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SUMMARY

The intent of this project was to utilize in a unique way sorie of the
recent thinking and research on the teaching-learning process, so that the
lecture method could be replaced by a more effective instructional model.

The area of instruciion was physical science for the non-séience
college student.

At each class meetling a single concept was presented as follows:

1+« As the students entered the lectuie hall each received
a set of mimeographed materisls. The materials consisted
of from seventeen to twenty-two multiple-choice questions,
organized into three categories: A. Concept Development,
B. Data Interpretation, and C. Explanation and Prediction.
The concept itself was succinctly stated at the end of the
questions.,

2, A carefully planncd demonstration, supported by necces-
sary visuals was presented, with as little verbalization as
possible. The demonstration lasted from ten to twenty
minutes.,

3. As soon as the demonstration was completed, the students
were requestcd to answer the questions. Vhen it was felt
that at least 80% of the students had completed a given cate-
gory, the answers were flashed on the screen.

Forty-four concepts were prepared and presented as the work for a two-

semester course. A two-hour laboratory was given each week. The laboratory

work was closely associated with the two concepts presented that week.

The same testing program was used as had been used in previous years
when the straight lecturc technique had been used.

The project was evaluated by a committee of five who had no other con-
nection with the project.

To determine the attitudes and preferences of the students both personal
interviews and Likert-Scale Inventories were used.

While the findings were

multifaceted, with both positive and negative reactions, the important fact
was that there was general. agreement that this method makes a course more
inleresting than one taught by the lecture method.




BACKGROUSD FOR THE STUDY

As college enrollm:ants have increased class sizes have inereased,
and with the increased size of classes the teaching slyle has tended
to be limited to impersonalized lectures, Even the laboratory exper-
jences have become routine, usually based upon "cook-book" type ex-
parirents with reports that can be corrected quickly and routinely.

Science courses have always been poorly rcceived by the non-
science student. As the teaching deteriorated due to the increased
class size the nonscience student became even nore disenchanted with
scicnce courses.

Several years ago this investipgator developed a general education
course in physical science for the nonscience major.

For the first two years that the course was offered, conditions
were such that it could be taught in sections of twenty-four students.
This permitted considerable interaction and a developrenial approach
as opposed to lecturing. Also, the laboratory grouping was identical
with the class grouping and this enabled the instructor to keep the
clasg discussions and laboratory experiences closely related.

In the following four years the demands became such as to require
a large group lecture. It was possible to keep the laboratory sections
at twenty-four,

Within a perlod of two or three semesters it became quite evident
that there was little learning taking place in the lectures; and what
intellectual stimulation the students were receiving was coming from
the laboratory experience. Attendance was very poor in the lecture ses-
sions and laboratory instructors reported that there was no real carry-
over from the lecturc to the laboratory.

The objective of this project was to develop an instructional model
which would involve the individval student in his own learning process.
Of all courses taught at the college level as general education, science
is one which completely misses its objective if the student is not
actively engaged in thinking through the concepts.

The model constructed is built upon some curricular and learning
research carried on by Hilda Taba(1). Although Taba's research was car-
ried out at the clementary level, and the subject matter area was social
studies, this investigator felt that the model held promise for physical
science at the college level, especially in the area of general educa-
tion.

Taba's nodel consists essentially of four parts (1) The first part is
a presentation in the form of a demenstration, a short story, a shorit £film
clip or a film strip. This presentation is then exploited. by class inter-
action with three distinet procedural steps. These steps consist of
(1) concept formation (2) data interpretastion, and (3) extension or predic-
tion of other phencmena on the basis of the concept developed. These.

e




three steps are achicved through a specific form of questioning vhich is at
once open-ended and yet developmentzl. in that the teachzr has the desired
behavioral outcomes clearly in mind.

The model to be constructed for physical science could not bz based
upon verbal interaction with ths class, inasmuch as the group vere on occa-
sion in excess of two hundred students.

The approach used is o develop sets of multiple-choice quastions in a
developmental format, somewhat according to Skinner (2), but using large-
step questions furthermore the yuestions are oriented toward the demonstra-
tion part of the presentation. This naturc of the demonstration and its
relationship to the questiions is explained beloiwr.

