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CHAPTER I
INTRODUCTION

There are several factors that contribute to the enrollment
explosion in the nation's colleges and universities. Thé post World
War II "baby boom," more high school graduates aspiring for a college
education, realization that a high school diploma is no longer a
guarantee of a good job, and the high percentage of the teenage popula-
tion seeking a college education in order to qualify for employment in
various fields of endeavor are but a few of these factors.

Sidney Tickton (1) has written that the shape of American higher
education between now and 1980 will be determlned in considerable
measure by the sheer size of the enterprise and he llsts eleven demo-
graphic and finaneial factors that lend credence to hlS projectionss

1. the crystalllzatlon of a national consensus that every
high school graduate who can profit from it should have at.
least two years of further education;

2. a very significant increase in the proportion of stu-

dents enrolled in public junior or community colleges or

other types of two-year public post-high-school educational

institutions;

3. a sharp rise in the number of students enrolled in
higher educatlon——sharper than the estimates published by

most government agencies concerned with the problem;

4. a considerable increase in the number of adults en-
rolled in higher education institutions;



5. a continuation of the historic shift of the center of
gravity from the private to the public institutions, as
the latter attract an ever-growing proportion of students;

6. the conversion of a number of private institutions to
state—controlled or state-related status;

7. the development of strong statewide coordinating
boards or statewide systems of higher education in nearly
every state, with influence extending over all areas of
education beyond the high school, both public and private;

8. a continued upsurge in graduate education such that,
during the fifteen years ending in 1980-81, the total -
number of doctorates earned.will be no fewer than 375,000--
one and one-half times the total number of doctorates earned.
in the entire earlier history of the nation;

9. a substantial increase in the number of faculty
members and assistants—-but not substantial enough to match
the increase in enrollments (the gap will be filled by
larger classes, use of technological aids to instruction,
and reliance on more asSsistants. in teaching);

10. greatly increased spending by institutibns of higher
learning to meet expanding needs for their services;

11. an expanding gross national productvédequate to

finance the needed expansion in higher education if the

American people choose to allocate their public funds to

that ends. '

In addition to the above factors, social and economic preSSures,
increased student loans, more scholarships, Wbrk—study/Programs, and
higher family income all encourage young pebple t? seek a higher educa-
tion. The increased enrollment raises a méjor problem thét confronts
university and college administrators and faculty members (2).

Federal legislation that has influenced higher education inciudes the
National Defense Education Act of 1958, which was later amended to
include fields in the arts and sciences; the‘Higher Education
Facilities Act of 1963, to help colleges increase physical facilities;

the Manpower Development Training Act of 1963, which established pro-

grams that utilize college facilities and instructors; and the Higher



Education Act of 1965, which extended and increased the availability
of higher education. CollegeS‘and universities also nave yet to fully
experience the enrollment created by the 1966 "Cold War" G.I Bill of
Rights. o R |

Further, higher education is becominglmore.available as institu-
tions of learning are belng built in closer prokimlty to the students’
homes. These institutions are usually‘ln the form of new‘junior>
colleges, new community colleges and extenSion centers'affiliated with
larger universities and colleges. | |

Other factors that are contributing to'the‘burgeoning'demand for
college education include increased need for addlt edncation due'to
lengthened life span, increased enrollmenttof women in nigherueduca—
tion, and increased enrollment of Students'froniminorlty gronps whose
place in the mainstream of hlgher educatlon is not representatlve of
their ratio to the general populatlon.

The yearly rise invenrollment in colleges and unlver51t1es shows
unprecedented gains. Oklahoma's colleges and unlversltles enrolled
106,130 students in the fall of 1968 a galn of 6 0 per cent over the
previous year's enrollment which was lower than the natlonal level of'
8.7 per cent (3). Estimates indicate that the crowded classroom pro-
blem is just beginning. Projections of the U;S.‘Office of Education
(4) are that the number of college students will rise from 5.0 million
in 1964 to 8.7 million in l97h, an increase in excess of 57 per cent
over a 10 year perlod. Tickton (1) has tabulated 1nformatlon to show
a total enrollment for hlgher educatlon in the fall of 1965 at
5,920,000 and prOJects an enrollment of 12,000,000 by 1980, an 1ncrease

of 103 per cent. He rationalizes that his enrollment projections are



larger than those published by a number of Federal government agencies
because they allow for a substantially greater part-time enrollment in
higher education programs by people holding full-time jobs in business,
industry, and government. |

The problem engendered by the vast increaseiin enrQllments in
colleges and universities magnifies another problen of eqnal importance
which is that of supplying enough qualified:teachers to teach the many
studente matriculating in the schools. ” |

The U.S. Office of Education estimatee ﬂnai the nation's colleges'
and universities' instruetional staif will,rise‘from the 1965 approxi-
mate figure of 320,000 to approximately 433;060 by 1é71 (5);‘ To this
increase of 113,000 must be added a figureiduevto tne attrition of
present faculty, estimated by varieus'ageneies:ae ranging from 1.8 per
cent to 6 per cent annually, bringing the total needed'newvfaculty to
about 160,000. Of 95,000 to 120,000 new deCtoraﬁes which will be pro—
duced in the next 6 years, abouth0,000 or from 60 to 85'per cent mnst
go into college teacning if‘one half ef the'faculty added between 1965
and 1970 are to have the doctoral degree. .

Tickton (1) lists 400,000 as the actual figure for full-time
faculty, part-time faculty, assistant 1nstructors, teaching fellows,
and teaching assistants in 1965-1966 and an estimated 745,000 for |
1980-1981, an increase‘of 345, OOO representing'aniéé ber cent”inerease
in faculty. The student enrollment increase w1ll be 103 per cent by
“this time. Realizing this differential 1ncrease, he predicts that
leading institutions will meet this discrepancy between faculty-student
percentage increases by making use of technological aids and a greater

number of facylty assistants as practical methods of providing high



quality education while meeting a portion of the student growth pro-
blem. Should one embrace either prOJectlon, increases in enrollment
in higher educatlon are anticipated with an expected shortage of
‘qualified faculty for at least the next 10 years.-

Meeting the challenge of educatlng large numbers of students
with a limited faculty has encouraged methods that depart from the
:traditional face~to-face classroom method.

A natural outgrowth of the pressures of teachlng more students
with fewer faculty is the search for new 1nstruct10nal medla. Although
it is a fact that telev1s1on, aud10—v1sual materlals and films may
provide enrlchment and stimulate 1nterest they are weak in student
participation and reinforcement (6) (7) (8) (9) -

An 1nstruct10nal method whlch is devised to offset the above
weakness is that of programed 1nstruct10n. In fact a review of the
literature, given in Chapter II, w1ll support the wrlter s view that
a considerable amount of research on programed 1nstructlon has been
conducted. during the last five years. Indeed, no teachlng medium has
ever come into'use in such an atmosphere of research, born, as it was,
in a learnlng laboratory, nurtured on theory and for some years
knowing no friends except scholars (5) This research leaves little
doubt that programs do teach. A great deal of learning seems to take
place, regardless of the kind‘of program or the kind of students.
Frequently programs can teach as well as a human teacher and sometimes
even better (10). Programs have been used successfully at all levels
of the educational system,»at all ievels'ofbability from slow learners
to the very best students, and to teach . greAt variety".of academic

subject matter and verbal and manual skills_(ll),(l@);(iS) (14).



Teachers have produced knowledge for thousands of years without
being able to specify the condiﬁions and-principles according to nhich
learning develops, and most students‘have learned from unprogramed
‘presentations during that time. What then;'is ﬁhe promise:ofvpro;
gramed instruction? Slmply that the complex1t1es of modern education
and industrial training require the appllcatlon of all our under-
standing of instructional techniques so that the limited number of
~avallable teachers and instructors.wili be able to provide the most
‘efficient instruction p0331ble for ever-lncrea51ng numbers of students.
The current development of auto—lnstructlonal methods based on specific
learning principles is a first and necessary stepvin the accomplish-
“ment of this objective (8) | | o

Programed instruction, if 1t llves up to its enpectatlons, can
do much. to. overcome the difficulties that acc0mpany mass education
and limited staff. - |

Williams (15) has written that programed instructional methods
‘are being used extensively at the nnirersiﬁy lerel,valthongh probably
less widely in science and englneerlng than in some other subJects.

There is some evidence of grow1ng dlsenchantment among educators
concerning programed instruction and this has resulted in some new
efforts to revise the techniques of programing. Pressey'and‘Kinzer
(16) attempted to use programs as‘supplements to course offerings.
These researchers defined this work .as adjunct auto-instruction and
stated that "adjunct auto—lnstructlonal procedures are des1gned to
clarify and extend meanings, to correct mlsunderstandlngs, to confirm
the students' choice, to point out errors, and to guide him to the

correct answer."



Jay A.‘Young (17) echoed the same theme in a symposium on pro-
. gramed instruction inichemistry. He renérked thatbwhen programs are
used as adjuncts or supplements to‘abgood‘textiin elementary chemistry
the students tend to be weaned away from the programed instructions
rather quickly. They learn from the examples set by the programs how
to extract information from a text-forxthemselves.

Through the present study the 1nvestigator W1ll seek to determine
“the effect on achievement scores by comparlng the use of supplementary
programed materials with the conventional method of teaching a genersl
chemistry course at Oklahomazstate University;' The‘auto—instructional
procedure was. used in’this investigation,li.e.;‘students reed.the
supplements on their own outside of the regulérly'scheduled olass

session.
Statement of the Problem and Hypotheses.

The purpose of this study‘is to ascertsin.the effectiveness of
using supplementary programed instruction as‘a method of teaohing
Chemistry 1015 at Oklahoma State University. The study is designed
to answer the central questlon Can programed instruction serve as
an effective adjunct to the textbook to teach cnemisﬁuy 1015 'with no
significant loss ofkachievement in the course? As an attempt to
determine a. solution to the problem the hypotheses that follow were
formulated:

"TI. A null hypothesis to be tested is that there is. no s1gn1f1—b
cant dlfference in achlevement scores due to the use of

supplementary programed-materlals compared with the



I1T.

I1T.

conventional method of instruction ameng freshman and

sophomore students of Oklahoma State Unifersity enrolled

in Chemistry 1015 relative to;’.

A. ACT scores and cumuiative teSt scores.

B. ACT scores and MAT scores |

C. Matched greups end cumuletive test scores

There is no significant differenee among students enrolled

in Chemistry 1015, relatlve to: |

A. The number of students who knew and those who dld not
'know about the avallablllty of programed materlals to
supplement the textbook used 1n Chemlstry 1015

B. The number of students who used programed 1nstruct10n
frequently, occas1onally, very 11ttle, very, very
.llttle, or none at all. | |

C. The number of students Whojbecsme eware ef the existence

| ofkprogramed instructional naterials through'the |

instructor's advice, feilow.students, library, or book
store. |

D. The number of students whose smd‘y‘ time for Chemistry
1015 was shortened, lengthened, or was not affected by
use of the programed materlals. o | |

There is no slgnlficant dlfference 1n the number of students

that enrolled in Chemistry 1015 who‘fsvored brogremed .

materials, or teacher eonferences;‘or the textbook as the

most valuable learning aid for the course.



IV. There is no significant difference in the number of stu-
dents enrolled in Chemistry 1015 who indicated that they
liked, did not like, or had no feeling relative to the use

of programed materials.forfthe céursé‘

Definitions of Concepﬁs'

1. Conventional instruction is inStruétioniutiliﬁing ieéﬁuré,
class discussion and textbook'readings'dufingwa‘fegﬁlafly scheduled
class period.

2. Non—directed programed instruction:refers fo‘sﬁudy utiliZing

programed materials outside of class time.

3. Directed programed instrﬁdtibhtiéﬁéfﬁ&&‘ﬁéiliiihgfpfégfaMédhv“
instructioﬁ materials during a regﬁlarly ééhédﬁlédlcléss périod ﬁith'
the instructor over-seeing the group énd énswéring'any iﬁdiﬁidual
guestions. - | - _ | ‘“. o |

L. Feedback refers to knowledge 6f‘fesuits as to whether the
answer ér choice is correct or indbfrécﬁ,‘:In céée.bf‘éffdr, informa~
tion may be given as to why the fesponse:waé ﬁdtvfight;w o “

5. GCue is a stratagem used td focus theiéttention of the student
and lead him to the required aﬁswers. Cépifals, ﬁﬁdéfiining,lébior; |
and special grammatical constructions are all uséd to "5ué”iah éﬁéwef.

6. Frame is a unit of the program that requires a respoﬁse of
the student. | | |

7. Linear program is a program especiaily‘déviséd to advance

the student step by step to his learning'goal'and'so organized that

he will make minimal errors.
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- 8. Branching program is a sequence of learning steps organized

to provide logical progress and correction for inoorrectvanswersi.the
frames are usually in the form of multiple-choice type“q_uestions° At
the end of the program there is a short obJective test, so the studenth
can find whether he mastered the material in the program or not. If
there is an .error or uncertainty, the'correct answers given on the
next page also direct him to the pags‘in the‘program mhere the point
is diseussed for whatever review‘or elassifioation is necessary°

'9. Operant conditioning is a psychological term used to indi-

cate the conditioning which results when a subJect is required to
volunteer the correct response in order to gain reinforcement° :

10. Reinforcement is the prooess of confirming the progress of a

xstudent by making him aware of his correct behaVior as he proceedsa'
It derives from the psychological view that rewarding an organism
makes repetition of the rewarded behav1or more likely.

11. Step size refers to the amount of 1nformation in a program
frame., A very small advance on previous frames 1s called a small step
size.  When the program moves forward by large steps, it is presenting .
materials in frames which carry much fresh material on each occaSion,

12. Stimulus is any information, request, question, order, etc.,
which calls upon the student to make arresponse.

13. Achievement is a measure of the students"mastery of the
material of the course. | |

14. Automated instructions are instructional methods utilizing

any material, means, or devices to replace or supplement standard
instruction by means of a wholly or partially automated presentationv

prepared in advance.
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15, Chemistry 1015 is the first semester of a two¥semester course

in freshman chemistry for non-majors in chemistry at Oklahoma State

University.

16. Minimum attainment tests (MAT) are tests administered to
students enrolled in Chemistry 1015 to determine their minimal progress

at certain intervals during the semester.
Assumptions

1. That there is random distribution in the four sections due
to enrollment procedures at Oklahoma State Uhiversity.

2. ‘The matching of groups based on ACT scores will be suffi-
ciently accurate as a measure of the studénfs' previous trainingviﬂ
order to allow a statistical comparison betﬁeén matched groups.

3. The measuring. instruments, since they are identical for both
groups, will not offer a variable of enough significénce to invalidate
the study.

L. That the Hawthorne effect can be‘soméwhaﬁ cohtrolled by
limiting the awareness of stﬁdents of thé experimehtal study.

5. That the effectiveness of,instruction can be determined by

teacher made test scores.
Limitations of the Study

1. The study will be restricted to freshmén and sbphomore stu-
dents enrolled in Chemistry 1015 at Oklahoma State University during
the Fall Semester, 1968. | | |

2. This study is not concerned with the reasons for the occur—

rence or non-occurrence of significant differences in either direction.



- 12

3. Although a large number of studies will be cited in the
review of the literature in which time was a factor of consideration,

this study does not consider the time factor in relation to achievement.
Significance of the Study

With all the new teaching methods that have been developed in
recent .years, there needs to be more empirical‘evidence of the effects
of these methods before we accept them as being better than of equelu
to the conventional methods of teaching; Thié study shonld’reveal
the effect of using programed materials as edjuncts to a'gooa text in
elementary chemistry on student achievement in freshman chemistfy at

Oklahoma State University.
Summary

This chapter has been concerned ﬁi£h the massive enroliment.pro-
blem as. it affects end.will continue to affect institutions of highef
education for at least thernext ten years. The.compiexities of’modernlb
education. and industrial tréining'require the appiicetion of all our
understanding of instructional'techniqnee 50 tha£ the linited number
of teachers will be able to effectively teacn the ever-increasing
number of students. Programed materiais, used as adjuncts or‘supple—
ments to adopted textbooks, can do much to overcome the difficulties
that are concomitant with mass education and shortage'of‘teechersuv |
This writer endeavored to establish the retionale, ﬁhe limitations,
the assumptions, and tne hypotheses that would lend support for the

necessity of a study of its nature.



CHAPTER .II.
REVIEW OF LITERATURE
Educational Technology |

Education has been one of the prime Stimuli’for deVeiopment‘of
sophisticated technology in our socety, but 1ronlcally it has made
less use of technology than industry and the armed forces. In fact
education has proved to be one source of strong re31stance to the use
of technology for its own purposes. However, stimulated by the
growing shortage of faculty members,‘the;increase in students, and
problems of cost, and with encouragement from'some‘of‘the major
foundations, the situation is shlftlng rapldly today (18)

Paul Mort (19) has stated in . descrlblng what is commonly called
the "Mort Gap," that early studles 1nd1cated that change in the |
Amerlcan ‘'schools comes through a most glarlngly slow process and
.follows a predictable pattern. Furthermore, between 1n51ght 1nto a
need and the introduction. of a way of meetlng the need that is
destined for general acceptance, there is typlcally a lapse of.a-haif’
century. . o . |

Skinner (20) makes the point that educatlon is perhaps ‘the most
significant branch of scientific technologY. Educatlon affects the
life of us all. Concerned educators can no longer allow the exigencies
of a practical situation to suppress the tremendous improvements which

are in reach. The practical situation must be changed.

13
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'Programedtinstruction is the kind of'learning experience in which
a "program" takes the place of a tutor for the student, and leads him
through a set of specified behaviors designed'and.sequenoed to make
it more probable that he will behave in a glven de31red way in the
future - in other words, that he will learn what the program is
designed to teach him. Sometimes the program is housed in a "teachlng
machine"” or in a "programed text." If so, the maohine or book is
little more than a case to hold the program. The program is the
important thing about programed 1nstruct10n (21) |

Most teachers agree that if learnlng is to occur, a rather r1g1d,
though friendly, control of the student is necessarye A maJor pro—i
blem has been to exercise thls control By what mlght be called a
psychological subterfuge, programed lnstructlon can control the stu—
dent at least to a remarkable degree. However, control by 1tself is
insufficient.. The knowledge to be 1mparted must be presented in an
order which is.understandable to the student. (This really is the
point). This knowledge is usually presented,in a linear or,an )
intrinsic or branching program (22) | |

A llnear program consists of a series of exp031tory statements,
in which the student is 1nterrogated as he fllls in the blank:so The
student is lead in a direct llnear manner from the 1n1t1al to the con—
cluding statement. A branching or intrinsic program con31sts of a
series of pairs.of exp031tlon—questlon sets.b Each of the several
direct guestions whlch is used in such a program 1sv1ntr1nslc with

the exposition which precedes the questlon (17).
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Both types have their particular areas of use and their vigorous
proponents. Both linear‘and intrinsicAtechnidues canvbe used. Many
of the best recently produced programs include‘both features, although
one or the other will predominate. ) o o

If a student cannotbthink of a word or words to filliin the
blank, he may look at the answer in the margln and then proceedg
Because students. are not, in a prOperly prepared program, challenged
beyond their ability -~ although they may 1ndeed ‘be challenged beyond
their ability - they do not tend to look at the answer in the margln
without first attempting to determlne thelr own’ answers. Students
quickly recognize that they are only cheatlng themselves when they
look at the answer without flrst attemptlng thelr own answersa Slnce:
no grade is given for a good or a poor answer, there is little tempta—“‘
tion to use the program 1ncorrectly (10)

When the student cannot supply the correct answer, the author of
the program has falled, A program 1s, qulte llterally, a test in
which the student supplles the answers. But 1f the student glves an
answer: that differs from the author of the program,ylt is the programer
who is wrong, not the student. The student is no longer under the
control of. the . program wr1ter, and in such an event the program must
be revised to be "error free" as possible (usually a 5 to 10 per cent

error rate is regarded as acceptable) (10).
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Psychological Theory

Seven basic factors that have been deduced from psychologlcal

prin01ples are involved in programed 1nstruct10n,as.follows (23) (24)

(25):
1.

2

An active response is required from the learner;.

Stimulus material is presented in. short -steps (frames)
Wthh insure correct responses; @ -

Positive reinforcement is prov1ded for correct
responses (presumably by seelng that one's answer- is

correct);

The program moves from highly prcmpted-frames'ﬁhichiin;'
sure correct responses to unprompted.terminal frames
(criterion frames). The criterion frames and criterion

‘behavior called for in- these frames together define the

objective to be attained by the- programed learning

‘sequence;

The movement from highly prompted initial frames to un-
prompted criterion frames follows a procedure of
reinforcing successive approximations to .the: "desired
response, " this procedure being largely characterized
by calling for the criterion behavior in frames with
success1vely fewer and fewer prompts,

Sufficient redundancy is built 1nto the sequence to
assure retention; .

Sufficient variation is built into‘the nature of the
frames (stimulus conditions for the desired response)
and the responses called for so that responses learned
have the. desired- generallzablllty.;v

The Reinforcement Theory and Programengnstruction

Early researchers explored and 1ncluded concepts of what Skinner

later called "reinforcement." The expresslon "law of effect" was used

much earlier by Thorndike to mean the same thlng as the pr1nc1ple of

reinforcement.

Skinner was the first to take the position that certain

behavior was. the result of: certaln identifdable“stimuli, and that
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other behavior does not originate from any‘identifiable'source of
stimulation; this kind of behavior he called "emitted" or “operant®
behavior. This concept was to make a great;ihnact onfeducational'"
theories in general and the psychology of learming iﬁ"gartiéuiaf'(éé),'f |

In a paper presented before his colleagues in>1954 Skinner
remarked (26):

Some promising advances have reCently\been made in the

‘field of learning. = Special techniques have been designed

to arrange what are called.'contingencies of reinforcement'

the relations which prevail between behavior on the. .one-hand.

and the consequences of that.behavior on the other-—with the.

" result that a much more effective control of behavior has

been achieved. It has long: been agreed that -an organism

learns mainly by producing changes in its env1ronment but

.1t is only recently that -these changes have been carefully

manipulated.

‘The concern of researchers with being able to manipulate the
organism's environment in order to‘effectiVely cOntrol its behauior
grew out of the awareness that in the trad1t10nal use - of T—mazes and
other: psychologlcal problem boxes the effects produced by the -
organism's behavior are left to too many fluctuatlng c:chumstancesa
There is many a slip between the turn—to—the-rlght and the food—cup
at the end of the alley. Technlques of thls sort prov1de only rough
data from which meaningful results can be extracted only by averaglng
many cases.

‘Skinner has described two principal technlques for creatlng |
control of behavior in the f1eld of learnlng. He empha81zed that the
law of effeet was in full force in these efforts to make sure that
effects do occur and that they occur under condltlons whlch are

optimal for producing learning. He‘boasted,'ln.the f1rst 1nstance,

that once he had arranged the particular type of conseguence called a
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"reinforcement? h1s techniques permitted him to shape the behavior
of an organism almost at w1lln ThlS he Would do in hls classes 1n‘
elementary psychology at Harvard Un1ver51ty by condltlonlng a plgeon.
Simply by presenting food to a hungry pigeon at the:right tine —‘he

could shape:up®: three Or four well—deﬁmned _sponses'(stamping“the”fgot,

pacing the floor in pattern of flgure elght etc ) durlng a single
class period (9). | |
. The second important advance in technlque permntted him to main-

tain behav1or in given states of strength for long perlods of tlme,'
.1.€., reinforcements contlnue to be 1mportant long after . an organlsm
has acqulred a certain behav1or, They are necessary to malntaln the
behav1or in strength (9) | “ B - o |

Sklnner s concept of reinforcement is veryllnfluentlal in the
area of programed instruction because it is in. good scientific order,r
its- accompllshments in the laboratory have been 1mpres51ve, and it 1s'
generally thought to be a sound approach to the analys1s of learnlng
and. teaching (27). At the heart of any learnlng lles the practlce ”
of what Sklnner calls "relnforcement" (28) | -

Although a whole range of learnlng theory p051tlons have been
reflected in programed instruction, there 1s llttle questlon about
the movement having been dominated by the Sklnnerlan Operant condlml
tioning theory of learning, as previously stated. It is stlll £00
early to assess the final effects -of this theoretlcal develOpment on
the full 1nvolvement of programed 1nstruct10n, but 1t is apparent that |
during the last six years a countermovement has been formed.a It is

not surprising to find that the traditionally antagonistic theoretical
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positions of sﬁimulus—response essoeiationietsvand gestalt-field
psychologists have become a rallying p01nt in programed instruction.

