were listed with response choices related to the knowl-
edge or ability required to perform the particular operation.

3. Attitude Survey. A survey of ten selected experiments five ‘
of which (2, 3, 4, 5, and 13) invoived films directly and five of which
(11, 16, 17, 26, and 35) did not. The survey administered near the
semester's close asked their opinion of these ten experiments in terms
of time requires, how interesting, value or usefulness, academic value,
difficulty, directions, techniques, manipulations, and overall opinion.
These nine categories were arranged in Likert-type scale choices
(Appendix E). The attitude surﬁe&“ﬁae anonymous (although responses
were segregated by subsection) in order to increase the reliability
(25).

4., JHZS Examination. In the absence of a direct measuring instru-
ment for laboratory techniques, it was necessary to prepare a labor-

atory examination which covered laboratory techniques, procedures,
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setups, but no theoretical aspects. Rather than drawings or diagrams,
the examination employed photographs of equipment used by the students
in their experiments.. Students were asked fifty multiple choice
questions about equipment shown properly and improperly set up. Because
of the possibility of awareness and the lack of a sufficiently large
sample for split group technique, it was not administered as a pre-test,
post—testvinstrument. The reliability of the instrument was determined
by Kuder-Richardson Formula 21 which is widely accepted for this purpose
(32). For future work, an item analysis was.run in order to determine

which questions need to be rewritten.
Hypotheses

The following major null hypotheses were tested.
Ho 1l: There will be no significant differences between the background
of the students in. the experimental and control groups.
Ho 2: There will be no significant differences in the time required
to perform the experiments between the experimental and control groups.
Ho 3: There will be no significant differences in the breakage param-
‘eters between.the experimental and control groups.
Ho 4: There will be no significant differences in the number of
accidents occurring between the expé%imental and control groups.
Ho 5: There will be no significant differences in the self appraisal
of laboratory techniques as measured by the laboratory skill survey
between the experimental and control groups.
Ho 6: There will be no significant differences in the atﬁitude toward

the experiments between the experimental and control groups.
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Ho 7: There will be no significant differences in the laboratory °
proficiency as measured by the JHZS Examination between the experi-
mental and control groups.

Each of these major hypotheses was subdivided in order to ascer-

tain the location and extent of the statistical differences.



CHAPTER TV
DATA, STATISTICAL ANALYSES, AND RESULTS

Prior to establishing whether significant differences occur between
treatment groups, it was necessary to determine if differences might,
indeed, be attributed to the differences in the groups themselves. For
this reason if the groups are found to be randomly distributed with
respect to factors which might affect the results, than it is more
likely that significant differences discovered will be due to treat-
ment differences and not to a non-random distribution of the subjects.

Followingba description of the statistical measures used in this
study will be the determination of the random distribution of the sub- '

jects and . finally the data, analyses and results of the study.
Statistical Measures

In this study the null hypothesis form is used throughout. For
convenience the alternate hypothesis.form is not stated in order to
prevent confusioﬁ, Because. the related studies (20,29,74) indicate
trends in favor of the use of SCLF the alternate hypothesis would be
stated in a directional form in favor of the experimental group. For
this reason; one tail probabilities will be used throughout.

Siegel (57,60) attributes the lack of significance in educational
studies of the comparative type of the other variables interacting in

supposedly balanced groups. Using analysis of variance or covariance

46
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designs, Seigel féels, should -yield more sigrnificant results.

The -analysis gf.variance‘is a more robust test than the covariance.
That‘is to say,; the former will yield reliable results even though all
of the rigid assumptions are not strictly adhered to, whereas in the
latter the reliability.tends to suffer when more deviations occur. (62)

Tukey (66) indicates that there is no real need for the artificial
limitations of the 0.0l or the 0.05 level of significance.  In the
testing of a new drug, perhaps the 0.001 level might not be sufficient-
ly significant, whereas for a gambler, the 0.45 level would be . suitable
in order to net him a steady profit. In educational situations-the
0.20 or some other level might. be just as appropriate as the widely
used 0.05 level.

For this study the significance level for the purpose of rejecting
the null-hypothesis will be set at the 0.10 level.

Parametric statistical evaluation is based upon samples drawn from
a normal population. Samples which deviate from normality decrease
‘the effectiveness of the statistical tesés., Non-parametric tests can
be employed.in instances where the data lacks some of the rigorous
aésumptions demanded by parametric statistics. Also different types
of data lend themselves to different statistical tests.

Hence, a variety of statistical tests were used in this study.

All of these .tests are widely accepted and included in some of the
comimonly employed educational statistics reference works such as
Siegel (80), Popham (62), and Guilford (33). However, because the
formulas and symbols vary slightly, Appendix I contains a compilation
of each of the statistical formulas and their respective terms which

were used in this study.



The following statistical tests were employed. Included is a
brief description of their respective uses, strengths and weaknesses.

Mann-Whitney-U Test. The Mann-Whitney U is frequently employed
when scores of two similar groups are ranked together. If the two
groups are from essentially the same population there will be consider-
able intermingling of the two groups. If one group significantly ex-
ceeds the other, then the ranking of the superior group will be sig-
nificantly higher than the inferior. The Mann-Whitney U is frequently
employed. in place of the parametric t test (Student's t test) with
little loss in power (62). The Mann-Whitney U has one of the highest
power efficiency of the nonparametric teéts, approaching 95 per cent.
even with moderate size samples (79). |

Friedman Two Way Analysis of Variance. When two or more groups
are compared in which the items are matched or related, the Friedman
Test is conveniently employed. This technique involves a ranking of
treatments within a set of data. The formula into which the squared
sum of the ranks are inserted yields a value which may be interpreted
from a table of chi square values. The exact power of the Friedman
Test is now known (79), but it compares favorably with the most power-
ful parametric test, the F test. Friedman (79) reported that in 45 out.
of 56 cases, the probability levels between the Friedman Test and the
F test were the same. Friedman has also made comparisons between chi
square values (commonly used to interpret the results) and calculated
values from the z test. The results indicate that as either k (the
number of columns) or N (the number of rows) increases, the difference-
between the two values diminishes to zero. For example, at the 0.05

level when k equals three, the chi square value will be 5.991, as N
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increases from 10, to 20, and to infinity, the value from z increases
from 5.959 to 5.983, to 5.991 respectively (28).

Randomization Test for Two Independent Samples., The randomization
test for independent samples is a powerful nonparametric test which
requires much less stringent assumptions than are required for the
parametric t test. The exact probability can be determined without.
‘assuming a normal distribution or homogeneity of variance (79). When
ny and n, are large, the computation becomes tedious and unwieldy.
Pitman (79) has shown that if the kurtosis of the combined sample is
small and if the ratio of the size of the two groups does not exceed
five, then the distribution closely approximates the f distribution,

thus:

. X~ X%

- i 7
xS+ IO

A nytn,=2 ny n,

WhicH is essentially the same formula as the pooled variance formula
of the t test. Thus in this study the t test will be employed, not as
a parametric test but as a nonparametric test, so that a normal dis-

tribution need not be assumed. The form of the t test will be
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The power efficiency of the randomization test for two independent
samples is 100 per cent because.of the definition and the fact that it
uses .all of the information in the samples (79).

Chi Square. The chi square test is a goodness of fit test which
can-be used to determine if a distribution varies significantly from a.
random distribution. The magnitude of the chi square statistics de-
pends upon the disparity between the actual frequencies and the expected
frequencies. The power‘efficiency‘cannét be computed for chi square-
because there is not alternative parametric test.

Spearman Rank Order Correlation. The Spearman rank order correla-
tion coefficient is the nonparametric alternative to the Pearson
Product Moment correlatieon. The Pearson correlation requires homo-
scedastisity (equal scattering) and the Spearman does mot. The Spear-
man also is much easier to compute. The efficiency of the Spearman
rank order correlation is 91 per cent when compared to the Pearson
Product moment (80).

. Wilcoxon Matched-Pairs Signed-Ranks Test. The Wilcoxon test is
based upon the premise that if most of the major differences favor one
group then it follows that it should be significantly superior to the
other (62). Thié test is based upon the rank of the magnitude and its
direction. The Wilcoxon Matched-Pairs Signed-Ranks test compares
favorably with the power of the t test when parametric assumptions are
met. For small samples the efficiency approaches 90 per cent (80).

Kruskal—Wallas One Way Analysis of Variance. This test deter-
mines whetherra group of independent samples are from different pop-

ulations on the basis of their rank order. The test assumes that the
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variable under study has a continuous distribution. The Kruskal-Wallas
test has an efficiency of 95.5 per cent when compared to the F test

(80).
Distribution of the Group

Because one major difficulty in educational studies is determining
what factors are responsible for success with the measuring instruments,
the treatment samples were examined. It was assumed that each group
contains a random sample of the pfe—medical, pre-veterinary, pre-dental,
agricultural, and arts and sciences students who usually enroll in
Chemistry 3015. (See Chapter III for assignments to sections.and sub-
sections.) The question whether sections also contained a random dis-
tribution according to classification, college, and sex generated the.
following three null - -hypotheses.

Ho 1,01 There will be no significant difference in the distri-
bution of the students by claésification among the sections.

Ho 1.02 There will be no significant difference in the distri-
bution of the students by college among the sections.

Ho 1.02 There will be no significant difference in the distri-
bution of the students by.sex among the sections.

These hypotheses may be tested by chi square analysis, is essen-
tially a curve-fitting formula, which will sérve to determine if the
observed distribution deviates from that expected in a random distri-
butien. The data is tabulated in Table VI and the chi square analyses
follow in Tables VII, VIII, and IX.

The rejection of Ho 1.01 but not the Ho 1.02 or Ho 1.03 tended to

support the assumption that the group had indeed been randomly
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TABLE VI

DISTRIBUTION OF STUDENTS BY SUBSECTIONS (CLASSES)

Classification 100 200 300 400 500 ’ 600 700

Male 22 17 18 21 20 17 - 22
Female 2 7 6 2 0] 4 2

Sophomore 14 14 10 10 10 11 12
Junior 6 6 13 6 8 8 9

Senior 3 4 1 7 2 1

Graduate ' 1 0 0 0 0 1 0

College/Major

Agriculture:
General Agriculture 0
Pre-Veterinary 5
Animal- Science 5
Agronomy . 2
Agri-Economy 1
Dairy 1
Subtotals: (14) (12) (13) (9) (12)

Engineering:
Chemical Engineering

w
N
=
N
N
B~
=

Arts and Science:
Physical Science:
Chemistry
Pre-Medical
Zoology
Pre-Dental
Botany
Microbiology .
Medical Technology
Physiology"
Wildlife Ecology
Biological Sciences
Psychology
Undecided

Subtotals

NMOOOOOHRHONMNOKROO
OCOCOHOWHHOOMOO
COOOHOHOOHNWOHR
NOOHHNHOOONMRHO
c\kac>c>c>hfo<3 RFOoOHMDOO
COHOORHOHNNROO
COOOOOHHONMNNOOO

~~
N
~~
| ol
N
N
N
~~
| ol
N
~~
N
N
N
~~
N

Business:
General Business 0 0 0 0 0 1 0

Home Economics:
Nutrition 1 0 1 0 0 1 0

Graduate:
FNIA , 0 0
. Agriculture 1 0

o O
o o
o
o
[N w]
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distributed by college and by sex, but not by classification. Table
VII shows a, fairly even distribution of sophomores and juniors, but
section 2 (Tu-Thu 11:30) has a higher proportion of senior-graduate
students. (Table VI shows these are all seniors.) It is then neces-
sary to determine the distribution between the experimental and control

groups. This genergted the following set of null hypotheses.

TABLE VII

CHI SQUARE ANALYSIS OF LABORATORY SECTIONS BY CLASSIFICATION

MonWed 1:30 TuThu 11:30 TuThu 2:30 Totals

Sophomores
observed 35 24 22 81
(expected) ‘ (32.91) (23.79) (24.30)

Juniors
observed 22 12 22 56
(expected) (22.75) (16.45) (16.80)

Senior/Graduate
observed 8 11 4 23
(expected) (9.34) (6.76) (6.90

Totals 65 47 48 160

2 7.2607

f=2
*“significant at 0.05 level.
Ho 1.01 rejected

X
d



TABLE VIII

CHI SQUARE ANALYSIS OF LABORATORY SECTIONS BY COLLEGE

54

MonWed 1:30 TuThu 11:30 TuThu 2:30 Totals
Agriculture
observed 31 21 27 79
(expected) (32.09) (23.21) (23.70)
Arts & Science
observed 20 22 18 60
(expected) (24.38) (17.63) (18.00)
Engineering
observed 9 4 2 15
(expected) (6.09) (4.41) (4.50)
Other
observed 5 0 1 6
(expected) (2.44) | (1.76) (1.80)
Totals 65 47 48 160
X2 = 10.20 df = 6 NS Ho 1.02 not rejected
TABLE IX
CHI SQUARE ANALYSIS OF LABORATORY SECTIONS BY SEX
MonWed 1:30 TuThu 11:30 TuThu 2:30 Totals
Male
observed 59 38 40 137
(expected) (55.66) (40.24) (41.10)
Female
observed 6 9 8 23
(expected) (9.34) (6.76) _ (6.90)
Totals 47 48 160

65

2

X" = 2.4665 df = 2 NS

Ho 1.03 not réjected
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Ho 1.04 There will be no significant difference in the distribution
of the students by classification between the experimental and control
group.

Ho 1.05 There will be no.éignificant difference in the distribution
of the students by college between the experimental and control group.

Ho 1.06 There will be no significant difference in the distribution

of the students by sex between the experimental and control group.

TABLE X

CHI SQUARE ANALYSIS OF TREATMENTS BY CLASSIFICATION

Sophoﬁore* Junior Senior/Grad. Totals.
Experimental
observed 38 25 9 72
(expected) (36.45) (25.20) (10.35)
Control
observed 43 31 14 88
(expected) (44.55). (30.80) (12.65)
Totals: 81 56 23 160
2

X" = 0.4429 df = 2 NS Ho 1.04 not rejected



TABLE XI

CHI SQUARE ANALYSIS OF TREATMENTS BY COLLEGE

56

Agriculture Science

Arts and

Engineering Other Total.

Experimental

observed . 25 6 3 73

(expected) (36.04) (27.38) (6.84) (2.74)
Control

observed 35 9 3 87

(expected) (42.96) (32.63) (8.16) (3.26)
Totals 60 15 6 160
X% = 1.5483 df = 3 NS Ho 1.05 not rejected

TABLE XII
CHI SQUARE ANALYSIS OF TREATMENTS BY SEX
Male Female Totals

Experimental

observed 57 15 72

(expected) (61.65) (10.35)
Control

observed 80 8 88

(expected) (73.35) (12.65)
Totals 137 23 160
X2 = 3.8205 df = 1 (Yates Correction used) *significant at 0,10
Ho 1.06 rejected
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Thus Ho 1.04 and Ho 1.05 were found to be tenable, but Ho 1.06
untenable and must be rejected. Therefore the distribution of the stu-
dents between the experimental and control groups was random by college
and classification but not by sex. Examination of the data show that
the experimental group has a higher proportion of female students. It
was necessary to determine the effect of the imbalance of the sex dis-
tribution. This effect will be shown in subsequent analyses. It was
necessary to determine whether the distribution of students by sex,
college, -and classification was random among the individual classes
(subsections). This generated the following null hypotheses. .

Ho 1.07 There will be no significant difference in the distribu-
tion of the students by.classification among the subsections.

Ho 1.08 There will be no significant difference in the distribu-
tion of the students by college among the subjections.

Ho 1.09 There will be no significant difference in the distribu-.
tion of the students by sex among the subsections.-

Thus Ho 1.07 and Ho 1.08 were found to be tenable but Ho 1.09 was
not. This has confirmed the random distribution of the students by
classification and college but not by sex. It was necessary to deter-
mine the effect of this imbalance of female students. Because the
distribution of the students into subsections was accomplished by ran-
domization techniques, the randomization would be destroyed if some of
the female students were redistributed. Therefore it was necessary to
examine the statistical results both with and without female students
and observe the differences.

It was thén necessaty.to determine the distribution of the chem-

istry semester hours, semester hours of chemistry laboratory courses,



TABLE XIII

CHI SQUARE ANALYSIS OF CLASSIFICATION BY SUBSECTION

100 . 200 300 400 .500 600'- 700 Total
Sophomore -
observed 14 14 10 v 10 10 11 12 81
(expected) (12.15) (12.15) (12.15) (11.64) (10.13) (10.63) (12.15)
Junior
observed 6 6 13 6 8 8 9 56
(expected) (8.40) (8.40) (8.40) (8.05) (7.00) (7.35) (8.40)
Senior/Grad
observed 4 4 1 7 2 2 3 23
(expected) (3.45) (3.45) (3.45) (3.30) (2.88) (3.02) (3.45)
Totals - 24 24 24 23 20 21 24 . 160

X2 = 12,5831 df =.12 NS Ho 1.07 not rejected



TABLE XIV

CHI SQUARE ANALYSTS OF COLLEGE BY SUBSECTION

400

100 200 300 500 600 700 Total
Agriculture
observed 14 12 13 9 12 5 14 79
(expected) (11.85) (11.85) (11.85) (11.36) (9.88) (10.37) (11.85)
Engineering
observed 3 2 1 2 2 4 1 15
(expected) (2.25) " (2.25) (2.25) (2.16) (1.87) (1.97) (2.25)
Arts and Science and Others
observed 7 10 10 12 6 12 9 66
(expected) (9.90) (9.90) (9.90) (9.49) (8.25) (8.66) (9.90
Total . 24 24 24 23 20 21 24 160

X2 = 12.5116 df = 12-NS

Ho 1.08 not rejected

Prap.



TABLE XV

CHI SQUARE ANALYSIS OF SEX BY SUBSE

CTION

100 200 300 400

500 600 700 Total
Male. _
observed 22. 17 18 21 20 17 22 137
(expected) (20.55) (20.55) (20.55) (19.69) (17.13) (17.98) (20.55)
Female-
observed 2 7 6 2 0 4 2 23
(expected) (3.45) . (3.45) (3.45) (3.31) (2.88) (3.02) (3.45)
Totals 24 24 24 23 20 21 24 160

x% = 12.2287 df = 6

*gignificant at 0.10 level Ho 1.09 rejected

-~
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chemistry grade point averages, overall grade point averages among the
subsectioné.- The'distributioﬁ of these factors was not a random sample
from a normal population. ' The distribution of these values is skewed,
polymodal, platykurtic, and homoscedastic. This precludes the use of
regression, hence analysis of covariance. However, it .can be determined
if the distribution of these factors.is randomly distribution among the
subsections. Thus the following null hypothese were considered.

Ho 1.10 There will be no significant difference in-the distribu-
tion of the mean chemistry semester hours among the subsections.

Ho 1,11 There will be no significant difference in the distribu-
tion of the mean semester hours of chemistry laboratory. experience among
the subsections. |

Ho 1.12 There will be no(significant.difference in. the distribu-
tion of the mean chemistry grade point averages among the subsections..

Ho 1.13 There will be no significant difference in the distribu-
tion of the mean overall grade point averages among the subsections.

Thus, all four null hypotheses were found to be tenable, confirm-
ing that the chemistry hours, laboratory hours, chemistry grade point
averages and overall grade point average:do not deviate significantly
from one anothef. Perhaps the distribution of the hours or the grade.
point averages within a class or a group might not be randomly distrib-
uted. The following null hypotheses were considered next.

Ho 1,14 There will be no significant differences in the frequency
distribution of the chemistry semester hours between the experimental
and control group.

Ho 1,15 There will be no significant difference in.the frequency:

distribution of the chemistry laboratory hours between the experimental



TABLE XV1

CHI SQUARE ANALYSIS OF MEAN CHEMISTRY SEMESTER HOURS BY SUBSECTION

100 200 300 400 500 600

700 Total

Mean chémistry_semester.hours
observed: 9.4545 8.6087 9.6818 10.6316" 9.1250 9.1000
(expected) (9.2832) (9.2832) (9.2832) (9.2832) (9.2832) (9.2832)

8.3810 64,9826
(9.2832)

X2 =-0.3592 df = 6 NS Ho 1.10 not rejected

—



TABLE XVII

CHI SQUARE ANALYSIS OF MEAN CHEMISTRY LABORATORY
SEMESTER HOURS BY - SUBSECTION

100 200 300 400 | 500 600

700 Total

Mean chemistry laboratory.semester hours
observed 4,2727 3.9130 4.0909 4.8947 3.8125 4.,1000
(expected) (4.1412) (4.1412) (4.1412) (4.1412) (4.1412) (4.1412)

3.9048 28.9886
(4.1412)

X2 = 0.1945 df = 6 NS Ho 1.11 not rejected



TABLE XVIII

CHI SQUARE ANALYSIS OF MEAN CHEMISTRY GRADE POINT
AVERAGES BY SUBSECTION

100 200 300 400 500 600 700 Total

Mean chemistry grade point averages
observed 2,7218 2.7983 2.7709 2.9011 2.3706 ~2.6579 2.6666 18.8873
(expected) (2.6982) (2.6982) (2.6982) (2.6982) (2.6982) (2.6982)

X = 0.0620  df = 6 NS Ho 1,12 not rejected



TABLE XIX

CHI SQUARE ANALYSIS OF MEAN OVERALL GRADEPOINT
AVERAGES BY SUBSECTION

100 200 300 400 500 600

700 Total

Mean overall grade point averages
observed - 2.8005 3.0265 2.7950 2.9700 2.6119 2.8553
(expected) (2.8610) (2.8610) (2.8610) (2.8610) (2.8610) (2.8610)

2.9681 20.8610

(2.8610)

X2 = 0.0383 df = 6 NS Ho 1.13 not rejected

fals)



and control groups.
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Ho 1.16 There will be no significant difference in the frequency

distribution of the chemistry grade point averages between the experi-

mental and control groups.

Ho 1.17 There will be no significant difference in the frequency

distribution of the overall grade point averages between the experiment-

al and control groups.

CHI SQUARE ANALYSIS OF DISTRIBUTION OF CHEMISTRY SEMESTER

TABLE XX

HOURS BY TREATMENT

Experimental Control Total
0 - 5 hrs
observed 5 3 8
(expected) (3.57) (4.43)
6 - 10 hrs
observed 57 77 134
(expected) (59.84) (74.16)
11 - 15 hrs
observed 6 4 10
(expected) (4.47) (5.53)
16 or more
observed 3 4 7
(expected) (3.13) (3.87)
Totals 71 88 159

Xz = 2.2348

- df = 3 NS

Ho 1.14 not rejected



CHI SQUARE ANALYSIS OF DISTRIBUTION OF CHEMISTRY LABORATORY

TABLE XXI.

HOURS BY TREATMENT

67

Experimental Control Total
2 to 3 hrs
observed . 9 4 13
(expected) (5.81) (7.20)
4 hrs
observed 54 75 129
(expected) (57.60) (71.40)
5 to 6 hrs
observed 4 6 10
(expected) (4.47) (5.53)
7 or more hours ’
observed 4 3 7
(expected)’ (3.13) (3.87)
Total 71 88 159

X2 = 4,1069 df = 3 NS

Ho 1.15 not rejected



TABELE XXII

CHI SQUARE ANALYSIS OF DISTRIBUTION OF CHEMISTRY
GRADE POINT AVERAGES BY TREATMENT

68

Experimental  Control Total
1.99 and below
observed 4 5 9
(expected) (4.04) (4,96)
2.00 to 2.49
observed 16 28 44
(expected) (19.77) (24,23)
2.50 to 2.99 .
-pbserved 18 19 37
(expected) (16.63) (20.37)
3.00 to 3.49
observed 16 18 34
(expected) (15.28) (18.72)
3.50 to 3.99
observed 10 10 20
(expected) (8.99) (11.01)
4.00 and up
observed 7 7 14
(expected) (6.29) (7.71)
Totals 71 87 158
X2 = 1.9245 df = 5 NS Ho 1.16 not rejected
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TABLE XXIII

CHI SQUARE ANALYSIS OF DISTRIBUTION OF OVERALL

GRADE POINT AVERAGES BY TREATMENT

Experimental Control Total
2.49 and below
observed 16 19 35
(expected) (15.73) (19.27)
2.50 to 2.99
observed 27 31 58
(expected) (26.06) (31.94)
3.00 to 3.49
observed 16 26 42
(expected) (18.87) (23.13)
3.50 and up
observed 12 11 23
(expected) (10.36) (12.66)
Totals 71 87 158
X2 = 1.,3399 df = 3 NS Ho 1.17 not rejected

Thus all four
rejected which furt
backgrounds of stud
tions were compared

Ho 1.18 There
distribution of the

Ho 1.19 There
distribution of the

sections. -

hypotheses are found to be tenable and cannot be
her substantiated the random distribution of the
ents. However, as a further test these distribu-
among the subsections.
will be no significant difference in the frequency
chemistry semester hours among the subsections.
will be no significant difference in the frequency

chemistry laboratory semester hours among the sub-
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Ho 1.20 There will be no significant difference in the frequency
distribution of the chemistry grade point averages among the sub-
sections.

Ho 1.21 There will be no significant difference in the frequency
distribution of the overall chemistry grade point averages among the
subsections. |

Again these null hypotheses were found to be tenable. This con-
ﬁirmed the random distribution of ﬁhis phase of the background of the
students. Perhaps the high school chemistry background or the lack of
it might have an effect upon the results of this study. The following
null hypotheses were considered. |

Ho 1.22 There will be no significant difference in the distribu-
tion of the high school chemistry background of the students among the
sections.

Ho 1.23 There will be no significant difference in the distribu-
tion of the high school chemistry background of the students between
the experimental and control groups.

Ho 1.24 There will be no significant difference in the distribu-
tion of the high school chemistry background of the students among the
subsections (classes). |

The data is compiled in Table XXVIII and the analysis by chi
square in Tables XXIX, XXX and XXXI.

Again these three hypotheses were found tenable which confirming
the random distribution of their batkgrounds. From all of these data
may be .assumed that a random distribution of students exists in each of
the classes and between the experimental and control groups with

respect to classification, college or major, high school chemistry
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TABLE XXIV

CHI SQUARE ANALYSIS OF THE DISTRIBUTION OF CHEMISTRY SEMESTER HOURS BY SUBSECTION

200 300

100 400 500 600 700 Total
0 to 5 hours .
obseryed« 1 2 ‘ 2 0 0 2 1 8
(expected) (1.21) (1.26) (1.11) (1.16) (1.01) (1.06) (1.21)
6 to 10 hours
observed 20 21 16 20 18 17 22 134
(expected) (20.23) (21.07) (18.54) (19.38) (16.86) (17.70) (20.23)
11 or more hours
observed 3 2 4 3 2 2 1 17
(expected) (2.57) (2.46) (2.14) (2.25) (2.57)

(2.67) (2.35)

2

X" = 7.3680 df = 12 NS

Ho 1.18 not rejected



TABLE XXV'

CHI SQUARE ANALYSIS OF THE DISTRIBUTION OF CHEMISTRY
LABORATORY SEMESTER HOURS BY SUBSECTION

100 200 300

400 500 600 700 Total
2 to 3 hours
observed 3 4 2 0 1 1 2 13
(expected) (1.96) (2.04) (1.80) (1.88) (1.64) (1.72) (1.96)
4 hours
observed 18 19 17 20 16 18 21 129
(expected) (19.47) (20.28) (17.85) (18.66) (16.23) (17.04) (19.47)
5 or more hours
observed 3 2 3 3 3 2 1 17
(expected) (2.57) (2.67) (2.35) (2.46) (2.14) (2.25) (2.57)

2

X® =7.0862 df = 12 NS Ho 1.19 not rejected

-



CHI SQUARE ANALYSIS OF THE DISTRIBUTION OF CHEMISTRY GRADE POINT AVERAGES BY SUBSECTION

TABLE XXVI

100 200 300 400 500 600 700 Total
1.99 and below
observed 1 0 3 2 1 2 0 9
(expected) (1.37) (1.42) (1.25) (1.31) (1.14) (1.14) (1.37)
2.00 to 2.49
observed 5 8 3 4 6 . 6 12 44
(expected) (6.68) (6.96) (6.13) (6.13) (6.41) (5.57) (5.57)
2.50 to 2.99
observed 6 6 6 6 6 4 3 37
(expected) (5.62) (5.85) (5.15) (5.39) (4.68) (4.68) (5.62)
3.00 to 3.49 ‘
observed" 9 3 4 5 5 4 4 34
(expected) (5.16) (5.38) (4.73) (4.95) (4.30) (4.30) (5.16)
3.50 to 3.99
observed 3 3 4 2 1 4 3 20
(expected) (3.04) (3.16) (2.78) (2.91) (2.53) (2.53) (3.04)
4,00 to 4.49
observed 0 5 2 4 1 0 2 14
(expected) (2.13) (2.22) (1.95) (2.04) (1.77) (1.77) (2.13)
Totals 24 25 22 23 20 20 24 158
X2 = 31.2087 df = 30 NS Ho 1.20 not rejected



TABLE XXVII

CHI SQUARE ANALYSIS OF THE DISTRIBUTION OF QVERALL GRADE POINT AVERAGES BY SUBSECTION

1100

200 300 400 500 600 700 Total
2.49 and below
observed 7 3 6 5 8 6 0 35
(expected) (5.32) (5.54) (4.87) (5.09) (4.43) (4.43) (5.32)
2.50 to 2.99
observed 7 12 ‘ 8 7 5 4 15 58
(expected) (8.81) (9.18) (8.08) (8.44) (7.34) (7.34) (8.81)
3.00 .to 3.49 :
observed 6 4 6 7 , 6 6 7 42
(expected) (6.38) (6.65) (5.85) (6.11) (5.32) (5.32) (6.38)
3.50 and up
observed 4 6 2 4 1 4 2 23
(expected) (3.49) (3.64) (3.20) (3.35) (2.91) (2.91) (3.49)
Totals 24 25 22 23 20 20 24 158
%% = 24.8312  df = 18 NS Ho 1.21 not rejected

r
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background, semester hours of chemistry, semester hours of chemistry

laboratory, chemistry grade point average, and overall grade point

average.

TABLE XVIII

TABULATION OF HIGH SCHOOL CHEMISTRY GRADES

100 200 300 400 500 600 700

High School Chemistry

Grade: A 5 7 3 9 7 3 3
B 12 14 11 9 7 11 10
C 3 1 3 2 3 4 6
D 0 0 0 1 0 0 1

None: 4 2 7 3 3 3 2




TABLE XXIX

CHI SQUARE ANALYSIS OF HIGH SCHOOL CHEMISTRY BACKGROUND

BY SECTION (TIME OF DAY)

- 76

MonWed 1:30 TuyThu 11:30 TuThu 2:30 Total

A
observed 15 16 6 37
(expected) (15.13) (11.17) (10.70)

B
observed 30 23 21 74
- (expected) (30.25) (22.34) {21.41)

C or below
observed 10 4 10 24
(expected) (9.81) (7.25) (6.94)

No high school chemistry
observed 10 5 9 24
(expected) (9.81) (7.25) (6.94)
Totals 65 48 46 159
X2 = 8,6207 df = 6 NS Ho 1.22 not rejected
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TABLE XXX

CHI SQUARE ANALYSIS OF HIGH SCHOOL CHEMISTRY
BACKGROUND BY TREATMENT

Experimental Control Total

X" = 4,2797 df = 3

Ho 1.23 not rejected

A
observed 15 22 37
(expected) (16.75) (20.25)
B
observed 37 37 74
(expected) " (33.51) (40.49)
C«br-below
observed 7 17 24
(expected) (10.87) - (13.13)
No high school chemistry
observed 13 11 24
- (expected) (10.87) (13.13)
Totals 72 87 159
2



TABLE XXXI

CHI SQUARE ANALYSTIS OF HIGH SCHOOL CHEMISTRY BACKGROUND
BY SUBSECTION (CLASS)

100 200 300 400 500 600 700 Total
A
observed 5 7 3 9 7 3 3 37
(expected) (5.58) (5.58) (5.58) (5.58) (4.65) (4.89) (5.12)
B
observed 12 14 11 9 7 11 10 74
(expected) ©(11.17) (11.17) (11.17) (11.17) (9.31) (9.77) (10.24
C or below ,
observed 3 1 3 3 3 4 7 24
(expected) .- (3.62) (3.62) (3.62) (3.62) (3.02) (3.17) (3.32)
No high school chemistry :
observed 4 2 7 3 : 3 - 3 2 24
(expected) (3.62) (3.62) (3.62) (3.62) (3.02) (3.17) (3.32)

Total 24 24 24 24 20 21 22 159

X2 = 19.5154 df = 18 NS - Ho 1.24 not rejected
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Experimental Data and Resilts

This study measured a variety of parameters in order to ascertain
the particular types of changes, if any which would result from the
use of single concept loop films. The time required to perform the
experiment, the amount of breakage in kind and cost, the number and
kinds of accidents, the results of the self concept of laborato;y tech~
niQues profile, the attitude of the students toward selected experi-

S examination were

ments, and the success of the students on the_JH2

explored and will be dealt with individually and in depty in this

chapter.
Time Spent

The time spent on the experiment was measured from the time each
student commenced his experiment after the pre-laboratory discussion
and quizzes and concluded his experiment exclusive of clean up.  The
time was measured to the nearest five minutes. The students in the
experimental groups who viewed films during the laboratory period did
not deduct the viewing time. The increased data keeping on the part of
the student might have resulted in less film viewing because of the
added details.

A perusal of the mean times spent by students in the seven classes
will show that there is a greater time difference between instructors
than between experimental and control groups for any given experiment.

The research questions which need to be answered include 1) Is
there a difference in the time spent between the film group and the non
film group? 2) Is there a difference in the mean time spent for a

given group between those experiments which directly showed the
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necessary techniques using loop films (direct filmed technique experi-
ments: 1,2,3,4,5,13), those experiments which indirectly relied upon
those techniques (indirect filméd techniquevexperimehts, e.g. all others
except 6 and 16) and those experiments which required no techniques
covered in the films? 3) Does the time of day for the experiment have
any effect upon the time spent? 4) Does the instructor have any effect.
upon the time spent?

The preceding questions generated the following null hypotheses.
For convenience, the hypotheses are stated in a group, followed by the
table of data and statistical results.

Ho 2.01  There will be no significant difference in the mean times
spent on each experiment in the seven subsections (classes).

Ho 2.02 Tﬁere will be no significant difference in the mean times
spent on each experiment in the seven subsections on .the direct filmed
technique experiments. (Experiments 2,3,4,5, and 13.)

Ho 2.03 There will be no significant difference in the mean times
spent on each experiment in the seven subsections on the‘indirect filmed -
technique experiments. (All expefiments>except the above .and 6 and 16.)

Ho 2,04 There will be no significant difference in the mean times
spent on each experiment in the seven subsections on the experiments
which utilize no filmed techniques. (Experiments 6 and 16 only.)

Ho 2.05 There will be no significant difference in the mean time
spent on each experiment by the students of each teacher for all.
experiments. .
| Ho 2.06 There will be no significant difference in the mean times
spent on each experiment by the students of each teacher for the direct

filmed technique .experiments.




Ho 2.07 There will

spent on each experiment
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be no significant difference in the mean times

by the students of each teacher for the in-

direct filmed technique experiments.

Ho 2.08 There will

spent on each experiment

be no significant difference in the mean times.

by the students of each teacher for the non-

filmed technique experiments.

Ho 2.09 There will

spent on each experiment

be no significant difference in the mean times

by the students in a laboratory section (time

of day) on each experiment.

Ho 2.10 There will

spent on each experiment

be no significant difference in the mean times

by the students in a laboratory section for

the direct filmed technique experiments.

Ho 2.11  There will

be no significant difference in the mean times

on each experiment by the students in a laboratory section for the

indirect filmed technique experiments.

Ho 2.12 There will
spent on each experiment
the non-filmed technique

Ho 2.13 There will
spent on each experiment
and the control group on

Ho 2.14 There will

spent on each experiment

be no significant difference in the mean times
by the students in a laboratory section for
experiments.

be no significant difference in.the mean times
between the students in the experimental group
all experiments. .

be no significant difference in the mean times

between the experimental group and the control

group . on the direct filmed technique experiments.

Ho 2.15 There will
spent on each experiment

and the control group on

be no significant difference in . the mean times.
between the students in the experimental group

the indirect filmed technique experiments.
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Ho 2.16 There will be no significant difference in the mean times
spent on each experiment between the students in the experimental group
and the control group on the non-filmed technique experiments.

Ho 2.17 There will be no significant difference in the mean times.
spent between . the students in the experimental group and those of the
control group.taught by the same teachers as the experimental group on
all experiments. .

Ho 2.18 There will be no significant difference in the mean times
spent between the students in the experimental group and those of the
control group taught by the same teachers for the direct filmed tech-
nique experiments.

Ho 2.19 There will be no significant difference between the mean
times spent by the students in the experimental group and those of the
control group taught by the same teacher for the indirect filmed tech-
nique experiments.

| Ho 2.20 There will be no significant difference in the mean times
spent between the students in the experimental group and those of the
control group taught by the same teachers on the non-film technique
experiments.

Because the time spent on each experiment varied considerably from
one experiment to another,; as well as the times within a particular
class not conforming to a normal distribution, and not being homo-
scedastic, the Friedman. K Two Way Analysis of Variance Test was employed.
Tables XXXII, XXXIII, XXXIV, and XXXV show the data which has been

taken from individual data as shown in Appendix C.



