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PREFACE 

Recent investigation into the content and organization of the 

chemistry curriculum is causing a revision in the traditional pro-

gram of chemistry teaching in the secondary schools of the United 
. . -· 

States •. Many school administrators are facing the problem of intro~ 

ducing some phase of the new chemistry into their educational pro-

grams. Many are reluctant to incorporate new courses into the cur

ricuium until there is statistical evidence establishing the supe-

riority of the new materials over those currently offered. 

The purpose of the study is to find experimental ev:idence of 

the relative merits of the CHEM Study ap~roach ?ompared with the 

conventional approach of teaching first year high school chemistry. 
.. . . ... . -~· . . .. . 

During the preparation of this paper, many ~dividt1~~-have 

contributed personal and professional assistance. Tllz.'ou~~out~he 

activity of the study as well as in professional growth in this 

research project,_the counsel, consideration, ~d p~tience of Dr. 

Henry P. J~hnston, advisory committee chairman, .. ;s ~!a~ef'lllly _ac-. 

knowledged. A parallel debt of gratitude is also due to the other 
~ . .. . 

members of the aqvisory co~ittee: Dr. R. E. Sweitzer, Dr. Paul 

Arthur, and Dr. T. E. Moore. 

Gratitude is also expressed to Drs. J. Paschal Twyman and L. 

s. Laws, whose assistance with the statistics employed _was.}nva.luable. 

Indebtedness is acknowledged to the Resea:r:ch"Council.of.the: 

Wichita Public Schools, Wichita, Kansas, for making available per-
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tinent pupil data. 

A unique debt of gratitude, __ bo~h I?e.r~ona.;_~d_p:e>~es~~?n~~, is 

due my wife and family, without whose sa.~r~fices~ faith, and under

standing this study would not have been possible. 
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CHAPTER I 

BACKGROUND OF THE STUDY 

The attitude of the American people toward science during the past 
·- - - - -·-

half century has changed markedly. Whereas science had previously been 

looked upon as an adjunct to tther studies, during this time it has 

reached a place of prominence of no mean calibre. That scientific edu-

cation was necessary for industrial progress was advocated during the 

19th century (1}. The general public, however, was not yet captivated 

by the possibilities of science. The trend toward the respect for 

science had reached such a point by 1954 that a noted writer wrote: 

"The modern world is the world of modern science. No part of life has 

escaped its influence, and it has transformed, what it has touched (2)." 

The attitude of American society toward science is changing also 

because there is an increasing tempo of scientific progress (3}. Strong 

and ,Benfey (4) · have estimated that the amount of chemical information 

has doubled about every thirteen years during the last quarter century. 

As new information is discovered it tends to accelerate the process and 

so becomes somewhat self ... propagating. Each new gain supplies the m.~ans 

for the next (5). This is undoubtedly a result of several factors. New 

tools are continually being devised and these tend to increase the rate 

of progress. Methods of conducting research are being constantly 

improved. Discoveries working toward the public benefit generate added 

public support for further research. Finally, with the addition of 

1 
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scientific facts, there is much greater chance that proper combinations 

of data will bring new scientific advance. A suggestion has been made 

that the theoretical limit to the rate of scientific progress may 

increase exponentially with the scientific knowledge available,,_(6). 

Whether this is true or not remains to be seen, but everyone is aware 

of the increasing scientific knowledge. 

In light of the changing attitudes of American society toward sci-

ence, modifications will occur in the goals and methods used in 

education. 

Change in the American educational system comes slowly. Two of 

tpe main reasons for this lag in the acceptance of new ideas in the 

curriculum are the problems of educating the public to the changing 

needs a,nd purposes of education and, perhaps the primary reason, the 

reluctance of both teachers·and administrators to accept the necessity 

for change in the educational program. 

Recently much has been written concerning the need for more effeo-

tive chelllistry instruction at all levels of education. If new methods 

have been developed which will impart a better understanding of chend-
. . 

cal c·oncepts and result in greater achievement on the part of most 

pupils, these methods should be used. 

Many high schools in this cotmtry have a satisfactory.course in 

chemistry. However, in many instances the high school.course is ex

tremely low in quality and out of touch with the science of chemistry 

as it is known professionally. Most high school chemistry courses have 

a characteristic discussion of too many topics resulting from the 

accumulation of new material and the unwillingness of most authors to 

reject any material that was ever in the course. Also, there is a 



tremendous amount of modern technical information mi~l3ing in most of 

these high school chemistry courses,. ·saddest of all is the movement 

away from laboratory experience, probably the most important part of 

the course to the average chemistry student. 

3 

However, there are many examples of a progressive change for the 

better, including participation of the American Chemical Society 

nationally and through its local sections. The American Chemical 

Society since its establishment has had an interest in high school 

chemistry. In 1959 the society formed a committee with Professor Ao B. 

Gar!'ett of Ohio State University as chairman to examine and criticize 

the purpose and content of high school chemistry courses. 

Partially as a result of the recommendations of th:i.s committee the 

National Science Foundation decided to sponsor two studies of high 

school chemistry courses. The earlier study is known as the "Chemical 

Bond Approach" and is directed by Professor Lawrence E.·strong of Earl

ham College, Richmond, Indiana. The second study is called "Chemical 

Education Materials Studynl and is directed by Profess9r J. Arthur 

Campbell of Harvey Mudd College, Claremont, California. These two 

studies are part of the series of high school science p~ojects spon~ 

sored by the National Science Foundation which includes Physical Sci

ences Study, School Mathematics Study, Biological ~ciences Curricul;.um 

Study, and Teaching Resources Development in Geology Study (7). 

The CHEM Study course and the CBA Course have now been in actual 

operation for four and five years respectively. The 'CHEM Study course 

during the past three years has contributed to the education of over 

150.,000 high school students (8}. 

lHereinafter designated as CHEM Study. 



Statement of Problem 

Recent investigation into the content and organization of the 

chemistry ~riculum. is causing a revision in the tradi~ional pro~~ 

of chemistry teaching in the secondary schools of the United States. 
-· .. .. - ·- -- . -

Many school administrators are facing the problem of introducing some 

phase of the new chemistry into their educational programs. Many are 
- -·--·. 

reluctant to incorporate new courses into the curric~lum until there 

is statistical evidence establishing the superiority of the new 

materials over those currently offered. 

Any s-q.ggested curriculum revision inevitably and quite properly 

raises questions as to what losses and gains may result from such a 

revision. Today there is an urgent need for statistical research based 

upon results obtained from evaluation of chemistry programs in which 

the new materials are in current use. 

Puryose 2f ~ Study 

In contemplating any curriculum. change in the public schools of 

America, a school administrator must be reasonably sure such a change,_ 

if made, will not work to the detriment of the students involved. Thus, 

in making a change in the chemistry curriculum from conventional chemis-

try to one of the new chemistry programs currently offered, a school 

admin-istrator must be reasonably sure that the students under his super-

vision will receive course content 'Which will result in student achieve-

ment equal or superior to achievement made through study of the material 

replaced. 

The purpose of the current study is threefold. The study will be 
. 

undertaken to present experimental evidence at the high school level 



which might help to 1) determine if student achievement in the CHEM 

Study course in chemistry is equivalent to student achievement in a 

conventional course in chemistry, 2) discover what relationship exists 

between student grade level and instructional method in chemistry when 

compared on the basis of student achievement, and 3) provide informa-

tion which could be used by teachers, school administrators, parents, 

and interested citizens in making their own evaluations of the CHEM 

Study method of teaching chemistry. 

Student achievement, as it is related to the study, will encompass 

three areas in chefuical thoughto These are as follows: l); Recall of 

Information, which tests recall of definitions of important terms, 

acquaint~ce with important concepts, and general knowledge of physical 

and chemical properties of common elements and their compounds_; 

2} Application .2.f Principles, which tests the ability of a student to 

apply various important principles and theories of chemistry in making 

simple predictions; and 3) Quan ti tati ve Application 0f Princlple's, 
,· 

which is concerned with skills-such as balancing equations, applica-

tions of gas laws, determination of molecular weights, the quantitative 

aspects of electrolysis, and fundamental problems in stoichiometry. 

Plan £! ~ Study 

Design 

Achievement data for the study will be obtained from the scores 

made on the High School Chemistry; American Chemical Socie4y - National 

Science Teachers Association Cooperative Examination, Form 19612 by 

2Hereinafter designated as ACS Examination. 



21 classes of students being taught conventional chemistry and by 

four classes of students studying a course prepared by CHEM Study., 

The raw scores from the quantitative thinking and composite score 

sections of the Iowa Test of Educational De,relopment for the students., 

used in a matched paired design, will be used as the measure of their 

pre-chemistry ability and intellectual maturity~ 

Data included in this study will be treated under two statistical 

designs in an atternpt to obtain information relative to the stated 

purposes of the study. These two designs will be 1) the method of 

equivalent groups, matching by pairs, using single classification 

analysis of covariance (9}, and 2) the t-test for significance 

between means (10). 

'Under the equivalent groups design, each pair of students will 

be matched on the basis of grade level and the scores received on 

the quantitative thinking and composite score sections of the Iowa 

Tests of Educational Development. This battery of aGhievement tests 

will be administered early in October of the eleventh grade year. 

One member of each matched pair will be taught the first course in 

chemistry from CHEM Study materials. His counterpart will receive 

his training in the first year of chemistry in a class featuring 

conventional materials. 

The scores obtained on the Iowa Tests of Educational Development 

represent a reliable measure of the mathematical background and 

intellectual potential of each student prior to his chemistry exper

ience (11). 

In September, at the beginning of the 1962-63 school year for 

each student, Part I of the ACS Examination will be administered to 
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each first year chemistry student.3 The following May Part II of 
. . ·······- . . 

the ACS Examination will be administered to each first year chemistry 

student completing the courseo4 The raw scores made on these tests 

will become the basis for the comparison of achievement made by 

students included in the study. 

For statistical purposes these data will then be arranged in 
.. . 

a single classification analysis of covariance matched pair design. 

In this design there will be two methods of instruction in first 

year chemistry, CHEM Study and conventional method. 

The students ib.cluded in the second phase of the study will 

~epresent all students in both CHEM Study and conventional first 

year chemistry groups for which both grade level and achievement 
. - - . 

test scores are available. The t-test for significant difference 

between means will be used to compare student achievement between 

grade levels. 

Analysis of the Data 

·'i 
The,,raw scores received on th~ pre- and 'post- achievement t~st 

will be used as the measure of achievement in first year chemistry 

for each member o:f the set of matched pairs .. 

The term •achievement score," as used in the t-test analysis, 

will be taken as the'differenee between what the student made on 

his pre-test and post-test ACS Examination scores. 

The achievement data for the matched pairs 0£ chemistry students 

3Hereinafter designated as pre-test. 

4~reinafter designated as post-test. 

7 



will be analyzed to give the following informationi l) A.preliminary 

analysis of variance of the pre-test scores to test the successfulness 

of the random assignment of students to the two groups, 2) an 

analysis of covariance to determine the relationship of chemistry 

achievement to type of chemistry taught, and 3) the coefficient of 

correlation between and within groups to determine their relationship .. 

For the t-test analysis the achievement data recorded for each 

grade level will be grouped according to CHEM Study or conventional 

Ghemistry teaching methods., The mean raw score, the difference 

between means, and the t-test v~lue will.be calculated for both 

groups by grade level from the raw scores in each group., 

Scope of the Study 

The study will be limited to student achievement in the first 

course in chemistry at North, East, South9 and Southeast High Schools, 

Wichita, Kansas. The population from which the samples will be 

drawn will include all tenthl' eleventh, and twelfth grade students ... 

who will have completed both the Ie>wa Tests of EdU:cat~onal Development 
' 

taken in October at the beginning of their eleventh grade year and 

the pre- and post- test of the ACS Examination., 

The students who will comprise the experimental grou.p studying 

the first course in chemistry prep.,i.red by CHEM Study will be regularly 

enrolled tenth9 eleventh, and twelfth grade students during the 

1962-63 school term. They will be members of four heterogeneously 

grouped chemistry classes taught by four experienced teachers who 

have received additional training in teaching CHEM Study materials 

at a National Science Foundation Summer Institute. 

8 
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The students who will be included in the control group will study 

a conventional course in first year chemistry0 They w-111 be members of 

21 heterogeneously grouped chemistry classes taught by five teachers 

during the 1962-63 school termo Four of the five teachers participating 

in the study will be teaching both conventional chemistry and CHEM Study 

prepared materialso 

The environmental background of all students included in the study 

will be that found in a city of about 260,000 people whic:\1 is the busi

ness and cultural center for a prosperous 9 industrially and agriculttlI'4 

ally oriented community. Communication media .for the community include 

four daily newspapers., nine radio stations, and three television stations. 

The school system is organized along the 6-3-3 plan and is excel

lently staffed, adequately supplied; and progressively administered. 

Hypotheses Tested 

The hypotheses for this study, stated in null form, are: 

At the .05 level of confidence, there will be no significant differ

ence in achievement as measured on a nationally standardized high school 

chemistry achievement test in firet year chemistry at the high school 

level between the following groups: 

l. Two equivalent groups of first year chemist:ry students, when 

the members of one group were taught from materials prepared by CHEM 

Study anq the other group of students were taught from a conventional 

texto 

2. One group of students taught first year chemistry from CHEM 

Study materials and one group of students taught first year chemistry 

from a conventional text when students are grouped according to grade 

levels ( tenth, eleventh, and twelfth) o 
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3. Tenth, eleventh., and twelfth grade levels when compared within 

instructional method (CHEM Study or conventional chemistry) .. 

Su:mm.arz 

Recently much has been written concerning the need for more effec

tive chemistry instruction at all levels of education .. An attempt is 

being made by professional groups to change the scope and content of the 

chemistry courses currently taught in the high schools of the United 

States. 