Methods, materials and evaluative technigues:

Forty-four concepts of physical science were developed. These concepts
were built around a basic theme and structure. The concepls dealt with the
nature of matter and energy, moving from the simple to the conmplex, so that
the closing concepts show the structure of matter. These concepts are listed
in the appendix. '

For cach concept there is a detailed demonstration and a sel of multiple-
choice questions., The number of quesiions for each concept approximates
twenty. These twenty questions are orgonized according to Taba's threc steps:
A. Concept Formation; B, Data Interprctation; and C. Extension and Predic-
tion. The complete instructional unit for concept XXXITIisshown in the appen-
dix. The wnit consists of a detailed description of the demonstration and
supporting visuals and verbalizations, and the set of questions.

The instructional process is as follows: As the students enter the
lecture hall, each one is given a memiographcd set of materials .which includes
the questions discussed above and a brief and succinct statement of the con-
cept.

Punctuality is encouraged by beginning the demonstration at the exact
minute that the class is scheduled to start. The demonetration, depanding
upon the concept, requires from ten to twenty minutes.

Aks soon as the demonstration is completed the group is instructed to
begin answering the questions. While the students are working on the quesw-
tions the instruvctor and an assistant moves about the lecture room. Students
are encouraged to as questions of the instructors and to discuss the instruc-
tional questiors with one another. When the instructors judge that about 807
have completed the five to cight questions in part A. Concept Development,
the ansuers are flashed on the scrcen and students are instructed to indicate
~ the correct answers on their papers, and to continue on to part B. Data
Interpretation. A similar procedure is followed for the three sections. When-
ever the process is completed the class is immediately dismissed, whether the
formal Yeclass hour" is over or not. R

At the beginning of the semester, and on a number of occasions throughout




each serester, these suggestions are made: Follow the demonstration care-
fully. Vhen instructed to answer the questions, do so by selecting two
optiocns from each item vhich you feol are definitely incorrcct and cancel
then out; select the option which you consider the correct answer from the
three remaining ioptions. Do not move to Section B of your questions until
the answers to Section A have been given. Information discovered in Section
A is usually needed to answer the questions in Section B; the same is true
for Section C. The statement of the concept follows the questions of Sec-
tion C. This should help you understand the items that you missed. This
material is yours to keep, and should serve as the "notes" for the course.
The instructors are available for assistance while you are engaged in answer-
jng the qustions in class, and at spceified office hours. You are free to
discuss the questions with your classmates throughout the presentation.

The testing procedure for the coursc was not changed from the one used
in previous ycars. Two one-hour tests of f£ifty maltipe-choice items and a
two-hour final. examination were given each semester.

|
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The project was evaluated not on the basis of test scores, but in terms
of the attitude toward, and interast in the course. This evaluation was
carried out by a committee; none of whose m2mbers had any other connection
with cither the course or the project. The committce was chaired by a
psychologist whose specialty is research in learming. One member is a
curriculum specialist; another is dean of the Division of Arts and Sciences.
Of the other two mewbers one is a professor of chemistry and the other is a
professor of science education at a sister institution.

The final report of the committee is presented:

Report of the Evaluation Committee for Grant
No. OEG-1-9-080042-C00L(010) Large Group
Instruction through Concept Development,
Dr. Russell Meinhold, Project Director

June, 1970

During the past year the Evaluation Committee has met several times,
continued to observe lectures and laboratory periods, examined prepared
materials, and 3 et with students in class. In addition, a Likert-Scale
Inventory of Student Attitudes and Opinions developed by the conmmitice
earlier was revised for greater reliability and validity.* A summary of the
results of the above activities follows:

1. There does not seem to be a marked change in
students! academic performance. Since there
was no provision made for comparison of groups,
it is difficult to make valid comparisons to
performance levels.