. Almost seven years ago Pressey made the observation that there is
disturbing evidence that current auto—instruetion is not up to the
claims made for it, that the current "boom" might be followed by a
"bust." Further he declared (29){ B | |

The archvillain leading so many ‘people astray is
declared to be learning theory! No less charge is made.
than that the whole trend of American research and theory

- as regards learning has been based on a false premise—:

“that the important features of. ‘humen . learning, are . to be. L
found in amimals. Instead .the. -all-importart. fact .is. that .
human has transcended amimal learning.. .Language, number,
such skills as silent. reading,.make pessible facilitations .
of learning, and. kinds. of learningblmeSSible even for -
gpes. Auto-instruction should enhance such potentials.
Instead, current animal-derived procedures in auto- o
instruction destroy meaningful -structure to present frag-
ments serially in programs, and replace processes of
cognitive clarification with largely raote reinforCings by
bit learnings. :

There have been provocative critiques of Skinner's cohcept of
teaching machines and programed instruction. Thelen (30)_expresees‘“
the following doubts and criticismss -

First, the notion that the learner must be rewarded
at each step is by no means proved. Experiments similar
to Skinner's studies on rats have shown that latent learn-
ing unguided and unrewarded does ‘take- place. :

Second, if we assume that reward is necessary at each
step, the question becomes one.of deciding how to. give the
reward. The present. answer is to have steps so easy that
‘the student makes very few errors.... The doubt is that
continuous success is in fact rewarding... Reports-that
boredom sets in after the first few.hours. of programed -
instruction seem to be practical evidence. '

The objections to the Skinnerian assumption underlying pregramed |
instruction are reflected in many of the controversial issues which

have arisen in recent years on learning theory; however, these issues
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are not only pertinent to programing approaches but are likely to be
basic in any theory of instructional technology. An S-R-theory-
centered=programer considers learning a change ofnbohafior which
occurs’ as the result of practice or doing.>.To a gestalt—fielde‘
programer, learning is a cognitive process’of developing new insights
or modifying old ones. In preparingvprograméd matérials, the gestélté'
field=programer is concerned with helping'the iearner to'pufSue his
.purposes; seenew ways of utilizing elements of his environmént,'and
get a“sénse”of:or feeling for pattern or relationships. Learning'
according to this view is essentially a pufboéive, éxplonétive,
imaginative, and creative enterprise (29); This oonoent‘bneaks‘ik/
completely with the Skinnerian ideé thaﬁbprograméd instruction is
mainly a process of éhaping complex forns_of‘nonéfiorvin paséive |
learners by bringing them undér many éofto:of eifernal stimulus control.

‘Another interpretation of‘reinforcement iéostrnctured acoofding
to the drive reduction theory generailj‘creditod toHnll° His‘théonf
states that behavior‘is reinforced because attaining the goal reduces
or satisfies the need within the individual. This need fnay be one of
hunger, thirst, or it may be a learnéavdnive such as the_néed for
approval or acceptance (31).

Hilgard (32) indicated the universality of agreement ooncerning
the reinforcement theory: . |

At this empirical level there is no important dispute

about -the validity of the principle of reinforcement, and

there is no such thing as a non-reinforcement theorist.

Even Guthrie, who is often described as holding a non-re—

inforcement position, maintains such a view only with
respect to the so-called theoretical law of effect.
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Reinforcement theory has sprung from laboratory observation and
analyses of the learning behaviors‘of lower organisms. Nevertheless,
a projection of its conclusion to human béiﬁgé provides new insight
into the educational problems of teachers, and péychologists alike,
Lysaught and Williams (27) list nine generalizations arisihg from the
theory as they pertain to programed learning:ﬂ

1. An individual learns or changes the way he acts by
- observing the consequences of his actions.

2, Conéequences that strengthén the likelihood of repeti-
tion of an act are called reinforcements.

3. The more quickly reinforcements follow the desired per-
formance, the more likely the behav1or w1ll be repeated.

L. The more often relnforcement occurs, the more likely the
student will repeat the act. S

5. Absence or even delay of reinforcement following an
action weakens the probability that the act will be
repeated.

6., Intermittent reinforcement of an act increases the
© length of time a student will persist at a task without
further reinforcement.

7. The learning behavior of a student can be developed or
shaped-gradually by differential reinforcement--that
is, by reinforcing those behaviors which should be
repeated and by withholding relnforcement following
undesired acts.

8. In addition to making repetition of an.act more prob-
able, reinforcement increases a student's activity,
quickens his pace, and heightens his interest in
learning. These may be called the motlvatlonal effects
of reinforcement.

9. A student's behavior can be developed into a complex
*  pattern by shaping the simple elements of the patterns,
and combining them into a chainlike sequence.
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Historical Background and Evolution

of Programed Instruction

Programing for instruction which is fegafded as béth product and
process is part of a long-lived concern withv£heipriﬁciples and
practices of education and training. In ancient Greece sons of
aristocrats and slaves were led step by step through.statements that
constructed enthymemes and syllogisms, gettiﬁg cues from leading
questions, giving responses in a permiséive‘atmdsphere, and gaining
immediate feedback. Socrates made'attempts éﬁ some kind of programing .
in his dialogues (although there are admittedly crucial differences)
(6). Truth was elicited from them in'a Socratic version of James
Bruner's dictum that any subject can be taughtbto anybody at any age
in some form that is honest (33). |

Saettler (34) relates thattﬁhe concept of programed instruction
can be traced back to the Elder Sophists of ancient, pre-Socratic
Greece. Furthermore, he gives credit to'Maria_Montessori as the
pioneer of modern programed instruction because of her invention of
devices. for automating particular teaching functions for éhildrenAin
her Casa dei Bambini in Rome in the first decade of the twentieth
century.

Programed instruction for modern times was first conceived and
practiced by E;_L,.Pressey, a psychologist at Ohio State University
in 1925. During that year, he exhibited:a device anticipating the
contemporary teaching machine at the meetings of the American
Psychological Association. Pressey described his teaéhing machine as

a simple apparatus which automatically gives and scores tests, and
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which will also, automatically teach - and teach informational and
drill material more efficiently, in certain respects, than the *human
machine" (35).

"The"writer has also felt that thevproceduresvin

mastery of drill and informational material were in many

instances simple and definite enough to permit handling

of much routine teaching by mechanical means. The aver-

age teacher is woefully burdened by such routine as

drill and information-fixing.

Pressey's desire to build a machine for automatic testingvandi
teabhing grew out of the definite systematizaﬁion of procedure and
objectivity of scoring modern objective test.‘ ﬁe further emphasized‘vv
that even with the modern objective test the burden of scofing‘was
great enough to make insistent the need for labor-saving devices in
teaching.

The teaching. device exhibited in 1925 had four multiple choice
questions and answers in a window, and four keys. If ﬁhe student
thought the second answer was corféét, he preésed the second key; if
he was right, the next question was turned up. If £he secondjﬁaé
not the right answer, the initial question remained in'theIWindow,
and the learner persisted until he found the right one. Meanwhile,

a record of all tries was kept automatically;

There are two unique features of this early device that are stiil
unrealized, .First, a simple mechanical arrangement‘made'it possible
‘to 1lift a lever which reversed the action and transformed the machine
into a self-scoring, record-keeping, testing dévice° Secohdly, a
simple attachment made possible the placing of‘a'reward dial set for

any desired goal-score which, if attained, automatically gave the

learner a candy lozenge (36).
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Meanwhile, Pressey's former student, J. C. Peterson, developed
an invisible chemical and later devised "chemo éhéets" in whiéh‘the
learner checked his choice of answers to’muitipléléhoiCé quéstiéﬁs
with a swab; finding that wrong answers immediately turned red and |
correct omes blue (37). .

A ndrilln machiné was demonstrated by Preésey in 1927 and in
1932 he discussed the advantages of mechaniéed téaching and sdoring
devices. He also described a‘mechanical sc§ring énd’iabuléting
machine, Tater Pressey devised a punchboard device and a selective-
review apparatus using cards. When using Pressey's_punchboard deﬁice,
the student punched with his pencil throughf a cover paper. His pencil
went deepest when he found the right anéwef (37). In more recent
years, Pressey has. urged the ﬁSe of whét‘hé calls édjﬁnct or supple-
mentafy awto—instruction which‘calls for a whole érray bf i@structional‘
media - textbooks, films, and television to bé ﬁséd in conjunction
with programed -instruction. | | |

fressey developed a number of‘other devicéé and conducﬁed many
experiments during the 1920s and 19305, but their impact on
instructional technology ﬁas almost inconsequential. Althbﬁgh'he
discontinued this first phase of his work in i932xbeCauSe of the lack
of funds, he remained confident that automated instruction  would
eventually generate an "industrial revoiution"_inveducatioh (38).

Aﬁgell ana Troyer (39)v£ollowing thé feséérch’bj ?réssey on self
scoring devices produced a sméll punchboard device whiéh the étﬁdeﬁt
could.use at his desk. When.the student puﬁchéd the papér, if he had
selected the correct answer, the pencii.went”thfough theipaper andva‘

red dot was visible on the scoring key which indicated a correct
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answer. If when he punched the paper the choice was ndt'corfect,
it showed én incorrect try. The student knew‘then that he must select
another hole to find the correct answer.. |

Jensen (L40) used the punchboard tedhﬁiqﬁé inva laborétory
section in which‘students could coﬁe and work with materials and
reading assignments. used in an educéﬁiohal pé&éhdlogy course. He
reported that the students were able ﬁd iearh‘the coufse'méﬁeriél at
a much faster 'rate with the punchboards thén in régular Claséfoom
situations. |

These punchboards. were used in collegé.CIaséés and found to be
effective.  The punchboard technique‘bééémé an:éfféctiVe téachihg
device because the student could immediaﬁely déﬁéfmine whethér or not
he had the correct answer. If the anéwer‘Was‘in¢6fre¢t, he had the
opportunity to keep making choices until the coffécﬁ ansWer was found.

Several military training dévices éonétfﬁéﬁed in thé i?hOs and
1950s were“developed to teach skills by iﬁdividﬁalized 5eif~ins£ruc—
tional methods. Norman A. Crowder (Li)'devélopéd a programed
instruction approach somewhat similar‘té Préésey's in the 19505 when
he was associated with the United Stateé‘Air\Force‘énd éngaged in
training trouble shooters to find malfunctionsbin electronié equipment.
Crowder's intrinsic or branch style of progréming, as represéhted in
Turtotexts or "scrambled textbooks," consists of steps which gbntain
a limited amount of information, usuaily.less than avpage,band a
multiple choice question presented‘at the same time.

Crowder's materials are diffefent from those-described for
Pressey and Skimmer with respect to origin (technical training pfo—'

grams in the armed services); mode of response, and versatility in
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thelr use. A frame may be a whole paragraph presented on a screen
of a mechanical tutor, and follow1ng the paragraph a question with
several possible answers from. which the student chooses one by
pressing a particular button. If his chOice is correct the next
question in order is shown on the screen. But if his choice is wrong,
he may be shown explanatory matter and given a subseries of questions:
designed to explain his error to him.

It is interesting to note that Crowder does not specify nor
suggest any particular theory of learning as the baSlS of his
intrinsic programing. However, the techniques of his method can be“
traced to. the assumptions of cognitive theorists.; Gognitive theorists'
are stimulus=centered rather than. r_es‘ponse-ce‘ntered.» EnwirIOMental |
stimuli are’perceived in an organised and'structuredtmanner». Learning
is a result of relating stimuli to each other in a meaningful way,
Facilitation ‘of learning then is accomplished by grouping and pre—'
senting stimuli in such a way that they'form new cognitive relation-
ships. Sudden insights may result as the new cognitive relationships
are formed. ‘Performance is not essential to learning,ﬂ What the
organism does is what he has already learned,” |

B. J. Skinner .is regarded as the father of the contemporary
programed instruction movement. In a paper entitled "The Science of
Learning and the Art of Teaching" Skinner supplied the first Signifi-
cant impetus to the contemporary programed instruction movement,

Skinner, like Pressey before him, focused attention on the method
of presenting programs and called it -a "teaching machine." »Since theb
machine ratherxthan the program drew primarw;attention, morefmachines

than programs were produced during the firstfyears of ‘the movement.,
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The basic Skinner appfoach to programed instruction is based on
the notion of operant conditioning in ﬁhiéhvthe learner's respbnées
are shaped to pronounce and tb write fes?oﬁses'céfrectly‘and wherebyj
his behavior is brought under various types of stimulus control. |
Effective Skinnerian or. linear programing requires instructional
sequences simplified to such a degree that the learner hardly éver

makes an error..
Summary of Related Researéh

& number of studies have beéh'reported in which the effectiveﬁéss'
of programed-instruction is compared‘with theicoﬁventiohal ﬁéthdd‘of
teaching. Most of ‘these studies were madé uéing one-of ﬁofe'vafiaﬁibns
of the multiple choice type of program. All studies have concluded
that students can learn from programs, Thé.buik of:reséafch stﬁdies
have  reported no significant difference Whéﬁ éompafinglthe twoc methods
of‘instruction.- However, some researéﬁérs héve tgken.ﬁhé no sigﬁifi—_
cant difference evidence to mean'tha£ progfaméd'inStrucﬁioﬁ is a more
efféctivejmethod~than teaching in the conVehtional mannér@

Sturlow (42) has discussed the limited‘nﬁmbérbof research studies
related. to programed instruction, He said that‘thé ﬁumber df studies
reportedfonly'scratches the surface aﬁd fof:what he could discern
from”themfis that they are more provocative than definitive. The
important-question educators have hadé‘ Is pfogramed instruction‘
'better“than“traditional:instruction? Carr (43) ihvatﬁempting té ans—
wer this -question, writes that research in comﬁafing programed

- Instruction with conventional instruction might best be done in the
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teaching of relatively discrete skills. He gives an example of such
subject areas by suggesting the telling of time or the use of Roman
numerals. ‘ | |

Porter (hb) has related some of the dlfflcultles encountered in
doing research 1nvolv1ng comparatlve studies of programed and con- -
~ventional 1nstructlonal methods., They are cr1t1cal of the studies to
date because of the lack of sufflclent experlmental control They
contend that the experlmental and control groups have d1ffered in so
© many respects that 1t is 1mposs1ble to tell which of the d1fferences |
in treatment account for the d1fferences 1n performance°

A detailed summary of research devoted to program 1nstructlon
would in itself be a maJor undertaklng. However, this 1nvest1gator
will list and br1efly dlscuss some studles on programed 1nstructlon‘:
in light of four categor1ess (l) studles that reflect no 51gn1f1cant
difference; (2) stud1es that favor the tradltlonal manner of
instruction or that are less assertive in e1ther dlrectlon; (3) studies
that are favorable toward programed instruction;'and (L) studfes that
reflect programed 1nstructlon as belng more effectlve when used as a
supplement or as an adjunct to regular textbooks,

1.. Geller (AE) reported a study on the effectiueness of a
teaching machine un1t in organlc chemistry in a flrst year college
chemistry course. Geller w1shed to determlne whether students could
learn the fundamentals of organic chemlstry by thls method° In a
populatlon of 120 students, a random half was taught by a regular
instructor; the other one half by a program in a Koncept—o—Graph

teaching machine. (The_groups were alike in all other aspects,
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including homework assignments). Students who used the program
learned asvmuch as those who attended the lectures; likewise, they
performed similarlyaon'aisixéweekuretention test.

2. An experiment performed at the Uniyersity of California at
Los Angeles by its Department of Engineering faculty compared five
different modes of teaching including multiple choice and free
response teaching machines, programed textbooks requiring both overt
and no overt responses, and programed lectures. They discovered no
significant difference in criterion test scores between the teaching '
methods considered two at a time (46). o

3.. Eigen (h?), in an experiment conductedIWith eighth grade
students, found no Significant difference in learning when three modes
of presentation were used with the same program. The modes were the
Rheem-Didak teaching machines, a horizontal programed textbook and a
vertical programed textbook. |

L. Griffith (h8) investigated the effectiVeness of programed
instruction as a method of teaching film exposure and flash photo—
graphy courses. In the eight comparisons between groups receiVing‘
directed program instruction and groups receiVing nonmdirected pro—
gramed instruction, no significant differences were founda

5, Feldheusen and Birt (h9) experimented with nine experimentai
. groups of thirty subjects each of whichereceived'instructions with
nine variations of programed materials to test the hypothesis that
there would be no significant difference in learning among the groups.l
Analysis of covariance was used inasmuch as pretest scores were 7

correlated with the post-test scores which were used to test the
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hypothésiso The difference ambng experimental groups was not signifi-
cant; thus, the hypofhesis was upheld.

6. Hough (50) performed an experiment on 41 Students‘énfolled
in the Division of Secondary Education atVTemple ﬁnivérsiﬁy taking H
the course "The Contemporary Secondary Sdhooloﬁ ‘The éonten£ geﬁerally
covered during the first three weeks of £his coﬁfse surveys hisfofic"'
development of the modern secondary‘schbol curriéulum,v ;t was this
content that was programed for machine teaching. No différehcé‘could'
be found in the achievément of the machine inétruéted énd“léctufédib
instructed groups on the‘post—test,

7. Kellems (51) performed an investigétion‘in'which he'cbmpared
programed materials with materials used in a traditionally taught
course in college algebra. The analysis‘of“thé p05£-té5£‘séorés
indicated that there was no significant diffepence‘betweén'the means
of the experiméntal and control.groups. o

The literature on research that has. be&n done on progfamed
instruction shows that the majority of studies iﬁdicéte no signifiéén£"
difference between the experimental and control.groups rélaﬁiﬁe'té
the dependent or criterion variable, A number of other studies that
follows this pattern are {52) (53) (5@)‘(55) (56).

8. Smith (57) carried out an experiment at the United States
Air Force Academy and concluded that neither the éngéntional'class?
room method of teaching nor programed instruction can produce better
learning. However, the studybdoes_indicate sﬁrongly that the‘ﬁimév“
required to achieve this learhing can be reduced through the appli—

cation of programed instruction.



9. Johnson (58) dld a study whereby the hypothes1s was reJected
because the results revealed that a conventlonal textbook in algebra |
is a better ch01ce than a programed one.v The results also suggest
that programing an entlre textbook ls not de51rable.;‘$

10. Mllne (59) performed an experlment on the lmprovement of
instruction in chemlstry at Washlngton State Un1vers1ty.1 It is
: interesting.to. note that the results he obtalned showed that for -
recall of 1nformatlon no conclu51on could be drawn as to the most -

effective method of presentatlon, that for appllcatlon of pr1nc1ples -

the experlmental was slgnlflcantly better.j{t an: the conventlonal and
for problem-solving the conventlonal tutorlal method was 51gn1f1cantly -

better than the experinental method. o

Consistent. with this wrlter s earller declslon to relate some of -

“the findings in the recent llterature on programed 1nstructlon by R
categories, the category of those studles that reflect results that

- "faver" .program 1nstructlon is now con31dered.x

11. The results of Barnes' (60) study onﬁcomparlson of programed N

lectures and the ones presented in the tradltlonal manner are 1ndlca— |

tive of the fact that students achleve at a hlgher level when programed .

lectures are used and in some cases thls level is slgnlflcantly hlgher
than that attained by a s1mllar group tradltlonally taught.

12.. Walsh (61) experlmented w1th programed 1nstructlon on groups
of high school students to teach them hlgh school chemlstry w1th o
rates of reaction and chemlcal_equlllbrlum,i The members of the experl—;i
mental group achieved at a significantlyihlgher level than dld the

members of the control group.
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13. Goldberg (62) and his associates experimented with comparahler
groups of clerical employees who were taught descrlptlve statistics
by three different 1nstructlonal methods. Although there was no
>s1gn1f1cant difference in achlevement test scores, the researchers
ruled in favor of programed 1nstructlon. This researcher surmises
‘that their rationaleito favor programed‘instruction was due to the
'.t1me saved during the tralnlng perlod in an 1ndustr1al sett:mga

14. . Otting (63) made a study on soc1al studles classes us1ng -
programed materials to replace ‘the textbook and compared ‘them w1th o
conventionally taught courses in order to ascertaln the effectlveness
‘of programed 1nstructlon as a teachlng tool The results at two of
’the schools involved in the study 1nd1cated a s1gn1f1cant advantage
“ for the programed groups,v In two other schools, the test results
‘indicated an.advantage for the control groups although the dlfferences
were not.significant. | o - B

The number of studles that favor programed 1nstructlon ranks

second to the studies that 1ndlcate no s1gn1flcant dlfference as their

- results. These studles (6&),(65) (66) (67) lend further support to
programing instruction being a‘superior‘method of instruction to the
“conventional method of instructionc | | o |

As stated,earlier, Pressey was perhaps’the first investigator'to
give a discussion on the meanlng of adJunct auto-lnstructlon° He
stated that adjunct auto—1nstructlonal procedures are des1gned to
clarify and extend meanings, to correct mlsunderstandlngs, to conflrm‘
the students' choice, to point out his errors, and gulde him to the

correct answers.
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Pressey and Kinzer (16) have. written:

Adjunct auto-instruction.assumes, that the student has . .
some understanding of the task and that he has already made
some effort to deal with .it, that he has read some textbook = -
material, listened to a . lecture,- or:has..participated in =
some relevant activity. . Adjunct auto-instruction dees not.
substitute for a text nor eliminate the instructor. It = .
assumes, and there is muech.evidence to -support. the. assump-
tion, that much material can. be learnmed more economically,
just by reading and that in this readlng not: only .dees the =
student .derive information and understanding but he becomes

.aware. of the purpose of the discussioen,. and-something of
the structure of the exposition. - Then with much already .
being understood, adjunct auto-lnstructlon w1ll aid on the ,
elements of greater. difficultye... AdJunct apto~instruction.
will be used, then in situations where the-student is an .
active participant in what is. to. hlm -a-meaningful - learnlng.
experience. It will aid him as a good teacher does. It
will not displace the teacher but will help him to put his
efforts at those points where clearln'éup ;0f “major diffi-
culties and where extended meanings w1ll yleld greatest
results.

Some studies that emphasize that programed materiels can be
most effectively used as supplements or adjuncts to a goed text follow:

15. Brown (68) during an experiment on uSing pfogram materials
as supplemental instruction in college phys1cal science arrived at the
conclusion that such programed materials may be effectlve as supple-
mental instruction. Another one of his conclus;ons was that such
materials are desired by students. o

16. The research which Pressey and Kinzer (16) have been pur-
suing at the University of Arizona indicates that students at the
college and high school levels do learn froﬁ‘supplementary programed
materials better than by more conventlonal methods. ‘

17. Bvans, Glazer, and Homme (69) have p01nted out that the
small experimental literature presently available on the efficiency

of programed characteristics may be summariﬁedhaS'follows; multiple-
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choice devices which provide immediate knomledge of results can be

used effectively to Supplement regular classroom instruction.