Professional educators are facing the problem of introducing some 

phase of the new chemistry into the.ir curricula., Many .school administra-

tors are reluctant to replace traditional courses with new ones unless 

there is satisfactory evidence establishing the superiority of the new 

materials over the traditional ones. 

The purpose of the study is to find experimental evidence of the 

relative merits of the CBEM Study approach compared "with the conventional 

approach of teaching first year chemistry .. The progress of students will 

be studied to l} determine if student achievement in the first course 

in chemistry prepared by CHEM Study is equivalent to student achievement 

in eonvemtional first year chemistry1 2} discover what relationship 

exists between student grade level and instructional method in chemistry 

when compared on the basis of student achievement., and. 3} provide inf or-

. mation which may be used by teachers 9 school administra;tqrs, parents, 

and interested citizens in making their own evaluations of the first 

course. in chemistry prepared by CHEM Study o 

The plan of this study is based upon two statistical desigµs .. 
• I 

These .are an equivalent group, matched pair design, using single 
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classification analysis of covariance, and the t-test for significant 

differences between means. 

The Iowa Tests of Educational Development will be administered to 

all students in the Wichita High Schools~ Wichita, Kansas, at the begin

ning of their eleventh grade school terms. Those students studying CHEM 

Study first year chemistry will be equated with the students studying a. 

conventional course in first year chemistry using grade level and the 

quant~tative thinking and composite score sections of the Iowa Tests of 

Educational Development as the basis of matching pairs. · 

The relationship of student achievement in first course in chemistry 

for the students taught from CHEM Study prepared materials and the stu-

dents taught a conventional course 'Will be statistically analyzed by the 

analysis of covariance. 

The relationship of student achievement between CHEM Study and con

ventionally taught groups as com.pared on the basis _ of grade level--tenth, 

eleventh, or twelfth--will be statistically analyzed by the t-test for 
.. 

signifi9ari-ee .. 

The ACS Examination pre~test will be administered :to all first year 

chemistry students in September of the 1962-63 school term. The ACS 

Examination post-test will be administered to 411 first.year chemistry 

students in May of :he ··1962-63 school term.. The raw scores of achieve

ment for the set of matched pairs of first year chemistry students ·will_ 

be statistically analyzed by means of the single classification analysis 

of covariance and statistical inferences for the null hypothesis, at the 

.05 level of confidence, will be dra'Wll. 

In an attempt to provide information regarding student achievement 

iii first year chemistry relative to method of instruction and grade level, 
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the t-test analysis will be completed for the CHEM: Study and the conven-

tional first year chemistry students)) and statistical inferences for the 

null hypothesis at the .05 level of confidence will be drawn .. 
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CHAPTER II 

HISTORICAL REVIEW 

Since the endLof World War II there has been a definite shift of 

the American industrial economy into the sophistica~ed engineering 
- -

exploitation of advanced scientific knowledge. This change has eve-ry 

indication of increasing at an accelerating rate. Probably the 

largest stimulating factor for this stems from the precise and exact-

ing ,, requirements of the military preparedness program. However, 

this program has also given birth to new technology which has had 

a widespread impact of supreme im.portap:ce on the nonmilitary economy 

as well. 

In our world of today the person who wishes to understand.the 

industrial world or to provide technical leadership of significant 
i ' 

importance to this industrial world must have a dominating control 
\ . -

of scientific principles far greater than was required in the past. 

Also, this mastery of seientific principles must be a true and defi

nite knowledge of today's science and engineering. New ideas and 

applications are constantly replacing the old and a person 'must 

always be prepared to adapt to new ideas if he is to keep up with 

the technological progress of the future. 

These changes whicl:i have taken place in the past twenty years 
I 

have strongly effected the man in the working force. Today the 

tools he uses and the tasks he performs require more knowledge of 

13 



arithm,etic, mathematics, and elementary scientific princ;ple~ than 

ever b~fore. In fact, we have the lowest percentage of unskilled 

labor today than at any othell' time in our history. Also, there is _ 

a large percentage of the tradi t~onal skil_led trades giving up their 

jobs f~r white collar or mora tecllnical jobs. 

Jn short, there is one de1finite: prerequisite for success in 

today's political, economical, technical, and scientific world: 

Education. llhether it be a high school, trade school, or college 

education, a. person is handcuffed without a general knowledge of 

the world in which he lives. 

In the October 17, 1960, issue of Chemical and Engineering News, - . -
Dr. Glenn T. Seaborg, Chancellor of the University of California, 

gave this definition of the liber~lly educated man: 

M:y definition of a liberally educated person.is one 
who is aware of the nature of his physical-and social 
environment and of his ow.n nature; who understands 
the origins of the world's social,-religious, govern
mental, and political institutions, and the ideas 
upon which they are based; and who, because of this 
knowledge, has some basis ;for making intelligent 
decisions to adjust to his environment orto change 
to a better one. 

Dr .. Seaborg believes that such a definition means that scienti-

fie studies form a vitally important part of a liberal education. 
,,..~-·~~--

"The educated man of today can no more ignore science than his pr~ ... 

decessor .in the Kiddle Ages could ignore the Christian church or 

the feudal system (l}.n 

Dr. Seaborg's analysis of trends in today• s American life leads 

to _the conclusion that one rigid test of the quality of the American 

educ~tional system is its success in providing ad.equate and proper 

scientific instruction for those seeking a broad education, for those 



seeking specialized technical training, and for those seeking merely 

occupational training at the high school or junior college level .. 

In the past few years several fateful events have generated a grow

ing awareness of the supreme importance of education or national 

survival and have instigated an unparalleled re-examination of the 

entire school system, particularly instruction in science. 

Sometime between 1750 and 1800 chemistry was first introduced 

into university medical schools and just previous to 1800 chemistry 

was taught in the senior year in a few colleges,. As the knowledge 

of chemistry grew and as the various divisions such as general, 

organic, and qualitative were made, elementary chemistry moved 

down until finally it became a freshman cours·e. In the early 19th 

century chemistry found its way"into the high school curriculum be-

cause of the rapid growth of interest in chemical s'tudies. This 

new interest was caused in part by popular demonstration lectures 
! ,,, 

and. th,:l results of practical research ( 2). 

There are many ways to teach chemistry., Past courses have been 

enormously varied;_present_ courses explore m~y methods; and future 

courses are being planned with considerable care in many localities. 

Yet widespread discontent exists among secondary school chemistry 

teachers, even those who are giviz:.g the most thought_to planning 

improvements in their courses (3}o It has been the consensus of 

opinion that chemists should explor~ and examine several of these 

ways to teach chemistry •.. This is the reason for the existence of both 

the Chemical Bond Approach and Chemical Education Materials Study 

groups, and their interest in working w;ith other experimental pro

grams in chemistry. "The intent, however, is not to produce a single 
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'best• chemistry course. Rather to try out ideas and make it easy 

for others to adopt and adapt from them. Chemistry courses cer-
.; . ... ' .. ., -· ,_ . ..,.. . . ... ~ - ~·· .. - ·- ···. - ~ '"• .. -

tainly should, a.nd doubtlessly wi:L~, continue to~;~r!:z:in details. 

The main ·purpose of the present studies is t,o invest~gate major con .. 

cepts and emphases, to base a high school course upon .t~em, and to 

determine the feasibility of the resulting material (4}.~ 

In 1958 a committee was appointed by. the American Chemical 
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Society for the sole purpose of ~tudy~g the possibil~ty of revising 

the high school 1 chemist:ry course. Dr. Alfred Gar:ett., Chai~ of 

the!Chemiatry DeJ?artment at Ohio State University, -uras_na.med chairman 

of the committee.· The committee consisted of .. college professors 0£ 

chemistry and a high school chemistry teacher. After much deliberation, 
- ' -

the committee rec9mmended that a revision be made of the high school 

chemistry course and su~gested generally what the course should con~ 

tain. Wit~ Dr. Glenn· T. Seaborg, Chancellor of the ·un~versity o~

California, as chairman of the revision program and Dr. J .• Ao Campbell . ·~ . ~ . - .. ~· - . . . . ... --· ., .......... .. -· .... .. 

of Harvey Mudd College as director of the project, a Steering Committee 
- ~ . . . ..,, - . .•. - . . .. , .. 

was appointed 'Which consisted of co·llege professors, high school 

t~achers, and other specialists. 

The first meeting of the Steering Committee was he~d inJanu~., 

196o., at the University of California in Berkeley. At this meeting, 

the Steering Committee proposed the following: 

1. A decision to write a text in the summer of 196o rather 
than waiting another yea:rwas made~ Dr. George 
Pimentel, University of Californi~., would direct 
the project. 

2. The course should be new, emphasizing principles, 



theories, and understandings in chemistry .. Descrip
tive chemistry would be woven into the. course a.s ... 
examples to illustrate the. principles.. The course 
should be linked directly with the laboratory, 
thus.demonstrating chemistry as an experimental 
science., 

3. ;La.boratory experiments should be developed. These 
should be of a new open end type of experiment 
which will be integrated with the text: They 
should illustratetlie principles and not be of 
the •cookbook' type. It was established that 
two~eriod laboratory sessions be inaugurated 
if possible. 

4. F~l.ms·should be made which would explain, illus
trate, and demonstrate, principles and .subjects 
which cannot be easily presented in the class
room., 

5.. Monographs should be written by specialists in 
the various areas of chemistry in order to sup
plement the textual material and to furtlier the 
interest and depth. of the gifted .student. ·These 
should be written.in con;junction with a profes
sional writer to obtain clearness of presentation. 

6 .. Other areas of investigation were suggested. 
Among these a.re teaching machines, ftlm strips, 
models, kits, etc. (5). 

The general objectives proposed at thi:s first meeting of the 

Steering Committee were to develop new teaching materials for high 

school chemistry courses, including a textbook, laboratory experi-
- , 

ments, a laboratory manual, films, and supplementary reading mate

rials. The specific objectives qf the study are: 

1. To diminish the separation between scientists and 
teachers in the understanding of science. 

2. To stimulate and to prepare those high school 
students whose purpose it is to continue the study 
of science in college as a profession. 

J. To encourage teachers to improve their teaching 
methods by studying chemistry courses which are 
geared to.keep pace with the advancing scientific 
frontiers. 

4.· To further, in those students who will not con-
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tinue the study'of chemistry after high school;. 
a.Ii understanding of the importance of science in 
curI"ent and future. htunan activities (6). 

~' ;. " . . . . ....... . 

During the early part of' the summer of 1960,.nine college and 

university professprs and nine high school teachers were assembled · 
,., ., , .. 

for a six weeks writing s.ession at Harvey Mudd College. This writing 
. . . . 
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committee ~as ied by Professor G. c. Pimentel of the University of 

California. The high school teachers had the.additional task of keep ... 

ing the dollege and university professorsttdoi'll'l to ~arth." ~bora.tory 

experiments were·developed concurrently during the ee~sion by a staff 
' . ·, . 

headed by Professor Lloyd E. Malm, University of Utah.. 

This six weeks writing session produ~ed_ a rough d.I-~f't of a._ text 

of a. high school chemistry book and an outline of laboratory- experi~ 
~ . . .. . . .. .. 

ments tor tria1 use in a few high schools 'during the 1960-61 academic 

The first nine chapters of the text were multilithed and made 
." .. . 

available to a group of 14 teachers from the Sa.:1 Francisco,Bay area.,· 

nine teachers from the southern California area, and one other teacher . . . ' .. 

from the New York City area. These teachers studied the material 

for four weeks'on the campus of Harvey Mudd C~llege in_~Uf?:U.S~., 196.(). 

They performed all the experiments involved in the first half of the 

text. 

The first editions of the text book and laboratory manual were 
. . 

then used during th~ 1960~61 school ye~r in 23 high schools and one 

junior college by, about i,300 students. · :weeklf staff meet.in~s we:e 

then held with . the "pioneering'' teachers during this first trial yea:r •. 
, , 

. -

Plans were then made, during the spring of 1961., to expand the 
. •' 

' . 
program to include groups of teachers. Then in the .·S'U.IIUner of 1961, 



two Summer Science Institutes were conducted for che~stry teachers, 

one at Harvey Mudd College and the other at Cornell University .. 

Both institutes were under the protection of the National Science 

Foundationo "Attending these two summer institutes were 58 teachers, 

who, with the 'veteran' teachers and 'solo' teachers would teach 

CHEM Study to ll,50C students (7).,tt In September of that year, re-

vised editions of the text and laboratory manuals were available along 

with copies of the teacher's guide. Six films were also released dur-

ing 1961. 

Conferences were then held in January of 1962 at Berkeley and . . . . . 

in June of 1962 at Claremont. These conferences provided more infor-. 

mation for the third trial edition. 

Again, summer institutes were planned for 1962 at eight colleges 

and were attended by 320 teacherso Six new centers and directors were 

then established. During the academic year of 1962-63, 550 schools 

were using the CHEM Study program arid it was taught to 45,000 students 

in 46 States o Near the end of 1962, two new films were added and more 

were in the final stages of production. 

During the academic year of 1962-63, final revisions of each 

section of the text., laboratory manual., and te·acher's guide were made. 
\ . 

Regular "hard back" books were made available in the fall of 1963. 

Also., scientific supply houses have developed charts and demonstration 

equipment for use in the CHEM Stu~y course. 

The real story of progress with the program comes by taking a 

close look at what was outlined f'or this course of study in the spring 

of 1960 and then comparing it w.i. th the program as it is today. "The 
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sequence of topics is being lmit together into a well correlated 'Whole; 
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and ex:plicit in,al'.). consideration for change and revision is ~he under

lying basic assumption that this is I an experimental science' ; there

fore, the laboratory program is to provide the student with his first 

look at a new topic {8).11 

A fairly accurate progress report can be obtain~d by compc3.ring 

and noting the difference between the first nine chapter headings of 

the trial text of 196o and the current 1963-64 text,. 