TABLE XXXII

MEAN TIMES SPENT ON EACH EXPERIMENT BY SUBSECTION (CLASS)

2

X, = 27.36 #*significant at 0.001 He 2.02 rejected

Expt Group Group Group Group Group Group Group
" NE. 100 200 300 400 500 600 700
1* 149.79(6) 115.40(1) 131.09(5) 150.65¢7) 117.78(2) 130.00(4) 122.83(3)
2% 153.04(7) 112.83(3) 131.30(5) 136.30(6) 110.75(2) 125.71(4) 102.08(1)
3% 126.25(6) 95.21(2) 104.13(4) 128.54(7) 101.05(3) 104.76(5) 74.57(1)
b* 119.16(7) 90.60(2) 105.00(5) 108.96(6) 103.00(4) 97.62(3) 87.50(1)
5% 141.04(6) 107.83(1) 131.67(5) 145.71(7) 111.71(3) 111.67(2) 129.17(4)
o# 120.26(5) 98.88(2) 120.23(4) 142.50(7) 92.50(1) 129.52(6) 100.87(3)
13% 224,09 (4) 202.60(1) 248.70(7) 230.87(6) 210.88(2) 215.71(3) 228.70(5)
11 226.09(6) 208.40(5) 234.58(7) 198.70(2) 200.63(3) 204.75(4) 195.83(1)
MeSal 224.78(5) 215.00(3) 235.91(6) 243.26(7) 206.05(2) 205.00(1) 220.43(4)
Ethanol 150.21(6) 107.08(3) 144.09(5) 154.13(7) 96.43(2) 144.05(4) 95.21(1)
16# 119.05(5) 95.83(1) 120.22(6) 98.04(2) 107.35(4) 128.37(7) 102.17(3)
MEK 182.08(5) 155.65(1) 197.73(6) 168.48(2) 168.61(3) 198.81(7) 181.04(4)
17 118.70(7) 96.25(2) 111.67(5) 109.05(4) 101.07(3) 114.47(6) 96.30(1)
20 136.00(7) 116.20(2) 133.41(5) 137.39(6) 123.33(3) 131.80(4) 111.70(1)
26 127.38(7) 102.50(4) 101.00(3) 125.00(6) 97.63(2) 105.00(5) 95.68(1)
30 81.25(5) 65.28(1) 69.70(2) 86.25(6) 73.53(3) 76.11(4) 86.43(7)
35 104.78(7) 80.42(2) 95.95(4) 97.95(6) 81.84(3) 96.47(5) 53.50(1)
B&O 176.36(6) 161.04(1) 165.68(4) 205.71(7) 162.50(2) 163.,10(3) 175.00(5)
MDNB 150.00(4) . 125.00(3) 188.10(7) 153.96(5) 124.33(2) - 163.75(6) 105.24(1)
29 200.42(3) 174.57(2) 201.59(4) 214.35(5) 214.74(6) 226.,19(7) 171.11(1)
Sum of ranks for all experiments:
9 114 42 99 111 55 90 49
X, = 59.37 **gignificant at 0.001 Ho 2.0l rejected
Sum of ranks for direct filmed technique experiments (*).
36 10 31 39 16 21 15

S~~~



TABLE XXXII (Continued)

Expt ' Group . Group Group Group Group. Group' Group
NR. 100 200 300 400 500 600 700
Sum of ranks for indirect filmed technique_experiments:

5 68 29 - 58 63 34 56 28
Xr = 31,94 +#%gigtiificant at 0.001 Ho 2.03 rejected

Sum of - ranks for non—filmed»technique experiments (#)

9 10 3 10 9 5 13 6
Xf =2.69 NS Ho 2.04 not rejected

+= 0O
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TABLE XXXIIT

MEAN TIMES SPENT ON EACH EXPERIMENT BY TEACHER

Teacher Teacher Teacher Teacher
Expt #A #B ftC #D
Nr. (100+500) (2004+500) (300+600) (700)
1* 150.22(4) 116.59(2) 130.54(3) 122.83(1)
2% 144,67 (4) 111.79(2) 128.51(3) 102.08(1)
3% 127.40(4) 98.13(2) 104.45(3) 74.57(1)
bx 114.06(4) 96.80(2) 101.31(3) 87.50(1)
5% 143.38(4) 109.77(1) 121.67(2) 129.17(3)
6# 131.38(4) 95.69(1) 124.88(3) 100.87(2)
13% 227.48(2) 206.74(1) 232.21(4) 228.70(3)
11 212.,40(3) 204.52(2) 219.67 (4) 195.83(1)
MeSal: 234.,02(4) 210.53(1) 220.46(3) 220.43(2)
Ethanol 152.17(4) 101.76(2) 144,07 (3) 95.21(1)
16# 108.55(3) 101.59(1) 124.28(4) 102.17(2)
MEK 175.28(2) 162.13(1) 198.27(4) 181.04(3)
17 113.88(4) 98.66(2) 113.07(3) 96.30(1)
20 136.70(4) 119.77(2) 132.61(3) 111.70(1)
26 . 126.19(4) 100.07(2) 103.00(3) 95.68(1)
30 83.75(3) 69.41(1) 72.94(2) 86.43(1)
35 101.37(4) 81.13(2) 96.21(3) 53.50(1)
B&O 191.04(4) 161.71(1) 164.39(2) 175.00(3)
MDNB 151.98(4) 124.67(2) 175.93(3) 105.24(1)
29 207.39(3) 194.66(2) 213.89(4) 171.11(1)
Sum of ranks for all experiments:
9 72 32 62 34
Xr = 36.24  **gignificant at .00l Ho 2.05 rejected
Sum of ranks for direct filmed technique experiments (¥*)
9 22 10 18 10
Xr = 10.80 **significant at .02 Ho 2.06 rejected-
Sum of ranks for indirect filmed technique experiments
9 43 20 37 20
Xr = 20.90 #**gignifieant .at .001 Ho 2.07 rejected
Sum of ranks for non-filmed technique experiments (#)
7 2 7 4

X% = 5.40 NS
r

Ho 2.08 not rejected




TABLE XXXIV
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MEAN TIMES SPENT ON EACH EXPERIMENT BY SECTION (TIME-OF-DAY)

MonWed TuThu TuThu
Expt 1:30PM 11:30AM 2:30 PM
Nr. (100+500+600) (200+400) (300+700)
1% 132.52(2) 133.03(3) 126.96(1)
2% 129.83(3) 124.57(2) 116.69(1)
3% 110.69(2) 118.88(3) 89.35(1)
4% 106.59(3) 99,78(2) 96.25(1)
5% 121.47 (1) 126.77(2) 130.42(3)
67 114.09(2) 120.69(3) 110.55(1)
13 216.89(2) 216.74(1) 238.70(3)
11 210.49(2) 203.55(1) 215.05(3)
MeSal 211.94 (1) 229.13(3) 228.17(2)
Ethanol 130.23(3) 115,85(1) 119.65(2)
164 118.24(3) 96.94 (1) 111.20(2)
MEK 183.17(2) 162.07(1) 189.39(3)
17 111.41(3) 102.65(1) 103.99(2)
20 130.38(3) 126.80(2) 122.56(1)
26 109.67(2) 113.75(3) 98.34(1)
30 76.96(2) 75.77 (1) 78.10(3)
35 94.36(3) 89.19(2) 74.73(1L)
B&0O 167.32(1) 183.38(3) 170.34(2)
MDNB 146.03(2) 139.48(1) 146.67(3)
29 213.78(3) 194.46(2) 186.35(1)
Sum of ranks for all experiments:
2 45 38 37
Xr = 1,90 NS Ho 2.09 not rejected
Sum of ranks for direct filmed technique experiments (%)
2 13 13 10
Xr = 3,01 NS Ho 2.10 not rejected
Sum of ranks for indirect filmed technique experiments
9 27 21 24
Xr = 1,40 NS Ho 2.11 not rejected
Sum of rank for the non-filmed technique experiments (#)
5 4 3
X2 Ho 2.12 not rejected

= 1,00 NS
r




TABLE XXXV

MEAN TIMES FOR ALL EXPERIMENTS BETWEEN EXPERIMENTAL

GROUPS -AND CONTROL - GROUPS
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Control Experimental Control

Expt Group Group Group
Nr. ~4004+500+6004+700(Rank) (Rank)100+200+300(Rank) (Rank)400+5-0+600

1=* 130.31 Q) (@2 132.09 (L (2) 132.81

2% 118.71 @) (2)  132.39 (2) (1) 124.25

3% 102,23 ¢D) (2) 108.53 &) (2) 111.45

4% 99,27 o) (2) 104.92 (2) (1) 103.19

5% 124.57 D) (2) 126.85 (2) (1) 123.03
6f 116.35  (2) (1) 113.12 (1)  (2) 121.51"
13% 221.54 ¢D) (2) 225.13 (2) (1) 219.15
11 199.98 D) (2) 223.02 (2) (1) 201.36
MeSal 218.69 . (1) (2) 225,23 (2) (1) 218.10
Ethanol 122.46 (1) (2) 133.79 - (2) (1) 131.54
164 108.97 D) (2) 111.70 (2) (1) 111.24
MEK 179.24 (2) L) 178.49 1 (2) 178.63
17 105.22 @) (2) 108.87 1 (2) 108.20
20 126.06 (1) (2) 128.54 1) (2) 130.84
26 105.83 1) (2) 110.29 (2) (1) 109.21
30 80.58 (2) @) 72.10 1) (2) 78.63
35 82.44 (1 (2) 93.72 (2) (1) 92.09
B&O 176.58 (2) (1) 167.69 @B (2) 177.10
MDNB 136.82 (1 (2) 159.37 (2) (1) 147.35
29 206,50 (2) D) 192,19 (1) (2) 218.43
Sum of ranks for all experiments:

25 35 31 29
xi = 5.00 **significant at 0.05 xi = 0.20 NS
Ho 2.13 rejected Ho 2.17 mot rejected ______
Sum of ranks for direct filmed experiments
Q 12 10 8

Xi = 5.99 **gignificant at 0.02 Xi = 0.67 NS
Ho 2.14 rejected Ho 2.18 not rejected

Sum of ranks for indirect.filmed technique experiments

x% = 1.
r

36 NS

16

20

2

18

X~ = 0.02 NS
T

18

Ho 2.19 not rejected

Sum of ranks for non-filmed technique experiments

X2 = 0.
T

00 NS

Ho 2.16 not rejected

3

3

2

3

Xr = 0.00
Ho 2.20 not rejected




TABLE XXXVI

SUMMARY OF RESULTS OF ANALYSIS OF TIME SPENT

- Null. Degrees of %2
Hypothesis. Criteria Freedom T Probability
Ho 2.0l All experiments by subsection (class) 6 59.37 *% 0,001
Ho 2.02 Direct filmed techniques by subsection 6 27.36 *% (0,001
Ho 2.03 Indirect filmed techniques by .subsection 6 31.94 *% 0.001
Ho 2.04 Nonfilmed techniques. by subsection 6 7.69 NS
Ho 2.05 All experiments by teacher 3 36.24 ** (0,001
Ho 2.06 Direct filmed techniques by teacher 3 10.80 *% 0.02
Ho 2.07 Indirect £ilm techniques by teacher 3 20.90 *% 0,001
Ho 2,08 Nonfilmed techniques by teacher 3 5.40 NS
Ho 2.09 All experiments by section (time-of-day) 2 1.90 NS
Ho 2.10 Direct .filmed techniques by section 2 3.01: NS
Ho 2.11. Indirect filmed-techniques by section 2 1.40 NS
Ho 2.12 Nonfilmed techniques by section 2 1.0 NS
Ho 2.13 All experiments by treatment (all experiments vs.

all control) 1 5.0 ** 0,05
Ho 2.14 Direct filmed techniques by treatment 1 5.99 *% 0,02
Ho 2.15 Indirect filmed techniques by treatment 1 1.36 NS
Ho 2.16 Nonfilmed techniques by treatment 1 0.00 NS
Ho 2.17 All experiments by treatment (Groups 1004+200+300 vs.

400+5004+600) 1 0.2 NS
Ho 2.18 Direct filmed techniques by treatment 1 0.67 NS
Ho -2.19 Indirect filmed techniques by treatment 1 0.02 NS
Ho 2.20 Nonfilmed techniques by treatment 1 0.00 NS
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The summary as shown . .in Table XXXVI indicates that in all cases
for the ﬁon filmed technique experiments there is no significant dif-
ference between the groups by .class (subsection), teacher, time of day
or tréatment. There appears to be more difference attributed to the
teacher rather than to the ‘treatment. For example, hypothesis 2.01
through 2.03 indicate significant differences between classes, however
this can be attributed to teacher difference because the Friedman
analysis only shows that a difference exists but does not indicate the
direction.

One may explore.further by utilizing a chi square analysis of the
following null hypotheses. \

Ho 2.21 - There will be no significant difference in the overall
mean time spent by students in the experimental ana control classes for
a given teacher.

Ho 2.22 There will be no significant difference in the overall
mean time spent on direct filmed technique experiments by the students
in the experimental and control classes for a given teacher.

Ho 2.23 There will be no significant difference in the overall
mean time spent on the indirect filmed technique experiments by the
students in the experimental and control classes for a given teacher.

Ho 2.24 There will be no significant difference in the overall
mean time spent on the non filmed technique experiments by the students
in the experimental and control groups for a given teacher.

Thus all four null hypotheses are found tenable and cannot be
rejected. This confirmed the observation that the overall time differ-

ence lies between the teachers rather than between methods.



TABLE XXXVII

CHI SQUARE ANALYSIS OF TIME BY TEACHER AND
TREATMENT FOR ALL EXPERIMENTS
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Teacher #A Teacher #B Teacher #C Totals
Observed
Experimental -151,54 126.33 148,59 426 .46
(expected) (151.80) (128.42)" (146.24)
Observed
Control 151.79 130.29 143.64 425,72
(expected) (151.53) (128.20) (l45.99)
Totals 303.33 256.62 292,23 852.18
X2 = 0.1445 (df = 2) NS Ho 2.21 Not rejected

TABLE XXXVIII
CHI SQUARE ANALYSIS OF TIME BY TEACHER AND TREATMENT
FOR DIRECT FILMED TECHNIQUE EXPERIMENTS

Teacher #A Teacher #B Teacher #C Totals
Observed
Experimental 152.23 120.75 141.99 414.97
(expected) (152.68) (124.,51) (137.78)
Observed
Control 150.17 125.86 130.91 406.94
(expected) (149.72) (122.10) (135.12)
Totals 302.40 246.61 272.90 821.91
2

X~ = 0.4918 (df = 2) NS Ho 2.22 Not rejected



TABLE XXXIX

CHI SQUARE ANALYSIS OF TIME BY TEACHER AND TREATMENT
FOR INDIRECT FILMED TECHNIQUE EXPERIMENTS
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Teacher #A

Teacher #B Teacher #C Totals
Observed
Experimental 156.50 133.95 156.62 447 .07
(expected) / (157.03) (135.63) (154.40)
Observed
Control 157 .85 137.56 152.46 447 .87
(expected) (157.32) (135.88) (154.68)
Totals 314.35 271.51 309.08 894 .94
X2 = 0.1090 (df = 2) NS Ho 2.23 Not rejected
TABLE XL
CHI SQUARE ANALYSIS OF TIME BY TEACHER AND TREATMENT
FOR NON FILMED TECHNIQUE . EXPERIMENTS
Teécher #A Teacher #B Teacher #C- Totals
Observed
Experimental 119.66 97.36 120.23 337.25
(expected) (117.89 (100.35) (122.42)
. Observed
Control ' 120.27 99.93 128.93 349.13
(expected) (122.04) - (100.68) (126.74)
Totals 239.93 197.29 249,16 686.38

X2 = 0.2240 (df = 2) NS Ho 2.24 Not rejected
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The next logical step was to compare the mean times for each ex-
periment between each teacher separately. This was accomplished by - the
Wilcoxon Matched Pairs Signed Rank Test. The following null hypotheses
were tested. "

Ho 2.25 There will be no significant difference in the time re-
quired for all of the experiments between the experimental group and °
the .control group.for a.given teacher,

Ho 2.26 There will be no significant difference in the time re-
quired for the direct filmed technique experiments between the experi-
méntal’and the control group for a given teacher.

Ho 2.27 There will be no significant difference in the time re-
quired for the indirect filmed technique experiments between the experi;
mental and the control groups for a.given teacher.

Ho 2.28 There will be no significant difference in the time re-
quired for the non filmed technique experiments bétween the experi-
mental and the control group for a given teacher.

Table XLI shows the resuits. Thus it is found that although some
experimental groups (those of Teachers A and B) have more faster times
in the twenty experiments there is no overall significant difference in
time spent between the experimental and control groups for a given
teacher. Therefore it can be concluded that the use of single concept
loop films does not result in any lengthening of the experimental time
even though the students gain their setup directions and manipulative

hints during the experiment from viewing the film.



TABLE XLI

MEAN TIME DIFFERENCES BETWEEN EXPERIMENTAL AND CONTROL CLASSES:-FOR EACH TEACHER AND THE SIGNED RANKS
FOR FACH CATEGORY "AND ANALYSIS BY WILCOXON MATCHED PAIRS SIGNED RANKS TEST

: Teaéher A

Teacher B

Teacher C
Time Ranking ‘Time Ranking Time Ranking
Experiment . diff call other diff ~all other diff all other
1* - 0.86 -5 - 2% - 2.38 -14.5 6% 1.09° 7 3%
2% 16.74 48 16% 2.08 12 4% 5.59 26 9%
3% - 2.29 -13 - 5% - 5.84 =27 ~-10%* - 0.63 -3 - 1%
4% 10.20 41 14% ~12.40 ~44 ~15% 7.38 33 12%
5% - 4.70 =22 - 8% ~ 3.88 ~18 - 7% 20.00 50 17%
6 - -22.74 ~52 - 5¢# 6.38 29 1# - 9.29 -39 - 3¢
13* - 6.78 -30 -11% - 8.28 ~37 ~13% 32.99 59 18%
11 27.39 55 32 7.77 34 21 29.83 57 34
MeSal ~18.48 =49 =29 8.95 38 23 30.91 58 35
Ethanol. - 3.92 -19 =12 10.65 42 25 0.04 1 1
16# 21.01- 51 6# -11.52 =43 - 4 - 8.11 -35 - 2#
MEK 13.60 46 27 ~-12.96 =45 -26 -1.08 -6 -4
17 9.65 40 24 - 4.82 -23 -15 - 2.80 ~17 -11
20 - 1.39 -8 -5 - 7.13 ~32 -20 1.61 11 8
26 2.38 14,5 9 4.87 24 16 - 4.00 -21 -14
30 - 5.00 =25 -17 - 8.25 -36 -22 - 6.33 -28 -18
35 6.83 31 19 - 1.42 -9 -6 - 0.52 -2 -2
B&O ~29.35 -56 -33 - 1.46 -10 -7 2,58 16 10
MDNB - 3.96 -20 -13 0.67 4 3 24.25 53 30
29 -13.93. =47 -28 40.17 60 36 -24.60 =54 =31
No. Expts in which
Exptl Group was faster 12 12 9
All Experiments: ,
T = 939.5 Z = 0.1804 Prob. = 0.4286 NS

Ho 2.25 not rejected




TABLE XLI (Continued)

Teacher A Teacher B Teacher C
Time Ranking Time Ranking Time Ranking
Experiment diff all other diff all other diff all other
Direct filmed technique experiments (*)
T = 90 Z = 0.1960 Prob. = 0.4207 NS
Ho 2,26 not rejected
Indirect filmed technique'experiments
T = 321 Z = 0.1885 Prob. = 0.4247 NS
Ho 2.27 not rejected
Non-filmed technique experiments (#)
T =17 Z = 0.6831 Prob. = 0.2483 NS
Ho 2.28 not rejected
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Breakage

The comparison of breakage and the resulting costs is difficult
to compare directly. Considering the number of items broken, which is
more.serious breaking several test tubes at seven cents each, two beak-
ers at approximately fifty cents each, or only one 500ml three-neck.
flask at approximately.ten dollars. Certainly breaking many items,
although inexpensive is serious and can be attributed to carelessness,
the breakage of costly items is another factor which should be consider-
ed. Organic chemistry laboratories now utilize standard. taper glass-—
ware which avoids cork stoppers and rubber tubing connectors.and the
contamination and inconvenience which results. Does. the use of single
concept films lower the amount of these expensive pieces of standard
taper glassware broken? To allow for these various factors, the follow-
ing criteria were compared between the experimental and cpntrol groups.

1. The number of students having at least one incident .of break-
age.

2. The cost of items broken.

3. The total number of items broken.

4, The average cost per item broken.

5. Comparison of the above criteria for all experiments, the
direct filmed technique experiments, indirect filmed technique experi-
ments, and the non filmed technique experiments. The cost factors will
also be compared for the breakage of standard taper glassware.

These statements generate the following null hypotheses.

Ho 3.01 There will be no significant difference in fhe proportion
of students having at least one incident of breakage between the ex-

perimental and control groups.
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Ho 3.02 There will be no significant difference in the cost of
breakage per student attending class between the experimental group and
control group for all experiments.

Ho 3.03 There will be no significant difference in the cost of
breakage per student attending class between the experimental group.and
the control group for the direct filmed technique experiments.

Ho 3.04 There will be no significant difference in the cost of
breakage per student attending class between the experimental and con-
trol group for the indirect filmed technique experiments.

Ho 3.05 There will be no significant difference in the cost. of
breakage per student attending class between the experimental greup
.and control group.for the non filmed technique experiments.

Ho 3,06 There will be no significant difference in the cost of
breakage per student éttending class between the experimental group and
the control group.fqr standayd taper glassware.

Ho 3.07 There will be no significant difference in .the number of
incidents of breakage per student .attending class between the experi-
mental group and the contrxol group.for all experiments.

‘Ho 3.08 There will be no significant difference in the number of
incidents of breakage per student attending class between the experi-
mental group and the control group for the direct filmed technique
experiments.

Ho 3.09 There will be no significant difference in the number of
incidents of breakage per student attending class between the experi-
mental group and the control group.for the indirect filmed technique

experiments.
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Ho 3.10 There will be no significant difference in the number of
incidents of breakage per student attending class between the experi-
mental group and the control group for the non filmed technique experi-
ments. |

Ho 3.11 There will be no significant difference in the number of
incidents of breakage per student attending class between the experi-
mental group and the control group for standard taper glassware.

Ho 3.12 There will be mno significant difference in the cost of
breakage incident per student attending class between the experimental
and control groups for all experime;ts.

Ho 3.13 There will be no‘significant difference in the cost.per
breakage incident per student attenaing class between the experimental
group and control group for the direct filmed technique experiments.

Ho 3.14 There will be no significant difference in the cost per
breakage incident per student attending class betweén the experimental
group and the control group for the indirect filmed techﬁiqueiexperi—
ments.v

Ho 3.15 There will be no significant difference in the cost per
breakage incident pef student atfending class between the éxperimental
group and the control group for the non filmed technique experiments,

Ho 3.16 There will be no significant difference in the cost per
breakage incident per student attending class between the experimental
group:and the control group for the standard taper glassware.

Ho 3.17 There will be no significant difference in the mean.cost
per item broken between. the experimental group.and the control group

for all experiments.
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Ho 3.18 There will be no significant difference in the mean cost
item broken between the experimental group and the control group
the direct filmed technique experiments.

Ho 3.19 There will be no significant difference in the méan cost
item broken between the experimental group and the control group
the indirect filmed technique experiments.

Ho 3.20 There will be no significant difference in the mean cost
item broken between the experimental group and the control group
the non filmed technique experiments.

Ho 3.21 There will be no significant difference in the mean cost
item broken between the experimental group and the control group.
the standard-taper glassware,

The data is taken from Appendix D and compiled into the various

categories in Tables XLII through XLVIII with the results summarized

in Table XLIX.
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TABLE XLII

NUMBER OF INCIDENTS OF EQUIPMENT BREAKAGE BY EACH STUDENT

Student .
Number 100 200 . 300 400 . 500 600 700 .
1 X XXXX X XXX XX XXX X
2 XX XX XXX 0 XX XXX X
3 X X 0 XXX XX 0 X
4 X XX XXX X 0 0 X
5 0 XX XXX XXX 0 XXXXXX X

6 0 Z XX XX XX 0 XX
7 0 XXX X X 0 XX
8 X 0 0 XX X XXX
9 XXX XX XX X 0 0 XX
10 0 ' XXXX 0 X X XX
11 X X 0 0 X X
12 XX XX XXXXX XX X XXX
13 X 0 XX X X XXX XX
14 X 0 XX XX X X X
15 XXX XX X X X XX
16 XXX 0 XXXX 0 XXX XX XX
17 XXX XXXX 0 XXXX X XXX 0
18 XX 0 XX XXXX X XXXX 0
19 X XX XXXX X X XXXX XX
20 X 0 X 0 - XX
21 0 0 0 0 - 0 X
22 0 X X X - - 0
23 XX XX - 0 - - XXXXX
24 XXXX X - X - - 0
25 - - - - - - -
Incidents: 18 16 17 18 15 16 18
Nr Students:24 25 24 23 19 21 24
% of Class
having

breakage 75.00 64.00 70.83 78.26 78.95 84,21 75.00

~ X = incidents of breakage; 0 = individuals without breakage;
= no student with that number



100

TABLE XLITI

NUMBER OF INDIVIDUALS REPORTING AT LEAST ONE INCIDENT
OF EQUIPMENT BREAKAGE

G . Experimental ' ~ .Control

TouP - 100 200 300 400 500 600 700
Individuals
w/Breakage 18 16 17 18 15 16 18
Nr Students 24 - 25 24 23 19 21 24
Percent. of

Class-

Reporting ’ ‘

Breakage 75.00 64.00 70.83 78.26 78.95 84,21 75.00
Rank 4,5 6 7 3 2 1 4.5

n =3, R =17.5 n_ =4, R_ = 10.5
e e c c

u=0.5 z = 1,9623 p = 0.0250 #**Significant beyond 0.05 level

Ho 3.01 rejected



TABLE XLIV

COMPARISON OF COST OF BREAKAGE, QUANTITY OF ITEMS BROKEN, AND NUMBER OF STUDENTS
FOR EACH SUBSECTION FOR ALL EXPERIMENTS

Cost Breakage- Cost Per Cost
) : Number Number Per Per Break Per Per Item
Group Cost $ Ttems Students Student Student. Student Broken
100 $46.45° 33 444 $0.1046 0.0743 0.00317 $1.408
(rank) _ (4) (4) %) (3)
200 34.08 31 470 0.0725 0.0660 0.00233 1.099
(rank) (N (6) N (7)
300 49.36 43 440 0.1121 0.0977 0.00261 1.148
(rank) 3) (1) (6) (6)
Expt
Group: 129.89 107 1354 0.0959 0.0790 0.000897 1.214
(14) (11) (17) (16)
400 45,15 35 451 0.1001 0.0776 0.00286 1.290
(rank) (5) (3) (5) (4)
500 30.13 25 356 0.0846 0.0702 0.00339 1.205
(rank) (6) 4) (3) (5)
600 114.31 . 40 402 0.2844 0.0995 0.00711 2.857
(rank) ) (2) (1) (1)
700 52.08 25 451 0.1155 0.0554 0.00462 2.083
(rank) (2). (7 (2) (2)
Control
Group: 241.67 125 1660 0.1456 0.0753 0.001165 1.9333
14 (16) (11) (12)
Total 371.56 232 3014 0.12328 0.07694 - 0.0005314 1.6015




TABLE XLV

COMPARISON -OF - COST OF BREAKAGE, QUANTITY OF ITEMS-BROKEN, AND NUMBER OF STUDENTS FOR

SUBSECTION FOR THE DIRECT FILMED TECHNIQUE-EXPERIMENTS

EACH

Total 149.

Cost Breakage Cost Per Cost
Number Number Per Per Break Per Per item
Group Cost $ Items Students Student Student Student . Broken
100 $§15.65 16 141 0.1110 0.1135 0.00694 0.9781 .
(rank) (6) 3) (6) (6)
200 14.72 18 146 0.1009 0.1233 0.00560 0.8178
(rank) N (2) (7 (7
300 24.88 15 135 0.1843 0.1111 0.01229 1.8178
(rank) (3) 4) (3) (3
Experimental
Group 55.25 49 135 0.1309 0.1161 0.00267 1.1276
(sum of ranks) (16) (9) (16) (16)
400 15.96 15 138 0.1157 0.1087 0.00771 1.0640
(rank) (5) (5) (5) (3)
500 17.55 15 112 0.1567 0.1339 0.01045 1.1700
(rank) 4) (1) ' ﬁ(4) ‘(4)
600 29.26 9 124 - 0.2360- 0.0725 0.02622 3.2511
(rank) (1) (7) (1) (D
700 - 31.26 11 139 0.2249 0.0791: 0.02044 2.8418
(rank) (2) (6) (2) (2)
Control
Group 94.03 50 315 0.1833 0.0975 0.00367 1.8806
(sum of ranks) : (20) (19) (12) (12)
28 99 935 0.15966 0.1059 0.00161 1.5079

[



TABLE XLVI

COMPARISON OF COST OF BREAKAGE, QUANTITY OF ITEMS BROKEN, AND THE NUMBER OF STUDENTS FOR EACH
SUBSECTION FOR THE INDIRECT FILMED TECHNIQUE EXPERIMENTS
Cost Breakage Cost Per Cost
- Number Number Per Per Break Per Per Item
Group Cost §$ Items Students Students Student. Student Broken
100 ’ $30.31 16 ‘ 263 0.11525 0.06084 0.00720 1.894°
(rank) (2) (3) (5) (4)
200 "19.36 13 276 0.07015 0.04711 0.00540 1.489
(rank) (6) (5) (6) (6)
300 21.48 17 261 0.08229 0.06513 0.00484 1.264
(rank) 4) (2) 1) 7
Experimental
Group" 71.15 46 800 0.08894 0.05750 0.00193 1.263
(sum .of ranks) (12) (10) (12) (7
400 23.85 14 266 0.08966 0.05263 0.00640 1.703
(rank) (3) (4) (4) (3)
500 12.30 - 6 208 0.05913 0.02885 0.00986 2.050
(rank) D (7 (2) (3)
600 83.13 25 236 0.35225 .0.10593 - 0.01409 3.325°
(rank) (1 (1) N (1)
700 20.29 9 266 0.07627 0.03383 0.00848 2.544
(rank) : (5) (6) (6) (2)
Control .
Group 139.57 54 976 0.14300 0.05533 0.00265 2.5846
(sum of ranks) ‘ (16) (8) . (16) (11)
Total 210.72 2.1072-

100 1776 0.11865 0.056036 0.00119

P



TABLE XLVII

CQMPARISON OF COST OF BREAKAGE, QUANTITY OF ITEMS BROKEN, AND THE NUMBER OF STUDENTS FOR EACH

SUBSECTION FOR THE NON-FILMED TECHNIQUE EXPERIMENTS

Cost Breakage Cost Per Cost .
Number Number Per Per Break Per Per Item
Group Cost $ Items Students Students Student Student Broken
100 ' 0.49 1 40 "0.0122° 0.0250 . 0.01225 0.4900
(rank) 4 (6) (1) (2)
200 0.00 0 48 0.0 0.0 0.0 0.0
(rank) ' (7N (7N (7 (7
300 3.00 11 44 0.0681 0.2500 0.00619° 0.2727
(rank) (2) (L (4) (4)
Experimental
Group 3.49 12 132 0.0264 0.0909 0.0022" 0.2908
(sum of -ranks) (13) (14) (12) (13)
400 5.34 6 47 0.1136 0.1277 0.01330 0.8900
(rank) (1) (3) (2) (1)
500 0.28 4 36 0.0077° 0.1111 0.00194 0.0700
(rank) (6) (4) (6) - (6)
600 - 1.92 6 42 0.0457. 0.1428 0.00761 0.3200
~(rank) (3) (2) (3) (3)
700 0.53 5 46 0.0115 0.1089 0.00230 0.1060
(rank) (5) (5) (5) (5)
Control , .
Group 8.07 21 171 0.04719 0.12281 0.002247 0.38485
(sum of ranks) _ . (15) (14) (16) (15)
Total 11.56 33 303 0.038152 0.1089108 0.00156 0.350303

R



TABLE XLVIII

COMPARISON OF COST OF BREAKAGE, QUANTITY OF ITEMS BROKEN-AND THE NUMBER: OF STUDENTS FOR EACH SUBSECTION

FOR THE ITEMS OF STANDARD TAPER GLASSWARE WHICH WAS BROKEN THROUGHOUT THE SEMESTER

Cost

Cost Breakage Cost Per
Number Number Per Per Break Per Per Item
Group Cost $ Items Students Students Student . Student Broken
100 - ' 21.72 . 4 - 44 0.0489 0.0090. 0.0122 5.4300
(rank) Y (6) (2) @8]
200 ' 13.91 3 470 0.0296 0.0064 0.0099 4.6367
(rank) (7 @P) 4) (4)
300 17.73 6 440 0.0403 0.0136 0.0067 2.9550
(rank) (5) (4) (7 (6)
Experimental
Group . 53.36 13 1354 0.0394 0.0096 0.0030 4.1046
(sum of ranks) (16) an (13) 1D
400 28.17 7 451 0.0625 - 0.0155 0.0089 4.0243
(rank) (3 (3) (5) (5)
500 11.48 4 356 '0.0322 0.0112 0.0081 2.8700
(rank) (6) (5) (6) 7
600 91.89 18 402 '0.2286 0.0448 0.0127 5.1050
(rank) (D (1 (1) (2)
700 37.49 8 451 0.0831 0.0177 0.0104 4.6863
(rank) (2) (2) (3 3
Control
Group . 169.03 37 1660 0.2287 0.0223 0.0028 4.5684
(sum qf ranks) (12) (11) (15) an
Total 222.39 50 3014 0.0738 0.01659 0.001476 4.4478




TABLE XLIX

SUMMARY OF RESULTS OF BREAKAGE AND COST COMPARISONS.

Sum of ranks-

Hypothesis Comparison Expt'l Cont'l U Z Probability Significance

Ho 3.01 Incidents of breakage 17.5 10.5 0.5 -1.9623 0.025 *#%0,05.

Ho 3.02 Breakage cost per.student

Ho 3.02 all experiments ’ 14 14 4 -0.7071 0.2389 NS

Ho 3.03 direct filmed technique - 16 12 2 -1.4142 0.0793 **0,10

Ho 3.04 indirect filmed technique 12 16 6 0.0000 0.5000 NS

Ho 3.04 - " Noni-filmed. technique 13 15 5 -0.3536 0.3632 NS

Ho 3.06 Standard Taper .Glass 16 12 2 ~1.4142 0.0793 *%0.05

. Breakage incidents per student - i

Ho 3.07 all experiments 11 17 (5) +0.3536 0.6368 NS

Ho 3.08 direct filmed technique’ 9 19 (3 +1.0607 0.8554 NS

Ho 3.08 indirect filmed technique . 10 18 %) +0.7071 0.7511 NS

Ho-3.10 Non-filmed :technique 14 14 4 -0.7071 0.2389 NS

Ho 3.11 . _Standard Taper Glass 17 11 1 -1.7497 0.0401 *%0 .05
Cost per .item per student

Ho 3.12 all experiments 17 11 1 -1.7497 0.0401 *%0.05

Ho 3.13 direct filmed technique 16 12 2 -1.4142 0.0793 *%0,10

Ho 3.14 . indirect filmed technique. 18 10 0 -2.1213 0.0170 #%0.02

Ho 3.15 Non-filmed technique , 12 16 6 0.0000 0.5000 NS

Ho 3.16 Standard Taper Glass 13 15 5 -0.3536 0.3632 NS
Cost per.item broken

Ho.3.17 all experiments 16 12 2 -1.4142 0.0793 *%0,10

Ho 3.18 direct filmed. technique 16- 12 2 -1.4142 0.0793 #%0,10

Ho 3.19 indirect filmed tethnique 17 11 1 -1.7497 0.0401 *%0,05

Ho 3.20 Non-filmed technique, 13 15 5 -0.3536 0.3632 NS

Ho 3.21 Standard Taper Glass- 11 17 . (5) +0.3536 0.6368 NS

+ indicates Z in favor of control group
-.indicates Z in favor of experimental group.
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These hypotheses were tested using the Mann Whitney U test. Table
XLIX summarizes the results of these teste. It was found that.each of
the criteria tested for the non-filmed technique experiments resulted
in no significant difference. " This was.expected from groups which were
randomly.divided. . The mean breakage per student for all experiments
as well as. the direct and indirect filmed technique experiments.also
resulted .in no significant difference. However the mean number of items
of standard taper.glassware was .significantly lower for the experimental
group. Comparison.of the average cost per item broken per student at-
tending class and the overall mean cost per item broken resulting in a
significant difference in favor of the control group.

The question of lack of randomness of the female students required
that it be determined if any differences‘in»breakage may be attributed
to the female students. The foliowing hypotheses were considered. -

Ho 3.22‘ There will be no significant differences in the mean cost
of 'equipment broken by female stu&eﬁts between the experimental and
control groups. .

Ho 3,23  There will be no significant differences in the mean
number of items of equipment broken per female attending class between
the experimental and control group.

Ho 3.24 There .will be no significant difference in the cost per
item broken per female attending class between the experimental -and
control groups.

Ho 3.25 There will be no significant difference in the cost of
breakage per female attending class between the experimental and . con-.

trol groups.



EQUIPMENT BREAKAGE BY FEMALE STUDENTS

TABLE L
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100

200

1300

400

500

600

700

Cost of
Breakage

Number of
items
broken

Number of
females
per group.

Cost per
item
broken

" (rank)

Number . of
items
broken

per female
attending
class
(rank)

Cost per
item
broken
per female
(rank)

Cost of
breakage
per female
attending
class
(rank)

$14.38

$2.876
(2)

1.438
(2)

7.190
1)

4,04

0.4489
()

1.2857
(2)

0.0641

(6)

0.5771 .

(5)

4.86

1.210
(4)

0.667
(4)

0.2025
)

0.8100
(4)

0.82

0.410
(6)

1.00
(3)

0.2050
(4)

0.4100
(6)

11.28

2.820
(3)

0.50
(5.5)

1.410
(3)

2.820
(2)

5.09

5.090
1

0.50
(5.5)

2.545
(1)

2.540
(3)




TABLE LI

SUMMARY OF STATISTICAL ANALYSIS OF BREAKAGE

BY FEMALE STUDENTS:
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Sum of ranks
Exptl Contl U Z

prob.

Signif.

Cost per item broken
by females 11 10 4 -0,2182

Ho 3.22 not rejected

Number of items broken
per female attending
class 7 14 (1) +1.5276

Ho 3.23 rejected in favor of control group.

Cost .per item broken
per .female attending
class: 13 8 2 1.0911

Ho 3.24 not rejected

Cost of breakage per.
female: attending
class . 10 11 (4) +0.2182

Ho 3.25 not rejected

0.4129

0.0630

- 0.1379

0.4129

NS

NS

NS

Thus it .can be seen that there is no:significant difference between

the breakage of females in three out.of four measures.

Only the number

of items broken per female resulted in significance, however, it is in

favor .of the control group. This means that those differences which

were found in. favor of the experimental group may be attributed to.the

treatments and not to the slight imbalance of females in the experi-

mental group.

The overall results of the breakage study indicate that a smaller
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percentage of students who have access to the singie concept films have
indicents df'breakage.' Those students who have access to the films
break fewer items of sténdard taper glassware and incur less breakage
as the course progresses, The use of the;filﬁs when a technique is
first encountered lessens the amount of breakage when the technique is

used at . a later time in the course.
Accidents

Safe procedures need to be stressed in all laboratories but more:
gspecially in. the undergraduate teaching laboratories because the stu-
dents are more unaware of the many potentially hazardous situations.

It is not ,unvommon. for at least one student to be.spashed or sprayed
with sulfuric acid or perhaps showered with glass particles during
every semester. In the organic laboratories safety must be stressed
because of the many extremely toxic and explosive chemicals which are-
routinely handled. Goggles were mandatory in the organic laboratories
wﬁereas any kind of spectacles were allowed in tﬁe—general laboratories.
(This was changed at the beginning of the Fall 1969 semester when
safety goggles became mandatory. for all undergraduate laboratories.)

It is a departmental policy that any student having any injury or acci-.
dent must report it to his instructor,_'However, it is suspected that

a great many minor cuts and acid burns go unreported. Students were
asked to indicate on the data cards any accidents which they incurred
during the experiment and to include ‘a brief description. Surprisingly.
no éerious accidents occurred in any of the classes used for this study.
Thus, if one considers that all of the accidents which did occur (such

as minor cuts, heat and acid burns, spilled sulfuric acid, minor fires)



TABLE LII

TABULATION OF NUMBER AND KIND OF ACCIDENTS REPORTED BY THE
EXPERIMENTAL AND CONTROL GROUP CLASSES

Experiment Group Group Group Group Group Group - Group
Number 100 200 300 400 500 600 - 700
2 ' 608 cut
. 612 burned finger
5 123 burned finger . 405 Na expl. "611 burmed finger. -
421 Na expl.
6 307 burned thumb *707 burned thumb
317 burned thumb
13 ' 703 burned finger
704 cut thumb
11 ' ' 203 burned finger T
206 burned finger
215 spilled sulfuric
501 splashed acid 617 burned finger
MEK 517 spilled sulfiuric L
17 314 burned finger.
20 ' ' ) ' 601 burned finger
616 cut finger _
MDNB 112 small fire
29 ’ ' ' 308 H20 in ClSOBOH
Total number of accidents per group:
2 3 4 2 2 6 3
Number of students per group: (toetal number in attendance) . :
444 470 440 431 339 384 429
Number of students-attending per accident occurring: , : '
222 156.67 110.0 215.5 169.5 64.0 143.0

- . —



TABLE LII (Continued)

Expéfiméht Group Group Group Gyroup Group Group Group
Number 100 200 300 400 500 600 700
Rank 1 4 6 2 3 7 5
11 17

Sum of ranks:

U =5, Z = -0.3536, probability = 0.3632

(not.significant)

Ho 4.01 not rejected
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then the following hypotheses can be tested.
Ho. 4.01 There will,be‘no,significant difference in the number of

accidents occurring between the experimental group and the control

4]

group.
TABLE LIIX
CHI SQUARE ANALYSIS OF STUDENTS ATTENDING CLASS PER
ACCIDENT BY TEACHER AND TREATMENT
Teacher A Teacher B Teacher C Totals
Experimental c
observed 222.0 156.7 110.0 488.7
(expected) (228.0) (170.0) (90.7)
Control ,
observed 215.5 169.5 64.0 449.0
(expected) (209.5) (156.2) (83.3)
Totals 437.5 326.2 174.0 937.7
2

X" = 11,0812 (df = 2) ‘*#significant at 0.0l level Ho 4.02 rejected

Thus it is found that there is no significant difference .in the
number of accidents occurring between the experimental and control
groups.. However, the rank of the students per accident for an experi-
mental class is superior to the control class for a given teacher in
two out of three instances. It was suspected that the teacher has an
effect upon the number of accidents occurring. This question generated

the following null hypothesis.
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Ho 4.02 There will be no significant difference in the number of
students per accident occurring between the experimental and control
groupsifof a given teacher.

Ho 4.02 was found to be untenable and was.rejected. Thus the
number of accidents occurring among the teachers is not random. It may
be seen from Table LIII that in two out of three cases the observed
number of students attending c¢class per accident is less than the expect-
ed value for the experimental group. While this does not conclusively
indicate that less accidents occur in the experimental group it indi-

cates a definite tendency in that direction.

>

Laboratory Skill Survey

The laboratory skill survey profile was administered upon commenc-
ing and concluding the semester. It was determined whether students.
accurately indicate their skill in laboratory procedures or do those.
who poséess a high degree of competancy tend to estimate their skill
conservatively and those who possess a meagre degree of competency tend

to be more liberal in their rating. Using the JH, S examination scores

2
as-a measure of the laboratory skills because it covered some of the
same techniques as a measure of the laboratory skills involved, the
following hypotheses were .tested.

