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ABSTRACT

Statement of the Problem

The problem was to determine whether a combination of conventional
and programed instruction was more effective than conventienal instruction
alone in the teaching of a ninth-grade Physical Science unit, "Matter,
Atoms, and Molecules," The three treatment groups compered were (1) the
Conventional Group, (2) the Introductory Group, in which the programed
material was used as initiatory assignments, and (3) the Review Group, in
which the programed material was used as review assignments, Student
achievement was measured by means of the Adjusted Recall Gain Score, the
Adjusted Application Gain Score, and the Adjusted Total Gain Score,

In addition, the problem was to compare the effectiveness of the
five Physical Science instructors taking part in the study and to determine
if there was a significant correlation between the gain scores and (1) stu-
dent intelligence, as measured by the CTMM, (2) student ability in mathe-
matics, as measured by the ITED Quantitative Score, (3) student ability in
reading material in natural science, as measured by the ITED Science Reading
Score, and (4) the student’s general achievement level, as measured by the

ITED Composite Score,

Methodology

A linear program and a criterion test were prepared by the re-
searcher for the unit, "Maiter, Atoms, and Molecules," The program con=
sisted of 619 frames calling for 835 responses, The criterion test was
divided into two parts, a Recall Test and an Application Test, Both parts

were composed of 30 test items,




Twenty=three intact classroom sections (547 students) were randomly
assigned to one of the three treatment groups. The only restriction placed
on the assignment of the sections was that each of the five teachers should
have at least one section, but no more than two sections, in each of the
treatment groups, |

The criterion test was administered as the pre-test and &s the postw
test., The ITED and CTMM tests had been administered to the students prior
to the study.

Students using the programed material were asked to complete a
short questionnaire designed to determine their reaction to the programed
material, The teachers were asked to provide background information relative

to their own experience and training.

Results

1, There was no significant difference between the three adjusted
gain scores of the three treatment groups, although the Review Group had
the highest Adjusted Recall Gain Seore and the highest Adjusted Application
Gain Score,

2, There was a significant difference between the adjusted gain
scores of the five teacher groups,

3. There was a significant correlation between the gain scores
(Recall, Application, and Total) and the ITED and CTMM scores., These sig-
nificant correlations held for each of the treatment groups,

L, The students tended to become tired of the programed material
toward the end of the unit., However, the majority felt the material had
helped them and they expressed a desire to use programed material again,

5, There was no significant correlation between the adjusted gain

gcores and teacher experience and training except for that between the

X




Adjusted Application Gain Score and semester hours of Physics,
6, The best single predictor of student success, as measured by

the gain scores, was the ITED Composite Score,

Conclusion
The one ma jor conclusion that can be drawm from this study is
that the success of the Grend Forks ninthegraders in the Physical Science
wnit, "Matter, Atoms, and Molecules," is more dependent upon the teacher

than upon the instructional methodology,




CHAPTER I

THE PROBLEM AND ITS BACKGROUND

Statement of the Problem

The study attempted to determine whether programed materials
were more effective when used as initiatory assignments to supplement
conventional instruction in Physical Science or when used as review
assignments to supplement conventional instruction; whether either
method of using programed materials was more effective than the use
of conventional instruction alone; and whether students exposed to ad-
Jjunct programed materials demonstrated a greater facility for the re=
call of factual information and for the application of factual informa-
tion than did the students exposed only to conventional instruction,

The study also attempted to determine whether the Physical
Science teachers of the Grand Forks Public Schools wvaried significantly
in effectiveness in teaching for the recall of factual information and
for the application of factual information, regardless of the method
of instruction that was used,

The interaction of each instructional method with each teacher
was studied to determine whether such interaction was significant,

Finally, the study attempted to determine whether the effective=-
ness of any of the instructionmal methods was dependent upon:

1. iThe student's intelligence, as measured by the California

Test of Mental Maturiity,
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2, The student'!s ability to read materials in natural science,

as measured by the Towa Test of Educational Development,

3. The student's mathematical ability, as measured by the
Iowa Test of Educational Development,

4, The student'!s general achievement level, as measured by

the Towa Test of Educational Development.

The Purpose of the Study

The study tested the following null hypotheses:

1, There is no significant difference in the effectiveness of
the three instructional methods, as measured by & criterion test prepared
by the researcher, whether that effectiveness is measured by the Adjusted
Recall Gain Score, the Adjusted Application Gain Score, or the Adjusted
Total Gain Score,

2e There is no significant difference in the effectiveness of
the individual teachers, as measured by the criterion test prepared by
the researcher, whether that effectiveness is measured by the Adjusted
Recall Gain Score, the Adjusted Application Gain Score, or the Adjusted
Total Gain Score,

3, There is no significant interaction of the instructional
methed with the teacher whether such interaction is measured by the Ad-
Jjusted Recall Gain Score, the Adjusted Application Gain Score, or the
Adjusted Total Gain Score,

b, There is no significant correlation between the students?
intelligence, as measured by the California Test of Mental Maturity,
and the effectiveness of any of the instructional methods used in the

study, as measured by the gain scores on the criterion test,
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5¢ There is no significant correlation between the students?
ability to read materials in natural science, as measured by the Iowa
Test of Educational Development, and the effectiveness of any of the
instructional methods used in the study, as measured by the gain scores
on the eriterion test,

6, There is no significant correlation betwsen the students?®
mathematical ability, as measured by the Iowa Test of Educational Develop=
ment, and tﬁe effectiveness of any of the instructional methods used in
the study, as measured by the gain scores on the criterion test.

7: There is no significent correlation between the students?
general achievement level, as measured by the Towa Test of Educational
Development, and the effectiveness of any of the instructional methods

used in the study, as measured by the gain scores on the criterion test.

Background of the Problem

James D, Finn notes that there are presently two trends in

instructional technology, The Tirst is a trend towsrd a mass instruce

tional technology and the second is a growing technology for individual
instruction.l One of the contributions of the latter technology has

been the development of auto=-instructional devices, Auto-instructional

devices are characterized by the controlled presentation of material,

the eliecitation of the appropriste response, guidance with respsct to

the subject matter, and control of the way in which learning praceeds.2

1James D. Finn, "A New Theory for Instructional Technology,”
Audio Visual Communication Review, 1960, 8, pp. 84=94,

2Desmond L. Coock, YTeaching Machine Terms: A Glossary,"
Audiovisuval Instruction, 1961, 6, pp. 152=153,




b

Autoeinstruction or, as it is more commonly called, programed

instruction has not produced the revolution in education that its ardent
adherents predicted several years ago, Yet, there seems to be no doubt
that programed learning represents a promising effort toward finding a2
solution to the problem of individual differences.l

David J, Klaus states,

With the possible exception of large-scale testing, no one
development in the field of psychology seems to have as much
potential for the better utilization of human resources as auto=
instructional methods, The technique has promise for producing
a genuine and large scale improvement in educational practices
and, as a consequence, it is expected to have a iremendous impact
on the quality of classroom instruction, Because of the novelty
of the technique and its potential impact on education, it is
not at all surprising that auto=-instruction is more frequently
talked about then understood, and that more predictions are made
as to its potentials than facts are collected as to its capabilities,

Colonel Gabriel D, Ofiesh alsoc feels that the future of auto=

instruction is promising,.

Avtomated instruction with its correlative technology still
promises the first true and radical innovation in instruction
since the invention of movable type.3

Research provides overe-whelming evidence that progremed instruce

tional materials do teach, What is more important, research also indi=
cates that such materials are as effective as conventional instruction.
Harry F, Silberman cites fifteen studies comparing programed instruction
to conventional instruction, Inmihe of the studies, programed instrucw

tion was significantly better than conventiomal instruction as determined

ljames D. Finn, "Teaching Machines: Auto=Instructional Devices
for the Teacher," NEA Jourmal, 49 (November, 1960), pp, 41l=il,

2pavid J, Klaus, "The Art of Auto-Instructional Programming,"
Audio Visual Communication Review, 1961, 9, pp. 130=142,

3Colonel Gabriel D. Ofiesh, "Introduction,"” TIrends in Programmed
Instruction, ed, Gabriel D, Ofiesh and Wesley C, Meierhenry, (Washington:
Department of Audiovisual Instruction, 1964}, pp. 1l=f,
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by scores on & criterion test. There was no significant differsnce in
the scores of the two groups in the other six studies, Timewise, pro-
gramed instruction took significantly less time than conventional in-
struction in all of the studies,'
Other studies by Colwellz, GellerB, McMurrayb’, ﬁorthcntti Eeaneé,

Brmm7, Grella, and Hough9 all concluded that programed instructional

lHayry F, Silberman, "Characteristics of Some Recent Studies of
Instructional Methods," Programmed Lesrning and Computer=PBased Instruction,
ed, John E, Coulson (New York: John Wiley and Sons, InCs, 1962), PPe 1819,

2Dell M, Colwell, "The Effectiveness of Self-Instructional Tech-
nigques in Teaching Selected Phases of an Introductory Course in Audice

Visual Education," Dissertation Abstracts, (Ann Arbor: University Micro=
films, Inc,, 1964), pp. 4565-4566,

3M011y 5, Geller, "The Measurement of the Effectiveness of a
Teaching Machine Progrem in an Area of College Chemistry," Dissertation
Abstrects, 1963, pp. 512=513.

hJames G, McMurray, "An Experimental Comparison of Self-Instruce
tional Versus Traditional Methods in Teaching Related Information in the
Comprehensive General Shop," Dissertation Abstracts, 1965, p. 5793.

SMary P, Northcutt, "The Comparative Effectiveness of Classroom
and Programed Instruction in the Teaching of Decimals to Fifth Grade
Students," Dissertation Abstrects, 1964, pp., 5091=5092,

6Dona1d G, Beane, "A Comparison of Linear and Branching Techniques
of Programed Instruction in Plane Geometry," 1962, cited by Wilbur Schramm,

The Research on Programed Instruction, U.S5. Dept. of Health, Education,
and Welfare Bulletin No., 35 z‘irlashingten: UeS, Government Printing Office,
19614'), Pe 23.

7Robert 0. Browm, Jr, "A Comparison of Test Scores of Students
Using Programed Instructional Materials With Those of Students Not Using
Programed Instructional Materials," 1962, cited by Wilbur Schramm, The

Research on Programed Instruction, p. 26.
SLewis A, Grell, "Comparative Effectiveness and Efficiency of the

Teaching of Spelling by Use of a Programmed Instruction Method and a Con=
ventional Textbook Method," Dissertation Abstracts, 1964, pp. 5242-5243,

9John B, Hough, "An Analysis of the Efficiency and Effectiveness
of Selected Aspects of Machine Instruction," Journal of Educational
Research, 55 (1962), pp. 467-471,
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methods were as effective as conventional methods of instruction, Yet,
several writers indicate that the evidence is far from conclusive, As
Silberman points out,

Among the 80 experiments reviewed, it was not uncommon to find
very short programs, administered in one or two hours to small
samples of highly motivated students who viewed the program as a
test, followed immediately by & hastily improvised quiz, Wide
individual differences completely mask out treatment effects_even
when criterion measures are sensitive enough to detect them,

Porter adds that in many studies, little if any effort was made to equate

the groups for initial proficiency with respect to the subject matter.2

Lawrence M, Stolurow argues that comparative studies are pre-
mature, We know too little, he feels, about the complex phencmenon
called learning to compare methods of instruction,3 However, Robert
Silverman feels that there is a need for such comparisons,

«sowith the present state of teaching-machine programs in mind,
many investigators argue that comparative controle-group studies
would be premature at present, They insist that meaningful com-
parison can be made only when good programs and machines are avail-
able, This argument has considerable merit, but there is still a
place for comparison studies even at this early date, Such come
parisons may stimulate improvement in programing and machine design,
The performance of a control group (taught by conventional methods)
can be used as a standard or base line against which to measure the
effects of different Rrograming methods and different types of
machine presentation.

1si1berman, Programmed learning and Computer=Based Instruction,

Pe 17.

2p, Porter, " Critical Review of & Portion of the Literature on
Teaching Devices," Harvard Educational Review, 1957, 27, pp. 126=147,

Slawrence M. Stolurow, "Implicetions of Current Research and
Future Trends,” Journal of Educational Research, 55 (1962), pp. 519=527.

uRobert Ee Silverman, "Auto-Instructional Devices: Some Theo=
retical and Practical Considerations," Journal of Higher Education,
31 (1960), pp. 481486,




Robert Goldbeck and Leslie Briggs agree with Silverman,

Eventual adoption and use of instructional methods should
depend on some such comparison of complete methods,

Assuming that Silverman, Goldbeck, and Briggs are correct
in their evaluation of comparative studies, the classroom teacher
who is interested in making such a study must make several decisions.
The first decision is that of choosing the programed materisl. Though
the number of published programs is increasing each year, the teacher
may encounter difficulty finding & program that meets his needs, Per-
haps the solution to this problem is that suggested by David J., Klaus,

Sooner or later, educators and teachers are going to have
full respongibility for writing programed materials for class-
room USe...

A second decision that must be made and made in conjunction
with the choice of a program is that of determining the number of
class periods to be devoted to the comparative study. Most of the
early published programs were designed to be used for one semester or
for a full year, As Carlton Downing points out,

It appears that early producers of programs for use in elemen=
tary and secondary schools made a serious error in judgment when
they chose to program whole courses rather than units or modules
of courses., The decision to teach a semester course with a pro=-

gram implies the acceptance of the concept of each student pro-
gressing at his own rate of learning.

1pobert A, Goldbeck and Leslie J, Briggs, "An Analysis of Re-
sponse Mode and Feedback Factors in Automated Instruction,” Programmed

Learning, p. 170

2David J. Klaus, "The Art of Auto-Instructional Programming,”
Audio Visual Communication Review, 1961, 9, pp. 130142,

3carlton Downing, "Programmed Instruction in Perspective,”

Trends in Programmed Instruction, pp. 31-32.




One can assume from Downing's statement that the response of

teachers to the semester=long or year-long programs wes less than
enthusiastic, This lack of enthusiasm indicates that teachers were
reluctant to‘pursue a semester=long or year=1long study when they were
not familiar with a particulaf instructional technique. Thus, the
trend toward the publishing of programed units of instruction is a
logical one.

Joe Spagnoli reports that the more successful of his ex-
periences with programed instruction have been those involving a
specific topic or unit of instruction whereby the students were taught
the material over & limited period of time.l

Finally, the te#cher must make a decision as to the procedure
to be followed in utilizing programed materisls. In most of the com=
parative studies which have been made, one of the methods studied has
been that involving the exclusive use of programed material, Though
this method may have the advantage of flexibility in that it permits
students to complete a unit or a course at his own pace, it also creates
a problem for the teacher, What is to be done with the students who
are turned out of the program at different times? William A, Deterline
feels that programers cannot evade their responsibility for this

problem.2

l50e Spagnoli, "Action Research with Programmed Materials,”
School Science and Mathematics, 65 (1965), pp. 155=-158,

2yilliam A, Deterline, "Human Systems and Programed Instruction,”

Program, Teachers, and Machines, ed, Alfred de Grazia and David A, Sohn,
(New York: Bantam Books, 1964), pp. 117-126,




9

lassar Gotkin states that it is possible to utilize programed
instruction without disrupting existing classroom practices, He suge
gests that teachers use programed materials as homework assignments.l
Do J. Kalus and W, A, Deterline, on the other hand, suggest that pro-
gramed materials can be more effective if used in the classroom under
the guidance of the teacher and followed by a discussion,? Studies by
Fishell?, Goldbeck and others, Hatch and Flint5, and Sargent® found
that a combination of programed instruction and conventional instruc=
tion was significantly better than either programed instruction or con-
ventional instruction alone, The problem is, how should the two forms

of instruction be combined? As Silberman says,

Lassar G,..Gotkin, "Programed Instruction in the Schools: In=
dividual Differences, the Teacher, and Programing Styles," Programs,
Teachers, and Machines, pp. 159=171.

2p.J. Klaus and W.A, Deterline, "Student Reactions to Auto-
Instruction,”" (Pittsburgh: American Institute for Research, 1961) as
cited by William Deterline, Programs, Teachers, and Machines, p. 123.

3 emeth N, Fishell, "Utilization Patterns of Progremed Ma-
terials in the Junior High School," Dissertation Abstracts, 1964,
pp. 28812882,

4Rober‘lz A, Goldbeck and others, "Integrating Programed Instruce
tion with Conventional Classroom Teaching," San Mateo, Calif,: American
Institute for Research, 1962, as cited by Schramm, The Research on

Programed Instruction, p. 55.

5Richard S, Hatch and lanning L, Flint, "Programed learning: A
Comparative Evaluation of Student Performance Variables Under Combina=
tions of Conventional and Automeated Instruction,” New York: U, 5, Ine
dustries, Educational Sciences Division, 1962, as cited by Schrarm,
The Research on Programed Instruction, p. 60,

6Norman W, .oargent, "The Effects on Learning and Attitudes of
Cumulsatively Adding Three Instructional Techniques to Conventicnal
Teaching in a Course in Audio=Visual Education," Dissertation Abstracts,

1964, pp. 5097-5098.
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Methods of using programs in the schools are still to be
specified.l

Importance of the Study
The claims surrounding programed instruction are conflicting,.

Advice as to the best method of combining programed instruction and
conventional instruction is also conflicting. Though this study is
concerned with but two of the many possible methods of combining pro=-
gramed instruction with conventional instruction, it should aid the
Physical Science teachers of the Grand Forks Public Schools in sort-
ing out some of the conflicting claims and advice,

Experimentation with programed materials is necessary to
avoid costly mistakes in using such material and to make the maximum
use of the material., It is the researcher's belief that each teacher

mist engage in such experimentation,

Need for Research in the Area

Active experimentation is needed before a school system adoptis
any instructional methodology on a large scale, Though a review of
the research involving progremed materials leads one to the conclusion
that progremed materials are effective, the research is too limited
and too inconclusive to draw any conclusions as to the most effective
method of utilizing programed materials,

A number of the characteristics of the learner have been
studied to determine their relationship ‘to the effectiveness of pro=

gramed instruction, However, such studies have also been too limited

1silberman, Programmed Learning and Computer=Based Instruction,

Poe 19.
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and too inconclusive to draw any conclusions as to the student

variables that are factors in the successful use of programed materials,

Definition of Terms

Application Score: The total score on those items of the criterion
test which require the student to apply his know=-
ledge to new or different situations than those
presented in the textbook or programed material.

Constructed Response: A response which is chosen from & virtually
unlimited number of alternatives, based on the
student?s past experience, The response, how=
ever, may be limited to a general type, such
as words or numbers,

Conventional Instruction: An instructiomal methodology which has
been prviously used by a teacher, It con-
sists of & combination of lecture, recita-
tion, laboratory exesrcises, textbook assigne
ments, demonstrations, and quizzes,

Frame: A unit of a program, The segment displayed at each step in
the sequence, Usually the unit that requires a response,

Linear Program: A program which has a single, predetermined sequence
of steps, Error responses are not corrected or
immediately repeated.

Pace: The rate at which the student is permitted to work through the
programed material, The pace may be determined by the learner
or by the experimenter,

Programed Book: A special book in which the subject matter to be
learned has been arranged into a series of sequential
steps leading from familiar concepts to new materials,
Differs from a "scrambled textbook" in that the con=-
tent is arranged so that the student proceeds directly
from one step to the next,

Prompt: Some type of verbal or symbolic cue which facilitates the
desired response from the student,

Recall Score: The total score on those items of the criterion test
which require the student to recall or recognize the
correct response to situations presented in the text=
book and programed material,

Sequencing: Arranging the frames of a program in an order that pro=-
vides the most efficient situation for learning.
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Step: The increment in subject matter level to be learned with each
succeeding item or frame in the program.

Terminal Behavior: The behavior a program is designed to produce,




CHAPTER IT
REVIEW OF THE REIATED RESEARCH

In 1926, Sidney Pressey of Ohio State University developed a
device that might be considered the prototype of all subsequent teach=
ing machines, Pressay‘originally concelived of the machine as an auto=
matic testing device, However, it soon became apparent that the machine
also possessed instructional properties, Basically, Pressey'!s machine
consisted of a device which displayed a multiple~choice question to
the student, The student pressed a button corresponding to his choice
of an answei. If his choice was correct, the machine presented the
next question, If his choice was incorrect, the question remained and
an error was tallied on a counter at the back of the device,

Pressey's device never caught on widely, Perhaps one of the
reasons that it failed to do so was due to its intrinsic limitations.
L, A, Lumsdaine states,

COne of these limitations is that, as a multiple-choice device,

it appears to be limited to recognition re3po?ding rather thaf per=
mitting the student to compose or construct his own response,

Some years later, B, F. Skinner of Harvard University developed

a device that employed a constructed-response program, Only one question

L, a, Iumsdaine, "Teaching Machines: An Introductory Overview,"
Teaching Machines and Progremmed learning, ed., A, A, Lumsdaine and
Robert Glaser (Washington, D.C,: National Education Association, 1960)
p. 10, '

13
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at a time was visible to the student and he wrote his answer on an
exposed portion of the frame, The student then raised a lever which
exposed the correct answer and, at the same time, moved the answer the
student had just written up under a transparent cover where he could
see it, but could no longer change it., If the student decided that
his answer was correct, he moved the lever over to the right. This
marked his answer tape to show that he had scored himself corrsct on
that question., Returning the lever to its original position brought

the next question into view,

The Programed Textbook
One of the simpler devices that have been developed has been

the programed textbook, Cost-wise, programed textbooks are attractive
and research indicates that they are as effective as the so=called
“teaching machines," For example, Silberman cites seven studies come
paring a programed textbock to a teaching machine.l In six of the
studies, no significant difference was found in the scores of the two
groups on a criterion test, In the seventh study, students using the
programed textbook scored significantly higher, In addition, students
using programed textbooks required significantly less time in four

of the studies,

1Harry F. Silberman, "Characteristics of Some Recent Studies
of Instructional Methods," Programmed Learning and Computer=Based
Instruction, ed, John E, Coulson (New York: John Wiley and Sons, Inc.,
1962) p, 18
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TABLE 1

STUDIES COMPARING A PROGRAMED TEXTBOCOK TO A TEACHING MACHINE

Researcher Sample Program Results
Alter 60 college 90 frames on binary No significant
§;;vermanl students numbers difference
Eigen? 72 high school  Mathematics No significant
students difference
Eigen agd 77 eighthegrade 65 frames on numbers No significant
others students and numerals difference
Eigen L 74 high school 707 frames on No significant
Komoski ~_students mathematics difference
Gotkin 215 fourthegrade First 100 words of TMI No significant
Golgstq;g§, students elling program difference
Holt 6 63 telephone 2600 frames on basic No significant
Harmock technicians electricity difference
Hough G0 college 555 frames on Secondary No significant
Revsin/ students School History difference
Smith8 100 high school 1036 frames on No significant
Moore students mathematics difference

1Millicent Alter and Robert Silverman, "The Response in Programed
Instruction,” Journal of Programed Instruction, 1, (1962), pp. 55=78,

zLewis Ds Eigen, "High School Student Reaction to Programed
Instruction," Phi Delta Kappan, 44, (1963), pp. 282285,

3Lewis D. Eigen and others, "A Comparison of Three Modes of Pre-
senting a Programed Instruction Sequence,” (New York: The Center for Pro-
gramed Instruction, 1962), as cited by Wilbur Schramm, The Research on
Programed Instruction, p. 39.

hLewis D. Eigen and Kenneth P, Komoski, "Automated Teaching Pro=
ject," (New York: Collegiste Schocl, 1960), as cited by Wilbur Schramm,

The Research on Programed Instruction, p. 39.

Slassar G, Gotkin and Leo S, Goldstein, "Programed Instruction
for the Younger Learners," (New York: The Center for Programed Instruc-
tion, 1962), as cited by Wilbur Schramm, The Research on Programed Ine
struction, p. 56.

6Howard 0. Holt and Joseph Hammock, "Books as Teaching Machines:
Some Data,"” Applied Programed Instruction, ed. Stuart Margulies and Lewis
D. Eigen (New York: John Wiley and Sons, Inc., 1962), pp. 50=56,

7John B. Hough and Bernard Revsin, "Programed Instruction at the
College Level: A Study of Several Factors Influencing Learning,” Fhi

Delta Kappan, 44, 6 (1963), pp. 286=291,
8Wendell T, Smith and J., William Moore, "Programed Materials in

Mathematics,”" undated, cited by Schramm, The Research On Programed In-
struction, pp. 98=99,




16

In each of the eight studies listed in Table 1, part of the
sample worked with a teaching machine while the remainder used 2 pro=-
gramed textbook., In each study, no significent difference was found
between students using a programed textbook and students using a
teaching machine. The results seem to indicate that any controversy
over the vehicle by means of which programed material is presented is

unwarranted, And, in fact, there has been little controversy,

Constructed-Response vs, Multiple-Choice
Although there has been little controversy regarding the

vehicle by means of which the programed material is presented, the
same cannot be said regarding the type of programed material to be
used, According to Edward B, Fry, a major dichotomy appears to have
developed in the field of programed instruction.l One faction, headed
by B, F. Skinner, favors the constructed-response type of program
while the second group, headed by Sidney Pressey, favors the multiple-
cholice type of program,

Skinner would structure the program so that the student,
through his responses, is led step by step toward the desired goal.
The structuring of wrong answers is avoided, Skinner feels that if
the teaching steps are small and understandable, a poor student can
learn the same thing #s a good student, but it will take the poor

student longer.

lgdvard B, Fry, "Teaching Machine Dichotomy: Skinner vs, Pressey,"
Psychological Reports, 1960, 6, pp. 1ll=14,
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Pressey is willing to allow some error., By permitting error,
particularly more than one error per question, he feels that the spread
and significance of the total score is increased. However, even
Pressey emphasizes that the number of right responses should greatly
exceed the number of wrong responses, The specific amount of error
permitted is not mentioned,

Pressey places no stress on the small learning steps or on the
order of presentation., His programs are designed to supplement the
conventional textbook, whereas Skinner's programs are designed to re=
place the textbook,

As the studies in Table 2 indicate, groups of students using
a multiple=choice type of program did not differ significantly from
groups using a constructed-response type of program on the respective
criterion tests., However, the groups using the multiple=choice type

of program did tend to complete their programs in less time,

Programed Learning Principles
We J. Carr sets forth the following principles of learning upon

which programed instruction is based:
1. Learning takes place most rapidly if the student is active-
1y engaged with the subject matter,
2, Learning is most effective if the student develops the
skills and knowledge in a form which will readily generalize to the
real life” situation for which they are intended,
3. Learning takes place most rapidly if immediate "knowledge

of results" is given for each response,
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TABLE 2

STUDIES COMPARING MULTIPLE-CHOICE PROGRAMS
TO CONSTRUCTED=-RESPONSE PROGRAMS

Researcher Sample Program Results
Burton 21 ninthegrade 35 frames on animal No significant
Goldbeckl students characteristics difference
Coulson 184 college 56=104 frames on Ho significant
Silberman® students psychology difference
Evans a 60 college 125 frames on sym= Ho significant
_others students bolie logic difference
Fry* 153 ninthegrade  Spanish vocabulary  No significant
students items difference
Hough? 41 college The Secondary No significant
students School difference
Presseygd 120 college 54 frames on No significant
students _bpsychology difference
Roe and 186 college 230 frames on ele- No significant
others?’ students mentary probability  difference

lpenjamin B, Burton and Robert A. Goldbeck, "The Effect of
Response Characteristics and Multiple-Choice Alternatives on Learning
During Programed Instruction,” (San Mateo: American Institute for
Research, 1962) as cited by Schramm, The Research on Programed Ine
struction, pp. 27=28,

2John E, Coulson and Harry F, Silberman, "Effects of Three
Variables in a Teaching Machine," Journal of Educationsl Psychology,
51 (1960), pp. 135-143.

3james L. Evans, Robert Glaser, and Lloyd E., Homme, "An Investie
gation of Teaching Machine! Variasbles Using Learning Programs in Syme
bolic Logic," Journal of Educational Research, 55 (1962), pp. 433=452,

YEdward B, Fry, "A Study of Teaching Machine Response Modes,"

Teaching Machines and Programed learning, pp. 469=-47L,

5Jchn B, Hough, "An Analysis of the Efficiency and Effective=
ness of Selected Aspects of Machine Instruction," Journal of Educational
Research, 55 (1962), pp. 467=471,

6S:‘l.dney L, Pressey, "A Puncture of the Huge *Programing” Boom?"
(Tucson: undated), cited by Wilbur Schramm, The Research on Programed
Instruction, p. 87.

“Arnold Roe, Mildred Massey, Gershon Weltman, and David Leeds,
"Automated Teaching Methods Using Linear Programs," Journal of
Psychology, 40 (1962), pp. 198-201,
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L, Learning takes place most rapidly if the subject matter

is organized in a hierarchic form.