I~ 
II~ 

III~ 
IV; 

v~ 
VI~ 

VII; 
vrrr; 

rx. 

I~ 
II~ 

III; 
IV. 
v; 

n; 
nr; 

VIII; 
IX .. 

Chapter Headings for Trial Text 

Chemistry: An Experimental Science 
Introduction to Atomic Theory 
Atoms ~ombined in Substances 
Chemical Reactions and Phase Changes 
The Gas · Phase : Kinetic Theory 
Substances and Solutions . ·· 
Chemistry and the Periodic Table 
Geochemistry: The Earth as a Source of Material 
A General View of Chemical Reac:tions (9). 

Chapter Headings for Current Text 

Chemistry& An Experimental Science 
A· Scientific Model g · The Atomic Theory 
Chemical Reactions 
The Gas Phase i Kinetic Theory 
Liquids and Solids~ Condensed Phases of Matter 
Structure of _the Atorn_ and the P:eriodtc Table 
Energy Effects iri Cliemica.1 Reactions ' 
Tb:e Rates .. of Chemical Reactions .. 
Equilibrium in Chemical Reactions (10} .. 

First., it is easily seen. from. the chap~er headings 'of the first' 

nine chapters of both revisions that the course is rightly entitled, 

"CHEMISTRY - An Experimental Scienceott This continu~s to be the 

main thought that the text builds upon and has remained the subject 

of the beginning chapter of the text since its tr~a.11e~i~ion. The 

second chapter., however, has undergone quite some change. The current 



text introduces the atomic theory via the scientific model. It goes 

into quite some detail concerning the implicati?l:lS ... and. growth of a 

scientific model and how it is useful to the scientist. The current 

text explains the scientific mod~l concept by building its own model 

concerning the behavior of gases. A;Lso,, the 1963 edition has combined 

chapters II and III of the trial text into one under the heading of 

"A Scientific Model: The Atomic Theory .. • 

The current text also has taken a new and different approach 

to the periodic table .. It uses the scientific model of the atomic 

theory that was established in chapter II~ The text uses the scienti

fic model to explain the structure of the atom, and thus to introduce 

and explain the periodic table. 

Chapter VIII of the trial text has been almost completely done 

away with. The current text has taken the mos·t important facts from . 

this chapter and combined it into one chapter concerning the chemistry 

of earth, the planets, and the stars. The current text has also ex

panded its discussion of chemical reactions,. It now contains. tl'lree 

chapters concerning energy effects :1 equilibrium, and rates of chemical 

reactions. 
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The persons responsible for 111 CHEMISTRY = An Experimental Sci~nce11 

firmly believe that science is limited and bounded by scientific changes 

and technical discoveries. As the science of chemistry changes and 

adds to itselfj so must the high school chemistry course. The com

parisons cited- above serve as sufficient evidence to prove that the 

CHEM Study project advances with scientific improvements and that 

"CHEMISTRY - An Experimental Science" is as progressive as a high 

school chemistry course could possibly be. 



.2!!!! -Study and ~ Effects £!l Achievement in Chemistry 

The CHEM Study course and the GBA course have now been in 

actual operation for four and five years respecti·vely,. It should 

be interesting to note how well students taking these new courses 

do on tests designed for the traditional chemistry course, or tra-

ditional chemistry curriculum. 

One approach to answering this question was made during the 

1961-62 academic school year (11) .. Experimental students, those 
. . 

taking either the CBA or the CHEM Study course, were to take finals 

designed for them and also a traditional chemistry achievement test. 

Also, a control group was established that was composed of stuqents 

who were to take the traditional test ~d also one or the other of 

the experimental finals. 

The CHEM Study group was composed of 7,000 students and 87 

teachers. The CBA group was composed of 6,300 students and 69 

teachers., Two groups of control students were then chosen tomatch 

the two experimental groups, these groups being randomly s elected. 

All students 9 both experimental and control, took the following 

tests: it.The School and College Ability Test, Form IA, parts I and 

II. This test, often referred to as SCAT.9 is a measure of scholastic 

ability; Part I consists of 30 sei:tence-completion itemS', and PcU't II 

of 25 numerical computation i terns. 2), The Cooperative Chemistry Test, 

Form Z, 81 items. The publisher 1s catalog states that this te'st 
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"covers the material taught in most high school chemistry courses ••• n 

3}. Either the CHEM Study or the CBA final examination. Both experi-
. ' 

mental courses offer a comprehensive final9 written by people closely 



associate!ii w.i.th the course and qased directly on the text and labora-

tory guidt. 

The SCAT test was given early in thElschoo;_year; the other two 

tests were given near the end··of "th$" 'S'C'ftOOl~~~ 

Between the experimental and control groups, ~our c~arisons 

were planned. Two of the compari~ons involved the CHEM Study_ students 

and two ~y-olved the CBA students. A plan was devised to compare 

each study by l} the achievement of the experimental and control 

groups on the experimental tes~9 and 2} the achievement of the two 

groups on the traditional test. The.following table lists the results 

of this testing and evaluation program. 

Average .. ~vera.ge scores 
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Scores on 
SCAT test 

Average Scor·es 
on Cooperative 
Chemistry test 

. .. oii.'Fiiial-Test: . 

CHEM Study Group 
Control Group A 
CBA Group 
Control Group B 

37~0 
37~0 
38~0 
37.9 

. Designed for Each 
Stud 

25;7 
13;1 
25;8 
15.6 

-It is easily seen from the table that there was virtually no 

difference ?et.ween the experimental and the control group on a~erage 

SCAT scores. In fact the results were extremely similar in every 
. . . 

instance where the groups were compared. CBElll[ Study and CBA students 

scol"ed_higher than the corresponding control group stu~ents on the 

tests which were designed for the experimental courses, and control 
'" . 

I , , I 

group students scored higher on the'basis of the tests designed:for 

traditional courses. 



. . . ~ 

Utilizat~?n . .2£. ·--~lint- ~~~~--Mg.teria.l.s 

in Other.Countries ---
Since its beginning in 1960, the work of CHEM Study has been 

the objeet of considerable interest on the part of chemists and edu

cators in other countries (12}. For the first three ;r~ar~tthe CHEM 

Study staff dispensed information freely in response to numerous 

. re(lUests, but deferred consideration of requests for .r>ermi~sion to 

translate until the course materials ~re publi~hedin difinitive 

form. :Mindful that its materials and general approach ·:wou;d no~ 

necessarily meet the need or fit the organization of foreign edu-

eational systems, the ~tudy has not taken the initiative in matters 

of foreign utilization. 

The English langUage edition of the course materials is coming 

into widespread use in western Canada and in India. 

The Study has authorized or is in th~ process ~f auth?riz~g 

translations of the textbook into Chinese, Japanese, Portuguese, 

Spanish and Turkish. 

Reactions·or Teachers and Students ---·- - . . - ----
The CHEM Study has, from its outset in 196o; gone to consider-, 

. , .. 

able lengths to gather "feedback" from teachers and students using its 

course materials. For the first two years 11 th~s 1!~5. <io~~ _._P~~ily 

through ;requent area meetings at which .. the teachers reported and · 
. , .. .,, . . ". 

discussed their classroom e~erience wit~ the course! t~e ~i!f~C~lties 

encountered ~ytheir students~ and the '!~t~ 11: _w-~ch th~~- ~elt t!1E3 

materials should be modified. It can truthfully be reported t~at 

while these teachers and their students were not hesitant to c;r-iti-
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cize and discuss their problems frankly, their civer ... a.llrea.ction was 
\ 

one of strong enthusiasm for the new approach (13},. During 1962-63 

the course materials were used in 550 schools of all types by 700 

teachers and 45,000 studentso Information continued to be gathered 

from these teachers through area meeting, correspondence, question-

naires, and examination results, as the course materials were put 

into "final" form .. 

In January, 1963, a questionnaire was sent to all of the 700 

teachers then using the course material.so About 400 of the teachers 

responded. 

These responses were rather subjective, and perhaps the only 

thing they established conclusively was that the gre~t majority 

of responding teachers who have tried the new approach like it (1410 

College Courses~ Entrance Examinations 

No systematic follow-up study has yet been possible to determine 

the effect of the CHEM Study c?urse on students 1 achievement in 

coll'ege chemistry courses (15) o The reason is that really substantial 

numbers of these students first reached the colleges in the fall of 

1963. Such, limited informal inquiries as have been made suggest 
•__. .. 

that CHEM Study-prepared students probably have a substantial advan-

tage over conventially prepared students in an up-to-date freshman 

chemistry courseo 

There is evidence, on the other hand, that CHEI\II Study students 

were at a disadvantage on the College Entrance Examination Board 

chemistry examinations administered during 1961-1963., The average 

handicap was apparently somewhere between twenty and eighty points, 
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and'some evidence suggests that the best students were handicapped 

the.most. 

The .. discrepancy is easily accounted for o The CEEB examinations 

have been primarily designed for students who have taken a traditional 

chemistry course. The exams test on many' specif~c subjects usually 

taught in "conventional" chemistry which have either been deliberately 

omitted from the CHEM Study m~terials or else are presented from a 

quiye different point of view. Equally important, a number of modern 

areas with which CHEM Study deals in depth., have been scarcely 

touched on in the CEEB exams. The CHEM Study, the Examination 

Committee, and Educational Testing Service are all aware of the pro

blem and are cooperatively seeking a long=term sol~tion to 'it. 

Conclusion 

The reader should not be left with the impression that the CHEM 
.. ,. __ ..... ·~--·-- ... . 

Study materials are either a Pandora v a box or a pan~cea~ . ,The;y are 

tools, the appropriateness and effectiveness of ~hich will depend 

in large, measure on how skillfuliy they are used. On~y the teac~er! 
' ' 

in his classroom, can determine exactly how a. cours~ Will be taught, 

and what adaptations to individual differences can ~d should be made. 
. . 

In the final analysis, it is the teacher who will be the greatest 

single determiner of whether a course succeeds or tails •. 
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CHAPTER III 

PERSONNEL AND EXPERIMENTAL PROCEDURES 

Information concerning the popula~ion.from which.th~_stud;r 

sample was drawn, the testing instruments used., a!ld.tlle stati~tical 

methods employed to test the hypotheses of the study Will be given 

in this chapter. 

Personnel~~ StudY 

The personnel for the study were those students sophomores, 

juniors, and sen~ors - regu.~ly enrolled for ~irst year_ chemist1? 

courses at North, East, South, and So11~heast High Schools, Wichita, 

Kansas, during the 1962-63 school term. 

One first year chemistry class at each of the four high schools 

was taught using CHEM Study materials, and the other first year 
. . 

chemistry classes were taught using ccnventional methods. The 

decision and announcement as to 'Which class at each school would 

be taught using CHEM Study Materials was not made until after 

enrollment had been completed,; thereby allowing random enrollment 

in classes. 

The distribution of the students included in this study is 

shown in Table I. 

From the total population of 324 conventional and 76 CHEM 
. , 

Study first year chemistry students used in this study:,.71 pairs 
• r ~• 

were chosen for the matched pair design. For the investigation 
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of chemistry achievemen~ as i ~ _ ~.~. _ :e~~~e~- ~o .. _tea.~h~~g_ 1!1:E:t~o~ ~~ 

grade level, the achievement scored and grade l~vel~ £or 324 con~ 

ventional and 76 CHEM Study students were available. 

TABLE I 

CLA.SSIFICATION OF.STUDENTS INCLUDED IN THE STUDY 
BY TYPE OF CHEMISTRY INSTRUCTION AND 

HIGH SCHOOL GRADE LEVEL 

GRADE TYPES OF CHEMISTRY. TOTAL 
Conventional CHEM Study 

., 

Tenth 65 8 73 

Eleventh 162 40 202 

Twelfth 97 28 125 

Totals 324 76 400 

Teats ~ 2=!! ~ Study 

Three tests were used to· provide data needed for the study. 

The Iowa Tests of Educational Development were given to each student 
.. ... ..... ·-

in October of his eleventh year. From these data, information was 
.. . 

available on each student's achievement level early in his eleventh 

grade year. 

In September, at the beginning of the school term 1962-63, the 
" . . ..... 

American Chemical Society Cooperative High School Examination; Form 
,.. ., . "" . ' . 

1961, Part I, was given to all first year chem;s~ry students~:

voived in the study as a pre-experience chemistry test. In May; 

near the end ~f the 1962-63-school term, fart II of the ACS Co-

operat~ve examination was given as a post-experience chemistry test. 

~he data received were used as the measure of achievement attained 



by each stude~t-~_first year chemistry. The following is a descrip

tion of each test used: 

1. Iowa Tests C>f Ed~~ational Dev~lo:p~~:r1~.1 ... 

The Iowa Tests of Educational Development comprise a test 

battery yielding nine subtest scores and a ·composite score. The tests 

were standardized upon appro:ximate1y·50,ooo.students from 290 high 

schools located in midwestern United States. 

Raw scores are converted to standard scores and then to per~ 

centile ranks. The test battery is constructed to test what an ed,u-

cated person needs to la:low and understand about certain important 
. . . . . 

education areas. The results obtained from•this test battery give 

good predictability of college success (l}. 
" " 

2. ACS-NSTA Cooperative Examination, High School, Form 1961. 

This examination was prepared by the Examinations Committee of. 

the Division of Chemical Education of the American Chemical Society 
-

through its High School Chemistry Subcommittee, appointed ~ointly 

by the Examinations Committee and the National Science Teachers 

Association. 

The examination consists of two parts. Each part consists of 

50 items-and requires 40 minutes. In the"manual for this test the 

author states that it has be':ln constructed so.~h1:1~ each.part, I or 

II, covers the entire course. The students may use periodic table~ 

in addition to the test booklet and answer sheet which is provided. 