Ho 5.01 There will be no sigﬁificant difference in correlation
between the Jst scores and the Entry skills for each of the classes.

Ho 5.02 There will be no significant difference in the correla-
tion between the~JHZS scores and the Exit skills for each of the

classes.
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TABLULATION OF RANKS OF SCORES AND RANK DIFFERENCES BETIWEEN THE JH,S
EXAMINATION AND THE RESULTS OF THE LABORATORY SKILL

PROFILE

FOR GROUP 100

2

' Rank Entry ~ Exit Net Skill
Group 100 on Skills  Rank Skills Rank Change Rank
.Student .Nr. JHZS " Rank Diff‘ Rank Diff Rank Diff

1 16 16 0 20 -4 17 -1
2 14 2 12 13 1 19 -5
3 - - - - - - -
4 13 4 11 1 12 2 11
5 16 19 14 2 6 10
6 11 7 4 10 1 12 -1
7 - - - - - - -
8 - - - - - - -
9 4 11 -7 2 2 1 3

10 20 18 2 15 5 11 9

11 6 ©13 -7 5 1 7 -1

12 - - - - - - -

13 18 1 17 18 0 20 -2

14 19 17 2 7 12 4 15

15 1 20 -19 11 -10 13 -12

16 16 -10 19 -13 16 -13

17 6 5 1 16 -13 18 -12

18 2.5 8 - 5.5 12 9.5 14 -11.5

19 16 10 6 9 6 10 4

20 2.5 6 - 3.5 - 3.5 9 6.5

21 12 12 0 8 3 9

22 8.5 14 - 5.5 17 8.5 15 - 6.5

23 8.5 3 5.5 4.5 5 3.5

24 12 9 3 8 4 8 4
Sum of squares of rank’

differences: 1295 1089 1367
Spearman rank T = 0.0263 0.1812 -0.0278

correlations:
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TABULATION OF RANKS OF SCORES AND RANK DIFFERENCES BETWEEN THE JH,S
EXAMINATION AND THE RESULTS FROM THE LABORATORY SKILL

PROFILE FOR GROUP 200

Rank Entry Exit " Net Skill
Group 200 on Skills Rank Skills Rank Change  Rank
Student Nr. JHZS Rank . Diff Rank Diff Rank Diff
1 3.5 .7 - 3.5 13 -9 12 - 8.5
2 21 21 0 18 3 18 3
3 22 11 11 15.5 6 17 5
4 10 19.5 - 9.5 19 -9 20 -10
5 - - - - - - -
6 14 15 5 1 13 1 13
7 6.5 22 -15.5 21 14, 19 12.5
8 - - - - - - -
9 14 14 0 11 3 8 6
10 - - - - - - -
11 6.5 5 1.5 9 2. 9 2.5
12 20 1 19 2 18 14 6
13 6.5 4 2.5 . 8 1. 10 3
14 3.5 19.5  -16 17 -13.5 16 12
15 2 18 ~-16 14 ~-12 7 5
16 16.5 3 13.5 3 13. 5 10.5
17 14 16.5 - 2.5 15.5 - 1. 13 1
18 10 9.5 .5 12 - 2 11 -1
19 18.5 14 ) 5 13. 3 15.5
20 12 16.5 - 4.5 10 6
21 6.5 6 0.5 1. 4 2.5
22 18.5 8 10 4 14, 2 16.
23 1 2 -1 -5 15 -14
24 10 17 -7 22 12 22 =12
25 16.5 9.5 11 20 3. 21 4.5
Sum of squares of rank
differences: 1870.75 2038 1815
Spearman rank
correlations: = -0.0563 -0.1508 -0.0248

r
S
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TABULATION OF RANKS OF SCORES AND RANK DIFFERENCES BETWEEN THE JH,S-
EXAMINATION AND THE RESULTS FROM THE LABORATORY SKILL

PROFILE FOR GROUP 300

2

Rank Entry ‘ Exit Net Skill
Group. 300 on Skills Rank Skills Rank Change Rank
Student Nr. JHZS Rank- Diff Rank Diff  Rank Diff
1 5 2 13 -8 16 -11
2 14.5 1 13.5 9 5.5 20 - 5.5
3 14.5 7 6.5 2 12,5 3 11.5
4 - - - - - - -
5 7.5 19 -11.5 19 11.5 14 6.5
6 3.5 4 - 0.5 17 13.5 18 14.5
7 - - - - - - -
8 7.5 10 - 2.5 14 -6.,5 13 - 5.5
9 7.5 8 - 0.5 8 - 0.5 9 - 1.5
10 20 6 14 18 2 19 1
11 14.5 20 - 5.5 1 13.5 1 13.5
12 7.5 11 - 3.5 2.5 5 2.5
13 14,5 5 9.5 6 5 10 5.5
14 11.5 15.5 -4 10 1.5 6 5.5
15 17 18 -1 7 10 4 13
16 2 12 -10 16 -14 15 -13
17 11.5 9 2.5 11 0.5 11 0.5
18 - - - - - - -
19 1 13 -12 15 =14 12 -11
20 10 14 4 3 7 2 8
21 3.5 15.5 -12 20 -16.5 17 13.5
22 19 17 2 12 7 7.5 11.5
23 18 2 16 4 14 7 10.5
24 - - - - - - -
Sum of squares of -rank:
differences: 1397.2 1933 1766.5
Spearman rank-
correlation: -0.0508 - -0.4534 -0.3282

e =
I
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TABLE LVII

TABULATION OF RANKS OF SCORES AND RANK DIFFERENCES BETWEEN THE JH,S
EXAMINATION AND THE RESULTS FROM THE LABORATORY SKILL
PROFILE FOR GROUP 400

Rank Entry Exit Net- Skill

Group 400 on Skills Rank Skills Rank Change Rank
Student Nr. JHZS Rank Diff Rank Diff Rank Diff
1 7 19 12 19 _12 19 12
2 18 9.5 8.5 1 17 1 17
3 - - - - - - -
4 4.5 3 1.5 3.5 1 10 - 5.5
5 14 11 18 -15 18 -15
6 2 17 -15 10 -8 6 -4
7 - - - - - - -
8 14.5 6 9.5 16 - 1.5 16 - 1.5
9 4.5 9.5 5 12 - 7.5 9 - 4.5
10 11.5 12 - 0.5 15 - 3.5 14 - 2.5
11 18 4 14 3.5 14.5 4 14
12 1 16 -15 9 -8 3 -2
13 15.4 15 - 0.5 2 12.5 12 2.5
14 - - - - - - -
15 7 5 2 13 -6 11 4
16 11.5 13 - 1.5 11 0.5 8 .5
17 18 18 0 14 4 7 11
18 7 8 -1 8 -1 5 2
19 16 7 11 5 11 2 14
20 11.5 1.5 10 6.5 5 13 - 1.5
21 - - - - - - -
22 9 1.5 7.5 6.5 2.5 15 6
23 11.5 11 0.5 17 5.5 17 - 5.5
24 - - - - - - -

Sum of squares of rank
differences: 1368 1460 1357

Spearman. rank

correlation: r -0.2000 -0.2809 -0.1904
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TABLULATION OF RANKS OF SCORES AND RANK DIFFERENCES BETWEEN THE JH,_S

EXAMINATION AND THE RESULTS FROM THE LABORATORY SKILL

2

PROFILE FOR GROUP 500

Rank Entry Exit Net Skill
Group 500 on Skills Rank Skills Rank Change Rank
Student Nr. JHZS Rank Diff Rank Diff Rank Diff
1 4.5 7 - 2. 6 - 1.5 8 - 3.5
2 8 1 7 4 3.5 11 -3
3 11 4 7 2 9 4 7
4 8 2.5 5. 7 0.5 9.5 -1.5
5 8 2.5 . 5. 7 0.5 9.5 =-1.5
6 - - - - - - -
7 2 11 -9 11 -9 7 5
8 - - - - - - -
9 - - - ~ - - -
10 3 10 -7 4. - 1.5 2 1
11 13 8 5 9 6 7
12 - - - - - - -
13 5 3 12 4 13 5
14 .5 13 - 8. 10 5.5 5 1.5
15 13 6 7 3 10 3 10
16 - - - - - - -
17 13 14 -1 14, - 0.5 12 1
18 8 9 -1 1 7 1 7
19 - - - - - - -
20 1 12 -11 13. -12.,5 14 -13
21 - - - - - - -
22 - - - - - - -
23 - - - - - - -
24 - - - - - - -
Sum of squares of rank
_differences: 573 547 496
Speéfman rank . .
correlation: r = -0.2593 -0.2022 -0.0901
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TABULATION OF RANKS AND SCORES AND RANK DIFFERENCES BETWEEN THE JH,S
EXAMINATION AND THE RESULTS FROM THE LABORATORY SKILL

PROFILE FOR GROUP 600

2

Rank Entry ' Exit Net Skills
Group 600 on Skills Rank Skills Rank Change Rank
Student Nr. JH2S Rank Diff Rank Diff Rank Diff
1 3.5 13 - 9.5 14.5 -11 15 -11.5
2 12.5 17.5 -5 13 - 0.5 11 1.5
3 3.5 2 1.5 19 -15.5 19 15.5
4 15.5 17.5 -2 17 - 1.5 15 1.5
5 14 4 10 5 9 6 8
6 7 16 -9 6 1 3 4
7 7 11.5 - 4.5 16 -9 16 -9
8 3.5 6 - 2.5 1 2.5 4 - 0.5
9 - - - - - - -
10 - 3.5 3 0.5 18 -14.5 18 -14.5
11 19 14 5 10 8 11
12 15.5 11.5 4 12 3.5 12.5 3
13 17 10 7 9 8 9 8
14 10.5 1 9.5 7.5 10 0.5
15 18 19 1 4 14 1 17
16 1 8 -7 11 -10 12.5 -11.5
17 5 4 7 2 7 2
18 10.5 8 2.5 2 8.5 2 8.5
19 - - - - - - -
20 12.5 15 2.5 8 2.5 5 7.5
21 7 15 2.5 8 2.5 5 7.5
Sum of squares of rank
differences: 589 1421.5 1596.5
Spearman rank
correlation: r, = +0.4833 -0.2469 ~0.4004
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TABULATION OF RANKS AND SCORES AND RANK DIFFERENCES BETIWEEN THE JH,S
EXAMINATION AND THE RESULTS FROM THE LABORATORY SKILL

PROFILE FOR GROUP 700

2

Rank Entry - Exit Net Skills
Group 700 on Skills Rank Skills Rank Change Rank
Student Nr. JHZS Rank Diff Rank Diff Rank Diff
1 3.5 18 -14.5 5 - 1.5 3 0.5
2 15.5 15.5 0 18 - 2.5 16 - 0.5
3 - - - - - - -
4 6 12 -6 6 0 4 2
5 15.5 13 2.5 3 12.5 2 13.5
6 18.5 3 15.5 8 10.5 6.5 12
7 10 15.5 = 5.5 16 -6 14 - 4
8 6 19 -13 1 5 1 5
9 3.5 15.5 -12 14 -10.5 8.5 -5
10 10 2 8 7 3 12 -2
11 - - - - - - -
12 - - - - - - -
13 15.5 1 14,5 4 11.5 13 2.5
14 12.5 15,5 -3 10 2.5 5 7.5
15 20 .20 0 2 18 18 2
16 8 4 4 15 -7 15 -7
17 10 10.5 - 0.5 19 -9 19 -9
18 1 10.5 -9.5 13 -12 10.5 - 9.5
19 15.5 8 7.5 20 - 4,5 20 ~ 4.5
20 18.5 8 7.5 17 1.5 17 1.5
21 6 8 -2 12 -6 10.5 - 4.5
22 2 5 -3 9 -7 6.5 - 4.5
23 12.5 6 6.5 11 0.5 8.5 4
Sum of squares of rank
differences: 1393.5 1299.5 766.5
Spearman rank
correlation: +0.0229 +0.4237

r = -0.0477
S



TABLE LXI

SUMMARY OF RESULTS FROM SPEARMAN RANK CORRELATIONS BETWEEN JH,S
EXAMINATION AND LABORATORY SKILLS PROFILE
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Hypothesis Ho 4.01 Ho 4.02 Ho 4.03
Descriptions Entry Skills Exit Skills Net Change in Skills
Group N df. r t r t r t
. ) ‘ S S
100 20 18 +0.0263 +0.1812 -0.0278
+0.1116 +0.7817 - -0.1180
- NS N - I
200 22 20 -0.0563 : 0.1508 -0.0248
-0.2522 -0.6822 -0.1109
________ NS NS NS o
300 20 18 -0.0508 -0.4534 -0.3282
~-0.2158 -2.1582 -1.474
NS **gig at NS
0.05 o
400 19 17 -0.2000 -0.2807 -0.1904
-0.8416 ~1.2058 -0.7997
NS n NS _____Ns o
500 14 12 -0.2593 -0.2022 -0.0901
‘ -0.9300 ~0.7152 -0.3134
, NS NS _NS e
600 19 17 +0.4833 -0.2469 -0.4004
+2.2762 -1.0505 -1.8016
**gig at NS *%kgig at
0.05 0.10
700 20 18  -0.0477 +0.0229 +0.4237
-0.2026 +0.0972 +1.9845
NS NS *%gipg at

0.10
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H§ 5.03 There will be no significant difference in the correla-
tion between the JHZS‘scores and the net skill -change for each of the
classes.

Tables LIV through LX.and the results summarized in Table LXI
indicate the ranks, and rank difference of the scores as. taken from the
data . in Appendix B.

Thus it was observed that the majority (16 out of 21) of the cor-.
relations are negative (whether»significant ar not) and that in the
four cases which are significant at the 0.10 level two are positive and.
two negative. Thus while the threé null hypotheses are tenable, the
suspicion that the étudents do not accurately.access their degree of

laboratory proficiency is confirmed.
Attitude

The attitude or the feeling of like or dislike with which the stu-
dent felt toward the experiments was tested by selecting ten of the
experiments, ‘five of which involved direct filmed techniques (2,3,4,5,
and 13). Of-thé other five, one involved no filmed techniques. (16)
and the other four (11,17,26,35) involved indirect filmed techniques.
These were chosen.rather than some of the others because all ten of
these experiments were in Coleman, Wawzonek, and Buckles (22) the lab-
oratory manual for the course, Some of the other experiments.such as
the preparation of meta-dinitro benzene and methyl ethyl ketone were
mimeographed by the department .and were written in. a different style.
The change of style.and fermat for these experiments would provide a
confounding variable. |

The attitude scale utilized nine categories and a Likert-type.
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scale response for each. The identical scale was used for all of the
ten selected experiments. See Appendix E for a copy of the attitude
scale questionnaire. A compliation of frequencies of the responses for
each category.was made for each subsection. This information is com-

"piled in Appendix F. From these data the median (S ) was calculated

.50
according to Edwards (25). In order to estimate the reliability of the
instrument, the interquartile range (Q) was also determined. Thorndike
(25) has reported that a large Q value is related either to the ambig-
uity of.the question or to misinterpretation by the responder. Thus,

those factors which yield a high Q value may.be eliminated. Apbendix

E contains the frequency of responses for each item on each experiment

by subsection. The data also includes the computation of S 0 and Q-

5

for each item as-well as the total and mean values of S for each

.50
experiment. Because the scale ranged from zero for a high or positive
response to ten for a low or negative response, it was felt tﬁat these.
results could be easily misinterpreted. The S values used iﬁ the body
of the paper for all computations was determined by subtracting the
calculated‘S.5O value from ten to yield a quantity which would be high-
er for a positive attitude.

When the.experimental framework for this study is considered, the
following questions pertaining to the attitude of the students become
important. The differences in the overall attitude toward the experi-
ments between the experimental and contrel groups. The influence.of
the teacher upon.the attitude of the students toward the experiments,
(not the course). The influence of the time of day upon the attitude

of the students toward the experiments. The difference in attitude, if

any, between those experiments in which laboratory.techniques are
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initially encountered and explained by demonstration or SCLF (i.e., di-
rect filmed technique experiments) and those later experiments in which
the students are expected that they will be able to use these same tech-
niques without further explanation (i.e., indirect filmed technique ex-
periments). The difference, if any, between the attitude of the stu-
dents in the experimental and control groups for the direct filmed tech-
nique .experiments and for the indirect filmed technique experiments.

These may be directed toward any or all of the parameters of the at-
titude scale. Specifically this s;udy is concerned withilaboratory
techniques consequently the attitude of the students toward techniques
and their difficulty was.of prime interest. The difficulty level of the
techniques corresponds to items E, F, G, and H on the attitude scale.

These problems generated the following set of null hypotheses.

Ho 6.01 There will Be no significant difference in the attitude
of the students toward the selected experiments among the teachers,
type»bf experiment, and by treatment,

Ho 6.02 There will be no significant difference in the attitude-
of the students toward the selected experiments between the teachers.

Ho 6,03 There will be no significant difference in the attitude
of the students.toward the selected experiments between the -experimental
and control groups.

Ho 6.04 There will be no significant difference in the attitude.of
the stﬁdents toward the selected experiments between .the direct filmed
technique  experiments and the indirect filmed technique experiments.

Ho 6.05 There will be no significant difference in the attitude of
the students toward the selected experiments between the sections. (time

of day for the experiment).



126

Ho 6.06 There will be no significant difference in the attitude
of the students toward the selected experiments between the teacher and
treatment . (each group).

Ho 6.07 . There will be no significant difference.in the attitude
of the students toward the selected experiments between the experiment
type .and treatment.

These hypotheses were tested utilizing the Kruskal-Wallis One Way:
Analysis of Variance. Table LXII contains a compilation of the data
from Appendix F and Table LXIII contains a.summary of the analysis.of
the hypotheses.

These results show that there was no significant difference in the
attitude toward the experiments between the students of the experimental
group.and the control group. This resulted from the distribution of
the students between treatment groups as well as the Hawthorne effect
being equalized or nonexistent. There is no significant difference in
the éttitude of the students between the four teachers or the section
times. However significant differences were found between the type of
experiment (0.01 level in favor of the direct filme& technique experi-
ments) and also among the factors between experimental, control, direct
filmed technique and indirect filmed technique.

The analysis by.the Kruskal-Wallis test does not.indicate the di-
rection or location of the significance but only.the existence.and
level of significance. Consequently it was necessary to analyze the
data further. The following null hypotheses weré considered.

Ho 6.08 There will be no significant.difference in the attitude
of the students.toward the selected experiments between the direct and

indirect experiments of the experimental group and the direct. and



TABLE LXIT

MEAN OF S 50 VALUES AND RANK ORDER FOR OVERALL ATTITUDE OF STUDENTS TOWARD THE  SELECTED EXPERIMENTS

#3 | #4 #5

#2 #13
100 6.0963 (29) 6.1134 (31) 6.3655 (53) 5.7063 (14) 5;89407(21) 148
200 6.6996 (63) 6.3650 (51) 6.1925 (38) 6.1524 (34) 6.2833 (46) 232
300  6.5397 (59) 6.3824 (54) 6.1739 (37) 6.1697 (36) 6.7055 (64) 250
sub-total for experimental group and direct filmed technique A 630
400  6.5470 (60) 6.3652 (52) 6.5698 (61) 5.7823 (17) 6.0353 (27) 217
500  6.2444 (43) 6.1296 (32) 6.0981 (30) 5.5325 (4) 5.8129 (18) 127
600 6.8459 (67) 6.9074 (69) 6.9166 (70) 6.3000 (49) 6.1932 (39) 294
700  6.7924 (66) 6.1637 (35) 6.8899 (68) 5.4995 (2) 6.3378 (50): 221
sub total for control group and direct filmed technique experiments 859
total for. all groups and direct filmed technique experiments 1489

#11 #16 #17 #26 #35

100 5.5521 (6) 5.8495 (19) 6.2972 (48) 5.8909 (20) 6.7296 (45) 138
200 5.6688 (12) 6.4912 (57) 5.5026 (3) 5.9225 (22) 6.2181 (41) 135
300 5.6283 (9) 6.6405 (62) 5.6558 (11) 5.9378 (24) 6.2592 (44) 150
sub-total for experimental group and indirect filmed technique 423
400 5.7681 (16) 6.1438 (33) 5.9883 (25) 6.0371 (28) 6.1979 (40) 142
500 5.2796 (1) 5.5426 (5) 5.6032 (7) 5.7483 (15) 6.2926 (47) 75
600 5.9701 (26) 6.4000 (55) 5.9289 (23) 6.6333 (10) 6.5122 (58) 172
700  6.4604 (56) 5.7562 (65) 5.6987 (13) 6.6260 (8) 6.2307 (42) 184
Sub-total for control group.and indirect filmed technique experiments 573
total for all groups and indirect filmed technique experiments 996
Grand total for all rankings 2485

() indicates rank order

—



TABLE LXIII
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ANALYSIS OF ATTITUDES TOWARD SELECTED EXPERIMENTS BY KRUSKAL-WALLIS

ONE WAY ANALYSIS OF VARIANCE

Teacher, Treatment, Type:

Group: 100 200 300 400 500 600.- 700
Sum of ranks.
Direct: 148 232 250 217 127 294 221
Nr items ranked: 5 5 5 5 5 5 5
Indirect: 138 135 150 142 .75 172 184
Nr items ranked: 5 5 5 5 5 5 5
H = 20.1461 df = 13 *% gignificant at 0.10 level
Ho 6.0l rejected
Teacher: ' A B. C D
Sum . of -ranks: 645 569 866 405
Nr items ranked 20 20 20 10
H=5,1350 df = 3 NS
Ho 6.02 not rejected
Treatment: » | Experimental Contrdl
Sum of ranks: 1053 1432
Nr items ranked: 30 40
H= -1.2578 df = 1 NS
Ho 6.03 not rejected
Experiment.type: | Direct Indirect |
Sum of ranks: 1489 996
Nr items ranked: 35 35
H'=7.0551 df =1 #*% significant at 0.0l level
Ho 6.04 rejected
Time of Day (Sections) L:MW 1:30 2:TuThull : 30 3:TuThu. 2:30
Sum or ranks: 954 726 805
Nr items ranked: 30 20 20
H = 0.8214 df =2 NS
Ho 6.05 not rejected
Class (Teacher and Treatment)
100 200 300 400 500 600 700
Sum of -ranks: 286 376 400 359 202 466 405
Nr items ranked: 10 10 10 10 10 10 10

H=9,5642 df = 6 NS
Ho 6.06 not rejected

Type and Treatment Experimental Control
Direct Indirect Direct Indirect

Sum of -ranks: 630 423 895 573

Nr items ranked 15 15 20 20

H=7.0778 df =.3 ** gignificant at 0.10 level
Ho 6.07 rejected




TABLE LXIV

RANK ORDER OF ATTITUDES TOWARD THE SELECTED EXPERIMENTS BY EXPERIMENT TYPE

Direct Filmed Technique ' Indirect Filmed Technique

Group: ; 2 ‘3 4» 5 13 » 11 16 17 26 7 35 °

100 8 10 24 3 6 - 51 4 14 29 15 27 89
200 29 22 16 12 19 98 10 32 2 16 24 84
300 26 25 15 24 30 110 7 34 9 18 26 94
Experimental Total (259) (267)
400 27 23 28 4 7 89 13 22 19 21 23 98
500 18 11 9 2 5 45 1 3 5 12 28 49
600 32 34 35 20 17 138 20 30 17 8 33 108
700 31 13 33 1 21 99 31 35 11 6 25 108

Control Total (371) (363)

— —



TABLE LXV

ANALYSIS -OF ATTITUDE TOWARD THE SELECTED EXPERIMENTS BETWEEN
EXPERIMENTAL AND CONTROL GROUPS AND BY EXPERIMENT
TYPE BY MANN-WHITNEY:U TEST

130

Rank Sums

Ho 6.11 not rejected

Overall
Group Type Rank Sum Direct Only Indirect Only
100 Direct 148 51.
100 Indirect 138 89
200 Direct 232 98
200 Indirect 135 84
300 Direct 250 110
300 Indirect 150 94
400 Direct 217 89
400 Indirect 142 98
500 Direct 127 45
500 Indirect 75 49
600 Direct’ 294 138
600 Indirect 172 108
700 Direct 221 99
700 Indirect 194 108
Rank Sum: Experimental: 1053
Control: 1432
U = 588
Z = 0.1424
P = 0.4443 NS
Ho 6.08 not.rejected
Rank Sum: Direct: 1272
Indirect: 996
U = 583
Z = 0.3465
P = 0.3669 NS
Ho 6.09 not rejected
Rank Sum Direct Only: ~ Experimental: 259
Control: 371
U = 139
Z =.0.3667
P = 0.3557 NS
Ho 6.10 not rejected
Rank Order Indirect Only: Experimental: . 267
Control: 363
U = 147
Z = 0.1000
P = 0.4602 NS
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indirect experiments of the control group.

Ho 6.09‘ There will be no significant difference in the attitude
of the students toward the selected experiments between the direct ex-
periments of the experimental and control group and the indirect experi-
ments of the experimental group and the control group.

Ho 6.10 There will be no significant difference in the attitude
of the students toward the selected direct filmed technique eiperiments-
between the experimental and controi group.

Ho 6.11 There will be no significant difference in the attitude
of the students toward the selected indirect filmed technique experi-
ments between the experimental and the control group.

These hypotheses were tested by means of the Mann-Whitney U test
upon data taken from Tables LXII and LXIV. " The analysis and results
are summarized in Table LXV.

The results from these analyses confirmed the previous hypotheses
in that there indeed is no significant difference between the treatment
groups in over all attitude toward the difficulty level. The result
that there is a significant difference in attitude in favor of the
direct filmed technique experiments both toward the experiments as. a
whole and toward the difficulty level was confirmed. However, it should
be noted that neither treatment group significantly favored the direct
filmed technique.éxperiments nor did either treatment group favor the
indirect filmed technique experiments.

The next step was to consider the attitude of the students toward
thé techniques involved in the experiments as well as their respective
difficulty. Consequentally the following hypotheses correspond to

those previously considered with respect to the overall attitude toward
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the experiments.

Ho 6.12 There will be no significant difference in the attitude
of the students toward the laboratory techniques and their difficulty
with respect to the selected experiments among the teachers, experiment
type, and treatments.

Ho 6.13 There will be no significant difference in the attitude
of the students toward the laboratory.techniques and their difficulty
with respect to the selected experiments among the teachers.

Ho 6.14 There will be no significant difference in the attitude
of the students toward the laboratory techniques and their difficulty
with respect to the selected experiments between the experimental and.
control groups.

Ho 6.15 There will be no significant difference in the attitude
of the students toward the laboratory techniques énd their difficulty
with respect.to the selected experiments between the direct filmed tech-
nique . experiments and the indirect filmed technique experiments.

Ho 6.16 There will be no significant difference in the attitude
of the students toward the laboratory techniques and their difficulty
with respect to the selected experiments between the sections (time
of day for the experiment).

ho 6.17 There will be no significant difference in the attitude
of the students toward the laboratory techniques and their difficulty
with respect to the selected experiments between the subsections
(teacher and treatment groups).

Ho 6.18 There will be no significant difference in the attitude

of the students toward the laboratory techniques and their difficulty
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with respect.to the selected experiments between the experiment type.
and the treatment.

These hypotheses were also tested utilizing the Kruskal-Wallis
One Way Analysis of Variance. Table LXVI contains a compilation of
the data from Appendix ¥ and Table LXVII contains a summary of the
analysis of tHe hypotheses.

These results also show that there was no significant difference-
in the attitude of the student between the expérimental and control
groups. There was also no significant difference found between the
teachers, or the time of day for the experiment. However again.a dif-
ference was found between the attitude toward the first experiments
encountered (direct filmed technique experiments) and the later experi-
ments (indirect filmed technique experiments).

In order to determine the direction and degree to which these dif-
ferences lie, the following null hypotheses were considered.

Ho 6.19 - There will be no significant difference in the attitude
of the students foward the laboratory techniques and their difficulty
with respect .to the selected experiménts between the direct and indirect .
experiments of the experimental group and the direct and indirect .ex—-
periments of the control group.

Ho 6.20 There will be no significant difference in the attitude
of the students toward the laboratory techniques and their difficulty
with respect to the selected experiments between the direct filmed
technique experiments of the experimental and control groups and the
indirect filmed technique experiments of the experimental and control

groups.



TABLE LXVI

MEAN OF S .50 VALUES AND RANK ORDER OF ATTITUDE TOWARD THE DIFFICULTY OF THE LABORATORY

TECHNIQUES FOR THE SELECTED EXPERIMENTS

#3 4 : #5

#2 #13

100 5.4607 (28) 5.6686 (54) 5.4391 (35) 5.2364 (17) 5.3612 (29) 163
200 6.5918 (50) 5.7550 (60) 5.6458 (53) 5.5583 (47) 5.4479 (36) 246
300 6.3502 (38) 5.7372 (58) 5.7827 (61) 5.5297 (44) 5.1815 (13) 214
sub~total for experimental group and direct filmed technique 633

400  6.5418 (46) 5.6419 (52) : 5.7186 (57) 5.3208 (25) 5.2349 (16) 196
500 5.9584 (65) 5.8334 (62) 5.5166 (42) 5.1043 (9) 5.0707 (7) 185
600 6.7102 (69) 6.4166 (68) 5.9048 (64) 5.8750 (63) 5.2433 (20) 284
700  7.0000 (70) 6.2529 (67) 5.9732 (66) 5.1418 (12) 5.4972 (41) 256
sub-total for control group and direct filmed techniques 923

total for both groups and direct filmed technique experiments 1556

#11 #16 #17 #26 #35

100 5.0024 (5) 5.3903 (30) 5.7499 (59) ' 5.4941 (40) 5.4048 (31) 165
200 5.3157 (24) 5.4885 (39) 5.7172 (56) 5.5251 (43) 5.2738 (22) 184
300 5.4118 (33) 5.7160 (55) 5.2448 (21) 5.5595 (48) 5.3402 (27) 184
sub-total for control gr oup and indirect filmed techniques 533

400 5.0750 (8) 5.2871 (23) 5.3331 (26) : 5.4286 (34) 5.6389 (51) 142
500 5.1292 (11) 4.8875 (2) 5.2184 (15) 5.2418 (19) 5.0335 (6) 53
600 4.9687 (3) 5.4625 (37) 5.5311 (45) 5.0000 (4) 5.2082 (14) 103
700  5.1167 .(10) 5.5896 (49) 5.4076 (32) 4.8419 (1) 5.2370. (18) 110
Sub-total for control group and indirect filmed techniques 408

Total for both groups and indirect filmed technique experiments 941
Grand Total for all rankings 2485

( ) indicates rank order
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TABLE LXVII

ANALYSIS OF ATTITUDES TOWARD THE DIFFICULTY OF THE LABORATORY
TECHNIQUES INVOLVED IN THE SELECTED EXPERIMENTS BY
KRUSKAL-WALLIS ONE WAY ANALYSIS OF VARIANCE

Teacher, Treatment Type:

Group: 100 200 300 400 500 600 700
Sum of ranks
Direct: 163 246 214 196 185 284 256
Nr items ranked: 5 5 5 5 5 5 5
Indirect: . 165 184 184 142 53 103 110
Nr items ranked: 5 5 5 5 5 5 5

H = 23,3198 df = 13 #**%* gignificant at 0.05 level
Ho 6.12 rejected

Teacher: ‘ A B C D

Sum or ranks: 666 668 785 366
Nr items ranked: 20 20 , 20 10

H=-0.1300 df = 3 NS
Ho 6.13 not rejected

Treatment: Experimental Control

Sum of ranks: 1156 ' 1329
Nr items ranked: 30 40

H = -0.1187 df = 1 NS
Ho 6.14 not rejected

Experiment Type. Direct Indirect
Sum of ranks: 1544 941
‘Nr items ranked: 35 ' 35

H=11.1886 df =1 ** gignificant beyond 0.001 level

Time of day (Sections) (1)MW 1:30 .(Z)TuThull:SO (3)TﬁThu 2:30
Sum of ranks: 953 768 764
Nr items ranked: 30 20 20

H=0.4791 df = 2 NS
Ho 6.01 rejected

Subsection (Teacher and Treatment)
100 200 300 400 500 600 700
Sum or ranks: 328 430 398 338 238 387 366
Nr items ranked: 10 10 10 10 10 10 10
H = 4.3202 df = 6 NS
Ho 6.17 not rejected

Type .and Treatment . Experimental Control
Direct Indirect Direct Indirect

Sum or ranks: 623 533 921 408

Nr items ranked: 15 15 20 20

H=16.3195 df =.3 *% gignificant beyond 0.001 level
Ho 6.18 rejected
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Ho 6.21 There will be no significant difference in the attitude
of the students toward the laboratory techniques and their difficulty
with respect to the selected direct filmed technique experiments between
the experimental and control groups.

Ho 6.22 There will be no significant difference in the attitude
of the students toward the laboratery techniques and their difficulty
with respect tot the selected indirect filmed technique experiments
between the . experimental and control groups.

These hypotheses were tested utilizing the Mann-Whitney U test.
The data is taken from Tables LXVI and LXVIII and Table LXIX contains
a summary of the analyses.

It should be noted that again there was no significant difference
between the experimental and control groups for the attitude of the.
students toward the laboratory techniques involved in the experiments.
There was also no significant difference in the attitude between the
experimental and control groups for the direct filmed technique . experi-
ments. However a significant difference was found in favor of the ex-
perimental group when one compares the attitude'of the students toward
the techniques involved in the indirect filmed technique experiments.
Thus neither treatment group favored the direct filmed technique ex-
periments but the experimental group significantly (0.005 level)
favored the indirect filmed technique experiments. This is indeed an
important point. These experiments involve laboratory techniques in
which the students were previously instructed (i.e., the direct.filmed
technique experiments) and are expected to routinely perform those.
techniques. It is apparent that the students in the control group

found these later experiments more difficult than thase students in the



TABLE LXVIII

RANK ORDER OF ATTITUDES TOWARD DIFFICULTY OF THE LABORATORY TECHNIQUES
OF THE SELECTED EXPERIMENTS BY EXPERIMENT TYPE

Direct Filmed Technique Experiments Indirect Filmed Technique Experiments

Group 2 3 v 4 5 . 13 E 11 16 17 26 35

100 13 22 11 6 10 62 5 20 35 27 21 108
200 19 25 21 18 12 95 17 26 34 28 15 120
300 9 24 26 16 4 79 23 33 14 30 19 119
Experimental Total - (236) (347)
400 17 20 23 8 5 73 7 16 18 24 32 97
500 30 27 15 2 1 75 9 2 11 13 6 41
600 34 33 29 28 7 131 3 25 29 4 10 71
700 35 32 31 3 14 115 8 31 22 1 12 74

Control Tptal- (394) (283)
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TABLE LXIX

ANALYSIS OF ATTITUDE TOWARD THE DIFFICULTY OF THE LABORATORY -
TECHNIQUES INVOLVED WITH THE SELECTED EXPERIMENTS BETWEEN
THE EXPERIMENTAL AND CONTROL -GROUPS AND BY EXPERIMENT
TYPE BY MANN-WHITNEY U TEST

Rank Sums
Overall Direct Indirect
Group Type Rank Sum- _ Only Only
100 Direct 163 62
100 Indirect 165 108
200 Direct 246 95
200 Indirect 184 120
300 Direct 214 79
300 Indirect 184 119
400 Direct . 196 73
400 Indirect. 142 97
500 Direct 185 75
500 Indirect 53 41
600 Direct 284 131
600 Indirect. 103 71
700 Direct: 256 115
700 Indirect 110 74
Rank Sum: Experimental: 1156
Control: 1329
U = 509
Z = 1.,0800
P = 0,1401 NS
Ho 6.19 not.rejected
Rank Sum: . Direct: 1556
Indirect: 941
U = 299 ‘
Z = 3,6824
P = 0.0002 #** significant
Ho 6.20 rejected i
Rank Sum, Direct Only: Experimental: 236
Control: 394
U = 116
Z = 1,1333
P = 0,1292 NS
Ho 6.21 not rejected
Rank Sum, Indirect Only: Experimental: 347
Control: 283
U=173
Z = 2.5667
P = 0.0051 ** significant

Ho 6.22 rejected
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experimental group who had access to the single concept loop films.

In summary the students attitude toward the experiments (not the
course as a whole) does not differ for‘the different teachers, the time
of day, or the treatment groups. Overall the students prefer the
earlier experiments over the later experiments in which they are sup-
posed to rely upon what they have learned. The major difference found
is that those students who had access to the single concept loop films
felt that these later experiments were less difficult than those stu-

dents in the control group who did not have access to the films.
Laboratory Proficiency

The proof of laboratory proficiency should be a combination of
correct set-up, high purity of yield, optimum percent yield, and
positive results on unknown analyses. These data were reported, when
applicable, on the data cards. However, their interpretation would
require the wisdom of Solomon and the patience of Job. If melting
point becomes the criteria for purity (gaé chromatography, TLC, infra-
red, and NMR were not available for the Chem 3015 students) it is dif-
filcult to evaluate which of the following would represent the better
result: a single value such as 89.9°C' for the melting point of m-
dinitrobenzene or a range 89.4°-89.9°C reported by a careful student.
Upon questioning, the former would reply that the sample had a sharp
melting point. This would be the proper "textbook' answer, however,
this exferiment will yield a sample which is not sufficinetly pure to
produce that sharp a melting point. Percentage yields can be accurate-
ly computed, but usually the higher percentages.are damp or otherwise

contaminated. The unknowns were direct.and straightforward with no
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tricks, thus the majority of fhe students submit a correct analysis.
Until precise methods are. agreed upon and the correlation between
purity and percentage yield is.also established for comparison.purposes,
it is quite difficult to compare the results of these experiments.with
a more than pass-fall, or good-fair-bad categories.
The major purpose of this study was to determine the effects.of
the single concept loop films and determine if they were effective in
enabling the student to properly set up and use his equipment. For

this reason the JH,S examination was administered to ascertain whether

2
differences would be found between those students who watched the films
and those who did not. The overall results of the JHZS examination may

be seen in Table LXX. It would be expected that students in the
experimental group should score higher than those in the control group.
The following null hypotheses were considered.

Ho 7.01 There will be no significant difference in the means of

the JH, S Exam scores between the experimental and control groups.

2
Ho 7.02 There will be no significant difference in the means of.

the JH,S Exam scores between.the experimental and control groups of

2
each teacher.

It was shown that the slight imbalance of females in the experi-
mental group did not effect the overall differences in laboratory
breakége. One might. wonder wbat effect the female students would have:
on the JHZS Examination scores. This question generated the following
null hypotheses;

Ho 7.03 There will be no significant difference in the means of
the JH,S examlnation scores of the female student;?between the experi-

2

mental and coentrol groups.
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TABLE LXX
RESULTS FROM JH,S EXAMINATION BY SUBSECTION
Group . N X ZX2 X sz 52
100 22 20.1819 | 9258 444 297.2728 14.1558
200 22 21.1364 10071 465 242.5909 11.5519
300 22 25.4545 14600 560 345.4546 16.4502
Experimental
Group 66 . 22,2576 33929 1469 1232.6212 18.9634
400 19 20.7895 8523 395 311.1579 17.2865
500 15 20.4667 6357 307 73.7334 4.2666
600 19 23.0000 10255 437 204 .0000 11.3333
700 21 19.5714 8273 411 229.1429 11.4571
Control
Group . 74 20.9459 33408 1550 941.7838 12.9011
Total 140 21.5643 67337 3019 2234 ,4214 16.0750
Kuder-Richardson Formula 21, r = 0.7328

TABLE . LXXI

SUMMARY OF RESULTS FROM ANALYSIS OF RESULTS OF JH,S EXAM
= 5
Criteria N X s t
Experimental 66 22.2576 18.9634 1.9508 **significant at .05
Control 74 20.9459  12.9011 Ho 7.01 rejected
100 22 20.1819  14.1558
400 19 20.7895 17.2865 ~0-4912 NS
200 22 12.1364  11.5519
500 15 20.4667  5.2666 0-069°9 NS
300 22 25.4545  16.4502 et
600 19 23.0000 11.3333 2-0879 **significant at

0.025




TABLE LXXII
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SUMMARY OF RESULTS OF JH,S EXAMINATION SCORES BY SEX

2

Comparison N X s t probability
Experimental group
females only 14 20.8572 19.5165
0.9106 NS
Control group
females only 8 19.2500 9.0714
Ho 7.03 net rejected
Experimental gfoup
males only 52 22,6346 18,5109
1.9876 %*% 0,05
Control group
males only 66  21.2727 7.4937
Ho 7.04 rejected
Males only.
100 20 20.3500 15.2921
200 17 21.0588 18.6838 0:4723 NS
200 15  22.2667 8.6381
fo %
500 15  20.4667  5.2667 L5692 *F 0.05
300 17  25.6471 16.9931 s
600 15  23.5333 10.6952 L-6109 ¥ 0.01

Ho 7.05 rejected
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Ho 7.04 There will be no significant difference in the means of
the JHZS examination of the male students between the experimental and
control groups.