5. Receiving frequent "knowledge of results® keeps students
working at the assigned task,

6. Since learning takes place in individuals, the learning
situation should be designed so that each student may proceed at his
own pace.l

The group led by Skinner feels that the first two prineciples
listed by Carr require an overt, constructed-response by the student.
Yet, as shown in Table 2, programs in which the student merely selected

the correct response have proven to be just as effective as programs

requiring a constructed-response,

Overt Responding vs, Covert Responding

A number of studies have been made comparing overt responding
(in which the student writes his response) to covert responding (in
which the student merely reads the programed material)., As Table 3
shows, no significant difference, as measured by a criterion test,
was found between students reponding overtly and students responding
covertly,

A study by Alter and Silverman found a significant difference

in favor of covert responding.2 The finding of Cummings and Goldstein,

1y, J. Carr, "A Review of the Literature on Certain Aspects of
Automated Instruction,” Programmed learning, ed, Wendell I, Smith and
J. William Moore (New York: D, Van Nostrand Company, Inc,, 1962),
pp. 57-80

2Millicent Alter and Robert Silverman, “The Response in Programed
Instruction," Journal of Programed Instruetion, 1, 1 (1962), pp. 55=78.
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TABLE 3

STUDIES COMPARING OVERT RESPONDING TO COVERT RESPONDING

Researcher Sample Program Results
Evans and 10 college 50«60 frames on math No significant
othersl students and music _difference
Krumboltg 54 college 177 frames on educa= No significant
Weisman students tional testing difference
Roe and 186 college 230 frames on elemen- No significant
others3 students tary probability difference
Hughes™ 199 IBM 719 frames on basic No significant

trainees computer knowledge difference
Lambert 552 ninthe 864 frames on sets, No significant
Miller grade relations and difference
Wiley? _students functions
Stolurog 51 college Statistics No significant
Wallcer students difference

ldames L. Evans, Robert Glaser, and lloyd E. Homme, "An Investi-
gation of Variation in the Properties of Verbal Learning Sequences of
the 'Teaching Machine' Type," Teaching Machines and Programmed learning,
pp. LB6451,

2john D, Krumboltz and Ronald G, Weisman, "The Effect of Overt vs.
Dovert Responding to Programed Instruction on Immediate and Delayed Re=-
tention," Journal of Educational Psychology, 53, 2 (1962), pp. 89-92,

3arneld Roe, Mildred Massey, Gershon Weltman, and David Leeds,
“Automated Teaching Methods Using Linear Programs,"” Journsl of
Psychology, 40 (1962), pp. 198-201,

% john L, Hughes, "Effect of Changes in Programed Text Format
and Reduction of Classroom Time on the Achievement and Attitude of
Industrial Trainees," Journal of Programed Instruction, 1, 1 (1962),
pPp. 43=54,

5Philip Lambert, Donald M, Miller, and David E, Wiley, "Experi=-
mental Folklore and Experimentation: The Study of Programed Learning
in the Wauwatosa Public School,”" Journal of Educational Research,

55 (1962), pp. 4B85=494,

6L. M. Stolurow and C, C, Walker, "A Comparison of Overt and
Covert Response in Programed Learning," Journal of Educational Research,
55 (1962), pp. 421-432,
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on the other hand, favored overt responding.l Finally, a study by
Goldbeck and Campbell found a significant difference in favor of
covert responding on "easy" material, a significant difference in
favor of overt responding on "average" material, and no significant
difference on "difficult" materinl.z

It is likely, of course, that a student does construct a
"mental" response, though he may not be required to write it, Never=
theless, research fails to support the view that an overt, constructed-

response by the student is a necessity.

Knowledge of Results
It is also gquestionable whether the immediate "knowledge of

results" is a necessity, Studies by Hough and Revs1n3, Moore and Smitha.
and Smith and Moore® found that there was no significant difference in
the results on a post-test between students receiving no immediate

knowledge of correct responses and students receiving such knowledge,

111ana Curmings and Leo 5, Goldstein, "The Effect of Overt and
Covert Responding on Two Kinds of Learning Tasks," Educational
Technology, ed, John P, DeCecco (New York: Holt, Rinehart and Winston,
1964y, Pp. 231=241,

2Robert A, Goldbeck and Vincent N, Campbell, "The Effects of
Response Mode and Response Difficulty on Programed Learning,” Journal

of Educational Psychology, 53 (1962), pp. 110-118,

3john B. Hough and Bernsrd Revsin, "Programed Instruction at
the College Level: A Study of Several Factors Influencing Learning,"
Phi Delta Kappan, 4%, 6 (1963), pp. 286=291,

45, William Moore and Wendell I, Smith, "Knowledge of Results
in Self=Teaching Spelling,” Psychological Reports, 9 (1961), pp. 717=726,

SWendell I, Smith and J, William Moore, "A Comparison of Several
Types of 'Immediate Reinforcement,'" (Air Force Office of Scientifie

Research), cited by Wilbur Schramm, The Research on Programed Tnstruction,
pp. S4=85,
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A study by Krumboltz and Weisman compared the following six groups:
(1) Group 1 received no knowledge of what the correct responses were,
(2) Group 2 was informed of the correct response on every third item,
(3) Group 3 was informed of the correct response on two items out of
every three, (4) Group 4 was informed of the correct response on all
items, (5) Group 5 was informed of the correct response on 33 percent
of the items chosen randomly, and (6) Group 6 was informed of the
correct response on 67 percent of the items chosen randomly.1 They
found no significant difference between these groups in the results

on a post-test,

Step Size

As was pointed out previously, the faction headed by Skinner
favors the type of program in which the student proceeds toward the
desired goal via a series of small steps. Research on step size has
been limited and the results of the studies that have been made show
disagreement. For example, studies by Coulson and Silberman2 and

Evans, Glaser, and Homm93 found a significant difference in favor of

150hn D, Krumbolts and Ronald G, Weisman, "The Effect of Inter=
mittent Confirmation in Programed Instruction,” Journal of Educational
Psycholozy, 53, 6 (1962), pp. 250-253,

2John E. Coulson and Harry F. Silberman, "Effects of Three
Variables in a Teaching Machine," Journal of Educational Psychology,
51 (1960), pp. 135-143.

3James L. Evans, Robert Glaser, and Lloyd E, Homme, "An Investi-
gation of Variation in the Properties of Verbal Learning Sequences of

the 'Teaching Machine® Type, Teaching Machines and Programed learning,
pp. W46451,
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small-step programs over large.step programs. In the latter study,
programs of 30 frames, 40 frames, 51 frames, and 68 frames were used
to teach a mathematics concept to college students, The 5l-frame and
the 60-frame programs were significantly better than the other two;
the 51-frame program was slightly better than the 60-frame program.
Smith and Moore used programs of 1,128 frames, 830 frames, and
546 frames to teach the same spelling words to fifth graders.l They
found no significant difference between the three groups of students

on a post=test,

Sequencing of Programs
Studies comparing sequential programs with non-sequential pro-

grams have also been limited in number, ILevin and Bsker found no sig=-
nificant difference between a sequential program and a non-sequential
program in the teaching of geometry to second graders.z Reoe and Roe
also found no significant difference between a sequential program and
a nonesequential program in their study involving the teaching of a

statistical concept to college freshm.en.3 Stolurow!s study in which he

Lijendell Smith and J, William Moore, "Size-of-Step and Achieve-
ment in Programed Spelling," Programmed Learning, ed, Wendell I, Smith
and J, William Moore (New York: D, Van Nostrand Company, Ine,, 1962)
PPe 202206, :

2Gerald R, Levin and Bruce L. Baker, "Item Scrambling in a
Self-Instructional Program," Journal of Educational Psychology, 54,
3 (1963), pp. 138-143,

IK4ki V., Roe and A, Roe, "Scrambled vs. Ordered Sequence in

Auto-Instructional Programs," Journal of Educational Psychology,
53 (1962), pp. 101104,
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used mentally retarded students also found no significant difference.l
Stolurow did find a significant correlation between intelligence and
post-test scores and between language ability and post-test scores

for the group using the unorganized program.

Self-Pacing vs, External Pacing

Though it may be advantageous to the student if he is permitted
to proceed through a program at his own pace, such self=pacing does

create problems in the classroom, Table 4 indicates that self-pacing

TABLE &4
STUDIES COMPARING SELF=PACED GROUPS TO EXTERNALLY-PACED GROUPS

Researcher Sample Program Results
Alter 2 60 college 87 frames on basic No significant
Silverman students electricity difference
Carpenter 113 college 2,055 frames on No significant
Greenhill’ students modern algebra difference
Moore 35 sixthegrade 846 frames on No significant
Smith” students spelling difference
Silverman 45 college 87 frames on basic No significant
g;ter5 students electricity difference

llawrence M, Stolurow, "Social Impact of Programmed Instruction:
Aptitudes and Abilities Revisited,"” Educational Technology, pp. 348=355,

ZMillicent Alter and Robert Silverman, "The Response in Pro=
gramed Instruction,” Journal of Programed Instruction, 1, (1962), pp. 55=78.

3C.R. Carpenter and L. P, Greenhill, Comparative Research on
Methods and Media for Presenting Programed Courses in Mathematics and
English, zUnivers1ty Park, Pa,: University Division 1 of Instructional
Services, The Pennsylvania State University, 1963).

45, William Moore and Wendell I, Smith, "Knowledge of Results
in Self=Teaching Spelling," Psychological Reports, 9 (1961), pp. 717=726,

SRobert E. Silverman and Millicent Alter, "Response Mode, Pacing,
and Motivational Effects in Teaching Machines," (Port Washington, N.Y.:
U.S. Naval Training Device Center, 1961), as cited by Wilbur Schramm,

The Research on Programed Instruction, pp. 96=97.
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is not a necessity, In all of the studies cited, no signifiecant
difference was found between self-paced groups and externally=-paced
groups, Apparently many students may be forced to work at a more
rapid pace or, in some cases, at a slower pace without any harmful
effect, Reducing the pace 20 percent or increasing the pace 10 per=-
cent, as was done in the Carpenter and Greenhill study, had no sig-
nificant effect, Thus, an externally-paced program may be the
answer to the problem of what to do with the students who complete

a program in considerably less time than their classmates, External

pacing would reduce this gap in time.

Intelligence and Programed learning

As was noted in Chapter One, & number of characteristics of
the learner have been studied to determine their relationship to the
effectiveness of programed instruction., One of these characteristics
or factors has been that of intelligence,

Of the ten studies shown in Table 5, seven indicate a signifi=-
cant correlation between intelligence and achievement using programed
materials, The Reed and Hayman study, interestingly enough, also
found that there was a significant difference in the achievement of
low=ability students over that of high-ability students using conven=
tional instruction, Will a combination of programed and conventional
instruction, then, be more effective for both high- and low-ability

students than conventional instruction or programed instruction alone?
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TABLE 5

STUDIES OF THE CORREIATION BETWEEN INTELLIGENCE
AND ACHIEVEMENT USING PROGRAMED MATERIALS

Researcher Sample Program Results
Beanel 65 high school 852951 frames on A significant
students mathematics correlation
Evans® 48 college Psychology A significant
students correlation
Hatch 46 college 3,478 frames on A significant
Flint3 students electronics correlation
lambert and 552 ninthegrade 864 frames on A significant
others™ students mathematics correlation
Northeutt® 8 classes of 13 days on A significant
fifthegraders spelling correlation
Smith® 195 fifth-grade 757 frames on A significant
students arithmetic correlation
Feldhusen 96 high school Mathematics No significant
g;gpn7 students correlation
Fishel18 24160 junior Five programs in  No significant
high school mathematics and correlation
students social science
Branson’ Hot given Hot given No significant
correlation
Reed 250 tenth=grade 2,600 frames on A significant
Hazggnlo students English grammar correlation

3"Beaunta. loc, cit.

zGary'w. Evans, “Mode of Presentation, Pacing, Knowledge of
Results, and Intellectual Level in Automated Instruction,” Dissertation
Abstracts, 1964, pp. 1317-1318,

3Rrichard S, Hatch and lanning L. Flint, "Programed Learning: A
Comparative Evaluation of Student Performance Variables Under Combina-
tions of Conventional and Automated Instruction,” (New York: U,S. Ine
dustries, Educational Sciences Division, 1962) as cited by Wilbur

Schrarm, The Research on Programed Instruction, p. 60.

YPhilip Lambert, Donald M, Miller, and David E, Wiley, "Experie
mental Folklore and Experimentation: The Study of Programed Learning in
the Wauwatosa Publie Schools," Journal of Educstional Research, 55
(1962)1 PPe L8549k,

Svary P. Northcutt, "The Comparative Effectiveness of Classe
room and Progremed Instruction in the Teaching of Decimals to Fifth
Grade Students,” Dissertation Abstracts, 1964, pp. 5091=5092,
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Other Student and Teacher Variables
The studies of Gellerl and Branson® found that there was no sige
nificant correlation between reading ability and achievement using pro-
gramed materials, lankford’s study, on the other hand, found a positive
correlation.3
Feldhusen and Eigen found that a student?s general achievement
level was a better predictor of success using programed materials than
was the student?s score on an intelligence test.u
Of interest also is the study of Barcus, Hayman, and Johnson
which found that the increase in learning of students using a programed

textbook was directly proportional to the training of their teachers.>

6Leone M, Smith, "Programed Learning in Elementary School: An Ex=
perimental Study of Relationships Between Mental Abilities and Performance,"
(Urbana: University of Illinois, 1962), cited by Schramm, The Research on
Programed Instruction, p. 98.

?John F. Feldhusen and Lewis D, Eigen, "Interrelationships Among
Attitude, Achievement, Reading, Intelligencs, and Transfer Variables in
Programed Instruction,” 1963, cited by Wilbur Schramm, The Research on

Programed Instruction, pp. 42-43,

8 ennsth N, Fishell, "Utilization Patterns of Programed Materials
in the Junior High School," Dissertation Abstracts, 1964, pp. 2881-2882,

FRobert K, Branson, "Some Pitfalls in the Classroom Use of
Programs,"” Trends in Programmed Instruction, pp. 78=79.

10jerry E, Reed and John L, Hayman, Jr., "An Experiment Involving
Use of English 2600, An Automated Instruction Text," Journal of

Educational Research, 55 (1962), pp. 476-484,

1Geller. loc, cit,

2Branson, Trends in Programmed Instruction, pp. 78=79.

3Bethene C, lankford, "Programmed Instruction in the Junior High
School: A Study of Teacher Roles," Dissertation Abstracts, 1965, pp. 5791=

5792,
4Faldhusen and Eigen, loc, cit,

SDelbert Barcus, John L, Hayman Jr,, and James T, Johnson,
"Programing Instruction in Elementary Spanish,” Phi Delta Kappan,
b, 6 (1963), pp. 269-272,
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A review of the research with programed materials leads one to
the conclusion that programed materials are effective. However, the
research is too limited and too inconclusive to draw any conclusions
as to (1) the most effective method for utilizing programed materials,
(2) the effect of teacher training, experience, and attitude on the
success of students using programed materials, and (3) the student

variables that are factors in the successful use of programed materials,




CHAFPTER TIX

METHODCLOGY

The Samplse
The study was conducted in the Grand Forks Public School Sys=

tem during the 19651966 school year. Twenty-three classes of ninth
grade Physical Science students in threes junior high schools took
part, These 23 classes included all of the ninth graders in the
school systen,

Since the study began approximetely mideway in the school year,
intact classroom units were used, The classes were randomly &ssigned
to one of the three treatment groups.

The pre-test was written by 609 students. Of this group, 19
were lost o the study because of moving, extended 1llness, or incone
sistent attendance, and 43 were lost becaunse of the absense of standard-

ized test scorss., Thus, the study is limited to 547 students,

The Measurins Tnstruments

Tn addition to the oriterion test, which will be described
later in this chapter, the Iowa Test of Educationsl Development and
the California Test of Mental Maturity were used., The Towa Test of
Educational Development, which was administered to the ninth graders

in the fall of 1965, provided background informetion relative to

29
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achievement in mathematics, achievement in the reading of natural
science materials, and general achievement level, Standard scores
were used. The California Test of Mental Maturity, which was adw

ministered to the students in 1963, provided the intelligence guotient.

The Treatment Groups

As was stated previously, each classroom unit was randomly
assigned to one of three treatment groups. The three groups are re=
ferred to in this report as the Introductory Group, the Review Group,
and the Conventional Group.

Students in the Introductory Group used the programed material
as initiatory assienments. They worked with the material in ths class.
room and under the supervision of the ta#eher, The students wers
allowed about 30 minutes to complete the part of the program assigned
and the answer sheets werse collected at the conclusion of the 30 minute
period. The teacher was free to use the remaining portion of the class
period or pericds for discussion, lecture, demonstrations andfor any
other instructional technique that the teacher felt would aid the
students,

Basically, the unii was divided into 12 rather lengthy assigne
ments, Students in the Introductory Group used a part of the program
as an introduction to sach assignment, Use of the programed material
was not restricted.to the first half of & class periocd nor to a single
sitting. The only restriction on the use of the programed material
was that it be used as the students? initial contact with an assignment.

Students in the Review Group used the programed material as

review assignments. They worked with the material in the classroom
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and under the supervision of the teacher wheunsver possible. However,
when necessary, the review assignments were completsd by the students
as homework. The answer sheeis were turned in at the beginning of the
next day¥s class pericd. The student’s initial and developmenial cone
tacts with an assignment were made through conventlonal technigueSaw
discussion, lecture, demonstrations and/or any other instructional
technigue that the teacher desired toc use. The only restriction on

the use of the programed material was that it be usad only to review
the concepts that wers introduced and developed via other techniques,
Since the Review Group spent no more time on the unit than did the other
two groups, it was necessary to shorten the developmentsal phase of sach
assignment somewhat.

Students in the Conventionsl Group were assigned reading mate-
rial from the textbook. The teachers were free to use any instruectional
technique that they felt would aid the students during class periods.

It was assumed that the instructional technique or technigues used
would be the same as those used in previous years,

Lsboratory exercises were the same for all studenits. No attempt
was made to measure the outcomes of laboratory learning except for
such learning that was included as part of the content of the textbook
or programed material,

The teachers taking part in the study were regquested to maintain
a2 log of the activities that transpired during each class period, Thse
log was to include the time devoted to the use of the programed material,
the laboratory and demonstration exercises performed, audiovisuval mate=

rials used, and the topics -or questions discussed, However, only one of
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the teachers kept such a log. Generally, the logs were limited to a

record of the time devoied to programed material during a given class

period.

fhe Research Desisn

A two-wy analysis of covariance was used to test the null
hypotheses previocusly cited. A& 3 X 5 treatments by levels gxXperie
mental design, discussed in Lindquistl, Ninerz, and Walker and Levd,
was used. The three instructional methods were the treatments and the
five teachers were the levels,

In all analyses, the gain score was adjusted using five vari-
ables-wpre-test score, intelligence quotient, standard scors on the
reading test of natural science material; standard scors on the mathe
maties test, and the standard score for general achievementw=2s cofie
comitant variables. One analysis was based on the total gain score.

A second analysis was based on the recall gain score. Finally, & third
analysis was based on the application gain score. Since it was neceS-
sary to use intact classroom groups in the study, the analyses were
made using the unweighted subgroup means,

There are two kinds of error possible in testing any statisti-

cal hypothesis, The first, sometimes called 2 Type I error, is the

£, F. Lindquist, Design and Analysis of E:

“ L rperiments in Psychology
and Fducation, (Boston: Houghten MAfflin Company,

1953).

;egrimanﬁﬁlmﬁﬁﬁi*n,

2g, Jo Winer, Statistical Principles in E
(New York: McGraw-Hill Book Company, 1962).

JHelen M, Walker and Joseph Lev, Statistical Inference, (New York:
Helt, Rinehart and Winston, 1953).
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srror of rejecting an hypobthesis when it is true., The second, a
Type II error, is the error of retaining en hypothesis when it is
false, In his discussion of the relative importance of the two types
of error, Lindquist states,

If a Type I error is made in the exploratory experiment, that
is, if a "significant result leads to & false conclusion thet T is
a fector of ¥, the likely consequences is that time and effort will
be wasted on further experiments designed to determine the nature of
the relationship between T and ¥X. To minimize the danger of thus
following & false lead, we usually set a high level of significance
for tests made in explorstory experiments.

If we make a Type II error in the exploratory experiment, that
is, if the null hypothesis is false, but we fail to get & signifi-
cant result and thersfore falsely conclude that T is not a facter,
the likely consequence is simply that we will fail to follow up &
true lead. In a sense this is not as serious as to have wasted time
following up & false lead, since in the meantime we may be trying
out other possible leads, all of which might eventually have to be
tried anyway. Furthermore, it will be generally understood that we
have not proved that ¥ is not a factor, so that anyone else who has
his own reasons to believe that Y is g factor is at liberty te plan
experiments to prove his contentions.

Since the results of this study will provide the basis for fur-
ther experimentation, by the researcher, it was important that the re-
sults were sound, Thus, the study is of an exploratory nature. Upon
the recommendation of Lindquist and following the precedent set in pre-
vious studies of a similar nature, two high levels of significance

wers nsed-=,01L and .05,

Collection of the Data

The criterion test (Appendix A) was administered as the pre-
test prior to beginning the study. The programed material and direcm

tions relative to its use were delivered to sach teacher prior to the

1z, r. Lindquist,-nesigg and Anelysis of Experiments in
sychology and Education, p. 68,
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administration of the pre-test. An attempt had besen made to hold a
couple of group meetings with the teachers, but the attempt met with
limited success, One of the teachers involved in the study was an
assistant coach and could not attend afterschool meetings. A second
taught an out=of=town, late afterncon extension class, A third served
on the local NDEA salary committee which wes holding frequent meetings
at this time. Thus, contacts betwsen teachers and the researcher were,
of necessity, limited to persomal contacts, The directions enclosed
with the programed materials appear in Appendix B,

Background information on the students was gathersed by ths re=
searcher while the study was in progress., This information included
intelligence quotients.and the standard scores on the gquantitative,
science reading, and composite parts of the Iowa Test of Educational
Development,

Time devoted to the unit varied from 22 days to 30 days. This
includes two deys devoted to the pre- and post~testis. The lenger period
of time can be accounted for somewhat by the fact that a severe blizzard
necessitated the closing of school for three days, Two of the teachers
found it necsssary to review soms of the subject mattér that had been
covered prior to the blizzard., The cother three teachers had reached the
post-test stage when the blizzard struck, They needed but one extra day
for review purposes,

The time devoted by each teacher to various aspects of the unit
is tabulated in Table 6, The percentage of the total time spent by the
students in the Introductory and Review Groups in the use of the programed

material varied from 16.% percent to 30.0 percent. Teacher A used a
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TABLE 6

UTTLIZATICOR OF TDVE

Teachers
& B C D E

Total mumber of minmutes spent

on the unit* 1100 3250 31100 1500 1200
Percentage of time spent using
16,4 20,9 27,3 24,0 30,0
Percentage of time spent on

testing 20,5 22,0 13,2 16,3 14,6
Percentage of time spent on

laboratory activities 0.0 16,0 0,0 36,7 32,5

* Class periods were 50 minutes in length

different approach than did the other teachers in the use of the pro=
gramed material, particularly im the cese of the Introductory Group.
Each new assignment was begun during the final fifteen minutes of a
class period. Students were to complete the assignment as homework.
The following class period would begin with a discussion of the assign-
menit. The other teachers devoted more class time to the use of the
programed material.

On the final day of the study, the criterion test wes adminis-
tered as the postetest., Students using the programed material were
also asked to complete a short guestionnsire to détermine their re-

actions to the material.

Unit Objectives

Once the decision had been made relative to the unit to be prow
gramed for this study, it became necessary to prepare a list of the
cbjectives or goals to be reached at the conclusion of the unit. The

researcher, following consultation with the chairmen of the Physical
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Scisnce Department of the Grand Forks Public School System, prepared

such a list. And, following the suggestion of Robert ¥, Hﬁgerl, the

objectives were stated in behaviorial terms; in terms of the behavior

the lsarner was to be able to demonstrate,

The objectives for the wnit on "Matter, Atoms, and Moleculesth

weres as follows:

The student shall, upon completion of the wunit, bs able to

1. Recall and/or recognize the correct definition of the

following:
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(16)
(17)

(18)

gtom

atomic number

atomic weight

chemical change

chemical property

compound,

concentrated solution

density

diffusion

dilute solution

electrolysis

elsectron

slement

emulsion

gas

Kinetic Theory

law of Conservation
of Matter

law of Definite
Proportions

(192
(20)
(21}
(22)
(23)
(24)
(25)
(26)
(27
(28)
(29)
(30)
{31)
(32)
(33)
(34)
{35)
(36)
(37
(38)

2. Recall and/or recognize examples

(1)
(2)

chemical change
chemical properties

(3)
)

liguid

matter

mixture

moleculs

neutron

nicleus

periocd

physical change
physical property
properties

proton

radical

saturated solution
solid

solute

solution

solvent
sublimation
unsaturated solution
valence number

of s

physical change
physical properties

3, Recall and/or recognize the symbols of the elements listed

in the chart on page 28 of the textbook, Modern Physical Science,

lpcbert 7. Mager, Preparing
{San Francisco: Fearon Publishers, 1962,

Objectives for Prog

ramed Instruction,
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excepting antimony and arsenic, and the radicals listed in the chart
on page 31 of the textbook, excepiting aceitate, bicarbonate, chlorate,
phosphate, and sulfite.

4, Determine the numbser of neutrons in an atom given the
atomic weight and atomie number,

5. Determine, when given the formule of a compound, the number
of elements present in the compound and the number of atoms of each
element present.

6. Determine, using the crystal test, whether & solution is
saturated or unsaturated.

7. Balsnce simple chemical equations.

8. Compuis the density of a substance given the weight and
volume of the substance.

9. Name the simple binayy compounds when given their formulas,

10, Write the formmla of & binsry compound when given the walence
numbers and names of the combining atoms and/or radicels and the formulas
of water and sodium chloride,

11, Determine, when given the mumber of protons, neubrons, and

electrons in an atom, the

(1) atomic nurmber {4} position of the atom in the
(2) atomic weight Periodic Table _
{3) valsnece number {5} +the distribution of slectrons

in the energy levels
12. Determine the valence number of an element in a binary come
pound when given the valence number of the other element and the formula
of the compound.

13. Use the law of Definite Proportions, when given an example,
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to determine the combining ratio of the two elements,
1%, Recall and/or recognize endfor apply to new situations
the following principles or facts:

{1) Atoms have an equal mumber of protons and electrons,

{2) Moleculss move most rapidly in gases as compared to
solids and liquids and an increass in the temperature
of the gas causes the molecules to move more rapidly.

(3) The solubility of a gas in a liquid is inversely pro-
portional to the temperaturs of the ligquid and dirsci-
ly proportienal to the pressure exerted on the
golution.

{4} The solubility of a solid in & ligquid increases as the
temperature of the liquid increases and it is very
slightiy effected by changes in pressurs,

{5) That the symbol £\ is used in chemical sguations as a
shorthand expression for heat.

(6) The first scientific atomic theory was proposed in 1803
by John Daltoem.

15, 14st the maximum number of electrons that can be present in

the first three energy levels of an atom.

The Criterion Tesi

Using the unit objectives as the guide,:a criterion test was
prepared by the researcher. The test can be found in Appendix 4. The
eriterion test items came from the researcher's personal fils of test
items, Many, if not all, of the items originally appearsd in test
bookiets that accompanied General Science and Physical Science texte
books. No attempt was made to determine the source of the items,

The criterion test was composed of the feollowing parts:

1. Part I: Fifteen multiple=choice items calling for the recoge
nition of information presented in the programed waterial and textbook.

2. Part IT: Fifteen constructed-response items calling for
the reeall of information p?esented in the programed material and

textbook,.
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3., Part III: Fifteen multipls-choice items celling for the
application of information pressented in the programed materisl and
textbook,

L, Part IV: Fifteen constructed-responss items calling for
application of information presented im the programed material and
textbook,

The final draft of the criterion test was shown to two of the
teachers taking part in the study. It was their opinion that the sam.
pling was adequate and that the difficulty level of the items was com=
parable to items that they would use if they were to prepare their
own test,

In the remainder of this report, Parts I and II above have besn
combined and are referred to as the Recall Test: Parts TIIT and IV have
also been copbined and ars referred to as the Application Test. An
analysis of the responses on the multiple~choice items as compared to

those on the constructed=response items was not mads,

Reliability of the Criterion Test

A pre=trial check of the criterion testls reliability was not
made, Data in the researcherfts pefsonal file of test items indicated
that the reliability coefficient would be .60 or higher., However,
since this data wes based on the previous use of only 75 percent of
the test items, the .60 figure, at best, represented an educated guess.

The Kuder-Richardson formula #20 and the post=test data were
used to estimate the reliability céafficients of the Recall Test, the
Application Test, and the Total Test. These coefficients plus the mean

and variance are shown for the three tests in Table 7.
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TABLE 7

RELIABILITY COEFFICTENTS, MEAKS, AND VARIANCES OF THE
RECALL TEST, APPLICATION TEST, AND TOTAL TEST

" Mumber of Reliability

Test test items Mean Variance Coefficient
RBecall Test 30 19.04 39,47 . B89
Application Test 30 17,76 40,71 873
Total Test 60 36,80 147,92 .936

Henry E, Gerrett states that a relisbility coefficient of .50

or ,60 would be acceptable for a test designed to distinguish between the
means of two groups of students.l 4s Table 7 indicates, the reliability
cosfficients of the Recall Test, the Application Test, and -the Total
Test were considerably higher than the minimum recommended by Garfett,

Conversion of the reliability coefficients into Fisherfs z
functions and computation of the standard error of these functions lead
to the same standard serror, .043, for each of the tests, Determination
of the .95 and .99 confidence intervals for the true z's and the conver=
sion of these g's back into r's gave the following confidence intervals
for the reliability coefficients of the three tests:

TABIE 8

CONFIDENCE INTERVALS COF THE RELIABILITY CCOEFFICIENTS FOR
THE RECALL TEST, APPLICATION TEST, AND TOTAL TEST

095 099
Teast Confidence Interval Confidence Interval
Recall Test .87 to 905 2865 to 91
Application Test .85 to .89 .84 to ,895

Total Test " L.925 to ,945 .920 to ,048
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The fiduciary probebility is .95 that the true reliability coefficient
of the Total Test lies within the interwal, .925 %o .945, and .05 that
it falls outside of these limits, Likewise, the probability is .99 that
the trus reliability coefficient lies within the interval, .920 to 948,
and .01 that it falls outside of these limits.