2, Tests administered to the classes seem to have
produced improved grades over the previous yeare.
This improved performance may be attributed to
the close relation between the items included
on the work sheets distributed in class and the

test items.

o 6 % A copy of this questionnaire together with percentage sumaaries item by

A item appears in the appendix. -
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3. According to the individuels interviewesd, the
feedback from students has dindicated that a high
value is placed on laboratory sessions. Attend-
ance at laboratory sessions is very good as
testing is frequent and students are required to
make up sessions which have been missed.

I, Interviewees reported that the new course format
has required that more teaching be included as
a part of the lab session than was formarly
required under the previous course organization.
No marked difference was noted in the nature of
students' questions and in their ability to deal
with abstractions.

5. No chenge in the function of the laboratory
sessions was reported.

6, No marked differences could be noted in the labor-
atory phase of the program as a result of the
institution of the program.,

7. The concepts being presented in the course are
cither too difficult for the stuvdents or they
ars presented at too rapid a pace.

8. Thers appears to be some question about which
portion of the tcaching method is most effective,
the demonstration or the question-responsec, but
there is agreement. that the method is more
interesting than the usval large group lecture
method.

9. Although there may be no large amouni of correla-
tion between the class sessions and the lab ses-
sions, the studenls agree that the lab sessions
are interesting and meaningful.

10. The queslions used to enhance the understanding
of the demonstrations are effective study guides
for the students.

In general, the committee's position is that the project has achieved
most of its objectives.




COHCILUSYORS

There is no doubt that for large group instruction this method of pre-
sentation results in better attendance, better rapport, and increased
interest. The key appears to be student participation.

There is little doubt that the specific materials and certain details
of procedurs, such as the relationship betwecn the amount of time allotted
to demonstration and time for responding to the instructional materials can
be improved. However, there is no doubt that this form of instruction is
superior to either TV lectures or live lectures.

One of the weaknesses of this instructional technique is that, as is the
case with most instruction at the college level, individual differences are
not cared for. The potential is present in the technique but it depends upon
the initiative of the student, which, particularly on the part of the more
able student appears to be entirely lacking. ILecss able, but motivated stu-~
dents exploited the materials and the instructors to take care of individual
weaknesses and difficulties.

Although it was not intended to use academic achieverent as a criterion
for judging the success of the project there is no doubt that (1) a smaller
percentage of students dropped the course, (2) a much smaller percentage
failed the:course, and (3) the average score of examinations was higher.

It is also true, howaver, thers was no improvement in scores on labora-~
tory reports, and laboratory instructors claimod that therc was little oxr
no carry-over from the "lecture" sessions to the laboratory sessions. There
is some evidence that the program of laboratory experiences was not as vell
correlated with the instructicnal sessions as in previous years.

RECOMMENDAT JONS

Certainly the basic recommendation is that other courses, especially for
the non-specialist, be organized and taught in a similar method. It should
be pointed out that hundreds of hours are required to organize a course into
corcepts and then write the muliiple-choice questions sets, and prepare sup-
porting viswal aids and other teaching materials.

As this course was presented two one~hour sessions were allotted to
instruction with the specially prepared materials and one two~hour laboratory
session. It is the opinion of this investigator that the addition of one
one-hour small group sessions for purposes of discussing the questions in
depth would increase the success of this method two-fold at least. This
might increase the likelihood of meeting the problem of individual differ-
ences.

This investigator would like to see this model used and evaluated on
the basis of academic achievement. We can only infer that academic achieve-
ment is increased when interest and rapport are improved.

~
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Electrostatics and Coulcmb's Law

Electrostatic Field and Potential Difference
Electric Current andv'_Ol‘lm's Law

Magnetism and Magnetic Fields

Speed of Light, Eiectromagnetic Spectrum and Ele‘ctron.nagne'bic Ragiation
Diffraction and Interference of Light

Pariicle Theory of Light

Electrolysis

Passage of electricity through gases

Describing the Electron

Sources of Electrons

Positive Ions and Isotopses

Bright Line Spectra and Thomson's Model of the Atom
Radioactivity and Rutherford's Model of the Atom
The Bohr Atom I

The Bohr Atom II

Energy levels

Periodic Table

Electron Cloud




XYXTI1 The Electron: Electrolysis
XXXIIX Part A

Demonstration: Using TOPS projection equipment and electrolysis cell, and
projection ammeter, carry out electrolysis of Cu Cl2 solution.