18. Love (70) writes that programed materlals provlded a supple~

ment to televised instruction whlch was more effectlve than either a
classroom discussion method or a telev1sed problem session. The
latter two methods did not dlffer s1gn1f1cantly 1n effectlveness.'

19. Fejfar (71) insists that it would seem that programed book-
lets could be used to supplement and perhaps even supplant regular
Instruction in such a way that would allow for‘and develop individual
differences. Further, he states that because of the magnltude of
some of the unresolved problems whlch pertaln to programed instruction,
however, it may be that booklets developedlaccordlng to an lnductlve
method are best suited to make an initial“contribution as supplementary‘_
educational materials. E

In a symposium sponsored by the.Amerlcan‘Chemlcal Soclety under
the direction of J., A. Young on programed 1nstructlon in chemistry,
all of the speakers were conv1nced, strongly soi,that programed
instruction is a useful teaching tool. They emphaslzed that when
programs. are used as adjuncts to a good text 1n elementary chemlstry,
the students tend to be weaned away from the programed instructions
rather quickly. They learn from the examples set by the programs how .
to extract 1nformatlon from the text for themselves. One might say
that, at least, they have learned how to read 1ntelllgently, whlle
asking questions of the author and provldlng the1r own answers (17).

Leith (72) reviewed the literature on effectlveness of programed
versus. comparable regular mater1al. He concluded that programed texts

save time over conventional texts but do not~lead to‘better:
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performance on a content examination. One of the few consistent
findings in the research on programed'materials-was that learning,
as measured by an examlnatlon, is about: the same for the programed
and conventlonal materials. However, the fallure to demonstrate
greater effectiveness for the programed over the conventlonal materlals
may be due to methodological weaknesses in the'prev1ous research

A search of the recent llterature on’ programed 1nstruct10n
revealed only one study (73) that made use of the technique of matched”
grouping. . It is this writer's oplnlon,vhowever, that such a technique
has relevance for further 1nterpret1ng and analyzlng the 1nfluence of -
an adjunct to a regular adopted text. *Thlsllnvestlgator s hlgh
regard for matched grouping as a research technlque is further Sup= }

ported by Borg (74), Mouly (75) Garrett (76), and Sax (77)



CHAPTER III
DESIGN AND METHODOLOGY -
Intrdduction,‘

Chemistry 1015 1is a five semestér;héﬁf'general chemistry course -
taught at Oklahoma-Stété”University*fOr~hon§chemistry'majofs; The
classes meet three times weekly‘in fifﬁygginutevperiods each for
lecture and one three hour session pef wéék’fdr léborétory practice.
In addition, weekly one hour quiz sessions aré iaughﬁ by gradﬁaﬁe
assistants; these sessions are generally reviews 6f theory“materials
considered in previous lecture sessions.

The. textbook currently in use for the course is College'Chemistry,

fifth edition, by King and Caldwell (78), of whiqh eighteen chapters,
though not in numerical sequence, are studied during the semester.
These are (Appendix A):

Ghapter 1. Introduction

Chapter 2. Fundamental‘Principiés

Chapter 3. Atoms and Subatomic Particles
Chapter 4. Structufebof.Atoms '
Chapter 5. Classification —'Elémenﬁs Péfiodic.Table
Chapter 6. Formulas and Equations |
Chapter 10. Valence

Chapter 11. Chemical Bonds

36
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Chapter 12. C(Classification of Compounds and Nomenclature
Chapter 15. Stoichiometry |
 Chapter 7. Oxygen
Chapter 8. Hydrogen
Chapter 9. Gaseous States of Matter
Chapter 13. Water and quuld State o
Chapter 14. The solid State L |
Chapter 17. The Halogens |
Chapter 22, Nitrogen and the'AtnOSpnere‘ :
Chapter 23. Nitrogen Componnda; . :.

The laboratory manual being used is Seml—Mlcro Laboratory Exer-

cises in General Chemistry, thlrd edltlon, by Burrows, Arthur, and

Smith (79), from which the following schedule is arranged (Appendix A)

Experiment Physical and Chemical Changes
Experiment 4. Conservation ofiMass (% first lab practice)
Experiment Law of Definite Proportions

Experiment 1

3
L

Experiment Lo Concluded
9
0. Displacement Reactions
. :

Experiment 0 Oxygen
Experiment 11. Hydrogen
Experiment 13, Water and Experiment 14, Hydrates
Experiment 12, Equivalent Welghts and Valence
Experiment 31. Chlorine and | t“ |
Experiment 32. Hydrogen Chloride
A second course, Chemistry 1225, follows Chemlstry 1015 and con-

tinues with the same textbook and laboratory manual that were used in

Chemistry 1015. The involvement of Chemlstry 1225 in the present
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study will be only to'determihe the'fdrther‘use of the supplementary .

programed materials -thab.were-used -in-Ghemistry 1015.
The Research Design and Procedure

An-equiva;ent group design was used for this study. This is the
most cohmon type of experimental desiéh invedhcatioh} Cook (80) has
stated that in.its simplest form“it eenSiete of:two groups of subjects N
which are equated on all the relerant veriahles, >One’group, ealled
the experimental group, is exposed.to theuexﬁeriﬁental treatment. The
other group, the control group, receires:no;treatment. If the
difference is not statistically significeht;it‘is ettribﬁted to
chance. There are various ways in which groupe are'mede equivaient°
The three are (1) random selection, (2) matchlng, and (3) statistical
techniques. In this study this writer made use of the three techniques
as attempts to make equivalent groups, thusly - g1v1ng added strength .
to the statistical analysis and research flndlngs. The random selec—
tion technique was used to de51gnate subJects for the experimental
and control groups, the matching technique was used to set up matched
-groups based on American College Testing»PrOgram eompoeite standard
scores and the cumulative test scores; Analysis ef‘covariance was
the statistical technique used in two inStahces when the ACT. scores
were used as a covariable with eumulative end.MAT sCOres. i, T—tests o
were used for the matched groups. Chi-squareﬂenalyeis‘and,proportions‘
of responses expressed as pereentages werehthejstatistical techniques
used for analysis of responses to two queetiehnaires used to collect
~data in.Chemistry 1015 and in Chemistry 1225.' These statistieal

techniques will be discussed in a later sedtion in»thisfehapter.
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In addition to equating groups on the basis of random seiection,
matching, and a statistical technique additional controls were used
in structuring the use of the programed materials by the experimental
group. To be sure ﬁhat each subject of the experimental group
reéeived the same instruction regarding thevusé of the programed
‘materials, directions were written by this researcher and the graduate
teaching assistants read them to the students in lab-quiz section
periods the first time the sections met to begin the fall semester.
The directions included cautioning the students not_to depend on the
programed materials alone, indicating the three most important volumes
out of the set of five, reminding them that the programed supplements
were to be read outside of thé class, and to be sure to use the

materials, but that they were not to be loaned to other students.
The Study Population and Sample

The students who enroll in Chemistry 1015 répresent several of
the colleges within the university and all of the undergraduate
classifications. Only freshmen and sophomores were included in the
sample. Tables.I and IT show the distribution of students according
to college and classification,

The entire enrollment of 533 students in Chemistry 1015 sections
at Oklahoma State University during the 1968”fall semester was the
population for this study. They were accomﬁodated in four:large
lecture sections and in twenty laboratory‘sections. Twé,labofatory—
quiz sections of Chemistry 1015 were raﬁdbmly selecﬁéd‘fbr the

experimental group, and designated as sections one and two and
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assigned to graduate assistants leaving six laborat¢ryiquiz séciidns
for the control group. The formal lectures were,gi?éh by three

professors on the staff of. the Department'of Chemistry.

TABLE . T

DISTRIBUTION OF STUDENTS BY COLLEGE

College NpmberH“ i% of Gfand’Totai
. Agriculture 102 32.00
Arts and Sciences 91 . | 28.00
~ Business 3 o 0.93
Education TS o  _, 340
Engineering | 57 v : 17.80
Home Economics 57 17.80
TOTAL 321
TABIE 1T

DISTRIBUTION_OF‘STUDENTSVBY‘CLASSES

Classification Number % of Grand Total
Freshman 231. | 72
Sophomore ‘ 90 28

TOTAL 321

It was assumed that there was random distribuﬁioﬁ'inlﬁhe‘fourhx
sections due to enrollment proéedures at Oklahoma State Uniﬁérsity;
This assumption was based on the procedﬁre by whichkStudehﬁs aré"

invited to the University four days a week each week'during the summer
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for enrollment purposes. ‘At this time each student is assigned toban
advisor, who in turn assigns the student to a section without regard.
to any assignment criteria.

To. add strength to the randomlzatlon process, the reglstratlon
numbers of the 533 enrollees were placed in a box followed by draw1ngs
during which every other one was dlscarded in order to increase the
number of drawings from the populatlon. The even numbers that were
kept by this investigator during the drawlng procedure ‘made up_the
experimental group of 175 subjects leauing 3534subjects for the
control group. Due to clas51f1catlons other than freshman or sopho—
more and withdrawals during the course of the semester, 321 subJects
were- left for consideration in the study of whlch 114 were in the |
experimental group and 207 were in the control group.

At the end of the semester this writer obtained the‘cumulative
test. scores for subjects in the experimental and control‘groups‘and‘
eonstructed matched'groups using AGT-scores wlthfan'intervalbof‘five |
to obtain maximum.homogeneity withfn groupsw(si)rgrfhe matching”
technique was completed by inserting the cumulatiVe test'scores'for
the groups in the intervals that included thelr correspondlng ACT
scores. (Table III)r One score each from the experlmental and control
groups was discarded in the interval 10~6 because the matched group

technique could not be applied to a matched pair.



TABLE III

THE NUMBER OF CUMULATIVE SCORES USED TO FORM MATCHED GROUPS
- FOR'THE EXPERIMENTAL (GP ) AND CONTROL (GPZ) GROUPS

Experimental (GPl) Intervals Control (GP2)
10 30-26 a1
i1 25-21 | 66
L9 20~16 ' 102
13 1511 27

The. Programed Materials °

Young (17) has stated that comprehensivebknowledge of an& topic
is ordered in textbooks in terms that are appropriate tb’ﬁhé subject'
rather than the student; it is clear, therefore,vthat programed
instruetion should be an adJunct a supplement for beginners.l The
programed materials this writer chose to supplement the adopted text—
book for Chemistry 1015 were authored by Virginia Powell (82); ‘This n
group of programed materials is available'asbavsetiof five;' o

"Chemical Symbols" discusses the symbols of the common elements,v
inserting here and there a bit of interesting descriptive chemistry.
Regard for the student isveVident for example, in the caution con-
cerning possible confusion between manganese and magneSium. This is
not a drill program; the necessary drill to'memorize.the symbols is
recommended as a separate aotivity to th:e'student° |

"Chemical Formulas and Names" is an ektensive derelopment of the

formulas and names of the more common inorganic compounds, also



43

involving the use of valence. The Stock Nomenclature is used, with a
brief mention of "—ous" and "-ic" as archaic suffikes, but necessary
to know. -' N |

"Molecular Weight Calculations" begins'uith‘a simple dimensional
analysis, .then significant flgures are defined and rules for thelr .
proper use expla:Lned° Formula welghts and molecular welghts (dls- i
tinguished in terms of covalent versus ionic compounds) are treated,
then the concept of per cent, Wthh is applled to calculation of per“
cent composition from the formulas of a compound.' Exponential |
notation is described and Avogadrohsinumberﬁfdeﬁtified. The:gram.atom,
gram molecule, and mole are deflned as,synonymous w1th examples. -
Empirical formulas are calculated from per cent compos1t10nu

In "Welght and Volume Relatlonshlps" the mole is deflned as the
number 6.02 x 10 3, and typical st01ch10metr1c problems are solved
using this concept, but by using a scheme of number arrangement
reminiscent of the now disparaged proportlon method. Some reactlons
with gaseous reagents or products are used as examples, but in these
cases, the temperature and pressure are implicitly held constant,
often under "STP," S R

"Balancinglchemical Equations" is exactly thls. lt begins‘mith
reactions in which there is no change inaoxidation state, andtpro-
ceeds. through net ionic reactions, the determination”oftoxldationl
number, redox reactions (by the balf-equatlon method), ‘and ends w1th
“the "balancing" of nuclear equatlons. |

The programed supplements entitled'ﬁChemicalvSymbols,ﬁﬁﬂdhemical
Formulas, ' and "Molecular Weight Calculationsﬂ werevthehmostximportantb

volumes for the topics that were indicated on'the departmental study
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guide (Appendix A) for Chemistry 1015, however, use was made of the
five volumes to some extent. This investigator realized that the
programed booklets contained many items that would not be censidered |
in Chemistry 1015, hence it would not benefit the student to read
them in their entirety. Therefore, a supplementary study gulde was
prepared (Appendlx B) by startlng w1th Chapter 3 1ﬁ the textbook and
indicating for each chapter the approprlate frames to be studled and
the volumes that contained these frames Whlch were labeled Volume A

through E.
The Measuring Instruments

Four instruments were used in the study | The flrst the Amerlcan
College Testing Program (ACT Battery) which is a battery of tests over
the four basic subject matter areas (Engllsh Mathematlcs, Social
Studies, and Natural 501ence) for prospectlve college freshmen. For
this study use was made of ACT Composite Scores Wthh is the average
of the standard scores for the four tests ef‘educatiohal develepment'u
included in the ACT Battery. These tests assess the student's
ability to perform academic tasks typically required'by college‘
courses. The tests have been shown to be as predictive of cellege N
grades. as other tests of academic potential.

The second instrument used consisted of the eumulatiVe test
- scores in Chemistry 1015 for the fall semester 1968._ The scores were
computed from two one-hour examinations and the'final examinatiem '
which were administered to all lecture sections‘(AppendixvC),' The
common examinations were intra-departmental ones brepared jointly by

the instructors who gave the lectures.
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The cumulative test..scores on the Minimum Atﬁainment Tests were
the third instrument' used in‘the study. The séoreé were compﬁﬁéd
from three Minimum Aﬁtainment Tests that were given during the
semester (Appendix D). These testé were prepared by the instructors
who gave the lectures from study sheéts that had been given‘to each
student in Chemistry 1015. The purpose of the MAT is‘to measurebthe
minimal progress of students in Chemistry 1015 at specifid intervals
during the semester.

"~ Two guestionnaires Were used to gather ihformation concerning
the use of the supplementary programed materials. The first‘qﬁéstion—
naire was presented to all students enrolled in Chemistry 1015 dﬁring
the last week of the fall semester (Appendix E). On this questionnaire
the students were asked if they were aware thaﬁ the métérial téught
in Chemistry 1015 was available to be studied in progrémed fbrm. If
the response was yes, the studentvwas asked to rate a numbef of
aspects of the presentation such as héw frequenﬁly he used the pro-
gramed supplements and how hé became awére of the existence of these
materials. The second questionmnaire (Appendix E) was presented to
students enrolled in Chemistry 1225 after two weéks in the spring
semester in order to determine the extent to which the prbgramed
materials in Chemistry 1015 were currently being used. Complete
anonymity was maintained in an attempt to achieve the unbiased opinibns
of the students.

The tabulated results of the gquestionnaires will be included in

Chapter IV which is concerned with the resuylts of the study.
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The Statistical Treatment

The statistical techniques used to determine the significance of
the results of this study were analysis of covariance on the experi—
mental and control groups, in each of two analyses the ACT Composite
Standard Scores served as a covariaﬁe with the cumulative tests and
MAT scores, Chi-square analysis and proportions of answers expressed
as percentages were made on each of two questionnaires, respectively.
A t-test for matched groups was employed as a statistical technique
and the acceptance level was set at the 0.05 level of significance°

Data for the experimental and control groups and the matched
groups were prepared for the Oklahoma State University Computing
Center. The analysis of covariance program was utilized in the IBM
360 Computer System, Model 50. This program calculates F ratio for
the adjusted means, Beta coefficients and their standard errors and
t-values, and the adjusted treatment means and their accompanying
standard errors.

In his description of the Analysis of Covariance, Garrett (83)
stateds

Analysis of covariance represents. one extension of
~analysis of variance to allow for the correlation between
initial and final scores. Covariance analysis is

especially useful to experimental psychologists when for

various reasons it is impossible to or quite difficult to

equate control and experimental groups at the start; a

situation which often obtains in actual experiments.

Through covariance analysis one is able to effect adjust-

ments in final or terminal scores which will allow for

differences in some initial variable.

Cook (80) has written that in the analysis of covariance

actually, groups are not equated in this technique, but the statistical

procedure enables the researcher to teke into account in his data
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analysis the effect of differences between the groups on the vafiable
he wants held constant. To put it another way, the uncontrolled
variables are held constant statistically. This enables the investi-
gator to carry out his experiment with the precision necessary foria
meaningful interpretation of the results.

The chi-square test, in addition to being avnonparametric ﬁest,
was suitable for the questionnaire data of this research becausé it
deals with frequencies which were placed in distiﬁct catégories.

Popham (84) has written that a.nonparametric teéhnique'which may
be used to test the differeﬁce between the distribution of one Sample
and some other hypothetical or known distribution is the chi-square |
" test. The chi-square test can be used with data meaéured on nominal
or stronger scales. Essentially, this procedure involves a "goodness
of fit test" wherein the samﬁle frequencies actually fallihg within
certain categories are contrasted with those which might be expected
on the basis of the hypothetical distributibn. If a marked difference
exists between the observed or actual frequencies falling in each
category and the frequencies expected to fall in each category on the
basis of chance or a previously established distribution, then the
chi-square test will yield a numerical‘value large enough to be
interpreted as statistically significant.

.The chi-square test requires that the expected frequencies in
each cell should not be too small. This does not mean that the
observed or actual frequencies éhould not be too small; reference is
made only to expected frequencies. When this requirement is not met,
the result of the test is meaningless. HoweVer, the term "small" has

not been uniformly defined. Walker and Lev (85) suggest that if there
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are two or more degrees of freedom and roughly approx1mate
probabilities for the test of s1gn1f1cance, an expectatlon of only
two in a cell is sufficient. Snedecor and Cochran (86) state, "the
chi-square test is accurate enough for s1ngle class1f1catlon if the
-smallest expectatlon is at least l." »

The t-test was the statistical teohﬁique'employed on the matohed
groups. The t-test is used to determlne how great the dlfference
between two-means must be in order for 1t to be Judged slgnlflcant
that is, a significant departure from differences Wthh m1ght be
expected by chance alone. Popham (8&) has stated that the function
.of the t-test is to test the null hypothe51s that two group means are
not significantly dlfferent that 1s, the means are so s1m11ar that the
sample groups can be considered to have been drawn from the same

population.
Summary

This chaptervhasﬂbeen.aiconsiderationvofﬂtheidescription of the
.course, students, and materials studied‘ih Chemistry 1015. Further,
it considered the researohvdesign, the populationgand the sample, the
programed supplements, the measurihg instrumehts and the.statistical
treatment. |

Chemistry 1015‘is a general chemistry course‘taught‘the fall
and spring semester each year to nonchemistry majors. Chemistry 1225
is a course that follows Chemistry 1015 ianhioh the same textbook
and laboratory manual are used. Data for this study was‘ooiiected
during and at the end of the course that began in September, 1968,

and ended in January, 1969. The investigation was conducted to
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determine if there is any significant difference in achievement by
students who were enrolled in Chemistry 1015 in which one group,
the experimental group, received the treatment bf'suppleméntary‘pro_
gramed materials.and the control group did not reéeive subjeét
treatment.

"In the next chapter a preéentation will be given of thé findings
secured from questionnaires that were submitted to students in
Chemistry 1015 and Chemistry 1225 and thé statistically analeed

results.



CHAPTER IV
RESULTS AND FINDINGS

During the first semester of the academic year, 1968-69, an
investigation was conducted to reveal‘the effect of using supplementary
programed materials (as adjuncts to a chemistry textbook) on-the
achievement of freshman and sophomore stndents enrolled in Chemistry
1015 at Oklahoma State University. For the‘study, two‘laboratoryh
quiz sections of Chemistry 1015 were randomly.selected'for the experi~
mental group and six leboratorywouiz sections provided the control
group.

The population, accordlng to the de51gnatlon prev1ously descrlbed,
that is, those who were freshmen and sophomores, consisted of 321
students of whom 114 were in the experimental group and 207 were‘in
the control group. | - S

The analysis of daba concerning the achlevement of students in
Chemistry 1015 is presented in this chapter. Analy51s of covarlance
to test the signifioance of the differenoe in means betweenythe.two”
methods of instruction was used as a statlstloal technlque, Other
statistical methods employed were t—test for matched groups, chl—square
analysis on frequency counts of responses on a questlonnalre,_and |
proportions. of answers on a second questionnaire expressed as"

percentages.

50
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Testing Hypotheses by Analysis of Covariance

To test the significance.of difference in means between the
suppiementary programed aﬁd traditional methods of instrucfion;
covariance analysis was used. Analysis of covarianée, by incorporafing
elements of the ahalysis of variance and fegression; provides‘a test
of significance for comparison of groups, with é covariable as a
. control placed on the differences of a variable known or suspected to
influence the dependent or criterion variable. In both analyses the
covariable was the ACT Composite Scores, the cumulative and MAT scores
being criterion outcomeé to testlihe hypbtheses that wére étated in
the null. The results of analysis of covariénce are summarigzed in

Tables IV and V.

TABLE IV

ANATYSTIS OF COVARIANCE OF EXPERIMENTAL. AND CONTROL
- CHEMISTRY STUDENTS' ACHIEVEMENT PERFORMANCE -
- ACT AND CUMULATIVE SCORES (COVARIATES)

Residuals
Source of Degrees of Sums of Mean
Variation Freedom Squares -Square F_.
Between 1 . 1.5625 1.5625 0.001%
Within 318 L49,027.3125 1412.035)

Total 319 449,028, 8750

*Not significant beyond the 0,05 level.
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TABIE V

- ANALYSIS OF COVARTIANCE OF EXPERIMENTAL AND CONTROL
CHEMISTRY STUDENTS' ACHIEVEMENT PERFORMANCE - -
-~ -ACT AND MAT SCORES (COVARTATES)

Residuals
Source of Degrees of Sums of Mean
Variation Freedom Squares. Square r
Between : 1 133.8750 133.8750 0.933%
Within 318 L5,628.2891 143.4852
Total 319 45,762.1641

*Not significant beyond the 0.05>levelo

I-a. There is no significant difference in cumulative test scores
due to the use of supplementary programed materials compared
with the conventional methods of instruction among freshman
and sophomore students of Oklahoma State University enrolled
in Chemistry 1015, |

The computed value of 0,001 Wasbless than the F value of 3.87

required for significance {1.and 318 degrees of ffeedom), therefore,
the writer failed to reject the null hypothesis.

I-b. There is no signifiéant difference in minimum attainment
test, scores due to the use of supplementary\grogramed

- materials compared with conventional methodé/of instruction
among freshmah and scphomore students of Oklahoma State
University enrelled in Chemistry 1015.

The F value obtained of 0.933 was less than the F value of 3.87

required for significance (1 and 318 degrees of freedom), therefore,

the writer failed to reject the null hypothesis.
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The results of the analysis of data show that there are no
significant differences in-cumulative test and minimum attainment test
scores when groups, experimental and control, are adjusted for
differences in AGT Composite scores.v | |

The t=values fnr testing the significance of the slope‘of regres—
sion of cumulative test and minimum attainment test scores on ACT
scores were computed as a part of the analysis of covariance. The

results are summarized in Table VI.