Ho 7.05 There willbbe no significant difference in the means of

the JH,S examination scores of the male students between the experi-

2
mental and control group classes of each teacher.

It is found that Ho 7.08 was tenable, thus there was no difference
between the female students. However, eliminating the female students
increased the value of t for the overall group, thus leaving the females
in each group had a conservative effect upon the results consequently
strengthening the case for single concept films.

One would expect to find a difference in the JH,S examination
scores with respect to the amountvof film viewing. This question gen-
erates the following nuil hypothesis.

Ho 7.06 There will be no significant difference in the means of
the JHZS Examination scores among those st;dents watching a greater
number of films (13 or more), those watching a moderate number (7 to
12), those watching few (0 to 6) and those in the control group watch-
ing none. -

This analysis may be accomplished by a single classification an-
alysis of variance. Fifteen scores were selected at random for each
group. It can be seen from the results in Table LXXIII thaf the mean
score increases rapidly with increased viewing.

Therefore the null hypothesis was untenable. Thus the difference
in the JHZS Examination score was dependent upon viewing the single .

concept loop films. These results were from a random sample of scores.

Perhaps there is also a difference which can be attributed to the



TABLE LXXIII

ANALYSIS OF JH,S SCORES BY FILM VIEWING.
OF FIFTEEN SCORES FOR EACH VIEWING CATEGORY

RANDOM SAMPLES

13 or more 7 to 12 0 to 6 none {(control) Totals
y)
X~ 9749 7480 6707 5791 29727
X 377 326 313 293 1309
X 24.1333 21.7333 20.8667 19.5333 21.8167
df SS S, F
X%
Between 3 256.8501 85.6167 5.256%
Within 56 912.1332 16.2881
Total 59 1168.9833

**%gjgnificant beyond 0.01 level

Ho 7.06 rejected
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teacher. The following null hypotheses were considered.

Ho 7.07 . There will be no significant difference between the mean
JHZS examination scors between those who watched more (13 or more)
films, those who watched less (12 or less) and those in the control
group who watched none.

Ho 7.08 There will be no significant difference between the

means of the JH,S Examination scores between the teachers who taught

2
both ‘experimental and control groups.

Ho 7.09 There will be no interaction between the teachers and
the film viewing.

In order to utilize a two way analysis of variance, equal cell
frequencies are necessary, five examination scores were selected for
each category at random. The results are shown in Table LXXIV.

Thus the null hypotheses were untenable and it was concluded that
botﬁ the teacher and the viewing habits contributed to success on the
examination.

Another interesting aspect to consider is the examination itself.
Table LXXV indicates the particular laboratory technique tested with
eéch question on the examination. The list also includes the relevant
films and whether the technique is covered specifically in the particu-
lar film. Table LXXVI and LXXVII show the number and percentage of stu-
dents answering each question correctly and whether or not they watched
the relevant films. We would eﬁpect a higher percentage of those stu~
dents who watched the relevant films to answer a particular question
correctly. This led to the following null hypothesis.

Ho 7.10 There will be no significant difference in the percentage-

of students answering questions on the JH,S Examination correctly among

2
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those who watched the relevant films and those.who did not both in the
control and in the experimental groups.

Table LXXVIII shows the tabulation of percentage of students
ansvering each question correctly in the three categories. Friedman
Two Way Analysis of Variance was used. The hypothesis is.untenable and
was rejected. Thus confirming the belief that watching the relevant
films had a positive effect upon answering the particular questions

correctly.



ANALYSIS OF JHQS SCORES BY FILM VIEWING AND TEACHER.
- OF FIVE SCORES FOR EACH CATEGORY

TABLE LXXIV

RANDOM SAMPLES

Viewed 13 or more 7 to 12 6 or less Viewed None
Teacher 2720 2018 2038 6776
A 116 100 100 316
‘ 23.20 20.00 20.00 21.07
Teacher 2184 1874 1848 5906
B 104 96 96 296
20.80 19.20 1920 19.73
Teacher- 4240 3047 1989 9276
C 144 123 99 366
28.80 24.6 19.80 24.40
X% 9144 6939 5875 21958
£X 364 319 295 978
X 24,27 21.27 19.67 21.73
df SS _8S F
Film Viewing 2 163.60 81.80 10.367 **
Teacher 2 173.33 86.67 10,985 #*%
Interaction 4 81.87 20.47 2.594 NS
Within 36 284 .00 7.89
Total A

%% gignificant beyond 0.01 level Ho 7.07 rejected
Ho 7.08 rejected
Ho.7.09 not rejected

=T



TABLE LXXV

TEST QUESTIONS KEYED TO EXPERIMENTS AND FILMS
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Covered
specifically
Question Technique in film Film Number
1 Methods of heating (high bp &
flammable) No 7
2 Methods of heating (low bp & non-
flammable) No 7
3 Methods of heating (warming) No 7
4 Filling distilling flask Yes 13
5 Addition of boiling chips Yes 6
6 Methods of collecting (flammable) Indirectly 13
7 Methods of collecting Indirectly 13
8 Methods of collecting (whats
wrong) Indirectly 13
9 Thermometer placement Yes 13,15
10 Steam distillation Yes 18
11 Thermometer placement Yes 13
12 Thermometer placement Yes 13
13 Thermometer placement Yes 13
14 Thermometer placement Yes 13
15 Melting point Yes 9,10
16 Melting point Yes 9,10
17 Melting point Yes 9,10
18 Rapid filtration Yes 4
19 Rapid filtration Yes 4
20 Rapid filtration Yes A
21 Distillation heating methods Yes 7,12,13
22 Distillation heating methods Yes 7,12,13
23 Methods of collecting Yes 13
24 Methods of collecting Yes 13
25 Methods of collecting Yes 13
26 Methods of collecting Yes 13
27 Concentrating on aqueous solution No 7
28 Heating a flammable solvent Indirect 7
29 Ether removal from ether extract Yes 23
30 Drilling a cork Yes 11
31 Placement of tubing on a condenser Yes 11 .
32 Clamps in distillation Yes 12
33 Set up in distillatien Yes 12
34 Filling a distillation flask Yes 13
35 Methods of separating Implied, 1,12,13,18,
36 Methods of separating requires inductive 19,20,21,
37 Methods of separating reasoning from 23,22
38 Methods of separating films
39 Removal of decolorizing carbon Yes 1,3
40 Removal of CaCl2 from ether
solution Yes 22(19-23

series)



TABLE LXXV (Continued)
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Covered
specifically
Question Technique in film Film Number

41 Rapid filtering Yes 4
42 Diaxotization (methods of

addition) Yes 25 or 26
43 Determination of acidity or

basicity Yes 17A,178,17C
44 Sodium removal No
45 Nitrogen test in Na fusion Yes 17A
46 Esterification Implied (3)
47 Diazotication reaction Implied (25 or 26)
48 Solvent heating Implied (7)
49 Saponification Implied (4)
50 Waste removal No




TABLE LXXVI

NUMBER OF INDIVIDUALS GIVING CORRECT AND INCORRECT ANSWERS TO QUESTIONS ON EXAMINATION
WITH RESPECT TO WHETHER THEY WATCHED OR DID NOT WATCH THE RELEVANT FILMS

Group 100 Group 200 Group 300 Totals
Question Film Watched Did not Watched Did not Watched  Did mot  Watched Did not
Nr Nr. ~OK X OK X " 0OK X Ok X' OK X OK X OK X Z OK . X %
1. 7 4 7 0 8 0o 7 1 8 2 5 4 10 6 19 24.00 5 26 16.13
2. 7 1 10 1 7 1 6 1 8 1 6 4 10 3 22 12.00 6 25 19.35
3. 7 7 4 4 4 2 5 7 2 7 0 12 2 16 9 64.00 23 6 79.31
4. 13 0 11 0 8 0o 7 1 8 0 17 0 4 0 35 00.00 1 20 04.76
5. 6 10 2 3 4 3 4 5 4 10 5 6 0 23 11 67.65 14 12 53.85
6. 13 29 1 7 1 6 1 8 1 16 0 4 4 31 11.43 2 19 09.52
7. 13 6 5 1 7 4 3 4 5 8 9 2 2 18 17 51.43 7 14 33,33
8. 13 5 6 4 4 3 4 6 3 12 5 2 2 20 15 57,14 12 9 57.14
9 13 or 15 3 10 3 3 o 7 2 7 9 8 0 4 12 25 32.43 5 14 26.32
10. 18 2 3 2 2 0 3 5 8 5 11 0 5 7 17 29.17 7 25 22.58
11. 13 7 4 8 0 7 0 9 1 16 1 3 1 30 5 85.71 19 2 90.48
12. 13 4 7 6 2 6 1 6 3 13 4 4 0 23 12 65,71 16 5 76.19
13, 13 7 4 6 2 5 2 7 2 16 1 4 0 28 7 80.00 17 4 80.95
14. 13 10 1 5 3 5 2 7 2 13 4 2 2 28 7 80.00 17 4 80.95
15. 9,10 5 11 0 3 4 5 6 1 9 8 2 2 18 34 34,62 8 6 57.14
16. 9,10 0 16 0 3 1 8 0 7 1 16 0 4 2 40 o04.76 O 14 00.00
17. 9,10 6 10 0 3 5 4 4 3 8 9 2 2 19 23 45,24 6 8 42,86
18. 4 2 13 2 4 3 2 4 7 10 5 4 2 15 20 42.86 10 13 43.48
19. 4 8 5 2 4 3 2 7 4 13 2 A 2 24 9 72,73 13 10 36.52
20. 4 6 9 3 4 2 3 3 8 5 10 2 4 13 22 37,14 8 16 33.33
21. 7,12,13 7 9 1 7 4 4 2 6 4 9 0 1 13 22 37,14 3 14 17.65
22. 7,12,13 2 9 0 8 2 6 1 7 1 12 1 0 5 27 15.63 2 15 11.76
23. 13 9 2 6 2 5 2 7 2 17 0 3 1 31 4 88,57 16 5 76.19
24, 13 7 4 6 2 4 3 5 4 9 8 0 4 20 15 57.14 11 10:52.38
25, 13 1 10 0 8 1 6 1 8 6 11 0 4 8 27 22,86 1 20 04.76
26, 13 6 5 0 8 3 4 6 3 6 11 4 0 15 20 42.86 10 11 47.62
27 7 4 7 3 5 1 6 5 4 4 3 6 8 9 16 36.00 14 17 45.16



TABLE LXXVI (Continued)

Group 100 Group 200 Group 300 ' - Totals
Question Film Watehed Did not Watched Did not Watched Did not Watched Did not

Nr. Nr. - OK X OK X OK X 0K X 0K X OK X 0K X A OK X %

28, 7 5 6 5 3 3 4 3 6 6 1 8 6 14 11 56.0 16 15 51.61
29, 23 1 0 7 11 2 2 5 7 8 14 7 0 11 16 40.74 19 18 51.35
30. 11 5 3 2 9 1 2 2 1 6 1 13 1 12 6 66.67 17 21 44.74
31. 5,12,15 9 8 2 1 5 6 3 2 14 7 0 0 28 21 57.14 5 3 62.50
32, 12 10 2 5 2 9 1 3 3 15 3 3 0 34 6 85.00 11 5 68.75
33. 12 1 12 1 5 2 5 3 6 4 15 1 2 7 32 17.95 5 13 27.78
34, 13 6 5 3 5 1 6 1 8 9 8 4 0 16 19 45.71 8 13 38.10
35. 8 5 5 1 7 1 3 5 17 4 0 0 32 10 76.19 8 6 57.14
36. 6 7 2 4 3 5 1 7 11 10 0 0 20 22 47.62 3 11 21.43
37. 5 8 3 3 6 2 1 7 10 11 0 0 21: 21 50.00 4 10 28.57
38. 5 8 0 6 0 8 1 7 5 17 0 0 10 32 23.81: 1 13 07.14
39. - 1,3 3 12 0 4 0 7 1 3 2 6 0 13 5 30 14.29 1 19 05.00
40, 22 1 4 0 14 2 4 8 8 2 5 2 12 5 13 27.78. 10 34 22.73
41, 4 14 1 4 0 4 1 10 1 15 0 4 2 33 2 94.29 18 3 85.71
42, 25,26 0 0 3 16 0 O 0 16 1 0 7 13 1 0 10.00 ; 10 45 18.18
43, A,B,C 6 2 4 7 2 4 5 5 7 4 5 5 15 10 60.00 14 17 45.16
44, 17 (17 2) 9 7 (13 8) ' (39 17)69.64
45, 17A 1 7 0 11 0 6 0 10 1 10 1 9 2 23 08.00 1 30 03.23
46. (5) 2 16 0 1 2 8 2 4 9- 12 0 1 13 36 26.53 2 6 25.00
47, (7 2 9 4 4 1 6 3 6 2 5 8 6 5 20 20.00 15 16 48.39
48, 7 3 15 0 1 2 8 2 4 7 15 0 1 12 38 24.00 2 6 25.00
49, 4) 7 11 0 1 7 3 3 3 12 9 1 0 26 23 53.06 4 4 50.00
50. none (17 2) (15 1) 19 2) (51 5)91.07




TABLE 'LXXVIT

NUMBER OF INDIVIDUALS IN THE CONTROL GROUPS GIVING CORRECT AND INCORRECT
ANSWERS TO QUESTIONS ON JH,S EXAMINATION

2
Group 400 Group 500 Group 600 Group 700 Totals .

Question OK- X OK X OK X OK X OK X Z Correct
1. 3 16 4 11 8 11 3 18 18 56 24,32
2 2 17 0 15 4 15 3 18 9 65 12.16
3. 13 6 14 1 16 3 15 6 58 16 - 78.38
4, 1 19 1 14 0 19 0 21 2 72 2.70
5. 12 7 8 7 11 8 14 7 45 29 60.81
6 3 16 1 14 3 16 1 20 8 66 10.81
7 7 12 7 8 15 4 10 11 49 35 66.22
8 12 7 7 8 12 7 15 6 46 28 62.16
9. 6 13 1 14 11 8 5 16 23 51 31.08

10. 4 15 3 12 6 13 4 17 17 57 22.97
11. 16 3 15 0 17 2 16 5 64 10 86.49
12, 14 5 13 2 12 7 18 3 57 17 77.03
13. 16 3 13 2 15 4 17 4 61 13 82.43
14. 10 9 4 11 10 9 17 4 41 33 55.41
15, 3 16 5 10 4 15 0] 21 12 62 16.22
16. 0 19 1 14 0 19’ 1 20 2 72 2.70
17. 5 14 5 10 6 13 2 19 18 56 24 .32
18. 13 6 7 8 11 8 11 10 42 32 56.76
19. 10 9 10 5 10 9 13 8 43 31 58.11
20. 3 16 7 8 4 15 4 17 18 56 24 .32
21. 2 17 6 9 3 16 7 14 18 56 24,32
22, 0 19 0 15 3 16 1 20 4 70 5.41
23. 14 5 10 5 15 4 19 2 58 16 78.38
24, 9 11 6 9 7 12 13 8 34 40 45,95
25, 1 18 1 14 .6 13 2 19 10 64 13.51
26. 8 11 10 5 11 8 7 14 36 38 48,65
27. 4 15 3 12 5 14 4 17 16 58 21,62



TABLE LXXVII (Continued)

Group 400 Group 500 Group 600 Group 700 Totals

Question 0K X 0K X OK X OK X 0K X %Z Correct.
28. 11 8 7 8 3 16 14 7 35 - 39 47.30
29. 14 . 5 9 6 10 9 9 12 42 32 56.76
30. 4 15 2 13 17 2 1 20 24 50 32.43
31. 8 11 10 5 12 7 13 8 43 31 58.11
32. 12 7 9 6 17 2 10 11 48 26 64.86
33. 0 19 3 12 3 16 6 15 12 62 16,22
34, 7 12 5 10 3 16 4 17 19 55 25.68
35. 12 7 10 5 15 4 J17 4 54 20 72,97
36. 12 7 6 9 5 14 9 12 32 42 43.24
37. 12 7 6 9 3 16 10 11 31 43 41,89
38. 6 13 1 14 5 14 4 17 16 58 21.62
39. 4 © 15 0 15 3 16 1 20 18 56 24.32
40, 2 17- 1 14 1 18 2 19 6 68 8.11
41, 17 2 13 2 18 1 18 3 66 8 89.19
42, 4 15 2 13 6 13 -2 19 14 60 18.92
43, 7 12 9 6 16 3 2 19 34 38 45.95
44, 15 4 8 7 10 9 9 12 42 32 56.76
45, 1 18 1 14 0 19 3 18 5 69 6.76
46. 5 14 5 10 11 8 6 15 22 52 29.73
47. 12 7 7 8 11 8 16 5 46 28 62.16
48, 5 14 3 12 3 16 5 16 16 58 21.62
49, 16 3 9 6 11 8 5 16 41 33 55.41
50. 17 2 12 3 18 1 19 2 66 8 89.19




PERCENT OF STUDENTS ANSWERING EACH QUESTION
CORRECTLY ON THE JH,S EXAMINATION

TABLE LXXVIII

154

2
Question Watched Did Not
Number "Films Watch Control
1 24.00% (2) 16.132  (3) 24.32% (1)
2 12.00  (3) 19.35 (1) 12.16  (2)
3 64.00 (3) 79.31 (1) 78.38  (2)
4 0.00  (3) 4.76 - (1) 2.70  (2)
5 67.65 (1) 53.85  (3) 60.81  (2)
6 11.43  (2) 9,52 (3) 10.81 - (2)
7 51.43  (2) 33.33  (3) 66.22 (1)
8 57.14  (2.5) 57.14  (2.5) 62.16 (1)
9 32.43 (1) 26.32  (3) 31.08  (2)
10 29.17 (1) 22,58  (3) 22.97  (2)
11 85.71  (3) 90.48 (1) 86.49  (2)
12 65.71  (3) 76.19  (2) 77.03 (1)
13 80.00  (3) 80.95  (2) 82.43 (1)
14 80.00  (2) 80.95 (1) 55.41  (3)
15 34,62  (2) 57.14 (1) 16.22  (3)
16 4,76 (1) 0.00 (3) 2.70  (2)
17 45.25 (1) 42.86  (2) 24.32  (3)
18 42.86  (3) 43,48  (2) 56.76 (1)
19 72.72 (1) 56.52  (3) 58.11  (2)
20 37.14 (1) 33.33  (3) 24,32 (2)
21 37.14 (1) 17.65  (3) 24,32 (2)
22 15.63 (1) 11.76  (2) 5.41  (3)
23 88.57 (1) 76.19  (3) 78.38  (2)
2 57.14 (1) 52.38  (2) 49.95  (3)
25 22.86 (1) 4,76 (3) 13.51  (2)
26 42.86  (3) 47.62  (2) 48.65 (1)
27 36.00  (2) 45,16 . (1) 21.62  (3)
28 56.00  (2) 51.61  (3) 47.30 (1)
29 40.74  (3) 51.35  (2) 56.76 (1)
30 66.67 (1) 44,74 (2) 32.43  (3)



TABLE LXXVIII (Continued)
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Watched

Question Did Not

Number - Films Watch Control
31 57.14  (3) 62.50 (1) 58.11  (2)
32 85.00 (1) 68.75  (2) 64.84  (3)
33 17.95  (2) 27.78 (1) 16.22  (3)
34 45,71 (1) 38.10  (2) 25.68  (3)
35 76.19 (1) 57.14  (3) 72.97.  (2)
36 47.62 (1) 21.43  (3) 43.24  (2)
37 50.00 (1) 28.57  (3) 41.89  (2)
38 23.81 (1) 7.14  (3) 21.62  (2)
39 14.29  (2) 5.00  (3) 24.32 (1)
40 27.78 (1) 22.73  (2) 8.11 (3)
41 94,29 (1) 85.71  (3) 89.19  (2)
42 100.00 (1) 18.18  (3) 18.92  (2)
43 60.00 (1) 45.16  (3) 45.95  (2)
4t 69.64  (1.5) 69.64  (1.5) 56.76  (3)
45 8.00 (1) 3.23  (3) 6.76  (2)
46 26.53  (2) 25.00  (3) 29.73 (1)
47 20.00  (3) 48.39  (2) 62.16 (1)
48 24.00  (2) 25.00 (1) 21.62  (3)
49 53.06  (2) 50.00  (3) 55.41 (1)
50 91.07  (1.5) 91.07  (1.5) 89.19  (3)

Sum ofvranks; ‘(85.5) (113.5) - (101)

xi = 7.87 #% (df = 2)

*%gignificant at 0.02 level.

Ho 7.07 rejected



CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
Summary

The purpose of this study was to determine the effects of the use
of single concept loop films on pre-laboratory imnstruction in intro-
ductory.aorganic chemiétry. A series of twenty-six single concept loop
films were produced by.the author to depict techniques determined by
his observations of a similar introductory organic chemistry laboratory-
section. Those techniques in which the students had difficulties as.
well as all of the laboratory setups requiring the use of standard
taper glassware formed the basis for the objecti&es in the films. The

i
films were produced on super 8 mm color film and placed in Technicoloxr
Magi-Cartridges after editing.

The evaluation of the films was accomplished under actual class-
room conditions. and use:. Three Technicolor 810 projectorS;were,availé
able for the students to use'%n‘théir laboratory. One subsection
during each laboratory period was used for the experimental class and
the remaining subsections.served as.a control. The Hawthorne effect
" was -equalized in each class by collecting data cards from all students.
Each was told that this was part of a project designed to improve.the
coﬁrse. In fact, students in the author's control class seemed eager
to help.‘ They dutifully wrote down their time spent, the equipment

which they broke, and the other pertinent data, During the following

156
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semester, moreover, students from this particular control class were
asking how the project came out. In the experimental classes, the pur-
pose of the films and their operation was.explained without‘subséquent
elaboration or reinforcement, The strategy was to use a low key ap-
proach. The:evaluation of the films was made through analyses of the
actual time necessary to perform the experiments, the breakage of
laboratory equipment, the accidents, attitude, self-appraisal of labor-

atory techniques, and the JH,S Laboratory.Technique Examination.

2

The results from the statistiecal analyses of the group showed that
the group was.randomly.distributed with respect to classification,
college of major, high school.chemistry background, semester hours of
college chemistry, semester hours ofbchemistry_laboratory>credit, chem~
istry grade point average, and overall grade point average. Only sex.
was found to be nonrandomly distributed.. There were slightly more
women in the experimental group. However, it was discovered that: the
women.scored slightly lower on the-JHZS Examination than the men caus-
~ing a conservative effect upon the overall results. The laboratory
breakage -difference between the women in the experimental and control
groups was not significant except the number of items broken per . female:
attending class whichlwas‘significant in favor of the control group.
This would also have a conservative effect upon the'fesults. J0ne can,
therefore accept the findings which are in favor of the experimental
group.

It was discevered that more.experimental time differences occurred
among teachers .than between treatments. However, it was foﬁnd that
there was.no overall differences in the amount of time necessary to

perform an experiment between those students who had the techniques
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explained to them prior to commencing the experimentation and those.
who were given the basiclprécautions and objectives but had to learn
the techniques from viewing the films. It musﬁ be noted that not all.
of the students‘in the experimental classes watched the films. Some
students watched the films. Others waited until the experiments,weré.
underway- and tried to imitate the‘techniques of those who.had watched
lthe films. The experimental times reported did include the time spent
in watching the fiims. However,.most;of the films were less than four
minutes in length and would not add significantly to experimental
times. In fact, students in the experimental classes did not require a
longer time to perform the experiments, but appeared to proceed effi-
ciently.

Fortunately .no serious accidents occurred during the semester,
although they are not uncommon in organic chemistry laboratories., All
of ‘the accidents which did occur were, however, minor. These consisted
of minor surface burns, small cuts, splashed acid, a small acetone
fire (although no ether fires), and only one incident of.a flask of
chlorosulfonic acid turning over in the ice bath. If one were to con-
sider all of these accidents of equal magnitude, then there was no sig-
nificant differences in the accidents between groups. A trend may be
indicated by the fact that in two of three cases the students in the
experimental class of a given teacher‘had less than the expectedl
number of accidents when compared to the corresponding control class
which had more accidents than expected.

Significant differences did result in the amount and kind of

lChi square analysis.
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laboratory . breakage. ' Table LXXIX summarizes the results from the _
breakage‘study.i It should be noted that all criteria where differences.
did occur favored the experimental group. (Less breakage or lower cost
is considered to be favorable.) There is no significant difference in
any of the factors for the non-filmed technique experiments. This is
to be'expected: the groups were randomly.distributed; they were as
equal as one.can expect for a random distribution. If all factors. are
equal and the experiment does not require that the techniques which
were shown by the films, one would expect no differences in.the amount
or kind of breakage. One finds no significant différence in the over-
all number of items broken by student for the direct filmed technique.
experiments or the indirectvfilmed technique experiments. One finds
significance, however, at the 0.04 level in thé number of items.per
student of standard:taper glassware broken. The cost-per-item-per-
student (a factor that considers the cost of items broken in. proportjion
to the nuymber of students) shows significance in favor. of the-expéri—
mental group at the 0.04 level. 1In the direct filmed technique experi-
ments which came at the first of the semester there is a significant
difference only at the 0,08 level. For the indirect filmed ﬁechnique
experiments which follow later in the term, the level of significance
has increased to 0.02, which indicates that the cafe of the students
(their technique) was improving. This is borne out by thé mean cost
per item broken. There is significance at the 0.08 level overall as
well as for the direct filmed technique experiments. In the expéri—
mental group, the indirect filmed technique experiments show even more
favorable significance at the 0.0ﬁ level.

Thus one may summarize the effects of the single concept films
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upon the breakage of laboratory equipment by indicating that the number

of items of standard taper glassware is significantly less and the im-

pact of the films has a lasting effect:

the cost-per-item~per-student

factor decreases for the later experiments which require techniques and

manipulations taught earlier by SCLF.

TABLE LXXIX

SUMMARY OF STATISTICAL SIGNIFICANCE OF BREAKAGE FACTORS

cost per

number of
items: item mean cost
Cost per broken per broken per per item
student student student broken
All experiments NS NS .04 .08
Direct filmed
technique
experiments .08 NS .08 .08
Indirect filmen
technique
experiments NS NS 0.02 .04
Non-filmed
technique
experiments NS NS NS NS
Standard Taper
glassware .08 .04 NS NS

**A11 significance in favor of the use of single concept loop films.

The results from the self appraisal of laboratory techniques

questionnaire yielded a nonsignificant negative correlation.

This
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result indicated that the students who claim that they are proficient
in a particular task frequently are not as proficiént as they indicate,
while those who actually are quite adept tend to be modest about their
proficiency. The lack of significance in the results is a result that
some of the stqdents did, in fact, appriase their abilities accurately.

The attitude of the students did not differ significantly between
the experimental and control groups neither did it vary much among the
different teachers nor did .it vary much among the times of day. The
entire group liked the earlier experiments (direct filmed technique
experiments) better than the later experiments (indirect filmed tech-
nique experiments). The attitude of the students specifically towardv
the difficulty of the laboratory .techniques did not differ from their
attitude toward the experiments as a whole. However those students in
the experimental group felt that the techniques required for the later
experiments were significantly less difficult.’ Only one factor was .
different. - Specifically, those .students in the experimental group
found the techniques required in these later experiments were not as
difficult as did the students in the control group. This result indi-
cated another residual effect of the use of SCLF.

Results of the JHZS.Examination indicate that students viewing
SCLF learn enough to enable them to cope with new situations. Some of
the photographs used in the JHZS Examination depicted incorrect or
slightly unsafe equipment setups and procedures. (These setups did not
appear in the SCLF.) Those students who watched more films scored
significantly higher than other students in fheir group and higher than
these in the control group who saw none of the films. The narrow range

of scores on the examination makes it doubtful that the examination
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covered particular points treated only in the films but not in the
control classes. The examination was constructed from the techniques
needed for the course and not specifically from the objectives for the

films.
Conclusions

1. Students given basic objectives of the experiment and allowed
to learn their manipulative techniques by watching single concept loop
films required no more time for actual experimentation than students
who watched the technique performed as a demonstration. Despite the
time and effort required by the instructor to assemble the equipment
and demonstrate .its use, SCLF's save the instructor this timé and effort
and ‘require no additional time from the students.

2. The use of SCLF'S reduced significantly the breakage of
standard taper glassware,

3. The proportion of students having incidents of laboratory
equipment breakage was significantly less for those students who had
éccess to -the single concept loop films.

4, The use of SCLF for the initial exposure to a set of labor-
atory techniques resulted 1atef in an overall significant reduction in
breakage when these same techniques were encountered again.

5. The attitude of the students toward the experiments did not
differ between the experimental and control groups. The students pre-
ferred the experiments in which laboratory techniques were introduced -
(by either demonstration or SCLF) rather than those experiments in which
the students had to rely upon techniques which fhey had previously

been instructed.
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6. The students in the control group found the techniques re-
quired in the later experiments significantly more difficult than the
students who had access to the SCLF-, It is apparent that the students
in the .experimental group had gained confidence in these techniques and .
could more readily put them into practice.

7. The residual effectseof SCLF's upon laboratory techniques
manifests itself in the reduction of equipment breakage and increase
in confidence in the execution of laboratory techniques which were pre-
viously taught by the films.

8. The results ofAthe.JHZS Examination indicate that students .

using SCLF are better enabled to detect unsafe or improper setups and

select the optimum equipment or setup for a given task.
Recommendations for Further Study

This study explored one appreach to teaching laboratory techniques.
There are_certain topics which demand further investigation.

1. Determination of the specific effects upon the quality of prep-
aration through the use of highly detailed and specific SCLF., This
will entail comparison of the ectual.purity and percentage yields of
the products..

2. Specific comparisons of written laboratory examinations and
the quality of laboratory preparations.

3. The use of coordinated sound directiohs on synchronized mag-
netic tape or sound film loops. When questioned, students felt that
‘the question of narrated directions would increase the effectiveness
of single concept loop films (Appendix H).

4, The effects of repetitive film loop viewing. McTavish (52)



164

has shown that learning factual material increases with viewing up .to
fhree times but diminishes slightly with four (forced) viewings. He
did not, though, 'explore laboratory proficiency; breakage, accidents,
experimentation time, and attitude.

5. The effects of .parallel films. When a lack of understanding
occurs, repetition of the exact same material may not help. The effects
of a series of,parallel films each utilizing the same behavioral objec-
tives but approaching the problem from a slightly different point and
with different details have not been studied.

6. The possible effects of goal, intelligence and aptitude upon
learning manipulative skills with SCLF's. Differences in vocatienal-
goals, intellect, mechanical aptitude, arithmatic reasoning, verbal
reasoning, infellectual set, and other psychological parameters may
result in differences in the skills acquired through the use of single.

concept technique films.
Recommendations for Use of Single Concept Films

1. The results from this study may be applied to the use of any
que of projection. The differences between Technicolor loop film
cartridge projection and Kodak Ektagraphic reel-to-reel systems are .
merely technological. Both systems are convenient for the student .to
operate and the projected images are identical.

2. It is recommended that in any utilization of single .concept
films for individual student use that a convenient viewing area be pro-
vided and that multiple copies as well as available replacement footage
be available. If SCLF are used when an entire class will be needing

the information at nearly the same time no more than ten or twelve
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students per copy would be suggested. One of the important features
of SCLF is that they are ready whenever the student needs the informa-
tion. In a laboratory class the time is important and hould not be
wasted by waiting.

3.  The use of SCLF should prove effective in other chemistry
courses such as physical chemistry, instrumental analysis, organic
analysis, inorganié preparation and others where laboratory .techniques,
procedures, and equipment operation is wvital to the success of the
courge. Courses, such as those mentioned, frequently involve one
instrument of each type needed which are used in a varied sequence
throughout the course. It is quite difficult for the instructor to
make certain that he has shown the operational procedures to each in-
dividual. SCLF‘could allieviate this difficulty. |

4., The use of SCLF in éther laboratory courses, including indi-
vidualized instruction and research projects which lead one into areas
of unfamiliarity with equipment should prove effective. Radiation
monitoring techniques; preparing samples for neutron activation anal-
ysis, operation of x-ray apparatus, preparationm of samplés for x-ray
crystallography, operation and handling of x-ray cameras, electronics,
are but a few examples from physics.  In the biological sciences equip-
ment such as microscopes and Warburg apparatus have been quite common.
However there is an increasing array of equipment such as pH meters,
burets, automatic titrometers, analytical balances, desk calculators,
gas .chromatographs, spectrometers, which were once only in the domain
of the physical scientist. These and other devices need to be routine-
ly and proficiently used by the student as well as the researcher when-

ever the task requires its use. The utilization of SCLF could
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allieviate not only the problem of introduction into the operation of
a particular instrument but could bridge the gap which exists in the

operational characteristics between two models of a similar device.
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JHZS EXAMINATION

INTRODUCTORY ORGANTIGC CHEMISTRY

IbABORATORY "T"ECHNIQUES EXAMINATTION

.Please-do not open this test booklet until instructed to do-so.
DO NOT MARK ON. THE QUESTION BOOKLETS

"Select what you consider to be the BEST answer. .DO:NOT MARK MORE THAN

.ONE ANSWER.
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Questions 1 through 3 refer to photographs 1, 2, 3, 4.

1.

Which would be suitable for heating a solution whose boiling point is
12309C and whose vapors are rather flammable?
A) 1; B) 2; C) 3; D) 4; E) Either 1 or 3.

Which would be suitable for heating a solution whose boiling point is
60°C and whose vapors are not flammable?
A) Any of them; B) 1, 2, or 3; C) Only 3; D) 1 or 3; E) 1 or 2.

Which would be suitable for warming but not necessarily boiling a solution
whose vapors are extremely flammable?
A) 1; B).2; C) 3; D) 4; E) None of them.

Refer to photographs 5 through 9. Which of them would be proper for
commencing a distillation?

A) Any of them; B) 6 through 9; C) 7 through 9; D) 6 through 8;
E) 7 through 8.

You will notile that the boiling chips have been left out of the above flasks.
When should the boiling chips be added?

A) Before the liquid was added; B) After the liquid was added; C) After

the liquid has been warmed; D) A or B; E) B or C.
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Questions 6 through 8 refer to photographs 10, 11, 12, 13.

6.

Which of the methods of receiving the distillate would be suitable to collect
a distillate which was flammable?
A) 10; B) 11; C) 12; D) 13; E) None of them.

Which of the methods would be suitable to collect a distillate when one wished
to measure the time and volume delivered?
A) 10; B) 11; C) 12; D) 13; E) Either none of them or both 12 and 13.

What is wrong with photograph #107?

A) Nothing--it is correctj B) Should use a round bottom flask; C) Neck of
flask should be positioned higher; D) Flask should be clamped or should be
resting on the table rather than sitting on a water bath; E) It is the wrong
size flask.

Refer to photographs 14 through 16. Which of the thermometer positions will
yield the correct temperature of the distilling vapors?

A) 14; B) 15; C) 16; D) Either 14 or 15; E) Actually there will be no
significant difference in the temperature readings.

L/n
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10. Refer to photographs 17 and 18. If it is necessary to move the steam dis-
tillation away from the source of steam, which would be preferable?
A) 17: B) 18; C) Either; D) Neither; E) Use a larger steam line.

Questions 11 through 14 refer to photographs 19, 20, 21, 22,

11. Which of the thermometer positions will yield the temperature of the dis-
tilling vapors?
A) 19; B) 20; C) 21; D) 22; E) 20, 21, and 22.

12, Which of the thermometer positions will produce the highest reading?
A) 19; B) 20; C) 21; D) 22; E) They will all read the same.

13. Which of the thermometer positions will produce the lowest reading?
A) 19; B) 20; C) 21; D) 22; E) They will all read the same.

14. Which of the thermometer positions will indicate the temperature of the

boiling liquid?
A) 19; B) 20; C) 21; D) 22 E) None of them.
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16.

17.
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Which of the following will yield the most desirable melting point information?
A) 23; B) 24; C) 25; D) 26; E) 27.

If you were not completely satisfied with the choices in the preceding
question, what changes would you make?

A) None exgept 24, 26, and 27 are correct; B) Raise the thermometer bulb
on 24 or 26; C) Lower the thermometer bulb on 26 or 27; D) Lower the
thermometer bulb on 26; E) Properly fill the capillaries.

What is wrong in photograph 24?7

A) Nothing (except the tube was not clamped in a vertical position);
B) The liquid will expand upon heating and push the cork out;

C) The liquid will expand upon heating and touch the rubber ring;

D) The thermometer bulb is low;

E) Capillary is improperly filled.

18. Which would be the proper set-up for filtering approximately 150 ml of a

19.

20.

solution which contains about 10 grams of precipitate?
A) 28 or 29; B) 30 or 31; C) 28 or 30; D) 29 or 31; E) Only 29.

Which would be the proper set-up for filtering about ten ml of a solution
which contains about a gram of precipitate?

A) 28; B) 29; C) 30; D) 31; E) More than one would be proper.

During a filtration if one notices that the filtering action slows down

even though the paper is not clogged with precipitate, which of the
following is most likely the reason?

A) Water pressure was turned down; B) Holes in the filter paper; C) Thin

wall rubber tubing has collapsed; D) Filter paper was too fine a porosity;
E) Not enough information given.
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21. Which of these distillation set-ups 22. Which of these would be suitable

would be suitable for the dis- for the distillation of a high
tillation of a flammable liquid? boiling non-flammable liquid?
A) 32; B) 33; C) Both; A) 32; B) 33; C) Both;

D) Neither; E) 32 if there are D) Neither; E) 32 if there are
no leaks. no leaks.

23. Which of the receivers would be suitable for a flammable distillate?
A) 34; B) 35; C) 36; D) 37; E) Either none or more than one.

24, Which of the methods is least desirable (least safe?)
A) 34; B) 35; C) 36; D) 37; E) 35 and 37.

25. Which of the methods would be suitable for collecting a distillate which

will be discarded?
A) 34; B) 35; C) 36; D) 37; E) Any of them.

26. What is wrong with 367
A) The flask should be clamped with a utility clamp rather than rest on an

iron ring; B) The receiver should be positioned lower; C) The rubber band
should extend down to the rim on the neck of the flask; D) It is the wrong
size flask; E) Nothing: it is correct.
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28.
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30.

31.
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Which would be most suitaple for concentrating an aqueous solution?
A) 38; B) 39; C) 40; D) 41; E) 42.

Which would be most suitable for heating a solvent such as methyl ethyl ketone?
A) 38; B) 39; C) 40; D) 41; E) 42,

Which would be most suitable for removing ether from an extraction?
A) 38; B) 39; C) 40; D) 41; E) 42.

The best method for drilling a hole in a cork is

A) from the small end; B) from the large end; C) from either end; D) from
one end to about the middle then drill from the other; E) makes little
difference if the cork borer is sharp.

What general rule is always followed in the placement of tubing on a water
cooled condenser for reflux or distillation?

A) The end toward the boiling flask is the outlet (to the sink) and

the other end is the water inlet.

B) The end toward the boiling flask is the water inlet and the other end
is the outlet and goes in the sink.

C) The lower end is the water inlet and the upper end is the outlet.

D) The upper end is the water inlet and the lower end is the outlet.

E) None of the above because reflux goes one way and distillation goes
just the opposite.
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32.

33.

34,

Which distillation set-up is
properly clamped?

A) 43; B) 44; C) 45; D) 463
E) Either none or more than one.

What would you add next to the
system?

A) receiver; B) receiver adapter;
C) thermometer; D) water in the
condenser; E) the liquid to be
distilled.

Which is the proper method for filling the distilling flask?
A) 47 or 48; B) 49 or 50; C) 48 or 49; D) 47 or 50; E) Only one.
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Which would be most suitable for separating a mixture of cyclohexanol and
water?
AY 51; B) 53y €) S54; D) 55; E) Eithexr 52, 56, or 57.

Which would be most suitable for separating a mixture of hydrocarbons?
A) 52: B) 53% G) 55: D) 56 or 573 E) 52 or 55.

Which would be most suitable for separating acetanalide from water?
A) 51; B) 52; C) 53; D) 54; E) 55.

Which would be most suitable for the separation of volatile water-insoluble

components from non-volatile components?
A) 52; B) 53; C) 55; D) 56; E) 57.
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39.

40.

41.

42.

43.

44,

45.