George A. Ferguson caulions that,

AXthough substantive evidence is lacking, it is probable that

in many experiments the measurements are less reliable under the ex.
perimental than ?nder the control conditions, one if the effects of
the treatment being to increase measurement error,

To determine whether this had sceurrsd in this study, the Kuder-
Richardson formula #20 and the post-test date were used to find the
estimated coefficient of reliability of the three tests for each of the
treatment groups. Table O presents ths estimeted reliability coefficients,
the means, and the variances of the three tests for each of the treasiment
groups.

TABLE 9

RELIABTLITY CORFFICTERTS, MEANS, AND VARIANCES OF THE
THHEE TESTS FOR EACH OF THE TREATMENTS

Recall Application Total
Treatment Group Test Test Test
Conventional
Mean.D!OUOQ.IFSGOGGI’QQ.l 1?0?7 l?ﬂzg 35!06
vari&nceeoecaceceweneeo L"Ooiﬂ’? 350?8 11;’9998
Relisbility coefficient 887 . 849 29
Introductory
Hean@s@oenaocaaemotocos 1901-“' 1?050 36,6&
V&rianceea@essnseoaeeae 43@?5 4?959 169'25
Reliability soefficient . 906 . 895 L 6
Review
Meanaonoosnm.eeouoooeee 20515 lsefl'i'? 38962
Variancesssceesessscess 3431 37.80 129,24
Reliability coefficient . B74 .868 2928

lgeorge A. Ferguson, Statistical Analysis in Psychology and
Education, (New York: MeGraw.Hill Book Company, Inc., 1959), p. 288,
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The estimated reliability coefficients of each of the three
tests were higher for the Introductory Group then for either of the
gther two groups, However, although the reliability coefficients
varied for the three treatment groups, the differences were not signi=
ficent statistically.

No correction for chance guessing was made in the scores on the
multiple-choice parts of the test since the students wers nol directed
to avoid guessing and since sufficient time was allowed for completing
the test, To be accepted as correct, a constructed-response had to be
correctly spelled or, in the case of formulas, the subseripts and
parentheses had to be correctly positioned,

Appendix C presents further data on the pre-~ and post-tests. It
shows the number and percentage of students answering sach test item
correctly on the pre-test, the number and percentage of students answer-
ing each test item correctly on the post=test, and the gain in terms of
correct responses, It alsc indicates the number of students in each

treatment group who responded correctly to the various test iteums,.

Validity of the Criterion Testh
. The validity of a test is dependent upon its function, There is
no one validity because the same test may be used for different purposes,
In this study, the primary concern was for the content and concurrent
validity.
In the words of Fred N. Kerlinger,
Content validity is the representativeness or sampling adsguacy

of the contente~the substance, the matter, the toples--of a measuring
instrument, Content validation is guided by the guestion: Is the
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substance or content of this measure representative of the content
or the universe of content of the property being measured}

Universes of conbtent generally exist in theory only. Thus, to
draw random samples of items from such a universe is not possible. Une
must rely on judgment as to whether the items are representative.

Sixty-five specific objectives wers set forth for the unit,
"Matter, Atoms, and Molecules.” The critsrion test evaluated student
performance on 60 of these objectives, In the judgment of three of the
teachers taking part in this study, the sampling was adequats, Of the
remaining two teachers, one felt that the test overemphasized the dis-
tribution of electrons in the energy levels, while the second felt that
the test underemphasized formulas and equations. It should be pointed
out that none of the teachers, on & unit involving as many class periods
as this particular unit involved, were in ths habii of evaluating student
performance by the use of & single test, Generally, the evaluation was
made using two or three spaced tests. Cbviously, sampling could be quite
thorough in such a case,

Concurrent validity is characterized by checking & measuring in-
strument against some outside oriterion. The criterion chosen for this
study was the student's course grade in physical sclence at the time
the study was begun, In other words, student performence 2s evaluated
by the criterion test was to corrslate significantly with stundent per-
formance as evaluated by the teachers prior to the study., Though the

grading practices of the individusl teachers varied, it waes the feeling

lpred N, Kerlinger, Foundations of Behavioral Research, (New York:

Holt, Rinehart and Winston, Inc., 1965}, pp. 445=0db,
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of the researcher that the evaluaiion of student performance by the
eriterion test should be closely related to the evaluation of student
performance by the teacher.

The preduct-moment method for determining correlation was
vsed to find the correlation betwsen the criterion feszt and ieachers?®
grades, It was found that the correlation between the Recall Test and
teachers?! grades was .774; between the Application Test and itsachers!?
grades, .795%: and betwesn the Totai Test and teachers! grades, ,822,

In all cases, the correlation was statistically significant,

The Programed Materisl

The programed material for the unit, "Matier, Atoms, and
Melecules," was based upon the content of Chapters Two and Threes of

Modern Physical Science (1962), published by Helt, Rinehart and Wine

ston, Ine. A linear program wes prepared by the researcher, The first
trial of the program, using & junior high school student as the subject,
resulted in errors on 9.2 percent of the total possible responses. Re=
vision of the program and a second trial, using a second junior high
school student, reduced the errors to 5,7 percent of the possible re=
sponses, The program was revised a second time and the third trial,
using a third junior high school student; resulted in errors on 3.5
percent of the responses. WNo further revisions were made since the
percentage of error was considered to be sufficiently small.

Using the time required by the third trial subject as a guids,
the program was divided into twelve approximetely equal parts, It
was estimated that the average student could complete each part in
25 to 35 mirnutes,
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The content of the twelve parts of the program is sumarized

Part 1:

Part 2:

Part 3:

Part L:

Part 5:

Part 63

Part 7:

Part 8

Part 9:

Part 10:

Part 1l1:

befinition of Matter
States of Matter
Changing States
Sublimation

Physical and Chemical Changes
Physical and Chemical Properties
Density

Elements, Compounds, and Mixtures
Atoms and Molecules
Electrolysis

Chemical Symbels™

Chemical,Symbolsl

Formulas and Equations
law of Conservation of Matter
Lew of Definite Proportions

Solutions, Solutss, and Solvents
Saturated and Unsaturated Solutions
Solubility of Gases and Solids
Emelsions

Pilute and Concentrated Solutions

The Atomic Theory
Electrons, Protons, and Neubrons

Atomic Number
Atomic Charge
Atomic Weight

Bnergy lesvels
Orbitals

The Pericdic Table
Periods and Groups
Tons

1Material from Chemical Symbols, Programmed Unit in Chemistry
by Virginia Powell (e) 1965 by Prentice-Hall, Inc,, Englewcod Cliffs, N.J.
Reprinted with permission.
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Fart 12: Valence Numbers
Hadicals
The Kinetic Theory
Diffusion
The program was the researcher?s initial effort in the pre.
paration of such material., Much use was made of what the researcher
defines as Yeopying framesV==frames in which a delinition wes present=
ed, Tollowed by an exswple, snd concluding with the studentfs use of
the defined term as his response. OSusan Meyer lMarkle feels that
"ecopying frames¥ should never be used. However, she defines & copy=-

ing frame as a

ssoirame in which the student is asked to copy a word or sst
of words that he could perfectly well produce without a model,+

It is questionable whether the students could have produced the scisne
£ific terms intreduced in ths program without first having besn present.
ed the model. As z2n introductory unit to thes field of chemistry, the
program emphasized new terms and their definitions,

The Dolch Test was used to compars the readability of the pro-
gram and the textbook. The long sentence grads 4ifficuliy in both cases
was Grade 4., The percent of hard words, words nol appearing in the
First Thousand Words for Children's Réa.dingzs was 32 percent in the
case of the program and 30 perceni in the case of the textbook. Thess

are comparable figures,

1Susan.Meyer Markle, Good Frames and Bad: A Grammar of Frame
Writing, (New York: John Wiley and Sons, Inc., 1964), p. 192,

%E. W, Dolch, Problems in Readi:

gblel g, (Champaign, T1l.: The
Garrard Press, Publishers, 1954}
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Yo sttempt was made in this study o analyze the students!t
responss sheets to determine the strengths and wesknesses of the
programed material. |

The program, as used in the study, appears in Appendix D.
In its final form, the program consisted of 619 fremes calling for

835 responses,




CEAPTER IV

TREATMENT OF DATA

The findings of the study will be presented in the fellowing

seven parhts:

1.
2,
3o
b,
50
6.
7e

Zero=Order Corrsiations

Zero=Urder Correlations

Regression Eguations

Homogeneity of Variances

Analysis of Veriance

Analysis of Covariance

Student Reaction to Programed Material

Teacher Data

Table 10 presents the zerc=crdsr correlations between the pre-

dictor variables and the post tests, the gain scores, and the course

grades, For an N of 3547, a correlation coefficient of L,088 is signi-

ficant at the .05 level of confidence and a correlation coefficient of

#1415 is significant at the .01 level of eonfidence,l A1l of the corre=

lation coefficients in Table 10 are significant at the .0l level of

confidence with the exception of the correlation between the Application

Pre«Test Scores and the Application Gain Scores.

1Henry E. Garreli,

Statisties in Psychology end Education, p. 201.

s i
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TAELE 10

ZERO=CRDER CORREIATIONS BETWEEN THE PREDICTOR VARIABLES AND THE
- POST TESTS, THE GAIN 3CORES, AWD THE COURSE GRADES

Q SR c 1Q R1 AL T1

Recall
Post Test 613 2 5597 o 748 9550 o577 2529 622
Application '

Post Test 072 LHh6 . 764 H01 L 567 « SHO 2522

Total
Post Test 673 652 +793 503 L5600 « 560 652

Recall
Gain Score 456 L0 , 552 02 2128 25 QD 9 ¢

Application
Gain Score 472 433 W53 M7 XK 031 X

Total
Gain Score . 519 1188 507 W73 o252 ,185 o 2iHY

Course

Grade 089 661 2786 625  .5B6 2550 638
Q = ITED Quantitative Standard Score
SR = ITED Sclence Reading Standard Score
C = ITED Composite Standard Score
I3 = CTMM Intelligence Quotient

Rl = Pre.Test, Recall
Al = Pre-Test, Application
Tl = Pre~Test, Total

The best single predictor of achievement, as measured by the
post test scores or the gain scores, was the ITED Composite Score. It
waa also the best single predictor of achievement, as measured by the
course grade, The second best singls predictor of achievement, as
measured by the gain scores, was the ITED Quantitative Score.

The hypotheses of no significant correlation betwesn the pre=
dictor varisbles and the Recall Gain Score, the Application Gain Score,
and the Total Gain Score must be rejected, In sach case, the correla=
tion was significant. The‘significant gorrelation between intelligence,

as measured by the CTMM, and achievement, a3 measured by the three gain
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scores, corroborates the findings of seven of the studies cited in
Table 5 of Chapter Two. The findings also corroborates the finding
of Feldhusen and Eigen, namely thet a student'!s general achievement
level is & beltier predictor of success using programed material than
is the students score on an intelligence test.,

The zero-order correlations between the predictor variables
and the three gain scores for each treatment group are found in
Table 11, As can be noted, the correlations between the ITED scores
{Guantitative, Science Rsading, and Composite) and the gain scores
were highest for the Introductery Group and lowest for the Review
Group. The correlations between the CTIMM Intelligence Quotients and
the gain Scores were highest for the Imtroductory Group and lowest for
the Conventionsl Group, Correlations between the Recall FPre-Test
scores and the gain scores were highest in the Conventional Group and
lowest in the Review Group. This was also true of the correlations
between the Application Pre.Test and Recall Gain scorss and between
the Total Pre-Test and Recall Gain scores,

Each coefficient of correlation, r. was converted into Fisherts
z function, The standerd error of the difference between two 2's wes

determined using the formula,

1 1
5 = — + ===
ED \[Nl'j NzaB

in which N, and Ny are the sizes of the two samples, Division of the

actual difference between two z's by the SED resulied in a2 CR {critical
ratio) which was compared to 1,96 and 2,58. The former is the CR which
is significant at the .05 level of confidence, while the latler is sig.

nificant at the .01 level of confidence.
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TABLE 11

ZERC=-ORDER CCORAEIATYONS BETWEEN THE PREDICTCH VARIABIES ANWD
THE GAIN SCORES FCR FACH TREATMENT GROUP

Hecall Lpplication Total
Gain Score Gain Score Gain Score
TTED QUANTITATIVE |
Convenblongl.scscsesses &!'3‘50 o“’l';’l 1503
Introductorysesessccsse 05?L!‘ w0k 1562 * 028 *
RevVieWoosesccnonnnensse 0308 2 392 93924’
ITED SCIENCE READING
Conventiongle.cscssscss L5 07 LH83
Inkroductoryesecocscsse 500 520 561
RevieWssooncseesasnnsos 9362 + 370 _n‘!";'ll
ITED COMPOSITE -
Conventiam:l-o CEODEOBED D GE?Z 35‘21‘;’ *615
Introductoryecvcsvocoss H15 * 600 LB68 *®
Reviewoqsqcetoeoeeoeeoo ez'l'36 315'68 < 508
CTHM INTELLIGENCE
Conventioﬁaln PEQORDHET BT 11309 u352 63?"4 :
Introductoryecoccssnees o 522 * # e 539 # @583 ¥ #
Re’V’i@W,.oonnoeio&aa!ono a%g .ll’lib 01}29
RECALYL PRE-TEST
Conventiongl,.ccesnscone e165 XXX «303
RevioWenpesepsoossnssse 0014’&1'15 Xxlg{ '159
APPLICATION PRE-TEST
Conventionalesovsossess Xy wo00% ns «220
Introductor¥oeecesaseas h3 44 «121 ns ,26“—
RevieW,ocupeunsscenncss X ‘_1026 ns 90?6 ns
TOTAL PRE-TEST ,
conventional.sesceesess 3318 * 9216 GBOLL
In‘hroductory”..uwme mBGO 0259 0306
Reﬂew,a&,.....o“g““ 0121 ns ﬂlOLI- ns . _1126_]2_5{_
Conventional Groupssess N = 176
Introductory Growpe..se N = 186
Review Groupuu“n-u N = 185

* Significantly higher than that of the Review Group at the 05 level
of confidence.

#% Sienificantly higher than that of the Review Group at ths .01 level
of confidence,

# Signifieantly higher than that of the Conventiomal Group at the .05
level of confidence.

ns Not significant
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The correlations for the Introductory Group that were signifi-
cartly higher than those for the Heview Group included those between:

1. The Recall Gain Score and the ITED Quantitative Score.

2, The Application Gain Score and the ITED Quantitative Score.

3« The Total Gain Score and the ITED Quantitative Score,

&, The Recall Gain Scors and ths ITED Composite Score.

fe The Total Gain Score and the ITED Composite Score.

6, The Recell Gain Score and the CTMM Intelligence (uobtient,

?; The Total Gain Score and the CTMM Intelligence Quotient.

The correlations for the Introductory Group that were signifi-
cantly higher those for the Conventiomal Group included those between:

1. The Recall Cain Score and the CTMM Intelligence Quotient,

2, The Application Gain Score and the CTMM Intelligence Quotient,

3. The Total Gain Score and the CTHM Intelligence Juotient.

The sero-order correlations belween the thrze gain scores and
the ITED Quantitative Score, the ITED Science Reading Score, the ITED
Composite Score, and the CIMM Intelligence Quotient were significant at
the .01 levsel of confidence for all itreatment groups. The correlation
between the Recall Gain Score and the Recall Pre-Test Score was signifi-
cant at the ,05 level of confidence for the Conventional Group and the
Intreductory Grovp. It was not significant for the Review Group. The
correlation betwsen the Application Gain Score and the Application Prew
Test Score was nob significant for any of the treatment groups. The
correlation between the Tobtal Gain Score and the Total Pre-Test Score
was significant at the .01 level of confidence for the Conventional

Group and the Introductory Group. It was not significant for the




Review Group.

In sumary, the ITED and CTMM scores were better predictors of
achievement, as measurad by the three gein scores, for the Introductory
Group then they were for the other two groups. The Pre=Test scores were

the poorest single predicior of achlevement.

Multiple Regression Ceefficients

The correlation coefficients of the indepsendent or predictor
variables were used to predict or estimste a score for each of the depen-
dent variables, the gain scores. With k variables, the multiple regression
equation in rawescore form is

Y = ByXy + Bolp + e * By + A
in which Y! represents the predicted or estimated gain score, B represents
the partisl regression coefficient, X represents the score on a predictor
varisble, and A is & constant, The constant, A, is given by

A=Y = ByXy = Bpllp = eeo = B

The contribution of the various predictor wariablss to a multiple
correlation and coefficient of determination with the Recall Gain Secore
is shown in Table 12,

R® is known as the coefficient of determination, It ropresents
the proportion of the variance of the Recall Gain Scors which is account-
sd for by the respective predictor variables, For example, 38.1 percent
of the wvariance of the Reé&ll Gain Scores was accounted for by three
verisbles, the ITED Composite Score, the Recall Pre-Test Score, and the
TTED Science Reading Score, The addition of predictor variable #4, the

CTMM Intelligence, and predictor varizble #5, the ITED Quantitstive.Score,
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TABLE 12

CONTRIBUTION OF THE PREDICTCR VARIABIES TO A MULTIPLE CORREIATION
AND COEFFICIENT CF DETERMINATION WITH THE RECALL GATN SCCRE

Coefficient of Coafficient of

Predictors Correlation (R) Determination (R%)
R: 1234 5 | 618 .382
R:e 1234 518 382
R: 123 617 381
R: 12 201k . e 377
R: 1 . 552 «305

Recall Gain Scors

ITED Composite Standard Score
Recall Pre«Test Score

ITED Science Reading Standard Score
CTMM Intelligence Quotient

ITED Quantitative Ztandard Score

i B T
BB oo n

increased the percentage of the variance accounted for te only 38.2
percent,

The ITED Composite Score accounted for 30.5 percent of the vari-
ance of the Reeall Gain Scores. The Recall Pre-Test Score accounted for
(37,7 = 30.5) or 7.2 percent of the variance end the TITED Seience Read=
ing Score for {38.1 - 37.7) or 0.4 percent. The CTMM Intelligence Quo=
tient accounied for but 0.1 percemt of the variance,

Though it seemed cbvious that the ITED Quantitative Score and
the CTMM Intelligsnce Quotient should not be included in the multiple
regression eguation, the ressarcher was not as positive about the ITED
Seience Reading Score., The inclusion of additional variables in the
multiple regression eguation always tends to reduce the error of esti-

mate somewhat and leads to an incrsase in R However, this increase in
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R may not be statistically significant. To determine whether the in-

crease in R possessed statistical significance, the following test wes

mads
(%) = 885) [ (my = mp)

(1 = B2/ - my = 1)

F o=

in which

the multiple based on my independent variables

Ry = the multiple based on mp independent variables selected
from among the my variables

the tobtal number of cases

=
il

The resulis of the test eppear in Table 13,
TABIE 13

A TEST OF THE SIGNIFICANCE OF THE DIFFERENCE BEIWEEN
THE MULTIPLE CORREIATION CORFFICIENTS

stz

. 2 2 2
Fredictors " R 7 = R 2 H o W = 1 I

5 « 382 000 547 0,000
« 382 « GOL 542 0,877
<381 L 004 543 3.519
« 377 .072 Shly 62,610 **
+305

#% Significant at the 01 level of confidence

4
4

g ol il vl o4
N
ISR SRR
LWL LW % ]

e

Thus, the contribution of the ITED Science Reading Score was not signie
ficant. And the best combination of predictor variables for use in the
multiple regression seguation consists of but two of these variables,
namely, the ITED Composite Score and the Recall Pre=Test Score.

The over-all regression equation, based on all of the data and
disregarding the treatment subgroups, Was

T = 76 Xy = « 58 Xy + 4,02

in which, Y% = Predicted or Estimsted Recall Gain Scors
Xy = ITED Composite Standard Score

X» = Recall Pre=Test Score



The contribution of the various predictor variables to a multi-
ple correlation anﬁ cosfficient of determination for the Application Gain
Scores is shown in Table 14,

TABLE 14

CONTRIBUTION OF THE PREDICTCR VARIABLIES TO & MULTIFLE CORREIATION
AND COEFFICIENT OF DETERMINATION WITH THE APPLICATION GAIN SCORE

Coefficient of Cosfficient of
Predictors Correlation (R) Determination (R®)
A: 1 2 3 4 3 553 26
A: 1l 2 3 &4 652 ‘ 25
A1 2 3 »650 S22
A: 1 Z LOU7 S8
Ar 1 o 534 285

Application Gain Score

TTED Composite Standard Score
Application Pre~Test Score

CTMM Intelligence Quotient

ITED Quantitative Standard Scors
ITED Science Reading Standard Score

W LD N
®OHOH OB BN

The ITED Composite Score accounted for 28,5 percent of the vari-
ance in the Application Gain Scores., The Application Pre-Test accounted
for (41,8 - 28.5) or 13.3 percent of the varisnce, the CIMM Intelligence
Quotient for 0.4 percent, and the ITED Quantitative Score for 0.3 percent.

To determine whether the incrsases in R possessed statisticsl
significance, the increases were tested using the F ratio shown on page
55, The results appear in Table 15,

The F test indicated that two predictor variables, the ITED
Composite Score snd the Application Pre=Test Score, should be included
in the miltiple regression equation based on all of the dats., Thus, for

all practical purpcses, 2 combination of these two variables was as good
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TABLE 15

A TEST OF THE SIGNIFICANCE OF THE DIFFERENCE BETWEREK THE MULTIPIE
CORREIATION CORFFICIENTS FOR THE APPLICATION GAIN SCCRE

Predictors R R%y =R%,  Noaem -1 ¥
A1 2 3 4 5 26 L001 541 0,543
Arl 2 3 & 25 .003 52 2,830
Al 2 3 122 .00k 543 3,775
A1 2 418 <133 sy 124,299 **
As 1 +285

#% Significant at the .01 level of confidence

as a combination of all of the predictor variables. The multiple re-
gression eguation for the Application Gein Scores was
Tt = 083 Xl bl a?Li' Kz + 3@5?1

in which, Y' = Predicted or Bstimated Application Gain Score
Xy = ITED Composite Standard Score
Xo = Application Pre-Test Score

Homogeneity of Variances

One of the assumpiions underlying the analysis of covariance
is that the withinecell variations of both the covariatss {the predic=
tor variables) and criterion {the gain scores; are homogeneous, If
they are homogensous, the corresponding sources of veriation may be
pooled, One such test of the homogeneity of variance is the Hartley
T-max test in which the ratic of the largest of the cell wvariances to
the smallest of such variances is determined, However, because ithe r8e
sults are diffiocult to interpret when the number of cbservations within
cells varies greatly, as they do in this study, the researcher chose

to use the Bartlett test. The Bartlett test utilizes the formula,

B= 2° 826 {n(loglo Eniszi o 10g10 n) L] Znilogloszi}
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in which

1 - 1
Czliﬁﬁl&){zﬁi n}

and n = cbservations within each subgroup

s4 = variance within each subgroup
The statistic B has 2 chi-square distribution with k-1 or 14
degrees of freedom, The results of the Bartlett Test, Table 16, show
TABIE 16

BARTIETT TEST OF HOMOGENEITY OF VARTANCES

Variabls B

ITED Quentitative 24 48 *
ITED Secience Reading 22,73
ITED Composite 19,78
CTMM Intelligence 20,06
Hecall Pre-Test 29,58 %%
Application Pre=lTest 55,00 *#
Total Pre-last B7.52 &%
Recall Gain Score 16,14
Application Gain Score 17.48
Total Gain Score 2224

* Significant at the .05 level of confidence
% Significant at the 01 level of confidence

that the hypothesis of homogeneity of varisnce musi be rejected for

the ITED Quantitative Score and the Pre-Test Scores. In the case of

the ITED Quantitative Score, this result was unexpected since this
scors was given little weight in the assignment of students to the
varicus class ssctions., Elimination of one subgroup, the Intreductory
Group of Teacher C, reduces the resuit to none-significance. This would
indicate that fourteen of the subgroups were homogensous with regard
to the ITED Quantitetive Score.

The hetercgeneity of variance in the Pre~Test Scores was nol

as wnexpected since intact classroom units were used in the study.



instruction in Physical Science at the time the Fre-Tests were adminise

tered.

Ly, prior to the study, there is no doubt that some of it had been coversd

ineidentelly,

Of interest is the fact that the heterogeneity of variance of the

Pre=Tast Scores disappeared in the Post-Test Scores,
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In addition, the students had received approximately one semester of

decreaased following instructiion.

rsis_of Variance=-Recall Gain Scores

Though the subject matier of the unit had not been covered direct-

Thus, the variance

The summary of the within=cell information reguired for the

analysis of variance of the Recall Gain Scores is shown in Table 17.

TABLE 17

THE NUMBER OF OBSERVATIONS, THE SUM OF THE RECALL GAIN SCCRES,
THE SU¥ OF THE RECALL GATIN SCORES SQUARED FOR EACH SUBGROUP

Conventional TIntroductory Review Total
Group Group Group

ns 3 52 21 52 125

Teacher & ZX 513 176 560 1,249
X2 6.035 2,010 7,378 15,423

n4 § 28 b2 17 a7

Tescher B XX 282 367 174 823
zx? 3,572 4,072 2,136 9,779

Teacher C 223 691 524 1,438
£y2 2 42 10,351 7 368 20,170

14 5 40 81 21 112

Teacher D  IX zih 5483 205 902
X< 1,626 6,189 2,347 10,162

n4 4 29 20 50 99

Teacher E XX 318 244 657 1,319
X% 6,516 3,412 9,531 19,459

n4 4 176 186 185 57

Total =X 1,650 1,961 2,120 5,731
X% 20,170 26,033 28,790 74,993

o0 H

number of cbservation
sum of the Recall Gain Scores
sum of the Recall Gain Scores sguared
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Since the number of obsorvations in sach subgroup, or cell,
varied, an unwelghted-means analysis ws made, The data in the cells
of Part 1 of Table 18 are the means of the respsctive nj 5 observations
in the cells, The computational symbols in Part 2, Tabls 18, are based
upon these means and the row and column totals of these means. In de-
fining the computational symbols in Part 2, sach of the cell means is
considerad as if it were a single observation., Computational formulas
for the main effects and for interaction are given in Part 3,
TABIE 18

CELL MEANS, COMPUTATIONAL SYMBOLS, AND COMPUTATICORAL FORMULAS
USED IN THE ANAILYSTS OF THE RECAIL GAIN SCCRES

Conventional Introdustory Review
Group Group Group Total
Teacher A 9,86 - 8,38 10,77 29,01
Teacher B 10,07 8.62 10,25 28.93
{1) Teacher ¢ 8.26 13.29 11,64 33,19
Teacher D 5,35 Q.l7 9.76 24,58
Teacher & R 12,20 13,34 39.75
Total 47,95 51,96 554,55 155,46
(1) %/pq = (155.46)%/15 = 1611.19
(2) =P = ) = 74,993 |
@) (3) (A2)/g = (29.00% + .0 + 39.75%) /3 = 165478 |
() (ZB2.)p = (47.95% + SL.96% + 55.55%)f5 = 1616.97 |
(5) Z@EBi° = 9.86% + .on + 13,142 = 1687.05 i
SSA = gh (3) = (1) = 31829 16515’0?8 - 1611:19 = 1363093 .
(3) sSp=m (&) - (1) = 3L.29 1616,97 - 161119 = 180,86
SSyg =1, (5) - (3) - (&) + (1) = 828,87

The synbel, ;ﬁ’ represents the harmonic mean of the number of

observations pesr cell and it is computed using the formuls,
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sidered to have Eﬁ or 31,29 observations. The harmonlec mean is ussed
rather than the arithmetic mean because the standard srror of a mean is
proportional to 1/nij rather than to Ny 4e
The variation within each cell was found using the formula,
2
(X4 4)
T2 el

nij
The pocled within-cell variation is

SSW = EESSij

The analysis of variance of ths Recall Gain Scores is summarized
in Table 19,
TABLE 19

ANATYSTS OF VARIANCE OF THE RECALL GAIN SCCRES

Source of variation 38 af Mo i
& (teacher) 1,393.93 & 38,48 15,30 **
B (method) 180,86 2 90,43 3.97 *
AB {interaction) 828,87 8 103.61 b, 55 w%
Within call 12311?@32 532 22&?8

* Significant at the .05 level of confidence
*# Significant at the 0L level of confidence

The results of the andlysis of variance indicate a significant
interaction. They also indicate 2 sipnificant effect due to the method
and to ths tascher, However, since the interaction was significant,
this would be the primary concern of any further analysis, This sig-
nificant interaction was not explored further in the study since the
researcherts main concern lay in the analysis of coverisnce rather than

the amaliysis of variance, The latter is shown for comparative purposes,



Apalysis of Variancew-fpplication Gain Scores
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The summary of the within-cell information regquired for the

anelysis of the Application Gain Scores is shown in Table 20,

TABLE 20

THE NUMBER OF OBSERVATIONS, THE S5UM OF THE APPLICATION GATN SCCRES,
THE SUM OF THE APPLICATION GAIN SCCRES SQUARED FCOR EACH SUBGROUP
Comventionel Introducstory Review Total
Group Group Group
Teacher 4 2L 613 172 666 1,451
P 8,199 1,868 10,058 20,125
n; 3 28 Lz 17 87
Teacher B IX 365 405 179 949
X2 5,677 5,243 2,155 13,375
‘5 27 52 s 124
Teacher C g% _ 229 677 5273 1429
e 2,911 10,511 74257 20,679
7 4 40 51 21 112
Teacher D XX 352 563 265 1,220
X2 b, 542 7,907 3,853 16,302
ng 3 29 20 50 Q9
Teacher B X 366 190 583 1,139
2 5,292 2,062 7,805 15,199
ns 4 176 186 185 547
Total 2L 1,965 2,007 2,216 6,188
£xe 26,621 27,591 31,468 85,680
hjj = number of cbservations
X7 = sum of the Application Gain Scores
SX2 = sum of the Application Gain Scores squared
As in the case of the Recall Gain Scores, since the number of obe

servations in each cell varied, the analysis of variance was based on the

mweighted

means, The date in the cells of Table 21 are the means of

the respective nj 5 observations in the cells., The totals represent the

sums of the rows or columns of the subgroup mesns,
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TABIE 21

CELL MEANS OF THE AFPPLICATION GAIN SCCRES

Comventional Introductory Review Total
Group Group Group

Teacher & 11.79 8,19 12,81 32,79
Teacher B 13,08 G, 6l 10,53 33.21
Teacher C 8.8 13,02 11,62 33.12
Teacher D 2,80 11,04 12,62 33,46
Teacher E 1z.62 3,50 11,66 33.78
Total 55.73 51,39 59,24 166,36

Using the computationsl sywbols of Part 2, Table 18, and the
computational formmlaes of Part 3, Table 18, the variance of the Applie

cation Gain Scores was analyzed. Ths results appear in Table 22,

TARLE 22

ANALYSIS OF VARIANCE OF THE AFPLTICATION GATN SCORES

Source of variation 33 af M3 ¥
A {teacher) 5.95 L 1,49 0,05
B (method) 163,69 2 56,84 3,55 **
AR {(interaction) 1,026,904 3 128,37 4,71 ok
Within cell 14,509,485 532 27 .27

#* Significant at the .05 level of confidence
#% Significant at the 0Ll level of confidence

The analysis of variance of the Application Gain Scores shows a
significant interaction. It also indicates that the treatment {(method)

effect was significant, but the teacher effect was not.