TABLE VI

SUMMARY OF DATA FOR COMPUTATION OF T-VALUES

Rggnession Source d.f. | t iigg%gécigizl
ACT-CUM Error Within 1318  6.7496 Yes
ACT-CUM Total Error 1319  6.7763 Yes
ACT-MAT Error Within 1318  5.5819 Yes

ACT-MAT Total Error = 1319  5.6712 Yes

The t-values were significant at the 0.05 level of confidence,
therefore, the decision to use ACT'scores as a covariate with cumula-
tive test and MAT scores appearé to be justified by the significanée

of the regressibn between these items.
Results of t-~Tests for Matched Groups

The t~test technique was employed to test the following hypothesis:
I-c. There is no significant difference in achievementfin
Chemistry 1015 when matched groups are compared on cumula-

tive test and ACT scores over intervals of five.
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A t—valué was computed for each of four matched groups. This
test ﬁas used to compare the means of two groups to determine whether
or not the difference (between the means) is sufficient to assume that
the groups actually represent two different populations. The results

are summarized in Table VII.

TABLE VIT

SUMMARY DATA FOR. COMPARISONS OF MATCHED GROUPS

(Experimental) Sample  (Control) Sample

Interval fGroup Mean Size  Group Mean Size d.f. t
5 127 10 125.636 11 19‘ 0.12152%
5 100.537 41 99.9394 66 105 0.07069*%
5 81.1224 49 79.8333 102 149 0.21951%
5 65.9231 13 Th.4815 _7 38  0.64597*

*Not significant at the 0.05 level of confidence.

The t—values cktained were less than the tabulated t-values of
2,093, 2.00, 1.98, and 2.04, respectively, required for significance
at the degrees of freedom indicated. The writer failed to reject the
null hypothesis, "there was no significant difference in achievement
in Chemistry 1015 when matched groups‘were compared on cumulative test
and ACT scores over intervals of five."

By observing the data in Table VII, one can detect that the means
of the first three comparisons are in favor of the experimental groups,
however, not to the degree of statistical significance. 4lso, the

means of the groups in each paired group are closer to each other than



they are to the means of the next paired group. Since all t-values

were not statistically significant it is evident that the groups came

from the same population.

Results of Analyses of Questionnaires Relative

to Programed Materials Usage

Tt was described on page 45 hon two questionnaires were used to
collect data on the use of supplementary programed materials in
Chemistry 1015 during the fall semester and in Chemistry 1225 during
the spring semester ofithe academic year 1968-69.

The first questionnaire was givenito all students who were
enrolled in Chemistry 1015 during the fall of 1968. The first question
listed on the questionnaire wass  "Are you.aware‘tnat the.materiaim ”
taught in Chemistry 1015 is available.to be studied in programed form?"
'If the respondent's answer was "no" 1t was made known to the student
through written directions that it was not necessary to complete the
remainder of the quest1onna1rea However, if the respondent s answer
was "yes" the student was directed to contlnue w1th the completlon of
the questiomnaire by choosing an answer from each of five questlons
that contained multiple—choice answers, the best, answer to the question
as the respondent discerned it. While anonymity Was‘maintained stu—>
dents were directed to indicate thelr college classlflcatlons. There‘
were 501 students who responded to the questlonnalre out of whlch 132
students indicated "yes" answers and 369-students‘indicated o'
answers to the,question. Being consistent with the limitation ofd‘

this study to underclassmen, 21 of the "yes" responses werebdiscarded '
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because those respondents indicated classifications other thanvfresh-
man and sophomore, leaving 111 subjects' responses for further'eon—
sideration by statistical teehnique.
Chi-square analyses were used to test the follow1ng hypotheses
and the results are summarized in Tables VIII through XIII. |
II-a. There is no significant difference in ‘the number ofﬁsﬁﬁr
dents who knew and those who did not know about the
availability of pregramed;materials to supplementqthev
textbook used in Chemistry 1015. | :
A chi-square analysis of’the number of Students.who did or did
not know about the availability‘of pfogfamed”materials te’be‘used as

N

a supplement is presented in. Table VIII.

TABIE '-VIII

A CHI-SQUARE ANALYSIS OF THE AWARENESS OF THE AVAILABILITY
- OF PRDGRAMED MATERIALS FOR CHEMISTRY 1015 o

Yes o No
Observed 5
Responses SR R 369
Expected ,
Responses 2.0 : 240
= 137.6 def. =1 0.05% P

A table of critical values revealed that the chi-square value
required for significance was 3.84 (with 1 degree of‘freedom); there-
fore, the writer rejected the null hypothesis. The’alternate hypo-

thesis, "there was g significant difference in the number of stﬁdents’



57

who knew and those who did not know the availability of programed
materials to supplement the textbook used ih_Chemistry 1015," was
accepted. | R S
II-b. There is no significant differeﬁce in the nﬁmﬁéf:of sfu;
dents who used supplementaryfprbgraméd matériais ffequently,
occasionélly, very;lﬁery@littlg,vdid uééﬁbup}less £han
five times, or none at all.
This hypothesis was tested by a chifsquare analysis as is shown

in Table IX,

TABIE IX

A CHI-SQUARE ANALYSIS OF THE FREQUENCY OF USE MADE
OF PROGRAMED MATERIALS IN CHEMISTRY 1015

Did Use but Did Not

Frequently Occasionally Very Little < 5 Times Use
Observed » ‘
Responses 19 ‘ 36 2L 23 9
Expected v o
Responses 22.2 22.2 22.2 2.2 TURR2LR
2
x = 17.05 d.f, = 4 0.05> P

The chi-square value required for signifioaﬁée at 0.05 is 9.488,
therefore, the null hypothesis was rejected. The alternate hypothesis,
"there was a significant difference in the number of students who
used programed materials frequently, oécasionally, very'little, very,
very little, or none at ali," was accepted.

IT-c. There is no significant difference in the number of stu-

dents who became aware of the existence of supplementary
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programed materials through the instructor's advice, fellow
students, the library, or the bookstore.
This hypothesis was tested by a chi-square analysis as is shown

in Table X.

TABIE X

A CHI-SQUARE ANATLYSIS OF THE SOURCE OF AWARENESS.
‘OF PROGRAMED: MATERTAIS:FOR CHEMISTRY 1015 -

Fellow Found in Purchased in

Instructor Students Library “Bookstore
Observed
Respoenses 104 2 .0 5
Expected | .
Responses L2775 - 27.5 27.5 L R7.5
X = 281.20 d.f. = 3 0.05> P

From the data presented, the writer rejected the null hypothesis.
The alternate hypothesis, "there was a significant difference in the
number of students who became aware of the existence of programed
instructional materials through the instructor's advice, fellow stu-
dents, the library, .or.the bookstore," was accepted.

II-d. There is no significant difference in the number of stu-
dents whose study time for Chemistry 1015 was shortened,
lengthened, or was not affected by the use of supplementary
programed materials.

This hypothesis was tested by a chi-square analysis as ZS shown

in Table XI.
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TABIE XI

A CHI-SQUARE ANALYSIS OF THE EFFECT OF PROGRAMED
MATERIALS ON STUDY TIME ‘

Shortened Lengthened " 'Had No

“ithe ‘time . . ‘the’timé = Effect
Observed ‘ _ '
Responses 20 L3 L8
Expected . o
Responses 37 37 37
2
b'q

= 12.04 d.f. =2 0.05> P

The chi~square value required for significance is 5.99, therefore,
the writer rejected the null hypothesis. The alternate hypothesis,
"there was a significant difference in the number of students whose
study time for Chemistry 1015 was shortened, lengthened, or was not
affected by the use of supplementary programed materials,'" was
accepted.

IIT. There is no significant difference in the number of stu-
dents that enrolled in Chemistry 1015 who favored Supple—
mentary programed materials,‘or}teaeher,eonference;ver the
textbook as the m0st.valuable learning aid for the course,

This hypothesis was tested by a chi-square analysis and the re-
sults are summarized in Table XII.

A table of critical values revealed that the calculated value of
27.) was significant at the 0. 05 level of confidence, therefore, the
writer rejected the null hypothesis. The alternate hypothesis,'"there

was a significant difference in the number of students that enrolled
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in Chemistry 1015 who favored supplementary programed materials,
teacher conferences, or the textbook as the most valuable learning aid

for the course,' was accepted.

TABIE XIT

A CHI-SQUARE ANALYSIS OF THE NUMBER OF STUDENTS WHO FAVORED
PROGRAMED MATERIALS, TEACHER CONFERENCES, OR THE TEXTBOOK

Programed Teacher Textbock for
Materials Conferences the Course

Observed

Responses 15 36 60

Expected

Responses 37 37 37

2 - '

x = 27.4 » d.f. =2 0.05> P

Iv.. There is no significant difference in the number of stu-

dents enrolled in Chemistry 1015 who indicated that they
liked, did not like, or had no feeling relative to the
use of supplementary programed materials for the course.

A chi-square analysis was used to test this hypothesis and is
summarized in Table XIII.

The chi-square vélue required for significance was 5.991, there-
fore the writer rejected the null hypothesis. The alternate hypothesis,
"there was a significant difference in the number of students enrolled
in Chemistry 1015 who indicated that they liked, did not like, or had
no feeling relative to the use of supplementary programed materials

for the course," was accepted.
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TABLE XIII

A CHI—SQUARE ANALYSIS OF THE NUMBER OF STUDENTS WHO LIKED
' - DID NOT LIKE, OR HAD NO FEELING AT ALL - -
GONCERNING PROGRAMED INSTRUCTION

No Feeling

| Liked . Did Not Like . at all
Observed o
Responses 60 12 39
Expected .
Respenses 37 ‘ - 37 ' 37
= 32.66 Cdf.=2 . 0.05>P

The second questionnaireiwes presented to all students enrolled
in Chemistry 1225 two weeks after tpe_beginning of the gpring semester
in order to determine the extent to which.thevsupplemenﬂerj brogfamed
materials, designated for use in Chemistry 1015; were currently beihg
used.. In other Worde, to ascertein the degree to which pregremed
materials had "caught on" as adjuncts to the adopted chemlstry text—
book. Out of a total of 192 students who responded to the questlon— ?
| naire, 46 (24 per cent) indicated that they had made use of the
supplementary programed materials in Chemistrﬁ 1015, but only 6
(13 per cent) of that number continued to use ﬁhe progremedISupplements
in Chemistry 1225, Ome bundred forty~-six (76 per cent)‘of the'students
who completed the questionnaire indicated that they did not use the‘
supplementary programed material in Chemistfy 1015. The writer
observed that most of these students had not been enrolled in Chemlstry
1015 during the previous fall semester. ‘Four of the students who
answered "no" to the question indicated that'ﬁhey wefe makihg use of

the supplementary programed materials in Chemistry 1225.
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Summary

This chapter has presented the findings of the present investiga-
tion resulting from the comparison of Supplementary programed ‘i -
instruction with conventional methods of teaching Chemistry 1015 as
interpreted according to the (a) analysis of covariance, (b) t-test,
(c) chi-square, and (d) proportions of responses expressed as
percentages. The statistical analysis of the study involving achieve-
ment in chemistry failed to show a significant difference between the
control and experimental groups but did show a trend favoring the
experimental group.

The writer rejected six hypotheses that were formulated on a
questionnaire items presented to students in Chemistry 1015 resulting
from chi-square analysis. From results of a second questionnaire
presented to students in Chemistry 1225vprogramed supplements that
were used in Chemistry 1015 were not well-received or that they had
not "caught on" as adjuncts to the adopted textbook.

Chapter V will present the summary,kconclusions, and recommenda-

tions of the study based on these findings.



CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The purpose.of this study was to investigate experimentally the
effectiveness of using supplementary programed materials as adjuncts
to an adopted textbook in elementary chemistry on stﬁdent achievement
in general chemistry at Oklahoma State University. With this view in
mind programed booklets Were made a&ailable as a set of five for
subjects in the experimental group in the University's'bookstore. The
five booklets, authored by Virginia Powell, are entitled "Chemi.cal
Symbols," "Chemical Formulas and Némes," "Molecular Weight Calcula~
tions," "Wéight and. Volume Relatibnships," and "Balancing Chemical
Equations.”" The researchervsupplied the studéhts iﬁ the experimental
group with a supplementary study guide in order that their study ih
the programed booklets would be consistent with the departmental study
guide for Chemistry 1015,

The subjects of the investigation were freshman and sophomore
students enrolled in Ghemistry 1015 during the fall semester of the
academic year 1968-69. The experimental group of 114 subjects made
use of the supplementary programed materials as adjuncts to thé adopted
chemistry textbook. The control group reéeived regﬁlar classroom
instruction from the textbook only. Chemistry 1015 lectures were

given by three professors on the staff of the Department of Chemistry.
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The study involved eight lab-quiz sections taught by graduate
teaching assistants. These sections are one hour weekly reviews of
chemical principles and calculations that have been covered earlier
in the regular lecture periods.

Analysis of covariance was utilized to test the major null
hypothesis which was that there will be no significant difference in
achievement scores due to the ﬁse of supplementary programed materials
compared with the conventional method of instruction among under-
classmen relative to (a) ACT scores and cumulati%e test scores, (B) ACT
scores and MAT scores,.and (c) matched groups and cumulative test
scores matched with ACT scores over intervals of five. The "t"
statistic was usediﬁo test the significance ofvthe slope of regression
of cumplative and minimum attainment test scores on ACT scores as part
of the covariance analysis. The "t" statistic also was utilized to
compare the mean achievement scores for each of feur matched groups.
Chi-square analysis was used to test six null hypotheses that were
formulated from items on a questionnaire, The statistics for a
second questionnaire. were proportions of responses expressed as per-—
centages.

An opinion survey was made to obtain feelings of students toward
supplementary programed materials also to determine the extent to which

they made use of the supplements.
Conclusion

It was not surprising to the investigator that the study failed
to show statistically significant difference between the experimental

and control groups' mean achievement scores since most research
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results on programed instruction, whatever the mode of presentation
may be, suppoft this viéw. It should be noted, however, that there
was a trend favoring the experimental group in the covariance analysis
and t~tests results. It was concluded that there is no significant
difference in achievement in Chemistry 1015, as measured by test
scores, when groups are‘adjusted for differences in ACT scores.
Further, it was concluded from the t-test results on ﬁatched groups
since all four tests showed no significant difference when comparing
the means of two groups that the groups came from the same population.

From the investigator's experience in teaching chemistry to non-
chemistry majors over a period of years, he was surprised at the
responses that were made to questions on the questionnaire presented
to students in Chemistry 1015. The writer has observed that non-
chemistry majors gladly accept suggestions and seek out means to
improve their chance of success in required chemistry courses.

The number of students who knew about the availability of pro-
gramed supplements for Chemistry 1015 gives evidence of adequate con-
trol of the use of the materials. Only 19 of 111 subjects who used
‘the programed supplements indicated that they had used the materials
n"frequently" and 36, the largest number of students, used them
"occasionally." The writer views the reason for this condition to be
that the use of subplementary programed materials was auto-instruc—
tional in nature; the students read on their own outside of the class—
room. Since the number of students who were aware of the4availability
of programed materials ekceeded_the number of students in the expefi—
mental group by only 22, evidently they were made aware of the

existence of the supplementary programed materials through the
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instructor, that is, the graduate teaching assistant. The data on
the effect of programed materials on study time show consistency in
that the 19 students who used the supplements frequently were over-
shadowed by 20 students who indicated that their sfudy time was
shortened. It is pbvious that had more students used the supplements
the less time wouid have been required for chemistry study and,
perhaps, the students could have spent more time on another subject
which could have improved their grades generally. On the question of
which was favored as the most valuable learning aid, 60 students
indicated the textbook for the course, 36 students indicated teacher
conferences, and 15 students indicated their preference for programed
materials, again showing consistency with the 19 students who used the
materials frequently and the 20 students who indicated that it
shortened their study time. As an afterthought, the investigator
realizes that since programed materials and textbooks are teaching
tools, -teacher conferences were not a good item in the trio of
multiple-choice selections. The final questionnaire item presents a
paradox in that 60 students indicated they liked the programed supple-
ments, 12 students who did not like them, and 39 who indicated no
feeling at all concerning programed instruction. This item is
inconsistent with the previous ones, showing 60 students liked the
supplementary programed materials. The writer deems from this that
students liked it but did not know how or just did not make use of the

supplements.
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The fcllowing conclusions are presented in terms of the stated
purpose of the study and the observed influence of the supplementary
programed materials oh the experimental group.

1. Supplementary prograﬁed materials can be sucéessfqlly used
as adjuncts to a good adopted textbook in chemistry with no loss in
achievement. | |

2. Students achieve higher group mean scores on cumulative and
minimum attainment tests when supplementary programed materials are
used in general chemistry.

3. More than one half of the students in the experimental group
indicated that they liked programed supplements in chemistry.

Use of the analysis of covariance technique in the statistical
treatment of the data led to certain conclusions thatvwere not, among
the original stated objectives of the study. They are as follows:

1. ACT and MAT scores correlate highly with cumulative scores.

2. ACf scorés.are good predictors of future achieVement in

college.
Recommendations for Further Research

This study, as is true with most research, has provided some
'answérs to the problem under consideration. The investigator of the
present study is of the opinion that the stated findings or conclusions
made from this research are important and significant to educators in
science education and science teaching at all levels of the educative

process, but especially at the college level.
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In view of the findings in this study, some implications for
research in chemistry achievement are apparent. They are as follows:

1. A replication of this study uSing one or more variables such
as sex, numher of courses in natural science duriné high school, or
whether students have had previous experience in the use of programed
materials.

2., An investigation of the mental and academic factors related
to the successful completion of a general chemistry course.

3. 4an inveétigation uSing only programed materials versus the
adopted textbook.

Le A replication of this study using a different adopted text-
book or use the same textbook but use different programed materials.

5. An investigation ¢of achievement in chemistry as measured by
teacher constructed objective test of various lengths.

6. A replication of this study’requiring the use of the supple-
mentary programed materials as the lab-quiz hour operation rather than
the review of chemical principles and calculations covered in the
regular lecture periods.

Programed instruction may not be the panacea for methods of
teaching courses at all levels but it certainly has proved; in many
cases, to be as effective as the conventional method of instruction in
teaching several skills and specified bodies of knowledge in the
several disciplines., For the immediate future, it appears that pro-
gramed instruction should be used to supplement regular courses rather

than replace them entirely.



9
(2)
(3)
(4)

(5)

(6)

(7)

(8)

(9)

(10)

A SELECTED BIBLIOGRAPHY

Tickton, Sidney G. "The Magnitude of American'Higher Education."
Campus 1980, Ed. Alvin C. Eurich. New York: Dell
Publishing Company, 1968.

Opening Fall Enrollment in Higher Education, Part A Summary Data.
Washington, DeC.: U.S. Department of Health, Education,
and Welfare, Part A, 1968.

Parker, Garland. #Statistics of Attendance in American Univer-
sities and Colleges, 1965-66." School and Society, XCIV .
(January, 1966), 1-21. S

Projections of Educational Statistics to 1974=75. Washington,
DoCos U.S. Department of Health, Educatlon, and Welfare,
1965, 13-18,

Folger, John K. ®"Student Pressures on Colleges and Universities,"”
Current Issues in Higher Education. The Proceedings of the
Twentieth Annusl National Conference on Higher Education.
Washington, D, C.: The Association for Higher Education
(1965), 84-87.

Garner, Iee W. Programed Instruction. New York: The Center
for Applied Research in Education, Inc., 1966.

Peterson, J. C. "The Value of Guidance in Reading for Informa-
- tion." Teaching Machines and Programed Instruction.

Eds. A. A. Lunsdaine and Robert Glaser. Washington, D. C,:

National Education Association, 1958. :

Gagne, Robert M. and Robert C. Balles. "A Review of Factors in
Learning Efficiency." Automatic Teaching: The State of
the Art. Ed. Eugene Galanter. New Yorks John Wiley and
Sons, Inc., 1959.

Thompson, Robert L. "Programed Instruction and Reinforcement
Theorys A View from the Laboratory." Prospectives in
Programming, Ed. Robert T. Filep. New York: The Macmillan
Company, 1963.

Fry, Edward B. Teaching Machines and Programed Instruction: An
Intvodiction. New York: McGraw-Hill Book Company, 1963.

69



(11)

(12)

(13)

(11).

(15)

(16)

(17)

(18)

(19).

(20)
(21)
(22)

(23)

70

Programed Instruction Materlals, 1964~65, A Guide to Programed
Materials for Use in Elementary and Secondary Schools as of
April 1965. Ed. P. . Kenneth Komoski, New Yorks The Center
for Programed Instruction of the Institute of Educational
Technology, Teachers College, Columbia University, 1965.

Programs, 1962: A Guide to Programed Instructional Materials
Avallable to- Educators by September, 1962. Washington,
D.C,: The Center for Programed Instruction, Inc., U. Se
Government Printing Office, 1962.

Hendershot, Carl H. Programed Learning: é}Bibliography‘gi
Programe and Presentation- Devices. ALth ed. Bay City,
Michigan, 1967.

Spaulding, Seth. Programed Instruction: An International
Directory. Pittsburghs International Education Clearing-
house, University of Pittsburgh, 1967.

Williams, Everard M. "Innovation in Undergraduate Teaching."
Science IV (February, 1967), 97.4.

Pressey, Sidney L. and John R. Kinzer. The Effectiveness of
Adjunct Aubo-instruction. U.S. Department of Health, “Edu—
cation, and Welfare. Cooperative Research Project No.
2306, University of Arizona, 1964.

Young, Jay A. "Programed Instruction." Journal of Chemical
Education XL, no. 1 (January, 1963), 11-13.

Horn, Francis and James Morisseau. "Facilities and Learning:
An Overview of Development." Higher BEducation: Some
Newer Developments. Ed. Samuel Baskin. New York: McGraw-
Hill Bock Company, 1965.

Mort, Paul. "Research and Theory." Innovation in Education.
Ed. Mathew B. Miles. New York: Bureau of Publications,
Teachers College, Columbia University, 1964,

Skinner;, B, F, The Technology of Teaching. New York: Appleton-
Century-Crofts, Inc., 19610

Deterline, William A. An Introduction to Programed Instruction.
Englewood Cliffs, New Jersey: Prentice Hall, Inc., 1962,

Day, Jesse H. "Intrinsic Programs.". Journal of Chemical Edu-
cation XL, no, 1 (January, 1963), 14-15.

Marguiles, Stuart and Lewis D. Eigen. Applied Programed
Instruction. New York: John Wlley and Sons, Inc., 1962.




(24)

(25)
(26)

(27)

(28)

(29)
(30)
(31)

(32)

(33)

(34)

(35)

(36)

(37)

71

Della~Pianna, G. "An Experimental Evaluation of Programed

Learning," Journal of Educational Research IV (1962),
L9 5~L98. : ,

Travers, Robert M. Essentials of Learnlnga New York: The Mac-

millan Company, 1963.

Skinner, B. F, "The Science of Learning and the Art of Teachﬁv

ing.m 'HarVard Educational(RevievaXIV,'no. 2 (1954), 86=97."

Lysaught, Jerome P. and Clarence M. Williams. A Guide to Pro-

grammed Instruction. Rochester, New York: College of
Education, University of Rochester, 1963.

Saettler, Paul. "“The Rise of Programed Instruction." School and

Society XCV (December 23, 1967), 536-5L.

Pressey, Sidney L. "Teaching Machines (and Learning Theory)

Crisis.” Journal of Applled Psychology XLVII (February,
1963), 1-6.

