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CHAPTER I 

INTRODUCTION 

The experimenter has had the opportunity for the past 

five years to teach at least one class per year of Introduct

ory Physical Science. Introductory Physical Science, or Il)S 

as it is more commonly called, is a one year physical science 

course designed primarily for the ninth grade student. It 

serves as a common foundation for later science courses in 

the senior high school such as PSSC physics, BSCS biology, 

CBA and CHEMS in chemistry. Th:i.s foundation includes not 

only subject matter, but also an attitude of inquiry along 

with experimental and mathematical skills. Thus the course 

is designed to furnish experience in the spirit and substance 

of physical science and to be a good terminal course for 

students not studying any more physical science. 

1 
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THE PROBLEM 

Although the IPS program is designed for use without 

additional teaching aids, its success depends largely on the 

accuracy of observations made by two-student teams working in 

the laboratory. Some students do not work well with other 

students or have difficulty in general working with equip

ment. The observations made by any single team may not 

clearly indicate the results or concepts intended. This 

problem is solved in part by having post-laboratory discussions 

and study of histograms prepared using the data from all 

student teams. Even with this procedure some·students 

have difficulty in understanding the concepts. 

The problem was therefore to determine the effect

iveness of TOPS as a supplement to an IPS program. Could a 

follow-up teacher demonstration of the same principle using 

TOPS equipment and requiring additional discussions and 

drawings assure better understanding of certain concepts 

studied? 
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The philosophy of the IPS course is the development of 

an atomic model of' matter. iJ.'he student, by experimentation 

and guided reasoning, develops a logical sequence of evidence 

which supports this model. The wide variety of matter is 

understood by breaking it up into simpler components. 

Characteristic properties are studied by observing the diff

erent vmys these simpler substances react under the same 

experimental conditions. Methods utilizing these character

istic properties to separate mixtures into as many pure 

components as possible are then developed. From the separa

tion of mixtures the student is introduced to the idea of pure 

substances which exhibit definite characteristic properties. 

The concept of elements is presented by way of an operational 

definition. Elements are those substances that do not break 

up into simpler components. Experiments illustrating the 

decomposition of compounds into elements are included. 

Radioactive samples are used to present some real indications 

of discreteness in matter. Radioactivity is defined as a 

property of atoms. During development of the atondc model 

other properties of matter are introduced such as volume, 

density, and mass. Mass is shown to be the best measure of 

quantity of matter and is used in many of the experiments 

performed. 

Finally, the relationship of molecular motion to heat 

is introduced. Thermal properties of matter are related to 

the atomic picture by theorizing a molecular picture of two 
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basic concepts in physics, the temperature and the quantity 

of heat. Thermal energy is measured quantitatively by its 

effect on water. Specific heats are determined as well as 

heats of reaction, solution, fusion, and vaporization. 
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TEXTUAL l\1ATERIALS 

The Introductor-Y" Physical Science textbook1 (a combined 

laboratory manual and text) contc:.ins discusr;io:r.s of topics 

which lead directly into laboratory investigations. Students 

are able to perform the experlments wit.l:l. a minimum of instr-

uction; diagrams and illustrations in the text simplify the 

assembly fol~ the apparatus used. Each chapter in the text 

ends with a section titled 11 For Home, Desk, and Lab," which 

contains a wide assortment of questions and problems to 

reinforce the student's comprehension of material covered 

in the chapter. 

The Teacher•s Guide2 contains discussions of all the 

important concepts in each chapter; including pre-lab dis- · 

cussions of the purposes and aims of the experiments, expect-

ed duration of experiments, information on the apparatus, 

the necessary materials, recorr~ended procedure, answers to 

questions asked in the experiment, and the degree of precision 

expected in many experiments. Demonstration experiments to 

be performed by the teacher are also discussed. The Guide 

1IPS Group of Educational Services Incorporated, 
INTRODUCTORY PHYSICAL SCIENCE (New Jersey: Prentice-Hall, 
Inc., 196·?) 