The test was s~andardized on data from the 1961 National Spring 

Testing Program (2). These norms are based on the scores of 9173 

high school students completing two semesters of chemistry in lh2 

' \ 
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high schools, as reported by their teachers. 

In order to make the norms more mean~ngful, ~roups having fairly 

homogeneous characteristics were isolated. Five sets of norms are 

given for various grouping • 

. Random sampling of 3991 papers taken from tot,al returns of 9173 

papers gave re~iabil~ty coefficient! estim1:t~d by_ the __ Kude~-Richardson 

Formula No. 21, of 0.934 for Part I, and 0.938 for Part II~ 

Basis ·!2!:_ Matching Pairs 

The raw scores made on the quantitative thinking and composite 

score sections of the Iowa Tests of Educational Development were used 

as the measure of pre-chemistry mathematical and intellectual develop-

ment for each member of the 71 matched pairs. 

Grade levels were matched identically for the two gr?~ps. Raw 

scores made on the quantitative thinking secitio~ were ·matche~ iden

tically for the two groups with .fi,, exceptions •. On pa:irs 4, 7, 50, 

and 67 a difference of one raw score was present.1 On pair 64 a dif-
' 

ference. of two raw 11:s¢b!t.!le~ was present. The raw scores for the com-

posite score section varied only one_point on 22 pairs, two points on 
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8 pairs, and three points on 4 pairs~ A· variance. greater ~h~ thr~e 

raw ,score points occurred in only one instance __ for ~he_ 71 ~atched_ pairs~ 

The mean raw score and the standard deviation of the mean raw 

score for both the quantitative thinking and the composite score sec-
•··· ... 

tions on the Iowa Tests of Education Development :for the groups are 

lsee Appendix A. 



32 

shown in Table II. 

TABLE II 

MEAN . SCORES AND STANDARD DEVIATION OF MEAN SCORES ON THE QUANTITATTVE 
THINKING AND COMPOSITE SCORE SECTIONS OF THE IOWA. TESTS OF 

EDUCATIONAL DEVELOPMENT FOR THE MATCHED PAIR DESIGN 

CHEM n:ROUP CONVENTIONAL GROUP 
N: 71 N -.- 71.. 

x i 
.. .. 

Qiantitative 22.13 0.74 22.07 o.13 
Thinking . . 
Composite 22.24 o.59 22.14 o.60 
Score 

Statistical Methods 

Two ~tatistical designs were_necessary to test the ~ypo~heses of 

the study. The hypothesis dealing with a comparison of group achieve

ment ,in first year chemistry at the high school level was tested by 

a.n equivalent group., matched pair design. The analysis of covariance 

was used to determine the statistical significance of the mean 

difference found between the two groups in chemistry achievement. 

One group was composed of 71 s.tudents taught first year. cheniistry from 

CHEM Study materials and the. equivalent group contained the same 

number of students taught conventional first year chemistry. 

The ·method of statistical analysis used to test the hypothesis 

concerned with achievement in first year high school chemistry as it 

is related to method of teaching and grade level was the t-test for 

significance between means. Grade levels were tenth, eleventh, and 



twelfth. 

Summc¥'Y. 

The personnel for the study were those students regularly en-

rolled for first year chemistry courses at four of the public high 
,. ... ' 

schools in Wichita, Kansas, during the school term 1962-63. Each of 

the four h:i.gh schools taught one first year chemistry class using GHEM 

Study materials. All other first yf3ar chemistry c·ourses were taught 

using conventional methos. 

Two statistical designs were used for this investigation of chem-
. ' 
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istry achievement. For the equivalent group, matched pair design us,ing 

analysis of covariance, 71 students who studied CHEM Study materials· 

were paired with 71 students studying conventional chemistry. For the 

t-test of significance between means, grade levels and achievement 

scores were available for 324 conventional and 76 CHEM Study students. 

Tests used in the study were as follows: l} the Iowa Tests of 

Educational Development, used as the basic instrument for matching 

the 71 student pairs, and 2) the American Chemical Society Cooperative 

High School Examination., Form 1961, Part I and Part II, used in first 

year chemistry to determine prior and post student achievement, re-

spectively. 

The analysis of covariance was used to determine the statistical 

significance of the difference found between the ntean raw scores of 

achievement made by the two sets of 71 matched pairs. The t-test for 

significance between means was used to test the hypotheses concerned 

with student achievement in first year chemistry as it is related to 

grade level, teni!l,j eleventh, and twelfth. 
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CHAPTER IV 

RESULTS OF THE STUDY 

The results obtained from comparing the achievement scores for 

71 matched pairs of teµ.th, eleventh, and twelfth grade chemistry 

students by the analysis of co-variance, and the findings of the 

t-tests for significance for discovering what relationship exists 

between student grade level and instructional method in chemistry 

when compared on the basis of student achievement will be discussed. 

The stat;if3tical data are pre_sented in a series of tables with an 

interpretation of each table given. 

In accordance with the first objective of this study, to deter

mine if student achievement in the CHEM Study course in chemistry is 

equivalent to student achievement in a conventional course in chem

istry, Tables III, rv, v, v.r, and Appendix A were prepared. 

Tables VII, VIII, and IX present experimental evidence in 

accordance with the second objective of this study. This evidence 

is of a nature to discover what relationship exists between student 

grade level and instructional method in chemistry when compared on 

the basis of student achievement. 

A summary of the results of the study has been included at the 

end of Chapter IV. This summary, together with all oth_er data fur

nished, will give a quick overview to those persons interested in 

the third objective of this study. This objective is to provide in

formation which can tie used by teachers, school administrators, 
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parent~, and interested cit~zehs in making their m~ "evaluations of 

the first course in chemistry prepare~ by CHEM Study~ 

Equivalent Groups, Matching ~ Pairs 

36 

One hypothesis tested in the study was concerned with the achieve

ment of two equivalent groups of first year chemistry students at 

the high school level. To test this hypothesis, a statistical com

parison of the chemistry achievement of 71 matched pairs of first 

year chemistry students was madeo 

All members of one group of 71 students studied first year 

chemistry from CHEM Study materials while members of the other group 

received their training in the first course in chemistry-in a con

ventionally oriented class. 

The two groups were equated on the basis of their grade level, 

tenth, eleventh, or twelfth, and their quantitative thinking and 

composite score results on the Iowa Test of Educational Development. 

At the beginning of the school year each student in each group 

took Part I of the 1961 ACS Examination. At the end of the school 

year, Part II of the ACS Examination was given to the same students. 

The mean difference found between the two groups in chemistry achieve

ment was used as the measure of group achievement and the analysis 

of covariance was used to determine the statistical significance 

of the mean differenceo 

The Iowa Tests of Educational Development dataused·for both 

the CHEM Study and the conventional groups for pre-chemistry match

ing of students, are given in Table III. Table III also incluqes 

the means for pre-test and post-test achievement scores. 



TABLE III 

SUMMARY OF DATA FOR MATCHING PAIRS: INCLUDES PRE-TEST, 
A.ND POST-TEST MEANS FOR ACHIEVEMENT SCORES 

-- I -- I 

-· 
Items in Analysis Conventional CHEM Study 

,· 

--·" 

Number of Pairs 71 71 
-- - -· ,_. --.. 

Mean,'Qu:antitative Thinking -22.07 22.13 . . 

·-
, ··- - ., 

SD, Quantitative Thinking o·.,73 0.74 

'" 
. .. 

,'. 

Mean, Composite Score 22.14 22.24 

, 

SD,.Composite Score o.60 0 • .59 
I 

-- ,, .... -

t-test Ratio Quantitative Thinking o.49 

t-test Ratio Compos:Lte Score 1.00 

,,· .. , · ... : . ·-,, ' 
Mean, ACS Examination, Pre-Test 13.78 13.29 

.. --, , 
! 

Mean, ACS Examination, Post-Test 28.,64 29.61 
--.- ' 

The means and standard deviations of the CHEM Study and the 

conventional groups vary only slightly for the quantitative thinking 

and composite score section. This variance in the mean scores between 

the two groups on the quantitative thinking and composite score · 
.•· ~ . 

section was statistically analyzed by the t-test Ratio. (1). The 

t-test Ratio of 0.49 for the quantitative thinking section and 1.00 

forithe composite section substantiated the assumption that no sig

nificant difference existed between the two groups with respect to 
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these two comparisons. 

A preliminary analysis of variance of the pre-test and post-test 

trials, taken separately, has been made in Table IV• 

",. 

Sources of 
Variation 

Between Means 

Within Groups 

TOTAL 

'HABLE IV 

ANALYSIS OF VARIANCE OF PRE-TEST AND 
POST-TEST SCORES TAKEN SEPARATELY 

"' 

d.f. ss:x: SS y MS:x(Yx) 

..... 

1 8.64 33 .. 28 8.64 

140 4130.26 I 136,1.09 29.50 
·,, 

" ,, ... ,, 

MSy(Vy), 

" 

33 .. 28 

i 

97.51 

141 4138.90 13684.37 F(pre-test) = 0.29 
'" 

F(post-test} - 0.34 ... 
I 

" 
-. 

s = sum of squares; MS = mean square; v = variance; 

x = pre-:test; y ::: post-test 

The F test applied to the pre-test achi~vement scores _(F equ~ls 

.29) falls far short of significance at the .OS level (F eq~als 3.91} 
-
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with degrees of freedom 1/140, from which it is clear that the ,pre-test 

means do not differ sfgnificantly and that the r,andom a!signment of 

subjects to the two groups »Vas quite successful., .. The F ~test applied 

to the post-tes:c, (F equals .34J before correc~in~ fqr :rariabili~y in 

pre-test scores, is aiso considerably below 3.91, the .05 level. 

The analysis of covariance data for correcting the post-test 

scores for initial differences in pre-test scores is given in Table v. 
The F test applied to the post-test achievement scores, (F equals 
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.79} after the means have been adjusted for any variability in post-
,__ - - , ... ' · .. 

test contributed by pre-test, falls far short of the 3.91, the .05 

level. 

One may conclude, therefore, that when initial differences are 
I 

allowed for; students. taught first yeal:" cl1ernist:t'y .. fl"om CIIEM: Stud;y-

materials achieve as well as students taught first year chemistry 
I . ·-

from a conventional text when students with equal pre-chemistry 

ability are compared. 

- '. 

TABLE V 

ANALYSIS OF COVARIANDE 

·,, 
•'' \ . 

Sources of MS , 
Variation d.f. ssx ssy SS:x:y SSy.x v!•X 

(. Y•X• 
I ·-.. , .... . '' ' . ... ,.· 

,, I 

Between Means 1 8.64 33.28 -16.94 64.09 64.09 
I 

,· 
. , ,, .. ·, . , . 

Within Groups 139 4130.26 ,.13651.09 3157 .10 11237.86 80.8.5 • r .. L •, ' 

• 
" " 

. ... , .. .. ., . ···-~: . " " .. , . 

TOTAL J.40 4138.90 13684.37 3140.16 11301.95 Fy•X 
' I 

' ··.• - .. - . 

:x:y = pre-test ti.mes post-test; x,y::: post'=test corrected for 
i 

pre-test; SD = standard deviation. 
' . I 

' 

The null hypothesis ~snot rejected and any grou~ differences 

found in student achievement are the result of chance. 

~ 

For the difference to have been significant the F test at the .05 

le~l of confidence, with 139 degrees of freedom, would have to have 

been 3.91. 

The coefficient of correlation of .42 for total and within-

groups correlation, between the pre-test and post-test achievement 

SD · 
sn,..x 

8.99 

\Jo79 
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scores made by member~ of the_~wo !P:oups, shows a marked positive re

lationship in group achievement ( 2). 

The coefficient of correlation of -1.00 for between means of the 

two groups denotes a very high inverse relationship between achievement 
. .. - • . • -. .. ,t ..• - - . 

on pre-test and post-test achievemE:lnt sco~EHh _Th.at ~~~- mt,mbers. of the 

conventional group consistently scored lower on the post-test achieve-
.... ...... .. •.. . .. ' .. . . .. .. . .. ·-· . 

ment scores than did the latter,·but consistently scored higher on the 

pre ... test. 

t.;.Test, Using All Data 

The second and third hypotheses to be tested by_the_study dealt 

with student achievement in first year chemistry when students were 

classified under two groups for chemistry instructions, with each of 

these two groups being .further subdivided into three high school 

grade levels of instructions. 

A summary of the classification of students included in this 

study by type of chemistry instruction and high school grade level 

was shown in Table I, Chapter III. 

·rn further support of the results of the matched pc:1.ired ~esign., 

a t~test for significant difference between means of the two gro~ps 

was made, using all of th~ students for which data was collected. 

The term "achievement scores" as used here will be taken as the 

dif..ferenee betweeri.what the student made on his pre-test and post-test 

ACS Examinat~9n scores. 

The achievement scores of the 324 students taught firs~ year 

chemistry by conventional methods were compared with achievement scores 

of the 76 students studying CHEM: Study methods. The achievement means 



and the variability of the means of the two groups on the A~~ ~ami

nation, and the value of the t-test comparing the achievement of the 

two groups are given in Table VI. 

The t-test for the achievement scores made by the two groups 

was • 71. This low t-test indicates that for these two groups .. of 
.. -

chemistry students the difference of 1.70 points between means was 

not significant. 

TABLE VI 

SUMMARY OF DATA FOR COMPARING ACHIEVEMENT OF 
CONVENTIONAL WITH CHEM STUDY GROUP USING_ 

t-TEST AND ALL STUDENTS IN THE STUDY 

-:;. -

Items in Analysis Conventional JHEM: Study 

Number of Students 324 76 
,< 

' ' ,, 

Mean,. ACS Examination Scores 16.75 1,.05 
I . . .. 

I 

Standard Deviation 9.29 7.78 
., 

Standard Error of the Mean · 0.,2 10089 

'" . 