Thelen, Herbert A. "Programed Materiagls Today: Critique and

Proposal." The Elementary School Journal IXIV (1963),
189-196, » C

Romanow, C. V. "Applying Learning Principles to Classroom

Instruction.” Chicago School Journal XLIV (March, 1963),
257=261, ‘ f '

Hilgard, E. R, and D. G. Marquis. Conditioning and Learning.

2nd ed. New York:  Appleton-Century-Crofts, Inc., 1961.

Bruner, Jerome. %The Educational Technology." In 41fred de

Grazla and David A. .Sohn, Revolution in Teaching. Prince-
ton, New Jerseys Metron Inc., 1964.

Saettler, Paul. A History of Iustructional Technplogy. New

Yorks McGraw-Hill BOOK Company, 1968.

Pressey, S. L. "A Simple Apparatus Which Gives Tests and

Scores = and Teaches." School and Society XXIII (1926),
373~376.

. "Autoinstruction: Perspectives, Problems, Potentials.™
Theories of learning and Instruction. Sixty-third Yearbook
of the National Society for the Study of Education. Ed.

E. R, Hilgard. Chicagos The University of Chicago Press,

1964, 355~356.

. "A Machine for Automatic Teaching of Drill Material.®

School and Society XXV (1927), 549-552.



(38)

(39)

(40)

(41)

(42)

(43)

(L)

(45)

(46)

(47)

(18)

(49)

72

Pressey, S. L. "A Third and Fourth Contribution Toward the
Coming *'Industrial Revolution' in Education.' School and
Society XXXVI (1932), 1-5. :

Angell, C, W. and M. E. Troyer. "A New Self-Scoring Device for
Improving Instruction." School and Society IXVII (1948),
84~85. B

Jensen, B, T. "Learning Ability in Retarded, Average, and Gifted
Children." Merrill-Palmer Quarterly of Behavior and
Development IX (1963), 124-140.

Crowder, Norman A, ."Automatic Tutoring by Inbtrinsic. Programming."
Teaching Machines and Programed Instruction. Eds. A, A.
Lumsdaine and Robert Glaser. Washington, D, C.: National
Education Association, 1958.

Steelrow, Lawrence. Teaching by Machine: Cooperative Researchr
Monograph No. 6.  Washington, D. C.: U.S. Government
Printing Office, 1961, 103, : »

Carr, W. J» "A Review of the Literature on Certain Aspects of
Programed Instruction." Programed Learning. Ed. Wendell I,
Smith and William J. Moore. New York: Van Nostrand
Company, Inc., 1962, 77. o

Porter, D, A. "A Critical Review of a Portion of the Literature _
on Teaching Devices." Harvard Educational Review XXVII
(1957), 126-147. o

Geller, Molly. "The Measurement of the Effectiveness of a
Teaching Machine in the Organic Area of First Year College
Chemistry." Journal of Research 1n Science Teaching I

(Issue 2, 1963), 154-161.

Roe, Arnold. "Five Teaching Methods Tested at the University of
California at Los Angeles Department of Engineering.'" AID:
Auto-Instructional Devices for Education and Training I, '
No. 2 (May,, 1961), 17.

Figen, lLewis D. "A Comparison of Three Modes of Presenting a
Programed Instruction Sequence." Journal of Educational
Research LV, No. 9 (June-July, 1962), L51-L56.

Griffith, John L. "A Comparative Study of the Cognitive Effects
of Programed Presentations on Student Achievement in
Selected Portions of College Level Elementary Photography.™
(unpub. Doctoral Dissertation, Oklahoma State University,

1967) .

Peldheusen, John F. and Andrew Birk. "A Study of Nine Methods
of Programed Learning Material." Journal of Educational
Research IV (1962), L61-466.




(50) -

(51)

(52)

(53)

(5L4)

(55)

(56)

(57)

(58)

(59)

(60)

73

Hough, John B. "Research Vindication for Teaching Machines."”
Phi Delta Kappan XL (1962), 240-212,

Kellems, Robert. "A Comparat ive Analy51s of the Effect of the
Use of a Programed Text on Achievement and Efficiency in
College Algebra." (unpub, Doctoral Dissertation, Indiana
University, 1964).

Kantasewi, Niphon. "Experiments in the Use of Programed Materials
in Teaching an Introductory Course in the Biological
Sciences at the College Level." (unpub. Doctoral Disserta-
tion, The Pennsylvania State University, 196L).

vRoe, Arnold. "Automated Teaching Methods Using Linear Programs."

Journal of Applied Psychology XIVI, No. 3 (1962), 198-201.

Skinner, B. F. and J, G. Holland. "The Use of Teaching Machines.
in College Instruction." Teaching Machines and Programed
Learning. Eds. A. A. ILunsdaine and R. Glaser. Washington,
D.C.: National Education Association, 1960.

Silverman, R. E. and M. Alter. "Response Mode, Pacing and
Motivational Effects in Teaching- Machlnes." A Technical
Reports NAVTRADEVCEN 5-7-3. Port Washlngton, L. I., New
York: U S. Naval Tralnlng Device Center, 1961.

Fisher, Margaret and Leslie F. Malpass. 4. Comparlson of Pro~
gramed and Standard Textbooks in College Instruction:
Cooperative Research Report. Unlver51ty of South Florida,
Tampa, 1962.

Smith, Norman H. "The Teaching of Elementary Statistics by the
Conventional Classroom Method vs the Method of Programed
Instruction." Journal of Educational Research LV (June-
July, 1962), L417-420.

Johrison, David C. "Programed Learning" A Comparison of the
School Mathematics Study Group Programed and Conventiocnal
Textbooks in Elementary Algebra." (unpub. Doctoral
Dissertation, University of Minmnesota, 1965).

Milne, James L. "An Experiment in the Improvement of Instruction
in Chemistry 101 at Washington State University." (unpub.
Doctoral Dissertation, Washington State University, 1965).

Barnes, James. "An Experiment in the Use of Programed Lectures
in Teaching the General Education College Chemistry Course.®
(unpub. Doctoral Dissertation, University of Southern
Mississippi, 1968).



(62)

(64)

(65)

(66)

(67)

(68)

(69)

(70)

Th

Walsh, James A. "An Experiment in the Use of Programed Materials
in Tesching High School Chemistry with Rates of Reactiqn
and Chemical Equilibrium: A Programed Sequence.® (unpub.
Doctoral Dissertation, University of Georgia, 1964).

Goldberg, Myles H., Robert I. Dawson, and Richard S. Barrett.
"Comparison of Programed and Conventional Instructional
Methods." Journal of Applied Psychology XIVIIT (1964),
110-114. :

Otting, Kenneth A: "Programed Materials Versus the Textbook: ' A
Comparison of Effectiveness, Efficlency and Motivational
Aspects in a Twelfth Grade American Government Course,®
(unpub. Doctoral Dissertation, State University of Iowa,

196L) »

Smith, Edgar A. and Jack Quackenbush. *Devereux Teaching Aids
Employed in Presenting Elementary Mathematics in a Special
Education Setting." Psychological Reports VII (1960),
333~336. ~

Ripple, Richard E, "Comparison of the Effectiveness of a Pro-
gramed Text with Three Other Methods of Presentation.®
Psychological Reports XII (1963), 227-237.

Wendt, Paul and Grosvenor Rust. "Pictorial and Performance
Frames in Branching Programed Instruction." Journal of
Educational Research IV (June-July, 1962), A430-432.

Rawls, James, Oliver Perry, and Edwin O. Timmons. "A Coopera-
tive Study of Comverntional Instruction and Individualized
Programed Instruction in the College Classroom." Journal
of Applied Psychology L (1966), 388-391.

Brown, Willard B. "An Experiment Using Programed Materials as
Supplemental Instruction im College Physical Scilence.®
{unpub. Doctoral Dissertation, University of Florida, 1963).

Evans, James L., Robert Glaser, and Lloyd E. Homme. "An Investi-
gation of 'Teaching Machine' Variables Using Learning Pro-
grams in Symbolic Logic." Report Prepared under Coqperative
Research Program No. 691, U.S. Office of Education,
Pittsburghs University of Pittsburgh, 1960.

Love, Berninie Ray. "An Experiment with Programed Instruction as
a Supplement to Teaching College Mathematics by Closed
Circuit Television." (unpub. Doctoral Dissertation, George
Peabody College of Teachers, 1962).



(71)

(72)

(73)

(74)

(75)

(76)

(77
(78)

(79)

(80)

(81)

(£2)

(83)

(8L)

(85)

(86)

75

Fejfar, James L. “Inductive Programing - The Exposition of a
Theoretical Model, and a Description of the Development
and Trial of an Exemplar Based on that Model." (unpub.
Doctoral Dissertation, University of Illinois, 1963).

Mayo, George D. and Alexander A. Longo. "Training Time and
Programed Instruction." Journal of Applied Psychology I,
No. 1 (February, 1966), i-~L.

Borg, Walter, R. Educational Research: An Introduction. New
Yorks David McKay Company, Inc., 1983,

Mouly, George J. The Science of Educational Research. New
Yorks American Book Gompany, 1963.

Garrett, Henry E. Statistics in Psychology and Educatlon. New
Yorks David McKay Company, Inc., 1958.

Sax, Gilbertg Empirical Foundations of Educational Research.
Englewood Cliffs, New Jersey: Prentice Hall, Inc., 1968.

Leith, G. 0. M, %“Teaching by Machinery: A Review of Research.?
Fducabional Research V {1962), 187-197.

King, G. Brooks and William E. Caldwell. College Chemistry.
5th ed. New Yorks American Book Company, 1967.

Burrows, J. Austin, Paul Arthur, and Otto M. Smith. Semi-Micro
Laboratory Exercises in General Chemlqtry, 3rd ed. New
Yorks The Macmillan Company, 1962.

Cook, David R. A Guide to Educational Research. Boston: Allyn
and Bacon, 1905°

Woodruff, George W. Persomal communication, Harding College,
Searcy, Arkansas.

Powell, Virginia. Programed Units in Chemistry. Englewocod
Cliffs, New Jerseys Prent 1ce~Hall Inc., 1965.

Garrett, Henry E. Statistics in Psychology and Education. New
Yorks lLongmans, Green and Company, 1947.

Popham, W, James. Educational Statistics Use and Interpretation.
New York: Harper and Row, 1967.

Walker, Helen M., and Joseph Leu. Statistical Inference. New
Yorks Holt, Rhinehart, and Winston, 1953.

Snedecor, George W. and William G. Cochran. Statistical Methods.
6th ed. Iowa State University Press, 1967.




APPENDIX A

76



CHEMISTRY 1015 SCHEDULE

FALL, 1968-69

WEEK OF THEORY LABORATORY {Sep 11-Nov 18, Lab expts begin on Wed)
Sep 11 Chapter 1, Introduction o Metric Work Sheet {Hand-Out )

Chapter 2, Fundamental Principles Problems Page 293, Lab Manual:
Sep 16  Chapter 3, Atoms & Subatemic Particles Check—In Lockers - Exp. 2, Common Units
Sep 23  Chapter .Aﬁ Structure of Aboms Ixp. 3, Physical & Chemical Change
Sep 30  Chapter 5, Classificabion-Elements  Exp. 4, Conservation of Mass (%)

Periodic Table -
Oct . 7 Chapter 6, Formulas & Equeflons Exp. 4, concluded
: Chapter 10, Valence - . :

'voTe #1, FR,LDA_Y7 OCTOEER 11 Lo . .
Oct 14 Chapter 11, Chemical Bonds Drills  Symbols, Formulas, & Equations
Oct 21  Chapter 12, Ca8551f1catﬂo“ of Compounda' 'ﬂspeﬁial Experimeht (Visible Changes)

& Nomenclature ’ !

*FIRST HOUR EXAMINATION - THUBSDAY - OCTOBER 2h = 5 30 P Mev _
Oct 28 Chapter 15, St01ch10metry - ' Ex.p° 9, Law of Deflnlte Proportlons
Nov 4 Chapter 7, Oxygen Exp. 10, D;splacement Reactions

° M.A.T. #2, FRIDAY, NOVEMBER 8 ) '
Nov 11 Chapter 8 Hydrogen ‘ Exp. 8, Oxygen
Nov 18 Chapter 9, Gaseous_qtates of Matter Exp. 11, Hydrogen
| M.A.T. #3, FRIDAY, NOVEMEER 22

Nov 257 Chapter 13, Water & LlQUld State THANKSGIVING VACATION
Dec 2 Exp. 13, Water and Exp. 1k, Hydrates

Chapter 14, The Solid State

)



CHEMISTRY 1015 SCHEDULE

FALL, 1968-69
(Qortlnued)
WEEK OF THEORY - . . LABORATORY
T T#SECOND HOUR EXAMINATION - THURSDAY - DEGEMBEB 5 = 5530 M,
Dec 9 Chapter 17, The Halogeus o .- Exp. 12 Equivalent Welghts & Valence
| Dec 16  Chapter 22, Nitroger & the Atmosphere ,Fxp 31, Chlorine and Exp. 32, Hydrogeh Chloride

Dec 23  CHRISTMAS VACATION :  CHRISTMAS VACATTON
Jan 6 Chapter 23, Nitrogen Compounds CHECK-IN LOCKERS
Jan

FINAL EXAMINA”ION WEEK

'*FINAL EXAMTLATION = IUESDAY - uANUARX 14 — 7 jO—Q 20 A M,

- ®AT1 examiﬁationq are given in P;So 141, E,S, 317 and E.N. 108, Your laboratory imstructor will
1?asSign your room and seat. You will have the same rocm and seat assignments for each examination.

[o¥}
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CHEMISTRY 1015 STUDY GUIDE
'CHAPTERS 1 and 2° = -

Read Chapter 1 for information. Remember two thirigs ~ what were the
alchemists trying to do? And page 5, not in detall but plck out all
the famlllar things you use every day.

Chapter 2 -= The universe consists of two things. What are they?

Matter...elementso.ocompoundsoaomlxtures...whlch of these are called
pure substances? . Why?

Properties,..two kinds of mattereoophySLcal and‘chemical;;.pick a few
of each...try to get a working definition of- each

Elements...pure substances...two klnds.o.metals and non—metalso@@name

a few you know...NO CHEMICAL CHANGE over breaks an element into smaller
pieces...but a phys1cal change inside an atom...an atomic bomb...can
and does destroy certain elements...Matter into ENERGY.

The smallest particle of an element.e.an atom...each element represented
by a SYMBOL...some elements exist as atoms...others have two or more
atoms stuck together...these are called molecules...so an element may
exist as either atoms or molecules...molecule...a particle with two or
more atoms acting as a single unit.

Elements...page 1lh...learn the four most  abundant elements in the
Earth's crust.

Compounds. . .ALWAYS CONTAIN MORE THAN ONE ELEMENT..oex1st as molecules
or?...are pure substances...s0o have a definite set of propertlesoea
name one for sugavoooNOW go 10 page 12 and-relate compounds and ele-
ments.

Things to remember...atoms are represented by a Symbol;..molecules by
a formula.which will a compound always have? Spend a llttle time on
page 15...types of compounds...do not memorlze YET.

Study the definition of Law of Conservation of Mass...what kind . of
change is mentioned? Likewise {page 16) law of Conservation of Mass..
what kind of change is mentioned?  Forget Multiple proportions...read
but do not attempt to memorize comblnlng Welghts and equlvalenu weights.

’Symbols...page 20...5tart learning them now.

Formulas...at least two atmos stuck . together... ...(that little number
is written below is meam)ooolearn it row...a subscrlpt,.,thls is a
symbol or a formulaoootnat two means that’ two atoms are actlng as a
unit.

The Metric System will be discussed in‘lab and Quizihcurs...not in
lecture...try some of the problems at the end of the chapter.



CHEMISTRY 1015 STUDY GUIDE
CHAPTERS 3 and Lo
Read the chapters first and then go back and study the. paragraphbo

CHAPTER 3. Dalton's atomic theory based on' laws of chemlcal change@
Modern revision of Daltont s theory°

Equivalent Weights: Weight of element that will unite with or ‘displace
1.008 grams. hydrogen or 8 grams of oxygen.

. Gram Atom is atomic weight expressed in grams.v Atoms made up of sub=-
atomic particles, electrons, protons, and neutrons. DiscOvery and
characteristics of each. Define as particles.

CHAPTER 4. Atoms are largely empty space. Hydrogen the 31mpfest atom,
only one with no neutrons. Two parts of an atom; nucleus and
electrons. Rlectrons in orbits are called energy levels; K Ly M N,
or 1, 2, 3, L. 2n° when n is the member of the orbit.

Understand relation of mass number, atomlc number, and electronbo_
What three thlngs do you learn frem K397 Valence electrons are in
general those in outermost orbit and determlne effect of an quter
orbit which contains 8 electrons.-

How valence of metals differ from valence of nonmetals as to charge.
Quantum numbers, what are they?

Meaning of subshell energy levels s;p,d.f. Number of orbits and

. number of electrons posqible in eacho
9

 What element is this? (X) 2 6 2 3 Label the subshells.

| What are paired electrons? Will electrons'pairVup'or WillJthey occupy
orbitals singly until all the orbitals in that energy level'are'filled?

Draw structure of 54 CA ~ 21 53, ¢ 29Cu, and 30Zn, whlch show order of

. filling electrons. ngures =13, ps Lhe

What causes variable valence? What is the structural similarity of
Na and K, F, Cl, and Ne and A? L : ‘

Atoms of most elements have different masses. Why? What are they
called? Atoms combine in two ways. Explain. ‘ C

Is it correct to speak of a molecule of salt? How many electroas are
shared by each atom when Catt combines with 2C1~7?

Show the dot system for the formula of AlClB and CFA
Note the formula H-0-H. What does each llnebrepresent?i

When metals combine with nonmetals what kind of valence? When carbon
combines with chlorine, what kind of valence and what relationship?

Understand the meaning of molecular weights, formula weights, and moles.
Work Parts A and B of problems 13 and 14.
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CHAPTER -5 - -

Elements are arranged according to increasing atomic numbers.
Elements occur in horizontal rows called Periods ending with an iaert .
gas. Vertical columns are called Families or Groups, numbered IA -
VIIIA and IB - VIIIB. Each Family has similar properties. Horizontal
rows contain 258;8~18-18-18—32~17 = 103 elements. ”:

Some Families or Groupé have special names; &alkali, IA; alkaline
earth, ITA; inert gases, VIIIA; halogens, VIIA. 1In all A Groups, the -
positive oxidation number is the same as the4group,number. ,

Group IVA, VA, VIA, and VITA are, for the most part,‘nonmetais and
can be negative or positive., Valence is the group number subtracted
from 8 for negative valence, VIIA 8 = 7 = -1 for F, C17, Br , and I .
‘The B groups or families are all metals and have varying valence.
Remember, they are transition elements filling in electrons in D and F
orbitals. These groups will be‘discussed‘by_usingiindividual_elemenbs
as examples. Going down the groups, all elements;inﬂthehgroupAhave
the same number of electrons in the valence shell, but each adds an
inner ring of electrons. Properties and valences are much alike.

Activity of metals tend to increase as we go down the group,. bub . .
‘tend to increase for nommetals as we go up in VIA and VIIA. KNOW THE
PERIODIC IAW. I .

Histoi'ica,l development. Dobereiner, Newlands ' and Mendeleevs
. Point out A before K, Te before I, in Mendeleev order. Why? What is
structure of inert gases? What are they inert? '

Physical and chemical behavior of elements. Size of atom has
great'effect on properties, When shells are added the size increases,
. thus, Ii is smallest and Fr is largest in IA. 1In a given pericd. the
atoms decrease iu size. Find out why. ' o

The ion of an atom after loss of electrons is smaller than the
atom. What happens to size of atom when electrons are added to form
negative ions? , ,

Jonization potential definition. Why\low for IA metals? Why
high for VIIA nonmetals?
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CHAPTER 6 '

Learn meaning of weight 1nd1cated in a formula...molecular welgbwoa
gram molecular welght when expression in grams...know: meanlng of
terms subscript and coefficients...as 3HN03 or 3H280h

A chemical equation used to represent a chemlcal change as
RHy + 05 2H0
Which gives what 1nformat10n?

The term radical is another word for complex ion such as OH or

NHh+

Types of reactiomss
a. element plus element...combination...working rules
(1) any metal will react with nonmetals
(2) ronmetals react with nonmetals :
(3) in mest cases mebtals DO NOT react with metals o
b. decomposition...any compound can be broken down to s1mpler
substances...
2HgO + heat —»2Hg + 0, (works for a few’ compounds)
2 H20 + electrical ourrent_%»2H + O
ONLY ONE COMPOUND TNVOLVED
¢. 1lonic exthange...often called double decompOSItlon..oTWO COm-=
pounds involved...RULES:
(1) Something must be lost as a gas, as a pr'ec1p1’c,abe,7 as a
covalent molecule.
(2) If nothing is gaseaus, insoluble or covalent, the ions set
. up a kind of teeter-tobter...equilibrium...and no visible
results are seer.
d. Replacement or substitution...a compound + an element
2HCL "+ Mgnsli +~MgCl

(1) Element must be MORE AGTIVE than one of the elemen%s in
the compound.

Some things to learms e ! ‘
a. An arrow poirnting up means the substance escapes as a gas.
b. An arrew pointing down means that the substance is insoluble
in the solvent present...usually water.
c. TWO WAYS OF WRITING THIS EQUATIONs
' AgNO + NaCl—% AgCld + NalOg (water is the solven+) OR

Ag* + NO = + Nat + C17=> AgCl + Na* + NO,~ (IONIP)’

(WE WILL SAVE THE THIRD WAY FOR IATER)
WHAT TONS DISAPFEARED IN THE REACTTON? =

Calculations from formulas:

a. finding the molecular welght.o,formula welght..or for one MOEE
READ CAREFULLY bottom page 78.

b. per cent composition, first need formula Welght or molecular
weight, then see bottom of page 78, % = part/whole X 100.
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CHAPTER 10 .

We use valence and a new term oxidation number to express combin-
ing power of elements. Outer electrons determine-valencégfor elements
in A Groups. ' , , .

Elements tend to complete outer energy level to 8e's. . If they
- transfer, they are called electrovalence. Metals tend.to give up
electrons, nonmetals to gain them. No valence for(free elémemt,u I,
II, IIT A constant valence. L=5=6~7 A Groups vary in valehce - s0.do
transition elements. In B Groups.varying valence is due to Jdoss of
electrons from d suborbltalso_ 3

The sum of valences in most compounds is equal to 0.  Valence is
determined by experiment (weight. of element that will{éombine with
1 gram of H or 8 grams of O or their equivalents). = . ,

Sharing e's between atoms - covalence - CHA,‘CGIL,;HCL; Hgo, 012.
Covalence is number of electron pairs shared. ‘./&to.r,ns:-,:l'.n:cova{tl,e:r.r&;__c_or,nu= L
pounds are tightly held - from molecules. Purely»ionic compounds form
crystals of ions - not molecules. Covalent ¢ompounds that react with
water form ions in solutions HCL + H,0->H,%0 + €17

In covalent compounds the valence may be expressed as a nugber .
without charge. When.a charge is assigned it is called oxidation
number or oxidation state. Remember free element = O, H in compounds
+1, O ih compounds ~2. Ions are + or -~ in charge;: Assign oxidation
number to Ca(MnOh)z, (NHL) Cr 07, H35594°
Oxidation is a reaction where the oxidation number increases.