Analvsis of Variance--Total Gain Scores

The summary of the withinecell information required for the
analysis of the Total Gain Scores is shown in Table 23, Immediately
following is Table 24 which gives the means of the respecitive nj 3 Obe

servetions of each cell,
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TABLE 23

THE NUMBER OF OBSERVATIONS, THE SUM OF THE TCIAL GATN SCCRES,
THE SUM OF THE TOTAL GAIN SCORES SQUARED FOR EACH SUBGROUP

Conventional Introductory Review
Group Group Group Total
n4 5 52 21 52 125
Teacher & IX 1,126 348 1,226 2,700
X2 27,166 7,350 33, 710 68,260
Yis 3 ' 42 17 87
Teacher B EX 772 353 1,772
X2 17,862 8,859 4i bo2
Ny 5 52 s 124
Teacher ¢ ZX g2 1,368 1,047 2,867
PG 10,196 540,958 28,021 79,575
ns 4 50 51 21 112
Teacher D IX 606 1,046 lilrdd 2,122
X2 10,768 26,816 12,180 49,76k
ns 5 29 20 50 99
Teacher E X 780 34 1,250 2,458
X2 22,940 10,374 33,638 66,956
Ny = 176 186 185 sh7
Total Y 3,615 3,968 1,336 11,919
X2 88,845 103,364 116,833 309,047
TABLE 24
CELL MEANS OF THE TOTAL GATN SCORES
Conventional Intreductory Review
Group Group Group Total
Teachsr A 21,65 16,57 23,58 61,80
Teacher B 23,11 18,38 20,76 62,25
Teacher C 16,74 26,31 23,27 66,32
Teacher D 15,15 20,51 22,38 58,08
Teacher B 27,03 21,70 20,80 73,53
103.68 103,47 114,79 321,94

Using the computational symbols of Part 2, Table 18, and the
computational formulas of Part 3, Table 18, the wariance of the Total

Gain Scores was analyzed. The results appear in Table 25,
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TABIE 25

ANATYSIS OF VARIANCE OF THE TOTAL GATN SCCRES

Source of variation 35 df M F
& {teacher) 1,448,956 L) 362 .24 L 4RO *
B (method} 524,43 2 262,22 F2H3 *
AB (interaction) 3,470,738 8 133,80 5,365 #*
Within cell 43,016 32 80,86

* Significant at the .05 levsel of confidence
®% Significant st the .01 level of confidence

The amalysis of variance of the Total Gain Scores indicates that
there was & sipgnificant interaction, significant at the 01 level of cone
fidence, The variation due to teacher and to method of instruction was

significant at the ,0% level of confidence,

Anal

vsis of Covariance

In the analysis of covariance, the residusl variation akboul an
over=all regression line is partitioned. The over=all regression line
is fitted to the entire sel of data disregarding the tresiment classes.
A11 of the inaividuallstudsnt gain scores ecould be adjusted using the
multiple regression eguations clilted previously. The difference between
these Ypredicted gain scores" and the zctual gain scores is referred to
as the residual. The residuel varistion is partitioned in the analysis
of covariance just as the totel eriterion variation is partitionsd in
the samalysis of variance,

The procedurs of finding each siudent's predicted gain score
and subtracting it from his actual gain score could be guite tedious

in view of the rumber of studemis invoived., Therefore, the computaiional
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formulas set forth by B. J. Winer were usad.l These formulas appesr in
Table 26,
TABLE 26

COMPUTATICHAL FORMULIAS FOR THE ANALYSIS OF COVARTANCE

e

() = w8, fra (W) =i /ea (12) = 2, /m

(2x) = ox? (2y) = zv? (22) = £7°

(32) = ma(B2) () = ma(@P)  (38) = mh?y)

(hx) = 2p(sB2)  (by) = mp(B%y) (M) = mpp(5B%,)
(5%) = mp(FB%,)  (57) = my(E;BY)  (5e) = my(BF7,)

(L e e e
(Qxy) = mGG,/oa  (xm) = mG,G,/pa  (Iye) = mGG,/pq

(2xy) = ZXY (2x2) = IXZ (2yz) = Z¥Z

(Owy) = mya @A) (Gxe) = myq(TRK,)  (Byz) = mpa(K,)
(bxy) = fghp(z'ﬁxﬁy) (4xz) = mp(ZBgB,) (Myz) = ghp(@z)
(5x7) = oy (ZABAB,) (5xz) = ny(ThBAB,) (5yz) = n, (BABAE,)

Ayy = (3x) = {Ix) Ayy = (3y) = (by) 4,, = (32) - (1z) !
B = (Ux) = {1x)  Byy = (%) = (Iy) By, = (%) ~ (Az)

AR, = (5%) = {(3x) AB__ = (5y) = (3¥) AB,, = (52) = (3z)
i i B A A B A T B8

\
Sxx = (2%) = G5/ 8,0 = (2y) - Gzyfﬂ S,y = (28) = GZ /N

#

EJQE - E(nijszijx) Eyy = E(nijszijy) EZZ = Z(nﬁ__jszijz)
Aye = (3xy) = (Ixy) Ay = (3xz) = (Ixs) Agy = (Byz) = (lys)
Bry = (4xy) = (L) By, = (4xz) = (1xe) By, = (4yz) - (lyz)

MBoy = (557) - (3xy) AByy = (552) - (3x8) AB. = (572) - (323)
AR A Gt Bl ik G v R CI 7 Gl 4

Sy = ZXY = (WXEDM S, = WL - (TEZ)/W 8y, = I¥7 - (2X22) /8
Eyy = Z(Hij - mijmijfnj_j) by = ﬂ(xzij - EXijzzijjn‘ij)

gy = E(Yzij - "zijzzijjnij}

(2)

1, J. Winer, Statistical Principles in Experimental Desien,
PPe 599 = 605,
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TABLE 26=«{ontirmed

Pooled withineclass regression coefficients:

. = EZZEK;V = EmEYz - ExxEyz - EJ@EW
Byax = ) byeg = )
Bz = By Foaz = By
Total group regression ceefficients:
by o = Szzsgq‘ = szsygm by = Smﬁyz - S:ULSEW
X 2 ezl = 2
Smt.szz“smc S}Gfgzz“sm

Treatment regression ceefficients:

(B+E),, B+ -E)xy = (B + E)gy(B + Ely,

Y BB e B - (B4 B

by a5 = (B + E) B+ E)yy = (B + E)%EB + By
(B + B)yp(B & E)yy = (B+ B

(3)

Level regression coefficients:

Replace (B + E) by (& + E) in sbovs coefficients,

Interaction regression coefficients:

Replace (B + E) by (AB + E} in Trestment Regression Coefficients

Adjusted within sum of the squares

Elyy = Byy = Byox Bay = ByocPyy

Adjusted sum of the squares for treatments:
B*.y,,y = (B + E)YY - by*xB(B + E)W - byezB(B + E}yz = Bloy

(4) Adjusted sum of the sguares for levels:

Replace {B + E)} by (A + E} in the equation for the sum of the
squares for treatments

Adjusted sum of the squares for interaction:

Replace (B + &) by (AB + E) in the squation for the sum of
the squares for treatments




68

The symbol ;;h wes discussed on page 60, Other symbols that

appear in Table 26 and clarification of these symbols follows:

1. G = the sum of the subgroup means,

2, 1p = the number of levels, 5.

3. g = the nwubér of treatments, 3.

b, E = the mean of the subgroup mesns of & given level,

5, B = the mean of the subgroup means of a given treatment,

6,

=

E = a subgroup mean,
7. G = the sum of the score,
8, N = the total mumber of observations, 547.

& summary table of the data needed for the anelysis of covariancs
of the Recall Gain Scores was constructed using Table 26, Parts 1 and 2,
as the guide, This summary data appesrs in Table 27, Ths x refers to
the ITED Composite Score, the y to the Reeall Galn Score, and the g to
the REecall Pre-Test Score.

Part 2 of Table 27 indicates the sources of the variation, & re=
presenting the levels or teachers; B, the treatments or methods; AB, the
interaction between teacher and method; E, the error or withinecell; and
S, the total variation.

In actuality, esach cell has its own regression coefficients based
on the date within the eell, IF i:.he regressiqn goafficients within each
of the cells are homogeneous, then withinecell information from all of
the cells mey be pooled teo provide a single sstimate of the regression
coefficients, To determine if the regression coefficients within each
of the cells wers homogeneouns, the pooled within-class regression cow

efficients were found using the formmlas Tound in Table 26, Fart 3,
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TABLE 27

SUMMARY DATA FOR THE RECALL GAIN SCORES

(1x) = 102,988.37 (ly) = 50,568.34 (1z) = 32,801.51

(2x) = 138,029,00 (2y) = 74,993.00 (22) = 44,790,00

(3x) = 103,040.93 (3y) = 50,739.81 (3z) = 32,801.82

(4x) = 104,208.33 (4y) = 51,900,00 (42) = 32,921,03

(1) (5x) = 105s632092 (SY) = 520895062 (55) = 33'177060

(Ixy) = 72,165.89 (1xz) = 58,122,13 (lyz) = 40,727.33

(2xy) = 94,127,00 (2xz) = 75,286,00 (2yz) = 49,926,00

(BXY) = 720260038 (BXZ) = 5891214‘001 (BYZ) = %9728089

(H’XY) = 72,883.97 (un) = 58014'81-96 (’*Yz) = 400958087

(5xy) = 73,822,95 (5x2) = 58,992,28 (5yz) = 41,203.55

Axx = 192230y3 Ayy 1,359.19 AZZ = 124.91

By = 52,16 By,y = 180,72 Bzz = 0.09

ABXX = 1,375.90 AByy = 822,02 ABzz = 255,07

Ex = 12,043,93 Eyy = 12,117,.32 E,, = 4,671,61

) S5 = 14,894,00 Sy.y = 14,948,47 Syp = 5,022,37
(2

AJW = 718,40 sz = 360,14 Ayz = 231,23

BW = 94081 sz = 1056 Byz = 2,19

ABJW = 843,86 Asz = 508,45 AByz = 242,80

Ey = 6,190,85 Epy = 4,423.99 Ey, = 447,87

SJW = 8,141.,05 Syg = 5:302.95 Syz = 1,060,58

The regression coefficients within each cell were also found using the

same formulas, but utilizing only the data within each cell,

The sum of the squares of the residuals about the regression

plane based on the pooled within-cell regression coefficients is given

by the formmula,

Elyy = Eyy = Pyoxfxy = Pyesfys

The sum of the squares of the residuals based on the within-cell re-

gression coefficients (not pooled) was determined using the formula,

Blyy = Eyy = KbyaBy = byagfys)

in which the data within the parentheses varied from cell to cell,
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The error variation based on the pooled within-cell regression

coefficients was 7,841,51; the error variation based on the unpooled
within-cell regression coefficients was 7,377.68. The difference be-
tween these two variations, 463,83, is the variation of the within-cell
regression coefficients about the pooled within-cell regression coeffi-
cients, The larger this value or source of variation, the less reason-
able it is to assume that the within-cell regression coefficients are
equal or homogeneous, A test of the hypothesis that the within-cell re-
gression coefficients are homogeneous was made using the formula,

| S2/(2k - 2)

S1/(N = 3k)

in which S, is the difference between the error variations determined by

the two procedures described, S is the error variation based on the un-
pooled withinwcell regression coefficlients, N is the total number of ob-

servations, and k is the number of cells,

TABLE 28
HOMOGENEITY OF WITHIN~CELL REGRESSION FOR THE RECALL GAIN SCORES

Source of variation : Ss daf MS F
Sa 463,83 28 16,57 1,13
Sl 7+377.68 502 14,70

Table 28 indicates that the F retio was not significant and,
therefore, the hypothesis of homogeneous within-cell regression coeffi-
cients was retained,

Utiliziﬁg the formulas found in Table 26, an analysis of co=

variance of the Recall Gain Scores was made, The analysis is summarized
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in Table 29, The experimental data indicates statistically significant

TABIE 29
ANAIYSIS OF COVARIANCE OF THE RECALL GAIN SCORES

Source of variation SS daf MS F

A (teacher) 991.92 4 247,98 16,76 **
B (method) 79.68 2 39,84 2,69
AB (Interaction) 165,85 8 20,73 1,40
Within cell 7,841,51 530 14,80

** Significant at the ,01 level of confidence

differences between the teacher groups even after an adjustment was made
for the effect of the covariates, There was no significant interaction
and the differences between the treatment or method groups were not sig-
nificant, The analysis of variance of the Recall Gain Scores (Table 19)
showed a significant interaction and a significant difference between
the treatment groups and between the teacher groups, However, when an
adjustment was made for the covariates, the first two significant effects
disappeared, This would indicate that these two significant differences
were due to the effect of the covariates, When the latter effect is re-
moved, the only significant difference remaining was that between the
teacher groups. Regardless of which method of instruction was used, one
teacher was more effective than another,

The adjusted Recall Gain Scores have the form,

f'i = fi - byox(fi -X) - by.,(ii -2)

in which 'Y-'i = the adjusted mean for a teacher group

fi = the unadjusted mean for a teacher group

by-x and by.z = the pooled within-cell regression coefficients

X and Z = the covariates
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Table 30 shows the means for the five teacher groups on the un-

adjusted Recall Gain Score, the ITED Composite Score, the Recall Pre=Test
Score, and the adjusted Recall Gain Score,
TABLE 30

THE ADJUSTED AND UNADJUSTED RECALL GAIN SCORE MEANS, THE ITED COMPOSITE
SCORE MEANS, AND THE RECALL PRE-TEST SCORE MEANS FOR THE TEACHER GROUPS

Umad justed Recall Adjusted
Recall Gain Composite Pre~Test Recall Gain
Teacher A 9,67 13.27 8.11 10,65
Teacher B 9.64 13.10 7.56 10,42
Teacher C 11,06 14,43 8.36 11.35
Teacher D 8.19 15.84 805"" 7055
Teacher E 13.25 17,36 9.13 11,86
by-x = .73 by-z = =60

In comparing two adjusted means, the actual number of observations
upon which the mean is based may be used. To determine which of the differ-
ences between the Adjusted Recall Gain Score means were significant, a "t"
test was applied using the formula,

Y 1 - T >

t =
mwsh, (L L)
nl ns
in which Y'; - Y'; = the difference between two adjusted Recall Gain

Score means
MSt; = the adjusted within-cell mean square, 14,80

ny and ny = the number of observations in the respective
teacher groups

A "M of 1,99 is significant at the ,05 level of confidence and a
ngh of 2,63 is significant at the .01l level. At the .01 level of confi-
dence, the Adjusted Recall Gain Score mean of Teacher D was significantly
lower than the Adjusted Recall Gain Score means of the other four teachers,
At the .05 level of confidence, the Adjusted Recall Gain Score means of

Teachers C and E were significantly higher than those of Teachars B and:D
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significently higher than that of Teacher D,
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and that of Teacher E was significantly higher than the adjusted mean of

The Adjusted Recall Gain Score means of Teachers A and B were

There were no significant

differences between the Adjusted Recall Gain Score means of Teachers C

and E, or between Teachers A and B and C,

Amalysis of Covariance--Application Gain Scores

The same procedure as discussed in the previous section was

followed in the analysis of covariance of the Application Gain Scores,

The summsry data appears in Table 31.

TABLIE 31

SUMMARY DATA FOR THE APPLICATION GAIN SCORES

(1x) = 102,988.37 (1y) = 57,73L.30 (1e) = 19,008,99
(2x) = 138,029,00 (ZY) = 85, 680,00 (22) = 28,780,00
(3x) = 103,040,93 (3y) = 57,737.25 (32) = 19,425.15
(4x) = 104,208,33 (4y) = 57,924.99 (42) = 19,026,20
(1) (5X) = 105'632-92 (5.?) = 58, 92301‘"5 (55) = 19,718,33
(Ixy) = 77,109,38 (1xz) = L4,246,56 (3rye) = 33,127.04
(2xy) = 100,993,00 (2xz) = 58,620,00 (2yz) = 40,191,00
(3xy) = 77,175.40 (3xz) = 44,860,9%4 (3yz) = 33, 165.33
(LPJW) = 77'248-93 (""xz) = M,262.68 (""Yz) = 33,113,70
(5”) = 78,251,46 (533) = 45,417,91 (5yz) = 330’4’35036
An = 1,223,43 Ayy = 5095 Ag, = 416,16
Byx = 52,16 13yy = 193.69 Byy = 17.21
AByy = 1,375.90 AByy = 992,52 AB,, = 275,98
Exx = 12,043,93 Eyy = 14,508,95 E,, = 5:235.67
Sxx = 14,894,00 Syy = 15,677.54 Sgg = 6,051,16
(2)

A:W = 66,02 Ayy = 614,38 Ayz = 38,29
Byy = 139.55 Byg = 16,12 Bygp =  =13.34
ABy, = 936451 ABy, = 540,85 ABy, =  283.37
Exy = 7,039.91 Epp = 4,359.95 Eyy = 172,21
S?W = 8,150,38 Sxz = 5,717.11 Syz = 302,72
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In Table 31, the x refers to the ITED Composite Score, the y
to the Application Gain Score, and the gz to the Application Pre-Test
Score,

The analysis of the homogeneity of within-cell regression,
shown in Table 32, indicates that the hypothesis of homogeneous within.

TABLE 32
HOMOGENEITY OF WITHIN=CELL REGRESSION FOR THE APPLICATION GAIN SCORES

Source of variation SS daf MS F
S, 634,37 28 22,66 1.38
51 8,213,79 502 16,36
Total 8,848,16 530

cell regression coefficients can be retained, As was stated before,
retention of this hypothesis is impbmnt in the analysis of covariance,
The analysis of covariance of the Applioat;ion Gain Scores, shown
in Table 33, resulted in a statistically significant difference between
TABLE 33
ANALIYSIS OF COVARIANCE OF THE APPLICATION GAIN SCORES

Source of variation SS af MS F

A (teacher) 260,93 4 65.23 3,91 **
B (method) 0.38 2 0,19 0.01
AB (interaction) 253,80 8 31,72 1.90
Within cell 8,848,16 530 16.69

** Significant at the .01 level of confidence

teacher groups after adjustment was made for the covariates, There was
no significant interaction and the differences between treatment or

method groups were not significant,
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Table 34 shows the means for the five teacher groups on the un-

adjusted Application Gain Score, the ITED Composite Score, the Applica=-

tion Pre-Test Score, and the adjusted Application Gain Score,

TABLE 34

THE ADJUSTED AND UNADJUSTED APPLICATION GAIN SCORE MEANS,
THE ITED COMPOSITE SCORE MEANS, AND THE APPLICATION
PRE-TEST SCORE MEANS FOR THE TEACHER GROUPS

Unad justed Application Adjusted
Application Gain Composite Pre-Test Application Gain
Teacher A 10,93 13.27 5.78 11,80
Teacher B 11,07 13.10 5.46 11,88
Teacher C 11,04 14,43 6,19 11.23
Teacher D 11.15 15,84 6.23 10,21
Teacher E 11,26 17.36 8.16 10,33
by.x = «82 byes = =465

In applying the "t" test to the differences between the adjusted
Application Gain Score means of the teacher groups, it was found that
the adjusted mean of Teacher D was significantly lower than the means
of the other four teachers, The difference was significant at the .0l
level of confidence, There were no other significant differences at
this level of confidence,

At the .05 level of confidence, the adjusted mean of Teacher D
was significantly lower than that of the other four teachers, The ad-
justed means of Teachers A,:B, and C were significantly higher than that

of Teacher E,

The Analysis of Covariance-~Total Gain Scores
The Recall Gain Score and the Application Gain Score within each

cell were adjusted using the appropriate pooled within-cell regression




76

coefficients, The sum of these two adjusted scores became the Adjusted
Total Gain Score for the cell, An analysis of variance of these adjusted
scores was performed, An analysis of covariance is, in actuality, an
analysis of variance of adjusted scores., The analysis of covariance of

the Total Gain Scores, shown in Table 35, resulted in a statistically

TABLE 35
ANAIYSIS OF COVARIANCE OF THE TOTAL GAIN SCORES

Source of variation SS daf MS F

A (teacher) 1473,76 L 368,44 8,02 *x
B (method) 204,32 2 102,16 2,22
AB (interaction) 49,13 8 6.14 0.13
Within cell 24,340,74 530 45,93

** Significant at the .01 level of confidence

significant difference between teacher groups after the adjustment was
made for the covariates, There was no significant interection and the
difference between treatment or method groups was not significant,

The Adjusted Total Gain Scores for the teacher groups were:

1, Teacher Ceesee22,58

2, Teacher A,,...22,45

3. Teacher B.esss22430

L, Teacher E...e.22,19

5. Teacher D.sessl7.76

Application of the "t" test showed that the Adjusted Total Gain
Score for Teacher D was significantly lower than the Adjusted Total Gain
Scores of the other four teachers, The significance was at the .01 level,

There were no other significant differences,
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Student Reaction to Programed Material
At the conclusion of the unit of instruction, students in the

Introductory and Review Groups were given a short questionnaire to come
plete, The purpose of the questionnaire was to determine whether (1) stu-
dent attitude toward the programed material had changed as the unit pro-
gressed, (2) the student felt that use of the programed material had
helped him to learn more than he would have by reading the textbook, and
(3) the student would like to use programed material again,

The replies to the first part of the questionnaire are summarized
for the two groups in Table 36,

TABLE 36
CHANGE IN STUDENT ATTITUDE TOWARD PROGRAMED MATERIAL

Introductory Review

Question Group Group Total
1. I liked using the programed material
at the begimning of the unit and I L2 L6 88
continued to like it at the end, 22,7% 25,04 23,8%

2, T liked using the programed materisl
at the begimning of the unit, but it

became boring and tiresome toward 77 60 137
the end, 4_1;16% 32L6% 3733_-%

3. I did not like using the progremed
material at the beginning of the
unit and I did not like it at 11 10 21
the end‘ é‘% 5."’% 5.7%

Lk, I did not like using the programed
material at the beginning of the

unit, but T found it more interest- 10 19 29

ing and fun toward the end, S48 10, 3% 7.9%
5« I cannot say that I liked using the

programed material or that I dis- 39 46 85

liked using it. I just used it, 21,14 25,0% 23,04

As an approximation, out of every twenty students, (1) five

liked using the programed material throughout the unit of instruction,
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(2) eight became bored with the material, (3) one did not like using
it at all, (4) one found it more fun toward the end of the unit, and
(5) five were neutral, A greater percentage of students in the Intro-
ductory Group became bored with the programed material than was true of
the Review Group, However, the difference was not significant, A
greater percentage of the Review Group became more interested in the
programed material as the unit progressed than was true of the Intro-
ductory Group, Again, the difference in percentages was not significant.

Combining the responses to Questions 1 and 2 and combining the
responses to Questions 3 and 4, one finds that

1, 64,3 percent of the Introductory Group and 57.6 percent of
the Review Group liked using the programed material at the beginning of
the unit,

2, 11.4 percent of the Introductory Group and 15.8 percent of
the Review Group did not like using the programed material at the begin-
ning of the umit,

3. 24,3 percent of the Introductory Group and 26,6 percent of
the Review Group were neutrel or expressed no opinion as to their feel-
ings toward the programed material at the beginning of the unit,

Combining the responses to Questions 1 and 3 and combining the
responses to Questions 2 and 4, one finds that

1. 28,1 percent of:the Introductory Group and 35.3 percemt of
the Review Group liked using the programed material at the conclusion
of the unit,

2, 47,6 percent of the Introductory Group and 38,0 percent of
the Review Group did not like using the progremed materiasl at the con-

clusion of the unit.,
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Thus, about one~half of the Introductory Group was bored with
or disliked using the progremed material at the conclusion of the unit,
while one=fourth of the group liked using the material, On the other
hand, the students in the Review Group were about equally divided in
their feeling toward the progremed material at the conclusion of the
unit, About one-third of the Review Group liked it, one-third disliked
it, and one~third had no opinion,

Table 37 shows the results on the second part of the student
questionnaire,

TABLE 37
STUDENT COMPARISON OF PROGRAMED LEARNING TO TEXTBOOK LEARNING

Introductory Review Total
Question Group Group

1. I feel that using programed
material helped me to learn

more than I would just read- 113 136 249
ing the textbook, 61,14 73,9% 67, 5%

2, I do not feel that using 'pro-
gramed material helps me to

learn as much as I would learn 26 19 4s
from reading the textbook, 14,39 _10,3% 12,24

3. I feel that I learn as much,
but no more, by using progremed
material as I do by reading 27 67
the textbook, 21,.6% 4,74 18,2%

As Table 37 indicates, about seven students out of every ten
expressed the opinion that the use of the programed material helped them
to learn more than they would have learned using the textbook alone,
Approximately one student out of every tem felt that the programed
material did not help him,

The percentage of the Review Group expressing a favorable

opinion of the value of the programed material was considerably greater
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than was true of the Introductory Group. The difference in percentages
of the two groups on Question 1, Table 37, was significant at the ,01
level of confidence,

On the third part of the questionnaire, students were asked to
express their desire or lack of desire to use programed material again,
As was true of the first two parts of the questionnaire, the Review
Group expressed a more favoreble attitude toward progreamed material
than did the Introductory Group.

1, 41,6 peréent of the Introductory Group and 51,1 percent of
the Review Group said, "I would like to use programed material again,"

2, 22,2 percent of the Introductory Group and 17.4 percent of
the Review Group said, "I would not like to use progremed material again,"

3. 34,1 percent of the Introductory Group and 29,9 percent of
the Review Group said, "I do not care one way or the other whether I use
programed material again,”

In sumary, the reaction of the "typical" student involved in
this study was that though he did find the programed material socmewhat
boring toward the end of the unit, he did feel that the material helped
him to learn more than he would have by use of only the textbook. In
addition, he would like to use progremed material again,

Teacher Data
Five Physical Science instructors were involved in this study.
As one might expect, their experience and training varied, Table 38

tabulates the information collected relating to the teachers,
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TABLE 38
EXPERIENCE AND TRAINING OF THE TEACHERS TAKING PART IN THE STUDY

Teacher
A B c D E
1, Years of teaching experience 5 8 23 by
2, Years teaching in Grend Forks 5 b 19 36 3
3. Years teaching 9th grede science 5 7 12 30 3
4, Semester hours in chemistry 14 8 40 12 12
5. Semester hours in physics 18 19 15 10 16

6, Undergraduate major in physical science No No Yes No No
7. Undergredmate minor in physical science No No No ©No No

Correlations between the gain scores and the data of Table 38 ‘
were determined using the Rank Difference Formula, :

P N 012 B ;

N(N2 - 1) ' }

in which D = the difference in ranks, and |
N = the number of observations, 5. i

Correlations between the Adjusted Gain Scores (Recall, Applica- :g
tion, and Total) and years of teaching experience were negative, but
they were not statistically significant, Correlations between the Ad-
Jjusted Gain Scores and years of teaching in Grand Forks were also nega-
tive but not significant, Correlations between the Adjusted Gain Scores

-and years teaching 9th grade science were negative but not significant,
Correlations between the Adjusted Recall Gain Score and the semester
hours of chemistry was positive but not significant, The same was true '
of the correlation between the Adjusted Total Gain Score and semester ;

hours of chemistry. The correlation between the Adjusted Application

Gain Score and hours of chemistry was negative but not significant, The

correlations between the Adjusted Gain Scores and the semester hours of
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physics were positive and, in the case of the correlation between the
Adjusted Application Gain Score and semester hours of physics, statis-
tically significant at the .05 level of confidence, Finally, the corre-
lation between the teachers' greding prectices and the Adjusted Applica=-
tion Gain Score was a =1,00, which was significant, The most lenient
greder among the teachers had the lowest Adjusted Application Gain Score,
vhereas the least lenient grader had the highest score.