2IPS Group of Educational Services Incorporated, 
TEACHER'S GUIDE INTRODUCTORY PHYSICAL SCIENCE (New Jersey: 
Prentl.ce-.Hall, Inc., 1967) 
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helps to identify the problems likely to be encountered in 

lab work according to their degree of difficulty, and includes 

worked-out answers to all the Home, Desk, and Lab problems. 

At the end of the Guide are suggested quiz questions covering 

the material in each chapter. 

The IPS Notebook is used by the students to record 

observations and conclusions arrived at in the laboratory 

and to make graphs and tables of data. Quadrille paper 

simplifies the preparation of graphs, and the pages are 

serially numbered so that the student may add a table of 

contents for quick reference. 
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LABORATORY APPARATUS 

Special low-cost laboratory apparatus was developed 

for use in the laboratory investigations which are an integral 

part of the IPS curriculum. This apparatus is available from 

Prentice-Hall Incorporated Educational Book Division, Engle

wood Cliffs, New Jersey, and is quite simple in design. The 

principal equipment items are briefly described below. 

Equal-Arm Balances, employing stable A-frame bases 

with novel three-point suspensions, molded of high impact 

styrene are used in conjunction with small steel beads to 

measure masses in the laboratory. The bases support rigid 

aluminum beams mounted on triangular steel edges resting on 

floating agate bearings. See figure 1-A. A peg board attach-

ed to a high density pressed wood base is pre-drilled to 

support much of the special apparatus in the specific config

urations required for the experiments. See figure 1-B. 

A heavy-walled glass bottle provided with a special 

gasket is designed to collect gases produced in certain 

experiments. See figure 1-C. Partially insulated heavy 

stainless steel wire is formed into a convenient shape to 

provide electrodes used in electrolysis experiments. See 

figure 1-D. To learn the difference between mass and volume 

and how density rrey distinguish between different substances, 
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the student works with two metal cubes of equal volume, one 

steel and one aluminum, and one rectangular aluminum slab of 

greater volume, These are painted to conceal the identity of 

the metal. See figure 1-E. 

Six compounds, each in its own sealed plastic container 

are used to show the effect of some substances on a photogra

phic plate and on a Geiger counter. Three of the compounds 

are naturally radioactive and three are not. See figure 1-F. 

A special rubber roller and polaroid film are used with the 

radioactive materialso See figure 1-G. Visual evidence of 

radiation from a radioactive source is provided by a simple 

cloud chamber comprising a cylindrical plastic box with the 

bottom painted black. Non-rusting polonium-plated nickel 

wire (source of alpha particles) was inserted in the side wall. 

A pressure mounted blotting paper around the top edge inside 

held the supply of alcohol used to produce the vapor. See 

figure 1-H. 

Some aspects of the atomic model may be illustrated by 

using different objects for the atoms of different elements. 

The atoms of elements "Fs" are paper fasteners: the atoms of 

elements "R" are rubber rings. See figure 1-I. 



J. .. ~··s 

() 
7 
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Thermal expansion of solids is studied by allowing 

steam from boiling water generated in a test tube to pass 

through the length of special aluminum, copper, and glass 

tubes, heating them and causing them to expand. See figure 

2-A. Four brass weight sets, each containing five masses 

(1, 2, 2, 5, 10gram), are used to make a conversion table 

of beads to grams. See figure 2-B. Three wire samples, a 

wooden base, a wire clamp, a pulley, and a stretch indicator 

are used to show that the amount of stretch is a character

istic property of a substance. See figure 2-C. A plastic 

syringe is used as a calibrated chamber to demonstrate the 

elasticity of air and other gases. See figure 2-D. Small 

quantities of different compounds on tiny loops of nichrome 

wire held in a flame display characteristic colors for each 

of the compounds. See figure 2-E. Student assembled spectro

scopes are used to observe discrete colors of light emitted 

by fluorescent and neon lights. See figure 2-F. 