Reduction is a reaction where the oxidation number decreases.
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- CHAPTER i

Chemical bonds ,

a. covalent...formed between two unpalred electrons .;equal sharlng

b. coordinate...formed between an atom, ion, or moleculeo, SHORT
TWO EIECTRONS and another particle which has a pair of unbhared
electrons...REPEAT — A PATR OF UNSHARED ELECTRONS. (Thxs bond
usually turns into a regular covalent bond by RESONANCE of all
the electrous in the adjacent atoms)

¢c.. Ionic...bonds of ATTRACTION between OPPOSITEIX CHARGED ions
which were formed by an exchange of electrons...one gave up the
electrons...the other gained them.

The covalent bond,..strong...dlrectlonal...DOES NOT shlft about or
change partners easily.

The coordinate bond...not as strong as a regular covalent bond. . .
otherwise the same.

‘Ionic bond...fairly strong...completely polyéamoue;.;NOT'DIREGTIONel

AL...A sodium ion could care less with what negative ion it holds
‘hands with, so long as the thing has a negative charge.

Polarity of a bond...a magnet has poles...negative and positive... .
ionic bonds are 100% polar...COMPLETELY SEPARATED CHARGES...cova—
lent bonds vary from non~polar to. highly polar...SHAPE of molecule
plays important part in polarlty...REMEMBER that covalent bonds are
DIRECTIONALo.opageb 137, 138, 139, : ‘

Shapes ' of moleculesoonRUEE...electron pairs get as far away from
éach other as possible...draw electron dot picture of each of the
following and decide what will be thelr shapes, BeHz, BH3, CH

TR
H20. s : :

Polarity...Cl~Cl is non—polar...symmetrlcal charges on nucleusoa, 3
llnear...H—Cl...polar...unsymmetrlcal...nuclear charge on'H is 1+, ..

on Cl is 17+i¢.s0 electrons of bond are SHIFTED TOWARD. Cl...leaving
a partial +:charge on the H and partlal ~ charge on'Cl. BeH, @eoor
H-Be-H...the two pairs of electrons are as FAR APART as possible...
what is the angle?...molecule is symmetrlcal...non—polar.not thls

with CHh...w1th water.

Hydrogen bonding...this is the stickum which makes.water S0 valnmt

“able...and holds your muscles together...or the wood. in the chair
you use (actually liquid water has a formula something like (H 0)y.

4y6,8, etc., due to hydrogen sitting down on the extra pair of
electrons on the oxygen of another water molecule)

Things to read, BUT NOT to memorlze...Tableﬂ_ - Qand Table 11-2...
these may help.in explaining some energy changes in chemlcal
reactions later. : : ,

Van der Waal's forces...interaction between molecules*NOT due to
bonding...WEAK, but important to study of gases and liquids.
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: GHAPTER 12-

Acids...any compound whlch can furnlsh protons...two types most
important..,oxygen a01ds...H SOA or- HNOs, .and ne ,xygen a01ds°°.
HCLl or st, DT o

LEARN meaning. of and formula for hydronlum ion- H O .
LEARN general properties of a01ds...esp801ally t eir chemical ones-

Bases...general definitien...any substance whlch can ACCEPT a
proton...learn how this applied to metallie hydroxides...forma-
tion of water from...NOTE what ions are formed when a metallic
hydroxide is placed in water...LEARN general propertles, espec1ally
chemicgl properties and solublllty. ,

Salts...are ionic...hence sollds...a55001ate salts W1th reaction
of an acid with a base...neutralization.

Write the equation for the reactlcn betﬁeén NéOH and HCl in water.
First as molecules...THEN as IONS...what PULLS the reaction to
the left? .

Study carefully pages 147—1&8...péyingvclose attention to classes

of reactions and the compounds written‘as»ions.Tg

a. Nonoxygen acids...HYDRO ic HGl.TuHYDRO chlor ic acid
b. Oxygen acids _______ e, or ___ ous...stOA...sulfur ic acid

, HZSOB...sulfur ous a01d...1c goes with higher oxidation number °

and ous with lower oxldatlon number of a01d former..ohere S
NOTE Cl has four oxidation numbers...7+, 5+, 3+, and l+...tie
in with PER..OIC..,OUS,..HYPO o OUS.

Bases,. .HYDROX‘IDES..,Ba(OH)z Bariun HYDROXIDE.v |

Oxides..,TWO TYPES...metalllc nonmetalllc as BaO and CO o

Names end in IDE...barium oxide or carbon dloxlde...note DIo.o?

a. General rule...metallic oxides...NO MENTION OF NUMBER.OF
OXYGEN ATOMS as Al 03...alum1num oxide.. . NONMETALLIC OXIDES... .
usually at least. two for each nonmetal...so number of oxygens .
given...CO,..carbon monoxide.

b. Metallic oxides of transition metals...OUS and IC...IOWER and

- HIGHER oxidation numbers as. FeO...ferrQUS oxide or Fe203°.0
ferrIC oxide...also iron(II) oxide and 1ron(III) oxide.

c. Metallic oxides also known as BASIC ANHYDRIDES...bases WITH=
OUT WATER...NOTE page 152.

d. Nonmetallic oxides also known as ACIDIC ANHYDRIDES...aCLds
WITHOUT WATER,..CaO + COZ...CaCO + COZ-—-a'CaCO3 Cooor

Ca(OH)2 + H, 003-v’7 CaCO3 + HOH
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CHAPTER 12- (contlnued)

Learn to recognlze...ACID salts as NaHSO, or NaHC 3...BASIC salts
as CaQHCl...or some compounds which cannét make up their minds
and can be either acids or bases...AMPHOTERIC.,>._ o

Salts...TWQ ELEMENTS...end in IDE...contaln OXIGEN...ATE or ITE
see oxygen acids...IC acid gives ATE salt...OUS acid gives ITE

salt...H-SO, +..0aS0, calcium sulfate or H,S0. ...CaSO calcium-
sulflte.2 L 4 VAR.) 3
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CHAPTER 15 T

Yield problems:

a.

Complete and balance the equatlon...as how many grams of water
formed from 16 g of hydrogen?

2H, + 02'ﬁ>,2&291

Put on top of equation what you have as

16 g X
2H, + Oy—=y 2H,0 (note: that exygen is neglected after
balance).

Put indicated weights under equation

16 g X 2H2 g
PH, + 0, ~3 2H,0 =36 g
Lg 36 g

Then set like over like equal to each ¢ther as

16 _é&_ and solve where X is the amount of water

OR BY MOLE method...note that 2 MOIES of H, yield 2 MOIES of
water...50 ONE mole of H2 yields one mole 6f water...NOW FIND
FIND MQLES of H, «..16 g “or 8 moles... 8 x 18 g or 144 g.

Gases...Statements to learn:

Qe

Standard conditions for gases O C and 1 atmosphere pressure
(760 mm pressure...or thls height of mercury supported by the
gas).

A gram molecular weight of ANY GAS oocup:.es 22.L liters at
standard condltlons...(STP)...one MOLE of any gas occupies
22,4 liters at STP. .

The NUMBER OF MOIECULES in 22.4 liters of ANY gas at STP is
6.02 x 10?3 or ONE MOLE OF MOLECULE...Avagadro's Number.

>Weight volume calculations...What volume of hydrogen at STP will

be formed by 23 g of sodium when reacted with water?

a.
b.

Complete and balance: 2Na + 2HOH—--~-)'H2 + 2NaOH
Put weight and volume above equations

23 g 22.4 liters ONE:MOLE of»H2 occupies???
2Na + 2HOH - H2 + 2NaCOH ’ ' _ '
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CHAPTER 15 (continued)

c. Put results under the equation

23 g 22.4 liters
2Ng + . 2HOH = Hy, + 2NaOH
26 g B X liters

d. Put like over like equal and solve

23 g 22.4 liters
g X liters

‘e. OR MOLE METHOD

ONE MOIE of Na yields ONE-HALF MOLE of hydrogen, so one-half

mole of H at STP occupies gg_ﬁzllﬁers

Volume. ..volume calculations...APPLY to
H, + Cl,—» 2HC1 (all gases) ONE MOIE of H, yilelds TWO MOIES of

2
HCl...same steps ONLY USE VOLUMES.
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CHAPTER T

For any new substance you should learn:.
a. Occurrence...where and how..,as oxygen...free in air...com-
bined in 7
b. Preparatlon...Laboratory...Commerc1al
(1) Heating of oxygen compounds...HgO; PbO,; KClOB...Labora—
tory preps...commercial...liquefaction of air7..and dis-~
tillation of air
c. Properties...physical and chemical
(1) Gas...slightly soluble in water...colorless...tasteless
(2) Chemical...free oxygen is INACTIVE at lower temperatures,
: at higher temperatures,..excellent OXIDIZING AGENT...
rusting of iron...equation...other elements...reactions
~ with compounds...learn difference between rusting and
COMBUSTION...reacts with BOTH metals and nonmetals to
form OXIDES...write typical reactions.
d. Uses...in your body...in a furnace...in an automobile...in a
torch...its reactlons are EXOTHERMIC...productlon of heat
energy.

Oxides...metallic and nonmetallic...as CaQ and (O,
a. Metallic oxides...are BASIC ANHYDRIDES,..CaO + HOHr--'PCa(OH)2

b. Nonmetallic oxides...are ACID ANHXDRIDES...CO2 + HOH-7I{ O3
c. Metallic oxide + nonmetallic oxide ~> salt as
Ca0 + CO -A?CaCO3 compare with
Ca(OH), + H CO - CaCO, + 2HOH
2 3 3
Reactions to be studied:
HgO0 + heat —» KClOB‘ + MnO2 + heat —>»
H20 + el current ~—» PbO2 + heat, —>
S + 0, —> 302 + 0, —> (Note: reactions below
: : ‘ ~this point should be
Fe + O2 - - P o O--1> repeated with other
CHL+ + 70y —> ‘C8H18 + 02-€>compounds)
Ba0 + HOH —» SO2 + HOH —>
BaO + S0, —> Ba + 50, —>
NEW IDEAS :
8. Catalyst,..KClO3 + heat—»KCl + 02 .o s8Xbremely slow
KClO3 + Mn0, + _heat—?KQl‘ + 0, + MnO, ...
very fast L e

WHAT DOES THE MnO, DO?

2
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CHAPTER 7 (continued)

Oxidizing agent...any substance Which_removes electrons from
another substance...put oxidation numbers on each of the
following:
C + Oé—-—yCO2 which element gained electrons by re-
. moving from anodther...oxidizing agent

Combusﬁion...oxidation reaction going FAST ENOUGH to give off
BOTH HEAT AND LIGHT...again compare to rusting of iron

Kindliﬁg temperature...temperature at which slow oxidation
becomes?...relate to spontaneous combustion

OZONE...0,...different form of oxygen...allotrope...deadly...
cause of SMOG in many cities...definite ODOR...EXTREMELY active
chemically. ’ B S
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‘CHAPTER -8 '

Hydrogen...occurrence...the fuel of the universe,..atomic fusion %o
produce energy in the sun and stars...on earth...rare as free ele-
ment...combined...water...acids...bases...all living matter con=
tains fats, carbohydrates and protein...compounds of hydrogen...
petroleum is a mixture of ‘hydrocarbons

Preparation...laboratory by action of a metal on an acid as

Zn + 2HCL—% H o ZnGl

Gommerc:Lal.MG + H o(steam)-a co + H2n'br, electrolysis of
water or cracking of
‘hydrocarbons

Properties...physical...exists as a gas, etc...chemical...decide
what happened to hydrogen in the equation H2 +;;Qéf~»-H2©;

The hydrogen IOST EIEGTRQNSoo»definition of a REDUCING AGENT,..alsc
hydrogen reacts DIRECTLY with most nonmetals and many active metals
in the family A series...examples:

Hz. + Clz-—ﬂ» HCL or Na + H2—=) NaH....name the two products.

Hydrogen used as the YARDSTICK for the REDUCING POWER OF METAIS...
called the activity series...study Figure 8 on page 98...note
position of hydrogen...statement...ANY METAL ABOVE HYDROGEN WILL
REPIACE HYDROGEN FROM ACIDS...THOSE BELOW IT WILL NOT REPLACE

HYDROGEN FROM ACIDS...also an EIEMENT will REPLACE any element

BELOW it from the compounds of the lower element...as
Cu + HCL-=>NO GO, but Fe + HGl-—‘?H2 + F8012
Na + CuCl,—» Cu + NaCl, but Cu + PbCl,~»NO GO

Uses.,.ONCE used in balloons...TOQ DANGEROUS...WHY? chief uses...
making fertilizer...AMMONTIA,..NH,:..motor fuels as high test gaso-
line...0leocmargarine or Crisco..wsynthetic SOLID cooking fats and
spreads...latter process called Hydrogenation.,.or hardening...

actually a type of reduction using the reducing power of hydrogen.

Reactions for which you gre responsible:

Metals + acids as

Cu + HZSOL."%> ) Fe ‘+ stoh'-%
Metals + water as ‘

Na + HOH ——» Ag + ‘HOH —>
Metals + salts, oxides, ete., as ,

Cu + FeCl, —> Fe + Cu0 —>

Na + FeCl,=» In o+ KOH —>

2
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CHAPTER 9

Study this expression: solid + heat~»liquid + heat =~»gas in
relation to the KINETIC ENERGY of the partlcleseoeWHICH state has
the most KINETIC ENERGY?

The particles {molecules) of a gas are COMFLETELY INDEPENDENT of

each other so they can

(a) expand without limit if not in a container...they will com=
pletely fill any contaluer.

(b) they continuaily HIT the walls of a container and EXERT A
PRESSURE

(c) the pressure depends on both the number of molecules and cn
the. TEMPERATURE ‘ o »

{d) TO DESCRIEE A GAS we must specify THREE THINGS, ..VOLUME.,.
TEMPERATURE. . » and PRESSUREoootwe temperature will be KeLVLﬂ
or absolute...

Volume and pressure with a CONSTANT temperature...IWO ways to
change the pressure...WHAT are they? CHANGE temperature or pres-—
sure...BUT WITH A QONSTANT TEMPERAT RE»QQTHE ONIY WAY is to change
the volume...

(a) One liter of a gas is changed to 500,mla What happens to the
pressure? Pressure is caused by molecules hitting the walls
of the cortainer...the more hits, the higher the pressurs...
in 500 ml there are twice as many hits as in one liter, SOt

Pressure and temperabure at CONSTANT volume...one liter of a gss
at 20 C 1s heated to 100 C.,.VOLUME cannot change...what happens
to the speed of the molecules when heated? They go faster, hit
harder and more often...S0 how does PRESSURE VARY WITH TEMPERATIIRE?

Volume and tempersture at CONSTANT pressure...basis for the Kelwvin
or absolubte temperature scale...GOOL A GAS and it contracts at
CONSTANT pressure...abt 0 C any gas IF COOLED ONE DEGREE LOSES

1/273 of its VOLUME...SO WHAT TEMPERATURE IN CENTIGRADE will it
have NO VOLUME?,...ab =273 C. This 1s ZERQ degrees Kelvin or
absolute, . ALl KINETIC ENERGY IS GONEOQOTHEREFORE NO MOTZ”\ \E EE
MOLECULE, o o thie temperabure of FREE SPACE. : ‘

Temperature Kelvin = Centigrade + 2730Q@a =10 C = 263 Koos

Kelvin has NO BELOW ZERO...starts at ZERD

Each gas in a mixture of two or more gases acts as though it were
alone...exerts its own pressureoooWHEREFORE the total pressure is

equal tc the sum of the FNRPIAL PRESSURES in a mixbture of gasesoeo
air for instance.

The Kinetic Theory of Gases

{a) Gases comsist of individual molecules

{b) The molecules cccupy VERY LITTLE of the totel space...lots of
room
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CHAPTER 9 (contlnued)

6. {c) Molecules in constant motlon...mOVe in stralght llnes UNTTL
they hit another one or the walls of the container...YOU are
holding up SEVERAL THOUSAND POUNDS OF PRESSURE BECAUSE AIR
MOIECUIES -ARE HITTING YOUR BODY - - - - .

() . Molecules are perfect bouncers...perfectly elastlcoooiose NO,
energy in collisions with objects of the same temperatiire
(e) Velocity depends on temperature...the hotter the faster
(f) Average kinetic energy of particles at same temperature is
- identical...regardless of mass...as K.E. =’mv2;..the'bigger
they are...the slower

7. Combining volumes...22,4 liters...standard conditions, etc.
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CHAPTERS 13-14

WATER AND THE LIQUID STATE

Liquid state compared to gaseous...molecules are closer togetherogu;
have less kinetic energy...are moving more slowly...are NOT inde-
pendent of each other...attractice forces hold but not t1gh+ly
enough to prevent evapordtlon.' :

A1l liquids have a VAPOR PRESSURE or TENSION...depends on tempera—
ture...in a closed system...vapor reaches equilibrium with mole-
cules GOING BACK into a liquid...in open system evaporation |
CONTINUES...molecules escape. BOILING POINT...energy is required.
goes into PULLING MOLECULES APART...definition...TEMPERATURE at
which the VAPOR PRESSURE of the liquid is EQUAL to-the PRESSURE ON
the liquid from oubtside...bolling point for a compound VARIES
DIRECTLY WITH THE EXIERNAL PRESSURE.

Determine the meaning of terms.qosurface tension...viscosityeo.
volatile liquids.

WATER. . can unusual liquid...hydrogen bonding and polarity makes it
a high boiling liquid...polarity and hydrogen bonding cause it to
be the BEST SOLVENT for any compound which is IONIC, or cambains
like groups as C<0H, or has an unshared pair of electrons as N53@

Heavy water...the kind most students are in is HOT...explaln from
standpoint of isotopes of hydrogen.

Hydrates...these ARE COMPOUNDS in which water is bound to one or
more IONS in an ilomic compound as CuSOh-BH»O.,eFOUR,of,the,water
molecules are attached to the Cu ion...one to the sulfate iom...
definite compositiocn...a very common hydrate in Oklahoma...
gypsum. . -has the formula CaSQ, «2H O@ooMANY compounds when exposed
to air will either GAIN OR LOéE water,.,dellquescence or efflores-
cence,...forming a hydrate or decomposing one....

A peculiar compoaﬂdoooH 0,+0.0ONE OXYGEN too many,.,perox1dtﬁooa
hydrogen perox1deooeb1eac%1ng agent - for brunettes, etc...Germans
used pure H O in rockets during attack on Britain.

SOLID state.. ORDERLY CILOSE PACKED arrangement of molecules or-
lons in crystals...movement very small...attractive forces much
greater than kinetic energy...TWO MAJOR TYFES of crystals...IONIC
and covalent...the MELTTING POINT...TEMPERATURE at which the SOLID
state and the LIQUID STATE can exist in EQUILIBRIUM..oMETAWS have
a special kind of bondlng,,.metalllng bonding... '

CHANGE OF STATE...solid-—spliquid-—»gas...MUST ADD ENERGY . . - revverse
gas—» liquid —»solid...energy is released...on this base figure out
HOW the temperature of the earth REMAINS in a narrow range DUE to
so much water...solid, liquid, and gaseous.
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CHAPTERS 13-1.4 (continued)

10. What is the weight of water in your body? Will 10 ml of water at
2 C weigh more or less than 10 ml of water at 10 C? Explain.

11, Be able to define these terms...specific heat, heat of fusionm,
heat of solidification, heat of vaporization, and heat of conden-
sation...calculate the number of kilocalories necessary to change
10 Kg of water at 100 C to steam.
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CHAPTER - 17:

HATOGENS

GENERAL FAMITY CHARACTERISTICS: Atomic structure 7 electrons can thus
gain 1 electron arnd become =1. With exception of F, halogens are able
to share electrons, give oxidation number +1, +5, and +7. Note change
in properties as the atomic weight increases. None are free in nature.
Cl most important.

CHLORINE...(discovered by Scheele in 1774 by MnO2 + HCl...thought a
compound. . .Davey in 1910 found it to be an elemefit). Occurrence...
. Nall principal ore also occurs in sea water as MgGl , KC1, and CaGl2
In the body, NaCl in blood and HCl in stomach.
Preparation...electrolysis of water sOlution of NaCl...Cl ions are
discharged at anode., The Nat reacts with the water forming NaOH and
H+...H, discharged at the cathode...(2NaCl + 2H,.0-> 2NaOH + H2) The
Cl- io¥ loses an electron and is oxidized. %he lab MnO, + HCL.
Untttt TS THE OXIDIZING AGENT. Other oxidlzlng agents to Produce

012 from HCL are: KMHOA, K Cr 07, HNOB, KGLOB, and Pbozo

Fhysical Properties...green, yellow gas, irritating to ﬁhroat and
lungs. First gas used in World War I. Sol. 2.25 volumes in 1 volume
Hy0 abt 20 C. Can be condensed to liquid at -34.5 C and 1 at. pressure.

Chemical properties...unites with metals to form chlorides. Unites
with nonmetals P, S, H, to form covalent compounds.

Reactions: CHA + 2@1‘=% C + LHCL

Glz & w20«»2}’1401 + Helo
with bases: 812 4+ 2NaOH—-»NaCl + NaClO0 + H2O

Uses...bleach in water...on cotton...not on silk and wool. Also
bleaches wood pulp used to make paper and rayon. . Pathogenic organisms
are destroyed by Clzo Two parts to 1 x 106 parts in water. (Used to
make mustard gas...phosgene and chloropierin).

BROMINE. . .(discovered in 1826 by Balard from sea salt [Bromos stench]).
Gommercially from sea water.

Preparation...{1) displacement by Cl, 2NaBr + Cl,—»
(2) electrolysis of MgBr2 or oxidation of HBrO
(3) oxidation with HQSO + MnO'2 + 2NaBr—3» Na2SO

1 M
+-2H2O

L

Br2
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- CHAPTER 17 (continued)

Br2 displaced from MgBr by Cl2 in sea water is collected by
BBr + 3Na2003-é>5NaBr + NaBrO3 + 3012, then liberated by
3!—1250 L + SNaBrOB—-) 3Na2 + 3H20 + 3Br

Propertles and Uses...is a. llquldoooproduces burns on skin...soluble
in water {limited), soluble in €S,y CCL, , and (C H ),0 + C oH OH.
Manufacture of dyes, drugs, and medlclnésweoKBr In p%otograpgye
Precipites AgBr...sensitive to llghtuomczﬂhBrz in ethyl gas. Combines
with most metals and nommetals like 012

TIODINE. ..(discovered in 1812 by Courtcis from sea weed) Kelp still
principal source. NaIO3 may be reduced with NaHSO3

@vNaZSQh f 2¥n50h +¢Iém+ 2H20

and Br2°

Preparation...2Nal. + MnO2 + ZHZSOEN
I, can be replaced from Nal by both C12

Properties...undergoes sublimation...scluble in water containing
2KI + 2T % KI-I, + RIBOO.soluble in C.H.OH, CCL,, (C H ) 0...starch
turns blfie in présence’of I, (a test tor 1 ) C% blmes w1th mest
metals and nonmetals...formS iodides Agl...sensitive to light...also
used in photographyooosolutlons in alcohol are called (Llnctures)ooo
it 1s found in the thyroid gland.

FLUORINE. ..(discovered in 1886 by Mn:ssau)ooomlnerals are fluospar
CaF,, cryolite NaSAlF,, and apotite [CaF 30a (PO )2]

Preparation and properties...extremely aCthEooamOSE negatlve of all
elements...RF, + 2H.0=» JHF + O,...prepared from HF in KHF, by
electrolysis...will displace Cly Br, and I from compounds...used to
prepared Teflon (Gze) and Freon CC1F,.
HAIOGEN ACIDS...HF, HCL, HBr, HI...hydrohalogens form (ic) acids in
water...can all be prepared by direct umion of H2 with the elements.