The cell and the ammeter are projected on screen. The cathode
shows increase in size, indicating that copper is bzing
deposited on the cathode.

Verbal: Discuss the process.

Visual:

/
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Ions of Cu't and cl”

cu’t cathode

2 cl” anode
cutt accepts 2 electrons

Each C1™ gives up an electron

Questions from Section A

Questions. from Section Bt

Demonstrate:

1. Conduction of
a. Sucrose
b. Na Cl
c. Alcohol

Use dilute solutions of earh with a conductivity apparatus
Demonstrate:

Ba (Ot
a (oq)2 + H, SO,

Make barium hydroxide solution by shaking excess of Ba0 in distilled water. Let
stand for 2l howrs and decant. Dilute Ba(OH)2 solution by adding equal parts of

distilled water. Make 800 ml. Place in a rectangular electrolysis tank with
conductivity unit with clear bulb in series. Solution will conduct an electric
current. Arrange buret tube so that 0.1 M stob can be added slowly. Continue

until 1ight goes out, and then goes on. Caution students to watch light closely.

3
3

Students do Section C.




ALTTI The Electron: Electrolysis

XTI
A  Concept development:

1,  The experiment supports the assumption that
a. water conducts electrons,
bs copper.conducts electricitys
Co ions sexrve to transfer electrons.
do elaciicily is really the motion of positive and negative chamgsse
e electrons can ba creatude

2o A beric assumption in an expeviment is that
a8 the copper carwiss positive charges from the cathede to ihe anodes
be the chlorine carries negarive charges fvom anode %o the cathode,
ce tha chlorine changes from negative to positive, '
do tle copper ion carries negative charges from the cathode to the anode.,
e, the chlorine ion gives up an electron to the anode.

3¢ If a current of one ampere were flowing in the circuit, and then the current

were increased to two amperes, we could assume that

ar. the resistance of the entire circuit would be increased,

b, the amount of chlorine given off would be reduceds

ce the amount of copper deposited would te increased,

de ‘the number of electrons passing through the entire circuit would be
recuced, :

'@ there would be no change in the copper, copper ions, chlorine, or
chlorine ions,

o The copper ions
a, loses two electrons
b, loses one electren
Ce Yremains unchanged
d» gains one electron
e, gains two electrons
++
5« Each cupric ion, Cu , requires two electrons to change from an ion to an
atom, The gram atomic mass of copper is 63,54 grams. In order to change
63,5h grams of copper from a solution of copper chloride it requires

ae 63,54 electrons

6, 6,06 x 1023 electrons

ce 1/2 x 6,06 x 20 electrons
de 2 x 6,06 x 1023 electirons

eo 2 x 63,54 electrons
6o  Each chloride ion, Cla, gives up one electron as it changes from an ion to an

atom, The gream atomic mass of chloride is 35,46. If 31.77 grams of copper
are released at the cathode, the number of grams of chlorine that will be

released at the anode is: 23
Qe 350!16 d. 6006 x 10 23
be 2 x 350’46 € 1/2 xX 6(,06 x 10

Co 1/2 X 350)-16

15 .:

=12~




s

If the copper chloride were replaced by lead nitrate, one could predict that
a, No current would flow in the circuit,
be metallic lead would be formed on the cathodes ,
ce metallic lead would be formed on the anode, ;
do chlorine would be formed at the anode, )
ee nitrogen would be given off at the cathode,

op wpeemss
s -‘Ih.l. .’..[

B

1.