Which would be most convenient for removing decolorizing carbon from
a golution?
A) 58; B) 59; C) 60; D) 61l; E) More than one is correct.

Which would be most convenient for removing calcium chloride from an
ether solution?
A) 58; B) 59; C) 60; D) 6l1l; E) More than one is correct.

Which of the methods is most rapid?
A) 58; B) 59; C) 60; D) 61l; E) More than one is correct.

If during a diazotization reaction one needed to add 15 ml of a nitrite
solution, which of the following would be best?

A) All of the 15 ml poured in rapidly with stirring.

B) Three portions of about 5 ml each with stirring.

C) Portions of about 1 ml each minute with stirring.

D) One drop every three or four seconds with stirring.

E) One drop every thirty seconds with stirring.

Which is the best method for determining whether a particular solution is

acidic or basic?

A) Dip a piece of litmus paper in the solution.

B) Dip a piece of both red and blue litmus paper in the solution.

C) Dip a stirring rod in the solution and touch the wet rod to red and
blue litmus.

D) Use a pH meter.

E) More than one of the above is correct.

The safest method for getting rid of excess dodium metal left over from a
sodium fusion is to

A) place it carefully in a large beaker of water.

B) place it in a quantity of alcohol.

C) bury it in dry sand or earth.

D) cover it with powdered sulfur (flowers of sulfur.)

E) place it in the sink with plenty of running water.

If one suspects nitrogen in a sample and the test of the sodium fusion
yields a barely discernable green, what should you do next?

A) Report 'no nitrogen present.'

B) Report 'nitrogen present.’'

C) Filter the solution and look for traces of blue on the paper.

D) Repeat the sodium fusion and nitrogen test.

E) Repeat the nitrogen test on another portion of the fusion extract.



46.

47.

48,

49,

50.

185

Which of the following would be
most suitable for the reaction
between ethanol and acetic acid?
A) 62; B) 63; C) 64; D) 65;
E) 66.

Which would be most suitable for
the diazotization of aniline?

A) 62; B) 63; C) 64; D) 65;
E) 66.

Which would be most suitable to heat a solvent for recrystallization such
as isopropyl alcohol?
A) 62; B) 63; C) 64; D) 66; E) Either 62 or 63.

Which would be most suitable for a saponification reaction?
A) 62; B) 63; C) 64; D) 65; E) 66.

What would be the best means of getting rid of excess benzen

A) Pour it down the sink (with plenty of water). B) React it

with ethanol and then pour it down the sink; C) Pour it into the
waste jar in the hood; D) Bury it in dry sand, earth, or vermiculite;
E) Allow it to evaporate in the hood.
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GROUP '100
- Stud. TH.S Chem Lab t;Chem ) Entryv Exit“ Ngt
NR__ 2 Hrs Hrs i GPA 5t GPA Skills - Skills  Skills
101 17 8 4 2.500 2.900 95 232 137%*
102 18 15 6 1.500 1.500 154 . 267 113%
103 - 10 4. :2.500 2,590 153 - -
104 19 8 4 2.000 2.100 144 - 373 ©229%
105 17 10 4 3.400 3.500 84 258 197
106 20 8 4 2.000 .2.030 120 276 156
107 24 10 4 2.500 /3.200 99 - -
108 - 6 3 3.000 2.810 108 - -
109 24 7 3 3.430 2.210 108 344 . 236%
110 13 8 4 3.500 .2.800 85 247 162%
111 23 8 4 3,500 2.410 106 301 195
112 19 8 4 :3.500 3.050 82% - -
113 15 10 4 2.500 2.500 158 240 88%*
114 14 13 ) ©2.380 3.200 90 295 205%*
115 26 8 4 . 2.500 2.300 125 275 150%
116 16 18 7 3.170 3.520 91 - 237 146
117 23 8 4 3.000 3.620 123 245 122
118 25 5 2 "~ 3.000 3.200 119 268 149%
119 17 10 4" 2.000 2.650 112 278 166%*
120 25 8. 4 3.000 3.550 128 299 171
121 21 8 4 3.000 3.240 107 330 223%
122 22 10 4 3.000 3,030 97 245 148
123 22 10 4. 2.500 02.200 145 343 198%
124 19 10 4 2.000 .2.900 116 291 175%
Totals 208 94 59.880 61.610
Mean '9.46 4.27 2.722 2.801
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GROUP 200
~Stud. JH.S Chem :Lab Chem Entry Exit ‘Net
‘NR 2 Hrs ‘Hrs GPA - GPA Skills 'Skills ~Skills
201 24 16 8 2.000 .2.300 | 107 294 -187
202 15 10 4 3.000 2.600 86 263 177
203 12 8 4 3.500 3.870 103 283 180
204 - 22 5 2 4,000 .3.460 90 254 164
205 ‘- 10 4 4.000 2.500 86 1243 157
206 120 8 4 2.500 2.500 99 361 262
207 23 8 4 2.000 2.700 74 243 169
208 17 14 6 26407 2.650 - - -
209 20 8 4 3.500 3.750 101 300 199
210 - -8 4 2.500 2.400 116 274 158
‘211 23 -10 4 4.000 .3.200 117 313 196
©212 16 8 4 -2.000 2.800 164 349 185
213 23 8 4 2.000 02,920 123 318 195
214 24 8 4 2.500 3,500 90 271 181
215 .27 8 4 2.500 2.000 92 292 -200
.216 19 8 4 4,000 3.700 137 344 207
217 20 8 4 4.000 3,750 97 283 186
218 22 10 4 2.000 2.500 104 - 295 191
219 18 8 4 3.000 3.500 102 - 325 0223
220 21 8 4 2.000 2,850 97 302 vf205
221 23 7 2 2.720 2,900 113 322 209
222 18 7 2 2.000 2.700 105 333 228
223 .29 5 2 3.000 3.200 140 323 183
224 .22 10 4 -2.000 12,800 93 223 130
225 19 8 4 -3.500 3.460 104 -~ 250 146
‘Totals 198 90 64.360 62.610

Mean 8.60 3.91 2.798 3.026
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GROUP 300

-Stud. JH.S Chem Lab Chem Entry - Exit Net
NR 2 Hrs _ Hrs -GPA GPA _Skills ‘Skills Skills
301 28 20 5 2.500 2.680 133 276 143
302 24 8 4 3.000 :3.000 178%* 296 118
303 24 .10 4 -2.670 - 2,000 117 339 222
304 18 10 4 1.500 1,900 - - -
305 027 15 7 3.330 3.330 91 246 155
306 29 10 4 4.000 3.200 128 257 129
307 - - - - - - - -
308 27 8 4 -3.500 3.300 109 273 164
309 27 .8 4 -2.500 .2.700 112 298 186
310 - 18 12 6 3.670 .3.670 121 249 128
311 24 8 4 -2.500 2.950 90 350 260
312 27 8 4 2.500 .2.750 108 315 207
313 24 8 4 2,000 12.970 125 309 184
314 25 8 4 2.500 .2.750 99 293 194
315 ©23 14 4 1.890 2.000 92 305 213
316 30 5 2 3.000 3.000 105 256 151
317 25 10 4 3.500 2.400 111 290 179
318 23 10 4 1.500 2.400 143 - -
319 37 8 4 4,000 4,000 103 269 166
320 26 5 2 3.000 .2.890 100 332 232
321 29 8 4 3,500 3.100 99 237 138
322 22 10 4 :2.500 2.500 96 285 - 189
323 23 10 4 2.000 .2.000 137 326 189
324 - - - - - - - -
Totals ~213 90 60.960 61.490

Mean 9.68 4.09 .2.770 2.795
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GROUP 400

Stud. JH.S Chem -Lab Chem Entry “Exit Net
"NR" 2 Hrs Hrs - GPA _GPA -Skills 'Skills Skills
401 22 8 4 .2.000 2,790 77 141 74
402 16 8 4 4.000 :3.500 104 400 296
403 - 10 4 3,000 2.600 116 0 0
404 24 38 15 2.900 2.500 177 355 178
405 25 8 4 4.000 3.570 94 <220 126
406 28 13 7 2.540 2.500 83 306 223
407 - 10 4 - 2.000 .2.,400 143 336 193
408 18 8 4 3.000 2.600 113 252 139
409 24 8 4 3.500 3.000 104 293 189
410 19 8 4 3.500 .3.860 97 260 163
411 16 -8 4 2,500 3.230 125 355 230
412 31 8 4 4,000 3.790 89 321 232
413 18 8 ‘,4 +2.000 3.100 92 357 165
414 - 10 4 2.500 2.500 119 349 230
415 22 8 4 3.000 3.450 117 285 168
416 19 10 4 2.000 .2,000 95 295 200
417 16 8 4 2.500 2.420 77 280 203
418 22 16 7 3.180 3.300 109 336 227
419 17 8 4 4.000 .3.350 110 344 234
420 19 10 4 3.000 2.800 180 339 -159
421 - 18 4 1.500 2.000 119 - C-
422 20 10 4 :2.500 3.100 111 310 199
423 19 9 4 .1.000 1.570 98 228 130
424 - - - - - - - -
.Totals 202 93 55,120 .56.430

Mean 10.63 4.89 - 2.901 2.970
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*GROUP- 500

“Stud. JH.S ,Chém Lab Chem :Entry “Exit ‘ Net
'NR 2 ‘Hrs __ Hrs ___GPA GPA Skills Skills Skills
501 21 10 4 -4.000 :3.400 -107 332 ~225
502 20 8 4 2.500 22,400 123 333 210
503 19 7 2 2.430 . 2.600 116 353 237
504 20 8 4 1.500 .2.100 . 9% 337 243
505 20 8 4 3.000 3.200 120 331 211
506 20 8 4 2.500 :2.980 126 - -
507 23 8 4 2,500 3.000 76 307 231
508 - 10 6 3.310 3.400 115 306 191
509 - 8 4 +2.500 .2.200 - - -
510 .22 8 4 +2.500 .2.400 82 333 251
511 18 8 4 - 3.000 :3.350 94 326 232
512 L= 8 4 2.500 2.800 111 - -
513 20 8 4 3.000 3.450 115 280 165
514 21 8 4 ~2.000 :2.400 75 309 234
515 18 19 5 +2.000 2.000 112 352 - 240
516 - 9 4 .3.560 .2.700 71 295 224
517 18 - 10 4 2,000 2.710 73 263 190
518 20 12 ) "2.000 2.100 91 357 266
519 - -9 4 -2.000 2.100 80 - -
520 27 8 4 3.000 3.700 75 263 113
Totals 146 61 37.930 "41.790

Mean 9.12. .3.81 2.370 2,611
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GROUP 600

“Stud. JH.S Chem Lab - Ghem ‘Entry Exit. - Net
. NR T2 Hrs ‘Hrs GPA GPA Skills Skills -Skills
601 .26 5 4 3.000 3.000 107 300 193
602 22 12 6 3,330 3.600 95 305 210
603 - 26 >,7 4 -1.290 2.200 148 277 129
604 ~ 20 8 4 -2.500 3.130 95 294 199
605 21 10 4 :2.000 2,200 .130 .357 227
606 '25 9 4 22.560 .3.300 102 354 252
607 25 -8 4 ~2.000 2.400 108 298 150
- 608 26 8 . 4 2.000 .2.100 126 374 248
609 17 10 4 - - 140 181 41
610 126 8 4 +3.500 3.600 133 282 149
611 11 8 4 .3.500 :3.500 104 2327 223
612 .20 .10 4 -3.500 :3.200 108 309 201
613 18 10 4 3.000 . 2,600 111 330 219
614 .23 -10 4 -2.000 :2.03 154 367 213
615 17 8 4 -3.500 3.400 82 358 276
616 28 8 4 -2.500 2.500 112 -313 201
617 24 7 2 2.430 2.350 128 353 225
618 23 18 6 "2.890 3.540 112 371 259
619 - 4 4 1.500 -2.600 152 - -
620 122 9 4 2.000  2.600 103 331 228
621 © 25 9 4 3,000 3,000 112 .300 188
Totals 182 82 50.500 54.250

Mean 9.10 4.10 2,657 2.855
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GROUP 700

Stud. JH.S Chem Lab Chem -Entry  Exit Net
NR T2 Hrs “Hrs .GPA GPA Skills Skills Skills
701 23 10 4 4,000 - 2.800 .96 319 223
702 17 8 3 2.000 :2.700 . 101 265 164
703 - 8 4 2.000 .2.500 77 S - -
704 22 8 4 2.000 :2.600 104 317 213
705 17 8 4 2.500 3.410 102 330 0228
706 16 8 4 2.000 2.790 116 312 196
707 19 8 4 2.000 2.500 :101 . 275 174
708 22 8 4 3.500 +3.100 90 343 253
709 23 -10 4 4.000 2.800 -101 291 190
710 19 8 4 2.000 .2.890 132 ~313 181
711 - 8 4 2.000 :3.000 S121 .282 161
712 17 10 4 2.000 .2.700 124 - -
713 17 8 4 3.000 :3.200 143 320 177
714 18 8 4 2,500 2.970 - 101 1305 -204
715 15 8 4 3.500 3.600 89 335 -157
716 121 5 2 3.000 3.200 115 281 166
717 19 8 4 3.000 :3.700 110 254 144
718 28 8 4 3.000 2,800 -110 292 - 182
719 17 8 4 2.500 +2.900 111 165 54
720 16 8 4 2.000 2.600 111 .. 273 162
721 .22 13 5 2.000 -2.920 111 293 182
722 25 8 4 2,000 2.750 113 309 196
723 18 8 4 3.500 :3.400 112 302 190
724 - 8 4 2,000 23.111 139 - -
Total 176 82 56.000 . 62.330

"‘Mean 8.38 3.90 2.666 2.968
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EXPERIMENT #1 (Films - 1, 2, 3, 4, 5, 6, 7) Crystallization

Student
-Numberx 100 200 300 400 500 600 700
1 150 105 110 150 105 - 150
2 150 120 140 165 140 120 115
3 -150 - 120 135 155 100 120 120
4 150 110 125 165 135 135 120
5 165 120 125 120 140 " 125 110
6 160 110 125 155 95 - 110
7 150 120 125 165 105 115 95
8 150 70 120 . 165 105 - 140 120
9 150 120 140 150 - 140 110
10 150 120 150 130 120 135 120
11 150 -130 1201 150 90 130 - 90
12 140 130 120 150 95 120 -
13 150 120 125 150 120 140 90
14 150 120 135 155 150 140 135
15 150 120 130 130 110 135 120
16 150 120 135 120 120 130 170
17 150 120 130 165 140 115 150
18 150 115 125 165 130 140 120
19 165 120 140 150 - 130 120
20 . 165 120 135 150 - 120 150
21 150 120 135 160 120 . 140 120
22 115 110 140 150 - - 120
23 135 90 120 -150 - - 120
24 -150 120 - - - - 150
25 - 115 o o= - - L=
Total 3595 2885 3015 3465 -2120 2470 2825
-NR 24 25 - 23 .23 18 19 23

.Mean 149.79 115.40 131,59 ~ 150.65 117.78 130.00 ~122.83
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EXPERIMENT #2 (Films 8, 9, 10) Melting Points

Student
- Number 100 200 300 400 500 600 700
1 165 75 140 120 60 - 105
2 135 120 160 140 60 135 165
3 150 105 135 140 70 120 90
4 165 130 165 120 120 140 100
5 165 145 150 135 90 120 110
6 165 110 135 120 105 120 75
7 160 90 120 100 120 120 140
8 - 135 135 12Q ~ 90 120 85
9 150 90 135 165 110 130 120
10 165 120 120 160 155 125 90
11 165 113 135 140 130 150 105
12 140 120 150 140 145 110 100
13 150 115 85 165 150 125 135
14 150 120 120 150 120 150 120
15 150 120 120 90 120 120 90
16 150 120 145 150 130 120 105
17 150 120 150 175 140 120 120
18 150 120 90 130 60 140 75
19 165 105 110 120 135 105 90
20 160 105 135 120 75 120 60
21 150 120 130 135 - 130 120
22 120 120 120 150 - 120 100
.23 135 75 135 150 - - 120
24 165 105 - - - - 90
25 - 105 - - - - -
‘Total 3520 2693 3020 3135 2315 2640 2510
NR 23 24 23 23 20 21 24

Mean 153.04 112.83 131.30 136.30 110.75 125.71 102.08
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“EXPERIMENT #3 (Films 12, 13, 14) ©Distillation

‘Student

Number 100 200 300 400 500 600 700

1 150 105 125 90 70 120 80

2 90 - 120 90 105 105 80

3 150 90 120 120 70 120 60

4 150 90 100 120 90 120 60

5 130 80 125 120 90 120 80

6. 135 65 120 135 65 120 80

7 120 80 105 90 90 105 75

8 120 90 90 90 90 105 70

9 120 90 90 150 120 105 105

10 120 90 90 150 65 105 105
11 120 90 90 150 75 105 75
12 120 120 105 150 75 105 85

13 120 120 95 150 135 - 80 60

14 120 90 120 165 135 90 60

15 135 90 105 150 135 75 90

16 120 105 120 165 135 75 90

17 150 90 120 120 135 100 60

18 120 90 70 120 135 105 60
19 165 105 85 120 - 100 105
20 150 - 120 110 120 105 120 55

21 90 90 110 130 - 120 . 60

22 90 120 90 120 - - 60

23 90 95 90 150 - - 60
24 150 105 - 120 - - -
25 - 75 - - - - -

Total 3030 2285 2395 3085 1920 2200 1715

MR 24 24 23 24 19 21 23

Mean 126.25 95.21 104,13 128 .54 101.05 104.76 74.57
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EXPERIMENT #4 (Films 11, 15) Fractional Distillation

:Student
Number 100 200 300 4,00 500 600 700
1 150 190 95 60 70 90 75
2 105 90 90 60 120 130 -
3 120 90 90 150 70 90 80
4 120 90 90 90 90 120 80
5 120 105 95 75 90 120 75
6 120 105 90 120 105 90 75
7 120 95 80 75 105 60 75
8 120 75 . 110 90 105 60 -
9 120 110 110 120 120 70 90
10 130 105 105 130 75 75 90
11 105 105 105 130 90 85 90
12 150 90 90 130 90 85 90
13 120 90 90 120 80 120 90
14 105 60 90 105 80 . 120 120
15 150 60 90 120 150 105 90
16 150 110 120 105 150 105 90
17 120 90 120 100 - 120 110 105
18 90 90 100 90 130 130 . 100
19 120 90 120 100 130 105 90
20 150 90 145 120 90 90 90
21 60 75 150 120 - 90 90
22 105 190 120 120 - - 90
23 60 75 120 120 - - 75
24 150 100 - 75 - - 75
25 - 105 - - - - -
Total 2860 12275 2415 2615 2060 2050 1925
NR 24 25 23 24 20 21 22

Mean 119.17 90.60 105.00 108.95 103.00 . 97.62 87.50
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. EXPERIMENT #5 (Films 16,.17A, 17B, 17C) Qualitative Analysis

Student
Number 100 200 300 400 500 600 700
1 150 90 150 165 70 150 165
2 150 120 120 150 135 120 165
3 130 120 140 150 120 120 110
4 165 90 135 120 110 150 110
5 150 - 100 130 120 . 135 150
6 135 120 135 1150 105 135 150
7 120 90 105 120 135 1120 1120
8 150 90 150 - 105 150 110
9 120 120 105 - - 135 165
10 165 120 135 170 105 130 95
11 120 150 150 150 75 105 165
12 150 60 75 150 90 130 120
13 150 120 150 165 150 160 145
14 120 120 1160 - 90 135 120
15 150 120 135 120 110 135 150
16 150 1120 150 165 120 135 120
17 150 120 115 135 120 95 165
18 150 90 150 150 130 120 125
19 155 120 150 135 - 105 90
20 150 120 105 1120 120 120 75
21 120 90 150 150 - 90 1105
22 120 120 150 150 - - 105
23 135 190 - 150 - - 140
24 130 120 - 165 - - 135
25 - 100 - - - - -
Total 3385 2600 2915 3060 2010  .2695 3100
‘MR 24 24 22 21 18 21 24

.Mean -141.04 107.83 131.67 145.71 111.67 128.33 129.17
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- EXPERIMENT #6-  Hydrocarbons

Student
Number 100 200300 400 500 600 700
1 150 120 120 150 90 135 105
2 90 90 120 150 90 120 105
3 - - 120 120 75 135 110
4 120 90 135 120 90 150 110
5 135 80 125 140 80 150 90
6 135 80 120 150 90 135 90
7 120 90 130 135 90 120 105
8 - 90 120 135 90 120 120
9 120 95 120 150 105 125 90
10 - 90 130 150! 90 120 90
11 140 120 130 150 90 140 90
12 140 1120 120 150 90 130 90
13 120 90 120 150 120 130 105
14 120 120 130 140 90 120 105
15 120 90 160 150 90 120 90
16 120 90 120 150 - 90 120 90
17 - 90 120 150 90 130 90
18 - 120 125 120 120 120 90
19 135 120 140 140 90 130 120
20 1130 90 120 120 90 135 90
21 90 90 120 150 - 135 1120
22 90 90 120 150 - - 120
23 90 90 - 150 - - 105
2 120 90 - 150 - - -
25 - 90 - - - - -
Total 2285 2325 2645 3420 1850 2720 2320
MR 19 24 22 24 20 21 23

Mean 120.26 96.88 120.23 - 142.50 92.50 -+ 129.52 100.87
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Student

Number 100 200 300 400 500 600 700

1 - 90 160 120 105 180 -

2 120 90 210 120 135 135 -

3 - 150 160 120 105 180 135

4 - 150 160 120 120 180 135
5 150 150 160 150 120 180 90
6 150 150 190 180 110 165 90
7 150 150 - 150 105 120 120

8 150 120 150 150 105 120 -
9 - 150 150 150 - 140 80
10 - 120 165 150 120 140 80
11 180 - 165 150 120 150 150
12 180 120 240 150 - 150 120
13 180 120 240 160 - 165 90
14 180 120 1220 165 150 315 90
15 120 150 1220 120 150 165 180
16 120 120 180 180 150 150 90
17 180 120 180 170 - 160 90
18 180 120 165 170 135 135 90
19 150 120 165 165 - 180 135
20 150 120 230 165 135 165 85
21 120 90 230 180 - - 90
22 1120 120 210 180 - - 90
23 - 120 - 180 - - 90
24 120 120 - 150 - - 90

- 25 - 120 - - - - -
Total 2700 3000 - 3950 3695 1865 3275 12210
_NR 18 24 21 24 15 20 21
Mean 150.00 - 125.00 188.10 153.96  124.33 163.75 105.

24
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EXPERIMENT #13 Cyclohexanol Films 18, 19, 20, 21, 22,.23 Total Time

Student ' :
Number 100 200 300 400 500 600 700
1 150 210 215 210 195 180 210
2 230 210 275 210 200 195 210
3 150 180 230 210 195 180 250
4 150 240 210 210 210 210 250
5 285 180 215 240 210 210 205
6 285 180 265 240 210 210 205
7 240 210 210 240 210 240 270
8 - 210 210 240 210 240 240
9 300 210 210 240 200 180 205
10 300 240 270 240 210 180 -
11 130 240 270 285 210 220 205
12 130 180 240 285 210 220 250
13 240 180 240 285 195 1270 210
14 290 180 255 - - 270 210
15 330 205 260 285 240 245 180
16 300 180 235 240 260 245 180
17 330 180 235 210 240 210 225
18 1240 210 270 210 - 195 225
19 240 210 270 240 - 210 285
20 260 210 285 240 200 240 225
21 1230 210 300 240 - 180 270
22 230 210 300 240 - - 270
23 - 180 270 240 - - 240
24 150 210 - 240 - - 240
25 - 210 - - - - -
Total 4930 5065 5720 5310 3585 4530 5260
NR 22 25 23 23 17 21 23

Mean ©224.09 202.60  248.70  230.87 210.88 215.71 228.70
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EXPERIMENT- #11 . n-butylbromide .Two Day Total Time
" Student
‘Number _ ‘ 100 200 300 400 500 600 700
1 195 210 230 180 180 225 180
2 -195 <210 260 180 240 275 180
3 -210 190 260 180 180 - 220 1230
4 -210 210 250 180 240 185 210
5 255 210 230 195 240 185 180
6 "255 245 260 195 -180 225 180
7 240 175 250 200 210 170 180
8 240 245 250 195 210 ‘ 170 180
9 “255 . 225 :250 220 180 205 210
10 255 225 235 220 180 205 210
11 245 180 235 210 - 185 180
12 245 180 235 210 21Q 185 180
13 2240 210 250 215 200 . 185 180
14 - -210 225 210 - 185 180
15 210 220 225 215 200 295 180
16  210 205 220 210 _ 200 1295 180
17 225 -205 220 210 180 ‘180 . 225
18 225 210 170 210 - 275 - 225
19 225 175 170 180 - 180 210
20 225 210 .225 180 180 180 180
21 225 210 235 190 - 180 210
22 225 210 235 190 - - -210
23 195 220 255 195 - - 210
24 195 210 255 - - - 210
25 - 210 - - - = -
Total 5200 5210 =~ 5630 4570 3210 4095 4700
"NR 23 25 24 23 16 20 24

-Mean 226.09 208.40  234.58 198.70  200.63  204.75 195.83
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Methyl Salicyate

Student
Number 100 200 300 400 500 600 700
1 210 210 230 240 180 275 1250
2 210 210 270 240 225 180 -
3 210 180 225 240 180 275 210
4 210 180 225 240 185 210 200
5 215 210 235 240 185 195 210
6 215 210 270 335 180 275 210
7 215 210 - 240 225 180 270
8 - 185 255 240 225 180 270
9 315 210 255 240 240 160 210
10 315 215 270 255 215 160 200
11 250 - 1270 300 195 185 250
12 250 210 215 300 195 185 250
13 250 210 215 190 220 215 240
14 250 215 215 190 215 215 240
15 265 215 215 190 215 220 240
16 265 240 245 180 240 220 210
17 180 210 250 210 185 200 210
18 180 270 235 210 185 180 210
19 240 270 235 190 - 200 195
20 1255 225 220 190 225 200 195
21 255 175 220 300 - 195 180
22 210 150 240 335 - - 1200
23 210 225 180 300 - - 210
24 1210 180 - - - - 210
25 - 165 - - - - -
Total 5170 5160 5190 5595 3915 4305 5070
‘NR 23 24 22 - 23 19 21 23

.Mean 224,78 215.00 235.91 243,26 206.05 205.00 220.43
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» Ethanol
Student

Number 100200 300 400 500 600 700
1 165 120 145 210 90 155 120

2 150 120 135 210 90. 145 -
3 150 90 120 120 90 140 80
A 150 90 130 120 - 125 80
5 115 90 175 180 90 125 90
6 115 90 135 165 190 150 90

7 120 90 125 120 90 130 120
8 180 105 125 120 90 110 120

9 195 105 195 155 - 135 75
10 195 - 195 155 90 135 75
11 125 130 105 120 - 155 90
12 165 150 105 120 120 155 90
13 125 150 180 125 90 145 60
14 125 90 180 180 - 145 60
15 150 90 150 . 150 90 185 90
16 150 90 150 180 90 185 90
17 180 120 115 150 - 150 120
18 180 135 115 150 150 145 120
19 150 135 155 180 - 150 100
20 1150 100 155 180 90 130 75
21 135 105 155 150 - 130 105
22 150 100 125 150 - - 105
.23 135 80 - 155 - - 105
24 150 90 - - - - 105

25" - 105 - - - - -
Total 3605 2570 3170 3545 1350 3025 2285
NR 24 24 22 23 14 21 24

-Mean 150,21 107.08 144.10 154.13 .96.43 144,05 95.21



206

.EXPERIMENT #16  Carbon Compounds

Student
Number 100 200 300 400 500 600 700
1 110 105 155 150 90 130 90
2 110 120 140 90 105 130 1120
3 120 75 125 90 80 135 -
4 -85 140 90 90 120 110
5 90 85 130 90 110 ‘110 75
6 95 120 125 75 120 150 75
7 - 150 - 75 75 90 135
8 - - 125 90 - 100 90
9 160 90 125 90 - 105 90
10 160 90 120 95 150 135 90
11 120 90 125 95 120 125 90
12 155 90 90 95 1120 145 120
13 150 150 90 110 - .135 130 80
14 120 90 120 100 120 175 120
15 120 90 125 120 120 125 105
16 120 90 140 90 90 145 120
17 120 90 120 90 120 120 120
18 90 90 100 90 120 120 80
19 130 70 120 90 - 120 120
20 125 100 105 120 60 120 90
21 105 90 105 105 - 165 80
22 110 100 130 110 - - 100
23 80 55 90 105 - - 120
24 110 90 - - - - 120
25 - 95 - - - - -
Total 2500 2300 2645 2255 1825  .2695 2350
NR 21 24 22 23 17 21 23

Mean _ 119.05 95.83 120.23 98.04 107.35 128.33 :102.17
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Methyl Ethyl Ketone

Student v
‘Number 100 200 300 400 500 600 700
1 180 145 210 150 165 185 240
2 180 145 205 150 . 150 190 © 240
3 145 - 205 120 165 185 130
4 145 145 210 120 150 180 130
5 145 145 200 150 150 200 130
6 145 160 205 240 180 195 1130
7 140 160 - 160 180 140 130
8 140 160 205 160 180 140 190
9 180 190 205 120 180 195 215
10 180 - 165 120 180 195 215
11 210 160 165 120 180 1210 1150
12 210 150 185 120 195 210 185
13 200 150 185 195 190 215 215
14 210 120 225 150 180 215 215
15 240 120 170 120 190 230 210
16 240 180 170 150 135 230 185
17 210 1180 180 165 135 215 1150
18 190 140 180 165 - 190 210
19 180 150 240 240 - 215 210
20 180 150 240 240 150 220 135
21 180 190 210 . 240 - 220 180
22 1180 150 210 240 - - 180
23 .180 150 180 240 - - 185
24 180 150 - - - - 185
25 - 190 - - - - -
Total 4345 4370 3580 4350 3875 3035 4175
“NR 24 23 .22 23 18 21 24

+Mean -182.08 155,65 197.73 168.48 168.61 198.81 .181.04
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EXPERIMENT #17 Acids

Student .
Number 100 200 300 400 500 600 700
1 120 80 125 90 75 130 105
2 120 120 115 90 - 120 105
3 120 85 105 90 75 130 105
4 120 75 105 120 95 105 105
5 95 85 125 90 95 105 90
6 95 85 115 125 120 130 90
7 120 120 - 90 90 120 90
8 120 85" 120 90 90 120 90
9 120 120 120 120 - 105 100
10 1120 - 100 130 120 105 100
11 1150 110 100 100 - 105 -
12 150 85 75 100 120 105 105
13 120 85 75 - - 110 - 75
14 - 90 120 120 85 1120 75
15 90 90 - 90 140 120- 85
16 120 90 125 120 140 115 105
17 150 90 150 - 90 105 90
18 155 130 105 120 - 120 90
19 125 130 125 150 - - 90
20 125 85 105 90 80 - 90
21 90 85 105 120 - 105 110
22 1120 90 125 1120 - - 110
23 90 120 105 125 - - 105
24 95 85 - - - - 105
25 - 90 - - - - -
Total 2730 2310 2345 2290 1415 2175 2215
NR 23 26 - .21 21 14 19 23

‘Mean 118.70 96.25 111.67 109.05 101.07 114.47 96.30
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EXPERIMENT. #20 Isoamylacetate

Student

- Number 100 200 300 400 500 600 700
1 150 115 135 150 120 136 144

2 - 115 135 150 125 125 -

3 150 100 125 130 125 135 115

4 150 100 125 130 110 115 115
5 - 110 135 150 110 115 120
6 145 110 135 150 150 135 120
7 150 105 - 135 120 125 100
8 150 135 125 150 120 125 100

9 120 110 125 120 - 135 105
10 120 105 140 120 150 135 105
11 135 110 140 135 90 125 120
12 135 110 120 135 90 125 120
13 120 110 120 145 115 - 120
14 120 110 140 120 115 150 120
15 135 110 140 155 120 135 90
16 135 120 130 120 120 195 120
17 130 110 130 120 200 125 120
18 130 120 130 150 120 125 120
19 130 120 130 120 - 125 120
20 130 135 155 120 120 125 105
21 - 135 155 135 - 125 1100
22 - 135 135 135 - - 1100
23 1150 120 130 185 - - 120
24 135 120 - - - - 70
25 - 135 - - - - ‘-
Total 2720 2905 2935 3160 2220 2636 2569
NR 20 25 22 23 18 20 23

- Mean 136.00 116.20 133.41 137,39 123.33 131.80 111.70
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EXPERIMENT #26 ‘Amines

Student .
‘Number 100 200 1300 400 500 600 700
1 120 70 .90 120 80 90 150
2 100 90 90 120 120 100 105
3 150 90 90 120 75 105 105
4 150 80 90 120 90 - 105
5 110 - 80 150 90 - 75
6 105 80 85 120 120 85 75
7 - 120 - - 90 125 80
8 90 105 77 150 75 - 80
9 180 180 70 120 120 120 100
10 180 - 80 125 120 130 105
11 1180 - 80 120 130 110 90
12 180 150 75 120 90 - 110 120
13 120 120 65 105 120 100 90
14 - 120 120 100 100 105 90
15 135 120 120 120 90 100 90
16 140 90 130 90 90 125 1120
17 120 - 125 - 75 80 -
18 115 105 110 150 120 115 75
19 - 120 110 150 - 85 90
20 130 100 150 120 60 105 90
21 75 100 150 150 - - 100 90
22 120 100 130 135 - - 90
23 75 - 105 120 - - 90
24 100 110 - - - - -
25 - 100 - - - - -
Total 2675 2050 2222 2625 1855 1890 2105
‘NR 21 20 22 21 19 18 22

Mean 127.38 102.50 101.00 125.00 97.63 105.00 95.68
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“ EXPERIMENT #30 . Diazo.Compounds

‘Student _

- Number 100 200 300 400 500 600 700
1 120 60 70 75 60 75 150

2 65 90 85 75 90 - -

3 85 60 75 70 60 85 65

4 85 60 .75 60 75 65 65
5 85 60 70 90 75 65 60
6 85 60 85 90 60 70 60

7 85 60 - - 90 - 90
'8 90 - 60 60 - 95 90
9 90 70 60 90 60 75 80

10 90 75 60 90 90 75 105
11 60 - 70 - 90 70 120
12 60 - 50 - 90 70 120
13 - - 50 95 - 80 60
14 - 190 70 90 80 90 60
15 - 90 70 90 60 65 75

16 85 75 80 90 60 80 -
17 100 75 90 90 60 70 90
18 75 50 65 150 60 80 90
19 - 50 65 75 - 80 75
20 125 45 - 75 75 90 - 90
21 45 - 75 90 - - 90
22 65 45 65 90 - 80 90
23 45 - - 90 - - 90

24 85 - 60 - - - - -

25 . . . - - - -
Total 1625 1175 1465 1725 .1250 1370 1815
- NR 120 18 21 20 17 18 21

: Mean .81.25 65.28 69.76 86.25 73.53 76.11 86.43
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- EXPERIMENT #35 - Aspirin

Student »
Number 100 200 1300 400 500 600 700
1 120 100 105 90 60 105 -
2 70 100 95 90 120 85 -
3 105 90 90 190 60 105 50
4 105 90 90 90 60 95 50
5 105 60 105 120 60 - 45
6 105 60 95 120 90 120 45
7 115 105 - 75. 75 110 50
8 115 75 105 75 75 110 50
9 140 105 105 90 60 90 60
10 140 - 90 120 90 90 60
11 120 75 90 9 105 75 60
12 120 60 75 90 90 75 60
13 90 60 75 - 100 .95 45
14 - 90 95 85 100 95 45
15 95 90 95 85 85 - -
16 95 45 90 85 85 - 60
17 115 45 90 105 60 105 60
18 115 90 - 105 60 85 60
19 105 90 90 130 - - 45
20 105 75 110 120 120 100 45
21 80 75 105 90 - 100 60
22 80 80 115 90 - - 60
23 80 75 105 120 - - 60
24 90 120 - - - - -
25 - 75 - - - - -
Total 2410 1930 2015 2155 1555 1640 1070
MR 23 24 21 22 19 17 20

Mean 104.78 180.42 95.95 97.96 81.84 96 .47 53.50
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Butter and. Margarine Total (2 Days)
Student

' Number 100 . 200 300 .40Q 500 600 '700
1 150 .120 150 240 150 185 - 210

2 -195 120 155 240 165 160 -
3 150 150 140 180 150 185 150
4 - 150 140 180 135 165 150
5 180 150 155 240 135 165 180
6 180 150 155 ~ 210 150 185 - 180
7 150 150 - 240 150 170 140
8 150 150 280 240 150 170 140
9 - 150 280 180 180 180 150
10 180 195 130 180 150 180 150
C11 . 120 - : 130 180 150 125 210
12 120 150 155 180 0210 125 210
13 120 180 155 - 195 165 210
14 - ‘ 180 150 195 195 165 180
15 - 195 180 150 180 150 145 180
16 195 150 145 195 150 145 180
17 300 150 145 180 - 180 180
18 255 190 225 180 195 160 180
19 190 190 225 240 - 180 2210
20 | 190 165 135. 240 165 145 210
21 195 150 135 210 - 145 150
.22 195 165 155 210 - - 150
23 160 190 155 - - - 150

C 24 160 190 - - - - -

25 150 150 - - - - -
Total 3880 3865 3645 4320 2925 3425 3850
NR 22 - 24 22 21 18 21 22

- Mean 176.36 161.04 165.68 205.71 162.50 163.10 175.00
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EXPERIMENT #29 Sulfanilamide

Student
Number 100 - 200 300 - 400 500. 600 700
1 255 210 - 215 210 240 - 250 210
2 240 210 195 210 240 195 -
3 -180 165 190 180 240 .. 255 140
4 -210 165 190 210 195 230 140
5 270 . 180 215 210 195 205 =
6 1270 180 225 : 240 210 1235 210
7 185 180 - -210 240 190 " 210
8 185 210 215 210 240 170 - 210
9 120 180 205 210 250 205 140
10 120 - 215 230 :210 205 L=
11 120 120 . 240 180 195 200 -
12 120 120 - 220 180 195 200 180
13 120 120 1220 . 185 -250 215 180
14 120 190 190 210 .250 . 245 -180
15 - 290 190 .190 165 180 245 -
16 290 180 195 210 1210 245 180
17 120 . 180 160 240 150 265 180
.18 180 185 140 240 150 .170 150
19 290 185 160 240 - 195 180
20 240 - 140 230 240 240 295 -180
21 135 - 230 240 - 295 -150
22 240 140 210 240 - - 150
23 135 180 185 240 - - 150
24 255 195 - - - - S
25 - .-210 - - - - -
Total 4810 4015 4435 4930 4080 4750
NR 24 23 122 23 19 21 18

‘Mean 200.42 174.57 201.59 214.35 - 214.74 226.19 171.11
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APPENDIX D

SUMMARY OF LABORATORY - BREAKAGE



" LABORATORY BREAKQGE AND COST BY EXRERIMENT, BY CLASS, AND BY INDIVIDUAL FOR EXPERIMENTAL GROUP

Group 100

Group 200

Graup 300

Totals .

EXPERIMENT #1

1.45*%

(24 students)

. (25 students)

(23 studentg)

{72 »étudents)_

102 - funmel 0.75% 205 -.125ml E Flask 0.58 306 -~ 50ml Grad Cyl
109 - funnel ©0.75 215 - 125m1 E Flask 0.58% 319 ~ funnel 0.75%
109 - 125ml E Flask 0.58 217 - T-tube 0.07%
116 ~ 100ml Beaker 0.53% 217 - T-tube 0.07*
4 items cost: 2.61 4 items cost: 1.30 2 items cost: 2.20 10 items total cost: 6.11
(24 students) (25 students) . €22 students) (71 students)
EXPERIMENT #2
102 ~ Thiele 4,41% 305 ~ 3@mI Reaker 0.49%
306 -~ Thiele 4,.41*
309 ~ Therm 2.85%
1 item cost: 4.41 0 items 3 items cost: 7.75 4 items total cost: 12.16
{23 students). (24 students) (23 students) . (70 students)
EXPERIMENT #3
104 ~ funnel 0.75 212 - 50ml Beaker 0.49 318 -~ West Condenser 7.36%
1 item cost: 0.75 1 item cost: 0.49 1 item cost: 7.36 3 items total cost: 8.60
(24 students) ' (24 students) (23 students) (71 students) )
EXPERIMENT #4 .- ' L , .
108 -°50ml RB Flask =~ 2:51: . . 207 ~ T-tube 0.07 313 - 100ml RE Flask 2.41
109 ~ 10ml Grad €yl  * - ' 1,15 . . 212 - 50ml RB Flask 2.51 ‘
118 - Therm .- 2.85% 0 -217 - funnel 0.75*%
' L . 224 - 50ml Grad Cyl 1.45
3 items cost: 6,51 4 items cost: 4.78 1l item cost: 2,41 8 items total cost: .