Perhaps the best that can be said is that there appeared to be
no correlation between teacher success, as determined by the Adjusted
Gain Scores, and teacher experience or training,

Teacher A was the only teacher to express a preference for the
use of programed material as review assignments., The other four teachers
preferred using progremed material as initiatory assignments, They were |
unanimous in their opinion that the use of programed material as initia-
tory assignments improved the quality of the class discussion and recita-
tion that followed. This was in comparison to the use of textbook reading
assignments as initiatory activity for the Conventional Group, They were
also manimous in their opinion that the use of the programed material
had resulted in an increased interest and greater success in the course
for a number of the students, There appeared to be some "carry-over'
value for a number of students, This was particularly true for the so-

called "average" student.




CHAPTER V

SUMMARY,, CONCLUSIONS, AND RECOMMENDA TIONS

The Problem

The purpose of this study was to determine which of three methods
of Physical Science instruction was the most effective for five Physical
Science instructors in the Grand Forks Public Schools, The three methods

were (1) conventional instruction, (2) a combination of conventional in-

struction and programed instruction in which the latter was used as initia-

tory assignments, and (3) a combination of conventional instruction and
programed instruction in which the latter was used as review assignments,
The study was also designed to determine whether the methods of instruc=-
tion varied in effectiveness regardless of the teacher and whether the
teachers varied in effectiveness regardless of the method,

In addition, the study was made to determine whether there was a
significant correlation between student achievement, as measured by the
three gain scores, and (1) student intelligence, as measured by the Cali-
fornia Test of Mental Maturity, (2) student achievement in mathematics
and the reading of science, as measured by the Iowa Test of Educational
Development, and (3) the student's general achievement level, as measured

by the Iowa Test of Educational Development,

Method
Twenty-three sections of ninth-grade Physical Science students
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were randomly assigned to one of the three treatment groups. The only
restriction placed upon the assignment of these sections was that each
of the five teachers should have at least one section, but no more than
two sections, in each of the treatment groups,

A criterion test, prepared by the’researcher, was administered
to all students as the pre-test, The criterion test was divided into
two parts, a Recall Test and an Application Test.

The programed material, also prepared by the researcher, was
divided into 12 parts, Students in the Introductory Group used each
part of the progrem as an initiatory assignment followed by any method-
ology of the teacher'!s choosing, Studénts in the Review Group used the
programed material as review assignments, Students in the Conventional
Group did not use the progremed material,

The time spent on the unit of instruction varied from teacher
to teacher with & minimum of 22 class periods and & maximum of 30 class
periods, However, due to extenusating circumstances, time was not cone
sidered as a factor,

At the conclusion of the unit, the criterion test was administer-
ed as the post-test, In addition. students in the Introductory and Review
Groups were asked to complete a short questiohm.ire designed to determine
their reaction toward the programed materisl,

The Kuder-Richardson formula #20 was used to estimate the relia=
bility of the Recall Test, the Application Test, and the Total Test, The
three test scores were also correlated to course grades as a measure of
their validity,

Background information on each student was gathered by the re-

searcher after the unit of instruction was begun, This information
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included the Quantitative Score, the Science Reading Score, and the Com-
posite Score on the Iowa Test of Educational Development, The Intelli-
gence Quotient, as measured by the California Test of Mental Maturity,
was also obtained,

Following the completion of the unit, correlations between the
predictor variables and the three gain scores were determined, Multiple
regression coefficients were found for the Recall Gain Score and the
Application Gain Score, An analysis of variance and an analysis of co=
variance were made of the Recall Gain Scores, the Application Gain Scores,
and the Total Gain Scores, Student response to a questioﬁnaire was also
analyzed and correlations between the Adjusted Gain Scores and teacher

experience and treining were computed.

Findings and Conclusions
The null hypothesis of no significant difference in the effective-

ness of the three instructional methods, as measured by the Adjusted Recall
Gain Score, the Adjusted Application Gain Score, and the Adjusted Total
Gain Score, was retained., The analysis of covariance for each of these
Gain Scores showed that after the adjustment for the covariates had been
made, the three instructional methods did not differ significantly, The
Adjusted Recall Gain Score for the Review Group was the highest, while
that for the Conventional Group was the lowest, The Adjusted Application
Gain Score for the Review Group was the highest, while that for the Intro-
ductory Group was the lowest, Finally, the Adjusted Total Gain Score for
the Review Group was the highest, while that for the Introductory Group
was the lowest, However, the differences were not statistically significant,
The null hypothesis of no significant difference in the effective-

ness of the five teachers, as measured by Adjusted Recall Gain Score, the
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Adjusted Application Gain Score, or the Adjusted Total Gain Score, was
rejected, The analysis of covariance of each of these gain scores showed
that after the adjustment for the covariates had been made, the five
teachers did differ significantly. The Adjusted Recall Gain Score was
the highest for Teacher E, the Adjusted Application Gain Score was the
highest for Teacher B, and the Adjusted Total Gain Score was the highest
for Teacher C,.

The null hypothesis of no significant interaction of the teacher
with the instructional method, as:measured by the Adjusted Recall Gain
Score, the Adjusted Application Gain Score, or the Adjusted Total Gain
Score, was retained, The analysis of covariance of the three adjusted
gain scores showed that no interection was present, In all cases, the
teachers were the most effective with the Review Group,

The hypothesis of no significant correlation between intelligence
and achievement, as measured by the three gain scores, was rejected, In
each of the three treatment groups, the correlation between intelligence
and the gain scores was positive and significant, The correlation was
the highest for the Introductory Group and lowest for the Conventional
Group, As a predictor variable, intelligence reanked fourth for the Re-
call Gain Score, third for the Application Gain Score, and fourth for the
Total Gain Score,

The hypothesis of no significant correlation between ability to
read materials in natural science and achievement, as measured by the
three gain scores, was rejected, In each of the treatment groups, the
correlation between the gain scores and the ITED Science Reading Scores
was positive and significant, The correlation was highest for the Intro=-

ductory Group and lowest for the Review Group, As a predictor variable,




87
the ITED Science Reading Score réanked third for the Recall Gain Score,
fourth for the Application Gain Score, and third for the Total Gain Score,

The hypothesis of no significant correlation between mathematical
ability and achievement, as measured by the three gain scores, was re-
jected, In each of the treatment groups, the correlation between the
gain scores and the ITED Quantitative Scores was positive and significant,
The correlation was t.he highest for the Introductory Group and lowest for
the Review Group, As a predictor variable, the ITED Quantitative Score
renked second for each of the gain scores,

The hypothesis of no si.gnific;nt correlation between general
achievement level and achievement, as measured by the three gain scores,
was rejected, In each of the three treatment groups, the correlation be-
tween the gain scores and the ITED Camposite Scores was positive and sig-
nificant, The correlation was highest for the Introductory Group and
lowest for the Review Group, As a predictor variable, the ITED Composite
Sceore renked first for each of the gain scores,

Student reaction to the programed material was varied, Generally,

the Review Group was more favorable in its attitude toward progremed ma-
terial than was the Introductory Group, It was found that (1) 23,8 per-
cent of the students liked using the programed material, (2) 37.1 percent
liked using it at first, but found it became boring toward the end,
(3) 5.7 percent of the students did not like using the material, (4) 7.9
percent did not like using the material at first, but thought it was more
fun and interesting toward the end, and (5) 23,0 percent of the students
had no feelings toward the progremed material,

It was also found that 67.5 percent of the students felt that use

of the programed material helped them to learn more than they would by
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use of the textbook alone, while 12,2 percent felt that use of only the
textbook was preferable, Finally, 46,3 percent of the students would
like io use progremed material again, 19,8 percent would not like to use
it, and 32,0 percent did not care one way or the other,

There was no significant correlation between the experience and
training of the teachers and their effectiveness, as determined by the
adjusted gain scores, Thé only exception was the correlation between
the Adjusted Application Gain Scores and the semester hours of physics.
It vas significant at the ,05 level of confidence,

Correlations between teaching experience and the adjusted gain
scores tended to be negative but not significant,

The conclusions drawn from this study rmust be restricted to the
ninth-grade students and to the five physical science instructors of the
Grand Forks Public School System, In addition, they must be restricted
to the unit, "Matter, Atoms, and Molecules," of the Physical Science
course, Keeping these réstrictions in mind, the following conclusions
can be made:

1., The effectiveness of instruction is more dependent upon the
teacher than upon a particular methodology,

2, Teachers vary in their effectiveness in teaching for the re-
call of facts andrfor the application of these facts,

3« Although a combination of conventional and programed instruc-
tion was not more effective than conventional instruction alone, students
felt that they learned more when the two types of instruction were
combined,

L, The best single predictor of student achievement is the

general achievement level of the student,
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5. Students like using programed material, but greater variety

in the format of the material is necessary to maintain student interest
over long periods of use,

6, Teacher effectiveness is not dependent upon total teaching
experience, experience in the system, and experience teaching a given
course,

7. Teacher effectiveness does appear to be related to college
treining in the area of instruction.

8, lack of experience in the preparation of programed material
is not a deterrent to the production and effective use of such material,

9, Teachers prefer to use programed material as initiatory
assignments rather than as review assignments,

10, The quality of the classroom discussion and recitation is
improved by the use of progreamed material and there appears to be a
"carry-over" effect into succeeding non-programed units for many of the
students,

11,. Students prefer to use programed material as review assign.
ments, The feeling of achievement or success with progremed material
appears to be enhanced if the student has had contact with the subject
matter prior to using the programed material,

12, The more favoreble a student's attitude is toward programed

material, the greater will be his achievement,

Recommendations
From the review of the data presented in this study and the fore-
going conclusions, the following recommendations are made:

1, The Physical Science instructors of the Grand Forks Public
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School System should give consideration to the preparation of progremed
materials to be used in the Physical Science course, These materials
should be varied in their format and they should be varied in step-size,
A large-step program may prove more challenging to the better students,

2, The instructors should give consideration to the preparation
of programed materials to be used in teaching only those parts of a umit
that cannot be effectively taught by presently aﬁailable techniques, or
aids, The researcher is of the opinion that the progreming of an entire
unit may be wasteful of the teacher!s time, He agrees with Pressey in
that, generally, textbooks are excellently written and have but a few
weak areas of coverage, These weak areas need elaboration and clarifi-.
cation and it is here that programed materials may be effectively used,

3. In future experimental studies, the instructors should give
consideration to the use of student recorders to maintain & log of class
activities, Comparisons of methodologies is more meaningful if accurate
logs are maintained,

4, A further examination of the data of this study should be
made to determine if there is a significant correlation between student
achievement and the social-economic background of the student,

5. A further examination of the data of this study should be
made to determine if there are any significant differences in the
achievement of girls as compared to boys and whether the significance

of the predictor variables differs for the two sexes,
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Student's Name Section Number

School

MATTER, ATOMS, and MOLECULES

Part 1 DIRECTIONS: Write on the line at the right of each statement the
number preceding the word or expression that best completes the statement.

Matter which has a definite volume and a definite shape is in the
(1)gaseocus state; (2)liquid state; (3)solid state; (4)vapor state. 1

Which of the following is an example of a physical change? (1)The
burning of wood; (2)The decaying of a plant; (3)The evaporation of
gasoline; (4)The souring of milk. 2

Which of the following is an example of a chemical change? (1)The
dissolving of sugar in coffee; (2)The grinding of a piece of chalk
into fine powder; (3)The melting of ice; (4)The rusting of iron. 3

The following are qualities er characteristics of a substance.

Which one is a physical property? (1)It burns; (2)It freezes;

(3)It unites with oxygen at high temperature; (4)It will tarnish _
in the presence of sulfur. 4

Of the following characteristics of a substance, which one is a

chemical property? (1)It dissolves in water; (2)It is very hard;

(3)It reacts with acid to form a new substance; (4)Its color is

red . 5

The symbol for chlorine is (1)C; (2)Ch; (3)Cl; (4)Cn. 6
The substance that cannot be further decomposed by chemical means

is (1)iron sulfide; (2)silver; (3)sugar; (4)water. 7
The symbol l& is used in a chemical equation to stand for

(1)electricity; (2)heat; (3)pressure; (4)solubility. 8
The electron of an atom (1)is electrically neutral; (2)is negatively
charged; (3)is positively charged; (4)weighs more than a proton. 9
The atomic number of an element is represented by the number of
(1)electrons in the K shell; (2)electrons in the I shell; (3)neutrons

in the nucleus; (4)protons in the nucleus. 10
Subtracting the atomic number of an atom from its atomic weight gives

the number of (1)electrons; (2)neutrons; (3)protons; (4)shells. 11
The particle that occupies the first shell of the hydrogen atom is

the (1)electron; (2)neutron; (3)nucleus; (4)proton. 12
For a particular element, atoms have a(n) (1)equal number of elec-

trons and neutrons; (2)equal number of protons and electrons;

(3)equal number of protons and neutrons; (4)positive charge. 13

Molecules move most rapidly in (1)crystals; (2)gases; (3)liquids;
(4)solids. 14

According to the Kinetic Theory, an increase in the temperature of a
gas causes the molecules to (1)diffuse at a slower ratej (2)move
faster; (3)move more slowly; (4)stop. 15
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Part 2 DIRECTIONS: Write the correct answers in the spaces provided.

16, When a substance passes directly from the solid state to the gaseous statg
we call this process . !

17. The breaking up of a compound by means of an electric current is called

18. The solubility of a gas in a liquid increases if you lower the temperatupe
or increase the o

19. A solution that contains only a small amount of solute is said to be

20. The smallest particle of an element that can combine chemically with othep
elements is called a(n) .

21. Matter cannot be created or destroyed by ordinary chemical means. This
statement is known as the Law of . ‘

22, When tiny visible particles of one liquid are scattered throughout another,
the result is a(n) .

23, Protons and neutrons weigh about times as much as electrons.
24. The chemical formula for water is .

25. The first scientific atomic theory was proposed in 1803 by

26, The maximum number of electrons that can be present in the K shell of an
atom is .

27. The number of electrons that an atom of an element will give up or accept
during a chemical reaction is called its .

28. A group of atoms that acts like a single atom in a chemical reaction is
called a(n) .

29. The mixing of substances because of molecular motion is called

30. The qualities or characteristics by which you can identify a substance are
Called its .

Part 3 DIRECTIONS: Write on the line at the right of each statement the
number preceding the word or expression that best completes the statement.

31, Suppose a quart of gasoline is vaporized. The vapor is then burned
to form carbon dioxide and water. Which of the following is true?
(1)Both a physical and a chemical change have occurred; (2)Matter has
been destroyed; (3)Only a chemical change has occurred; (4)Only a
physical change has occurred. 31

etpmasanion

32, The number of elements present in sugar (C12H22011) is (1)1; (2)2;
(3)33 (4)45. 32

33. A crystal of salt is added to a salt water solution. No change occurs
in the crystal. The original solution is (1)dilute; (2)saturated;
(3)supersaturated; (4)unsaturated. 33

—n——

34. A true solution is always (1)colorless; (2)odorless; (3)saturateds
(4)uniform. 34

ams—
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A substance that is made up of more than one kind of atom (1)cannot
be a compound; (2)cannot be a crystal; (3)may be a mixture; (4)must

be an element., 35
A compound has the formula, XY3' If X has a valence number of +3,

Y has a valence number of (1) 29; (2) -33 (3) =1; (4) +1. 36
In the equation, Fe + XHCl «=Pp Fe012 + Hz, the number representing

x is (1)1 (2)25 (3)3; (4)4. 37
A chemist found that substance A would dissolve in water faster if

the water was cooled. The best guess is that substance A is (1)a

gasj (2)a liquid; (3)a solid; (4)water. 38
A 10 g. marble has a volume of 5 cc. Its density is (1)2;

(2) 2 cc/g; (3) 2 g/cec; (4) 50 g-cc. \ 39

A

NN 3 \ ]5 T N D -
aa 8 7 az:
$Dr2 (D6 (Dar (4D,

The atom above that has an atomic weight of 9 is (1)A; (2)B; (3)C;

(4)D. A0
The atom above that has a valence number of -1 is (1)A; (2)B; (3)C;
(4)D. 41
The element above that has an atomic number of 9 is (1)A; (?2)B;
(3)c; (4)D. 42
The atom above that will gain ene electron in chemical reactions is
(1)As (2)B; (3)C; (4)D. 43
The element above that can be found in Period 3 of the Periodic
. Table is (1)A; (2)B; (3)C; (4)D. i 44
i 45. The element above that can be found in Group #® of the Periodic
Table is (1)A; (2)B; (3)C; (4)D. 45

Part 4 DIRECTIONS: Write the correct answers in the spaces provided.

: 46, Complete the following chemical equation: 2 MgO0 e=» 2 Mg + .
47, How many atoms of sulfur are in sulfuric acid, H2804?

48, If 5 grams of substance X combine with 8 grams of substance Y to form 13
grams of XY, then 10 grams of substance X will combine with grams of
substance Y.

49. An atom of element X has one electron in its outer shell. Its valence
number is .

50. What is the name of the compound whose formula is ZnQ? .

51« The valence number of silver is +1; the valence number of sulfur is -2,
The chemical formula for silver sulfide is .

52. The valence number of calcium is +2; the valence number of the hydroxide
radical is -1, The chemical formula for calcium hydroxide is .
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An atom of a certain element has 17 electrons, 17 protons, and 18 neutrons,

53.
54.
55
56«
5T.
58.
59.
60.

The
The
The
The
The
The
The
The

element's atomic number is
element's atomic weight is
number of electrons in the
number of electrons in the
number of electrons in the
number of electrons in the

number of electrone in the

.

L]

K shell of the atom is .

L shell of the atom is B
first energy level of the atom is

third energy level of the atom is ,
_—Tee——
N ehell of the atom is .

element can be found in the Periodic Table in Period number
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DIRECTIONS

Pre-Test
1. To be administered to all your sections,
| 2, Probably the students will not know the answers to the
ma jority of the questions., They may guess, if they so desire,

3. Be sure that they enter their names, school, and section
number,

4, Set a time limit, I would think that 30=35 minutes would
be sufficient, but use your own judgment., If it is obvious that most
of the class is finished in 20 minutes, close it off,

5. Collect the test and place in file folders in box. I will
be by to pick the tests up.

6., Answer no questions about the test. Tell them they will
learn the answers to their questions in the study of the unit,

7. I would appreciate it if, in case some students are absent
the day the test is administered, that they make it up (given the same
time limit as the others were given).

8., I would assume that the pre-test will be given at the start
of a class period, but it does not have to be done this way,

Use of the Programed Material
I would suggest that following the test,

l. Sections using conventional instruction be started on the
unit by any means you desire--perhaps a textbook assignment.

2, Sections using programed instruction, regardless of whether
for introduction or for review, should be given Part 1 of the program

and its answer sheet,




98

3. Point out that it is called a program and each numbered
section is a frame. Later on in the program, I may refer them to a
previous frame and I want them to know what I mean,

h, Hve them fold a sheet of paper to use as a mask, It should
cover the width of the program paper,

5. They are to place the mask on the program with only Frame 1
exposed above the mask,

6., Read the first frame to them and have each write his answer
on the answer sheet,

7. Sliding the mask down will expose the correct answer and
also Frame 2, |

8. Note the asterik by the answer blank in Frame 1, This indi-
cates either a multiple-choice question or that some specific directions
regarding the answer should be noted, Somewhere in the same frame you
will find an asterik and the choices or directions., For example, in
Frame 1, the asterik indicates that the student is to choose either Yes
or No as his answer,

9. Certain words are underlined or capitalized for emphasis as
in Frame 6, This might be pointed out, also.

10, Frame 7 calls for two answers, a and b, The correct answers
are given as (a)‘ liquids, (b) solids, followed by, "In any order." The
two responses could have been reversed and still been correct.

1l. Continue the oral treatment until you think they can con-
tinue the program on their own.

12, Part 1 should take about 25-30 minutes to complete., If the
students have had that rmch time by the end of the class period, collect
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their answer sheets and place in the filing box.

13, If the students should ask if it is permissible to look
back at the frames they have already completed, the answer is yes,
Actually, they could peek ahead at the correct answer anci you probably
would not be aware of it., Studies seem to indicate that cheating is
not a factor to worry about when it comes to programed instruction.

So don't worry,

14, Should a student answer a question wrong, have him check
the incorrect answer and go on with the program., Point out that the
answer sheets are not being graded, The only purpose in having him
check an incorrect answer is to give me a chance to see where the pro-
granm is weak, If a lot of students miss the same frame, I know that
this particular frame will have to be rewritten,

The Introductory Group
1, If you keep in mind that before you begin a discussion of

some particular subject matter, this group is to be introduced to the

subject matter vis programed material, you will encounter no difficulty.

2, Examples:

(a) There are 12 parts to the program. Since we have used
Part 1 to introduce working with a program, let us
consider only the last 11 parts. You could have them
work for 30 minutes at the start of each period with
a part of the program and then spend the remainder of
the period in recitation, lecture, films, etc., This
could be done for 1l days.

(b) Parts 4 and 5 deal with symbols., Perhaps you are not
interested in discussing symbols for two half-days,
You could give both parts to the students during the
same class period. The next day you could discuss or
quiz or develop in your own manner for half a period
and then give the students Part 6 to complete in the
remaining portion of the class period,
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(¢) You might give the students Part 7, for example, for
the first 30 minutes of a class period. You then dis=
cuss, but feel that you would like to discuss again the
following day., Do so. When you have completed the dis-
cussion to vour satisfaction, start on Part 8,

(d) The students do not have to complete a part of the program
at one sitting., You can given them 15 minutes at the
close of a class period and 15 minutes at the beginning
of the following class period, If there is an interrup=-
tion in the completion of a part of the program, have
the students slip their answer sheets into the program
and collect,

Review Group

1. Keep in mind that these students are to use the programed
material after you have completed your discussion and recitation,
2, Examples:

(a) You may spend half of each class period discussing the
subject matter and half using the program to review
what you have discussed (11 days).

(b) You may spend one, two, or three days discussing the
subject matter of Parts 2 and 3 and then spend one day
using the programed parts as a review,

(¢) Do not save up all parts of the pregram for a lengthy
review just before the post-test. This would require
about 5 class periods of nothing but programed material.
Space the review sessions,

(d) Suppose you discuss Part 7 in class for about 45 minutes,
You then start the students on the review of Part 7.
They will not be able to complete it by the end of the
period, You can either have them complete it at the
start of the next class period or as homework. If it
is as homework, collect the answer sheets at the start
of the next period,

(e) Collect the answer sheets from this group also, On the
parts they were assigned to complete as homework, they
may not complete these parts, Collect the answer sheets

anyway.
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The Log
I have itried to allow as much flexibility as possible in this

study. I am asking that you keep a log of what you do in each class
period., A notebook has been provided for this purpose. Examples of
entries that might be made are:

1. Reading assigmment==textbook, pages 10=12.,....20 minutes
Recitation on the above assigrmment..cssssesssss 0 minutes

2, Recitation on pages 14.17 of textbooKsssssssses25 minutes
Demonstrationss' ¥ Qoancotoln.nuoﬁooooooooolo minutes
Written assigrnment, p. 22 of textbook..ssessess1l5 minutes

3» Part 3 of progr&mo0o-oecoonnoccy.ootooo.ncoooot?’c minutes
Recitation on above assignment,.sssesessssssess20 minutes

4, Recitation on Part 6 of Program,.esssccssescsssl5 minutes
Part 7 of pngramoo‘ccoQoooooooquocooaoccqooc»-zs minutes
Demonstratione-" # ."...’ODCOCOOD‘..i..liOﬁlo minutes
Absences
If a student misses any of the programed assignments, have him
work on the assignments as homework or toward the end of a class period,

if possible, If a student is & chronic absentee, mske note of this for

we may have to eliminate his test score from the study, f

Textbook

You may use the textbock with your programed groups, If you
want to assign textbook reading or questions at the end of the chapters,
in addition to the programed material, you may do so, Simply enter this
in the log.

Conclusion
I will be around ehecking periodically, Should a problem arise

contact me by phone, There will be a short questionnaire for you and the
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students to complete at the end of the study,

Post=Test
T will deliver the postwtest to you several days before you
will need same, DBe sure that the students fill in the blanks provided

for their name, the name of the school, and their section number,
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THE WUMBER OF CORRECT RESPCNSES AND THE PERCENTAGE OF STUDENTS
RESPONDING CORRECTLY TO EACH ITEM OF THE PRE=
AWD PCST= RECALL TEST
Pre=Test Post=Test Gain

Humber of Percentage  HNumber of Percentage

Correct of Correct Correct of Correct
Item Responses Responses Responses Responses  Number

1 506 92,5 533 97.4 27

z2 98 17.9 268 49,0 170

3 300 54,8 310 75.0 110

i 121 22,1 304 55.6 183

5 386 70,6 b3k 79.3 48

6 392 71.7 526 96.2 134

7 126 23,0 297 54,3 171 [

8 176 32,2 458 83.7 282

9 238 b3,5 400 73.1 162 g
10 258 47,2 el 82,4 193

11 143 26,1 391 71.5 248

12 183 335 453 82,8 270

13 183 3345 373 68,2 190 '
14 343 62,7 Lol 73.9 61 |
15 378 69,1 438 80,1 60 |
16 3 0.5 252 46,1 249

17 3 0.5 177 32,.b4 174 g
18 127 23,2 300 54,8 173

19 20 3.7 222 40,6 202 ‘
20 168 30.7 376 68,7 208 |
21 5 0.9 218 39,9 213 |
22 2 0.4 80 14,6 78

23 0 0.0 253 46,3 253

24 380 69,5 524 95,8 14h

25 0 0,0 360 - 65,8 360
26 L7 8,6 L93 90,1 Lhs i
27 L 0.7 310 56,7 306 i
28 7 1.3 217 39.7 210

29 1 0.2 121 22,1 120

30 62 11.3 372 68,0 310

N = 547
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THE NUMBER OF CCRRECT RESPONSES AND THE PERCENTAGE OF STUDENTS
RESPONDING CORRECTLY TO EACH ITEM OF THE PRE-
AND POST- APPLICATION TEST

Pre=Test Post=Test Gain
Humber of Percentage  Number of Percentage
Correct of Correct Correct of Cerrect

Item Responses Responses Responses Responses __ Number
31 332 60,7 407 ThL 75
32 295 53.9 372 68,0 77
33 157 28,7 292 53.4 135
3 241 Lhy,1 314 574 73
35 247 bs,2 388 70,9 141
36 L7 8.6 211 38,6 164
37 202 36,9 386 - 70,6 184
38 184 33.6 346 63.3 162
39 205 3745 296 54,1 91
40 220 40,2 351 6l ,2 131
b 118 21,6 255 b6 ,6 137
L2 221 40,4 h41s 7549 193
43 107 19.6 377 68,9 270
Ily 114 20,8 262 7.9 148
hs 115 21,0 262 b7.9 147
L6 24 by 109 19,9 85
L7 92 16,8 279 51,0 187
L8 112 20,5 249 45,5 137
49 19 3e5 311 56,9 292
50 59 10,8 402 73+5 343
51 2 Qb 244 44,6 242
52 1 0,2 168 30,7 167
53 152 27,8 458 83.7 306
54 b5 8.2 327 59.8 282
55 33 6,0 500 91,4 467
&6 27 L, 488 89,2 461
57 50 9L 468 85,6 418
58 21 3.8 293 53,6 272
59 18 33 312 5740 294
60 Ly 8.6 172 31.4 125

Total 3,507 21,4 9,714 59,2 6,207
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THE NUMBER OF CORRECT RESPONSES AND THE PERCENTAGE OF STUDENTS
RESPONDING CORRECTLY TO EACH ITEM OF THE POST-RECALL
TEST FOR EACH OF THE TREATMENT GROUPS

Conventional Introductory Review
Number of Percentage HNumber of Fercentage Number of Percentage
Correct of Correct Correct of Correct Correct of Correct
Item Responses Responses HResponses Responses Responses Responses
1 171 97.2 182 97.8 180 7.3
2 78 by, 3 38 h7.3 102 55.1
3 125 71,0 138 74,2 147 79.5
L - 87 Lo 4 114 61,3 103 557
5 128 72,7 149 80,1 157 8,9
6 171 97.2 178 95.7 177 95.7
7 83 - b2 104 5569 110 59.5 ,
8 139 79.0 165 88,7 154 83.2 I
9 125 71,0 132 71,0 143 773 j
10 138 78.4 149 80,1 164 88,6 «
11 121 68,7 128 68,8 142 76,8
12 148 84,1 152 81.8 153 82,7
13 109 61,9 138 74,2 126 68,1 ‘
14 128 72,7 136 73,1 140 75.7
15 133 7546 150 80,7 155 83,8
16 70 39,8 88 47.3 o 50.8
17 54 30,7 60 32,3 63 34,1 I
18 98 5547 93 50,0 109 58,9 |
19 58 33.0 77 bl 4 87 47,0
20 109 61,9 135 72,6 132 71.4
21 48 27.3 9l 48,9 79 h2,7
22 2L 13,6 18 9.7 38 20,5
23 78 4,3 84 Ls,1 91 49,2
2L 168 95.4 179 96,2 177 95,7 |
25 93 52,9 125 67.2 142 76,8 ?
26 150 85,2 170 91.4 173 93.5 |
27 84 47,7 104 559 122 66,0 ‘
28 70 39.8 71 38,2 76 41,1
29 4o 22,7 33 17.7 L8 25,9
30 100 56,8 129 69,3 143 773
Total 3,128 59.2 3,560 63.8 3,727 67.2
N = 176 = 186 N = 185
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THE NUMBER OF CORRECT RESPCONSES AND THE PERCENTAGE OF STUDENTS
RESPONDING CORRECTIY TO EACH ITEM OF THE POST-APPLICATION
TEST FOR FACH OF THE TREATMENT GROUPS

Conventional Introductory Review
Number of Percentage Number of Fercentage Number of Percentage
Correct of Correct Correct of Correct Correct of Correct
Item Hesponses Hesponses Responses _Responses Responses _ Responses
31 116 65.9 143 76,9 148 80,0
32 117 66,4 116 62,4 139 75,2
33 76 43,2 96 51,6 120 64,9
34 104 59,1 104 5549 106 5743
35 131 7hb 131 70.4 126 68,1
36 76 43,2 62 33.4 73 39.5
37 131 4.4 129 69.3 126 68,1
38 102 5749 126 67.7 118 63,8
39 91 51.8 91 48,9 114 61,7
Lo 114 64,8 106 57.0 131 70.9
41 88 50,0 85 bz, 6 82 iy, 3
L2 131 744 139 7h,7 145 784
43 123 69.9 126 67.7 128 69,2
Ly 73 h,5 99 53.2 90 L8,7
45 68 38,7 93 50,0 101 54,6
Ly 82 46,6 8l bs.1 113 61.1
L8 77 43,8 82 44,0 90 48,7
ho 101 57,4 107 57.5 103 5547
50 120 68,1 150 80,6 132 714
51 81 b6,0 77 b 86 LT
52 61 34,6 59 31,8 48 25,9
53 ks 82,4 158 85,0 155 83,8
54 119 67.6 101 54.3 107 57.8
55 156 88,7 171 91,9 173 93.5
56 155 88,1 164 88,2 169 g9l,.4
57 145 82,k 156 83.9 167 90,3
58 87 Lok 89 47,8 117 63.3
59 96 54,6 9l 50,5 122 66,0
60 38 21,6 78 41,9 56 30.3
Total 3,042 5746 3,254 58,3 3,418 61,6

N =176 N = 186 N = 185
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PART 1
Anything that occupies space and has weight
ie matter.