Using a drop of oleic acid students measure the 

thinnest layer that oleic acid will form on a small surface 

of water. See figure 2-G. Two sealed glass tubes, one con

taining bromine and air and one containing bromine without 

air are used to demonstrate the diffusion of gases. See 

figure 2-H. The random motions and velocities of molecules 

in a gas are easily demonstrated with a special mechanical 

gas model consisting of a small motor which drives a piston 

in a plastic cylinder which in turn accelerates small steel 
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balls. See figure 2-Io The fire syringe is a hollow glass 

cylinder, closed at one end and fitted with a piston at the 

other enclosed in a metal safety cylinder with a small window 

near the bottom. When the piston is pushed dovm rapidly the 

molecules increase their speed and temperature enough to 

ignite .a bit of cotton in the bottom of the cylinder with a 

flash seen through the small window. See figure 2-J. Two 

immersion heaters rigidly mounted in a grounded chasis are 

used to perform demonstrations in calorimetry. Matched in 

resistance and connected in series, these units deliver equal 

quantities of heat to two test samples simultaneously. See 

figure 2-K. 

Achievement Tests are an integral part of the IPS 

curriculum. There are three series of special IPS Achieve

ment Tests designated A, B, and C. The tests in series A 

and B are intended for the typical students in IPS and are 

at the same level of' difficulty. The tests in series C, 

however, are easier than those in the other two and are 

designed for the lower ability student. In series A and B 

there are four unit tests; each test is based on about three 

chapters of the IPS course and contains approximately JO 

objective questions. There are five unit tests in series C, 

each covering two chapters of the IPS course and containing 

approximately 25 objective questions. Any of' the tests can 

be administered in one class period of approximately 45 minutes. 
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A separate manual is available for each Achievement 

Test that provides: 

The correct answer and a brief explanation of how it 

can be rationally obtained. 

Incorrect choices that have been made by significant 

numbers of students and possible reasons for these 

choices. 

Percentile scores of IPS pilot classes as a compara

tive basis for grading. 

The Laboratory Tests booklet enables one to evaluate 

student achievement in the laboratory as well as the effect

iveness of teaching. It contains a statement of each lab

oratory problem (for the teacher to reproduce in class 

quantity) and guidelines (Teacher's Notes) for conducting 

the lab tests throughout the course. 



14 

TESTED OVERHEAD PROJECTION SERIES 

The supplementary program, Tested Overhead Projection, 

or TOPS as it is more commonly called, was new to the experi-

menter. He became familiar with it when enrolled in the 

course, SC 531 TOPS, at Florida Atlantic University in the 

summer of 1971o TOPS comprises a collection of lecture 

demonstrations and laboratory experiments in General Chemistry 

selected from the Tested Overhead Projection Series (TOPS), 

published in the Journal of Chemical Education3. Experiments 

were selected for their instructiveness, scope, simplicity, 

and suitability for microprojection with the special equipment 

described below. Each picture page to the right of each 

experiment page in the TOPS book shows four experiments 

illustrating one topic. TOPS can be used to supplement any 

General Chemistry text. The teacher or his student can pro

ject the experiment; the student can carry it out in the 

laboratory or even on the writing-arm of his lecture-hall 

seat. The entire class observes, discusses, explains, and 

suggests additional research where interest is shown. 

3Journal of Chemical Education, Vol. 40, A523 (1963) 
Vol. 42, A409 and A461 (1965) and Vol. 43, A349 (1966) 
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SPECIAL EQUIPI'viENT 

The experiments demonstrated in the program utilize a 

special reaction cell, chemicals, and a projector. The spec

ial reaction cell, or Unicell as it is called, is a device 

made from Plexiglass plastic (polymethylmethacrylate). The 

four vertical dark parts are dividers measuring 8 x 1.4 x 0,5 

em. The horizontal dark part is the base measuring 12.5 x 

J,J x 0.5cm. The two clear sides measure 12.5 x 8.? x 0.25 em. 

The cement used to hold these parts together is made by dis

solving 1-5g of plexiglass in 100ml of ethane, 1,1,2-trichlor

oethane, chloroform, or other solvent to give a water-thin 

solution. See figure J. 

Unicell 

FIGURE 3 



16 

Various accessories are used in conjunction with the 

Unicell in the experiments. See figure 4 

Unicell Accessories 

FIGURE 4 

The single Unicell device costs about ten dollars and suffices 

the student or the beginning teacher to carry out all of the 

experiments. A series of solid and liquid chemicals and solu

tions are used with the Unicell and accessories in the exper-

iments. 
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Any powerful commercial Over-head Projector with a 

horizontal stage which can be laid on its back, and a mirror 

swung above the lens-box to convert it to a vertical stage 

projector may be used with the Unicell to project experiments. 