13.70

i vy —p



(18 students)

) (24 students)

{21 students)

(63 students) -

-Group 100 Group 200 Group 300 Totals
EXPERIMENT #5
103 ~ T~tube 0.07 201 - 100ml Beaker 0.53 302 ~ 100ml1 Beaker 0.53
111 - 100ml Beaker 0.53 202 « T-tube 0.07 310 - funnel 0.75
© 112 = T-tube 0.07 203 ~ T-tube 0.07 312 - 10ml Grad Cyl 1.15
116 - 100ml Beaker 0.53 206 ~ T-tube 0.07 318 = 100ml Beaker 0153
123 - Medicine dropper 0.05 320 = T-tube 0.07
321 - 250ml Beaker 0.49
5 items cost: 1.25 4 items cost: 0.74 6 items cost: 3.52 15 items total cost: 5.51
(24 students) . Q3 students) .. (21 students) . . .. (68 students)
EXPERIMENT #6
114~ 250ml Beaker 0.49 301 - T<tube 0.07
302 « Tetube 0.07
304 - Side arm tube 2.30
307 - T-tube 0.07
316 = T-tube 0.07
322 - T-tube 0.07
1 item cost: 0.49 0 items 6 items cost: 2.65 7 items total cost: 3.14
(19 students) (24 students) (22 students) (65 students)
META DINITRO BENZENE = -
Co . 202 - 10ml Grad 'Cfl, 1.15% 321 - Therm 2.85
"209 - Hirsch funpel 1.85 )
0 items 2.items cost: 3.00 1 item cost: 2.85 3 items total cost: 5.85

Py



(24 students)

(23 students) . .

(22 students)

(69 students) .

: Group 100 Group 200 Group 300 - - - -Totals -
EXPERIMENT #13- )
112 - T-tube 0.07* 201 -~ T-tube’ 0.07 305 - Stopper 1.57%
113 - vial 0.05 201 ~ T-tube 0.07 305 - T=-tube 0.07%
207 - Therm 2.85
223 - Therm 2.85
223 - Stopper 1.57
2 items cost: 0.12 5 items cost: 7.41 2 items cost: 1.64 10 items total cost: 9.17
(22 students) (25 students) (23 students) (70 students) '
EXPERIMENT #11 .
- 116 - 10ml Grad Cyl 115*% 209 ~ 250m1 Beaker 0.49 310 « 50ml Grad Cyl 1.45%
120 - Rod 0.08%
2 items cost: 1.23 "1 item cost:’ 0.49 1 item cost: 1.45 4 items total cost: 13.17
(23 students) (25 students) (23 students) (71 students)
METHYL SALICYLATE
117 - 250ml Beaker ~ 0.49 309 .- Stopper 1.57*
124 ~ T-tube . 0.07% 312 - 50ml Grad Cyl 1.45
) ) 317 - Stopper 1.57
2 items cost:’ _.'0.5.6_ 0 'items '3 items cost: 4.59 5 items total cost: " 5.15
(23 students) M (24 ‘students) (22 students) (69 students)
ETHANOL _ .
_ 307 - 250ml E Flask 0.60
- 309 - 10ml Grad Cyl 1.15
311 - Therm 2.85"
0 items "0 dtems 3 items cost: 4.60 3 items total cost: 4.60




Group 100 Group 200 Group 300 Totals
EXPERIMENT #16
310 - T~-tube 0.07
313 - T~tube 0.07
314 - T-tube 0.07
316 - T-tube 0.07
318 - T-tube 0.07
0 items 0 items 5 items cost: 0.35 : 5 items total cost: 0.35
(21 students) (24 students) (22 students) (67 students)
METHYL ETHYL KETONE . .
117 - Distilling Column 8.40 217 - 3 neck RB Flask '9.83*% 316 - Medicine dropper "0.05%
123 -~ Therm 2.85
2 items cost: 11.25 1 item cost: 9.83 1 item cost: 0.05 © 4 items total cost: 21.13
(23 students) (23 students) (22 students) (68 students)
EXPERIMENT #17
101 - 100ml RB Flask 2.41 201. ~ T~-tube 0.07 302 ~ 250ml E Flask 0.60
117 - T-tube 0.07 207 - 250ml Beaker 0.49 304 - T-tube 0.07*
124 ~ funnel 0.75% 219 - T-tube 0.07* 314 - Evaporating Dish 0.90*
- 220 = 250ml E Flask 0.60 ’
3 items cost: 3.23 4 items. cost: 1.23 3 items cost: 1.57 10 items total cost: 6.03
(23 students) : (24 students) (21 students) (68 students)
EXPERIMENT #20 o B
124 ~ Distilling column
1 item cost: 7 8.4b . 0 dtems 0 items 1 item total cost: 8.40

(20 students)

(25 students)

(22 students)

(67 students)




(444 students)

(470 students)

(440 students)

(1354 students)

Group 100 Group 200 Group 300 Totals
BUTTER AND OLEOMARGARINE
118 - 10ml Grad Cyl 1.15 312 -~ Dropper 0.05
312 - vVial 0.05
1 item cost: 1.15 0 items 2 items cost: . -0.10 3 items total cost: 1.25
- (22 stpdents) (24 students) (22 students) (68 students)
EXPERTMENT #35 '
215 -~ funnel 0.75
0 items ~ 1 item cost: 0.75 0 items 1l item total cost: ‘0.75
(24 students) (24 students) (21 students) (69 students)
EXPERIMENT #26
116 - T-tube . 0.07 205 - T-tube ’ 0.07 -
116 - 50ml Grad Cyl i 1.45 211 - 50ml Grad Cyl 1.45
2 items cost: © T 1.52 2 items cost:. 1.52 ) 4 items total cost: 3.04
(19 students) (19 students) (22 students) ‘ (60 students)
EXPERIMENT #30
124 - T-tube . 0.07
1 item cost: . Coe 10,07 0 items 0 items 1 item total cost: 0.07
(20 students) ) ' . (18 students) (21 students) (59 students)
~ EXPERIMENT #29° O
115 - 50ml Grad Cyl R RO L L 204 - 250ml E Flask 0.60% . . 304 - 50ml Grad Cyl ©1.45%
119 ~ 50ml Grad Cyl 1,45k 205"~ 50ml Grad Cyl’ 1.45 309 ~ 100ml RB Flask 2.41%
’ o 222 - 250ml Beaker 0.49 312 - 100ml RB Flask 2.41%
2 items cost: ’ s 2.‘9.0 3 1items cost: 2.54 A>_3 items cost: 6.27 8 items total cost: 11.71
(24 students) (23 students) (22 students) (69 students) -
33 items cost: _ 46.45 - 32 jtems cost: v 34.08 43 items cost: : 49.36 108 items total cost:




LABORATORY BREAKAGE AND COST BY EXPERIMENT, BY -CLASS, AND BY INDIVIDUAL FOR GONTROL GROUP

Group - 560

GROUP 400 Group 600 . ) Group 700 ! Totals .-
EXPERIMENT #1 . :
405 - 250ml Beaker 0.49 501 ~ T=tube - 0.07 602 - 250ml E Flask 0.60 714 - 50m) RB Flask 2.51
405 - funnel 0.75 ) 503 - 125ml E Flask 0.58 605 - T-tube 0.07
406 — T-tube .0.07 507 - 100ml Beaker ’ 0.53
406 - 250ml E Flask 0.60 . -
407 - West Condenser 7.36
412 ~ funnel : 0.75
418 - T-tube 0.07 .
423 - 125m1 E Flask 0.58_§
8 items cost: 10.67 3 items cost: - 1,18 2 items cost: . 0.67 T 1 item 'cosg: 2,51 14 items total cost: 15.03
{23 students) (18 students) X {19 students) {23 students) (83 students)
EXPERDMENT #2 REAE ) . '
422 = T-tube ) 0.07 X - 622 - Thiele 4,41 719 - Therm 2.85
1 item cost: TR N7 0items . 7 ’ 1 item cost: 4,41 1 item cost - 2.85 -3 items total cost: 7.33
* (23 students) - T [ oLt (20 s:uden:_s) o . . . - {21 students) {24 students) . (88 students)
EXPERIMENT #3 g
408 - funpel 618 - 100ml RB Flask 2.51 B
. 413 - funnel - - <
2 items cost: " 0ttems - .- ) : 1 frem cost 2.51 0 items - 3 items total cost: 4,01
(24 ‘students) { R - (21 students) : . (23 students) ) (87 students)




Group 400  Group 500 Group 600 Group. 700 . Totdls
EXPERIMENT #4 _ v i
401 - 100ml RB Flask 2.41 507 - Therm 2.85 608 - Therm-Adapter 1.66 709 = Therm' 2.85 I
509 - Therm 2.85 713 ~ Receiver Adapter 5.09 -
517 - 50ml Grad Cyl 1.45 .721 ~ Dist. Column 8.40
518 ~ Therm 2.85 723 - 250ml RB Flask 3.11
519 - 100m1 RB Flask 2.41
1 item cost: 2.41 5 ditems cost: 12.41 1 item cost: 1.66 4 items cost: 19.45 11 items total cost: 35.93
(24 students) (20 students) (21 students) (22 students) (87 students)
EXPERTHENT #5 i
417 - 250ml Beaker 0.49 501 - T-tube 0.07 701 - T-tube 0.07 y
424 = T-tube 0.07 502 - 250ml E. Flask 1.35 716 - T-tube 0.07 !
: . 503 ~ Rod 0.08 723 - T-tube 0.07
=\ 512 - T-tube 0.07
- 517 = T-tube 0.07
520 ~ funnel 0.75
2 items cost: 0.56 6. items cost: 2.39 0 items 3 items cost: 0.21 11 items total cost: 3.16.
(21 students) s (18 students) (21 students) (24 - students) (84 students)
EXPERIMENT #6 : .
409 - Side Arm tube 2,30, 611 - 10ml Grad Cyl 1.15 706 - T-tube ' 0.07
413 - Side Arm tube 2.30 617 - T-tube 0.07 706 - Fusion tube 0.25
419 - 50ml Beaker 0.53
3. items cost: -0 items 2 items cost: 1.22 2 items.cost: 0.32 7 items total cost:

(24 students)

- (19 students)

(21 students)

(23 students)

(87 students)

6.67




Group 500

Group 600

i23 students)

- (19 students)

{21 students)

© {23 students)

(86 students)

Group 400 Group 700 Totals
© META DINITRO BENZENE B P
502 - 10ml Grad Cyl 1.15 605 - 10ml Grad Cyl 1.15
0 items 1 item cost: 1.15 1 item cost: 1.15 0 items 2 items total cost: . 2.30
(24 students) (15 students) (20 students) (21 students) (80 students)
mmmm #L4 -
417 - funnel 0.75 516 - Glass Stopper 1.57 607 - Receiver Adapter 5.09 709 -~ 10ml Grad Cyl . 1.15
602 - 3 Neck RB Flask 9.83 714 ~ Dist. Adapter 5.09
613_-_Receiver Adapter 5.09 : i
1 item cost: 0.75 1 item cost: 1.57 4 items cost: 20.01 2 items cost: 6.24 8 items total cost: 28.57
(23 students) (17 students) (21 students) (23 students) (84 students)
EXPERIMENT #11 . N
414 ~ 100ml RB Flask 2.41 602 - Therm 2.85
: ’ 613 - Dist. Column 8.40 )
615 - Receiver Adapter 5.09
618 -~ Therm 2.85
1:item cost: 2.41 "0 items’ 4 items cost: 19.19 0 items 5 items total cost: 21.60
(23 students) (16 students) {20 students) (24 students) (83 students)
METHYL SALICYLATEV .
Q items 0 items 0 items 0 items 0-items £.00




Group 500 éroup 600

(21 students)

" (14 students)

(19 students)

(23 students)

Group 400 Group 700 Totals
. ETHANOL-
605 ~ Dist. Column 8.40 714 ~ Condenser Adapter 5.0%
607 - T~tube 0.07 720 -~ T-tube 0.07
617 - Reflux Column 7.36 723 - 10ml Grad Cyl 1.15
619 -~ Therm 2.85
0 {items 0 items 4 items cost: 18.68 3 items cost: 6.31 7 items total cost: 24,99
(23 students) (15 students) (21 students) (24 students) (83 srudents)
EXPERIMENT {16
401 - T-tube 0.07 511 - T-tube 0.07 608 ~ T-tube 0.07 702 - T-tube ° +0.07
401 - T-tube 0.07 516 - T-tube 0.07 608 - T-tube 0.07 712 ~ T-tube 0.07
403 ~ T-tube 0.07 517 - T-tube 0.07 611 ~ T-tube 0.07 716 - T-tube 0.07
§ 520_-_T-tube 0.07. 616 - 250ml Beaker 0.4%
: . § 4 : 0. 4 item H . em H .
3 items cost 0.21 \ items cost 28 items cost 0.70 3 items cost 0.21 14 frems total cost: 1.40
(23 students) (17 students) (21 students) (23 etudents) (84 students)
METHYL ETHYL KETONE . .
418 - 250ml RB Flask 3.11 618 ~ 3 -Neck RB Flask 9.83 709 _-_250m1 RB Flask 3.11 T S __._4_—
1 item cost: 3.11 0 items 1 item cost: 9.83 1 item cost: 3.11 3 items total cost: 16.05
{23 students) ’ (18 scudents) (21 students) (24 students) (86 students)
EXPERTMENT #17 . .
403 - T-tube . 0.07 : 514 ~ 100ml RB Flask 2.41 613 ~ 100ml RB Flask 2,41 704 - T-tube 0.07
404 - 100ml RB Flask 2,41 o - 617 ~ 100ml RB Flask 2.41 705 - Receiver Adapter 5.09
415.~ T-tube 0.07. 708~ T-tube 0.07
418 - T~tube 0.07 - 723 - 100ml Beaker 0.53
4 dtens cost:. 2.62- o1 item cost: o 2.41 2. items cost: 4.82 4 items cost: 5.76 11 items total cost; 15.61

(87 students)




. Group 400 " Group 500, Group 600 : Group 700

— - ! Totals
EXPERTMENT #26 L o . .
403 = T-tube ‘ ©0.07 C . 601 - 100ml Beaker 0.53 710 - 125m1 Flask 0.58
) : 605 - T-tube ) 0,07 : :
11item costs .. 0.07 0 items ‘ 2 items cost: 0.60 1.item cost: ) 0.58 % items totsl cost: 1.25 R
(21 students) . . (19 students) (18 students) Lo (22 students) | ‘:(80 students) N
EXPERIMENT #30 ’ ' : . L
: 502 - 50ml Grad Cyl 1.45 601 - 50ml Beaker 0.53 : ! -
5 - 605 = T-tube 0.07___ ] ) P
0 icems : o . 1.4tem cost: 1.45 2 items cost: _ 0,700 0 items ’ 3 items total cost: © 2.5
(20 students) o . . . {17 students). v(18 students) ) (21, students) . (86 students)
EXPERIMENT #29- L : : : :
414 ~ 250ml RB Flask 3.n 516 - 50ml Grad Cyl ’ E 1.45 601 -~ 50ml Grad Cyl ,‘1.k5 703 - Thiele 4.41 ‘
417 - 50wl Grad Cyl.  ~ 1.45 R ’ " 613 - 50ml RB Flask 2.51 710 + T~tube. 0.07 |
418 ~ funnel 0,75 : ' 620 - 50ml Grad Cyl 1.45 :
418 = 50ml Grad Cyl C .45 ;
4 items cost: L. 6,76 1 item'cost: - 1.45- 3 items cost: 5.41 2 items cost: 4.48 10 items total cost: 18.10
(22 students) . o (19 students) (20 students) P . (19 students (80 students)
35 items. cost:’ 45,15 . 25 1céms cost? 30.13 40 items cost: 117.87 28 items cost: 52,08 128 items total cost: 245.23
(451 students) . X '_V (356 students) . (402 students). ) (451 students) (1660 students) -
EXPERIMENT #20 b ] ) T T e " P e G S e e ‘
405 ~ West ‘Condenser 7.36 . 605 - 100ml RB Flask 2.41 -
408 - 50ml Grad Cyl T .45 i . . 605 - West Condenser 7.36
. : - : 612 - 50ml Grad Cyl 1.45
616 — West Condenser 7.36
617 - 25m1 RB Flask 2.51
618 - Therm Adapter 1.66
2 items cost: DA X ) 0 items 6 items cost: 22.75 0 items : " 8 items total cost: . 31.56
(23 students) ) S . (18 students) (20 students) : (23 students) N (84 students)
BUTTER AND OLEOMARGARINE il R . )
421 - T-tube 0.7 . 515 - Receiver Adapter 5.09 707 - vial - 0.05
1 item cost: : . :0.07 ' .1 item cost: o ) . 5.09 0 items - -1 item cost: 0.05 3 items total c;:st:
(21 students) B C -7 (19 students) - (21 students) - (22 students) (83 students)
EXPERIMENT #35 : .
513 - funnel . . _0.75 . . . i
0 1items . : .. 1 item cost: 0.75 0 items ' 0 items . ) "1 item total cost . - 0.75
(22 students) . (19 students) . (17 students) (20 students) . (78 students)
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_This 1s.a survey of some of the experiments which you performed
this semester. .We invite your comments on. these or any of them. This
rating scale is designed to simplify your comments. You may wish to
consult your laboratory manual - and notebook in order to refresh your
memory. .Please use your own opinion and not that of your lab partner .
or friends.

The results of your rating will have no effect whatsoever upon
your grade. Please do not write your name on these sheets. However
please do write your name and laboratory section on the small piece of
paper stapled to the corner. It will be removed later in order that
the ratings be angnymous.

To conserve time and space the rating form is condensed on the
rating sheets. . It will be necessary that you consult the complete
scale below.

First think about the particular experiment.  Next look at the
rating item, select the response number which is closest to your
opinion. Then circle that number on the rating sheet. (Note that all

of the scales are not in the same direction.)

A) Time required to adequately perform the experiment:

0 1 2 3 4 5 6 7 8 9 10
needed more time too long about somewhat entirely
entirely too long proper short too brief

B) How interesting was this experiment?

0 1 2 3 4 5 6 7 8 9 10

highly interesting /interesting/ average/ neither dull / "boring
nor exciting

- C) Value or usefulness:

‘ 0 1 2 3 4 5 6 7 8 9 10
highly valuable useful . average uncertain useless

D) Academic rigor and value:

. 0 1 2 3 4 5 6 7 8 9 10
‘highly instructive moderate pointless
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E) Difficulty level:

0 1 2 3 4 5 6 7 8 9 10
tedious and difficult proper easy too easy

“F) :Directions given:

0 1 2 3 4 5 6 7 8 9 10
clear and easy to follow / fairly /adequate /somewhat/unclear/quite
clear muddled

"G) . Techniques learned:

0 1 2 3 4 5 6 i 8 9 10 .
quite useful probably not learned none learned
very well

"H) Techniques involved: - (Manipulations)

0 1 2 3 4 ) 6 7 8 ‘9 10
too complicated moderate quite simple

-I) Overall experiment:

' 0 1 2 3 4 5 6 7 8 9 10
should be should be .slight excellent
omitted rewritten modification as is




- EXPT #2 -DETERMINATION OF MELTING POINTS

A) Time required: 01234
‘B) .How interesting: 0123 4.
-C) -Value or usefulness: 01234
D) ' Academic value: 01234
"E) .Difficulty: 0.1 2:3 4
~F) " Directions: 01234
G) . Techniques: 01234,
“H) :Manipulations: 01234
1) Overall: 0.1 2-3.4.

~ EXPT #3 sDISTILLATION AND THE DETERMINATION  OF
"A) Time required: 01234.5
‘B)  How interesting? 0.1.234.5
~C) :Value or usefulness: 0.1.2.3.4.5
~D) ‘Academic. value: 012345
“E) .Difficulty: 012345
~F) " Directions: 012345
G) Technjques: 012345
"H) Manipulations: 012345
‘1) . Overall: 012345,
"~ EXPT #4 - FRACTIONAL - DISTILLATION
“A) . Time required: 0.1.2.3:4
. B) . How interesting: 01234
~C) Value or usefulness: 01234
D) * Academic value: 01234,
CE) -Difficulty: 01234
~F) : Directions: 01234
G) . Techniques: 01234
‘H) -Manipulations: 0.1 234
I) Overall: 0.1 23 4.
“EXPT #5 QUALITATIVE ANALYSIS FOR.- ELEMENTS
JA)  Time required: 0.1 2345
-B) How interesting: 012345
‘C) :Value or usefulness: 012345
"D) :Academic value: 0.1:2-3 4.5
~E) Difficulty: 012345
~F) : Directions: 012345
G) .Techniques: 012345
"H) Manipulations: 01234.5
“I) - Overall: 01234.5

(I, RV, IV, IV, BV, BV, IV, B V)]
SOV ONOYNOYOY O

CECEUEC RO RO R RV W)
NN OO O O

N N N N N N~
00 00 00 00 00 00 00 00 OO
O O O O WO 0 O O O

BOILING

coooco oo
\1§1\1\1§1§1\1$1$1
00 00 00 00 0O CO 0O 00 OO
© O O O O O O OO

NN N N N N N N~
00 00 00 0O 00 0O 0O 0O OO
O O O O O O WO OO

oo oo o
NN NN NN N N
00 00 0O 00 00 0O 0O 0O O
© O O O O O O O O

10
10
10
10
10
10
10
10
10

POINTS

10
10
10
10
10
10
10
10
10

10
10
10
10
10
10
10
10
10

10
10
10
10
10
10
10

10

10
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EXPT #11 - gal

A)

B)
.D)
“E)
F)
1)

. Time required:

How interesting:
Value or usefulness:
Academic value:

:Difficulty:
-Directions:

Techniques:

‘Manipulations:

Overall:

YL BROMIDE

OO O OO OOOO
i I e e e
NN NNDNDNN

WWWWWWWwww
N N N N N N N
VR RCRGRCRCGRGRGEY,

“EXPT #13 - CYCLOHEXANOL; ' PROPERTIES OF ALCOHOLS

'A)
B)
. C)
-D)
~E)
“F)
G)
1)

+EXPT: #16 :CARBON COMPOUNDS

)
- C)
~D)
“E)

6)
H)
1)

: Time required:

. How interesting:
+Value or usefulness
+ Academic value:

+ Difficulty:

. Directions:
-Techniques:

Manipulations:
Overall:

Time required:

: How interesting:

Value or usefulness:

» Academic value:
"Difficulty:
F) .

Directions:
Téchniques:

-Manipulations:

Overall:

~ EXPT #17 ACIDS

)
F)
G)

» Time required:
.How interesting:
:Value or usefulness:
rAcademic value:
-Difficulty:
-Directions:
. Technqiues:

Manipulations:

. Qverall:

OO OO OO0 OO
el e ol el o

CoCoCOOO OO
Hf—lr—'r—'h“r—'r.—'i—'r—'
P S SR SRS
U RV ECRCRCRCRT

OO OO OO0 0OC0

|—lr—lr—lr—lr—lr—lier—lr—l
NNNONNDNNNN

bl

NN DNDNNDNDDNDDNDDN

W WWwWwwww
N N S S
PSRV RCRCRCRC RS
AR O

WWWWWwwww
UL LI L LU »

o N o o < Y= e e o N
00 00 00 00 00 00 00 0O OO
\O O O WO O OV O O

00 00 00 00 GO 00 GO 0O 0O
R RV-RV- R RNV

I~ === N - Ne N No N
00 00 00 00 00 00 00 OO OO
© O O O WO WV VYO

AN OV O
NN SN SN N N N

00 00 00 0O 00 0O 00 OO OO
WO WO O O WV WO O OO

10
10
10
10
10
10
10
10
10

10
10
10
10
10
10
10
10

10

10
10
10
10

-10

10
10
10
10

10

10
10
10
10
10
10
10
10
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“EXPT #26 PROPERTIES OF AMINES

S A)
. B)
C)
:D)
F)
G)
1)

: Time required:

-How interesting:
.Value or usefulness:
rAcademic value:

s Difficultys
:Directions:

. Techniques:

Manipulations:

. Overall:

coocooocooo
T el N T
NN RN NN

JEXPT. #35 - ASPIRIN (ACETYLSALICYLIC ACID)

‘B)
c)
b))

E)

)
G)
H)

. Time required:

How. interesting:

-Value or usefulness:
:Academic value:

Difficulty:

‘Directions:

Techniques:
Manipulations:
Overall:

COCO0OO0OO0 OO
;—JI—‘I—‘I—‘F‘HI—‘}—‘I—‘
NENE N S OSSR EN
www WWwWwWw W Ww
jb-b-b.b-b-b-b-b-b
Rt RGN

WWWWwWwWwwww
PSR ED DD
UL LU L w W
e - N N

NN OO OO

N N N N N N s

00 0o 00 00 OO 00 0o 00 0O
O WO WO WO WO O O OO

0o 00 0o 0O GO CO 0O OGO OO

O WO WO WO WO \W WO

10
10
10
10
10
10
10
10
10

10
10
10
10
10
10
10
10
10
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. APPENDIX F

SUMMARY OF ATTITUDE SCALE RESPONSES
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TABULATION OF FREQUENCIES, MEDIANS AND INTERQUARTILE RANGES OF THE
RESPONSES TO: ATTITUDE SURVEY

-EXPERIMENT. #2 ° Group 100 :N=19

233

6.3655

0O 1 2 3 4 3 6 .7 8 9 10 S Q
A o o0 1 1 3 9 2 3 0 0 O 1.0555 2.7788
‘B o 1 1 8 1 5 0 2 1 0 .0 3.9373 1.8064
C o 0 1 8 1 6 1 1 1 o0 o0 4.5000 . 1.2396
) o 2 1 3 6 &4 2 0 1 0 O 4.5833 1.9792
E o 1 o0 2 2 5 3 0 3 2 0 4.,5502 3.5421
‘F 2 0 4 4 4 1 2 2 0 0 O 3.8751 2.5636
G o o 1 1 3 7 3 0 2 1 .1 4.3748 2.9378
H o o 1 .1 3 7 3 0 2 1 1 5.3572 2.6668
1 o 0 o0 o0 1 1 2 5 5 .3 -2 2.8997 1,9335
‘ 35.1331
6.9037
6.0963
EXPERIMENT #3 Group 100 :N=19
0O 1 2 3 4 5 6 7 8 9 10 S Q
A o o o0 2 1 11 1 1 2 0 1 0.8637  3.5818
B o 0 3 3 3 5 1.2 0 2 0 5.0999 2.6677
C o 0 2 9 0 1 3 2 2 0 0 .3.8332 3.4443
D 1 o 1 5 5 3 3 1 0 0 O© 4.5000 2.2000
E o 1 1 3 0 6 5 1 2 0 o0 4,1003 2.7337
F o o0 2 7 1 &4 2 3 0 0 O 4.5000 2.8040
G o 1 5 3 5 2 1 0 2 0 0 4.0999 2.3754
H o 0 o0 1 .2 5 4 3 2 2 0 4.6252 3.2502
1 o 0 0 1 0 3 1 7 3 .3 1 3.3572 2.0008
34,9794
3.8866
6.1134
EXPERIMENT #4 Group 100 N=19 o
0 1 2 3 4 5 6 7 8 9 10 S Q .
A 0o o 1 0o 4 7 5 1 0 0 1 1.6252 1.9715
B 0 1 1 8 1 3 2 2 0 0 1 3.9373 2.7818
c 1 0 2 7 2 2 2 2 0 .1 o 3.9286 2.879
D o 0 2 4 5 3 3 1 0 1 o0 4.6998 2.3962
E o 2 0 3 2 4 2 5 1 0 o0 4.,7381 3.3336
F o 1 &4 4 3 4 2 1 0 0 O 4.1666 2.6247
G 2 .2 0 5 4 2 4 0 0 0 O 3.1501 2.4748
H o 0 o0 0 4 7 4 2 1 0 1 5.2142 - 2,7052
1 0 0 0 0 1 1 5 1 4 3 4 1.2502 .3.1996
' 32.7101
3.6345
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EXPERIMENT #5 Group 100 N=19 ,
' 0 1 2 3 4 5 6 7 8 9 10 S Q
A 0 2 2 0 3 7 3 1 0 0 1 1.833 4.4468
B 2 1 1 5 3 3 2 1 0 0 1 4.1666 2.5997
C 0 0 1 5 5 4 4 0 0 0 1  4.6998 2.0628
D 1.0 0 2 9 4 1 0 1 0 1  4.7222 1.3681
E 61 1 2 3 7 3 1 0 1 0 4,8214 1.8334
F 1.0 4 5 1.3 1 2 1 1 0 3.8997 3.3132
G 1 1 1 4 3 6 1 1 0 1 o0 4.8334 2.2709
H c 1 o 2 4 5 2 2 1 1 1 5.5000 3.6879
I Q0 0 1 3 3 3 3 2 3 1  4.,1666 3.3747
' ' 38.6431 -
 4.2937
5.7063
EXPERIMENT #13 Group 100 N=19
0 1 2 3 4 5 6 7 8 9 10 S Q
A 0 0 2 3 0 10 1 2 1 0 0 0.9500 3.6504
B 1 2 1 5 3 2 4 1 0 0 0  4.1666 2.9126
C 2 1.0 4 4 3 2 2 1 0 0  4.6252 2.6879
D 1 0 1 5 7 2 0 2 1 0 0  4.3572 1.5756
E 1 0 1 2 5 6 2 0 0 2 0  4.6998 2.8333
F 1 2 2 5 0 3 2 2 0 2 0  3.8997 2.5421
G 2 0 2 4 4 2 1 2 1 1 0 @ 4.3748 2.0634
H 0o 10 2 1 8 3 1 2 0 0 1.1666 3.6513
I 0 0 0 2 2 3 2 1 4 2 3 3.5000  3.8752
i | 31.7399
3.5267
6.4733
EXPERIMENT #11 Group 100 N=19
0 1 2 3 4 5 6 7 8 9 10 S 0
A 0o 0 1 1 2 7 4 2 1 1 o0 2.1249 3.7570
B 0 0 3 3 5 3 3 1 1 0 0  4.6998 2.5003
C 0 1 0 2 4 6 2 2 2 0 0 5.4167 2.1874
D 0 1 1 3 5 4 1 1 2 1 0  4.8997 2.3346
E 0 0o 1.1 3 7 3 4 0 0 O 4.5000  2.8334
F 2 0 2 2 2 5 4 0 2 0 0 5.2998 2.9375
G 0 2 1 4 3 6 0 3 0 0 0  4.833 2.2709
H o 0 0 3 2 7 3 3 1 0 O 5.3572  3.0712
I 0 0 0 3 2 7 3 3 1 0 o0 2.8997  1.8752
40.0312
44479

5.5521
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EXPERIMENT. #16 ‘- Group 100 N=19 .
0 1 2 -3 4 .5 6 7 8 9 0 S Q.
A 0 0 0 2 3 9 1 3 1 0 0 .1.1666 3.0971
B 1 1 1 5 3 3 3 1 9 1 0 4.4997 1.7337
" C 1 1 1 3 .5 2 4 2 0 0 0 4.6998 1.7293
:D 1 1 1 2 3 5 3 .2 0 1 0 5.2998 2.5421
" E 0 0 2 3 2 4 4 .3 1 0 0 4.2142 2.8964
'F 1 0 3 4 4 5 1 1 1 0 0 4.,3748 2.2622
G 1 2 1 1 6 1 4 1 1 1 0 4.7498 ~2.8115
H 0 0 0 0 5 5 6 1 2 0 0 5.0999 1.7586
1 0 0 0 0 2 2 4 2 4 1 4 -3.2498 3.0618
37.3544
4.1505
5.8495
- EXPERIMENT. #17 * Group. 100 N=20
0 1 2 -3 4 5 6 7 8 9 0 S Q.
A 0 0 0 0 1 0 6 1 1 1 0 0.9500 "2.0668
‘B 1 2 1 8 3 1 2 2 1 0 0 3.6875 1.6560
C 1 0 1 4 8 2 2 1 0 1 0 4.4374 1.4380
D 0 1 1 6 4 2 1 3 2 0 0 4.3748 2.7928
E 0 o 2 1 3 1 6 3 3 0 0 3.8286 3.0006
F 0 3 4 .3 2 2 3 3 0 0 1 3.8334 3.7461
G 1 2 1 4 4 4 2 2 0 0 0 4.3748 2.3749
“H 0 0 0 0 2 1 11 1 3 1 1 5.3636 1.8182
I 0 0 0 0 3 .2 3 2 4 3 3 2.8751 3.1665
33.3252
3.7028
6.2972
. EXPERIMENT #26 -Group 100 N=19
‘ 0 1 2 3 4 5 6 7 8 9 0 S 0
A 0 0 0 3 -2 5 6 2 1 0 0 2.4167 2.4669
B 2 1 1 6 3 1 2 3 0 0 0 3.9167 3.0003
. C 1 1 1 5 3 4 0 4 0 0 0 4.4997 " 2.0643
D 1 1 2 4 6 1 4 -1 0 0 0 4.2498 2.0643
B 0 1 1 2 3 5 3 .1 3 0 0 4.7985 2.4996
 F 2 0 3 2 5 3 3 1 0 0 0 - 4.5000 2.8334
G 2 3 2 4 2 4 1 1 0 0 0 3.6252 3.1463
H 0 0 0 2 3 5 3 4 1 0 1 5.0999 2.3962
-1 0 0 .1 1 0 1 6 4 .3 1 2 3.8751 2.1251
36.9816
4.,1091
5.8909
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~ EXPERIMENT #35 Group 100 .N=1

6.2796

0o .1 2 3 4 5 6 7 8 9 10 S Q
A o 0 0 0 4 9 ‘3 .3 0O 0 O 1.1249 1.8889
B 3 1 4 6 3 0O 0 2 0O 0 O 3.2498 1.8960
. C 2 2 1 5 4 1 1 3 0O 0 0 -3.8997 2.5000
:D 1 1 1 7 3 3 3 0O o0 0 0 3.9286 2.1667
E 1 0 1 1 6 5 3 2 0O 0 0 4,5001 1.7920
F 1 0O 3 4 3 0 4 .3 1 0 O 4.4997 3.3749
G 1 3 o 5 3 3 0 .2 1 1 0 4.1666 12.5997
H o 0 0 2 -2 7 2 3 1 1 1 5.2142 2.3095
I .0 0 0o .2 1 1 1 4 -5 1 4 2.8997 3.5000
33.4833
3.7204
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HIZOEED QW >

EXPERIMENT #2 Group 200 ..N=18
' 0 1 2 3 4 .5 6 7 8 9 0 S Q.
o 1 o0 0 2 12 2 1 0 0 o0 0.7500 1.3748
0O o 1 5 4 4 0 4 0 0 O 4.7502 2.1751
0 0 3 1 0 3 1 0 0 0 0 3.5454 0.8182
0 0 4 .3 5 5 0 1 0 0 0 4.3999 2.1331
0 0 0 3 .3 4 4 1 1 2 0 4.1665 2.3752
1 6 3 5 1 0.1 1 0 0o O 2.6665 2.1165
1 4 5 6 1 0 .1 0o 0 o0 O 2.7999 ~1.7084
o o 1 2 3 .2 1 1 3 4 1 4 .0000 4.6248
0 0 1 o0 0 0 1 4 8 3 1 2.6251 .1.3123
‘ ' 29.7035
3.3004
6.6996
EXPERIMENT #3 Group.200 N )
0 1 .2 3 4 5 6 7 8 9 0 S Q.
A 0O o0 2 0 2 11 2 0o 1 o0 o0 0.8182 2.8411
B o 0 2 3 6 3 0 2 2 o0 O 4.6667  2.0000
C 2 0 4 6 2 3 0 1 0 0 0 .3.5002 2.1247
D 0 2 2 4 4 -3 3 0 0 0 0 4.,2502 - 2.3746
"E 0o o 0 6 1 8 0 0 2 1 .0 4.9244 2.0625
' F 0 4 3 6 3 0 2 0 0 0 O 3.3333 2.0000
G 1 0 6 9 0 2 1 o0 0 0 0 3.2222 1.1389
‘H 0 0 0 1 4 8 1 1 1 2 o 5.5000 1.6251
ST 0 0 o0 1 0 0 0 6 4 7 0 2.5000 1.7739
' 32.7152
3.6350
6.3650
- EXPERIMENT #4 Group 200 N
' 0 1 2 3 4 .5 6 7 8 9 10 S Q.
A o o 1 2 3 8 2 2 0 0 0 1.3335 2.6876
B o 2 2 3 1 6 2 -1 1 o0 o0 5.1668 2.7501
C 0 3 6 2 1 5 0 0 1 o0 O 3.0000 3.0500
'D o 1 5 3 4 3 .1 1 o0 0 O 4.,0000 2.4670
E 0 1 0 3 4 7 1 1 1 0 o0 4 .7500 1.6607
-F o 3 2 3 3 3 2 1 1 0 O 4.3335 3.0834
G o 2 5 6 2 1 0o 0O 0 0 O 3.3333 1.7502
H o o O 1 6 5 1 1 4 0 o0 5.6001 2.9167
I O 0o 0 1 1 0 2 4 4 4 2 2.7502 2.2498
34.2674
3.8075
6.1925
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- 5.6688

" EXPERIMENT #5 Group 200 N=17 _
' 0O 1 2 3 4 5 6 7 8 9 10 'S g
A o o 2 1 2 7 4 0 1 0 0 .1.7500 2.3304
B 4 0 1 3 3 3 0 .2 0 0 O 4.1666 3.3300
c 1 1 2 5 1 6 0 1 0 0 O 3.9000  .2.4085
D 0 1 3 5 4 2 0 2 0 0 O 3,9000 1.8875
E o 0o 1 3 1 9 1 2 0 0 O 4.,9000 1.6112
F o 2 3 6 1 1 2 2 0 0 O 3.5835 2.9999
G o 1 4 5 5 1 1 0 0 0 O 3.7001 1.7376
H o 0 0 3 3 6 3 1 1 o0 O 5,8535 1.8329
I 0 0 0 0 0 O 2 6 4 3 2 2.8751 1.8750
34.6288 '
3.8470
6.1524
EXPERIMENT #13 Group 200 N=17
, 0O 1 2 3 4 5 6 71 8 9 10 S Q
A 0o 0 O O 4 12 1 0 0 0 O 0.7083 0,8332
B o 3 0 6 1 5 1 1 0 0 O 3.9167  2.3419
o 1 1 2 5 .2 .2 1 3 0 0 O 3.9000  2.8250
D 1 1 1 4 5 3 0 1 1 o0 o0 4.2999 1.9375
'E o 0 0 3 1 8 2 -2 0 0 O 4.8751 1.3438
F o 2 0 5 3 3 4 0 0 0 O 4.4997 2.4665
G 2 4 3 6 0 2 1 0 0 0 O 3.8334 2.0624
H o 0 0 3 6 4 2 0 3 0 0 5.0000 2.0003
I 0O 0 0 3 6 4 -2 0 3 0 0 .2.4168 1.7335
33.4499
3.7167
6.2833
. EXPERIMENT. #11 = Group 200 N=17
’ 0O 1 2 3 4 5 6 7 8 9 10 S Q-
A o o0 1 2 0 13 0 1 0 0 O 0.6539.  0.6539
B o 1 o 2 3 2 2 5 2 0 0 6.2500 3.1338
c o 1 2 2 1 5 2 2 2 0 0 5.5002 3.2500
D 0o 0 O &4 3 6 3 1 0 0 O 5.2499 1.8750
E o 0 0O 2 3 9 2 1 0 0 O 4.4998 1.1111
F o 0 3 2 2 5 2 2 0 0 O 5.2999 2.7500
G o 0 1 6 4 .2 1 2 1 0 O 4.3748  2.3332
H o 0 o0 3 6 4 2 0 3 0 O 4.5625 4.2500
I 0O 0 0 0 2 1 3 5 5 1 0 2.5002 3.9329
38.9812
4.3312
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"EXPERIMENT #16 Group 200 N=18