A piece of wood occupies space and has weights
therefore, the piece of wood is matter.

Is gasoline matter? #(__ ) *Yes or No

be. BOlids
(In any order)

Yes 2. Gasoline is matter because it occupies space
and has Ve

weight 3s Air is matter because it has weight and
occupies ( )e

spacs 4. A cement block is matter because it occupies
(_a ) and hes (_b ).

a. space 5. Matter is anything that has ( a ) and #( b ).

b. weight *two words

a. weight 6. For convenience in studying the characteristics

b. occupies space of substances, scientists have arranged them in
three groups: golids, liquids, and gases.
These three groups are called the STATES or
PHASES OF MATTER.
The three states of matter are seolids, liquids,
and ( e

gases 7. The three phases of matter are gases, ( _a ),
and (_b )-

a. liquids 8. Wood and steel are examples of which of the

three states or phases of matter? ( )

Water and gasoline are examples of the liguid

b. phases
(In any order)

solid 9;
phase or ( ) of matter.

state 10. Air is an example of the ( ) state or phase
of matter.

gas or gaseous 11. Solids, liquids, and gases are called the
three ( 2 ) or ( b ) of matter.

a. states 12. In the solid state, matter takes up a definite

volume and has a definite shape.

A steel ball has a definite shape; it is round.
The steel ball also occupies a certain amount
of space.

Is the steel ball a s0l1id? #Yes or No

*(___)
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Yes 13. When we say a substance has a definite volume,
we mean that it occupies a definite amount of
space. We can measure the amount of space or
volume that the substance occupies.

A piece of wood is 3 feet long, 2 feet wide,
and 1 foot thick. It occupies 6 cubic feet
of space. In other words, its ( ) is 6
cubic feet.

volume 14. A piece of wood is & solid because it has a

' definite shape and a definite ( )e

volune 15. A marble is & Bolid. Therefore, we can be
gquite sure thait the marble has a definite
volume and a definite ( ).

shape 16. A solid is & substance that has a #(_a ) and
a *( b )o :

— #two words
a., definite shape 17. The marble in No. 15 is a solid. It is also
be. definite volume matter. It is matter because it *( a ) and
(In any order) #( b ).

a. occupies space 18. Solids are one of the three states or ( )

b. has weight of matter.

(In any order)

phases 19. The other two states or phases of matter are
(a ) and ( b ).

a. liquids 20. In the ligquid state, matter has a definite

bs gases volume but NO definite shape.,

(In any order) Milk is & liquid because it has a definite (__ ).

volume 21. Because it does not have a definite shape,
milk cannot be a ( Yo

solid 22. Another liquid is gasoline., Gasoline has a
definite (_a_ ) but no definite (_b ).

a. volume 23. OQur most common liquid is water. Water has

b. shape a #( a ) but no #*( b ).

#two words

a. definite volume 24. A chair has a definite volume and a definite

b. definite shape shape. Therefore, the chair is in the ( )
state or phase.

solid 25. Soda pop has a definite volume, but it takes

the shape of the container it is in. Since
different containers have different shapes,
soda pop has no definite shape of its own.

Thus, sode pop is in the ( ) state or phase.
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1iquid 26. Matter in the gaseous phase has no definite
shape and no definite volume. Air is a gas
because it has ( a ) definite shape and ( b )
definite volume,

a. ne 27. Oxygen, at room temperature, has no definite

be DO shape and ne definite volume. Therefore,
oxygen is matter in the ( ) state or phase.

ges or gaseous 28, The oxygen in No. 27 cannot be a selid because
it has no definite ( & ). It cannot be a
liquid because it has no definite ( b ).

a. shape 29. A gas completely fills its container. If the

be volume air in a balloon is released into this room,
it would spread out until it ( ) filled the
TE0M

gcompletely 30. Oxygen has weight and occupies space. There-
fore, oxygen is ( Yo

matter 31 Which two phases of matter de not have definite
shapes? (& ) (_ b )

8. liguids 32, Some forms of matter can be changed from one

b. g£ases state to another by changing the temperature.

(In any order) Jce can be changed into water by changing the
(__Je

temperature 33, Water (a liquid) can be changed into ice (a
solid) by ( ) the temperature.

changing or lowering 34. To change ice into water, you must #( ) the
temperature. *raise or lower

raise 35. To change water into ice, you must #( ) the
temperature. *raise or lower

lower 36, To change water (a liquid) into water vapor
(a gas), you must *( ) the temperature.

#raise or lower

raise 37. When you melt a substance, you change that
substance from the ( a ) state to the ( b )
state.

a. solid 38, To melt a substance, you must #( ) the

b. liquid substance until it reaches a temperature

B called the melting peointe. sheat or cool
heat 39, When a liquid evaporates, it is changed from

the ( & ) state or phase to the (_b ) phase.
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a. liquid 40, To speed up the evaporation process, you
b. gas or gaseous would #( ) the liquid.
#*heat or coel
heat 41. When a substance freezes, it is changed from
the ( a ) state to the ( b ) state,
a. liquid 42. To freege a ligquid you would #( ) it.
b. solid - #+heat or coel
cool 43. To change a gas to a liquid, you must ( )
the gas. #heat or cool
cool 44. To change ice (a solid) into water vapor (a
gas), you must heat the ice.
The first thing that happens when you heat the
jce is that it melts to form ( ).
water or & liguid 45. 1If you continue to heat the water that is
formed, the water will boil to form ( )e
water vapor or steam 46. Mest solids, like ice, when heated enough
or a gas will change first into a (_a ) and then into
a (_b ).
a. liguid 47. Before most solids are changed into gases,
b. gas they first are changed into ( )e
ligquids 48. ©Some seclids pass into the gaseous state
: without passing through the ( ) state.
liguid 49. The process in which a solid changes directly
into a gas is called sublimation,
At room temperature dry ice sublimes. In
other words, it changes from a ( a ) directly
into & (b ).
a. s0lid 50, A substance that changes from a solid directly
b. gas to a gas undergoes the process called ( )e
sublimation 51. A substance that sublimes changes from the
golid state in which it had a definite ( a )
and a definite ( b ) directly to a gas.
a. shape 52, In the gaseous state, the substance has ( _a )

b. volume
(In any order)

8. IO
be no
c. fills

definite size and ( b ) definite shape. It
completely ( ¢ ) its container.
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School

ﬁdent's Name

19a.
19b.
20.
21,
22a.
22b.
23a.
23b.
24.
25.
26a.
26b.
27«

28a.,

28b.

29.
30.
31a.
31b.
32.
33
34.
35.
36.

PART 1

Sec. Noe.

37a.
37b.
38,
39a.
39b.
40,
41a.
410,
42.

43.

44.
45.

46a.
46b.
47.

48.

49a,
49b.
50.

51a.
51b.
S52a.

52b»
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PART 2

Any change in matter that does ROT produce
a new substance is called a physical change.

Breaking a piece of chalk into two pieces
does not produce a new substance. Therefore,
breaking the chalk is an example of a physical

).

2,

Changing water into ice does not produce a
new substance pince ice is a form of water.
Water is a liquid, while ice is in the (___ )
state or phase. ‘

B

Because a new substance is net formed when
water is changed to ice, you know that such
a change is a ( ) change.

physical 4.

When water evaporates, it changes from the
l1igquid state to the ( ) state.

gas or gasegus 5e

Water in the gaseous state or phase is called
water vapor. Water and water vapor are made
up of the same kinds of atoms.

Water vapor is not a new substance., Thus, the
change of water to water vapor is a *( ).

#two words

physical change 6,

Water, ice, and water vapor are different
states or phases of the same substance. They
sre all composed of two atoms of hydrogen and
one atom of oxygen.

The three states of matter are ( a ), ( b ),
and (_¢c ).

a. solids Te
b. ligquids

c. gases

(In any order)

When liquid (or melted) iron is cooled enough,
it changes to solid iron. This change is an
example of a *(___ ).

#two words

physical change 8.

Liguid gasoline will evaporate. In doing so,
it changes to the gaseous state. This is a
physical change since no (___) substance is
formed.,

new A 9.

Changing a substance from one state or phase
to another is a *( e
#two words

physical change 10.

Any change in matter that does not produce a
#( ) is a physical change.

#two words
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Changes that produce new substances are calleg
chemical changes,

When milk sours, a new substance is formed.
Therefore, the change that occurs when milk
sours is a ( ) change.

chemical 12,

When iron rusts, it is changed to iron eoxide,
Iron is made up of iron atomsj iron oxide is
made up of iron atoms and oxygen atoms.

Thus, when iron rusts, a new substance is formeq,

Such a change ie a *(u——)' #two words

chemical change 13,

Food that is digested is changed to new
substances.

Digestion is an example of a ( ) change.

chenmical 14.

If you burn a strip of magnesium, it changes
to a white powder. The white powder is called
magnesium exide.

This is a chemical change since magnesium oxide

isa *(__). #two words

new substance 15.

A chemical change is a change in matter that

produces *(_ ). . words

new substances 16,

The new substance(s) formed in a chemical
change differ from the original substance(s)
in chemical composition.

You can be sure that sour milk differs from
sweet milk in (___) compositien.

chemical ’ 17 »

Iron exide differs from irem in #( )e

#iwo words

chemical composition 18.

Liquid oxygen and gasecus exygen do not differ
in chemical composition.

Therefore, the change of gaseous oxygen to

liquid oxygen is not & #(___ ). . words

chemical change 16,

When we talk about the chemical composition
of a substance, we are talking about the kinds
of atoms and the number of atoms that make up
that substance.

If two substances differ in chemical composition,
they are made up of different kinds of (_a ) or
different numbers of (_b ).

a. atoms 20,
b. atoms

Easch substance has certain characteristics or
gualities that help us identify it. These are
called properties of the substance,

A sweet taste is one of the ( ) of sugar.




roperties

21,
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The white color of sugar is another cne of
its ( )e

jproperties

22

Preperties that can be observed and measured
are called PHYSICAL PROPERTIES.,

The color of a substance can be observed. It
can also be measured by means of instruments,
such as the spectroscope.

Therefore, color is a ( ) property.

physical

23,

You can observe that a block of wood has weight
by noting that it sinks in water. You could,
also, find the weight of the block by using a
scale or balance,

Since it can be observed and measured, weight

. " .
is & (—-—) #two words

physical property

24 .

One cean also measure the amount of sugar that
will dissolve in a cup of coffee. One can

observe it dissolve, also, since the sugar N
seems to disappear.

The solubility of sugar in coffee or some other |
liguid is one of the properties of sugar.

Solubility is a #(__ ). *two words |

physical property

25.

A physical property is & characteristic of a
substance that can be ( a ) and ( b ).

a. Observed
b. measured
(In any order)

26,

Salt erystals have a characteristic shape that
can be observed if you use a microscope. The
shape can also be measured using special instru-
ments.,

Since it can be observed and measured, the
shape of salt crystals is a *( )

#two words

physical property

27-

The temperature at which water freezes or at
which it boils can be observed and measured by
using a thermometer.

Freezing and boiling temperatures are examples
of *(__ ).

Snm———

#two words

physical properties

28,

A physical property of a substance is a
characteristic or property that »( )e

#complete the sentence

can be obsefved
and measured.

29.

Properties that tell about the reaction of a
substance with other substances are called
CHEMICAL PROPERTIES.

The two types of properties are ( a2 ) and (_b ).
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&. physical 30, Iron, in the presence of moisture, will

b. chemical combine with oxygen to form iron oxide (rust),

(In any order) The rusting of iron is an example of a ( )
property. -

chemical 31. The rusting of iron is also an example of

a ) change.

—=

chemical 32. Many subsgtances will combine er react with
oxygen in & process called burning. There-
fore, oene of the characteristics or properties
of these substances is that they burn.

Burning is a ( ) property.

chemical 33. When a substance burnes, a new substance is
formed.

Burning is an example of a ( ) change.

chemical 34 . Melfing a 80lid changes it to a liquid. Ne
new substence is formed.

The melting of a 80lid is an example of a
( ) change.

physical 35, Since no new substance is formed when a
gsolid melts, you can be sure that the solid
has not combined or reacted with another
substance,

Melting is NOT a ( ) property.

chemical 26, Silverware will tarnish when it reacta with
sulfur vapor. Silver sulfide, a new substance,
is formed.

This is a ) change.

chemical 37, A substance (such as silverware) that
tarnishes reacts with another substance (such
as sulfur vapor). Thus, when we say a
substance will tarnish, we are describing
one of its (___) properties.

chemical 38. A chemical property is a characteristic of
a substance that tells us how it ( ) with
ether substances.

reacts 39, The density of a substance is the weight or
mass of a certain volume of that substance.

Since weight and volume can be observed and

measured, density is a #(__ ). . o .

physical property 40. Density = Weight
Volume

To find the demsity of a block of iromn, you
would divide the weight of the block by its ( )




volume 41,
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Weight
Density = Volume

A glasse marble has a volume of 2 cubic
centimeters. Before you could determine
its density, you would also have to know
the marble's (___ ).

weight 42.

. Feight
Density = VST%E;

If & block of iron weighs 80 grams and its
volume is 10 cubic centimeters, the density
of the iromn is ( ) grams per cubic centimeter.

A piece of wood is 2 feet long, 1 foot wide,
and 1 foot thick.

Volume = Length X Width X Thickness

The volume of the piece of wood is ( ) cubic
feet.

If the piecé of woed above weighs 50 pounds,
its density can be found as follows:

Weight = 50 pounds
Volume 2 cubic feet

= 25 pounds per
cubie foot

Dengity =

Suppose the piece of wood had weighed 20 pounds
and its volume was 2 cubic feet. What would
its density be? ( )

10 pounds/cubic foot 45.

Density equals ( a ) divided by ( b ).

a. weight 46.

b. Vvolume

Usually the density of a substance is expressed

in pounds per cubic foot (1b/ft3) in the English
system, or in grams per cubic centimeter (g/cm3)
in the metric system.

If a bleck of wood weighs 96 pounds and it has
a volume of 4 cubic feet, its density equals

24 *»(_)+  ,rabel the answer

pounds per cubic foot 47.

or
1b/ft3

The density of a block of wood that weighs
100 grams and has a volume of 25 cubic centimeters

is 4 »(__ ). #Label the answer

grams per cubic 48,

centimeter

or
g/cm’

A piece of copper weighs 900 grams. It is

10 centimeters long, 5 centimeters wide, and
2 centimeters thick. Its volume can be found
as follows:

Volume = Length X Width X Thicknees

The volume of the copper is ( ).

100 cubic centimeters 49.

The density of the copper is #( ).
#Do not forget to label the answer
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A barrel contains 5 cubic feet of water. The
water weighs 312 pounds.

The density of the water is ( a ) pounds per
(b ).

8o 62.4
b. cubic foot

51.

(_a )

Density = e—o—=_ .

(_b)

a. weight
b. VOolume

52

A sample of aluminum weighs 30 grams. Its
density is 3 grams per cubic centimeter.

Weight

Volume
30 _grams
?9 Cm
Dividing 30 by =( ) will give you the
answer 3.

Density

]

3 grams/cm>

L]

spnumber

10

23,

Therefore, the volume of this aluminum sample
is (__) cm3.

10

54.

A lead block weighs 55 grams and itas density
is 11 grams/cm5. Its volume is *( Ve

#Don't forget to label the answer

5 cm

55.

Suppose the lead block has a volume of 8 cm?
and its density is 11 grams/cm3. What is its
weight?

Weight

Volume

77 _grams
8 cm3

Dividing « ) by 8 gives the answer, 11.

Density

11 grams/cm3 =

#nunmber

88

560

Therefore, the block must weigh *( ) grams.

snumber

57 .

If a piece of copper weighs 450 grams and has

‘a density of 9 g/cm3, its volume is ().

—— .

58,

The weight and volume of this piece of copper
can both be observed and measured. They are
(___) properties.
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School

20,
21,
22.
23,
24.
25a.
25V,
26,
27.
28.
29a.
29b.
30.

31,

PART

2

Sec. No.

32,

33
34.
35.
36.
37
38,

39

40.
41.
42,
43.
44.
45a.
45b.
46,

a7.

48,

49.

50a.
500,
51a.
51b.
52.
53.
54.
55.
56
57.

58.
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PART 3

A substance that cannot be broken up into simpler
substances by ordinary chemical means is called
an element.

Oxygen cannot be broken up into simpler substances
by ordinary chemical means. This means that
oxygen is a(n) ( e

element

2.

By ordinary chemical means, we are referring to
such things as heating, cooling, dissclving,
and adding one substance to another,

Hydrogen is element., It cannot be broken up
into *( ) by erdinary chemical means.

#two words

simpler substances

Iron is also an element. It cannot be brokem up

into #(_a ) by erdinary *(_b ). *two words

a. simpler substances
b. chemical means

4.

Below is a diagram of an apparatus used to show

~ that water is made up of two different gases.

The changing of water
inte two new substances,
oxygen and hydrogen, is
an example of a (__ )
change .

- “P@esr“

i

chemical

Se

Since water can be broken up into two simpler
substances simply by sending an electric current
through it,(an erdinary chemical means), you
know that water is NOT a(n) (__ ).

element

6,

When an electriec current produces a chemical
change in a liquid, the process is called
electrolysis,

The apparatus pictured above may be used to
demonstrate the process of ( Yo :

electrolysis

Te

Electrolysis is an example of a ( ) change.

chemical

8.

From the diagram above, you can observe that
there is about twice as much #(_a ) gas in
water as there is #( b ) gas.

*hydregen or oxygen

a. hydrogen
b. oxygen

9

Water can be broken up into oxygen and
hydrogen by sending a(n) =( ) through it.

#two werds

electric current

10.

The process is called ( Yo
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electrolysis 11. Below is a circle graph which shows the
relative abundance of the most common elementg
The most abundany
element in the
earth’s crust ig
().
exygen 12. The second most abundant element in the earth'sg
cruet is ( )e
silicon 13, 4.1% of the earth's crust is composed of ( Yo
iron 14. Slightly over 75% of the earth's crust is
composed of twe slements. The two elements
are ( a ) and ( b ).
4. OXygen 15. About 97% of the earth's crust is composed of
b. silicon #( ) elements.

(In any order)

#How many?

8 164

Calcium is an element. Therefore, you know
that it cannot be breken up inte *( _a ) by

*(_b ) means. #two words

a. simpler substances 17.
b. ordinary chemical

A compound is a substance that is composed of
two or more different elements that are united
chemically,

A compound can be broken be broken up inte
simpler substances by ordinary chemical means,

Sugar is composed eof the elements, carbon,
hydrogen, and oxygen. These three elements
are combined chemically. Therefore, sugar is
a(n) (__).

compound 18.

Hydrogen and oxygen combine chemically to form
water. Water is a(mn) ( )e

compound : 19.

When a compound is brokem up, it will form twe
or more simpler substances. Since these simpler
substances differ freom the compound, they are
said to be new.

The breaking up of a compound into two or more
new substances is an example of a ( ) change.

chemical 20,

¥hen oxygen and hydrogen combine or unite, they
form a different or new substance--water,

The change that takes place is a ( ) change.




chemical
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A compound differs from the elements of which
it is made up in its characteristics or ( )e

properties

22,

A compound is a substance that is composed of
two or more different (_a ) that are united ( b ).

elenments
chemically

23,

Iron and sulfur combine chemically to fdrm
iren sulfide,

Iron and sulfur are the (_a ) that unite ( b
to form iron sulfide. Iron sulfide is a(n) (

L

)

elements
chemically
compound

24.

A mixture is a material containing two or more
substances that have NOT united chemically.

Each substance keeps its own characteristics er

().

properties

25,

When sand is added to water, the two substances
do net combine or react chemically. Therefore,
sand in water is an example of a(n) ( )e

pixture

26.

Neither the sand mr water lese their individual

()

properties er
characteristics

27,

The sand can be separsted frem the water by
heating the mixture. Heating causes the water
to evapoerate and the sand is left behind in the
container.

When water evaporates, it is changed from the
liquid state to the gaseous state. This is a
(___) change.

physical

28.

A heterogeneous (het-er-¢-jean-e-us) mixture is
one in which the particles of the substances
are not evenly distributed or spread out in
each other.

Most of the sand in the sand-water mixture will
settle to the bottom of the container. The sand
particles are NOT evenly distributed in the
water. This is an example of a (___) mixture.

heterogeneous

29.

If you add a handful of black, powdered iron
to a8 handful of yellow, powdered sulfur, the
two elements do not combine chemically. Thus,
they form & (___ ).

mixture

30.

Since the particles of iren and sulfur are not
evenly spread out or distributed in each other,
the mixture is said to be ( )

heterogeneous

—

31.

Neither the iron nor the sulfur lose their
characteristic ( Yo

properties

32,

You could separate the iron particles from the
sulfur particles by using s magnet. The magnet
will attract the ( ) particles.




iron
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When you put a sample of the irom-sulfur. -
mixture in a test tube and heat it strongly,
the iron unites chemically with the sulfur. 4
new substance, iron sulfide, is formed. :

The change that takes place in the iron-sulfur:
mixture is a ( ) change.

chemical

34.

Iron sulfide differs from iren and from sulfur
in its physical and chemical ( )

properties

35.

Because the iron and sulfur are chemically
combined in iron sulfide, you know that iron
sulfide is a(n) ( Ve

compound

36.

The smallest particle that exhibits all the
properties of & compound is called a melecule.

Suppose you took 2 lump of sugar and divided
into two pieces and then took one of these
pieces and divided it, in turn, into two pieces.
If you continued this division, you would finally
obtain the smallest particle that could be still
jdentified as sugar. This particle would be

one (___) of sugar.

molecule

3T

Each tiny grain of sugar is made up of many
billione of sugar molecules. Thus, in size,
the sugar molecule is very ( )

emall

38,

The smallest particle that exhibits all the
properties of a compound is called a ( e

molecule

39

A compound is composed of two ar more ( )
that are united chemically,

elements

40.

Thus, a molecule must be made up of still
smaller particles. These particles are called

atoms.

The smallest particle of an element that can
combine chemically with other elements is
aln) (___).

atom

41,

A molecule is made up of ( ) that are
chemically united,

atoms

42,

Each molecule of & compound must have two or
more different ( )e

atoms

43.

One ( & ) of iron combines with one ( b ) of
sulfur to form one ( ¢ ) of iron sulfide.

a, atom
b. 8tom
c. molecule

44.

Molecules of some gases, for example oxygen
and hydrogen, are made up of two identical
atoms.

Two atoms of oxygen combine to form one ( )
of oxygen. .




molecule

45.
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In a few cases, a molecule may consist of only
one atom. A molecule of helium or argon, for
example, contains only one atom.

Since a molecule of helium does not consist of
two or more elements chemically combined, you
know that helium is NOT a(n) ( Yo

compound

46.

If several atoms of element A are put into a

container with several atoms of element B and
the atoms do not combine chemically, a (___ )

is formed.

mixture

47.

If several atoms of element A are put into a
container with several molecules of compound C
and the atoms and molecules do not combine
chemically, a (__) is formed.

mixture

48.

If several molecules of compound C are put into
& container with several molecules of compound D
and the molecules do not combine chemically, a
(__) ies formed.

mixture

49.

Thus, & mixture may be composed of elements (as
in No. 46 above), or of a combination of an
element with a compound (as in No. 47 above),
or of (___)--as in No. 48 above.

compounds

50.

4 substance that cannot be broken up into
gimpler substances by ordinary chemical means
is called a(n) ( )e

element

51,

The smallest particle of an element that can
combine chemically with other elements is
called a(n) ( )e

atom

52

A substance composed of two or more different
elements that are united chemically is called

a(n) (__ ).

compound

53.

The smallest particle that exhibits all the
properties of a compound is called a(n) ( Yo

molecule
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PART 3
18. 36,
19. v 37
20. _ 38.
21, 39,
22a. 40.
22b, 41.
23a. 42,
23b. 43a,
23c, 430b.
24 . 43c.
25. 44.
26, 45.
27, 46.
28. 47.
29. _ 48.
30. 49.
31. 50.
32, , 51.
33. 52.
34, 53

35.
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PART 4

Chemists use symbols as abbreviations for the

different elements. To-date, 104 different
( ) have been identified.

elements

2,

For each element there is a different chemical

()

symbol

3o

You should be able to give the symbol for
certain elements if you are given the name.
You should also be able to name the element
if you are given the symbol.

The purpose of this particular part of the
program is to help you learn the (_a ) and
{ b ) of certain elements.

a. names
b. symbols
(In any order)

There are two major groups of chemical symbols.
The first group uses one or itwe letters from
the English name of the element.

The second group uses one or two letters from
the Latin name of the element.

All chemical symbols contain #( a ) or *( b )

letters. *number

a, 1
b 2

We will begin with the group of elements whose
symbols are derived from their English names.
Each symbol in this group contains #(_a& ) or
#(_b ) letters from the (_c ) name of the element.

a. 1
b, 2
c. English

6.

If the symbol for an element is a single letter,
that letter is always capitalized. The symbol
for hydrogen is H.

In the same manner, the symbol for oxygen is

(-

If the symbol of an element consists of two
letters, the first letter is always capitaliged;
the second letter is always a small letter.

The symbel for helium is He.

The symbol for bromine consiste of the first
two letters of the word. The symbol for
bromine is ( e

Br

(Noteg the second
letter is a small
letter.)

In writing the name of an element, the name is
capitalized only if it is the first word in the
senternce.

A one-letter symbol is always capitalized.

The first letter of a two-letter symbol is
always capitalized.
The symbol for hydrogen is (

a
The symbol for helium is ( b ).
The symbol, Br, represents c

).
)o

et
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a. H 9. Helium and hydrogen are both very light gases,
b. He The symbols for these elements are (_a ) and
c. bromine (b )

(Note: small "b" on

bromine.)

a. He 10. If the symbols of several elements begin with
be H the same letter, the element which occurs most
(In any order) frequently, or is most useful, usually is

assigned the single capital letter,

e

H, #*( a ), occurs more frequently than He, #( } )
S —

~ *name
a. hydrogen 11, Although both of these elements are very light
b. helium gases, hydrogen, *(_a ), is very active and
helium, #( b ), is very inactive.
*#8ymbol
a. H 12, Another group of elements has symbols which
b. He begin with *N'. The symbol for nitrogen is N.