A homemade Daylight Projector, which may be built at a cost 

of about fifty dollars and is suitable for projection in a 

fully-lighted room, was used in the current work. This pro

jector has a feature not even available on most high-priced 

commercial models. A by-pass through a rectifier causes the 

lamp to burn at half intensity, prolonging its life ten-fold. 

See figure 5. 

A-air-duct Fresnel len~ assembly 
L--I .. mp U&embly 
M-mirror &S.!.embly 
S--stage aasembly 

Teacher Daylight Projector 

FIGURE 5 

Other projectors that may be built at even lower cost are 

described in Micro-Chemistry Projected TOPs4. 

4rbid, pp 2, 174. 
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The projector and Unicell are used together for pro

jection. The Unicell is placed in position "S'" against the 

lens assembly "A". See figure 6. The projected image may be 

focused by sliding the mirror assembly "M" forward or back-

ward while the lamp assembly "L" is held in place. Projection 

takes place when the light from the lamp (1) passes through 

the Fresnel lens (2) through the Unicell (3) to the lower 

mirror (4) where it is reflected up through another lens (5) 

to the top adjustable mirror (6) where it is finally reflected 

to the viewing screen. The top mirror (6) may be tilted up 

or dovm to adjust the image height. 

Projector with Unicell 

FIGURE 6 

The Unicell is also used separately. Each student using his 

own Unicell first carries out the experiment individually then 

in teams of five using a lensless projector. Finally the 
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teacher projects his Unicell while the students record 

observations and explanations. 

The Student WorkbookS includes questions to be inves

tigated individually by the student and observations to be 

recorded such as colors, temperature in cells, and physical 

changes which take place. Explanations were included for 

colors, chemical equations, flow of electrons, and reactions 

both physical and chemical. Research suggested by obser

vations, preferably with results amenable to graphing and 

homework such as consulting tables and working hypothetical 

problem~were included. 

The Teacher's Manua16 contained general instructions 

to the teacher about the experiment, research, and homework. 

Special instructions for a particular experiment and answers 

to questions in the student workbook were included. Explanations 

of reactions and research suggested by experiments along with 

homework answers were also included. 

5Ibid., pp 6-168. 
6rbid., pp 179-180. 



CHAPTER II 

EXPERir.1ENTAL PROCEDURE 

SELECTION OF GROUPS 

Four groups of about twenty-four students each were 

used in this study. These were heterogeneous groups made up 

of ninth grade students including both whites and blacks. 

Two groups were control and two experimental. Each of the 

four groups were told at the beginning of the course that they 

would be involved in an experimental study. The experimental 

groups were exposed to the TOPS presentations in addition to 

the usual IPS material,but the control groups were not. 

SELECTION OF MATERIAL 

Not all portions of the TOPS program were used, but 

only those which develop the same concepts as developed 

in the IPS program. Areas and concepts which are the same 

and on a comparable level are sho~~ in the following table, 

20 
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TABLE 1 

COIVlPARABLE MATERIAL 

IPS PROGRAM SECTION 

2.3* Shortcomings of 
Volume As a Deasure 
of f:1a tter 

3.2 Experiment: The 
Density of Solids 

3.3 Experiment: The 
Density of Liquids 

3.8 Thermal Expansion 
of Gases 

4.2 Experiment: The 
Effect of Tempera
ture on Solubility 

4.9 The Solubility of 
Gases 

4.10 The Solubility of 
Ammonia Gas 

6.1 Experiment: Decom
position of Sodium 
Chlorate 

10.4 Boyles Law 

TOPS PROGRAM EXPERIWENT 

208 Mixing Liquids 
211 Burn Paper 

99 Cartesian Diver 

100 Solids and Liquids 

100 Solids and Liquids 

207 Temperature 

189 H
3

Bo
3 

With Temperature 

187 Ammonia Fountain 

92 Chlorate 

205 Pressure and Number 
of Molecules 

*Numbers under the IPS program such as 2.3 refer to a 
specific section in the IPS text, while numbers such as 208 
under the TOPS program refer to a specific demonstration 
experiment in Micro-Chemistry Projected TOPS, by Hubert N. 
Alyea. 
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PRESENTATION OF ~ffiTERIAL 