Labs NaCl + stoh¢m®
CaF,

+ H,80, ~#
NaBr + HZSO =% NaOHSO, + HBr...but HBr is oxidized by con. H,S0

I
k L TR2TTL

2HBr + HZSO£“9=Br2 + SQZ T 2H20

The same reaction for HI. ‘

Pure acids can be prepared by NaBr or Nal reactlng with HBPOI+ (non-
oxidizing acid) or by hydrclysis of PBr3 or PIBO v

Physical Properties...colorless...are very soluble in water.
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Chemical Properties...react with metals, bases, oxides of metals and
carbonates...neutralize NH, forming NH ClL salt. HCIl used in pickling
both for sheet iron...used”to hydrolyzé sugars to make corn syrup.

HYDROGEN FLUCRIDE...reacts with SiO, and'GaSiO3 in glass...dissolves.s.
form SiFh (volatile) -~ HF is a weak™ acid while”HCl, HBr, and HI are
- strong. :

Oxygen compounds of the halogens...do not form oxides direct but
€1,0 + ¢10,, C1,0., and 01207 can be made...are unstable...the acids
of €1 are HC1, ﬁCiO, HC10,, HC.'LOB,7 HC1O, .. .bleaching powder may be
made by passing Cl, over aa(OH)z {0 produce

P OH C1 ~CL
Ca j —> Ca + H20
N\ AN
OH Cl 0Ccl

/a mixed salt

KC10, from 6KOH + 3 Gl§~§'KClO + SKC1 + 3H20

3 3
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; - CHAPTER 22 S

NITROGEN AND THE ATMDSPHERE

What is the functlon of free nltrogen in the atmosphere in regards
to combustion where a1r is the ox1d1z1ng agent? -

Combined nltrogen is foumd in protelns and practically all explo—
sives as well as in all nitrogen containing fertilizers.

Two inorganic compourds found in nature containing nitrogen are
_and __ g

Oxygen may be remaved from air leaving nitrogen by (1) liquifica-
tion of alr and then distillatiaen, (2) by use of white. phosphorusot

3.

b) WE is converted into a~¢1trogen cempound, the process

ga) N, may be obtained from NaNO, and NH,. How?
is calied , .

Describe natural and artificial fixetion of nitrogen.

Starting w1th N2 trace the cycle of changes nitrogen undergoes in

. nature,

Name six substences thel are. preqpvh in a sample of air. Identify
as elements or compournds.

List three principal methods by which CO, gets into the air. Why‘
%a -

is the CO2 content of the alr about constant? .

What is the process of comblination of CO. and’H O in plant tissue
2 2
called? S o O

What is the meaning of the term humidity in the atmosphere? How
is it determined? Whalt causes dew ar fog to form°

Write out the doh formula for 2H99 TOkP’ 18Ar, 36Kr. What struc--
ture do the last three have in"common? . - ' N L

Where was He first discovered? Why is it mixed with aoxygen for
use under high pressure? : ,

What is the per cent of Ar in air?. What is commercial use of Ar?

Name five compounds that conbrlbute to pollution of air.
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CHAFTER 23

NITROGEN GOMPQUNDS
Nitrogen in most compounds is covalent...common oxidation numbers
are =3, +3,; +h4, +5,

3 produced in ﬁqture by decay of purtel ns...also prepared by
distillation of soft coal, horns, and hoofs. Prepared in lab from

salts and strong base...give equalions...Why is NH not colWected

by water displacement?...metal mitrides reacting w1fh watero

Commercial complex compounds of nitrogen in coal are converted to
NH3 when heated in absence of alr...how 1s ammonium sulfate made?
What is its use? Haber process...union of elements...what is the
effect of increased pressure on tie equilibrium yield of ammonia?
(Apply LeChatelier's principle)...what are the raw materials used

in the cyanamid process? Write Lhe equations.

What, element is oxidized and what element reduces when NH, burns

3
in O2 in the presewce of a catalysh?
Nitric acid and nitrates: (1) prepared in lab fromuNaNO3 and

H2504° Why could HQI not be usged? (2) write the reactions for
the Oswaldt process...wkath hapvpv% teo bhe NO produced in the third
equation, page 3087 (3) HNO is an oxldizieg agent. Mole for
mole, what is the best 0X¢dlml@g agert for Cu, dilute HNO, or

3
concentrated HNOB? {is) rebsls S, P, and © can be oxidized with

hot concentrated HN@BOOOWnat

a
and toluenme nitrated? WName the praduchts...how many liters of gas

re bhe products? How are glycerine

could be formed when 4 molies of witroglycerine decomposes? Make

the assumption that the tempersture is 273 C and there is no change.

da for these oxides of nitrogen...

nitrous oxide, nibtric oxide, nitrocgen dioxide, nitrogen trioxide,

and nitrogen pentoxide.
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Supplementary Study Guide from: Programed Supplements.

1EGEND: Chemical Symbols = volume A
Chemical Formulas and Names = volume B
Molecular Weight Calculations = volume G
Balancing Chemical Equations = volume D .
Weight and Volume Relationships = volume E

TEXT PROCRAMED TEXT

Chapter‘ 3 pe 10 items A2—72 (C)
P 33 item 3 and p. 40 item 60 (C)

Chapter L . pe 5 1Lems 12-29 (B)
pp. 38-41 {C); p. 16 items 1-2 (B)

ps 9 items 34=41 (C)

. 34 items 1-17 (B)

p° 42 items 63-73 (B)

Chapter 5 p. 15 item 1 (D)
‘ p. 11 item 60 {(B)
- pp. 2=30 (A)

Chapter 6 opo 2=14 {D); p. 3 items 1-5 (B)
po 9 item 48 (B); p. 11 item 63 (B)
po 12 1*em 66 {B); p. 16 item 3 (B)
p. 13 item 1wlb‘(D) '
Po 21 item 27 (D); and p. 14 items 67-83;
po 19 ihems 4=8; p. 20 items 9-12; p. 21
items 18-22; p. 24 item 41 (E)

Chapter 10 ~pp. 34-bi (D); pp. 34-46 (B)

Chapter 11 p. 3 items 1=5 {B); p. 3 item 6 (D)
: p. 11 item 60 (B )

Chapter 12 op. 48-59 (B); pp. 34-47 (D)
' p. 16 items- 4~8 (D); pp. 5—14 (D)
. 23 items 32~33 (D)

UD. 6m!5 {B)
Chapter 15 pp. 3-14 (E); pp. 23-32 (E)
pp. 15-22 (B )
Chapter 7  pp. 5-7 (D), p. 17 items 27-30 (A)

 pp. L4=7 items 14-26 (D)
pa L item 8 (E); p. 1l-items L45-51 (B);
. 33 items 1-4 (E), p. 21 items 16-17
and 22 (E)
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(continued)
TEXT ‘ ' PROGRAMED TEXT
Chapter 8 B p. L items 11 and 14 (A); p. 14 item 1 (4);

p. 13 items 58-60 (R)

p. 21 items 18-21 (B)

p. 18 item 21; p. 20 item 28

p. 22 item 36; p. 30 items 43-44 (E)

Chapter 9 pp. 15-36 (E)

Chapter 13 p. 13 items 57-61 (B)
p. 21 items 18-22 (B)
p. 16 items L4~9 (D)
p. 23 items 32-35 (D)
p. 26 items 42-53 (D)

Chapter 14
(S0lid State) Refer to Class Text
Chapter 17 p. 8 items 36-~42 (D) -
pe 20 items 22-23 (D)
0. 20 item 49 (A)
po 17 items 22-27 (4)
. 19 items 38-40 (A)
Chapter 22 p. 5 items 16-24 (A)
p. 13 items 72-7L (B)
Chapter 23 p. 17 item 10 (D)

p. 38 items 28-3L (D)
p. 5 items 9-10 (E)
p. 21 item 35 (E)

p. 26 items 20-26 (E)
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CHEMISTRY 1015
FIRST HOUR INATION.
: FAIL

DIRECTIONS: ONLY ONE of the suggested answers to each questlon is

correct. Select the answer and mark your answer sheet.
Also mark your question sheets for your record. USE A -#2
SOFT IEAD PENCIL...BE SURE THAT YOU PUT YOUR TABORATORY
INSTRUCTOR'S NAME ON THE ANSWER SHEET...SCORE R-W/3

Which of the follOW1ng is a period of the perlodlc chart?

1, Na, Mg, Al, S5i, P, S, Cl, Ar
2. G, Si, Ge, Sn, Pb

3, 0o, BRh, Ir

4. He, Ne, Cl, Mn, Te, Re

Whlch of the following is a typical nonmetal°
1. Cs 2. Bi 3. P L Mn

Which of the following notations 1nd1cate the p0551ble sublevels
of the ma1n energy level M? _

1. s,p 2. s 3. s§p,d L. S.'p.dy,f-

Mark same answer as in the preceding question.

1. 2. 3. le ‘

Elements of similar chemical and phy31cal propertles are found in
the same ~of the periodic table,

1. isotope 2. period 3. group L, orbital

Mark same answer as in the preceding guestion.

1. 2. 3, L L

The mass number of aluminum is 27, the atOmlc number is 13. The
number of neutrons in the nucleus is

1. 40 2. 14 . 3. 27 Lo 13

Mark same sanwef as in the preceding question.
1. 2. 30 1.]-.

The inert gases are characterized by .

1. filled s, incomplete p orbitals
2. filled s, and filled p orbitals
3. incomplete s, filled p orbitals
4o incomplete s orbitals
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FIRST HOUR EXAMINATION (continued)

If natural potassium is composed of 6,90 per cent of atoms with
mass of 40.962 and the rest of the atoms have a mass of 38.964,
the atomic weight of K would be

1. 40.962 2, 38.96L 3. 41.000 ' he 39.102

The dot formula for carbon disulfide is:

1. :5-Ce§: 2, §s:C::§ 3. :8::0-8 L. £3:C3S¢

Mark same answer as in the preceding questiocn.

1. 2. 3. L

Which of the followiﬁg is not a subatomic particle?

1. photon 2. proton 3.  neutron .4. electron

Mark same answer as in the preceding question.
1. 20 30 /.p- ‘

Neutrons have a mass close to the mass of

1. an alpha particle 3. a proton

2. an electron 4. none of these
The atomic numbers of an element represents

1. the number of neutrons and protons present in the atom.
2. the number of neutrons and electrons present in the atom.
3. the number of isotopes for a given atom. ,
L. the number of portons or electrons present in the atom.

Mark same answer as in the preceding question.

l. 20 30 l{ro

Which of the following compounds would you expect to exhibit
hydrogen bonding?

1. CHBCH3 2. HF 3. NaH be 302

There are weak forces of attraction of one molecule for another,
even between nonpolar ones. These weak forces are termed

1. coordinate bonds 3. ionic bonds

2. Van der Waal's forces - L. covalent bonds
Mark same answer as in the preceding question.

10 20 30 ' . 1+o
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FIRST HOUR EXAMINATION (continued)
Knowing the following values for bond energies:
H-H:  104.2 kecal/mol. C-Cl: ~ 78.5 keal/mol.
C1-Cl:  58.0 kcal/mol H-Cl: 103.2 kcal/mol.

the calculated heat for the reaction: 1/2‘H2(g) +1/2 Cl,(g)=?
HC1(g) is '

1. 44,200 cal 3. 162.2 kcal/mol.

2. 178 kcal L. - 81.1 keal/mol.

Elements with large values of electronegativities are found on
the __ of the periodic chart.

1. inert gas group 3. top right part

2. center _ L. bottom left part

Mark same answer as in the preceding question.

1. 2. 3. L

When 56Ba reacts with chlorine gas it will

1. lose 2 electrons 3. share 2 electrons

2. lose L electrons L. gain 2 electrons

Select the pair of compounds which indicate the same oxidation
number for the underlined element.

1. Na,Cr,0 2. 50, 3. CaC0, L. NH,CL

28220 ’3 H L
80, CasO, HyPO, H,A50,

In the compound Gf‘lLF the number of electron pairs shared by the
carbon is

1. 6 2. L 3. 8 L. none, compound is ionic

Mark same answer as in the preceding questién.
1. 2. 3. he

In the reaction: 2KQlO§~% 2Kcl + 302 the element that

1. is oxidized is potassium

2. 1is reduced is chlorine

3. gains electrons is oxygen :
L. does not change in valence is oxygen

Mark same answer as in the preceding question.

1. 2. - 3, L
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FIRST HOUR EXAMINATION (continued)

When the reaction: Al + H SOA is complete and bglanced the sum
of the coefficients on botﬁ‘51des of the equation is

1. 5 2. 7 3. 9 Ly L

Two insoluble compounds you prepared in the laboratory were
1. Cu0 2. Cu(N03)2 3. CuCl, 4. CuSO

, L
CuCO3 Gu(OH)2 CuO CgCl2
Mark same answer as in the preceding question.
1. 2. 3. Le

When iron rusts it reacts with oxygen and the resulting compbund

contains Fe(III). The compound is

1. Fe 0 2. FeZO 3. Fe L. Fe0

304 2%3 2
Mark same answer as in the preceding question.
. 2. 3. Le
Select the compound that is correctly named:
1. NaHCO3 - sodium bicarbonate 3, FeS - fernousvsulfate
24 KClO3 - potassium chloride ‘ Le Fel ferric oxide

The compound formed when S0, reacts with water is called

1. a salt 2., a base 3., an acid L. an oxlide

When the covalent molecule, HCl is dissolved in water one of the
products formed is '

+ -
1. HC1O 2, HBO. 3. H2 Le 012

Mark same answer as in the preceding questionL
1. 2. 3. Ay

When an acid reacts with a base the type reaction is called

1. simple decomposition 3. substitution
2. combination . 4. mnone of these

The compound formed when calcium oxide réacts with sulfur
dioxide is.

1. CaSO 2. ca(so 3. Ca,S0 Lo CaSO

3 4)2 3
Mark same answer -as in the preceding question.
1. 2. 3¢ L

L



L3.

L5,

L.

L7.

48-

L9.

50,

51.
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FIRST HOUR EXAMINATION (continued)

One of the following is not a property of an acid

1. reacts with a base to form a salt and one more product
2. turns blue litmus paper red

3. reacts with active metal to form H, and a base

L. reacts with active metals to form & salt and H2

IOAPF (fever temperature) corresponds to what centigrade tempera-
ture? {choose nearest answer)

1. 10 2, 36 3. 32 he 29
Mark same answer as in the preceding question.
1. 2a 3. Ls

One cubic foot of gas contains how many liters of gas? {choose
nearest answer) ‘

1. 22.4 2..9.30 3. 30.5 Le 28,4

If 55.8 grams of iron combine with 32.]1 grams of sulfur, how many
grams of sulfur will combine w1th 1.00 gram of jron? (choose
nearest answer)

1. 1.00 2. 0.60 3. 1.90 Le 1.70

Mark same answer as in the preceding question.

1. 2. 30 1+0

If 100 grams of lanthanum combine with 17.3 grams of oxygen, what
is the equivalent weight of lanthanum? (choose nearest answer)

1. 70 2, 92 3. 46 , Lo 16

From the problem in Question 48, what is the valence of lanthanum?
1, 1 2, 2 3. 3 Le 4

GCarbon and oxygen form two principal compounds, carbon monoxide
and carbon dioxide. The principal law illustrated is the law of

1. conservation of electrical charge
2. conservation of mass
3. multiple proportions
L. definite proportions

Mark same answer as in the preceding question.

1. 2. 3. ke

The weight of one gram mole of HBPOA»is (choose nearest answer)
1. 95 2. 98 3. 109 Le 54



53.

5ke

55.

56.

57.
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60.

110

CHEMISTRY 1015
FIRST HOUR EXAMINATION (continued)
Mark same answer as in the preceding question.
1. 2, 3, Lo :

BPOA?

How many gram atoms of hydrogen are in one gram mole of H
(choose nearest answer)

1. 31. 2., 15 3. 3 Le 1

Which of the following reactions is a replacement reaction?

1. CaSOLF + MgCOg&é#CaCOB + M‘gSOLF

2. Zn + CuSO£ﬁ> Cu + ZnSQh‘

3. 2H20-€>2H + 0,

L. Ca0 + CO;—# GaCO3

Mark same answer as in the preceding gquestion.
1, 2. 3. Lo

If the composition of an oxide of iron is 77,7 per cent Fe and
22.3 per cent oxygen, what is the empirical formula?

1. Fe0, 2, FeO 3. Fey0, L Fey0y

How many grams of oxygen are required to react with one mole of
H2S in the balanced reaction 2H S + 30'—>'2SO + 2H O
(Choose nearest answer)

1. 24 2. 32 3. 48 Lo 16

Mark same answer as in the preceding question.

1. 2. 3. L.

A kilogram of metallic osmium occupies g volume of 44,5 ml,
What is the density of osmium in grams per ml? (choose nearest
answer)

1. 28 2., 25 3. 26 Le 22



DIRECTIONS:

ACTIVITY
SERIES

K

Ba
Ca
Na
Mg
Al
Mn
Zn
Cr
Cd
Fe
Co
Ni
Sn
Pb

Hydrogen

Sb
Bi
As
Cu
Hg
Ag
Pt
Au
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CHEMISTRY 1015
SECOND HOUR -EXAMINATTION
FALL, 1968

ONLY ONE of the suggested answers'tp each question is
correct. Select the answer and mark your answer sheet,

'MARK ONE RESPONSE ONLY. Also mark your question sheets

for your record. USE A #2 SOFT LEAD PENCIL. Be sure that
you put your LABORATORY instructor's name on the answer
sheet. SCORE = R-W/3 ‘

1. To precipitate the 801+ ion from an aqueous solution
of a soluble salt youTwould add

1. BaClzl 2. NaOﬁ . 3. 012 L. Al(NOB)3
2. Mark same answer as in the preceding question.
1.2, 3. L

3. When silver nitrate reacts with hydrochloric acid the
ionic eguation is

1. AgN03 + HC1—> AgCl + HNOB

2. hg" +NOj + HY + 1> ag" + 017 + 5 + NOg

, +H' + 01> Ag0L + H' + NO,

3
Lo Ag” + NOT + H™ + C1=> Agll + HY + NO

3. AgNO

— -

3 3
4o When an acid is added to a carbonate the gas formed is

1. H2 2. €O 3. 002 L. O2

5. Mark same answer as in the preceding question.
1. 2‘ 3. h'

6. When Cu was heated in air a compound containing
88.89 per cent Cu and 11.11 per cent oxygen was found.
The formula is (Cu = 64)

1. CuOH 2. Cu20 3. CuO2 L. CuO

7. The percentage of sulfur in FeS2 is about (S = 32)_

1. 26.7% 2. 53.3% 3. Lb.6h e 93.3%
8. Mark same answer as in the preceding-qﬁestion°

1. 2. 3. L

9. When A] metal is added to CuSOh solution

1. the solution turns blue -
2. there is no reaction
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SECOND HOUR EXAMINATION (continued)

9. 3. there is a precipitate formed
L. the solution loses its color
10, Mark the same answer as in the preceding question.
1- 2. 30 1+o
11. All but one of the following factors influence the rate of
hydrogen displacement from acids by metals.
1. activity of the metal 3. number of hydrogen atoms in acid
2. temperature » 4. the strength of the acid
12. When chlorine water is added to a solﬁtign of potassium iodide

1. the chlorine is oxidized
2. the product will give an orange color ;n CCl
3. the element iodine will be formed

L

13. The element that will displace only one-half the hydrogen in the
water molecule is

1. Cu 2. Ca 3. Al L. Fe

14, Mark same answer as in the preceding question.

1. 2. 3. L.

15. The gas that is collected in the laboratory over water is
1. NH3 2. Oy 3. HCL L. €O,

16. When H, is passed over hot copper {II) oxide,

2
1. the reducing agent is Copper (I1) oxide

2. the oxygen is the oxidizing agent

3. there is no change in the valence of the copper
L. the hydrogen is the reducing agent

17. Mark same answer as in the preceding question.

1. 2. 3. L
18. When concentrated NaQOH is added to Al metal a product formed is
1. H 2. 41 o3 3. HO L Al(OH)3

19. The compound that will produce the greatest per cent Qf oxygen
per mole when heated is

1. KClO3 2. HZO ) 3. HgO L. PbOz

20. Mark same answer as in the preceding question.
10 2. 30 l+o



21.

22,

23,
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26.

27.

28,

29.
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CHEMISTRY 1015
SECOND HOUR EXAMINATION (continued)

The element that will form only a dioxide when burned in oxygen
without a catalyst is

1. P 2. H 3. § L Fe

Which of the following metals would dlsplace Cu from a saolution
of copper sulfate?

1. Hg 2. Au 3. Ag L. Mn

Mark same answer as in the preceding question.

1. C 2, 3, L.

Which of the following denotes an. 1sotope of hydrogen?

1.008 1 3 1
1. lH 2. 2H1 3. 7 H Le 3H

Metallic copper plus hot concentrated nitric acid most likely
gives

1. hydrogen 2. oxygen 3. nitrogen dioxide
L. sulfate jon

The following is a reversible reaction:
—>
3Fe + 14H20 (Steam) &2 Fe3 Lt LH,,

Which of the following pairs act as oxidizing agent in the above .
reaction? :

100 liters of a gas at 27 C and 700 mm Hg pressure would occupy
what volume at STP? (choose closest answer)

1. &, liters 2. 840 cw® 3. 840 ml L. 80 liters

3. Fe, H

Mark same answer as in the preceding question,
1’ 2,. 3_. l+¢‘

A sealed vessel containing methane at 730 mm and 27 C is put into
a box cooled with "dry ice"™ (-78 C). What pressure will the gas
exert under these conditions? (Assume constant volume).

1, 1120 mm 2. 475 mm - 3. 112 mm Lo 625 mm

The major difference between the gaseeus state and the liquid
state is

1. weight of the particles

2. size of the container

3. distance of separation of the partlcles
L. size of the particles



31.

32.

33.

34.

36.

37.

38.
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CHEMISTRY 1015
SECOND HOUR EXAMINATION (continued)
Mark same answer as in the preceding question,
1. 2. 3. b :
Under usual laboratory working conditions of pressure and tempera-
ture, most gases ‘

1. conform fairly closely to ideal behavior

2, do not follow Dalton's law of partial pressure alone
3. follow Boylefs law but do not follow Charles' law

L. follow Charles' law but da not follow Boyle's law

The state of matter where the molecules are relatively close
together, randomly organized and in constant motion is

1. solid 2. crystalline 3. gaseous L. liquid

Mark same answer as in the preceding question.
1. 2. 3. L

The vapor pressure of a pure liquid depends mainly upon

1. the pressure 3. 'the enthalpy

2, the temperature L, the presence of a catalyst

At the boiling point for any liquid, it is always “true that

1. vapor pressure equals the external pressure
2. vapor pressure is normal

3. temperature is 100 C.

L. liquid is in non~equilibrium

Mark same answer as in the preceding questioen.

1. 2. 3. Lo

1.222 g of a hydrate of barium chloride on being heated gives
0.180 of H,0. The formula for the hydrate is

1. Ba2012-2H20 3. Ba201°H20

2. Ba012-2H20 L. BaClz'HZO

A crystal which absorbs moisture to form a solution is termed
1. anhydrous 3. deliquescent

2. efflorescence 4. volatile

Mark same answer as in the preceding question}
1. 2. 3. Ly '



41,

L3

L5.

L6.

LT.

L8.

49,

50.

51.

The

W
* o o

The

1.
2.

3.
Lo
The
1.
2.
The

1.
2.