.2°

3o

Interpretation of data:

An experiment similar to the one we have just seen was performed under the
following conditions:
1, At the beginning of the experiment thé copper cathode had a mass
of 14,742 grams and the anode had a-mass of 26,401 grams,
2, The readings on the ammefer averaged 710 over a period of
8 minutes and 20 seconds,

Recall that: 1
1l.coulomb is equivalent to 6,24 x 10 electrons
1 coulomb equals one ampere/second '
1 gram atomic mygs cf copper equals 63054 grams
1 cupric ion Cu = requires two electrons to change to an atom of coppere

The number of coulombs of electricity that passed through the solution was
a, 500

bo 5068 18

cn 602L x 10

de 355,
eo 11,659

The number of electrons that passed through the entire circuit was
approximately
ao

00
be 355 21
Ce 262 x 10

de bl x 1018

4 18
Co 2 x 652h X 10

At the end of the experiment (8 mine and 20 seconds) the number of cupric
ions that have changed to copper atoms will bs

21
a, lel x 10
be 202 X% 102:;
0o Lok x 10%
23

do 6,02} x 10
23 “
e» 3.012 x 10




Na . At the end of the experiment the mass of copper that has undergone a change
. Irom ions to atonms will be

"ae lel x 3021 x £2.5h

w2l g
- 6ol x 10
| _— )
be 2.2x10 x 63,5 ,
23

6.C2L > 10

18
Tl x 30 x(.r,Sh. 1

on 4. 40 Trveer

6,02l x 1(}"*"

2
-dy 6,023 > 30 3 x 3177 g ~

21
x 10

. 23
007 3,012 10 x 31,71 -

21
2,2 x 10

Se¢ "Ab the-end of the experiment
a, *he arncre will have inerezsod -in mass.
- be tne cailode will have decreased in mass.
cs the anone and cathode wiil be the same weight as in tho b\,g:l.nn::.nao
do - the catl.ode will have inercased in mass.
€o- both the cathode and anode will have increased in mags.

CTLAY
G Explanation and prediction:-

1. The reason that the alcohol solution did not conduct an electric eurrent _
is that
ao, the-atoms that make up the alcohol molecule have no electrons
b the mol :cule contains carbon atoms
.o, ther no chlorine in alcohol
de” the”e c.I° no icas in a so-ution oX alconol and water
. @p--~alcohol is not really soluble in water

20 ~~~-A--selution of sugar and water does not conduct an electric current
-2 for the same reason that a solution of alcohol and water does-net eonduct
an electric current
"be. bzcause of the large amowmt of oxygen in the sugar molecule
C. because it contains no sodium
.fdes - because it contains no copper
..80 because ths sclution was *oo dilute -

o i ) _”‘“17 .




3a  Of the solutions listed below the one which will not conduct an electric
current is
ae ferrous chloride; Fe 012

b, zinc sulfate; Zn SOh
Co glycerine; CBHS(OH),B
de sodium nitrate; NaNOB
e, ammonium acetate, I\IH’_‘CZHQO2

~

ke In the demonstration with boriwn hydroxide and sulfuric acid,; the reason the
current ceased to flow was due to
a. the presence of sulfuric acid
be the presence of a white precipitate
cs the presence of sulfate ions
d, the absence of ions in the solution
e the absence of electrons in the solution

5s  The reason the light went on as additional sulfuric acid was added was due
to the fact that
a, the borium ions returned to solution
be the sulfwric acid supplied ions to the solution
ce the sulfwric acid rcactzd with the borium sulfate
ds the additional time permitted the borium sulfate to dissolve
e, a new compound was formed that supplied the ions,

. l‘.
"~ ot

Concept “LII0T

‘ Jons in a solution serve to transfer electrons from the negative electrode
to the positive electrode; negatively. charged ions, called anions transfer
their electrons to the anode, or positively charged electrode; while positively
charged ions, called cations accept electrons from the cathode, or negatively
charged electrode,

23
One gram atomic mass of a given substance (6,06 x 10 =~ atoms) requires a
specific number of electrons for the process of electrolysis; and is a
multiple of Avogadro!s number, depending upon the element,




STUDENT FVALUATION FORMS FOR PHYSICAL SCIENCE 101-102

PLEASE FILL INM: College Class
Present Grade Point Average
Sex
Major
Minor

Ve are interested in your opinion regarding the new experimental. format of
Physical Science 10l1. Please circle the most appropriate response to each
of the below questions.
1 2 3 4 5
STRONGLY AGREE NEUTRAL DISAGREE STROWNGLY
AGREE DISAGREE

L/ " one can often feel quite lost in
2749 ( 163 the lecture phase; the material
is very difficult to grasp.