The TOPS program was presented by teacher projection 

and discussion to the experimental IPS groups. To illustrate 

how this was done the first and second paired concepts in 

Table-! will be used. Following the students reading aloud 

"Shortcomings of Volume As a Measure of Matter" in the IPS 

textbook, the TOPS experiment "Mixing Liquids" was projected 

using a Daylight Projector constructed by the author. This 

projection was done in the following manner. After adjusting 

the projector,two small, identically marked test tubes were 

placed in the center and end of the Unicell. See figure 7. 

I~xing Liquids Initial Projection 

FIGURE 7 
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Into one cylinder was placed two 5ml portions of water which 

totaled lOml. Into the second cylinder 5ml of water and 5ml 

of isopropyl alcohol were placed which clearly totaled less 

than lOml. Each student was instructed to make a simple 

drawing of the projected cylinders and indicate the respective 

levels .of separate and combined portions of liquids. See 

figure 8. 

Mixing Liquids Final Projection 

FIGURE 8 

Class discussion then followed assuring that each student 

had observed that in the second cylinder the combined total 

volume of sample portions did not equal the sum of the 

separate sample volumes. 
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Immediately following this experiment another TOPS 

demonstration was presented, "Burn Paper." A small piece 

of paper was clipped inside a wide mouth bottle. See figure 9. 

Burn Paper Initial Projection 

FIGURE 9 

The paper was then lit,and the bottle inverted and placed 

in a beaker half filled with water. The paper burned for a 

short time,and the water level rose. The students were in

structed to draw the bottle and show the water level at the 
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start and end of the paper burningo See figure 10. 

Burn Paper Final Projection 

FIGURE 10 

Again class discussion followed assuring that each student 

understood that a given amount of substance can occupy two 

different volumes when conditions are changed. 

The supplementary TOPS demonstration "Cartesian Diver" 

was presented next. After setup and adjustment of the pro

jector and equipment, students were instructed to make a 

simple drawing of the projected bottle and the diver inside 

it. See figure 11. 
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Cartesian Diver Initial Projection 

FIGURE 11 

Attention was called specifically to the water level in the 

diver before and after pressure was applied to the sealed 

rubber sheet sealing the top of the bottle. The position 

of the diver as well as the water level in it was also noted 

and dravm accordingly. See figure 12. 
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Cartesian Diver Final Projection 

FIGURE 12 

Each student was then instructed to answer the question, 11 \rJhy 

did the diver dive or sink? 11 Class discussion followed, after 

answers were written, to assure that each student understood 

a given volume may have different density when conditions 

are changed. 

In the second paired concept the students first read 

aloud the experiment 11 The Density of Solids" in the IPS 

textbook. Pre-lab discussion followed in which each student 

was asked to prepare a regular lab report which consists of 

name, course, period, date, title, purpose, data section, and 
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a question section. In the section labled "data" the stu

dents were instructed to use a data table drawn on the chalk

board. Students worldng with their laboratory partners did 

the experiment in which they were first instructed to decide, 

by handling two cubes that looked alike and had the same 

volume, whether or not they had the same or different masses. 

See figure 13. 

I 
I 

Density of Solids Equipment 

FIGURE 13 

Next they were to measure the masses of the cubes on their 

balances and determine which had the greater density. Then 

by handling them, they were to compare the mass of each of 

the cubes with that of a third object of different volume. 