Difference Between Means 
' 

1.70 
r 

~-Test 0.71 

· The conclusion was drawn from these data that students taught 

first year chemistry from CHEM Study materials and students taught 

first year chemistry from a conventional text achieve equally well. 

The null hypothesis is not rejected and any gro~~ differences 

found in student achievement are the result of chance. 
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For the difference to have been s~gri.ificant., the t-test at the 

.0$ level o~ c?nfidence., with 398 degrees of freedom, would have to 

have been 1.97 •. 
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A check was made to see to what extent variability of group achieve ... 

ment has changed as a result of the two different methods. of teaching. 
' . . . . -

The scores used on the ACS Examination were used as the criteria to 

detemine this change in variability. 

The difference in the standard deviation for each group was 

1.51 points with the conventional group having the greater variance. 

The standard error of the difference between the two standard devia-

tions was 1.19. The t-test Ratio for these data is 1.27 (3). 

With 398 degr~es_of freedom, the t-test ratio at the .05 level 

of confidence is 1.97. Because this change in variability is not 

statistically significant at the .05 level of confidence, one may 

feel quite confident that students in conventional chemistry do not 

vary more in general than do students in the CHEM Study group. 

Comparisons were made of the scores for the students of each 

group at each grade level by use of the t-test for significance of 
. . . 

dj.fference between means. The mean achievement scores, difference 
·~ . 

'11.1, . 
·•.,'t 

between means and t-tes·t values are shown in Table VII. 

The highest degree of freedom found for any comparison in 

Table VII is 200, the comparison between eleventh grade conventional 

and eleventh grade CHEM Study. 

With 200 degrees of freedom!! the t=test for significance at the 

.05 level of confidence is 1.97. Since none of the calculated t-tests 

reach the level of 1.97, the conclusion was drawn from these d~ta 

that students taught first yea:r chemistry from CHEM Study materials 



achieve as well as students taught. first ye~_che~istry from a. 

conventional text regardless of tenth, eleventh,, or twelfth grade 

level. 

It is interesting to note that the.me~s of the tenth grade 

students, both conventional and CHEM Study groups, a.re highe~ than 
.. . --·- ··- . .. ... - . - -··· . . . .. . " ,,, - .. .. " 

the m~ans of the other two ~ades. This indicat~s that, on the av

erage, the tenth grade studen~s made the greatest impro~ment between 

pre-test and post-test scores. 

.. 

TABLE·11II 

COMPARING OF STUDENT ACHIEVEMENT SCORES BY GRADE 
LEVEL BETWEEN THE CONVENTIONAL AND 

CHEM'. STUDY GROUPS 

·- ·-·-
<' 

.. 
ll11.'ference 

" Grade Level and Group Mean 
' 

Between Means ...... ,. .• ! 

' ' ......... ,, ···- ...... --- ... ·- ··-· .... 

·Tenth Grade ·Conventional 20.91 . " 
2.41 

·- .. 
"" -- .. 

Tenth Grade CHEM: Study 18.50 
" ·-·- ...... -~~ . - ·-·· .. - ... --- ,-·- - . .. ..•. , 

Ten.th Grade Conventional 20.91 ....... 

' 6.33 .... - ..... , .. ., 
" 

Eleventh Grade CHEM Study 14.58 
-· ·- -·· ... -· " -- -·- -·· .... 

Tenth Grade Conventional 20.,91 .. 
6.16 

-·-· -··· ·-· -·· -~ -· -- ·- ... 
" 

Twelfth Grade CHEr\lf Study 14.7, 
' ,, 

-- ···-·· .. ' .. 

Eleventh Grade Conventional 15.94 .. 
2.56 

., --~ -- - --- .. - ". ... ,, 
• 

Tenth Grade CHEM Study 18.90 

t 

0.28 

... 
1.50 

I 

. 
1.29 

. " 
0.38 
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Table VII (continued) 

Eleventh Grade Conventional ---··a., .. 

··_,·.,, ., .. 

Eleventh Grade CHEM Study 

...... ·-' , ....... 

'Twelfth Grade CHEM Study 14.75 

'fwelf,''th Grade Conventional. .. 15.32 
3.lB o.48 

~enth:Grade CHEM Study 

T'al:f.'th Grade Conventional· ' 'fl''·• .... J-1' 

0.14 · 0.2.3 -

Eleventh Grade CHEM Study 

T\felfth Grade Conventional 15.32, ·- .... 

Twelfth Grade CHEM Study · . 14.75 

An interpreta:ion _ of th~~ incr~as!.11 e1Jen ~ho1:1~~ ~~«: .. ~Il?:".:ase 

is not significant, might sugges.t .. orie or both of the following I 
_. .' • ' - ., • • • .., ••• • •••• •••• ·- •• ' •• • •••• - t •••• ~ ·- - •• ,, ••••• '''"' • • ••• 

. . 

encouraged.to.ta.lee first year ehem.istry·which by tradition is an 
' '•• • .• ,. " • ·~ '. ,• .. ... -·· ·-• '. ' ," ~ • ., " II " " • : ' ''"' ~ .• ; .,., "• ·• '' ' '., • 

eleyenth. and/or twel:f.'th -grade subject •. Secondly, t~e eleventh and 

twetith grad~s bfjca~se 6f 'their additional_D1a~111:ity_~d.~e~~·~oe 
.. 

ma.y tend to score higher on the pre-test than. those students at the 
: . . 

tenth grade level. · 

A check was made to. see what·extent grade level·affected achieve-
- . . ··-· ........ . 

ment ~thin groups. taught by the same method •. The··ACS Examination 



test scores and the t-test for significance between means were used 

as the criteria to determine this effect~ Tables WIII and IX, con-

ventionally and ~HEM Study taught groups respectively, were prepared 

for this purposeo 

The highest degrees_of freedom found for ~y comparison in Table 

VITI is 257, the comparison bet~en elevemt~ and_ ~!~lit~ ~_ade levels, 

With 257 ~e~ees of freedom, the ~-:test_?~ signi~i?arice at the 

.05 level is lo97. Since none of the calculated t-tests reach the .. 
level of 1.97, the conclusion was drawn that stud~n~s taugh~ first 

year chemist17_from a c<?nventional text achieve· equally as well re

gardless of grade level. 

Grade Level 
. . - . ...... 

Tenth Grade 

·--·· 

TABLE VIII 

COMPARING OF STUDENT AGHIE'V'EXENT SCORES.BY 
GRADE LEVEL WITHIN THE CONVENTIONALLY 

TAUGHT GROUP 

-Dif.f'erence -
Mean Between Means 

20.91 
4.97 ...... -· 

Eleventh Grade ·15.94 
_; 

Tenth Grade ·. 20.,91 
5.59 

·-· 

Twelfth Grade 15.32 

... 

Eleventh Grade 15.94 
0.62 

•.-. .. 
.. -

Twelfth Grade ·, 15.,32 

t 

1.71 

.. 

... ·., 

1.73 

0.27 

While significance a:P._ the .05 level fl~::iiot: reached, it is inter

esting to note that si'gnificance was approached by t-test values of 
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1.71 and 1 .. 73, the comparisons of ten~h with.eleventh grade and 

tenth with twelfth grade respectively. Suggested reason~ for th,is 

difference in means were put forth in the preceding comparisono 
. . . 

In Table IX the comparison between the eleventh and twelfth grade 

CHEM Study group provided us with the largest degrees of freedom, 66. 

Entering the t-Table for significance with 66 degrees of freedom gives . . . 

a value of 2.00 and the .05 level. 

Since none of the calculated t 1s reach the level of 2 .. 00, the 

cond:lusion was drawn that students taught first year chemistry from· 

CHEM Study materials achieve eq~ally regardless of grade level, tenth, 

eleventh, or twelfth. 

Grade Level 

Tenth Grade 

TABLE IX 

COMPARING OF STUDENT ACHIEVEMENT SCORES BY 
GRADE LEVEL1 WITHIN THE CHEM STUDY 

TAUGHT GROUP 

Difference 
Mean Between Means 

.. 

18.50 .. 
J.92 

Eleventh Grade 14.58 

Tenth Grade 18.5'0 
3.75 

Twelfth Grade 14.75 
... 

Eleventh Grade . 14.58 
0.17 

Twelfth Grade 14.75 

t 

o.59 

0.52 

.. 
o.o4 

It is interesting to note that the calculated t-values for the 
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CHEM Study group are very low and none of them approach significance. 
~ ·' .. - . 

This is in contrast with the within group comparison for the con~ 

ventionally taught group where two values do approach significance. 

Tests of Stated Hypotheses 

Three fundamental hypotheses were stated for this study. On the 

basis of the results obtained from the two statistical analyses used 
. . ... ·- ... 

~ the study, the null hypotheses are rejected or not rejected at the 

.05 level of confidence as follows: 

47 

Hypothesis 1. There is no significant difference in chemistry 

achievement between the group of students taug;ht_first year hi~?-~chool 

chemistry from CHEM Study materials and the group of students taught 

first' year high'school chemistry from a conventional.text when each 

member of the two groups is a part of a matched pair. 

The results found for the equivalent gro'Ups, matchedpair design, 

showed that no statistically significant difference existed between 

the group taught first year high school chemistry from CHEM Study ma-

terials and the group of students taught first year high school chem-

istry from a conventional text. 

Therefor~, hypothesis number one was not rejected at the .05 level 

of confidence. 

Hypothesis 2. There is no significant difference in chemistry 

achievement between one group of students taught first year ~igh 

school chemistry from CHEM Study materials and a group of students 

taught first year high school chemistry from a conventional text when 

students are grouped according to grade levels ( tenth, eleventh, and 

twelfth). 

The results found, when comparisons were made at each grade level 



by use of the t-test for significance of difference between means, 

showed no statistically significant difference, at any one grade 

level, existed between the group.taught first year high school chem-
,. 
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istry from CHEM Study materials and the group of students taught first 
~ . . 

year chemistry from a conventional text. 

Therefore, hypothesis number two was not rejected at the .05 

level of confidence. 

Hypothesis J. There is no significant difference in chemistry 

achievement between grade levels (tenth, eleventh, or twelfth) when 

compared within instructional method, CHEM Stu?-y or conventional 

methods. 

The results found when comparisons were made between grade levels 

within instructional method showed no statistically significant differ-

ence existed between grade levels when tested by the t-test for signif-

icance of difference between means. 

Therefore, hyp~thesis number three was not rejected at the e0.5 

level of confidence. 

Summary 

The results of the statistical analysis of the data collected 

for the study have been presented in ,Chapter IV. The data were an-

alyzed by the analysis of covariance and the t-test for significance 

between meanso 

The analysis of covariance was used to compare differences in. 

chemistry achievement bet~een 71 matched pairs of first year high 

school chemistry students. Pairs were matched by grade level and 

the raw scores of the quantitative and .compps;l'tie tests of the Iowa 
~ . .. ... , ,"' . . 

Test of Educational Development. One member of each pair was taught 



chemistry from CHEM Study mat~rials ,. Vihile ~is counter:part received 

chemistry instruction covering the materials from a conventional text. 
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No statistically significant difference was found in the chemistry 

achievement of the two groups. 

In further support of the results of the matched-pair design., 

at-test for significant difference between means of the two groups 

using all of the students in the sample, 324 in the conventionally 

taught group and 76 in the CHEM Study, did not result in any signif-

icant difference in achievement between the two groups. 

Comparisons were made of the scores for the students of each 

group at each grade level by use of the t-test for significance.of 

difference between means. 

No statistically significant difference was found in the chemistry 

achievement of the two groups when compared by grade level. However, 

it is interesting to note that the means of the tenth grade students, 

both conventional and CI:IEM Study groups, a.re higher than the means 

of the other two grades. This means that, on the average in this 
. . 

sample, · the tenth grade students made the gre'atest. improvement between 

pre-test and post-test scores~.· 

A check was made to see to what extent grade level affected 

achievement within groups taught by the same method. The achievement 

scores a.:r;td the t-test for significance between means were used as the 

c:riteria to determine this effect •. , 

No statistically significant difference was found in the chemistry 

achievement between grade levels within the two groups., Howe.ver, in 

the conventional group, significance was approached by t-test v:a,lues 

in the comparisons of tenth grade with-eleventh and tent~ grade with 



twelfth, with the tenth grade having the greater mean. 
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CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS 

The study was. designe~ ~o presemt experimen_t;a~ evidex:i-c! at the 

high school level which might help to 1) determine if student achieve-· 
. - .. . .. ~ .. . ... . .. . . " .. .. " .... - -·· - - .. -

ment in the CHEM Study course in chemistry is equivalent to student 

achievement in a conventional course in chemistry, 2) discover what 

relationship exists between student grade leveJl .. and instructional 
. , 

met}?.od in chemistry when compared on the basis of student achievement, 
.. .. - .. · ...... 

and. 3) provide information which could be used by teachers., school •. ., ,. .. . . . . .. . .... 

"' : 

adm:inis.trators, parents, and _ interested ci tize~~ in ma.kin~. their ow.n 

eva.iuatio:ris of the CHEM Study method of teaching chem~stry. 

Null hypotheses were stated that no differences would be found,_ . ~ 

at the .05 level of confidence, in student achievement _ii']. firs~. year 

high school che~istr;r betwe~n _ .l}, equi17.B:le~t g:roups_ f:r?m th!_ ~YI>e. 
,. 

of chemistry studied; 2} groups when grouped accordin~ to ~rade )evel~, 

t1;1nth, eleventh, and twelfth; and 3} grade levels when compared within 

instructional method. 