The symbol for nickel is Ni. The symbol for
neon is Ne.

The most common element in this group is
nitrogen for its symbol is the single capital

(__ )

N 13, Nor #( a ) is a common inactive gas. Neon
or **( b ) is a rare stable gas.
*name ##gymbol
nitrogen 14. Both of these elements #( a ) and *( b )
Ne occur in the gaseous state at room temperature.
*symbol
a. N 1%. N, #( a ), forms some important compounds.
b. Ne Ne, #*(_ b ), forms no chemical compounds as yet.
(In any order) rname
a. nitrogen 16. The third element whose symbol begins with N
b. neon is nickel, Ni.

¥, ( a ), and Ne, ( b ), are gases, while
nickel, #( ¢ ), is a solid metal.

#gymbol
a. nitrogen 17. Ni, #( ) is an important ingredient of
b ngon special steels. sname
c. Ni
nickel 18, Nitrogen and nickel begin with the same two

letters., Nitrogen is more common 8o its symbol
is ( a ), while the symbol for nickel is ( b ).
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19. (_a ) is the symbol for nitrogen.
( b ) is the symbol for neon.
(_c_ "¢ ) is the symbol for nickel.

20. The chemical symbol of an element tells us what
the element is and it also tells us that we are
talking about one atom of that element.

Ni, means that we are talking about the element
( & ), and that we are talking about #( b )

atom of the element: +number

1é. nickel 21. The symbol H indicates that we are using *{ a )
_p. one atom(s) of the element ( b ).

*number
a. one 22, The names of the elements magnesium and
b. hydrogen manganese begin with the same two letters.

Their symbols are taken from the first and third
letters of the English name.

The symbol for magnesium ie (_a ).
The symbol for ~manganese is ( b ).

a. Mg 2%. Mn, (_a ), and Mg, (_b ), are both metallic

Mn solids.
_a. manganese 24. Note that although the names of both elements
b. magnesium begin with the same two letters, and altnough

both names contain 'g' and 'n', the symbols
consist of 'M' and the letter which occurs 3rd
in the name.

The symbol for manganese is (_a ).
The symbol for magne81um is ( b )

25. nght weight ladders are frequently made of the

metal, magnesium, *(___). *symbol

26. #(__), manganese, is an important element in
certain steels.,

#gymbol

27. Both Mg, (_a ), and Mn, (_b ), are mixed with
other metals to form useful alloys.

a. magnesium 28, He, ( a ), and Ne, ( b ), are very stable gases.
~b. manganese

a. helium 29. Nickel, #( a ), magnesium, *(_b ), and
b. neon manganese, *( ¢ ), are metals, #symbols

a. Ni 30. At room temperature H, (& ), and N, (b _),
b. Mg are both gases.
c. Mn
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a. hydrogen 31. There are seven elements whose symbols begin
be. nitrogen with *C'; we will study four of these at this
time.
The most common and the most important element
of this group is carbon. Carbon is, therefore
assigned the capital letter (__ ).
o 32. G, ( }y i8 an element that occurs in all
living things.
carbon 33. Chemists have learned how to imitate and improve
on nature and now produce many new compounds
that also contain carbon, #( )e *Qymbol
—
C 34. The formula for table sugar, C1 H 2
indicates that this compound con t ains the three
elements *(_a ), *(_b ), and #*(_c ) in that order
*name
a. carbon 35. There is one important metal whose symbol
b. hydrogen consiste of °'C' followed by the second letter
c. Oxygen of the name of the element. That metal is
calcium,
The symbol for calcium is ( ).
Ca 36. The element Ca, ( ), occurs widely distributed
over the earth in the rock called limestone.
calcium 37. Limestone has the formula, CaC0O,. This formula
shows that limestone contains tge elements *( a ),
*(__12__), and *(__C__)o *name
a. calcium 38, Manganese and magnesium derive their symbols
b. carbon from the first and third letters of their names
c. OXygen since their names both begin with 'ma’‘.
' The symbol for manganese is (_a ).
The symbol for magnesium is ( b Ve
a. Mn 39. Both chromium and chlorine begin with the letters
b. Mg ‘ch*s It is the third letter that is used in
their symbols.
Cl standsfor ( a ).
Cr stands for ( b ).
a. chlorine 40, The most common substance used in the United
b. chromium States for purifying water is Cl, (__ ).
chlorine 41. Much of the bleaching in the United States is
also done by chlorine, *( )e #symbol
cl 42. Cl, { a ), is a gas and an active non-metal,

while chromium, *( b ), is an active solid metal.

*gymbol




131

8. chlorine 43, Stainless stell is composed of iron and about
b. Cr 18% of Cr, ( )e
chromium - 44. Two very stable gases are helium, (_a ), and
neon, (_b ). symbols )
. He 45, ), has magnetic properties.

b. Ne

The metal Ni, (

Carbon, *( )

ni¢kql 46. hydrogen, #*(_b ), and
- nltrogen, ( _¢ ), occur in all proteins,
#gymbol
C 47. Chromium, *( ), is a useful metal for
g protecting iron. *symbol
48, ca, (a2 ), Mg, ( b ), and Mn, ( ¢ ), never
occur free in nature.,
a, calcium 49, C1l, ( ), is a very active non-metal.
b. magnesium ~ ,
c. Danganese
-chlorine  50. “Two important»elementa, whose names begin with
*A', take their symbols from their English names.
glpminum is a light weight metal.
Argon is an inactive gas.
Many housewives wrap foods in Al, ( ), foil.
aluminum 51. Argon, #(.a. ), is one of the inactive gases like
helium, *( b ), and Ne, ( ¢ ). *symbol
iae AT 52+ Aluminum, =(. ), Wwas once more expensive than
b He - gold. *symbol
¢c. neon
Al 5%, Because it has almost no tendency to combine
chemically, argon, #( ), is used to keep air
from light bulbs. . *symbol
AT 54. Sulfur has been used by mankind for thousands
of years. DBecause it is so common, its symbol
is the single letter ( )
s 55. Sy ( )y is often found in volcanic areas.
sulfur 56. Paper-making operations require great amounts
. of su1€ur’ (). *gymbol .
S 7. Silicon, Si, has become much more important

recently. Transistors require very pure

silicon, *(_.__) o #gymbol
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Si ‘Bouncing putty® or 'nutty putty® is a complex
compound containing Si, ( )

gilicon 59, Ordinary sand is the most common compound of
silicon, =( Yo #symbol

Si 60. Silicom, #( a ), and sulfur, *( b ), have non.
metallic properties. xsymbol

a. Si 61. Five other nonmetallic elements have single

b. S letters for their symbols. These are boron,
phosphorus, fluorine, iodine and oxygen.
The symbol for iodine is ( )e

I 62. Few people see I, ), in its crystalline forp,

iodine 63. Crystalline iodine, #(_a ), is a gray solid. ap
alcohol solution of I, ( b ), is used as an
antiseptic. *symbol

a, I 64. I, (a ), and fluorine have many chemical

b. iodine properties in common. The symbol for fluorine
is the single letter, ( b ).

a. iodine 65. Note carefully the spelling of fluorine. The

b. F "u" comes before the "o".
F, ( & ), is much more active than iodine, *( b ),

*aymbol

a. fluorine 66. In fact, fluorine, *( )y is the most active

be I nonmetal . *symbol

F 67. The most abundant element by weight in the crust
of the earth is oxygen. Its symbol is ( ).

0 68. 0, ( ), ie essential to living things.

oxygen 69. Oxygen, #( ), is a colorless gas at room
temperature. *symbol -

0 70. Although phosphorus is pronounced with the "“f"
sound, its symbol is the single letter °'P’,
P is the symbol for ( )

fluorine 71. The symbol for phosphorus is its first letter,
()

P 72. Because of its low kindling temperature, P, ( )
is used in matches.

phosphorus 73. Boron is one of the lighter elements. Its

symbol is ( ).
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228.. 450
22b, L6a,
23a, Léb,
23b, Léc,
2ha, L7,
24b, L8a,
25, 48b,
26, L8ec,
27a, L9,
27b, 50,
28a, 51a,
28b, 51b,
2%a, 5ic,
29b, 52,
29c, 53.
30a., sk,
30b, 55.
31. 56,
32, 57.
33, 58,
3ha, 59.
34b., 60a,
3be, 60b,
35. 61,
36. 62,
37a. 63a,
37b. 63b,
37c. 6lha,
38a, 64b,
38b, 65a,
39a. 65b.
3%9b, 66,
Lo, 67,
L1, 68.
L2sg, 69,
L42b, 70,
LFBQ 71'
Lha, 72,
Lib, 73.
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PART 5

Boron has as its symbol the single letter "B", Three
other important elements have symbols which also begin
with "B", The first and second letters of their names
provide the symbols for bromine, (_a ), bismuth, (_b ),
and barium, (_c ).

Br, *(_ ), is unusual in being an element which is
a liquid at room temperature,
*name

Many medicines contain compounds of bromine, ( ).

symbol

Compounds of bismuth, Bi, are also used in medicine,
Uncombined Bi, *(__ ), is a relatively low melting

oint metal
p ° *nanme

Bismuth, *(___ ), is used in alloys for type metal,
*symbol

Barium has many chemical properties similar to Ca, (_a ).
The symbol for barium is ( b ).

8, calcium
. Ba

Ba, ( ), compounds are frequently used to make clear
X rays of the digestive tract,

Barium, *( ), does not occur free in nature.
*symbol

Zinc is the metal used in galvanizing or plating
steel. Its symbol is ().

10,

Note the spelling of z-i-n-c. It ends in ¢, Few words
in English end in "nc," Today some gutomobiles are
protected against corrosion by being undercoated with

Zn, *(———)' *name

11,

The United States is the major world producer of zinc,

- *symbol

12,

The chemical family called the halogens includes the
elements fluorine, *( a ), chlorine, *( b ), bromine,

*(_c ), and iodine, *(_d ). *symbol

13.

The very stable gases include helium,*(_a ), and

neon, *(_b ). *symbol
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a. He 14, Light weight metals that are becoming very important
‘b, Ne “in industry are aluminum, *( a ), and magnesium, *( g )
*symbol o
—
a, A1 15. Water is a compound of the elements H, *( a ),4;;;—~\\
b, Mg 0, *(_2_)' *name
a. hydrogen 16, Air is composed of about 80 per cent nitrogen, ;Z—-‘;‘“
b. oxygzen *symbol
\ f:
N 17. Gold and silver have been used for jewelry and co;;;-§
since early times, The Latin word for gold is
"aurum," Gold's chemical symbol comes from the first
two letters of this word. The symbol for gold is (__ )
—
Au 18, Aureomycin, the antibiotic, gets its name from the
same word. Aureomycin means "the golden mold,'" Au
is the symbol for (__ ). :
gold 19, Becuase of its inactivity, gold, *( ), is used for
jewelry and dental fillings. *symbol
Au 20, Au is also used as a protective coating for other
metals in the form of Au, *(___), plate.
— name
gold 21, Because it is so soft, gold, *( ), is frequently
hardened by adding copper. *symbol
Au 22, Silver gets its symbol from the first and third letters
of the Latin word meaning silver, "argentum," The
chemical symbol for silver is ().
Ag 23, Many other metals have the same color as Ag, *( ).
*name
silver 2L, Electrum is the name given to a pale yellow alloy of
silver, *( a ), and gold, *( b ), *symbol
a, Ag 25, Knives, forks, and spoons may be made of almost pure
b, Au Ag, *(_a ), or frequently they are Ag, *( b ), plated.
*name
a, silver 26, United States currency is no longer based upon the
b. silver gold, *(__ ), standard, *symbol
Au 27, Among other metals, dental fillings may contain
Au, *(_a_) or Ag, *(_b). ¥name
a. gold 28, Metal fillings for teeth also contain mercury. The
b, silver Romans called silver "argentum," giving us the

chemical symbol (__ ).




136

29, They called the liquid metal we know as mercury,
"hydrargyrum," (hydr = watery; argyrum = silver).
Mercury, "hydrargyrum," has the chemical symbol, ( ).

30. Mercury is also known as quicksilver because it is a
silvery liquid that is "quick" or lively. One of the
few elements that is a liquid at ordinary room
temperatures is Hg, *( ), *name

31. Note the difference between Ag which is the symbol for
(_a ) and mercury whose symbol is ( b ).

32, Lead is less dense than Hg, *( ).

*name

33, An amalgam is a mixture of another metal and mercury,

(. *symbol
"34. The major ore of mercury, *( ), is called cinnabar.
*symbol

35. Since it is a metal, Hg, *( ), will conduct
electricity. *name

36. The most accurate thermometers and barometers are

- filled with mercury, *( ). *symbol

37. The Latin word for iron is ferrum, Its chemical
symbol comes from the first two letters of this word,
The symbol for iron is (),

38. The American economy is based to a great extent on
Fe, *(__). *name

39. If air is perfectly dry, there is little tendency for
iron, *(___), to rust, *symbol

40, Steels are alloys of other metals with Fe, *(__ ).

*name

41. The Mesabi range in Minnesota is a major source of
iron, *(__ ), ore, *symbol

42, The Latin word for copper is cuprum. Its symbol is
Cu. Both brass and bronze are alloys of copper, *(_ ).

*symbol

43, A1l United States coins contain Cu, *(_).  *name

4y, Ag, *( a ), is the best metallic conductor of

electricity. Because it is so much cheaper however,
the most commonly used conductor of electricity is

Cu, **(;9—)' *name **name
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a, silver 45, Copper has the symbol (__ ).
b. copper
—
Cu 46, Brass is an alloy of Cu, *(_a ), with Zn, *( b ):——‘\“ﬂ
*name
——
a., copper L7, Bronze on the other hand is an alloy of copper, *( )
b. zinc with tin, *symbol 7
—
Cu 48, The Latin word "stannum" provides the chemical symbol
for tin., Tin is represented by (_ ).
‘_'“\\s
Sn L9, It makes a sort of rhyme, "S-n" is tin, Tin is (___)_
——
: —
Sn 50, DBronze is so much more durable than brass that the
Romans were interested in alloying copper, *(_a ),
with tin, *( b ), rather than with Zn, **( c ).
*symbol  **name
a, Cu 51. The major reason that the Romans were interested inﬁ——
b. Sn conquering Britain was that Cornwall had important
c. zine mines of tin, *( ). *symbol
Sn 52, In modern days, Malaya is the major world producer of
Sn’ *( )' *name
tin 53. "Tin" cans consist of thin coating of tin, *(_a ), on
a base of iron, *(_ b ). *symbol
a. Sn 54. The Romans were acquainted with the heavy, easily
b, Fe melted element we call lead and they called plumbum,
The chemical symbol for lead is (__ ).
Pb 55. Roman water supplies and sewage disposal were
excellent, A plumber originally worked with the
metal *(_a_ ), **( b ). *name **symbol
a, lead 56, A heavy weight used to hold a string vertical is
b, Pb known as a plumb bob, It was often made of *(_a ),
**(_b_). *name **ksymbol
a, lead 57, Storage batteries in cars contain quantities of
b. Pb lead, *(___). *symbol
Pb. 58. The great weight of Pb, *( ), makes it undesirable
for some uses, *name
lead 59. Natrium is the Iatin word for sodium, The chemical
symbol is ().
Na 60, Ordinary table salt is Na, *(__ ), chloride,

**name
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61. Salt is essential to higher animals because they
need sodium, *(___),compounds for their life processes.

*symbol

62, Sodium is very widely distributed in nature, The
symbol for sodium is ().

|
63. Because it is such a very active metal Na, *( ), is |
— |

never found free in nature, *name

64, The properties of Na, *(_a ), are very similar to
potassium which the Romans called kalium, The symbol
for potassium is (_ b ). *name

65, Potassium, *( a ), is lighter than water. So is

sodium, *( b ), *symbol

66, Although phosphorus is pronounced with the "f" sound,
its chemical symbol comes from the way you spell it,
The symbol for phosphorus is ().

67. Although potassium is pronounced with the "p" sound,
its Latin name, "kalium," gives us its symbol, ( ).

68, A1l plants require K, *(___ ). *name

69, An alloy of potassium, *( a ), and sodium, *( b ), is
used in special thermometers, *symbol

70, Because they are valuable and relatively unreactive,
gold, *( a ), and silver, *( b ), are known as noble

metals, *symbol

71, The commonest dental fillings are mixtures called
"gmalgams" of silver, *( a ), and mercury, *( b ).

*symbol

72, TIron, *(_a ), is frequently protected fro corrosion
by plating it with tin, *(_b ). *symbol

73. Pewter is an alloy of copper, *(_a ), and tin, *(_b ).
*symbol

74, Zn is the symbol for (_a ).
Sn is the symbol for (_b ).

Zinc
Tin
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34,
35.
36.
37,
38.
39.
40,
b1,
L2,
L3,
Lhia,
Lib,
45,
L6a,
Léb,
L7,
48,
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56b.,
57.
58,
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60,
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62,
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66,

67.

68,

69%a,
69b,
70a.,
70b,
71a,
71b,
72a,
72b,
73a,
73b,
7ha,
74b,
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PART 6

The chemical symbols are used in writing chemical formulas,
A formula shows the kind and number of atoms present in a
molecule of a compound.

The chemical formula for a molecule of water is H.0., The
H tells you that the element *( ) is present in“water,

*name

The O tells you that the element ( ) is also present in
water,

The nmumber (or subscript) following the symbol of each
element indicates how many atoms of that element are
present in the molecule,

The number 2 in H,0 tells us that there are two atoms of
( ) in a molecuie of water,

If there is but a single atom of an element present in a
molecule, chemists simply write the symbol of that element,
They do not put the number one after the symbol. 1In H50,
there is one atom of (__ ).

5e

One molecule of table sugar has the formula, C1 H..O,..
Thus, one molecule of sugar is made up of *( a ; g%oﬁé of

carbon, *( b ) atoms of hydrogen, and *( ¢ ) atoms of

oxygen. *how many?

A formula tells us the kind and () of atoms present
in a molecule of a compound,

A1l together, there are *( ) atoms in a molecule of
sugar. *how many?

Name each of the elements in NH,Cl and after the name of
each indicate how many atoms of the element are present
in this molecule,

nitrogen~1
hydrogen-4
chlorine-1

A forrmula tells us the (_ a2 ) and ( b ) of atoms present
in & molecule of a compound.

_a, kind
_ b, number

10.

One atom of sodium will combine with one atom of chlorine
to form one molecule of sodium chloride. Since the
combination of sodium and chlorine results in a new
substance, it is a (__) change,

chemical

11.

Because sodium chloride is composed of two elements that
are united chemically, it is a(n) ().

compound

12,

According to the Law of Conservation of Matter, matter
cannot be created or destroyed by ordinary chemical means,

In the electrolysis of water, which is an ordinary
chemical reaction, no matter is ( a ) or ( b ).
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Matter is anything that has (_a ) and occupies (b).

b. destroyed
(In any order)
—
a, weight 14, In the apparatus below, a solution of sodium chlorid;j‘ngI‘
b. space is put in the flask, A test tube of silver nitrate solutyq,
AgNOB, is placed in the flask, The flask is stoppered ang
g weighed, The flask is then tippeq
upside down to mix the two 501Utions
A chemical change takes place as g
Sectin m white substance is formed. This
Chicmide - substance is silver chloride, AgCa,
A and it precipitates (settles to the
Silvee bottom of the flask), The flask 4
tlats weighed again and it weighs *(__)
it did before the chemical change,
*more than, less than, the same as
the same as 15, Thus, no matter has been ( a ) or ( b ) in this chemical ‘
change.
a. created . 16, The experiment demonstrates the Law of () of Matter, o
b, destroyed
Conservation 17, 1In the electrolysis of water, the weight of the hydrogen
and oxygen formed is *(__ ) the weight of the water that
is broken up. 4. than, equal to, more than
equal to 18, Therefore, no matter has been (a ) or ( b ).
a, created 19, The electrolysis of water illustrates the Law of ( a ) of
b, destroyed (b))
a, Conservation 20, An equation is the chemist's way of writing what happens
b. Matter during a chemical reaction. The electrolysis reaction
can be written:
Water slectricity » Hydrogen + ()
Oxygen 21, Frame 20, above, is an example of a word equation. The
expression,
heat .
Iron + Sulfur —=—e———y Iron sulfide
is also a *(_ ), *two words.
word equation 22, The arrow (=3 ) is read "produces," or "produce,"
Iron + Sulfur .hEEE; Iron sulfide is read iron and
sulfur when heated () iron sulfide,
produce 23, Water —————3p Hydrogen + Oxygen

The above word equation is read, water ( ) hydrogen and
oxygen,
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Chemists prefer to use symbols and formulas instead of
words when writing an equation.

Fe + 5 fééL) FeS

The above is a chemical equation, It is read, "one atom
of iron and one atom of sulfur when heated produce one
() of iron sulfide,"

The symbol, /\ , means (__ ).

The electrolysis of water can be written,

2 HoO e=——=3 2 Hp + Op

The number "2'" in front of Hpy0 indicates two molecules of
water, The number "2" in front of Hp indicates two
molecules of hydrogen. There is no number in front of 0o,
How many molecules of oxygen are formed? (___)

27,

The above equation is read, "two molecules of water ( a )
two molecules of (_b ) and one molecule of (_c ).

8. produce
. hydrogen
oxygen

28.

The one molecule of oxygen is composed of how many atoms
of oxygen? ( a )

Each molecule of hydrogen is composed of how many atoms
of hydrogen? ( b )

2
2

29,

Each molecule of water is composed of two atoms of ( a )
and one atom of ( b ).

hydrogen
oxygen

30.

If one molecule of water contains 2 atoms of hydrogen and
1 atom of oxygen, then two molecules of water will contain
( a ) atoms of hydrogen and ( b ) atoms of oxygen.

310

If one molecule of hydrogen is made up of 2 atoms of
hydrogen, then two molecules of hydrogen is composed of
(2 ) atoms of hydrogen.

One molecule of oxygen conteains ( b ) atoms of oxygen.

32,

2 HoO wweewemeey 2 Hp + Op
There are ( a ) atoms of hydrogen and ( b ) atoms of
oxygen to the left of the arrow.

There are ( ¢ ) atoms of hydrogen and ( d ) atoms of
oxygen to the right of the arrow,

33.

Since no new hydrogen and oxygen atoms were created by the
reaction, and since none of the hydrogen and oxygen atoms
were destroyed, the reaction illustrates the *( )

*five words

Law of Conservation 34,

of Matter

According to the Law of Definite Proportions, every
compound always has the same proportions by weight of the
elements composing it,

Several samples of water are weighed and then completely
broken up into hydrogen and oxygen by electrolysis., In
each case, the hydrogen and oxygen are also weighed.

(go on to next page)
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Weight of water | Weight of Hp | Weight of g

Sample A 9 grams 1 gram 8 é§2532-~
Sample B 18 grams 2 grams 16 grams
Sample C 27 grams 3 grams 2L grams
Sample D 45 grams 5 grams 4O grams

For each gram of hydrogen produced, ( ) grams of
oxygen are formed,

—

8 35, Water always contains 1 gram of hydrogen to every (_;:5_‘5‘“
grams of oxygen.
———
8 36. The proportion of hydrogen to oxygen by weight is 1 tng~‘\;
e
8 37. Every compound always has the same proportions by (__:5.;;~“
the elements composing it, according to the Law of Definite
Proportions,
_—
weight 38. Four samples of iron sulfide were broken up into iron and
sulfur,
Weight of Weight of Weight of
iron sulfide iron sulfur
Sample A 11 grams 7 grams 4 grams
Sample B 22 grams 14 grams 8 grams
Sample C  (_a ) grams 21 grams (b ) grams
Sample D (_c_ ) grams (d ) grams 16 grams
a, 33 c., b 39. All samples of iron sulfide are made up of seven parts by
b, 12 d, 28 weight of iron and four parts by weight of sulfur, This
illustrates the Law of *(_ ). *two words
Definite L0, Compound XY is divided into several samples, In the
Proportions first sample, after breaking it down, you find 2 grams of
X and 8 grams of Y.
Thus, in compound XY, for each gram of X there is (__)
grams of Y,
L 41, The proportion of X to Y by weight in XY is 1 to ( )R
4 42, Every compound always has the same () by weight of the

elements composing it.

proportion
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PART 7

A solution is an example of a homogeneous mixture.
It is a mixture in which the particles are evenly
or uniformly mixed.

Sugar dissolves in water to form a solution., This
solution is a2 () mixture,

homogeneous

The solid (sugar) that is dissolved is called the
solute, The liquid (water) in which the sugar is
dissolved is called the solvent,

When iodine particles dissolve in alcchol, the

~iodine is called the ( a ) and the alcohol is

called the ( b ),

8. solute
b. solvent

3.

Since the iodine particles are evenly distributed or
spread throughout the alcohol, the solution is a
() mixture.

homogeneous

The iodine does not combine chemically with the
alcohol to form a new substance, Therefore, the
solution is not a (),

compound

5.

In certain drinks, such as "pop", carbon dioxide is
dissolved in water. The carbon dioxide is the ( a )
and the water is the ( b ).

solute
solvent

Alcohol will dissolve in water, Alcohol is the ( a )
and water is the (_b ).

solute
solvent

The solution of alcohol in water is a homegeneous
mixture., This means that the particles of alcohol
and water are () distributed in each other,

evenly or uniformly

If substance A will dissolve in substance B, it is
said to be soluble in B, If it will not dissolve,
it is said to be insoluble in B,

Sugar is ( } in water,

soluble

Todine is (_& ) in alcohol and carbon dioxide is (_b )
in water,

a, soluble
b, soluble

10,

0il will not dissolve in water. Therefore, oil is
( ) in water.

insoluble

11.

In solutions involving liquids and gases, such as the
alcohol=water solution, it is difficult to determine
which substance is the solute and which is the solvent
unless you know more about the solution,

Generally, the solute is the substance that is present
in the smaller amount in a solution and the solvent is
the substance present in the greater amount,

If one pint of liquid A dissolves in one gallon of
liquid B, liquid A is the (_a ) and liquid B is the
(b))




a, solute
b. solvent

12,
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If 10 grams of nitrogen dissolve in 20 grams of
oxygen, the oxygen is the (_a ) and the nitrogen jig
the (b ).

a, solvent
b. solute

13.

§

A solution is a *( ) of two substances,

*two words

homogeneous mixture

14,

—_—
A saturated solution is one in which the salventﬁgziz“5
not dissolve any more solute, If the solvent will
dissolve more solute, the solution is said to be
unsaturated,

A spoonful of sugar is dissolved in water., A secong
spoonful of sugar is added and it also dissolves, T
solution must have been ( ),

e

unsaturated

15,

A third spoonful of sugar is added. Most of this
sugar does not dissolve., Instead, it settles to the
bottom of the container. The solution is now (__)

e,

saturated

16,

N

If we heat a saturated solution of the sugar, we
find that more sugar can be dissolved., This is true
of most solutions composed of a solid *( a ) and a

liquid *(_b_). *solute or solvent

a, solute
b. solvent

17.

Thus, most solids are *( ) soluble in hot solvents

than in cold ones, "
less or more

more

18.

Suppose you dissolve substance A (a solid) in substance
B (a liquid). The temperature of substance B is 70° F,
You continue adding substance A to the liquid until

no m;re of it will dissolve., The solution is now
(__-

saturated

19.

If you heat the solution to 90° F,, more of substance A
can be dissolved, The heated solution is ( ).

unsaturated

20,

Whether a solution is saturated or unsaturated depends
then on its ().

temperature

21,

One gram of carbon dioxide (a gas) is dissolved in a
container of water. If a second gram of carbon
dioxide will also dissolve in the water, the solution
must be (__ ).

unsaturated

22,

A third and a fourth gram of carbon dioxide are added
to the water and they dissolve, However, when you
attempt to add a fifth gram, you find that this will
not dissolve, The solution, then, must be (_ ).

saturated

23.

If the carbon dioxide solution is heated, carbon
dioxide gas will bubble out of the solution. You
would guess, then, that gases are *(___) soluble in

not solvents than in cold ones,
*Jess or more
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On the other hand, if the carbon dioxide solution
is cooled, more carbon dioxide can be dissolved.
Apparently, gases are *( ) soluble in sold solvents

than in hot ones, *]ess or more

25-

We can dissolve large amounts of gas in a liquid if
we apply pressure to the solution. When we remove
the cap from a bottle of pop, we *(__ ) the pressure

on the solution. *decrease or increase

decrease

26,

With the cap removed, carbon dioxide bubbles out of
the pop indicating that it is less soluble when the

* .
pressure is (———)' *decrease] or increased

decreased

27.

The solubility of a gas in a liquid can be increased
by *(_a ) the solvent and by **(_b ) the pressure.

*cooling or heating **decreasing or increasing

a, cooling
b, increasing

28,

Liguids that are not very soluble in each other form
an emulsion. The liquid particles are not evenly
distributed in each other, Therefore, an emulsion
isa ().

“heterogeneous

29,

Since the particles in an emulsion are larger than
those in a solution, they may settle out or separate,
To prevent this from happening, an emulsifier may be
added.

Soap will prevent a kerosene and water solution from
separating. The soap is a(n) ().

emulsifier

30,

Solutions caen be deseribed as saturated or unsaturated.
They can also be described as dilute or concentrated.