They were then to decide whether the third object is made 

of the same substance as one of the cubes or if it was made 
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of a different substance. Next they were to measure the 

dimensions of each of the three objects and calculate the 

volume and densities. Again they were to decide whether the 

third object was made of the same substance or of a different 

substance from either of the cubes. The density of an 

irregularly shaped stone was then to be determined by water 

displacement. Following their experimental work in the 

laboratory they wrote out questions asked in the textbook 

and answered them. A post-lab discussion followed in which 

one histogram was made for the two cubes and one histogram 

was made for the slab from the students' results. See 

figure 14. 
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FIGURE 14 

These histograms were dravm in the students' laboratory books 

following their original copies of the experiment. In dis-

cussion which followed, the students' results were compared 

to other students' results shovm in the Teacher's Guide. 1 

1IPS Group of Educational Services Incorporated, 
Introductorv Ph,sical Sc ience Teacher's Guide (New Jersey: 
Prentice-Hall Incorporated, 19 7 , p. 9. 
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The supplementary TOPS demonstration "Solids and 

Liquids" was presented next. After set-up and adjustment of 

the projector and equipment, students were shown a project

ion of a bottle and asked to make a simple drawing of it. 

Next four liquids were poured into the bottle and identified 

as, from bottom layer up, mercury, carbon tetrachloride, 

water with red dye in it, and benzene. The students were 

instructed to label their drawings indicating the different 

kinds of layered liquids. Class discussion followed to 

assure each student understood that the different kinds of 

liquids had different weights per unit volume which resulted 

in some being denser than others. See figure 15. 

Bottle and Liquids 

FIGURE 15 

The remaining paired concepts were presented in a similar 

manner. 
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EVALUATION QUESTIONS 

The effectiveness of the use of TOPS was measured by 

comparing the number of correct answers to questions asked 

during individual chapter tests and problems testswith the 

experimental groups to the control groups. 2 The questions 

asked for each IPS-TOPS concept and how they are related are 

listed below. Questions starred were chapter test problem~ 

those not starred were problem test questions. 

*1. Under what circumstances is volume a good 

measure for comparing the quantity of matter: 

(A) all, (B) none, (C) only when two samples 

of the same kind of material are used1 (D) 

only when two samples of the same kind of 

material under the same conditions are used? 

Problem number one is related to paired concepts IPS 2.J, 

"Shortcomings of Volume As A Measure of Matter", and TOPS 

number 208, "Mixing Liquids", number 211, "Burn Paper", 

and number 99, "Cartesian Diver". These paired concepts 

consider the difficulties encountered when volume alone is 

used to measure the amount of a given substance. Problem 

2 Chapter tests and problem tests were teacher-made 
using quiz questions from IPS Teacher's Guide and chapter 
problems found at the end of each chapter in the IPS textbook. 
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one requires the student to recall the difficulties and the 

one circumstance where volume may be used as a good measure 

of a given substance. This, of course, would occur when two 

samples of the same kind of material under the same conditions 

are used. 

2. How would you distinguish between unlal::eled 

pint cartons of milk and of cream without 

breaking the seals? 

Problem number tv10 is related to paired concepts IPS ).2, 

"Experiment: The Density of Solids", J.J, "Experiment: The 

Density of Liquids", and TOPS number 100, "Solids and Liquids." 

These paired concepts consider the usefulness in measuring 

the density of similar samples of either liquids or solids 

to determine if they are the same substance or not. Problem 

two requires the student to recall that density is a charac

teristic property of matter and can be used to identify milk 

or cream in unlabeled sealed cartons. 

J. Does the density of air change when it is 

heated in an open bottle? 

Problem number three is related to paired concepts IPS J.8, 

"Thermal Expansion of Gases", and TOPS number 2.7, "Tempera

ture." These paired concepts consider the large expansion 

of gases when they are heated as contrasted to the very small 

expansion for liquids and solidsa Problem three requires the 
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student to recall gases do increase their volume when heat

ed in an open bottle, Since the same mass of gas would then 

occupy more volume, the density would be decreased. 

*4, Which graph best represents the mass of 

solid which will remain dissolved as the 

saturated solution at 100°C cools to room 

temperature: (A) A, (B) B, (C) C, (D) D, 

(E) E,? 

~~ic~r=~~~b 
0 0 0 0 0 

Time Time Time Time Time 
A 8 c D E 

Problem number four is related to paired concepts IPS 4,2, 

"Experiment: The Effects of Temperature on Solubility," and 

TOPS number 189, "H3Bo
3 

lrJi th Temperature." These paired 

concepts consider what happens to a substance's ability to 

dissolve in a liquid when the temperature is raised or lowered 

Problem number four requires the student to recall that the 

mass of a solid which will dissolve in a liquid is directly 

related to the temperature of the solution. 