Two different statistical designs were used in an effort to 

investigate arid compare the chemical achievement of CBEBa: Study.and 
-- - . ·.. -- .. ·-· .. . .. ... •·" 

conventional_first year high scho~l chemistry stud.ants • .An_~qt1i".'" 

valent group, matched pair design, was analyzed by the analysi~ of 

covariance to test the hypothesis o:t no differenc~.in chemistl";r. 

achievement when students were assumed to be of equal chemistry 



ability at the start of their chemistry inst:r.uctiono Students were 

equated on the basis of their grade level and scores on the quanti-

tative thinking and composite .score sections of the Iowa Tests of 

Educational Developmento 

The t-test was used to test the hypotheses of equa~ achievement 

between 1) one group of first year high school chemistry students 

studying from CHEM. Stµdy materials and another grou)) studying a 

conventional program of first year high school chemistry, when grouped 

and compared by grade levels, tenth, eleventh, and twelfth; and 

2} grade levels, tenth, eleventh, and twelfth;) when compared wi·thin 

instructional method. 

The raw scores received on the American Chemical Society Exami-

nation, High School, Form 1961, were used in all cases as the measure 

of student achievement in first year high school chemistryo For the 

t-test analysis the difference between the pre-test and post-test 

scores of the ACS Examination were used for statistical calculations. 

The data collected and the statistical analysis of those data 

are summarized below under the appropriate statistical design .. 
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1. Equ:l,valent Groups, :Matched~ Design (Analysis 2£ Covariance) 
••"•• · •· ••·• • ••••,,,., ·•• •••··•--,,. .. ·•"• •,•• •'"·•••,• • ,· ,,,.,., . ., •''·" •••'"• -,,,,., ", .,,.,., 4 ,,,•·· -•••,,•---,e·•-q ,,,,.,,, ,..,,.,, 

Two types of chemistry instruction were under consideration in 

the study. These were the CHEM Study first course in chemistry and a 

cc,nventional program for teaching first year high school chemistry. 

The findings of a preliminary analysis of variance of the pre-

test achievement scores gave an F variance of .. 29. An F-value of 

this magnitude, with the appr~priate degrees of free~om, falls far 

start of significance at the .OS level of confidence, from which it 

is clear that the pre-test means do not differ significantly and that 
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the random asijigrunent of subjects to the two groups was quite success-

ful. 

The analysis of covariance gave an F-value of ,.79 for the 

post-test achievement scores .. The F-value of .,79 falls far short 

of the J.91 needed at the .05 level for significance. 

Therefor~, the null hypothesis was not rejected at the .05 level 

of confiden~e, and one may conclude that when initial differences are 

allowed for., itudents taught first year chemistry from CHEM Study 

materials ach:j.eve as well as students taught first year chemistry 
I 

from a conventional text when students with equal pre-chemistry 

ability are compared. 

2. t-Test Analysis 

A eompartson was made of the achievement scores between the two 

groups., using all of the students for which data was collected. 

The calclllated t-test value .for these data was .71, which falls 

short of the .o, level of confidence specified for significance 

in the design of this study. 

Therefore., the null hypothesis :j_s not rejected and offers further 

support of the results of the analysis of:covariance., matched pair 

design. 

Comparisqps were made of the scores for the students of each 

group at each grade level • 

. The findings of the calculated t-test values for these nine com

parisons gave p.o value statistically significant at the .o, level of 

confidence. 

Therefor~, the null hypothesis ;ts not rejected. 

Comparisons were made to see to what extent grade level affected 



achievement within groups taught by the same method. 

The findings of the calculated t--test values for the three com-

parisons made within the conventional group and the three within.the 

CHEM Study group gave no value statistically significant at the .OS 

level of confidence. 

Therefore, the null hypothesis for these two comparisons is not 

rejected. 

Though not a major purpose of this study., a determination was 

made regarding the effect of each type of chemistry instruction on 

group variance in chemistry achievement. 

The pre-chemistry variance of the two equivalent groups of 71 

matched pairs was not significant on the quantitative thinking or 

composite score sections of the Iowa Tests of Educational D~velopment. 

The variance of the two groups on the ACS Examination w~s 1.51 points 

with the conventional group having the greater Va.I'iance. 

The t-test for these data gives a ratio of 1.27, which is not 

statistically significant atthe .OS level of confidence. 

Sh 

This t-test value reinforces the conclusion drawn from the analy= 

sis of covariance~ 

Conclusions of the Studl 

The findings of the study appeared to justify the following 

conclusions: 

1. When conventional and CHEM Study first year chemistry groups 
. . 

are equated on the basis of pre-chemistry ability, no significant 

difference will be found in their chemistry achievement on a con-

ventional chemistry test. 
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2., When conventional a.nd CHEM Study first year chemistry groups 
. - - ~ . • "'"" .,· ... • . •·.-···- " -·- .... ··- •.. ,I 

are .. c<?mpa.rt,~ _ °.n th~ ~a,s!~ e>f gr~e _ ;~yel, .. t!:ntll, ~~~~~~~~ -~~ _ ~~:µ-th, 

no si~ifieant difference wi~~e fo~1;d in their chemistry achieve

ment on a conventional chemistry test. 
,., ... . ......... . 

. ' 

3. When grade levels 'W:i. thin the conventionally taught group - •,' . . . ......... . . .. ·- ..• ,. ·- .... -- .. "..... - ... ~ ..... .... ... .. . .... ·- . ...... . . ......... ' 

a.re compared o~ .. a co~~nti?nal ch~ni:i~tr~ test? :3-0 . si~;:ric~t _ differ

ence will be found in their chemistry achievement. However,_ tenth _ 
. ·1 - . .. . • . .. ,... . ... 

·· graders appear to _make the greatest improvement, a.nd this improvement 

appro~~hes significance. 

4. When grade levels within the C~ Study taught group are 

compared on a conventional chemistry test, no significant difference 
. . ... ... .... .. .. . - .... , ...... ... 

will be found in their chemistry achievement. 

·5. Over all, tenth grade stµdents, both conventional and CHEI 
.. . . "" ". . . . . -· . ,. . .. ·~ ... . . ·-· '" ~ "' .. '···-. ·- .... -· ·- - ·-· -····. -· . .. ·- .. ' , .... " . 

Study groups, appea.;r to -make greater . improvements .. :t?~an_ ~!it? qther 

two gr~es when compared on a conventional_chemistry test. 

6. Compared on the basis of student achievement on a conventional 

chemistry test, CHEM Study students appear to achieve as well as 
'. • ,,. .. .... ,.... •. .•. -· • •• ~ ... "" - .••. .. • ,t 

. ·; ( 

students in a cor_i.ventional course, regardless ·of grt:ide level._ ~::tsot 

students within groups appear to achieve as well regardless of grade 

Recommendations 

The writer makes the following recommendations as the result of 

this study: 

1. Additional research can and should be done to further ex-

plore the areas considered in this study. 

2. More useful information would likely come from a number of 



studi~~-, performed under a variety of conditions. 

3. The effect a CHEM Study program has upon achievement in 
"" ···- - ... "' 

other science courses needs investigating. 
.. ... '.. . . . . '· . . .. . . ... . .. 

4. Research is needed on the motivational effect and holding 

power ~f the CHEM __ S~u~ program :l!'on s~conda.ry s~hoe>~ ~~ud~nt_s_. 

5. The evidence from current data is sufficient to inform a.dmin-

istrators that achievement_~ a._CI_IEM Study program is equal to achieve

ment in the·conventional approach. 

6. Research is needed on the college success· of students who 

have studied from the CHEM Study program in secondary school'. 
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APPENDIX A 

GRADE LEVELS AND THE RAW SCORES ON THE Qtl'ANTITATIVE THINKING .AND 
COMPOSITE·SCORE SECTIONS OF THE IOWA TESTS.OF.EDUCATIONAL 

DEVELOPMENT AND THE A:CS'HIGH_S.OHOOL.C:µEMISTRY.EXAMI- -
NATION FOR 71 MATCHED PAIRS 

Quantitative Composite ACS Examination 
Thinking Score 

Pair .. Grade CHEM 
.... Con.v. · 

NWJ1.ber Level CHEM Conv. CHEM Conv. Pre Post Pre Post 

l 10 29 29 33 32 21 39 18' 43 
2 10 29 29 23 27 20 '40 20· 35 

·3 10 27 27 I 26 26 19 '33 14 46 
4 IO 11 12 17 16 13 31 27 10 
5 10 ··11 31. 28 27 18 26 18 29 
6 10 33 33' .32 34 20 ·47 14 52 
7 10 32 31 25 25 7 39 12 '39 
8 10 27 27 I 28 29 19 36 19 )0 
9 11 19 19 18 1'8 11 19 11 33 

JD 11 27 27 24 23 11 23 14 36 
11 11 27 ?7 25 25 12 ·30 16 hl 
12 11 ·25 25 .24 25 37 31 13 hO 
13 11 31 31 26 2:, .. 8 45 12 ·27 
14 11 21 21 23 23 11 20 20 31 
15 11 18 18 19 19 11 211, 9 -".30 
16 11 35 35 '35 33 18 43 15 ·47 
17 11 24 24 22 24 16 23 8 31 
18 11 14 14 19 18 12 21 12 l~ 
19· 11 18 18 19 18 25 38 10 20 
20 11 12 12 11 12 18 1, 10 25 
21 11 18 18 19 18 18 31 15 16 
22 1t 16 16 18 18 11 26 12. 25 
23 11 20 20 16 16 12 2lt 4 15 
24 11 21 21 20 20 14 19 9 30 
25-· 11 .19 19 21 21 10 15.· 9 18 
26. 11 1.5 15 15 .' 15 ·1:i. 16 10 )0 
27 ll 10 10 ,:'15 12 l ·23 3 30 
28 11 25 25 21 21 18 32 20 43 
29 ll 14 14 19 19 8 18 6 18 
30 11 22 22 21 · 21 14 27 15 26 ~ 

31 11 18· iB 11 12 13 13 13. 16, 
32 11 15 15 19 18 20 39 14 14 
3.3 11 23 23 23 23 10 40 1) 30 
34 11 21 · 21 21 21 13 25 13 31 
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APPENDIX A (Continued) 

35 11 21 21· 25 24 21 45 11 26 
36 11 24 24 22 ;'21 10 26 6 32 
37 11 15 15 16 17 "9 '26 12 24 
38 11 28 28 ·25 2:5 13 34 14 21 
39 11 26 26 25 23 14 37 18 !di 
40 ll 2'8 2·a 25 25 24 1t2 1,5 '43 
u ll 33 33 27 30 15 33 13 36 
42 11 2~ 2, 21 22 11 30 12 27 
43 11 13 13 26 21 10 29 ll 30 
44 11 21 21 20 20 15 30 12 16 
45 11 18 18 20 18 10 23 5 28 
46 11 26 26 23 23 11 36 12 20 
47 12 16 16 19 18 10 22 10 22 
48 23 23 24 22 

: 

1.5 14 40 12 30 
49 12 19 19 19 19. 12 34 16 11 
50 12 11 10 15- 14 9 31 12 29 
51 12 25 25 26 27 12 38 18 '43' 
.52 12 15 15 21 23 15 25 15 32 
53 12 19 19 22 22 10 14 11 37 
54 12 ··1, 15 17 17 5 11 11 34 
55 12 24 24 21 24 16 23 8 24 
56 12 20 20 21. ·21 .3 14 17 24 
51 12 12 12 15 16 7 16 11 29 
58 12 21 21 20 19 10 23 12 26 
59 12 21 21 22 23 · 20 27 13 18 
60 12 20 20 17 17 6 18 14 2'5 
61 12 19 19 ·23 21 10 30 10 10 
62 12 24 24 23 23 7 37 14 20 
63 12 23 23 24 ~24 13 37 14 27 
64 12 33 31 30 30 17 ·42 21 43 
65 12 21 ·. 21 2h 24 13 39 11 22 
66 12 28 28 " 29 26 13 29 13 .56 
67 12 3.5 34 36 36 20 37 lt1 '~" 68 12 24 24 22 24 14 17 10 ·21 
69 12 29 29 23 ·24 i5 23 13 34 
70 12 29 29 30 30 18 31 16 38 
71 12 20 20 . 25 25 1.5 27 ll 40 
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DIRECTIONS: Each item consists of a stem to which one response is correct among the several numbered 
choices given. For each item, blacken the space on your answer sheet that has the same number as that of 
the response you have selected as the correct answer. 

When~ver possible, arrive at your own an:;wer to a question before looking at the response. 
may be misled by plausible incorrect responses. 

Otherwise you 

Sample Question: 

101. Of what is water composed? 

~ ( 1) Hydrogen and nitrogen 
(2) Carbon monoxide and hydrogen 

~~(3) Hydrogen and oxygen 
~(4) Sulfur and pl).osphorus 

(5) Nitrogen and oxygen 

Sample Answer Sheet: 

I 

(The correct answer is response (3), "Hydrogen and oxygen". 
on the sample answer sheet.) 

Answer space 3 therefore has been marked 

PART I 

(40 minutes) 

1. Which process yields the most nearly 
chemically pure water? 

(1) Filtration 
(2) Coagulation 
(3) Electrolysis 
( 4) Sedimentatio'l 
(5) Distillation 

2. Since sodium and potassium are both members 
of Group IA in the Periodic Table, a sodium 
and a potassium atom have the same 

(1) atomicweight. 
(2) number of protons in their nuclei. 
(3) atomic number and the same nuclear 

charge. 
(4) characteristic of losing one electron 

per atom to form an ion. 
(5) total number of electrons around the 

nucleus. 

3. The chemical properties of atoms depend 
principally upon 

( 1) their atomic weight. 
(2) the masses of the nuclei involved. 
(3) the number of neutrons in their 

nuclei. 
(4) the ratio in which the atoms combine 

with other atoms. 
(5) the number of electrons in their 

outermost shells. 

4. The type of bond formed when two atoms 
share a pair of electrons is called 

(!) ionic. 
(2) double. 
(3) covalent. 
(4) bivalent. 
(5) electrovalent. 

- 2 -

5. Which statement best accounts for the fact 
that gases can be greatly compressed? 

(1) Molecules occupy space. 
(2) The collisions of molecules are 

elastic. 
(3) Molecules of gases are in constant 

motion. 
(4) The molecules of a given gas are 

identical. 
(5) Molecules of gases are relatively far 

from each other. 