0O 1 2 -3 4 .5 6 .7 8 9 10 S 0
A 0O 0 0 2 312 1 0 0 0 O 0.7500  1.1249
B 2 3 1 3 6 1 0 1 0 0 o0 4.0000  2.9169
C 0 3 5 5 0 4 0 0 0 0 O 3.2001 2.8252
D 0O 1 6 3 4 3 1 0 0 0 O 3.6665 - 2.2499
) o 0 0 3 3 5 5 1 2 0 0 4.5486 2.0003
F 1 2 3 4 1 4 2 0 0 0 O 4.6252 3.0209
G 0 2 5 4 .2 2 1 0 1 0 0 .3.4722 2.4248
H o 0o 0 4 3 5 0 3 3 0 .1 3.3994 3.3329
I 0 0 1 0 0o 0 0 6 1 6 3 1.9167 2.2502
31.5792 ‘
3.5088
6.4912
- EXPERIMENT #17 = Group 200 :N=17
0 .1 2 3 4 5 6 7 8 9 10 S Q .
A 0 0 o 1 5 10 1 o0 0O 0 O 0.8501 1.125
B o o 2 1 3 2 1 4 1 1 0 6.5000 3.5211
C o o 1 1 1 7 0 4 2 0 0O 5.7143 2.3571
D o 1 o 1 6 5 1 2 0 0 O 5.1000 1.5748
E 0o 0 o 1 2 8 4 1 1 0 O 4.8334 1.2811
F 0O 3 0 4 4 ..2 2 1 0 1 0 4.3748 2.5626
G 0O o 1 6 4 4 2 0 0 0 O 4,3748 1.8955
H o 0 0O 1 2 8 3 3 0 0 O 5.3126 1.4274
1 0O 0 O 1 0 1 2 6 2 2 2 -3.4168 3.2500
‘ 40.4768
4.4974
5.5026
: EXPERIMENT #26 Group 200 -N=20 )
0 1 2 3 4 5 6 7 8 9 10 'S Q
A o 0 0 2 2 6 7 2 1 0 0 2.2857 2.1667
B 2 1 1 6 4 1 2 3 0 0 O 4.0000 . 2.8333
.C 1 1 1 6 3 4 0 4 0 0 O 4.3333  2.4167
D 1 1 2 3 7 1 4 1 0 0 0 .4.4286 ~2.6667
E o 1 1 2 3 6 3 1 3 0 O 4.5663 2.3334
" F 2 0 3 2 6 3 3 1 0 0 o0 4.5000 . 2.6667
G 2 4 2 3 2 5 1 1 0 0 0 .3.6667 3.6500
“H o o o0 1 4 6 3 4 1 0 1 5.1667 3.2500
1 0o 1 o0 o0 1 1 7 4 4 -1 2 3.7500 2.0714
36.6973 »
4.0775

5.9225



EXPERIMENT #35 Group 200 :N=18
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0 1 2 .3 4 5 6 7 8 9 10 S Q

A o 0 0 0 3 10 3 2 0 0 0 0.8999 1.7168
B 3 1 4 6 '3 0 0 .2 0 0 0 3.2498 1.8960
C 2 2 0 6 4 1 1 3 0 0 O 3.9167 2.1259
D 1 1 1 6 3 4 3 0 0 0 0 4.1666 2.2709
'E 1 0 1 O 7 5 3 2 0 0 O 5.0000 1.5427
'F 1 0 3 3 3 0 5 4 0 0 O 4.8334 3.5997
G 1 3 0 5 4 3 0 2 1 .1 0 4.1249 2.2666
H o 0 o 1 2 7 2 41 1 1 5.0714 2.3125
1 o 0 o0 1 1 1 1 5 5 1 4 2.8997 2.0989

' 34.0375

3.7819

6.2181
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"~ EXPERIMENT. #2 Group 30

HIZQOEEUOQE >

'N=19
_ 0 1 2 -3 4 5 6 7 8 9 10 S Q
A o 1 0 6 2 12 2 2 0 0 0 0.7916 1.7296
‘B o 0 1 5 4 4 0 4 1 0 O 4.8751 3.3127
C o 0 3.11 0 3 1 0 0 0 © 3.5909 1.9245
D o 0 4 3 5 .5 0 1 0 0 0 .4,5000 2.1996
'E o 0 0 3 3 4 4 1 1 2 0 %.8659 2.6677
'F 1 6 3 5 1 0 1 1 0 0 0 2.8334 . 2.2248
G 1 4 5 6 1 0 1 0 O 0 0 .2.8997 1.7706
'H o 0 1 .2 3 .2 1 1 3 ¢4 1 4.0000 4.6248
I 0O .0 1 0 0 0 1 4 7 3 1 .2.7858 1.7056
} 31.1428
3.4603
6.5397
~EXPERIMENT #3 Group 300 N=19
: 0 1 2 .3 4 .5 6 7 8 9 10 S Q
o 0 2 ©0 211 2 ©0 1 0 0 .0.7727 1.4887
o 0 2 3 6 '3 0 .2 .2 0 0 . 4.6667 2.0000
2 0 4 6 2 3 1 0 0 0 0 .3.5002 2.1247
0o 2 2 4 .4 3 .3 0 0 0 O 4.2502 2.3746
o 0 0O 6 1 8 0 0 2 1 0 4.7858 2.1146
0O 4 3 6 3 0 2 0 0 0 O 3.3333 2.0000
1 0 6 8 0 2 1 0 0 0 O 3.2500 1.2293
0o-0 0O 1 4 8 1 1 1 2 0  5.5000 1.6251
0O 0 O 0 0 0 0 7 3 7 0 2.4997 1.7858
' 32.5586
3.6167
6.3824
: EXPERIMENT #4 Group 300:N=18
0 1 2 3 4 5 6 7 8 9 10 S Q.
A 0o o0 1 2 3 8 2 .2 0 0 .0 1.3335  2.6876
B o 2 2 3 .1 6 2 .1 1 0 .0 5.1668 2.9169
C o 3 6 2 1 5 0 0 1 o0 0 3.0000 3.0500
D 0o 1 5 3 4 3 1 1 0 0 O 4.0000 2.4670
E o 1 0 3 4 7 1 1 1 0 .0 4.9177 1.6607
F o 3 2 3 3 .3 2 1 1 0 0 4.3335  .3.0834
G o 2 5 6 2 -1 2 0 0 0 0 .3.3333 1.7502
H 0o 0 0 1 6 5 1 1 4 0 O 5.6001 2.9167
I 0 0 0 1 1 0 .2 4 4L 4 2 2.7502 . 2.2498"
T34.4351
~-378261

6.1739
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~ EXPERIMENT. #5 Group 300 'N=17

HIQHEHO O W

0 1 2 3 4 5 6 7 8 9 10 S Q
A o o 2 1 2 7 4 0 1 0 O 1.7500 .2.3304
B 4 0 1 3 3 4 0 2 0 0 0 4.1666 3.1873
.C 1 1 .2 5 1 6 0O 1 0 0O .0 .3.9000 2.4085
D O 1 3 5 4 2 0 2 0 0 O 3.9000 .1.8875
.E o 0 1 3 1 9 0 2 0 0 O 4.9309 1.6695
F 0 2 3 6 1 1 2 2 0 0 .0 3.5835 . - 2.9999
G 0O 1 4 5 5 1 1 0 0 0 0 3.7001 1.7376
H o 0 o0 3 3 6 3 1 1 0 0 5.6667 2.0000
1 0 0 0 0 0 0 2 6 4 3 2 2.8751 1.8750
34,4729
3.8303
6.1697
-, EXPERIMENT #13 Group 300 N=19
0 1 2 3 4 5 6 7 8 9 10 S Q.
0O 0 0O O 3.12 1 0 0 0 O 0,3434 0.6667
o 3 0 6 ‘1 .5 1 1 0 0 O 3.9167 2.3419
1 1 2 5 2 2 1 .3 0 0 0 .3.9000 -2.8250
1 1 1 4 5 3 0 1 1 0 0 .4.2999 1.9375
o 0 o 3 .1 8 2 2 0 0 O 4.9410 2.0316
0O 2 0 5 3 3 4 0 0 0 O 4.4997 2.4665
0O 2 4 3 6 0 2 1 0 0 O 6.0000 3.0003
0 0 0 3 6 4 2 0 3 0 O 1.7501 2.2082
29.6508
3.2945
6.7055
.~ EXPERIMENT #11 Group 300 N=18
0 1 2 3 4 -5 6 7 8 9 10 S Q.
A 0 0o 1 3 0 13 0 1 0 0 0 .0.6923 - 2.8506
B o 1 o 2 3 2 2 5 -2 0 O 6.2500 3.1338
C o 1 2 2 1 5 2 2 2 0 O 5.5002 . 3.2500
D 0O 0 0 4 4 6 '3 1 0 0 0  5.2499 1.8750
E 0 0 o0 2 -3 9 3 1 0 .0 0 4.9001 1.1111
F o 0o 3 2 11 5 2 2 0 0 .0 4.328 - 1.0795
G 0 0 1 6 4 2 1 2 1 0 0 4.3748 4.2188
H o o 1 1 2 8 1 1 3 o0 O 4.7498 3.0003
1 o 0 0 0 2 1 3 5 .6 1 0 .3.2999  3.7081
29.3452
4.3717
5.6283



-EXPERIMENT #16 Group 300 N=19
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5.9378

0 1 2 3 4 -5 6 7 8 9 10 S Q
A 0 0 o .2 3 12 1 0 0 0 0 0.7500 1.1247
B 2 3 1 3 6 1 0 1 0 0 0 3.8334 2.8750
. C 0 3 5 5 0 4 0 0 0 0 0 3.1000 1.7001
D 0 1 6 3 4 3 0 0 0 0 0 3.4997 2.1458
E 0 0 2 2 5 5 1 2 0 0 0 4.6358  2.1009
F 1 2 3 4 1 4 2 0 0 0 0 3.6252 3.0209
G 0 .2 5 4 .2 2 1 0 1 0 0 3.3748 2.4248
“H 0 0 0 4 .3 5 0 3 3 0 1 5.5000 3.4996
1 0 .0 1 0 0 0 0 6 1 6 3 1.9167 ~2.2502
' 30.2356
3.3595
6.6405
EXPERIMENT #17 Group 300 N=17
O .1 2 3 4 5 6 7 8 9 10 S Q
A 0O O 0 1 5 10 1 0 0 0 0 0.8501 1.1252
B 1 0 3 1 3 2 1 4 1 1 0 5.2500 4.1873
C 0 0 2 1 1 7 0 4 2 0 0 5.6428 2.4016
D 0 1 0 2 6 5 1 2 1 0 0 4.9167 1.5418
E o 0 o0 1 2 8 4 1 1 0 0 .g33  1.7188
F 0 1 1 4 4 .2 2 1 0 1 0 4.6252 2.8123
G 0 0 2 6 4 4 1 0 0 0 0 4.1249 1.8122
H 0 0 0 .2 2 8 -3 2 0 0 0 5.4375 1.2187
1 0 0 0 2 0 1 2 6 2 2 2 3.4168 2.2500
39.0947
4.3442
5.6558
EXPERIMENT #26 Group 300 N=20 ,
0 1 2 3 4 5 6 7 8 9 10 S Q
A 0 0 0 2 2 6 7 2 1 0 0 2.2857 2.1667
B 2 1 1 6 4 1 2 3 0 0 0 4.0000 :2.8333
C 1 1 1 6 3 4 0 4 0 0 0 4.3333 2.4167
D 1 1 2 3 7 1 4 1 0 0 0 4.,4286 2.6667
E 0O 1 1 2 3 6 3 1 3 0 0  4.4286  2.333
F -2 0 3 2 6 '3 3 1 0 0 0 4,5000 2.6667
G 2 4 2 3 2 5 1 1 0 0 0 3.6667 3.6500
H 0 0 0 1 4 6 3 4 1 0 1 5.1667 2.2500
1 0 0 1 0 0 1 7 4 4 1 2 3.7500 ' 2.0714
35.5695
4.0622



. EXPERIMENT #35 Group:300 'N=20

QmOﬁMUOWP
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6.2592

o 1 2 3 4 .5 6 7 8 9 10 S Q
o 0 o0 o0 3 .11 3 3 .0 .0 .0 .0.9091 0.8788
3 1 4 7 3 0 0 2 0 0 O 3.2857 1.5000
2 2 0 6 ‘5 2 1 3 0 0 0 .4.0000 1.8333
1 1 1 7 3 4 3 0 0 0 O 4.0000 2.2143
1 o .1 o 7 6 3 2 0 0 O 4,5556 2.3334
1 0 3 3 3 0 5 4 0 0 O 4.8334 3.5997
1 3 0 5 4 3 0 2 1 1 o0 4.2500 - 2.4667
0 0 0 2 -2 7 2 4 1 1 1 5.0000 2.3571
0o .0 0 .1 1 1 1 5 6 1 4 -2.8333 1.8000
- 33.6671
3.7408
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HEQHEOOw >

: EXPERIMENT #2 Group 400 'N=14
0 .1 2 -3 4 -5 6 7 8 9 10 'S 0
A 0o 0 o0 1 2 9 1 1 0 0 O 0.7777 1.4157
B o .1 1 2 5 2 o0 1 1 o0 1 4.6001 2.0000
C o 1 2 6 2 0 2 0 1 0 o0 3.6666 1.6662
‘D 0o 2 0 1 3 5 0 3 0 0 0 5.1999 1.7334
E o 0 o 1 1 2 3 3 4 0 o0 3.0000 2.3755
. F 0O 4 2 2 4 2 0 0 .0 0 O 3.4997 2.7501
G 0 2 3 6 2 1 0 0 0 0 0 3.3334 1.4169
H o 0o o0 o0 1 5 1 2 2 3 0 4,00000 3.2503
I o .0 0 0 1 2 1 .2 5 1 1 3.0000 2.9499
31.0774
13.4530
6.5470
. EXPERIMENT #3 Group 400 N=13
0 1 2 3 4 5 6 7 8 -9 10 S Q
A o o 1 1 .2 9 0 0O 0 0 O 0.7222  .1.0141
B 1 o .2 1 6 0 1 1 1 o0 O 4.4167 1.7087
C o 1 5 3 .2 .1 0 1 0 0 O 3.9168 1.9251
D 0 2 2 4 0 4 0 1 0 0 O 3.6250 2.8119
E o 1 1 2 3 .1 1 4 0 0 O 5.6112 3.6254
F o 1 2 7 2 1 o0 .1 o0 0 O 3.5714 1.1784
G 0O 4 3 4 0 2 1 0 0 0 O 3.0000 . 2,0000
H 0 0 0 O 4 4 3 1 1 0 1 5.2499 2.2083
1 o 0 0 0 ©o0 1 2 2 5 3 1 2.6001 1.9161
32.7133
3.6348
6.3652
EXPERIMENT #4 Group 400 N=13
0 1 2 3 4 5 6 7 8 -9 10 S Q
o 0 1 1 2 8 1 0 0 0 O 0.8125 1.4690
o 0 4 3 2 -2 1 0 1 0 O 3.8332 2.5627
o 1 5 5 1 0 o0 1 0 0 O 3.1001 1.3000
0O 3 1 3 5 0 0 1 0 0 0 .3.8332 . 2.3002
o 0 O .2 3 4 .2 1 1 0 O 4.5000 1.9584
0o 2 3 2 3 .2 1 1 0 0 O 3.7503 2.4996
o 1 5 4 0 3 0O 0 0 0 O 3.1251 1.4875
0 .0 2 0 .1 3 2 2 2 .1 0 5.7503 2.7916
O 0 0 O 0 1 1 2 3 6 0 2.1668 2.8333
30.8715
3.4302

6.5698
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5.7681

« EXPERIMENT. #5 Group 400 :N=13
0 1 2 3 4 -5 6 7 -8 9 10 S 0
o o 1 1 3 6 0 2 0 0 0 1.1668  -3.2086
‘0 0 O 5 2 4 0 2 0 .0 O 4.7503 2.0374
o 0 2 -1 4 -4 1 1 0 0 O 4.8749 1.6250
o o 1 2 -5 3 2 0 0 0 O 4.6999 1.5333
o o 1 1 4 .3 0 2 2 -0 0 4.4167 3.0626
o .0 1 3 5 1 1 o0 .2 0 ©0 4.5000 2.0003
o o 1 4 3 .3 1 1 0 0 O .4.5000 .2.0206
o 0o 2 0 1 5 2 0 3 0 o0 5.3001 1.8253
0 0 0 o0 2 0 3 6 ‘1 1 0 3.7502 1.3747
37.9589
4.,2177
5.7823
'EXPERIMENT #13 - Group 400 N=13 ,
0O 1 2 3 4 5 6 7 8 9 10 S Q
A o 0 o0 1 4 7 0 0 .1 0 O 0.9285 1.2231
B 0o o 1 5 2 4 10 0 0 0 4.2503 1.9873
C o 1 1 7 3 0 1 0 0 0 0 .3.6429 1.0714
D o 0 2 5 3 :2 1 0 0 0 O 3,9002 1.6663
E 0 0 0 2 4 4 1 0 2 0 O 4,8077 1.6250
F o 1 o0 7 5 0O 0O O O O O '3.7857 1.0286
G 0 0 4 2 3 .2 2 0 0 0 O 4.1668 - 2.5627
H S0 0 1 1 5 -2 0 1 1 2 0 6.3001 3.5004
1 .00 1 o0 0 2 1 2 5 1 1 3.9002 1.5002
35.6824
3.9647
6.0353
" EXPERIMENT #11 Group 400 :N=13
0 .1 2 3 4 5 6 7 8 9 10 S 0
A o .0 1 1.3 7 1 0 0 0 O 0.9285 1.4521
B 0 0 1 4 4 .2 0 1 1 0 O 4.3750 1.8126
c 0 0 1 4 .2 .2 1 .2 1 0 .0 4.7503 3.1877
D o 1 o0 .2 7 3 0 1 0 0 O 4.4999 0.9285
E o 0 o0 2 5 .2 3 1 0 0 O 5.4584 2.0000
F o o 1 2 5 3 1 0 0 0 O 4.6999 1.5333
G o 0 0 5 4 2 0 1 1 0 0 .4.3750 1.7252
H o o 1 o0 3 3 .2 -2 2 0 O 5.1668 2.6245
I 0 0 1 0 .0 2 -3 3 .3 1 0 3.8332 2.1664
38.0870
4.2319



EXPERIMENT #16 - Group. 400 'N=1
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6.0371

0 1 2 -3 4 .5 6 7 8 9 .10 S Q
A 0 0 1 0 .1 8 2 0 0 .1 0 0.8125 1.9690
B 0 1 3 3 .2 1 3 0 0 O 0 .3.8332 -3.0003
C -0 1 3 .3 .1 2 3 .0 .0 0 0 3.8332 .3.1252
D o .2 1 3 4 -3 0 0 0 0 0 4.,1251 1.8544
E 0 .0 0o .1 3 3 3 3 0 0 0 4.1251 3.1664
F 0 1 2 3 .3 2 .0 2 0 0 0 4.1668 2.2920
G 0 1 1 5 2 .2 2 0 0 0 0 .3.6429 2.1251
H -0 0 1 0 3 2 1 3 2 1 .0 6.9168 2.1668
1 0 .1 0 1 0, 1 2 2 4 2 0 3.2503 2.5626
34,7059
3.8562
6.1438
-EXPERIMENT #17 Group.400 :N=12
0 1 2 3 4 5 6 7 8 9 0 S Q.
A 0 0 1 1 1 6 2 1 0 0O .0 1.5007 3.2086
B 0 0 1 3 4 -2 0 1 0 1 0 4.6250 2.1252
C 0 0 0 8 1 0 2 0 1 0 0 3.8125 ©2.9690
D 0 0 .2 2 5 .2 0 1 0 0 0 4.5000 1.7497
E 0 1 0 2 -3 5 0 0 0 1 0 4,0000 1.6000
F 0 0 1 5 3 1 1 1 0 .0 0 . 4.1668 2.3002
G 0 0o 3 .3 1 1 2 0 2 0 0 4.5007 3.7920.
H 0 1 0 1 0 4 0 4 2 0 0 6.0000 2.5002
1 -0 .0 2 1 0 1 0 2 5 0 1 3.0000 .3.6000
36,1057
4,0117
5.,9983
EXPERIMENT #26 ' Group 400 N=12
' 0 1 2 3 4 5 6 7 8 9 0 S Q.
A 0 0 0 3 1 6 0 2 0 0 0 .1.0000 .3.1668
B 0 1 0 4 -3 3 0 0 1 0 0 .4.,3332 1.8330
.C 0 0 3 .2 3 1 2 1 0 0 0 4.3332 4.0000
‘D 0 1 1 2 .2 3 .3 0 0 0 0 5.0000 2.5003
' E 0] 0 0o .2 2 5 0 2 0 1 0 4,8523 1.5003
F 0 1 1 6 1 1 0 2 0 0 0 :3.6666 1.8334
G 0 1 2 5 0 2 2 0 .0 0 0 3.6000 2.0000
H 0] 0] 1 0o 6 -2 2 0o .1 0] 0 6.1666 1.6666
1 0 0 0 1 0 1 1 2 7 0 1 2.7144 . 1.2139
35.6663
3.9629
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- EXPERIMENT #35 Group.400 N=13

o 1 2 -3 4 5 6 7 8 9 10 .S Q
A 0.1 1 0 010 0 0 1 0 © -0.6500 0.6500
B 0o 1 3 3 4 1 0 O 1 0 O .3.8332 1.9374
c 0 1 1 2 3 .5 1 0 0 0 O 4.8332 - 1.9244
D o 1 3 0 6 2 0 0 o0 o0 O 4.3334 -1.8334
E 0 .0 o 1 2 5 2 1 2 0 O 4.5000 1.8253
F 0 1 o0 9 2 1 0 0 0 0 O .3.6112 0.7223
G 0 .1 3 3 3 2 o .1 .0 O O 3.8332 2.1664
H 0o o0 1 o0 4 -3 .1 1 3 0 O 5.5000 3.1877
I 0 1 0 0 0 2 0 4 4 0 2 3.1251 1,6250
34.2193
3.8021

6.1979
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HEQMEOO W >

 EXPERIMENT. #2 _Group 500  N=12
. 0 1 2 -3 4 5 6 7 8 -9:10 S Q
A 0 0 0 0 3 6 1 .2 0 0 O 1.0000  1.5000
B 0 0 0 3 2 5 0 2 0 1 o0 5.3001 1.8253
C 1 o0 1 2 4 3 0 1 0 0 0 .4.5002 ~1.8335
'D 0o 0 1 4 3 2 1 0 1 o0 o0 4.3332 1.9995
'E 0o 0 o0 3 0 3 1 .2 2 1 0 4.0000  4.0000
F 0o 3 3 1 1 1 1 2 0 0 0 3.0000 4 .0000
G ‘1 1 3 1 4 1 0 1 0 0 0  4.0000 3.4169
H o 0 0 .1 0 6 1 2 0 2 0 5.1666 2.1669
I 00 0 0 0 0 3 1 4 2 2 2.5002 - 2.5003
33.8003 )
3.7556
6.2444
. EXPERIMENT #3 Group 500  N=12
0 1 2 3 4 5 6 7 8 9 10 S Q
0o 0 1 2 4 3 1 1 0 0 0 1.,7501 1.4997
0 0 1 1 3 4 1 1 0 1 o0 5.2499 1.6668
0o 0 1 6 0O 1 2 2 0 0 0 3,833 .3.1663
0 0 2 4 2 3 .1 0 0 .0 O 4.0000 2.0833
o 0 0 2 1 4 1 1 2 1 0 4.3332 3.0000
1 3 2 0 1 1 3 1 0 0 .0 .3.0000 4.6664
‘1 1 1 2 3 o0 .3 1 0 0 O 4.3332 - 3.3332
0 0 o0 1 1 4 4 2 0 0 O 5.0000 1.5002
00 0 0 0 1 1 6 1 3 0 3.3334 1.8334
‘ 34.8332
3.8704
6.1296
 EXPERIMENT #4 Group 500 N=12
» 0 1 2 3 4 5 6 7 -8 -9 10 'S Q
A 0o 1 2 1 3 4 0 1 0 0 O 1.6668 4.2499
B o 1 1 2 3 .2 -2 1 0 0 O 4.6668 2.5003
C 0o 0 .1 5 6 0 0 0 0O 0 O 4 .0000 1.1000
D 0o 0 2 3 4 0 1 2 0 0 0 4.2499 1.6668
"E o 1 o 1 o0 6 2 1 1 0 O 4.6666 1.3331
.F 1 1 .2 3 1 3 00 1 o0 O 3.6668 2.8335
G 1 o 3 .2 2 3 1 0 0 0 O 4 .0000 2.6664
H 0o 1 1 o0 2 5 1 2 0 0 0 5.6000 1.4997
1 1 0 1 1 0 0 0 1 5 3 0 2.6000 3.0000
35.1169
3.9019
6.0981
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. EXPERIMENT #5 Group 500 N
r 0 .1 "2 -3 4 5 6 7 8 9 10 S Q .
A 0o o0 1 1 4 4 0 1 0 1 0 1.1249 3.0000
B ‘1 0 1 1 3 3 0 1 1 0 1 5.0000 .2.0000
o 1 0 2 2 2 1 .3 0 1 0 O 4.4997 3.3332
D ‘1T 1 0 3 2 4 .1 0 0 0 0 4.4997 2.1670
E o 0 1 2 3 .2 2 1 0 0 0 ,0000 2.4997
F o 2 1 2 3 1 3 0 1 0 o0 4.3332 3.0000
G 0 1 2 2 4 0 2 1 0 0 O 4.2499 - 2.0000.
H o 0 1 2 3 :2 3 0 1 0 O 6.0000 2.3332
I 0O 2 0 0 3 2 0 1 3 1 0 5.4997 4.0000
40,2071
4.4675
5.5325
- EXPERIMENT #12 Group 500  N=12
: 0 .1 2 3 4 5 6 7 8 9 10 S Q
A 0o 0 1 3 0 5 3 0 7 0 0 .2.3332 2.7332
B 0 0 1 3 5 1 1 o0 1 0 O 4.4000 1.3332
o 0o 0 2 2 5 1 1 1 0 0 .0 .4.4000 1.5003
D 0 2 0 1 ‘6 '2 1 0 0O O O  4.5000 1.0000
E 0O 1 0 .2 /2 4 -2 1 1 0 O 4.8000 2.0000
F o 2 1 1 4 2 1 0 0 0 O 4.5002 2.4997
G o 1 3 .3 .2 2 1 2 0 0 o0 3.6668 2.3332
H 0o 1 2 1 1 2 2 1 1 0 O '6.7503 3.7498
1 00 2 0 0 0 1 1 3 5 0 2.3332 2.7332
37.6837
4,1871
5.8129
- EXPERIMENT #11 Group 500 N=12
0 1 2 3 4 5 6 7 8 9 10 S i
A o 0 1 2 4 0 .3 0 1 .1 0  2.6668 2.2499
B o 1 1 1 2 2 0 4 0 .0 1 5.0000 2.0000
C o 0 3 0 .2 3 .1 3 0 0 O 5.3332 4,0000
D o 1 1 2 2 2 2 1 1 0 0 5.0000 3.0000
E 0o .0 1 0 4 3 .1 2 1 0 .0 4.4000 2.4997
F o 1 2 3 2 2 0 .2 0 0 O 4.,0000  .2.4997
G 0 2 0 1 4 2 0 3 0 0 O 4.,7501 2.0000
H 0o 1 0 3 3 3 .2 0 0 0 0 6.3332 2.0000
I o 1 1 0 2 .2 1 .1 3 0 1 5.0000 3.8329
42.4833
4.7204
5.2796



- EXPERIMENT. #16 Group 500 N=12
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H m o4w =) d o >

_.-5.7483"

0O 1 2 3 4 5 6 7 8 9 10 S Q
o 1 1 2 2 4 .2 0 0 0 0 2.0000 . 2.7496
o 1 1 3 3 o0 1 1 2 0 0 4.3332 3.6668
1 o 2 3 .2 1 0 2 1 0 o0 4.0000 3.0000
0 1 3 1 3 3 0 1 0 0 .0 ° .4.3332 2.6664
o 0o 1 1 1 &4 2 3 0 0 0 4.,7837 1.0000
o 2 -2 0 1 2 4 0 1 0 O 5.4997 4.0005
o 1 2 1. 3 3 1 0 1 o0 O 4.6668 2.6668
0o 0 1 2 .2 2 0 &4 1 0 O 5.4997 3.4998
1 0 0 2 1 2 1 0 1 3 1 5.0000 5.3332
40.1163
44574
5.5426
- EXPERIMENT #17 Group 500 :N=12
0 1 2 3 4 5 6 7 8 9 10 S Q
A o 0 1 1 3 4 0 1 1 0 0 1.6113 3.5621
B 0o 0 .2 2 3 .1 2 0 1 0 o0 4.5002  2.6252
C o 0o 1 .2 3 1 3 1 0 0 0 4.8335 2.5415
) o 1 1 2 3 2 .2 0 0 .0 O 4.5002 2.2498
'E o 0 0 2 -2 3 .1 3 0 0 O 422499 5.8335
F o 1 1 3 1 4 1 0 0 0 0 4.5006  2.3123
G o 1 o 3 1 1 3 2 .0 0 .0 5.5006 3.1665
H 0o 0 1 0 2 2 4 1 1 o0 O 4.8751 0.0973
1 0o 0 o0 1 3 1 1 o0 1 2 1 5.0000 4.7500
39.5714
4.3968
5.6032
; EXPERIMENT #26 ' Group.500 :N=12 :
0 1 2 3 4 5 6 7 8 910 S Q.
A o 0 0O O 6 5 0O 1 O 0 O 1.1666 1.0666
B o 1 2 3 2 1 2 1 0 0 0 4.0000 .3.,0000
C o 2 1 3 0 3 .3 0 0 0 © 4.0000 3.0000
D 1 1 1 o0 3 4 2 0 0 0 -0 5.0000 . 2.7501
E o 0 1 2 2 4 -2 0 1 0 O 4.6000 2.0000
F o 2 1 0 2 2 3 2 0 0 O 5.4997 3.6668
G 0 2 2 1 2 3 .2 0 0 0 O 4.4997 3.7671
H o 0 .1 1 .1 5 4 0 0 0 O 5.4997 2.4998
I 0 1 1 1 2 1 0 2 2 1 1 4.0000 4,5003
38.2657
4,2917



EXPERIMENT

252

6.2926

#35 Group 500 N=1
0 1 2 3 4 > 6 7 8 9 0 S Q
A 0 0 0 1 4 4 2 0 1 0 0 1.5002 1.7496
B 1 1 2 4 2 0 1 1 0 0 0 3.5002 2.0000
C 1 0 1 1 4 2 3 0 0 0 0 4.5002 2.0000
D 11 0 4 2 1 3 0 0 0 0 4.0000 2.7501
E 0 0 0 1 3 5 1 1 1 0 0 5.7000 3.5003
F 0 2 2 1 3 2 0 2 0 0 0 4.3332 3.0000
G 1 1 1 2 3 2 1 1 0 0 0 4.3332 2.4997
H 1 0 0 2 2 2 4 1 0 0 0 5.4997 2.4998
T 1 0 0 0 1 1 1 2 3 2 1 -3.0000 3.0000
33.3667
3.7074
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EXPERIMENT #2 Group 600 N=17
0 1 2 3 4 5 6 7 8 9 10 . S - Q
A 0 0 0 3 2 9 3 0 0 0 0  0.9445 2.1108 -
B i1 0 1 3 5 1 0 3 1 0 2 4.7001 3.8329
C 1 2 4 6 1 2 1 0 0 0 O 3.2499 1.6458
D 1 0 2 6 1 2 1 0 0 0 O 3.9167 1.9416
E o 0 0 1 2 5 2 4 3 0 0 3.4091 2.4377
F 2 2 2 4 & 0 0 1 1 o0 1 3.6252 2.5626
G 3 3 1 4 2 2 0 0 1 0 O 3.3748 3.4586
1 1 0 0 1 1 3 1 1 2 5 2 2.7500 4.1328
I 1 0 0 0 2 2 0 0 6 2 4 2.4168 5.2500
' ' 28.3871
3.1541
6.8459
EXPERIMENT #3 . Group 600 N=18 :
0 1 2 3 4 5 6 7. 8 9 10 S Q
A 1 0 0 2 3 12 0 0 0 0 0 0.7500 1.1247
B 2 1 2 4 2 1 1 4 1 0 0 4.0000 3.2502
C 2 6 1 3 3 1 1 0 0 1 o0 3.0000 2.5833
D 1 2 3 4 3 3 1 0 1 0 O 3.7502 2.6667
E o 0 0 o0 2 7 3 2 2 1 1 4 .0000 2.3926
F 4 1 2 2 4 2 2 0 1 0 0 4.0000 3.7502
G 3 3 2 3 3 3 0 1 0 0 0 3.3335 3.3335
H o 0 0 0O 1 6 1 1 5 3 0 3,0000 3.3167
I 1 0 0 0 0 1 0 4 3 6 3 2.0000 2.1250
27.8335 '
3.0926
6.9074
EXPERIMENT #4 Group 600  N=18
0 1 2 3 4 5 6 7 8 9 10 S . Q
A 1 1 0 0 2 12 2 0 0 0 © 0.7500  1.3748
B 2 1 2 4 2 1 1 4 1 0 O 4.3333 3.0000
C 2 6 1.3 3 1 1 0 0 1 O 3.0000 3.2919
D 1 2 3 4 3 3 1 0 1 0 0 4.50053 2.9582
E o 0 0 o0 2 7 3 2 2 1 1 4.0000 2.3926
F 4 1 2 2 4 22 0 1 0 O 5.0000 3.4999
G 3 3 2 3 3 3 0 1 0 0 O 2.7143 3.4285
H o 0 o o0 1 6 1 1 5 3 1 4.6667 1,9167
I 0O 0 2 3 6 3 0 2 2 0 0 4.6665  2.0000
29.8098 <
3.3122

6.6878
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EXPERIMENT #5 Group 600 N=18
o 0 1 2 3 4 5 6 7 8 9 10 S . Q
A 1 0 1 1 2 8 2 1 1 1 0 1.5005 3.9374
B 2 1 5 1 2 3 1 1 1 0 1 4.0000 3.5333
C 0 1 4 5 6 1 0 1 0 0 0 3.7999 1.7084
D 0 2 1 4 4 4 1 2 0 0 0 4.5000 2.2502
E 1 0 0 0 3 5 4 3 1 0 1 4,0000 2.1667
F 3 1 1. 4 3 2 1 1 1 0 1 4.0000 3.2498
G 1 2 4 4 3 2 0 1 0 0 1 -~ 3.5000 2.4583
H 1.0 0 2 3 3 3 1 3 1 1 - 5.0000 3.6665
1 0 0 1. O 1 1 15 2 4 3 3.0000 2.5250
~ ' 33,3004
3.7000
6.3000
EXPERIMENT #13 Group.600 N=17
0 1 2 3 4 5 6 7 8 9 10 S Q
A 0 0 1 2 1 11 1 0 1 1 0 0.8182 2.8411
B 1 2 4 3 2 2 1 2 1 0 0 3.6665 3.3749
C 0 2 2 6 2 3 1 1 1 0 0 3.8335 2.4163
D 0 4 1 3 4 3 1 2 0 0 0 4.2502 2.9997
E o 1 0 0 5 6. 2 3 1 0 0 4,8928 2.0999
F 2 2 1 3 2 5 2 1 0 0 0  4.5005 3.1998
G 0. 3 1 6 3 4 0 0 0 1 0 3.8335 2.0417
H 0 0 0 2 5- 5 0 3 1 1 0 5.7999 2.8666
1 0 0 0 0 0 3 1 3 3 4 3 . 2.6665 3.1251
‘ - 34.2616
3.8068
6.1932
EXPERIMENT #11 Group 600 N=17 . _
' 0O 1 2 3 4 5 6 7 8 9° 10 S Q
A 0 1 0 2 2 10 1 0 1 0 0 0.8501 2.3250
B 0 2 3 6 1 3 1 0 0 0 1 3.5835 2.4998
C 0 0 2 5 4 4 0 o 1 0 0 4,.3748 1.9871
D 0 0 3 4 6 2 0 1 0 0 1 4.2499 1.6459
E 0 0 0 3 3 7 2 2 0 0 0 4.8750 2.6519
F 2 1 1 3 1 4 1 2 2 0 0 5.1249 3.6667
G 0 0 4 2 4 4 1 1 0 0 1 4.6252 2.5626
H 0 1 O 2 3 5 2 3 1 0 0 5.7999 2.8666
I 0 1 0 1 0 1 1 3 7 2 1 2.7856 1,7382
' - 36.2689
4.0299

5.9701
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5.6333

EXPERIMENT #16 Group 600 N=18
. 0 1 2 3 & 5 6 7 8 9 10 S Q
A 0 1 1 1 1 8 3 2 1 0 o 2.0000 3.6876
B 2 2 4 1 3 5 0 2 0 0 O 4.0000 3.1748
C 0o 0 6 6 1 5 0 0 0 0 O 3.5002 2.3500
D 0O 3 6 2 4 3 0 0 0 0 O 3.0000 = 2.3752
E 0O 0.0 2 4 6 1 3 2 0 0 .3.6999 2.5417"
F 1 2 5 1 3 4 0 0 2 0 0 4.0000 5.0750
G 1 0 3 3 8 1 2 0 0 0 O 4.2500 1,6458
H o 0 2 1 2 5 1 4 2 1 0 5.2001 2.8753
I 0O 0 1 0 1 2 3 4 5 1 0  2.7502 2.8002
' 32.4004
3.6000
6.4000
EXPERIMENT #17 Group 600 N=18
0 1 2 3 & 5 6 7 8 9 10 S Q
A 1 0 0 1. 2 12 2 0 0 0 0 0.7500 1.3748
B 1 0 1 4 1 4 1 3 2 1 0 5.5000 3.8746
C 0o 2 0 5 2 5 0 2 2 0 O 5.0000 2.3999
D i1 1 2 7 5 0 1 1 0 0 o0 3.7143 1.4285
E 0O 0 1 0 3 5 3 4 2 0 0  4,0000 2.2748
F 2 1.3 4 2 3 1 2 0 0 0 3.7502 3.0000-
G 0 1 1 4 4 2 3 1 1 0 © 4.7502 2.8746
H o 0 o 3 1 8 2 1 2 1 O 5.3751 1.6875
I 2 0 1.2 0 1 2 5 1 1 3 3.7999  4.7502
36.6397
4.0711
5.9289
EXPERIMENT #26 Group.600 N=18 _
0 1 2 3 4 5 6 7 '8 9 10 S Q
A 1 0 0 1 2 7 4 2 1 0 © 2.0000 2.8575
B. i 2 2 2 4 2 1 1 2 1 0 4.5000 3.7502
(of o 2 0 5 2 5 0 2 2 0 O 4.0000 3.1501
D 1 1.2 7 5 0 1 1 0 0 0 5.0000 2.6668
" E 0O 0 1 0 3 5 3 4 2 0 O 4.5000 3.2709
F 2 1 3 4 2 3 1 2 0 0 0  5.0000 3.0667
G 0 1 1 4 4 2 3 1 1 0 0 5.2001 2.5417
H- o 0o 0 3 1 8 2 1 2 0 © 5.3000 2.0502
I 2 0 1 2 o0 1 2 5 .1 1 3 3.7999 1.9166
‘ ' 39,3000
4.3667
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0 1 2 3 4 5 6 7 8 9 10 B Q
A 10 1 1 3 11 0 1 0 0 © 0.8182 1.4241
B 2 6 1 6 0 1 0 1 0 0 1 3.0000 2.3334
C 0O 5 2 4 0 4 2 0 0 1 O© 3.5000 3.7252
D 1 3 4 3 3 2 1 1 0 0 0 3.3335 2.7081
E 0O 0 0 2 0 9 1 2 4 0 O 5..0000 2.4720
F 2 2 2 2 2 6 2 0 0 0 O 4.5005 3.3331
G 1 2 2 6 2 3 1 0 1 0 0 3.6667 2.4170
H 0 0 1 2 6 5 2 1 1 0 0 6.0000 1.6500
1 0O 0 1 1 0 1 1 1 1 7 5 1.5714 2.6001
: ' 31.3903
© . .3.4878:

6.5122
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6.8899

EXPERIMENT #2 Group 700 N=22
' 0 1 2 3 4 5 6 7 8 9 10 S Q
A 0 0 0 .1 1 19 0 1 0 0 O 0.5790 0.5790
B 3 1L 2 0 4 9 1 2 0 0 O 5.1112 2.9720
c 0 3 0 10 2 4 0 2 1 0 O 3.8000 2.1252
D o 1 0o 7 5 7 1 1 0 0 O 4.6001 1.8573
E o 0 0 0 1 3 7 5 6 0 0 3.0000 1.8689
F. 4 3 4 1.3 3 1 2 1 0 0 3.0000 4.0000
G 1 8 2 6 1 4 1 0 0 0 O 3.0000 2.3544
H 0o 1.0 2 O 4 3 1 6 3 2 3.0000 3.2919
I oo 0 0 0 1 2 1 5 9 1 3. 2,7778 3.5333
’ ) - 28.8681
3.2065
6.7935
EXPERIMENT #3 Group 700 N=22 . _
0 1 2 3 4 5 6 7 8 9 10 S8 Q
A 0o 0 0 1 8 10 1 1 1 0 0 1.1251 1.2626
B 2 0 2 2 3 5 1 5 1 1 0 5.3999 3.5497
c 0o 3 3 5 0 5 1 2 3 0 O 4.0000 4.4169
D 0 2 1 5 4 5 3 2 0 0 O 4.5000 2.3999
E 0o 0 0O 1 0 8 2 9 2 0 O 3.0000 2.0487
F 1 1 2 3 7 0 3 3 2 0 O 4.5713 3.3328
G 0 5 3 4 6 3 1 0 0 0 O 3.7503 2.5835
H o 0.0 2 2 5 0 6 5 2 0 3.6667 370000
I 0 0 0O 1 0 4 5 3 6 3 1 3.3336 2.4499
34,5269
3.8363
6.1637
EXPERIMENT #4 Group 700 N=22
. 0 1 2 3 & 5 6 7 8 9 10 S Q
A 0 0 1 1 5 12 1 2 0 0 O 0.9166 1.4414
B 0 3 4 5 4 4 0 2 0 0 O 3.7998 2.5000
C 0- 3 5 8 0 3 0 1 3 1 o0 3.3751 2.6666
D 0o 5 0 9 2 2 3 0 0 1 0O 3.6666 2.1942
E o 0 o0 o0 2 7 5 4 3 1 0 3.9349 2.0000
F 1 1 3 6 3 3 4 1 0 0 O 4.,0000 2.7496
G 0O 6 4 6 4 0 2 0 0 0 O 3.1669 2.2081
H c 0 o0 o0 2 8 1 6 3 2 O 4.,0000 2.4792
I 0O 0 0 0 2 1 3 4 3 8 1 2.6664 2.6040
' 27.9913
3.1101
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EXPERIMENT #5 Group 700 N=22
0 1 2 3 4 5 6 7 8 9 10 S Q \
A 0 0 0 4 6 9 2 0 0 0 1 1.3333 2.1392
B 0 2 1 4 0 3 4 3 2 1 2 6.2503 4.2079
C 1 6 4 6 0 3 1 5 1 1 o0 4.0000 4,2168
D 0 1 1 3 2 6 3 3 3 0 O 5.6667 2.9167
E 6 0 0 2 5 6 5 3 1 0 O 4.9444  2,0000
F 0o 1 1.5 7 2 3 3 0 0 O 4.5713 2.4664
G 1 2 203 4 4 3 2 0 0 O 4.,5713 3.0000.
H 0O 0 0O 3 4 6 3 5 2 0 0 5.1669 2.4249
I 1 0 1 3 1 4 15 2 4 0 4.0000 3.7486
' E 40,5042
4.5005
5.4995
EXPERIMENT. #13 _Group 700 N=22
- 0 1 2 3 4 5 6 7 '8 9 10 S Q
A 0 0 2 2 4 11 1 1 0 o0 1 1.0000 2.7497
B 1 1 4 5 2 5 1 3 0 0 O 4.0000 2.8249
C 1 1311 3 1 2 0 0 0 O 3.5454  1.1210
D 0O 2 2 9 4 3 0 2 0 0 O 3.7778 1.7084
E 1 o 1 2 5 6 1 3 2 1 o0 4.9398 2.8664
F 0O 1 3 4 3 4 5 2 0 0 0 5.0000 2.9249
G o1 6 7 2 4 1 2 0 0 O 3.5713 2.3750
H o 0 1 2 5 4 3 6 0 0 O 4.5000 2.7832
I 0O 0 0 1 1 5 0.1 8 5 1 2.6251 3.4003
‘ 32.9594
= 3,6622
6.3378
EXPERIMENT #11 Group.700 N=22 _
0 1 2 3 4 5 6 7 8 9 10 S Q
A 0 0 1 3 3 10 2 1 1 0 O 1.1666 2.7248
B 0O 2 1 4 0 3 4 3 2 1 2 5.2500 1.8127
C 1 0 4 6 0 3 1 5 1 1 o0 4.6001 2.3249
D 0 1 1 3 2 6 3 3 3 0 0 4.,6110 1.5000
E 0O 0 0 2 5 6 5 3 1 0 O 4.9324,  2.0000
F 0 1 15 7 2 3 3 0 0 O 5.0000 2.5000
G 1 2 2 3 4 4 3 2 0 0 O 4.,5006  .1.3991"
H 0 0 o 3 4 6 3 5 2 0 O 5.1001 2.0668
I 1 0 1 3 1 4 1 5 2 4 0 4.2002 2.8751
‘ 35.8567
3.5396

6.4604
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0 1 2 3 4 5 6 7 8 9 10 S Q
A 0 1 1 1 5 11 1 1 0 o0 1 1.0000 1.9989
B 10 4 5 3 5 0 3 1 0 O 4,3336 2.6001
C o0 1 0 9 2 5 1 0 1 0 o0 4.5006 2.3998
D 0 2 1 6 8 2 1 2 0 0 O 4.,2500 1.5210
E 0 0 0 6 2 5 4 4 0 1 O 4.8750 3.1774
F 0 3 4 2 4 5 2 2 0 0 O 4 .5000 3.0751
G 0. 0 8 5 3 4 0 1 0 1 o0 3.6001 2.4373
H 0 0 1 1 3 5 3 6 2 1 0  4.6664  2.4831
I 0 0 0 1 2 2 2 4 5 5 1 3.0000 2.8506
’ 38.1944

4.2438

5.7567
EXPERIMENT #17 Group 700 N=22

0 1 2 3 4 5 6 7 8 9 10 S Q
A 1 0 0 3 2 15 0 1 0 0 O 0.7334 1.3836
B 0O 0 &4 3 5 2 2 2 3 0 1  4.7998 3.7497
C 0o 0 4 3 5 2 2 2 3 0 1 5.0000 2.5417
D 0o 0 1 6 3 7 0 3 1 0 O 5.1430 2.1788
E 0O 0 0 2 1 12 1 2 3 0 o0 4.9523  2.0916
F 0 1 3 4 4 6 1 1 1 0 1 4.7503 2.3748
G 0 0 3 6 6 5 2 1 0 1 o0 4.3333 1.8834
H o 0 1 0 2 9 3 4 1 1 1 4.3336 2.0974
I 1 0 2 0 4 3 3 6 1 2 0 4 .6664 2.9585 .
' 38,7121

4.3103

5.6987
EXPERIMENT #26 Group. 700 N=22

0 1 2 3 & 5 6 7 8 9 10 S Q
A 0 1 3 0 4 11 1 2 0 0 O 1.000 3.7497
B O 1 2 6 4 5 1 2 1 0 0 4.5000 2.0832
C 0 0 4 5 4 6 1 1 1 0 O 4.5000 2.283¢4
D 0 1 3 53 5 5 2 1 0 0 O 4.3999 2.1998
E o 1 3 2 1 7 3 3 1 0 O 4.8824 3.4996
F o1 0 4 2 8 3 1 2 0 O© 5.5000 2.2503
G 0 1 26 2 6 3 2 1 0 O 5.0000 2.5002
H 0 0 0 1 6 8 2 5 2 0 O 5..2500 2.23%6
I 0O 0 0 1 4 4 3 3 4 2 1 4.3336 3.2502
' 39,3600 ’
4. 3440

5.6260
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EXPERIMENT #35 Group 700 N=22

0 1 2 3 & 5 6 7 8 9 10 B Q
A 0 o0 1 1 4 1& 1 0 1 0 0 0.7857  1.2321
B O 2 6 5 6 2 0 1 0 0 0  3.600L  2.0000
c 0 2 5 7 4 1 1 2 0 0 0 3.5713  1.9249
D 0o 2 5 3 4 5 2 1 0 0 0  4.2503  2.7998
E o 0 0 4 2 8 1 4 3 0 0 5.6251  3.1713
F o 1 2 4 5 4 2 2 2 0 0 4,7998  2.6248
G 0 1 4 4 4 9 0 0 0 0 0  4.5000 2.2640
H 0O 1- 0 0 5 8 2 4 2 0 0 5.3751  2.2248
I 0 1 0 0 5 8 2 4 2 0 0 2.6664  4.1249
33.9236
3.7693

6.2307
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_CHEMISTRY 3015
'LABORATORY SCHEDULE
FALL, 1969-70

“WEEK OF -FIRST "LABORATORY - SECOND LABORATORY
Sept. 10 NO: CLASSES - CHECK--IN LAB
Sept. 15 'Exp..1l, Crystallization ~Exp.. 2, Melting Points
Sept. 22 .Exp. 3,.Distillation-Boiling _Exp. 4,. Fractional

- Pts. ' Distillation
Sept. 29 - Exp. 5, Qualitative Analysis Exp. 5, continued
Oct. 6 "Exp. 6, Hydrocarbons *m-Dinitrobenzene
Oct. 13 i Exp. 13, Cyclohexanol; -Exp. 13, continued

< Alcohols .
-0ct. 20 Exp. 11, n-Propyl Bromide . Exp. 11, continued
Oct. 27 *Methyl Ethyl Ketone and ' Complete Methyl Ethyl

start *Fermentation Ketone

“FIRST LAB ' EXAM ~-- TUESDAY -~ OCTOBER 28 -~ 5:30 P.M. -- ES. 317

" Nov.

“Nov.

Nov.

‘Nov

. Dec.

i Dec.
.Dec.

SECOND
‘Dec.
:Dec.
Jan.

Jan.

3

10

17

.. 24

8

15

.22

29

5

12

*Complete Fermentation . Exp. 16, Carbonyl Compounds

"Exp. 17, Acids *Methyl Salicylate

*Complete Methyl Salicylate ‘Exp. 20, Saponification of,
Isoamyl- Acetate

*Butter Thanksgiving Vacation

*0leomargarine . Exp. 25, Acetylsalicylic
‘Acid

Exp.. 26, Properties of Amines ~Exp. 30,- Diazo. Compounds

- Exp..29, Sulfanilamide - Exp. 29, continued

1AB EXAM. ~~-.  THURSDAY -- DECEMBER 18 =--.5:30 P.M. =-=- ES 317
- Christmas Vacation |

Christmas:Vacation

'Exp.. 36, Carbohydrates : CHECK~-OUT QOF LAB

- FINALS WEEK

*Mimeographed experiments
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- Name ‘ __ Lab.. Subsection:
Sex Age Date of Birth Class:_-So Jr Sr Gr
Marital Military Status

Status: (service, reserve, ROTC, NG,/classification)

Stillwater‘Address: Phone

Home Address:

‘College: Major: ‘ Proposed. Vocation:

Do you work? ‘ Approx. how many hours per week?

- Chemistry Background:
-High' School Chemistry: School

Approx.. Enrollment: Year Taken: ~Fr So Jr Sr  Text Used:

How often did you have 1lab? Grade Received

Freshman Chemistry: - Number? Name: Hrs: Grade:

Institution where taken:

Other Chemistry Courses: : Number: Name ; Sem. Hrs.

Institution: Grade:

Did your high school course contain any organic? How much? -
Did your freshman course contain any organic? How much?

Overall GPA: GPA in Major: GPA in Chem. Courses:

The next two pages contain a survey to determine your background
in some: laboratory techniques. Many of the names will be strange to
~you. .Some of the names or techniques are common to anyone who has had
any introduction into the chemistry laboratory.

.This survey will not be used in any way to determine your grade.
It is part-of our program to revise our courses to make. them more
relevant and meaningful.

This survey will be taken in two parts. First to indicate your
entering skills then at the conclusion of the course to reflect the
changes. Look at the responses in.the first section (1~4).  These
are the entering skills or behaviors. Merely place an x or a ¢ in.the
appropriate column after each of the 55 skills.
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- Chemistry 3112, 3252, 3015
8/19/69/jr

This is an inventory of the apparatus in your desk. You will be held
responsible for all this equipment which must be returned clean, dry and
in good condition.at the end of the semester or at any time that you
drop .the course.

Beaker, 50 ml. .49

WHERWNHEFRRRERRRRRERRRRERNDNRRFRFF e

Beaker, 100.ml. 4 .53
Beaker, 250 ml. . .49
Beaker, 400 ml. .58
Beaker, 600 ml. .73
Beaker, 800.ml. .89
Bottles, 1 oz., glass stoppered, narrow mouth, ea. .85
Bottles, 1 oz., glass stoppered, wide mouth, ea. 1.15
Cylinder,. graduated, 10 ml. 1.15
Cylinder, graduated,. 50 ml. 1.45
.Cylinder guard, 10 ml. ' .10

' Cylinder guard, 50 ml. .15
‘File, triangular,. 4" 40
"Flask,: Erlenmeyer, 125 ml. . .58
Flask,: Erlenmeyer, 250 ml. .60
Flask, filter, 125 ml. ‘ ' .1.95
'Flask, filter, 500 ml. ‘ 2.67
-Forceps .30
: Funnel, short stem, pyrex, 50 ml. .75
‘Funnel, Buchner No. 1, 56 mm. with stopper 2.87
Funnel, Hirsch, No. 000, with stopper 1.85
Glass rods, each. .08
‘Medicine droppers,. ea. .05
Melting point tube, Thiele 4.41
;Rubber stoppers - 1 No. 2, solid .03
1 No.. 2, l-hole .03

1 No. 00, solid .02

1 Scoopula .30
1. Spatula, nickel, double end ' 1.25
6 Test tubes, 13 x 100 mm., pyrex, ea. .07
6 Test. tubes, 18 x 150 mm., pyrex,.ea. A1
1 Test tube brush, medium .15
1 Test tube clamp .25
1 Test tube-rack, 13 place, drying pin 2,25
6 ' Tubing, rubber,. 1/4 x 1/16" 1.08
2' Tubing, rubber, 1/4 x 1/8" .72
1 Watch glass, pyrex,. 125 mm. .23
1:Water bath, 6" 6.50
1 Wing top .45
1 Wire gauze, asbestos center .27
1 Withdrawal pad ' .N.C.
1 Vial : .05
1 Sidearm Tube -2.30
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"ORGANIC KIT

1 Box Polyestyrene,. Expanded

1 Condenser, West Type, 200 mm. 19/22 joint 7.36
1 Distilling.Column, 200 mm. 19/22 joint 8.40
1 Flask, Round Bottom,.25 ml. 19/22 joint 2.51
1 Flask, Round Bottom, Single Neck, 50 ml. 19/22 joint 2.51
1 Flask,.Round Bottom, Single Neck, 100 ml. 19/22 joint 2,41
1 Flask, 250 ml. with side tube, 19/22 joint 3.11
. 1: Flask, 3-neck, angle type, 500 ml. 19/22 joint 9.83
1 Funnel, separatory, pear-shape addition, w/teflon
plug, 125 ml. 19/22 joint 13.74
-1 Stopper, Glass, solid, 19/22, each ' "1.57
1 Tube, adapter, straight, 19/22 joint Thermadapter 1.66
1: Rubber connection for straight adapter .26
1 Tube, bleed, gas (steam) - .37
1 Tube, connecting, 3-way, paralleled side arm, 19/22 joint
claisen . 6.85
1 Tube, connecting, 3~way, 19/22 joint 5.81
1 Tube,. connecting, distilling, 19/22 joint adapter ' 5.09

1 Thermometer, =10 to-360°C ' 2.85
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Some -experience but. no proficiency.

need for some aid from a fellow student.
Some\knévledge but no experience.

Can perform the techmique but feel neéd

for som¢ help from the imstructor.

Did not use or need this technique

in this class.
Vague recollection of the technique.

I do not know whén or under what
circumstances this would be used.
I feel that 1 know when and under
what conditions I would use this.
Feel that I have gained skill and
Can perform the technique hut feel

am proficient in the technique.
Can perform the technique without

difficulty.
Can perform the technique alone

1 feel that 1 know some circum—
. stances when this could be useda
but lack confidence.

Proficient in the technique.
Bave no knowledge or experience.

11.
1.

111,
8.
7.
3.
2.
4.
3.
20
1.

A Had no knowledge. or experience.
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34, Putting standard taper glassware together.
: ’ 35, Friedel-Crafts reaction.

; 36, Using a graduated cylinder,

37. Correcting a thermometer reading.

38, Determining sulfur in an organic compound.

'39. Determining whether bonding 1s saturated

or unsaturated.

40. Using the centigram or decigram balance.

41. Removing noxious vapors from laboratory

desk area,

X ’: 42. Determining preaence of nitrogen in an

organic compound. . i

43. Determining presence of chlorine or chloride. )

. 44, Removing highly flammable solvents.

45. Sharpening a cork borer.

46. .Bending glass tubing.

47. Removing a colored impurity from a colorless s [

sample.

48, Determining presence of phenolic ring in

compound.

49. Use a laboratory gss burner (bunsen burner}.
50. Soxhlet extraction. )

51. Treating an acid burn. .

. 52. Removing traces of water from nonpolar

solvent.

53. Blect‘ric heating mantle.

54. Distinguishing between a.reducing and

nonreducing sugar.

55. Preparing an ester.
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.particular experiment.
One may review the film if and when desired.
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"Experimental. Sections'" ‘Suggested:Film Viewing
.The following list is merely a suggestion.as . to films recommended for a

Subsequent experiments may repeat a technique.

It is also recommended

that you view or preview the films during the-previous laboratery
period.

pare for the next.

(After you complete an experiment you may then begin to pre-
It also prevents a traffic jam at the projectors.)

Film #7 Methods of Heating and #24 Fume A Vapor Removal are of general
interest and should be viewed as soon as convenient.

Week of
. Sept. 10 Expt.

Sept. 22 ‘.

Sept. .29

Oct.
Oct.

Oct.
Oct.
Nov.

:Nov.
-Nov.
“Nov.

Dec.

13

.20
.27

10

17

24

First Laboratory

1, Crystallization
#1. Decolorizing
#2.Supersaturation

#3 .Folding Fluted Filter Paper

#4 -Rapid: Filtration
. #5 Reflux
#6 Use of Boiling.Chips
#7 Methods of Heating
Expt.. 3, Distillation-Boiling
' “Pts.
#12 Simple Distillation
1l: Setting Up
#13 Simple Distillation
2: Operational Hints
#14 Thermometer Placement

Expt. 5, Qualitative Analysis
.#16 Sodium Fusion Tests

l: Test Soin Prep.
~#17A Sodium.Fusion Tests

»2: "Nitrogen Detn.

"Expt. 6, Hydrocarbons
:Expt. 13, Cyclohexanol,  Alcohols Expt.

#18 Steam -Distillation

-#19 Sep & Pur 1::Washing
with a Carbonate

_#20 Sep & Pur 2: Salting Out

. #21 Sep & Pur 3: Extraction
~Expt. 11, n~Propyl Bromide

Methyl Ethyl Ketone

:Fermentation

“Expt. 17, Acids

Methyl Salicylate cont.
Butter

Oleomargarine

‘Second. Laboratory

-Expt. 2, Melting Points
-~ #8 Thermometer Correction
.#9 Melting Point Deter-
mination:
1: Capillary Prepa-
ration
#10 Melting Point Dgter-
mination
-2; Thiele-Dennis. Tube
.Expt. 4, Fractional Distilla-
‘tion
#11 Boring Holes in.Corks
#15 Fractional Distillation

Expt. 5, cont.
#17B Sodium.Fusion Tests
3. Sulfwr determina- .
tion
_#17C Sodium .Fusion Tests
4., Halogen determina-
tion

‘m-Dinitrobenzene

13, cont.

.#22 Sep & Pur 4:: Drying
.#23 Sep & Pur 5: Ether
Removal

-Expt.. 11, cont.

.MEK cont.

.Expt. 16, Carbonyl cpds
Methyl Salicylate

. Expt. 20, Saponificatien

XXX

-Expt..35, Acetylsalicylic
acid



.Week of

Dec. 8

. Dec. 15
Jan.. b5

. First Laboratory

"Expt.. 26, Amines

. Expt. 29, Sulfanilamide
+Expt.. 36, Carbohydrates
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Second Laboratory

‘Expt.. 30, Diazo.Compounds

-#25.Diazotization I
#26 Diazotization II

‘Expt..29, cont.
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SYNOPSIS OF SINGLE CONCEPT FILMS: FOR LABORATORY TECHNIQUES IN: ORGANIC
- CHEMISTRY :

#1 ~ DECOLORIZING (2.02 min.)

Shows ‘a solution of a colorless compound which contains a trace of
a colored impurity. .Shows that filter paper does . not remove the colored
matter.  Solution is mixed with a small amount of decolorizing carbon
(Norit A) and then filtered.

#2 - SUPERSATURATION (1.02 min.)
Shows methods of disturbing a supersaturated solution-including
adding a seed crystal and scratching the inner surface.

~#3 - FOLDING FLUTED.FILTER PAPER (2.23 min.)
Shows ‘an efficient method for folding fluted filter paper. .Also
- shows two. methods for the regular folding of filter paper.

#4  RAPID FILTERING (3.40 min.)

Shows both Hirsch and Buchner funnels. Be certain to wash the pre-
cipitate with small applications of the wash solvent rather than large
applications lest the precipitate appreciably dissolve.

.If the solvent is corrosive to metal a trap should be placed in-
‘between. the filter flask and the aspirator. This also is helpful if the
volume of liquid is greater than the filter flask and there would be a
possibility of the solvent being pulled into the aspirator. This can
, be avoided by halting the operation and emptying the filter flask then
resuming the filtration.

.#5 REFLUX (3.17 min.)
. Shows the reflux condenser in operation. .Shows the proper method
of assembling the apparatus.

_#6 USE OF BOILING CHIPS (1.55 min.)
“Shows erratic boiling without boiling chips. Shows smooth even
_boiling due to the irregularities on, the chips which allow the forma-
tion of bubbles.

#7  METHODS .OF HEATING (2.38 min.)

Using a reflux condenser as an example heating on'a hot water (or
boiling water) bath, steam bath, burner flame with a wire screen, and
burner flame without a wire screen is shown. Heating a beaker is also

" shown on the steam bath.

.Note the possibility which occurs when a burner without a screen
is. used with a flammable solvent.

#8  THERMOMETER. CORRECTION (3.43 min.)

Shows severagl laboratory grade. thermometers immersed.in the same
bath. Shows one thermometer placed in various materials whose temper-
atures are accurately known. It is necessary to use amounts sufficient
to cover the thermometer to its immersion depth. This amount of
material also will change temperature more slowly than would a melting
-point capillary immersed in wax or oil.

-What are. the actual melting (or boiling) points? The following
are not those which appear on the film but are given to present a
similar example.
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cpd: actual °C therm. reading ‘correction
(add to reading)
water (m.p. ‘ 0 + 1.0 - 1.0
m=dinitrobenzene 89.5 90.2 - 0.7
water (b.p.) 99.7 100.4 - 0.7
salicylic acid 156.0 155.9 + 0.1
isatin 200.0 199.4 + 0.6
anthraquinone 286.0 284.5 +-1.5
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©#9  MELTING POINT: DETERMINATION .Part 1: .Capillary Preparation
(2.30 min.)

- Shows two methods of preparing and sealing melting point capillar-
ies.  Shows the filling of capillaries and their insertion in the
rubber ring on the thermometer. .Shows some poor capillaries (red. back-
.ground: bent, misshapen and/or not quite sealed) and some good cap-
illaries (blue background.)

-#10 MELTING POINT DETERMINATION .Part 2: Thiele-Dennis Tube

(1.35 min.)

Shows the capillary in the Melting Point Tube. (An alternate
method not shown would be to clamp the tube as indicated and clamp .the
cork holding the thermometer somewhere above the maximum temperature to
be determined. This allows reading temperatures near the mouth of the
Tube and it would not be necessary to cut a channel in the cork: to
allow pressure equalization.

Shows the melting of the sample in. the capillary. .Note. the temper-
ature when the melting begins and the temperature when the melting is
complete. (If heating occurs too fast the thermometer reading when . the
last crystal metls will be higher than the melting point actually is.
What is the melting point range of this sample?

.#11 . BORING HOLES IN CORKS (2.33 min.)

Shows cork selection, cork borer selection, and sharpening the cork
borer. On boring the hole note that merely pressing down on the borer
does not drill the hole easily. However by pressing down and turning
the cutting occurs easily. . A quarter turn is quite convenient--then
turn the cork and twist sagain. Note also that the cork is drilled
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through from both ends toward.the middle. This avoids "blown out"
ends-~see. the bad holes as compared to the good examples. .Shows putting
the cork on tubing (in this case a thermometer). Be certain to lubri-
cate the tubing with water or: glycerol.

#12 SIMPLE DISTILLATION - Part 1: Setting Up (3.22 min.)

Shows proper methods of setting up a simple distillation apparatus.
It includes the recommended order of placement as well as placement of
clamps. Shows recommended methods of securing the receiver adapter' and
- clamping the receiver.

#13  SIMPLE DISTILLATION Part 2: Operational Hints (2.38 min.)

Shows what happens when either the receiver or adapter is not
clamped. . Shows filling the flask and insertion of the thermometer.
.Note flask should not be filled more than 2/3 full. If more liquid
must be distilled use a larger flask or distill in several portions--
_then mix the distillates and distill again.

_ #14 . THERMOMETER -PLACEMENT = (2.38 min.)

Using a known compound (aniline) it shows the relation of the pot
temperature to the temperatures in the.column above, at, and below  the
outlet. What is the temperature you actually wish to measure? If it
is the temperature of the vapor which is leaving then where should the
thermometer bulb be placed?

#15 FRACTIONAL DISTILLATION (4.03 min.)

Shows two column.types.  Shows receiver changing. No distillate
will be lost if when the temperature is reached for the change, the
heat is removed and the few drops of distillate present in the condenser
are allowed to come over. The temperature as registered on the ther-
mometer will drop.slightly. . Change the receivers then resume heating.
.Note that no.-distillate will. come over until the temperatures at which
heating was. stopped.is reacted.

#16 °SODIUM FUSION TESTS Part l: Solution Preparation (3.49 min.)
Shows the method of using.soft glass test tubes in a transite
-square. Be certain to place.the piece of sodium.on filter paper to
absorb the kerosine. Be certain to use distilled water in.the beaker.
(What would you expect to find if you used tap water?)

#17A SODIUM.FUSION TESTS Part 2: Nitrogen.Determination  (1.45 min.)

Shows the procedure for determining-the presence of nitrogen.  The
‘blue or blue-green color may not appear. for several minutes. If in
doubt filter the solution. . The blue is due to Prussian (or Turnbull's)
Blue-~the iron (11)(11l) cyanide.

v#17B SODIUM FUSION TESTS Part 3: Sulfur Determination (1.0l min.)
Shows -the procedure for determining the presence of sulfur.

_#17C SODIUM FUSION TESTS Part 4: Malogen Determingtion (1.26 min.)
Shows the halogen test (for Cl, Br, and 1, but not.F.) Frequently
seen.though distilled water is used there is some chloric.contamination
which will produce a thin white precipitate. If a halogen is present
in the sodium fusion.extract it will normally manifest itself as a
dense heavy white silver halide precipitate.
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#18 STEAM.DISTILLATION (3.41 min.) _

Shows the steps to assemble and operate steam distillation. Be-
fore commencing operation (after preliminary running of the steam and
before solution is added or the steam inlet is connected) make certain
that the valve is open so.that the pressure in. the flask and the steam
trap is equalized. 1If this is not done the steam present in the adapter
will condense. thus reducing the pressure and causing the material
present in the distilling flask to be forced into the adapter and per-
haps worse--into.the sink.) (It is rather difficult to distill when
one's preparation is in.the adapter or down.the sink) rather the solu-
tion is placed in the distilling flask turn on the steam then place the
inlet stopper in place.

#19 SEPARATION:AND PURIFICATION .Part 1: . Washing with a Carbonate

(1.19 min.)

Shows  the addition of a saturated aqueous solution of sodium car-
bonate as well as solid potassium carbonate (or sodium carbonate) to
the solution which contains some traces of unused acid. Be careful not
to add too much carbonate so.that the solution. foams over and sample is
lost.)

.#20 - SEPARATION.AND PURIFICATION :Part 2: Salting Out (3.40 min.)
Shows . the addition of sodium chloride to.the mixture of water and

an organic compound. -As the polarity of the aqueous phase is increased

by the addition of the salt the organic compound comes out of solution.

If there is a sufficient quantity of the organic compound the
aqueous phase is removed for ether extraction and the organic:layer
(usually on top) is reserved to be combined with all of the ether ex-
tractions. Otherwise if there is only a small amount of the organic
compound the first portion of ether will dissolve it. (See next film.)-

#21 SEPARATION.AND PURIFICATION .Part 3: Extraction (3.20 min,)

Sheows the addition of ether to the aqueous solution containing
some dissolved organic compound. Kp for this compound in ether and
. water must begreater than 1 for efficient separati n. -Which is more
efficient--one large application or several smaller ones? The following
graph represents pyrogallol in ether and water-
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83.3 /100 ml ether

KD = 2.5 g/100 ml water 1.33 Assumlng.lOO-ml aqueous
.solution.

0 100 ,7200 300 400 500 600 700 800 :ml

Cumulative total amount of solvent used.
(To determine the size of each individual extraction follow a
particular curve to its -initial point. This amount of solvent
was used. for each extraction. The number of points on.the time
indicate the number of extractions.)

Three questions usually present themselves. 1) Which layer should
be saved? 2) Which layer is which? '3) Where should the interface be-
tween the two. liquids be stopped? 'How does the density of water compare
to most organic liquids? ‘Most of the common solvents have a density
‘between 0.8 and 0.99. However there are some common organic liquids
whose densities are greater than 1.0. You should be able to name
several. (If in doubt look in the handbook...) Because dissolved
. solutes alter the density a mere comparison of handbook densities may
not yield the correct information. It is a simple.technique to-add 1
drop of water to the separatory funnel:and watch whether the drop re-
mains in the. top layer or passes through to the bottem layer. (This
~also could be done with the extracting solvent-~in fact it would be
more logical to test with the extracting solvent because the purpose of
_the operation is to cause the solute to preferentially go into the ex-
tracting solvent rather than the water. However one drop.is not crit-
ical at this stage.) Which layer should be saved? Of course the or-
.ganic layer should be saved. But the aqueous layer will contain some
.0f the dissolved compound therefore it -must be saved for subsequent
extractions. . After the final separation the aqueous layer may be dis-
carded. When.in doubt save it with a label until you are certain.
-Where should the interface be stopped? Just before (or as) the top
;layer meets the stopcock or when.it enters.the stopcock? : Ask yourself
what will become of each layer? :During initial extractions the idea
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is to separate the ether and water layerS~then7add more - ether to the
water layer. Under these conditions one would not want water in the
ether. Therefore the ether layer (top layer) would be allowed to enter

the stopcock. If a drop of the ether layer happened to.get through to
.the water. layer it would not matter=--more ether will be added to it
anyway. However if this will be the last extraction one would not want
to lose any ether.  Therefore the interface.should just touvh: the stop-
cock. (Note: .in.the film for demonstration purposes the aqueous layer
is dyed blue. Notice that first the separation is stopped just as the
colorless upper layer (ether) reaches the stopcock. Note that the color
of the liquid in the hole in.the stopcock is'blue indicating-that it '
contains the aqueous layer. Then one drop is allowed to be released.
Now the color of the liquid in the hele in the stopcock is colorless
indicating that it contains the upper layer. If a tiny trace of water
should get into. the ether it would not be too detrimental. -Anhydrous
potassium carbonate or some other dessicant will be added. to absorb the
small amqunt of water which is dissolved. in the ether.

~#22 - SEPARATION.AND PURIFICATION Part 4: :Drying (1.36 min.)

Shows -the use of one dessicant (anhydrous potassium carbonate)
employed to remove small amounts of water which are dissolved in the
ether solution. Other dessicants may be used. Some are mentioned in
‘the film.

_#23 SEPARATION.AND PURIFICATION Part 5:  Ether-Removal (1.12 min.)

Boiling off ether can be quite dangerous. This shows a relatively
safe method using a distillation apparatus and the steam bath as-the
heat source. . Ice.surrounds. the receiver to reduce the evaporation of
the ether. Even so there should be:NO FIRES OR FLAMES in the- laboratory
during this operation. Note that in this case when the solution . quits
boiling the ether has been removed.  The boiling point of this compound
(cyclohexanol) happens to. have a boiling point greater than 100°C.. .What
if your preparation has a boiling point between.that of ‘ether (35%9C).and
that of steam? '

-#24 .FUME AND VAPOQR.REMOVAL (3.27 min.)

Shows the fume hocd in.operation. (Using\NQZ to demonstrgte. the
fume removal visually.) Shows the use of the water aspirator and funnel
for fume: removal at the desk and sink. (NOTE: :Avoid corrosive vapors
-which could damage the metal parts of the water aspirator.) Shows
methods of vapor removal from distillation receivers-and reflux columns.

_#25 'DIAZOTIZATION I (2.52 min.)

Shows the diazotization reaction using sulfuric acid to produce
the aniline sulfate. In this example a 500 ml 3-neck flask is used.
This simplifies the process if further reactioms yield products which
will be steam -distilled.

_#26 'DIAZOTIZATION II (2.08 min.)

Shows the diazotization:reaction using HCl to produce the aniline
hydrochloride. This example uses a single-neck flask for. the diaxoti-
zation reaction. '

. A word of caution.for both examples., Make ceftain}that the pieces
of ice are small enough to enter the neck of the flask-=do not force
them and break the neck.
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-A slow steady drop (one drop every two to three seconds) of the
-sodium nitrite solution is preferable to dumping in- larger amounts
-periodically. The nitrite has a greater probability of reacting in
the desired manner.
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‘FILM SECTIONS ONLY

1.

_Circle the numbers of the films which you have viewed:

1 2 3 A 5 6 7 8 9 10 11 12 13
14 15 16 17A 17B 17C 18 19 20 21 - 22 .23 .24
25 26

2. .List the numbers of the films which were particularly helpful:
3.  List the numbers of the films which were NOT particularly helpful:
4. 1If you did not view a particular film, how did you learn the
© technique? ‘
Watch classmates? Watch lab. partner?
Lab. manual? Other: i
5. - What suggestions would you make regarding the films?
more fewer shorter longer sound
6. What topics not covered in the films do you feel would be helpful?
#1' Decolorizing -#15 Fractional Distillation
#2 Supersaturation #16 Sodium-Fusion: Solution Prep.
,#3-Foldingk§luted.Filere Paper ~ #17A Sodium-Fiusion: :Nitrogen Det'n
#4 . Rapid: Filtering : #17B° Sodium Fusion: - Sulfur Det'n
 #5 Reflux #17C Sodium Fusion: Halogen:Det'n
.#6 Use. of Boiling Chips #18 Steam Distillation
-#7 Methods of Heating - #19 Washing with a Carbonate
. #8 Thermometer: Correction . #20 Salting-Out
" #9 Melting Point (Capillary .#21 Extraction
"Prep'n.)
. #10 Melting Point (Thiele-Dennis  #22 - Drying
’ - Tube) )
~#11. Boring Holes in Corks #23 . Ether-Removal
:#12 Simple Distillation (Setting-. #24 . Fume and Vapor Removal
up) -
#13 Simple Distillation .#25 .Diazotization: I
(Operation%
+#14 Thermometer Placement #26 " Diazotization I1
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SUMMARY OF FILM VIEWING
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RESULTS OF QUESTIONNAIRE SUBMITTED TO FILM GROUP

100 200 300 Total
More films , 1 0 8 | 9
"Fewer films 5 5 0 10
-Shorter films 0 0 1 1
Longer films 4 1 ' 3 8
Sound 10 8 8 26
More copies 0 0 1 1
Slow motion -0 0 1 1
Better viewing area 0 3 2 5

Information source other that from the films:

:Lab partner 3. 1 0 4
.Classmates 6 8 10 24
Lab manual 14 9 13 36
"Instructor 7 9 3 19
Took course before 1 2 0 3
Guessed 1 1 0 2
.Number responding +19 16 21 46

Suggestions for ather films or modification of present films:
More safety precuations (What to do when something.is spilled,
handling glassware.)
Care invhandling samples (maintaining purity, avoidance of

contamination)
What to look for, more on topics '"which the instructors take for
granted that students know . . . sometimes we don't know!"

‘Explanation of reaction mechanisms, more on reactions, films are
useful if the students take the time to view the films.
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wGrﬁuﬁwlN@'fbund(film

SUMMARY OF FILM VIEWING: BY STUDENTS

.Helpful / not

300

Helpful / not

Group ‘Nr found film
200

Helpful -/ not

100

‘Film Group Nr found film

:Nr.

18
19
19
16
19
14
11
11
16
13

10

13

15
.20

12

10

14

10

17
.12

.10

11
12
.13

12

18

14
12

17

14
15
16

13
10

-17

11

13
12

17A
17B

.12

12
15

17C
18
.19
.20

21
.22

10

23
24
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TABLE OF FORMULAS

Mann~Whitney U Test.

n (nl+l)
U = nln2 + 5 - Rl
n. (n,+1)
272
U = nln2 + 0 - R2

Select the smaller U value.

Correction for ties.

A () -

When no ties appear, the -~ T value may be eliminated.

U

LT

.

The Mann-Whitney U statistie, It is interpreted from a.
table of U.values or is placed in the z distribution formula.

Number of items in group 1.

Number of items in group 2.

_ Total number of items.

Sum of ranking of group 1.

Sum or ranks in group 2.

Number of items which are tied in value or rank.
Tie correction vélue for each tied rank.

Tie correction value (sum of T values).

Distribution value. May be interpreted directly in.
probability.
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Friedman Two Way Analysis of Variance

k
2 _ 12 jz 2
*r T W@ 2, Ry - NG
J=1
xi = Friedman statistic, interpreted from a table of chi

square values.

N = Number of rows.
k = Number of columns.
Rj = Sum of ranks for column j.
Z(Rj)2 = Sum of squares of the sums of ranks in the columns.

Randomization test for Two Independent Samples or Student's t test.

s _ X
Xl T n
2
2o opd L EX
2 (< X2
) X -
52 - X - n
n-1 n-1

W
i
—
n
N
i
—
5
1>
'—I
i
o
—_—
5
1
}—l
5

Homogeneity of variance test.

2

Fa,b = 2 (Larger value over smaller

| wn

Separate Variance formula

<
=
I
>
N

::S’ w

e
+ I

N'J |NmN
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Pooled Variance Formula (May also be used for Randomization Test.)

X - X
t = = ‘
1 A /_
K\n + n, - 2 ny n2‘
/
t = Student's t statistic and statistic for Randomization
test. May be interpreted from a table of t values.
X =. Sum of values.
X = Mean value.
n = Number of values.
82 = Variance (alsoo 2) (S symbol is used when a sample
rather than a population is used.)
s = Standard deviation. (also o)
Fa b = Homogeneity of variance.. Interpreted by a table of F
s M

values. a is the (n~l1l) value of the numerator and b
is the (n-1) value of the denominator.

Edwards Median and Interquartile Range

Median
(0.50 = Zh) W
,
S5 = 4+ P
_ (0. 25 -Ib
Cp5 =4 *
_ (0. 75 - b)) W
;5 = 4 *
Where ,?A = interval containing the median or the quartile
be = sgummation to the
summation . of frequencies to interval below
(cumulative frequency of interval .below)-
Pw = frequency within the interval

W = width of interval (1 in all cases in this study.)
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Interquartile Range

Q = €75 = Cys
Chi Square
2
9 (obs — exp)
X = exp -
rows columns
where:
x2 = Chi square statistic .
obs = the observed frequency
exp = the expected frequency
(row total) (column total)
exp = -

grand total

Spearman Rank Order Correlation

6 d?
where: r, = Spearman statistic (sometimes written as rho.
d2 = sum of squares of deviations between ranks
n = number of ranked items

where: t = equivalent to student's t statistic thus the
probability may be interpreted from a table of t
values. '
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Kuder-Richardson Formula #21

2\
(fn st )‘— RW

T
2
n-1) s
(n-1) s
where: ‘
r = Kuder-Richardson reliability statistic
ﬁ = mean of entire examination
W=DN-R
N = total number of items on examination
n = number of examination scores
2 . . . .
st = variance of entire examination

Kruskal-Wallis One Way Analysis of Variance

o
12 o
TtweD g (w0

H = Kruskal-Wallis statistic. For cases of large
values of N, H may be interpreted from a chi
square table.

where:

N = Total number of ranked items
k = number of groups
n, = number of items in a particular group

Xr, = sum of ranks in a particular group
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