5. Suppose, in the distillation experiment 

shown in figure 4.8 (in IPS textbook), a 

gas soluble in water had been produced. 

Where would it have been collected? 
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Problem number five is related to paired concepts IPS 4.9, 

"The Solubility of Gases," and TOPS number 185, "Air in H2o." 

These paired concepts consider the ability of gases to dis

solve in water. Problem number five requires the student to 

recall that some gases are soluble in water and the place to 

find such gases in the distillation experiment would be in 

the water. 

6, Which single test listed below would you 

try in order to confirm your guess as to 

the identity of a tube of gas if you thought 

the gas was ammonia: (1) limewater, (2) density, 

(3) melting point, (4) glowing splint, (5) burning 

splint, (6) water Solubility? 

Problem number six is related to paired concepts IPS 4.10, 

"The Solubility of Ammonia Gas," and TOPS number 187, "Ammonia 

Fountain." These paired concepts consider the fact that very 

large amounts of ammonia gas will dissolve in a small amount 

of water. Problem number six requires the student to recall 

that ammonia gas is very soluble in water, 

7. Suppose that in Experiment· 6.1 (IPS Text), 

"Decomposition of Sodium Chlorate," you did 

not heat the sodium chlorate long enough to 

decompose all of it. What substances would 

be left in the test tube? 



Problem number seven is related to paired concept IPS 6.1, 

"Experiment: Decomposition of Sodium Chlorate," and TOPS 

number 92, "Chlorate." 1'hese paired concepts consider the 

actual decomposition of a compound as opposed to the separa

tion of a mixture. Problem seven requires the student to 

recall. that when products of decomposition are mixed together 

the original substance is not formed. 

8. Two samples of the same gas at the same temp

erature are placed in two identical closed 

containers, X and Y. If there are twice as many 

molecules of gas in X as there are in Y, the 

ratio of the pressure of the gas in X to the 

pressure of the gas in Y will be (A) 1, (B) 2, 

( C ) 4, (D) ~' ( E ) ! 

Problem number eight is related to paired concepts IPS 10.4, 

"Boyles Law," and TOPS number 20.5, "Pressure and Number of 

Molecules." These paired concepts consider the relationship 

between pressure and a given number of molecules. Problem 

number eight requires the student to recall that when the 

number of molecules is doubled and the volume remains the 

same the pressure will be doubled. 



CHAPTER III 

EXPERIMENTAL RESULTS 

TABLE 2 

INDIVIDUAL QUESTION RESPONSES 

QUESTION 1 

Group Control 1 Control 2 Exner. 1 Exper. 