6. Whi c h metallic ion is most responsible for 
"hardness" in water? 

(!) K+ 

(2) Li+ 

( 3) Na+ 

(4) zn++ 

(5) ca++ 

7. Two kinds of emission from radioactive 
substances that are considered to be particles 
of matter are 

(!) alpha and beta emission. 
(2) alpha and gamma emission. 
(3) beta and gamma emission 
(4) gamma emission and x-radiation. 
(5) alpha emission and x-radiation. 

8. The total number of atoms represented by the 
formula K 3Fe(CN) 6 1s 

(I) 4 
(2) IO 
( 3) I 1 
(4) 16 
(5) 36 

G o on t o th e next pa ge. 



~. The reaction between sodium chloride and 
concentrated sulfuric acid produces 

( l) chlorine. 
(2) hydrogen chloride. 
(3) sulfur dioxide. 
(4) sulfur trioxide. 
(5) sodium sulfide. 

D. The mass number of an atom of iodine is 127, 
and the atomic number is 53, The number of 
protons in the nucleus of this iodine atom is 

( 1) 7 
(2) 53 
(3) 74 
(4) 127 
(5) 180 

1. Which ions account for the alkalinity of 
bases in water solution? 

(1) Oxide ions 
(2) Hydronium (hydrogen) ions 
(3) Sodium ions 
(4) Ammonium ions 
(5) Hydroxide (hydroxyl) ions 

2. The similar chemical behavior of the 
elements in a given family in the Periodic 
Table is best accounted for by the fact 
that atoms of these elements have 

(1) the same number of electrons in the 
outermost shell. 

(2) the same number of electrons. 
(3) the same number of protons. 
(4) similar nuclear structures. 
(5) a common origin. 

3 . Which equation is correctly written? 

(1) Ca + H 20 '-'+ CaO + H 2 

(2) Ca + H 20 CaOH + H 

(3) Ca + 2 H 20 Ca(OH) 2 + H 2 

(4) Ca + 2 H 20 Ca(OH) 2 + 2 H 

(5) 2 Ca + 6 H 20 - 2 Ca(OH) 3 + 3 H 2 

4. All positive ions differ from their correspond-
ing atoms by having 

(1) larger diameters. 
(2) fewer electrons. 
(3) a charge of +l. 
(4) greater atomic weights. 
(5) stronger metallic properties. 

5. Which is a characteristic property of 
hydrogen? 

(1) It diffuses slowly. 
(2) It is denser than helium. 
(3) It burns l.'eadily in air. 
(4) It is very soluble in water. 
(5) It reacts readily with copper. 

-3-

ULj. 

16. Which pH value signifies the highest 
hydronium (hydrogen) ion concentration? 

( 1) pH 5 
(2) pH 7 
(3) pH 9 
(4) pH 11 
(5) pH 14 

17. Which symbol represents an atom that con-
tains the largest number of neutrons? 

( l) 
92 

uz35 

(2) 
92 

uz39 

(3) N 239 
93 p 

(4) p 239 
94 u 

(5) P 231 
91 a 

18. Large quantities of oxygen for commercial 
use are prepared by 

(1) heating mercuric oxide. 
( 2) heating potassium chlorate. 
( 3) the fractional distillation of liquid air. 
(4) heating limestone to produce calcium 

carbide and oxygen. 
(5) the action of chlorine on water p~o

ducing hydrochloric acid and oxygen. 

19. Under the same conditions of temperature and 
pressure, a liter of hydrogen compared to a 
liter of oxygen contains 

( l) more molecules than the liter of 
oxygen. 

(2) fewer molecules than the liter of 
oxygen. 

(3) the same number of molecules as the 
liter of oxygen. 

(4) molecules with lower average velocity 
than the oxygen molecules. 

(5) the same total weight of gas as the liter 
of oxyg e n. 

20. In the reaction, represented by the equation, 
Mg + CuS04 - MgS04 + Cu, 

( 1) copper is oxidized. 
(2) magnesium is reduced. 
(3) magnesium is the reducing agent . 
( 4) the sulfate ion is the oxidizing agent. 
(5) the oxidation number of the copper 

remains unchanged. 

21. Isomers have 

( 1) different atomic weights but the 
same atomic numbers. 

(2) the same molecular structure and 
molecular weights. 

(3) the same atomic number but different 
atomic weights. 

(4) different molecular weights but the 
same molecular structures. 

(5) different molecular structures but 
the same number and kind of atoms. 
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22. A chemical reaction in water solution in 
which two or more products are formed 
will go nearly to completion when 

(1) two salts are mixed, 
(2) the reactants are soluble. 
(3) ionization of the products occurs. 
(4) the proportions of the reactants are 

equal. 
(5) one of the products escapes as a gas. 

23. Which of these metals combines most readily 
with oxygen? 

( 1) Zinc 
(2) Iron 
(3) Copper 
(4) Sodium 
(5) Aluminum 

24. The gas usually formed by the chemical 
combination of nitrogen and hydrogen reacts 
with water to form 

( 1 ) HN03 
(2) NH3 

(3) No2-

(4) No3-

(5) NH+ 
4 

25. At the anode in an electroplating cell, the 
chemical action is called 

(1) oxidation. 
(2) hydrolysis. 
(3) dissociation, 
(4) reduction. 
(5) neutralization, 

26. Which equation most nearly repr,esents the 
reaction between hydrogen chloride and water? 

(1) HCl + H20-+ 3 H .. + c10-

(2) HCl + H 20 -- H 3o+ + Cl -

(3) HCl + H20 - 2 H+ + OH- + o-- + ci

(4) HCl + H20 -- 3 H+ + c1- + o--

(5) HCl + H20 -- H3+ + Clo-

27. The combination of hydronium ions with 
hydroxide ions is known as 

(1) catalysis. 
(2) hydrolysis. 
(3) electrolysis. 
(4) hydrogenation. 
(5) neutralization. 

28. Which volume is most nearly equivalent to 
3 quarts? 

(1) 0.3 liter 
(2) 3 deciliters 
(3) 0, 3 kiloliter 
(4) 3000 milliliters 
(5) 300 cubic centimeters 
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29. One liter of oxygen at STP contains approx-
imately the same number of molecules as 

(1) 2 liters of He at STP. 

(2) 1/3 liter of 0 3 at STP. 

(3) 1 liter of C02 at STP. 

(4) 1/5 liter of CH4 at STP. 

(5) 250 milliliters of NH3 at STP. 

30, Covalent bonds are most likely to be found in 
the compound represented by the formula 

( 1) NaCl 

(2) KBr 

(3) CH4 

(4) KI 

(5) CaF 2 

31. The outermost shell of element "X" has 3 
electrons while that of element "Y" has 6. 
The probable formula of a compound of these 
elements is 

( 1) X3Y2 

(2) X2Y3 
(3) XY 

(4) X 2 Y 

(5) XY 2 

32. The best explanation of the extreme activity 
of fluorine as compared to other halogens is 
that the fluorine atom 

( 1) has the smalles.t atomic radius. 
(2) has the smallest nuclear charge. 
( 3) has seven valence electrons. 
(4) is the strongest reducing agent. 
(5) needs one electron to complete its 

outermost shell. 

33. A colloidal dispersion forms when FeC1 3 
hydrolyzes in hot water. The dispersion 

(1) settles out after standing a few hours. 
(2) turns blue on exposure to light. 
(3) scatters light rays. 
(4) is easily oxidized on exposure to air. 
(5) is easily separated by filtration. 

34. Which salt gives a water solution having a 
basic reaction to litmus? 

( 1) Potassium chloride 
(2) Sodium acetate 
( 3) Sodium chloride 
(4) Silver nitrate 
(5) Aluminum sulfate 

35. At which temperature will water, in an open 
vessel, dissolve the greatest quantity of oxygen 

( 1) 1 °C 
(2) 4 °C 
(3) 20 °C 
(4) 32 °C 
(5) 100 °C 
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,6. The chlorine atom and the chloride ion have 
the same 

(1) nuclear charge. 
(2) number of electrons. 
(3) chemical properties. 
(4) physical properties. 
(5) oxidizing ability. 

uu 

37. In the reaction, represented by the equation, 

H 2F 2 + Energy ~ 2 HF, which set of 

conditions favors the formation of HF? 

(1) Low temperature and high pressure 
(2) Low temperature and low pressure 
(3) High temperature and high pressure 
(4) High temperature and low pressure 
(5) Addition of water to the reaction 

mixture 

USE THIS GRAPH IN ANSWERING QUESTIONS 38, 39, AND 40. 

0'--~~1~0~0 ~2~0~0 ~3~0=-=-.~4~0:-='"0 ~5~0:-='"0 --,b~0:-='"0 ~7~0:-='"0 --,8~0:-='"0 --,'~0,:-::"0 ~100° 

Temperature in °C 

38. Which of these solutes is least soluble in water at 10 •c? 

( 1 ) KCl 

(2) KN0 3 
(3) NaCl 

(4) NaN0 3 
(5) K 2Cr04 

19. Which solution contains the greatest weight of solute in 100 grams of water? 

( 1 ) A saturated solution of NaCl at l00°C 

(2) A saturated solution of KCl at 50 °C 

(3) A saturated solution of NaN03 at 25 •c 

(4) A saturated solution of KN0 3 at 25 °C 

(5) A saturated solution of K 2Cr04 at 50 °C 

,0. What is the least amount of water needed to dis solve 50 grams of KN0 3 at 30 •c? 

( 1) 30 grams 
(2) 45 grams 
(3) 50 grams 
(4) 90 grams 
(5) 111 grams 

-5-
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USE THESE ATOMIC WEIGHTS IN ANSWERING SOME OF THE QUESTIONS IN THIS SECTION OF 
THE TEST: 

Sy:mbol Atomic Weight Srmbol Atomic Weight Sy:mbol Atomic Weight 

Al 27.0 H 
c 12.0 K 
Ca 40,0 Mg 
Cl 35.5 Mn 
F 19.0 'N 

41. A sample of air has a volume of 150 milliliters. 
The pressure on the air is doubled and its 
original temperature is restored. The new 
volume is approximately 

(1) 75 milliliters. 
(2) 300 milliliters. 
(3) 450 milliliters. 
(4) 600 milliliters. 
(5) 750 milliliters. 

42. Twenty-five millil.iters of an acid neutralize 
50 milliliters of a 2. 0 base. The normality 
of the acid is 

(1) 1.0N 
(2) 2. 0 N 
(3) 3. 0 N 
(4) 4.0 N 
(5) 5. 0 N 

43. How many milliliters of oxygen combine com
pletely with 32 milliliters of hydrogen to form 
water? (Assume that both gases are at STP.) 

(1) 16 milliliters 
(2) 22. 4 milliliters 
(3) 32 milliliters 
(4) 64 milliliters 
(5) %milliliters 

44. Given the following equation: N 2 + 3 H 2 - 2 NH3 

Theoretically, the number of moles of ammonia 

produced from 2 moles of nitrogen is 

( 1) 1 
(2) 2 
(3) 3 
(4) 4 
(5) 5 

45 If the density of a certain gas at 273 ° Kelvin 
(absolute) and 760 millimeters of mercury 
pressure is 1. 40 grams per liter, its molar 
weight may be found by the expression 

(1) l.40x4x22,4 

(2) 1.40 x 22.4 

(3) l.40x2x22.4 

(4) 
2 x 22, 4 

1. 40 

(5) 
760 x 1.40 x 22,4 

273 

1. 0 Na 23.0 
39.0 0 16.0 
24.0 p 31. 0 
55.0 s 32,0 
14.0 w 184,0 

46. The number of moles of water in 1,000 grams 
of water is 

( 1) 18. 0 
(2) 55. 5 
(3) 180. 0 
(4) 1000, 0 
(5) 18,000.0 

47. The weight of a liter of fluorine (F 2 ) at STP 
is most nearly 

( 1) 19 
22 . 4 grams 

(2) 
22.4 
19 grams, 

(3) 2 x 22. 4 
19 

grams. 

(4) 
38 

zz. 4 grams. 

(5) 22.4 
38 grams. 

48. In an experiment, 5. 6 liters of chlorine at 
STP was released according to this equation: 

4 HCl + Mn02 - MnC1 2 + 2 H 20 + Cl 2 

The weight of manganous chloride produced 
at the same time is most nearly 

(1) 12 grams. 
(2) 24 grams. 
(3) 32 grams. 
(4) 42 grams. 
(5) 84 grams. 

49. A compound is composed of 92. 32% carbon 
and 7. 68% hydrogen, by weight. At STP, 
11. 2 liters of its vapor weighs 39 grams. 
What is its molecular formula? 

( 1) CH 

(2) C3H3 
(3) CzHz 

(4) C4Hl8 
(5) C6H6 

50. Under similar conditions, which of these gasei 
diffuses most rapidly through a small opening 'i 

(1) CH4 

(2) coz 
(3) soz 
(4) 02 

(5) Cl 2 

End of Part I. 

CONTINUE TO PART II, UNLESS OTHERWISE INSTRUCTED. 
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DIRECTIONS: Each item consists of a stem to which one response is correct among the several numbered 
choices given. For each item, blacken the space on your answer sheet that has the same number as that of 
the response you have selected as the correct answer. 

Whenever possible, arrive at your own answer to a question before looking at the response, 
may be misled by plausible incorrect responses. 

Otherwise you 

Sample Question: Sample Answer Sheet: 

101. Of what is water composed? 

~ ( l) Hydrogen a11d nitrogen 
(2) Carbon monoxide and hydrogen 

101 i I 
(3) Hydrogen and oxygen 
(4) Sulfur and phosphorus 
(5) Nitrogen and oxygen 

(The correct answer is response (3), "Hydrogen and oxygen". Answer space 3 therefore has been marked 
on the sample answer sheet.) 