CHEMISTRY 1015

SECOND HOUR EXAMINATION (gontinued)

compounds N205, steoh,

base, salt, acid anhydride, mixed salt.

acid anhydride, acid, salt, base

115

AlPOA, Sn(OH)z-are classified in order

acid anhydride, mlxed salt, salt, basic anhydrlde

basic anhydride, salt, acid anhydrlde base

compounds Fe,0,, SnCl o NaHCO

273

3

are named in order

ferric oxide, stannous chioride, sodium bicarbonate
ferrous oxide, stannous chloride, sodium bicarbonate
ferric oxide, stanniec chloride, sodium bicarbonate
ferric oxide, stannous chloride, sodium carbonate

compound, LiIO2 is named
lithium iodate 3.
lithium iodide L.
compound HClO3 is named
perchloric acid 3.
chloric acid L

lithium iodite
lithium hypoiodite

hydrochloric acid
chlorous acid

Mark same answer as in the preceding question.

1.

2. 3. L

When aluminum hydroxide reacts with hydrobromic ac¢id, the sum of
the coefficients in the balanced chemical reaction is

10

1.

7 2., 8 3. 9

L.

Mark same answer as in the preceding question.

l.

2. .3 e

How many grams of water are formed when 2, g of hydrogen are
burned in oxygen (choose nearest correct answer)

l.

185 2. 200 3. 215

L. 230

How many grams of HCl may be obtained by heating 117 g of NaCl

with H,S0,?

l.

_277L”
60 2. 70 3. 8

(choose nearest answer)

L.

90

What volume of hydrogen at STP will be formed by 46 g of sodium

reacted with water?

1.

10 liters 2. 20 liters

3.

(choose nearest, answer)

30 liters

Le 40 liters

Predict the most probable'product on reaction of Si with 02.
5i0 2. 8i0 3. 81,0

1.

2

2

Le

Si203



52.

53.
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CHEMISTRY 1015
SECOND HOUR EXAMINATION (continued)
Mark same answer as in the preceding question.
1. 20 » 3. L"l
How many moles of aluminum oxide can be formed when 0.25 moles
of aluminum react with excess 0,7 (choose nearest answer)
1. 0.1 mole 2. 0.25 mole 3°> 0.37 mole Le 0.50 mole

Mark same answer as in the preceding question.

10 2. 3. Ll,o

At STP how many liters of HCl may be obtained by reacting 22.4
liters of hydrogen with excess chlorine? (choose nearest answer)

1. 25 2. 35 3. 45 Le 55

Mark same answer as in the preceding question.
10 2. '30 L}o

Which of the following is ggg1a useful preparation of okygen?
1. HgO + heat —
2. KXC10, + heat (Mno0, catalyst)=—>

3

3. CO2 + heat —>

e HY0 (electrolysis) —»

Mark same answer as in the preceding question.

‘1. 20 30 Ll’o '

Which of the following metal ox1des is too stable on heating to
be used for the preparation of oxygen?

1. HgO 2. Zn0 3. PbO2 L. Agzo

Mark same answer as in the preceding question.

1. 2. 3. be
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CHEMISTRY 1015
FINAL EXAMINATION
. «FALL, 1968

DIRECTIONS: ONLY ONE of the suggested answers to each questioh is

10.

correct. Select the gnswer and mark your answer sheet.
MARK ONE RESPONSE ONLY. Also mark your question sheets
for your record,  USE A #2 SOFT LEAD PENCIL. Be sure
that you put your IABORATORY instructor's name on the
answer sheet., SCORE = R-W/3

Upon heating ammonium nitrate, the gas formed is

1. N2 2, N20 3. NO L. NZQB
Mark the same answer as in preceding question.
lo 2. 39 ‘ LI».

For a laboratory preparation of nitrogen, one satisfactory start-
ing material is

1. HNQB 2. Mg3H2 3. -NgNQ2 L Pb(NQB)Z
Which of the following is not an oxidation state of nitrogen?
1. (-3) 2. (+7) 3. (+3) e (+5)

Mark same answer as in the preceding question.

1, 2. 3¢k

The action of water on a nitride produces
1. Ny(g) 2. NH,CL 3. NHB(g) L. HNO

L 3
Mark same answer as in the preceding question.
lo 2. 3@ LI».
The statement: N +;O ,electqigiglscharge 2NO H = +43,200 cal

gives the following-in%ormation;
1. the reaction is slow 3. the reaction is exothermic

2. the reaction is fast L. the reaction is endothermic
Mark same answer as in the preceding question.

lo 2. 30 LI».

The preferred equation describing the equilibrium existing in an

aqueous solution of ammonia is
+

= - ' o2
1, NH3 + H20<—,- NHLL-*- OH 3. NH3 + HZO < NHLLOH
2. =2 w7’ = . —
NHAQH .;__..NH}+ + OH L NHAQH 4g_NH3 f Oﬂz
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How many atoms or groups in the unlt cell of a simple cubic lat— .
tice? :

1.

8

2'

9

3. 12

Le 1

L

Mark same answer as in the preceding question.

1.

Which of the following terms normally would not describe a

2.

3. L.

crystalline material?

1.
2.
3.
Lo

Mark same answer as in preceding question.

1.

The maximum density of water is found at what temperature?

atoms are arranged in a repeating geometric¢ pattern
transition from solid to liquid is sharp and distinct

material is amorphour
spacing between crystal planes is regular

2.

3. L.

(choose nearest answer)

1.

Mark same answer as in preceding question.
‘10

If the heat of vaporization of water is 539 cal/g, how many

0C

2.

2.

L F 3.

3. L.

Y@ .

Ll’.

3L F

calories of heat are required to convert 1 g of water at 25 C to

1 g of steam at 100 C?
59 3.

1.

273

20

565

Le

(choose nearest answer).

615

Mark the same answer as in preceding question,

1!

A liquid is heated in a closed vessel until boiling ceases,
one of the following statements is the least correct?

1.
2!

3.
L.

2.

3. L

Which

Evaporation and condensation are taking place at the same rate
Equilibrium has been established
The vapor pressure of the liquid is equal to the pressure of

the gas above the liquid

The pressure of the gas is 760 mm

Free iodine is fairly insoluble in water.
following compounds to the mixture will solubilize iodine in
water?

1.

CaCl

2

20

turpentine

3.

SbC1l

3

Adding which of the

4'

Nal



21.

22.

23.
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CHEMISTRY 1015
FINAL EXAMINATION (continued)

Mark same answer as in the preceding question.

10 20 3' l-l-o

The half-reaction: 2011-5_012 + 2¢ is an example of
1. equilibrium 3. sublimation

2. reduction ' ’ L. oxidation

Mark same answer as in the preceding question.

1. 2. 3. L

Select the most powerful oxidizing agent.

1. 02 2. Br2 3, I2 b F2

HI can not be prepared from KI and conc HZSOLF because
1. the HT has a high boiling point ‘

2. KI is too stable \

3. cone HZSOLF is a reducing agent

L. conc HZSOh,oxidizes the I~ to iodine

Mafk same answer as in preceding question.

1o 2- 30 L|.n

Select the reaction that will take place.

1. Br2 + 2NaI-—>2NaB;' + 12 3. CaCl2 + Izu-> CaI2 + 012

2, Cl2 + Can-> C‘IaCl2 + F2 L. L.I{E' + Qz-) 2H20'+ 2F2
Mark same answer as in preceding question.
10 2- 30 L|.o

F, may be released from HF by

1. conc HZSOA 2. KMnOLF 3. 012 L. Electrolysis

When an electric current is passed through NaCl solution

1. +the positive ion is called the anion
2. hydrogen gas is evolved at the anode
3. each chloride. . ion gains two electrons
L. the negative ion moves to the anode

Chlorine reacts slowly with water to form

1. HC1O and HCJ__O2 3. HCl and HClO3

2. HCl and HC10 L. Ht:lo3 and HC10

Mark the same answer as in preceding question.

1. 2. 3. L.
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FINAL EXAMINATION (continued)

HF reacts with SiO, to form soluble silicon tetrafluoride and one
more product. Whell the reaction is complete the sum of the
coefficients on both sides of the equation is

1. 4 2. 8 3. 6 Le 10

Which of the following notations indicate the possible sublevels
of the main energy level L?

1. s,p 2. s 3, s,p,d L. s,p,4d,f

Mark same answer as in the preceding question.
1. 2. 3. L

The mass number of Gallium is 70, the atomic number is 31. The
number of neutrons in the nucleus is

1. 10 2. 39 3. 31 L. 101
Mark same answer as in the preceding question.
lo 20 30 Ll-o
The dot formula for carbon tetrachloride is
Cl Cl1 Cl Cl
1. CliCe¢CL 2. (CleCeCl 3. (Cl:C.Cl L. CL:C3CL
a cL cL cl

Mark same answer as in the preceding question.

lo 2a 30 Llro

Four neutrons have a mass close to the mass of
1. an alpha particle 3., a proton

2. an electron L. none of these

Mark same answer as in the preceding question.

1. 2. 3. L

Which of the following compounds would you expect to exhibit
hydrogen bonding?-

1. CH,CH 2, H)0 3. NaCH L. SO

373 2 2

When lBAl reacts with chlorine gas it will
1. lose 3 electrons 3. share 3 electrons
2. lose 1 electron L. gain 3 electrons

Mark same answer as in preceding question.
l. 2. 30 L],s
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CHEMISTRY 1015
FINAI, EXAMINATION (continued)

Select the pair of compounds which indicate the same oxidation
number for the under-lined element,

1. KMEQA 2. §92 3. Cag_p3 Le NHAQ;
g;207 ggﬁoh HBEQA HBAQQB

Two insoluble compounds you prepared in the laboratory were

1. Cu(_OH)2 2, Cu(NQB)z 3. CuCl, L+ CuSO L
CuCO, Cu(OH)2 Cu0 CuCl,

Mark same answer as in the preceding question.

1. 2. 3. L

When iron rusts it reacts with oxygen and the resulting compound
contains Fe(ITI). The compound is

1. FeBOh 2, Fe20 3. Eezo3 L. FeO2
Mark same answer as in the preceding qpestion.
1. 2, 3, L.

The compound formed when Ca0 reacts with water is called

1. a salt 2. a base 3., an acid L. an oxide

Mark same answer as in preceding question.

1. 2. 3 Le

When the covalent molecule, HBr is dissolved in water one of the
products formed is '

2
1. HBrO 26 H3O 3, H2 Lo Br2

The compound formed when sodium oxide reacts with sulfur dioxide

1. Na2504 2. NaHSQ3 3. Na2803 L. Na25203
Mark same answer as in the preceding question.
10 >20 30 Ll.o

104 F corresponds to what centigrade temperature? (choose nearest
answer)

1. 4O 2. 36 3. 32 L. 29

If 55.8 g of iron combine with 32.1 g of sulfur, how many grams of
sulfur will combine with 1.00 g of iron (choose nearest answer)

1. 1.00 2. 0,60 3. 1.90 Le 1.70
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CHEMTSTRY 1015
FINAL EXAMINATION (continued)
Mark same answer as in the preceding question.

1. 2, 3. Lo

If 130 g of Zn combine with 32 g of oxygen, what is the equivalent
weight of Zn? (choose nearest answer)

1. 32.5 2, 16 3. 8 Lo 65

Mark same answer as in the preceding question.

1, 2o 3. L

The weight of one gram mole of K20r207 is (choose nearest answer)

1. 294 2. 242 3. 255 L. 289

1/2 kg of metallic Pb occupies a volume of 44.0 ml. What is the
density of Pb in grams per milliliters? {choose nearest answer)

1, 11 2. 8 3. 14 Le 22

Mark same answer as in the preceding question.

1, 2. 3. Lo

Which of the following metals would displace Bi from a solution
of BiClB?

1. Pb 2, Cu 3, Au L. Hg

Mark same answer as in the preceding question.

10 20 30 L{-e

Metallic copper plus dil. nitric acid most likely gives

1. hydrogen 2. wnitrogen dioxide 3. nitric oxide
L. Oxygen

The following is a reversible reaction:

3Fe + LH0 (steam)ziZFeBOh + M,

Which of the following pairs act as reducing agents in the
reaction?

1. Fe, H, 2. HL0, Fe 3. Fe, H0 4 Feg0, H,

2 39, 2
Mark same answer as in the preceding question.
1. 2. 3. L.
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CHEMISTRY 1015
FINAT, EXAMINATION (continued)
200 liters of a gas at‘27 C and 700 mm Hg pressure would occupy
what volume at STP? (choose nearest answer)
1. 1840 mlL 2. 160 liters 3. 168 liters L. 810 cm’

Mark same answer as in the preceding question.

1. 2o 3. Lo

The state of matter where the molecules are relatively far apart,
and in constant motion is -

1, 1liquid 2. gaseous 3. crystalline 4. solid

1.00 g of a hydrate of magnesium sulfate on beilng heated gives
0.512 g of Hz), The formula for the hydrate is

1. MgSOA°H20 | 3. MgSOA'ﬁHZO

2. Mg2$Oh°H20 Lo MgSOh-7H2Q
Mark same answer as in the preceding question.
1. 2, 3. Lo

4 crystal which gives off moisture to the air is termed

1. deliquescent 3. efflorescence
2, volatile » ko .anhydrous

The compounds CaQ, steoh, AlPOh, Sn(OH)2 are classified in order

1. basic anhydride, sali, acid anhydride, base

2. acid anhydride, mixed salt, salt, basic anhydride
3. Dbasic anhydride, acid, salt, base

L. base, salt, scid anhydride, mixed salt

Mark same answer as in the preceding question.
1. 2, 3. Lo

The compounds Fe203, SnGlz, CafHCO are named in order

3)2
1. ferric oxide, stamnous chloride, calcium carbonate
2, ferric oxide, stannic chloride, calcium bicarbonate
3. ferrous oxide, stannous chloride, calcium bicarbonate
L. ferric oxide, stannous chloride, calcium bicarbonate

Mark same answer as in the preceding question.
1. 2, 3¢ L
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FINAL EXAMINATION (continued)

The compound, IiI0 is named

1. lithium iodide 3. lithium hypoiodite
2., lithium iodate Lo lithium iodite

Mark same answer as in the preceding question.

'19 2a 39 l‘«q

The compound, HClO2 is named

1. chloric acid 3. chlorous acid
2. hydrochloric acid L. perchloric acid

When calcium hydroxide reacts with phosphoric acid, the sum of
the coefficients in the balanced chemical reaction is

1. 9 2. 10 3. 8 L4 12

Mark same answer as in the preceding question.
10 20 30 A«o

How many grams of water are formed when 64 g O2 react with H2?
(choose nearest answer)

1. 44 2. 36 3. T2 - Lo 18

Mark same answer as in the preceding question.
1, 2. 3. Lo

How many grams oi Na,S50, may be obtained by heating 117 g of
NaCl with H,S0,? (cfoode nearest answer)

H,50,
1. 190 2, 28l 3. 142 Le 234

What volume of hydrogen at STP will be formed by 92 g of sodium
reacted with water? {choose nearest answer)
1. 23 liters 2. 90 liters 3. L5 liters L. 50 liters

Mark same answer as in the preceding question.

1. 2. 3. Lo

How many moles of Iron (III) oxide can be formed when 0.8 mcles

of Fe react with excess 02? (Choose nearest answer)

l. 1.6 mole 2. 0.35mole 3. 0.8 mole 4. O.4 mole
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91.

92a

93.

9L

95.

96.

97.

98.

99.

100,
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CHEMISTRY 1015
FINAL EXAMINATION (continued)

At STP how many liters of HCL may be obtained by reacting 4.8
liters of hydrogen with excess chlorine?  (choose nearest answer)

1. 55 2. 45 3. 25 Le 90

Mark same answer as in the preceding question.

1. 2. 3. L.

Which of the following is not a useful preparation of oxygen?

1. HO (electrolysis)=» 3. KC10, + heat (Mnozgcatalyst)-sw

2. 50 + heat = Lo Pb023+”heat->
Mark same answer as in the preceding question,

1. 2, 3. Lo

When an acid is added to NaH?O3 the gas formed is
1. GO 2 GQ2 3. 0, L. H,

Mark same answer as in the preceding question.

1, 2. 3. Lo

When Cu was heated in air a compound containing 88.89 per cent

Cu and 11.11 per cent oxygen was formed. The formula is (Cu = 6L)
1 ° Cuo 2 L] C'Ll02 3 ° 01120 L[.a CU.OH

The percentage of oxygen in NazSOLL is about,
1. 90% 2. L5 3. 3% L. 51%

Mark same answer as in the preceding question.

1. 2. 3, Lo

When Cu metal is added to ZnSOA solution

1. the solution loses its color 3. the solution turns blue
2., there is a precipitate formed 4. there is no reaction

Mark same answer as in the preceding question.

1. 2. 3. L.

When H, is passed over hot copper(II) oxide

1. the oxygen is the oxidizing agent ‘

2. the reducing agent is copper(II) oxide

3, the hydrogen is the oxidizing’agent

L. the copper in the copper oxide gains 2 electrons
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CHEMISTRY 1015 - MINIMUM ATTAINMENT TEST #1

NAME IAB DAY, LAB INSTRUCTOR

(2) 1. Circle the subatomic particles appearing in the following:

ion ‘iSotoPe ~proton . neutron element

(2) 2. Indicate the maximum number of electrons needed to £ill the
Lth main energy level.

(2) 3. What is the maximum number of electrons in a d sublevel?

(5) 4. Write symbol and ionic valence for:.

Magnesium - Sulfur
Iron(II). L Copper(T)
Todine

(3) 5. Write the chemical formula of

Acetic acid ~ Carbonic acid

Sulfuric acid
(3) 6. Write (including charge) the formula of:
Ammonium ion _ ‘Sulfate ion

Acetate ion

(2) 7. Complete and balance:
' ++ :

Cu' = + OH=>_
+ .
-

NH, f 80, .
(2) 8. Mark all the oxides in the following list:

FeCl, Gg(QH)z Cu,0 NaOH Ba0
(2) 9. Mark gll the acids in the following list: -

snCl, 3N03 KI st Na,C0,
(2) 10. Mark all the salts in the following list:

- Ne,,CO Ba®  NaOH Fe,0,  SnCl

227Y3 2°3 2



NAME
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CHEMISTRY 1015 = MINIMUM ATTAINMENT TEST #2

(1)

(2)

(10)

(8)

(2)

(2)

(b) snCl,

IAB DAY '1AB INSTRUCTOR

Neutralization is the reaction between an acid and

1. a salt ‘2_e a polar bond 3. a base 4. a ionic bond

Give a brief idea of (a) hydrogen bond OR (b) oxide

Classify as acid, base, etc., and NAME the following com—
poundss
TYPE NAME

(a) ca(0H),

(c) HNQ3

(@) Fe,0,
(e) NaI-ICO3

Complete and balance each of the following equations:

stoh + KOH —2>

Qa(OH)2 + H5P0, >

KClO3 + heat —>

Cal + 602 ~é>_

How many grams of 002 will be formed from 48 g of carbon
when carbon 1s reacted with oxygen? SHOW YOUR WORK

A compound contains 11,1 per cent of hydrogen and 88.9 per
cent of oxygen. Find the empirical formula. SHOW YOUR WORK
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CHEMISTRY 1015 - MINIMUM ATTAINMENT TEST #3

NAME - LAB DAY LAB INSTRUCTOR

(3) 1. 1In the following chemical reaction, Zn + HZSOA

Zns0
the oxidizing agent 1is . '

L + H2

(2) 2. Define catalyst:

(4) 3, Which of these reactions will result in the release of a
metal from its compound? (Complete and Balance)

Cu + HCL —=

ﬁﬁq++Cu«%
AgNO3 + Cu ¥

(2) L. Give a complete and balanced equation for a reaction by
which oxygen is prepared in the laboratory.

(6) 5. Complete and balance: Ca(OH), + HZCOB--é

50, + HOH. —>

KZO + 302-—9
(2) 6. Temperature is a measure of

(a) potential energy of the molecules
{b) bonding in molecules

(¢) kinetic energy of molecules

(d) none of these

(6) 7. sSet up the solubion for the following problems:

(a) What final pressure must be applied to a sample of gas
having a volume of 200 ml at 20 C and 750 mm pressure to
permit the expansion of the gas tq a volume of 600 ml at
20 C? What gas law do you apply?

(b) A sample of gas occupies 200 ml at 10 C and 740 mm
- pressure. What volume will the gas have at 20 C and
750 mm? What gas law do you apply? .
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1AB INSTRUCTOR

DIRECTIONS:

DIRECTIONS:

DIRECTIONS:
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CEEMISTRY 1015 QUESTIONNAIRE
FRESHMAN SOPHOMORE JUNION SENIOR

Check the response which is appropriate in answerlng the
follow1ng guestion:

1.

Are you aware that the material taught in Chemistry
1015 is available to be studied in programed form:

YES NO

If your answer to #1 is‘yes, please answer the following:

2o

In
of

5,

To what degree did you use the programed materials?

a. frequently (more than 10 times)

b. occasionally (more than 5 but less than 10 times)
c. very little

d. - did use but less than 5 times

e, did rot use at all

How did you become aware of the existence of these
materials?

a, instructor's advice

b, {fellow students.

¢, found in the library on my own-

d. purchased in the bookstore because of the course
title

I found that the programed material,affected'my study
in the following way:

a. shortened my study time
b. lengthened my study time
¢, had no effect at all on my study time

the following questions number the items in the order
their importance, make the most important number one.

If T were to classify the most valuable aid to me in
the course, I would choose :

a, programed material
b. teacher conferences
c. the textbook for the course

Since I have used programed materials I would say I.

a. like it
b. do not like it

. ¢. no feeling about it at all

Any further comments:
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CHEMISTRY 1225 QUESTIONNAIRE

1. When did you meet your labbratory class for Chemistry 1015 dgring '

the Fall Semester of 19687

DIRECTIONS: IN THE FOLLOWING QUESTIONS UNDERSCORE THE APPROPRIATE
A-NSWER,' . )

2. Did you use the supplementary programed chemistry material

(5 volumes) in Chemistry 1015%° YES NO

3. Have you been using the supplementary programed chemistry material

in Chemistry 12257 YES NO



- VITA =~
Alfred Franklin Young
Candidate for the Degree of

~Doctor of Educationl

Thesis: A COMPARATIVE STUDY OF SUPPLEMENTARY PROGRAMED AND CONVEN-
TIONAL METHODS OF INSTRUCTION IN TEACHING FRESHMAN CHEMISTRY
1015 AT OKLAHOMA STATE UNIVERSITY

Major Field: Higher Education
Biographical:

Personal Data: Born on April 14, 1932, in Clanton, Alabama, the
son of Rev. and Mrs. George R. Young, Sr.

Fducation: Graduated from George W. Carver High School, Dothan,
Alabama, in 1950; received the Bachelor of Science degree
with a major in science and a minor in mathematics from
Alabama State College, Montgomery, Alabama, in 1957;
received the Master of Science degree with a major in
chemistry from Atlanta University, Atlanta, Georgia, in
1963; participated in National Science Foundation Summer
Institutes at Atlanta University, Atlanta, Georgia, from
1959 through 1962 and the 1959-60 National Science Founda-
tion academic year institute at Atlanta University; studied
as a Charles F, Kettering Fellow at Western Michigan Univer-
sity, Kalamazoo, Michigan, summer, 1965; completed require-
ments for the Doctor of Education degree at Oklahoma State
University in May, 1970.

Professional Experience: Scilence teacher at East Highland High
School, Sylacauga, Alabama, 1957 through 1958; science
teacher at G, W, Carver High School, Montgomery, Alabama,
1958 through 1963; assistant professor of chemistry at
Benedict College from 1963 until present; graduate assistant
in the Department of Chemlstry at Oklahoma State University,
1967 through 1968. -