Number of Subjects 22 23 25 23 

Correct Responses 7 16 13 10 

Percent 32 70 52 44 

QUESTION 2 

Number of Subjects 22 24 25. 24 

Correct Responses 16 16 15 16 

Percent 71 67 58 67 

QUESTION 3 

Number of Subjects 24 21 26 23 

Correct Responses 17 14 15 17 

Percent 71 67 58 74 

QUESTION 4 

Number of Subjects 25 23 24 21 

Correct Responses 3 1 16 1 

Percent 12 4 67 5 

37 
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TABLE 2, Continued 

QUESTION 5 

Grou:e Control 1 Control 2 ExEer. 1 ExEe!:..:.___~ 

Number of Subjects 26 21 24 21 

Correct Responses 4 10 22 8 

Percent 15 48 92 38 

QUESTION 6 

Number of Subjects 26 21 24 21 

Correct Responses 18 16 22 19 

Percent 69 76 92 91 

QUESTION 7 

Number of Subjects 26 23 26 24 

Correct Responses 25 21 25 23 

Percent 96 91 96 96 

QUESTION 8 

Number of Subjects 25 22 24 22 

Correct Responses 17 15 21 17 

Percent 68 68 87 77 



Control 1 

32 

71 

71 

12 

15 

69 

96 

68 

434 

54 

20 

39 

TABLE 3 

CLASS PERCENT TOTAL 

Control 2 Experimental 

70 

67 

67 

4 

77 

76 

91 

68 

520 

70 

52 

58 

58 

67 

92 

92 

96 

87 

602 

CLASS MEAN 

75 

STANDARD DEVIATION 

13 19 

COMBINED MEAN 

1 Experimental 2 

44 

67 

74 

5 

38 

91 

96 

77 

492 

22 

Control 1 and 2 

62 

Experimental 1 and 2 

71 



40 

Table 2 lists the number of students tested and the 

number of students reoponding correctly. The percentage 

answering correctly in each groun is determined. The num

ber of students in all four groups at no time were the same 

so that a given response did not represent the same degree 

of influence. In the most extreme case, however, this dif

ference amounts to no more than one percent. 

Table 3 shows the group totals when all the percentages 

of correct responses are added. The class mean is then deter

mined. Comparison of class means shows Control 1 class mean 

to be considerably lower than the class mean for either of the 

experimental groups, which suggests the TOPS program had some 

beneficial influence. Control 2 class mean was higher than 

Experimental 2 class mean, although lower than Experimental 1 

class mean, which suggests the TOPS program had little if any 

beneficial effect. 

The standard deviation for Control 1 and Control 2 

averaged together is 16.48 and for Experimental 1 and Experi-

mental 2 averaged together is 20.15 This shows a rather 

large difference within and between groups. Comnarison of the 

combined control group mean scores with the combined experimen

tal grouo mean scores showed an increase of 8.6 points by 

the exnerimental groups. This indicated that there may have 

been some improvement in learning by the experimental groups 

The increase in combined mean scores, however, was small 
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and when evaluated on an individual class basis showed one 

of the experimental groups was below that of a control group. 



CHAPTER IV 

DISCUSSION AND CONCLUSIONS 

The questions used were carefully selected to measure 

a single concept and worded so that one group did not have clue 

or references to materials not presented. For example, 

question one considers volume only when it is a good measure 

for comparing the quantity of matter. Volume is actually 

used in many ways to suggest amounts which are not good 

measures for a quantity of matter. An example of this is 

the wide use of conditioning the consumer of packaged foods 

to a certain size box with a given quantity of material and 

then changing the size and/or shape of the box while reducing 

the contents or increasing the price. Cereals processed so 

that more air is trapped in the same amount of material is 

another example. Both the experimental and control groups 

were presented the IPS material of Section 2.3 as reading and 

discussion only. Only the experimental groups were presented 

the TOPS material which consisted of teacher demonstrations 

of experiments number 208, "Mixing Liquids," number 211, 

"Burn Paper," and number 99, "Cartesian Diver." No reference 

was made in the test question to any specific piece of 

equipment or arrangement in the TOPS experiments since this 

would give the experimental groups an unfair advantage over 

the control groups. 
42 
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Many factors influenced the results. One of these was 

the student's health. If a student had been ill due to a 

cold, he may have been absent for at least a day and not have 

heard some important class discussion. He may have injured 

himself in some way such as a broken arm, a sorained muscle, 

or a bruise, and the injury may have been painful during the 

test. A ty8ical event which happened immediately before test-

ing and affecting the student's results may have been an argu

ment with a friend, a fight of some kind, or the loss of neces-

sary materials for the test such as a pencil or an eraser, 

Cheating may have occurred by students talking with 

students who had already taken the test in a previous class 

Students may have observed other students' answers while 

taking the test or may have used an answer sheet which was 

concealed from the teacher. In identifiable cases of cheating 

the student's results were not included, and no retest was given. 

A measureable increase of the combined mean score of 

the experimental groups over the control groups indicates 

some beneficial effect due to the TOPS program. The increase 

was small so that caution should be used in drawing any con

clusions~ Some TOPS presentations appeared to have improved 

learning considerably, such as 4!189, ''H3Bo3 With Temperature" 

(problem number four); #187, "Ammonia Fountain" (problem number 

six); and #205, "Pressure and Number of Molecules" (problem 

number eight). The remaining TOPS presentations had very 
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little or no effect at all. Considering all of the TOPS 

presentations together the results suggest this approach was 

not very helpful. Considering the results for individual 

TOPS presentations, some may be used in a supplementary role 

with good results. 
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