PART II 

(40 minutes) 

51. The number of electrons in an atom of any 
free element is equal to 

(1) the number of protons in the nucleus, 

(2) the number of neutrons in the nucleus, 

( 3) the sum of the number of neutrons 
and protons. 

(4) the atomic weight less the number of 
protons. 

(5) the atomic number less the number 
of neutrons, 

52, In the modern Periodic Table the elements 
are arranged in the order of increasing 

( 1 ) atomic weights. 
(2) atomic radii. 
(3) atomic volumes, 
(4) atomic numbers. 
(5) atomic masses. 

53. The kind of molecules found in gasoline are 
mainly 

(1) carbohydrates. 
(2) hydrocarbons, 
(3) esters. 
( 4) ketone s. 
(5) alcohols. 

54. Aluminum hydroxide is an amphoteric 
compound. This means that aluminum 
hydroxide 

( 1) is highly colored. 

(2) is used as a reducing agent. 

(3) is insoluble in strong bases. 

(4) is insoluble in strong acids. 

(5) can act either as a weak acid or a 
weak base. 

-8-

55. Enough acid is added to a solution having 
pH 13 to change the pH to 7. This is an 
example of 

(1) catalysis. 
(2) hydrolysis. 
(3) electrolysis. 
(4) neutralization. 
(5) hydrogenation. 

56. Four of these processes normally cons ume 
oxygen. Which one does not? 

(1) Combustion 
(2) Rusting of iron 
(3) Respiration in animals 
(4) Photosynthesis in plants 
(5) The operation of an acetylene torch 

57. As far as can be detected by analytical 
balances, in any chemical reaction, the 
sum of the weights of all the reactants 

(1) always equals the sum of the weights 
of all the products. 

(2) is less than that of the products if a 
precipitate is formed. 

(3) is greater than that of the products if 
a gas is formed. 

(4) usually equals that of the products. 

(5) never equals that of the products. 

58. The difference between the atomic number 
of an atom and its mass number gives the 
number of 

(1) protons. 
(2) neutrons. 
(3) energy levels. 
(4) orbitals. 
(5) electrons. 

Go on to the next page. 



). "M" represents a metallic element, the 

oxide of which has the formula M 20. The 

formula of the chloride of M is 

(1) MCI 

(2) MC1 2 

(3) MC1 3 

(4) MC14 

(5) M 2Cl 

) . The formula of potassium tungstate is 

K 2 wo4 . The oxidation numbe.r (valence) 

of W (tungsten) in this compound is 

( 1) -2 

(2) +2 

(3) +4 

(4) +6 

(5) +8 

l. When sulfur dioxide is converted into sulfur 
trioxide, each sulfur atom 

i. 

(1) is reduced. 
(2) gains one electron. 
(3) gains five electrons.· 
(4) loses three electrons. 
(5) has its oxidation number changed. 

An atom of a metal becomes an ion by 

( 1 ) the loss of one or more electrons. 

(2) the gain of one or more protons. 

(3) the gain of one or more electrons. 

(4) the loss of one or more protons. 

(5) the gain of one or more neutrons. 

I. Which of these compounds is least soluble 
in water? 

( 1) Potassium chloride 
(2) Silver chloride 
(3) Magnesium chloride 
(4) Calcium chloride 
(5) Sodium nitrate 

,. Oxidation always involves 

(1) oxygen. 
( 2) burning. 
(3) transfer of protons. 
(4) transfer of electrons. 
(5) the formation of oxides. 

-9-
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65. Which is the formula of the most likely by
product from a common laboratory method 
of preparing hydrogen from an acid? 

( 1 ) ZnC03 

(2) NaCl 

(3) ZnS04 

(4) HgC1 2 
(5) ZnS 

66. The atoms of the isotopes of hydrogen 

67. 

68. 

69. 

70. 

( 1) have one proton but differ in the 
number of electrons. 

(2) have one proton but differ in the 
number of neutrons. 

(3) have the same mass. 

(4) differ in the number of protons. 

(5) differ in the number of valence 
electrons. 

The formula of an oxide which reacts with 
water to form an acid is 

( 1) CaO 

(2) ZnO 

(3) P40l0 
(4) Al 2o 3 

(5) Li 20 

When one exhales through limewater, the 
precipitate formed is 

( 1 ) CaO 

(2) Ca(N03 )2 

(3) Ca(OH)z 

(4) Caco3 
(5) CaS04 

In general, the solubility of gases in water 

( 1) decreases as pres sure increases. 

(2) is not affected by pressure change. 

(3) is constant for all types of gases. 

(4) is not affected by temperature 
changes. 

(5) decreases as temperature increases. 

Which equation represents the complete 
combustion of acetylene in an excess of air? 

(1) C2H2 + 2 Oz - 2 COz + Hz 

(2) C2H2 + o 2 - 2 CO + H 2 

(3) C2H2 + 0 - 2 C + H 20 

(4) CzHz + o 2 - 2 c + H 2o 2 

(5) 2 c 2H 2 + 5 o 2 - 4 co2 + 2 H 20 
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71. Which electron configuration is most 
characteristic of an active nonmetallic 
element? 

(1) 2)8)1 

(2) 2)8)3 

(3) 2)8)5 

(4) 2)8)7 

(5) 2)8)8 

72. Liquids which appear homogeneous to the eye 
but are not homogeneous when viewed under 
the ultra-microscope are called 

(1) true solutions . 
(2) pure substances. 
(3) coarse suspensions. 
(4) saturated solutions. 
(5) colloidal dispersions. 

73. Which is a measure of the degree of stability 
of a particular radioactive nucleus? 

(1) Density 
(2) Half life 
(3) Atomic weight 
(4) Atomic number 
(5) Ionization potential 

74. A metal, which is not Zn, is placed in a 

solution of ZnC1 2 with no apparent effect. 

In Pb(N0 3 )2 solution, the metal appears to 

be coated with some material. This 

evidence suggests that the metal is 

(1) more active than Zn and Pb. 

(2) less active than Zn and Pb . 

(3) more active than Pb but less active 
than Zn. 

(4) more active than Zn but less active 
than Pb. 

(5) as active as Pb. 

75. The electrolysi s of melted sodium chloride 
yields 

(1) sodium hydroxide , hydrogen and 
chlorine. 

(2) sodium hydroxide and hydrogen 
chloride. 

(3) sodium hydroxide , oxygen, and 
hydrogen. 

( 4) sodium and chlorine. 

(5) sodium hydroxide and water . 

76. The hydronium (hydrogen) ion is a complex 
ion composed of water :ind 

(1) an electron. 
(2) a deuteron. 
(3) a proton. 
(4) a neutron. 
(5) a positron. 

-10-

77. Which formula represents methyl chloride? 

(1) CH3Cl 

(2) c 2H5 Cl 

(3) c 3H7 Cl 

(4) c 4 H9 Cl 

(5) c 5H 11 c1 

78. In the Periodic Table, the metallic character 
of the elements generally increases reading 
from 

( 1) left to right. 
(2) bottom to top. 
( 3) left to right and bottom to top. 
(4) left to right and top to bottom. 
(5) right to l e it and top to bottom. 

79. The temperature at which water boils is 

( 1) the temperature at which the vapor 
pressure is always 760 millimeters 
of mercury. 

(2) the temperature at which the vapor 
pressure is equal to the atmospheric 
pressure. 

(3) the temperature at which the vapor 
pressure is zero. 

(4) independent of pressure. 

(5) the critical temperature of water. 

80. In the reaction, N 2 + 3 H 2 :!:.: 2 NH 3 , an 

increase in pressure forces the reaction to 

the right because 

(1) hydrog e n diffuses more rapidly than 
nitr o g e n. 

(2) ther e ar e fewer molecules in the 
product than in the reactants. 

(3) ammonia is a gas. 

(4) ammonia is very soluble in water . 

(5) the product w e ighs more than eithe r 
reacta nt. 

81 . Nitric acid can be used as 

(1) a hydrating agent. 
(2) a reducing agent. 
( 3) an oxidizing agent. 
(4) a precipitating agent. 
(5) a dehydrating agent. 

82 . A new silver coin placed in a beaker of 
hydrochloric acid 

(1) liberates chlorine. 

(2) liberates hydrogen. 

( 3) liberates both hydrogen and chlorine. 

(4) precipitates silver chloride. 

(5) produces no observable reaction . 
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Which expression represents the oxidation of 
the cuprous ion? 

( 1) cu+ - e cu++ 

(2) cu+ + e- Cu0 

(3) cu+ + e cu++ 

(4) Cu0 - e cu+ 

(5) cu++ + e- - cu+ 

If the radioactive atom, 92u238 , emits an 

alpha particle, the atom remaining is 

represented by 

( 1) 
92 

0 238 

(2) 
92 

Th236 

(3) 
92 

0 234 

(4) 
90 

Th234 

(5) p 234 
91 a 

The compounds H 2S, H 2Se, and H 2 Te boil 

below O °Cat standard pressure. Water 

(H20) boils at 100 °C. This abnormally 

high boiling point of water is a consequence 

of the 

( 1) low molecular weight of water. 

(2) low electrical conductivity of water. 

(3) covalent bonds in the water molecule. 

(4) stability of the bonds in the water 
rn olecules. 

(5) hydrogen bonds between the water 
mole c ules. 

Five different solutions were prepared by 
dissolving 0. 1 gram formula weight of each 
of these materials in one liter of water . 
Which solution has the lowest freezing point? 

(1) K 2so4 

(2) H 2so4 

(3) Na 3Po4 

(4) HCl 

(5) NaOH 

- 1 1 -
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87. For which of these is the equivalent weight 

equal to the gram formula weight? 

( 1) CaC1 2 

(2) K 2so4 

(3) Ag 2Cr04 

(4) H 3Po4 

isl NH4 Br 

Answer questions 88, 89 and 90 using the follow
ing information: 

To 24. 5 grams of pure H 2so4 enough water is 

added to prepare 750 ml of solution. Formula 

weight of H 2so4 is 98. 

88. The number of moles of H 2 SO 4 used is 

(1) o. 25 
(2) o. 33 
(3) 0. 50 
(4) o. 66 
(5) 1. 00 

89. The molarity of the solution is approximately 

( 1) 0. 25 
(2) 0. 33 
(3) 0. 66 
(4) 1. 00 
(5) 1.33 

90. The normality of the solution is approximately 

( 1) 0. 25 
(2) o. 33 
(3) o. 66 
(4) 1. 00 
(5) 1.33 
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73 
USE THESE ATOMIC WEIGHTS IN ANSWERING SOME OF THE QUESTIONS IN THIS SECTION OF 
THE TEST: 

91. 

Symbol 

Al 
c 
Ca 
Cl 
F 

Atomic Weight 

27.0 
12.0 
40.0 
35.5 
19.0 

Symbol 

H 
K 
Mg 
Mn 
N 

A dry gas has a volume of 200 ml at 25 •c 
and 740 millimeters of mercury pressure. 
Which expression gives the volume of the 
gas in milliliters at STP? 

273 760 
(1) 200 x 298 x 740 

(2) 

(3) 

0 760 
200 x 25 x 740 

200 298 1000 
22.4 x 273 x 740 

273 740 
(4) 200 x 298 x ?60 

298 740 
(5) 200 x 273 x -1-

92. How many milliliters of O. 25 N NaOH is re-
quired to neutralize 40 ml of O. 10 N HCl? 

(1) 16 
(2) 25 
(3) 40 
(4) 50 
(5) 100 

93. How many grams of calcium nitrate, 

[Ca(N0 3 )2 , formula weight 164] must be 

dissolved in water to make 500 milliliters 

of a one-molar solution? 

(1) 82 
(2) 102 
(3) 150 
(4) 164 
(5) 328 

94. A sample of sulfur dioxide gas weighs lb 
grams. The weight of the same number 
of molecules of nitrogen gas is 

(1) 7 grams. 
(2) 14 grams. 
(3) 16 grams . 
(4) 28 grams. 
(5) 56 grams. 

95. What is the equivalent weight of aluminum? 
(Atomic weight 27, valence 3, specific 
gravity 2. 7) 

(1) 0. 9 
(2) 8. 1 
(3) 9. 0 
(4) 27.0 
(5) 81.0 

Atomic Weight Symbol Atomic Weight 

-12-

1. 0 Na 23.0 
39.0 0 16.0 
24.0 p 31. 0 
55.0 s 32.0 
14.0 w 184.0 

96. The percent of water of crystallization in 
MgS04 · 7 H 20 is 

(1) 4.8% 
(2) 6. 6% 
(3) 25. 6% 
(4) 48. 8% 
(5) 51. 2% 

97. What is the volume of carbon dioxide, 
measured at STP, formed by the complete 
combustion of 15 grams of ethane gas 
according to this equation: 

2 C2H6 + 7 02 - 4 co2 + 6 H20 

(1) 5.6liters 
(2) ll.2liters 
(3) 22.4 liters 
(4) 44. 8 liters 
(5) 89. 6 liters 

98. A compound is composed of 80% C and 20% H . 
What is its simplest formula? 

(1) CH 

(2) CH2 

(3) CH3 

(4) C 2H6 

(5) C 4 H 

99. What is the maximum weight of tungsten (W) 
obtained from the use of 18 grams of 
hydrogen according to the following equation: 

wo3 + 3H2 -- w + 3H2o 

(1) 1 x 184 grams 

(2) 3 x 184 grams 

(3) 9 x 184 grams 

(4) 18 x 184 grams 

(5) 184 grams+ 3 x 16 grams 

100. What is the weight of 11. 2 liters of nitrogen 
(N2 ) at STP? 

(1) 7.0 grams 
(2) 11. 2 grams 
(3) 14. 0 grams 
(4) 22. 4 grams 
(5) 28. 0 grams 

End of Test. 
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