L ; The lecture~demonstration format
"23.3 27, "25. ; ‘o3 produces more learning.than the
more formal lectures to which
I have been exposed in the past.

The concepts taught by the new
lecture format are irrelevant
to the laboratory program.

Interest in larxge group sessions
is much greater, as compared to
other courses, because the 50
minutes have been divided into
different segments.

In order to solve the lecture
problems, a student must
memorize a great deal since

the concepts taught are very
difficult to really understand.

The format utilized by PS 10l-
102 holds students' attention
more effectively than do those
consisting of lectures only.

The lecture technique makes the
laboratory work more meaning-—
ful.

The segment of large group in-
struction that is most valuable
is the first part where the
demonstration takes place.

The lecture is too fast-paced
for the student to grasp the
concepts being taught.




1 2 3 4 5
STRONGLY AGREE NEUTRAL DISAGREE STRONGLY
AGRER: DISAGRER
(7 [T 7 (7 [
16.3 11.6 32,6 39.5
L7 77 [ [ [ 7
20,9 © ‘25,6 11.6 32.6 9.3
[ 7 [/ z:; 557
11..9 38,1 [2'3‘{ 23, ZJr
/7 7 [T [T L
3742 23.3 20.9 16.3 2.3/

L

o7

éTB___l

%7

7 [T [T [T [
20e9 3’409 200‘9 11.6 11 06
[ [T [T [ [T
he7 1.9 27 .9 14.0 11.6
[ IO [ 7 [T
2.3 16.3 9.3 L8.8 23.3
= [ [J [T [T
Lot 7.0 1.6 39.5 37.2

<0
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The lecture format encourages
study outside of regular
class meetings.

Concepts are better learned
when the student deals with
them in the laboratory, there-
fore, lecture-demonstrations
should be eliminated.

The segment of large group
instruction that is most
valuable is the last part
where problems are set in
order to apply the information
and principles.

Less difficult material should
be taught since at present
the student is lucky if he
truly understands half the
material.

If a student misses a large
group lecture-demonstration,
it is difficult to make up the
work on his own.

Most of the laboratory experi-
ments are sc involved that the
student loses sight of the
objectives, and he bogs down
in manipulative techniques.

The concept could be grasped
more readily by stating it
first and doing the demonstra-
tion last.

The lecture is presented such
that each concept taught builds
understanding for the next in
a meaningful fashion.

Responding to the questions
on the sheets distributed to

the class creates a distraction
from the content of the lecture,

10,

)1,

12.

13.

14.

16.

17.

18.

The laboratory experiments merely

confirm what the text material
has already stated and little
additional knowledge is gained.

19.
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Student attention, that is,
talking, whispering, and

the like, is poorer during the
demonstration portion than it
is during the lecture part.

20.

The format makes it easiexr for
the student to develop a real
conceptual understanding in
the course.,

21.

The question sheets eliminate
the necessity of students'
taking notes during the lecture
sessions.

22,

The lecture-~demonstration method
6f presenting the concepts of
science is so effective that the
laboratory program should be
eliminated.

23.

Retention of concepts and infor-
mation from large group presen- 24,
tations is greater under the
segmented format.

The format makes dry concepts
like e/m, unitary charges, etc. 25.
become more real and alive.

The lectiire phase of Physical
Science 101 should be eliminated26.
regardless of the lecture format.

The multiple choice questions
that are used in the lecture

sessions are effective study

gnides for the laboratory.

27.

The laboratory reveals the
"practical side" of the physical28.
sciences, while the lecture
sessions deal mostly with

abstract concepts.

The present lecture format

should be continued. 29,
The lecture technique, together
with the multiple choice 30.

questions, has helped the student
to develop a moxe "scientific
approach" to problem solving in
the laboratory.
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The laboratory experiences axe
meaningful in texms of the
basic knowledge of science that
every informed citizen requires.

As a substitute for the
laboxatory program, the
instructor should demonstrate
the concepts and the students
should record the data as
the instructor performs the
experiment.

31, |

32.
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