A dilute solution is one that has a small amount of
solute,

A concentrated solution is one that has a large amount
of solute,

If you dissolved a spoonful of sugar in a gquart of
water, the solution would be ( ),

dilute

31,

If you dissolved a cupful of sugar in a quart of
water, the solution would be (___).

concentrated

32,

It is difficult to determine whether a solution is
dilute or concentrated. How small is a "small amount
of solute"? How large is a "large amount of solute"?
Your idea of what is "small" or what is "large" may
not be the same as that of your classmates,

The terms "dilute" and "concentrated" *( ) very

exact or definite terms. *are or are not

|

are not

33.

A mixture in which the particles are evenly
distributed or uniformly mixed is said to be ( ).
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homogeneous 34. A mixture in which the particles are not evenly o
uniformly distributed or mixed is said to be (___)'
—_—
heterogeneous 35. A solution is a *(_ ) mixture. =
*heterogeneous or homogeneous
—
homogeneous 36. An emulsion is a®__ ) mixture, =
*heterogeneous or homogenesous
_—
heterogeneous 37. In a solution, the *( a ) dissolves the *( b ), o
*solute or solvent
—
a, solvent 38, If substance A will not dissolve in substance B,
b. solute substance A is said to be *(_a ) in B; if it will
dissolve in substance B, substance A is said to be
*(_2) in B, *insoluble or soluble
a, insoluble 39. A spoonful of sugar is dissolved in a cup of coffee:“—‘
b. soluble The coffee will dissolve more sugar if it was added,
The solution is *(__).  sgaturated or unsaturated
unsaturated 40, The above solution might also be said to be *(__).
*concentrated or dilute
dilute L1, A cup of coffee is saturated with sugar. If the coffee
is heated, *( ) can be dissolved in the coffee,
*more sugar or no more sugar
more sugar L4z, A beaker of water is saturated with chlorine (a gas).
If the water is heated, *( ) can be dissolved in
the water. *more chlorine or no more chlorine
no more chlorine 43, 1In fact, some of the chlorine that was dissolved in

the water, will leave the solution when the water is

().

heated
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PART 8

1, The smallest particle of an element that can combine
chemically with other elements is called a(n)( )

2, Some of the early Greek scientists believed that
matter was made of small particles called atoms, a
word meaning indivisible,

In 1803, John Dalton proposed the firSt useful or
scientific atomic thesory.

According to Atomic Theory, all matter is made up of
small particles that the Greeks called (__ ),

3., We said before that elements (which are matter) differ
in their characteristics or qualities or (___ ),

L, TIf this is true, then the smallest particle of one
element must differ from the smallest particle of
another element. We refer to these "smallest particles"
as ().

5. Thus, an atom of copper is *( ) an atom of lead,
*different from or not different from

different from 6, The Atomic Theory also states that if you had a pure
sample of any element, all of these small particles
or atoms would be alike,

In other words, an element contains only one kind
of (__).

7. All the atoms in a piece of pure iron *(___) all the

same kind of atom. *are or are not

8. The atoms in a piece of pure aluminum *(__ ) all

~1like
¢ *are or are not

9. If aluminum atoms were exactly like iron atoms, we
would be unable to tell the two metals apart. Since
we can tell the two metals apart you can be quite sure
that the atoms in a piece of pure aluminum are *(__ )
the atoms in a piece of pure iron,

*the same as or different from

different from 10, The atoms of one ( a ) differ from the atoms of
another ( b ),

a, element 11, Suppose John weighs 80 pounds and Joe weighs 120
b, element pounds, Together, the two boys weigh (___) pounds.

200 12, 1If you divide the sum of their weights, 200 pounds,
by 2 the answer or result is (___) pounds.

13, You would call the 100 pounds the ( ) weight of the
two boys.,

100




average
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According to the Atomic Theory, the atoms of an
element have a definite ( ) weight,

average

15-

Let us suppose that the average weight of eachﬁ;::::::
aluminum atom is 27. (For the present, we will not
label the weight. In other words, we will not call

it 27 pounds or 27 grams, but just 27,)

Suppose, also, that you have a sample of pure
aluminum, If you weighed the sample and then divideq
the weight by the number of atoms in the sample, yoy
would find that the average weight of each aluminum
atom is (__ ).

27

16.

—
If you had a second sample of pure aluminum and
repeated this procedure (weighed it and then divided
the weight by the number of atoms in the sample),

you would find that the average weight of each
aluminum atom in the second sample is (__).

P e .

27

17,

Thus, the atoms of an element have a definite *(___ ),

*two words

e

average weight

18,

Since an atom if iron is different from an atom of
aluminum, you would guess that the average weight of
an iron atom *( ) equal to the average weight of

an aluminum atom, *is or is not

is not

19.

The average weight of an iron atom *( ) equal to the

average weight of an oxygen atom. *is or is not

is not

20,

The average weight of the atoms of any element *(___)
the average weight of the atoms of any other element.

*is the same as or is different from

different from

21,

The first scientific Atomic Theory was proposed in
1803 by John (__ ).

Dalton

22,

The Atomic Theory states that:

matter is made up of tiny particles called (_a );

there are as many different kinds of atoms as there
are (_b );

atoms of an element have a definite (_c ) weight.

a, atoms
b. elements
c, average

23.

The Atomic Theory also states that atoms do not break
up in ordinary chemical changes,

When two atoms of hydrogen combine with one atom of
oxygen to form one molecule of water, the hydrogen and
oxygen atoms *(__ ) broken up into smaller particles.

*are or are not

are not

2L,

When iron atoms combine with sulfur atoms to form
iron sulfide (an ordinary chemical change), the iron
atoms *( ) broken up into smaller particles.

*are or are not
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25. Each atom~of iron in iron sulfide *(_ ) like every

other iron atom, *is or is not

26, The smallest particle of an element that can combine
chemically with other elements is called a(n) ( ),

27, Since there are 104 elements, there are at least 104
different kinds of ().

28, A nitrogen atom is *( ) a nickel atom.
*1like or different than

i

different than 29, All the atoms in a bar of pure copper are very *(__ ),
*similar or different

30. Atoms of an element have a definite () weight,

31, If you had two samples of oxygen, each containing the
same number of atoms, you would expect each sample

to have *(———) weight, *g different or the same

32. If you had a sample of oxygen and a sample of hydrogen,
each sample containing the same number of atoms, you
would expect the samples to have *( ) weight.

*a different or the same

a different 33. The Atomic Theory was proposed in 1803 by ().

bohn Dalton 34, The Atomic Theory states that:

(1)matter is made up of tiny particles called (_a ).
(2)there are as many different kinds of atoms as there
are (b ).
(3)atoms of an element have a definite (_c ) weight,
(h)at?ms gf different elements have different average
d L]
(5)atoms do not break up in ordinary (_e ) changes.

a, atoms 35. Atoms are made up of many smaller particles, but the

b, elements three basic particles are called electrons, protons,
 C, average and neutrons.
d, weights

The electrons and protons are electrically charged.

e. chemical The ( ) is uncharged or neutral,

36, The simplest atom is that of
ordinary hydrogen, The basic
particle that is missing in

neutron

A

the hydrogen atom is the (__ ), P
—— elec oy
preten
neutron 37. In the hydrogen atom, the ( ) travels in a path
around the proton,
electron 38, The path that a space ship follows in its journey
around the earth is called a(n) (__ ).
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orbit 39. Likewise, the path that the electron follows in itg
trip around the proton, in the hydrogen atom, is
sometimes called its (),
—
orbit Lo, Just as the orbit of a space ship =
changes with each trip around the @
earth, so the orbit of the hydrogen —
electron also changes with each
trip around the proton, In the Bf R
diagrams, arrow A points to the
(2 ) and arrow B to the ( b ),
a, electron L1, Suppose that the hydrogen atom was large enough so
b. proton that you could take a picture of it. Suppose further
that you took a picture of the atom every second for
an hour and that you then combined all the pictures
into a single picture, Do .
Tt would probably loock like ARSREARR
the diagram, Since the () A
was moving, its position SN
changed each second, Tt
electron 42, Thus, the electron occupies many different positions
during the hour, On the one large picture, the area
outside the proton would be rather hazy. Scientists
call this area the electron cloud or shell., The
electron cloud or shell, then, is that area in which
one would find the atomic particle called the (___).
electron 43, The helium atom is diagrammed below, "PV" stands for
proton and "N'" for neutron. An electron is shown by
a dot, e, .
The helium atom has *( a )
electron(s), *(_b ) proton(s),
and *( ¢ ) neutron(s).
*how many?
a, 2 Lly, The center of the atom is called the nucleus. In the
b, 2 helium atom, the nucleus is made up of two (_a ) and
c., 2 two ( b ).
a. protons b5, The two helium electrons travel around the nucleus in
b. neutrons the same orbit, or electron cloud, or ( Yo
(In any order)
shell 46, The diagram to the right is
of the lithium atom., It is
composed of *( a ) electron(s),
*( b ) proton(s), and *( ¢ )
neutron(s).
*how many?
a, 3 L7, The protons and neutrons together make up that part
b. 3 of the atom called the ( )
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48, The electrons in the lithium atom travel in two
different (__).

49, Scientists sometimes refer to the orbits by still
another name, energy levels, Thus, in the case of
lithium, the electrons are found in *( ) energy
levels, *how many?

50, The beryllium atom is made
up of *(_a ) electron(s),

*(_b ) proton(s), and *( c )
neutron(s).,

51. Nine particles are found in the () of the
beryllium atom.

52, The four electrons of the beryllium atom travel in

two different orbits, or shells, or (___ ) levels,
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PART 9

The three basic particles that make up an atom are
the (_a ), (b ), and (_c ).

—_—

, electron
. proton
neutron

The central part of an atom is called the (___).

The nucleus is made up of two basic particles, the
(a ) and the ( b ),

b, neutron
(In any order)

The electrons travel around the nucleus in paths

called orbits, or (_b_ ), or *(_c ). *two words

e

b. shells
¢, energy levels

Up until now, we have said that the words "orbit",
"shell" and "energy level" all refer to the path the
electrons travel in around the nucleus. Generally,
there is a circular orbit or path located near to the
nucleus. Somewhat further out (away from the nucleus)
there are four paths or orbits, All of these are about
the same distance from the nucleus, but they differ in
shape, We refer to this group of 4 paths or orbits as
a shell or energy level, We also refer to that single
path near the nucleus as a (_a ) or (_b ).

a, shell
b. energy level
(In any order)

Blement Electrons Neutrons Protons
Hydrogen 1
Helium
Lithium
Beryllium
Boron
Carbon

Nitrogen

~N O Ew i
~N OO\ ENN O
~N OVt EL N e

In the case of each element above, the number of
electrons in the atom is equal to the number of (__ ).

protons

No two elements above have the same number of ( )

electrons or protons

The atomic number of an element is the number of
protons contained in the nucleus of its atom.

The atomic number of hydrogen is *( ). *number

The atomic number of lithium is *(___ ). *number

10.

The atomic number of carbon is ( ).

11.

The electron carries a negative or minus electrical
charge, The proton carries a positive or plus electri=-
cal charge., The two charges are equal to each other,
but opposite,

We indicate the charge on one electron by writing -1,
We indicate the charge on one proton by writing ().




+1
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The helium atom is made up of 2 electrons, 2 protopg
and 2 neutrons., Which of the three basic particlesg '
does not carry an electrical charge? ( )

neutron

13.

We would indicate the total negative charge on §§2:§§§=
electrons in the helium atom by multiplying the Numbey
of electrons by -1, the charge on one electron,

2% (<1) = =2

The carbon atom has 6 electrons., The total negative
charge of the six carbon electrons is ().

-6
(6 X =1 = =6)

14,

—
Boron's atom has 5 electrons. The total charge on
these electrons is (),

i

-5

15-

i

To find the total positive charge on the protons of ap
atom, we multiply the number of protons times +1, the
charge on one proton., Since the helium atom has two

protons, the total positive charge on these particles ig

2X (+#1) = +2

What is the total positive charge on the six protons
in the carbon atom? ( )

+6

16.

The boron atom has 5 protons. The total positive
charge on these protons is ().

+5

17.

The hydrogen atom is made up of one electron (-1) and
one proton (+1). The two charges are opposite in sign,
but equal in strength., They cancel each other and the
total charge on the hydrogen atom is: -1

+1

0

You have learned (in Algebra I) that when you add two
numbers with opposite signs that you subtract the small
number from the larger number and give your answer the
same sign as the larger number.

Thus, if you add +4 and -2, the answer is (),

+2

18,

The helium atom has 2 electrons and 2 protons. The
total charge on the atom is: >

+2

[

19.

The carbon atom has 6 electrons and 6 protons., The

total charge on the electrons is 6 X -1 = =6; the total

charge on the protons is 6 X +1 = +6,

The total charge on the carbon atom is: =6
+6

()

20,

The oxygen atom has 8 electrons and 8 protons. The
total charge on the atom is (),

21,

The number of electrons in any atom is *( ) the
number of protons in the atom.

*equal to or different
from
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Since the number of electrons in an atom is equal
to the nmumber of protons, the total charge on any
atom is *( )e *umber

23,

The atomic particle that has a +1 charge is the ( ).

2k,

The atomic particle that has no charge is the ().

250

Of the three basic atomic particles, the electron is
the lightest. A proton weighs about 1840 times as much
as an electron. A neutron also weights about (__ )
times as much as an electron,

26,

If we say that an electron weighs 1 g.f. (grand forks),
then one proton weighs () g.f,

27.

One neutron weighs 1840 (),

28,

The helium atom is made up of 2 electrons, 2 protons,
and 2 neutrons, TIts total weight is:

2 electrons X 1 g.1f. 2 g.f,
2 protons X 1840 g.f. = 3680 g.f,
2 neutrons X 1840 g.f, = 3680 g.f,

7362 g.f.

The 2 protons and 2 neutrons are found in the center
or () of the helium atom,

P

nucleus

29.

As you can see from Frame #28, almost all the weight
of the helium atom is found in the (),

nucleus

30,

Since it is so light, we can disregard or forget about
the weight of which atomic particle? ( )

electron

31,

If we continued to work with the g.f. as our unit of
weight, we would have to work with very large numbers
as the atoms increased in size, For example, gold
has 79 electrons, 79 protons, and 118 neutrons. It
weighs 362,559 g.f.

Let us change our unit of weight and say that one
proton weighs 1 a.w.u. (atomic weight unit). The
weight of one neutron will also be (___) a.w.u.

32,

In figuring the weight of an atom we will disregard
the weight of the (__ ).

electron

33.

Using our hew weight unit, we find that the helium
atom of Frame #28 weighs:
2 protons X 1 a,w.u. = 2 a,W.U,
2 neutrons X 1 a.w.u., = 2 &,wWeU,
L oa,w,u.

The gold atom of Frame #31 will weigh () a.w.u.

197
(79 protons + 118

neutrons)

3b,

The nitrogen atom (7 electrons, 7 protons, and 7
neutrons) will weigh (__) a.w.u.
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14 35. The hydrogen atom (1 electron and 1 proton) will
weigh 1 ().
&.Wol, 36. The neon atom is made up of 10 electrons, 10 pProtong
and 10 neutrons. The total charge on the atom is !
( a ) and the weight of the atom is ( b ).
—
a, 0 37. The atomic weight unit (a.w.u.) is equal to thewggzgiz‘
b. 20 a.W.l. of one (_a ) or one (_b ). Both of these particles
are found in the nucleus,
Q
a. proton 38, The actual weight of & hydrogen atom is about
b. neutron 0.000,000,000,000,000,000,000,000,06 of an ounce,
(In any order) The weight of any other atom would also be very, very
(__).
N —
small 39. Working with such small numbers would be very
difficult, Therefore, chemists decided to consider
the weight of a carbon atom to be 12 a.w.u.
The abbreviation, a.,w.u., stands for *( ),
*three words
atomic weight unit 40, The weight of a hydrogen atom is about 1/12 that of a
carbon atom. Thus, the atomic weight of hydrogen is
1
P 2 =
S 12=()
1 41, The weight of a magnesium atom is twice that of a
carbon atom; thus, the atomic weight of magnesium is:
2x12=(_)
24 L2, The atomic weight of any element is the average weight
of its atoms compared to the average weight of the
() atom.
carbon L3, The atomic weight of an element can be found in two
ways., First, you can compare the average weight of
its atoms to the weight of a () atom,
carbon b, Or, secondly, you can add the number of protons and
neutrons in the atom's ( )R
nucleus L5, Let us try both ways with the oxygen atom. The
average oxygen atom weighs 4/3 as much as the carbon
atom. The atomic weight of oxygen is:
I ,
% 12=(_)
3
16 46, The oxygen atom has 8 protons and 8 neutrons. Adding
the number of protons and neutrons gives you the
atomic weight of oxygen, which is ().
16 47, We said earlier that the atomic number of an element

is the number of ( ) in the nucleus of its atom.
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48, We also said that if you add the number of protons
and neutrons in the nucleus of an atom, you can
determine the atomic (___) of the element.

L9, The atomic number of tin in 50, This means that there
are 50 (___) in the nucleus of a tin atom.

50. The atomic weight of tin in 119. This means that the
sum of the (_a ) and (_b ) in the nucleus of the tin
atom is 119.

51. The atomic weight of 119 tells you that there are 119
particles (protons + neutrons) in the nucleus of the
tin atom. The atomic number of 50 tells you that 50
of these particles are protons.
Therefore, 119 minus 50 must equal the number of
neutrons,
There are 119 = 50 neutrons in the nucleus,
119 = 50 = ( )

52, The atomic number of sodium is 11 and its atomic

weight is 23. How many neutrons are there in the
nucleus of the sodium atom? ( )
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PART 10

Let us review. The three main basic particles that
make up an atom are the (a2 ), (b ), and (¢ ).

b. proton 2.

The neutron is neutral. The ( a ) has a +1 charge
and the ( b ) has a -1 charge,

The center of an atom is called the ( R

The two kinds of atomic particles found in the
nucleus are the ( 2 ) and the ( b ),

The atomic ( ) of an element is the number of
protons in the nucleus of an atom of that element.

The atomic weight of an element is the average weight
of its atoms compared to the average weight of a
( ) atom, which is 12,

- To find out how many ( ) are in the nucleus of an

atom, subtract the element's atomic number from its
atomic weight,

_neutrons

The electrons of an atom travel around the nucleus
in paths called orbits, A number of orbits may be
grouped together into (_a ) or (_b_ ) levels,

a, shells %
b, energy

Below is a diagram of the hydrogen atom. The dot
stands for one electron and the letter "P" stands for
one proton.

The electron orbit is shown somewhat \
differently than it was shown before, (:; ;

The hydrogen atom has *( ) proton(s)
in the nucleus.,

*how many?

10.

There are seven different shells or energy levels
which the electrons may be found in. Fach is located
at a different distance from the nucleus., The shell
nearest to the nucleus is called the K shell or the
first (1st) energy level.

The K shell of the helium atom
is completely filled=-it is
holding all the electrons that
8 K shell can hold. How many
electrons does the helium atom have in the X shell? (__)

11,

Another name for the X shell is the ist *( ).
*two words

energy level 12,

The maximum (most) number of electrons that an atom
can have in the 1st energy level is *( ). *how many?
Hint: how many did the helium atom have?
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2 13, The lithium atom has 3 electrons, Two of these
electrons are found in the
(a ) shell or ( b ) energy

level,
—_—
a, K 14, The third electron is found in the L shell or 255—-‘\\‘;
b, 1st energy level,

The carbon atom pictured to
the right has 6 electrons.
How many electrons does it
have in the L shell or 2nd
energy level? (__ )

L 15. The maximum (most) number of electrons that the
L shell or 2nd energy level can hold is 8 Below is
a diagram of the neon atom,
Tts atomic number is (_a )
and its atomic weight is (_b ).

a, 10 (number of protons) 16, Chemists have found that the L shell or 2nd energy

b. 20 (protons + neutrons) level is made up of 2 sub-shells, The first sub-
shell can hold 1 or 2 electrons which travel in a
circular path around the central part of the atom,
The central part of the atom is called the (__ ).

nucleus 17, In the second sub-shell, electrons can travel in three
different paths around the nucleus, The paths are not
circular, They are oval (egg-shaped). These paths
are called orbitals,

There are 3 () in the second sub=-shell of the 2nd
energy level.

orbitals 18. Each orbital can hold 1 or 2 electrons--no more than
2, The maximum (most) number of electrons that can
be present in the 3 orbitals of the second sub=-shell

is (). *how many?

6 (3X 2) 19, Let us break down the 2nd energy level or L shell
once again,

First subeshell.,...l orbital.,..can hold 2 electrons
Second sub-shell,..3 orbitals,.cen hold 6 electrons

Altogether, in the 2nd energy level or L shell, one
may find a total of *( a ) orbitals and a total of

# b ) electrons, *how many?

op
o &
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Element No., of electrons No., of electrons

in K shell in L shell
Hydrogen 1 0
Helium 2 0
Lithium 2 1
Beryllium 2 2
Boron 2 3
Carbon 2 L
Nitrogen 2 g
Oxygen 2 6
Fluorine 2 Vi
Neon 2 8

20. Can the I shell hold less than 8 electrons? ( )

Yes 21, If an atom had both the K and L shells completely
filled with electrons (see Neon above), it would have
a total of *( ) electrons. *how many?

10 22, The sodium atom has 11 electrons. It is pictured below,

i

i
&)

i
p

i
o

o

Arrow A points to the ( a )
shell or ( b ) energy level.

Arrow B points to the ( ¢ )
shell or the ( d ) energy
level,

Arrow C points to the (e )
or (_ £ ) energy level,

i

a, K d. 2nd 23, The M shell or 3rd energy level is composed of three )
b, 1st e, M sub=shells. The first sub~shell, like the first sub- ﬁ
c. L f. 3rd shell of the 2nd energy level, can hold a maximum of }
*(___) electrons, *how many? |
2 24, The second sub=-shell, like the second sub=shell of
the 2nd energy level, can hold a maximum of ( )
electrons,
6 25, As you noted, the second sub-shell can hold 4 more

electrons than the first sub-shell, (The second sub-
shell can hold 6 electrons while the first sub-shell
can hold 2),

The third sub-shell can hold 4 more electrons than
the second sub-shell, Thus, it can hold (_ )
electrons, altogether.

10 (6 + 4) 26, The first sub-shell can hold 2 electrons, the second

- sub=shell can hold 6, and the third sub-shell can
hold 10, If an atom had a2ll of these sub=shells
completely filled with electrons, it would have how
many electrons in the M shell? (___ )

18 (2 + 6 + 10) 27, TIf an atom had the K shell, the L shell, and the M
shell completely filled with electrons, it would have
a total of *(___) electrons.

*how many
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28 (2 + 8 + 18) 28, We said that the 1st energy level or K shell can
hold a maximum of (_a ) electrons; the 2nd energy
level or L shell can hold a maximum of (_b ) electrq

n
and the 3rd energy level or M shell can hold a Sy
maximum of ( ¢ ) electrons.

——
a, 2 29, There is a mathematical formula that you can use4€;~‘\‘
b, 8 determine the maximum number of electrons that a giye,
c., 18 energy level can hold, It is:
2

Maximum number of electrons = 2L
The "L stands for the number of the energy level,

To find the maximum number of electrons that the ist
energy level can hold, replace the "L with a 1,
1 squared is 1 X 1 =1; and 2 X 1 = 2,

To find the meximum number of electrons that the 2nd
energy level can hold, you would replace the "LV with
the number ( ).

e,
s

2 30, Let us use the formula, 2L2, to determine the maximum
number of electrons that the 2nd energy level or L
shell can hold,

Replacing the "L" in the formula with a 2 (2nd energy
level), we find that 2 squared is 2 X 2 = 4, Multiply-
ing 4 by 2 gives us & maximum of 8 electrons,

To find the maximum number of electrons that the 3rd
energy level or M shell can hold, you would replace
the LY with the number (),

3 31. Completing the problem: ‘
212 = 2(3X 3) =2X 9 = 18, the maximum number of
electrons that the 3rd energy level can hold,

What is the maximum number of electrons that the 4th
energy level or N shell can hold? ()

32 (2 X 42 = 2% 16) 32. The 4th energy level is also called the (___) shell,

N 33. The O shell is also known as the 5th *(__)., *two words
energy level 34, The 6th energy level is also known as the (___) shell,

P 35. The Q shell is also known as the *(___).

*three words

7th energy level
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13a, 24,

13b. 25,

14, 26,
 15a, 27.

15b, 28a.,

16, 28b,

17. 28c.,

18, 29.

1%a. 30.

19b, 31.

20, 3.

21, 33.

22a, 34,

22b, 35.

22c,

22d,

22e,

22f,

23,
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PART 11

Chemists have found it convenient to classify the
elements in the order of their atomic numbers, Such
a classification is pictured on page 620 of your
textbook, It is called s PERIODIC TABIE,

Use the Table to answer the frames that follow,

The seven horizontal rows of the Table are called (___).

The Periodic Table contains 18 columns or vertical
rows, These are called ( ).

_ Groups

One element has been placed all by itself at the top
of the Table. That element is (___ ).

~ hydrogen

The period numbers (1 through 7) represent the energy
levels or shells in which the electrons are found,

As you can note, hydrogen (H) and helium (He) are
found in Period Number 1, This tells you that the
outermost electrons (the ones furthest from the
nucleus) of hydrogen and helium are found in the 1st
energy level or (___ ) shell,

50

The outermost electrons of all the elements in Period
Number 2 will be found in the () energy level,

2nd.

The top number in each small square tells you the
atomic number of that element. The atomic number is
the number of () in the nucleus of the atom,

~ protons

The atomic number also tells you the number of ( )
that are orbiting around the nucleus,

electrons

Thus, hydrogen (H) has 1 electron and helium (He) has

2 electrons, i
In the case of both of these H

atoms, electrons are found

only in the (_a ) shell or .
{ b ). @ He

*three words

a, K
b, 1st energy level

9.

The elenents in Period Number 2 are diagrammed below.

@ Be.'.

(%

Tn all of these atoms, the
(_a2 ) shell or *(_p ) is
completely filled with
electrons,

*three words

a, X
b, 1st energy level

10.

In all of the atoms in the above frame, the outermost
electron (the one that is furthest from the nucleus)
is found in the (_a ) shell or *(_ b ).

*three words

[

1 4

i
[




a, L
b. 2nd energy level

11.
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Thus, the period number (2) tells you that the outep_
most electron in the atoms of the 8 elements in thig
period is found in the L shell or (___) energy levey

2nd

12,

Note that the period number (2) is identical (éi;ziji::
as) the number of the energy level in which the Outere
most electron is found; in this case, the 2nd energy B
level,

You would guess than that the outermost electron in the
atoms of the elements in period number 3 will be foung
in the (_a ) shell or ( b ) energy level,

—

b, 3rd

13.

You would also guess that the outer electrons ofAEEQ“‘
elements in Period Number 4 will be found in the ( g )
energy level or ( b ) shell, T

a, Lth
b, N

14,

——
Let us take a look at the colurmns, starting with
column TA, The first three elements in. that column
are diagrammed below,

©

Lithivm - Li Sodiom -~ Now Petassivm - K
Each of these atoms has *( ) electron(s) in its
outer shell,

*how many?

15.

The other three elements in this column (rubidium, Rb;
cesium, Cs; and francium, Fr) also have *( )

electron(s) in their outer shell. *how many?

16.

We said earlier that atoms are neutral, The total
charge on the atom is O since the number of protons
in the atom is equal to the number of ( ).

electrons

17.

Chemists have found that the elements in column TIA will
give up or lose their outer electron in chemical
reactions, After an atom has given up or lost an
electron, it is no longer neutral. In fact, it is no
longer called an atom; but, instead, it is called &an
lon.

The lithium atom has 3 protons and 3 electrons., After
it loses its outer electron, it has 3 protons and only
2 slectrons, It is no longer a lithium atom; it is
now a lithium (__ ).

ion

18.

The 1lithium ion has 3 protons and 2 electrons., Its
total charge is: +3

-l

+1

Remember: to add signed numbers, subtract the smaller
number from the larger one and give the answer the
same sign as the larger number,

The sodium ion has 11 protons and 10 electrons, What
is its charge? ( )
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19. All of the elements in column IA will *(_ ) an

electron during & chemical reaction. *5E5H or Yiks

20, After an atom has lost an electron, it is no longer
called a(n) (_a ); but, rather, it is called a(n) ( b ).

21, Like the lithium ion and the sodium ion, the ions of
the elements in column IA have a charge of (),

22, Chemists often refer to the charge on an ion as the
valence number of the element. Since the lithium ion
has a charge of +1, the *( } of lithium is +1.

*two words

s

;valence number 23. A1l of the elements in column IA have a *( ) of +1,

*two words

_valence number 24, Up until now, in our diagrams of atoms, we have drawn

' a dot for each electron, In the larger atoms, those
with many electrons, this is often awkward., Below are
diagrams of three of the elements of column IA which
have large atoms. The numbers indiceate the number of

1

electrons in each shell, ‘ . .
N Y YN SN N YY) \ \_'7 N OOY D
@Dase ® 26188 | @ A8 iBIBB |
AV PRI A J/‘J/JJ
Petassivn-K Robidivn -Rb Cesivm - Cs

How many electrons do each of these elements have in
the shell next to the outer shell? ( )

8 25, Find column IB in the Periodic Table, The three
elements in this column are diagrammed below,
NN NN S9N NN AN T T T
@D 2. i8 @28 iv it | @ LS 1832L 18 {1
VARV VR B VI R B
Cu - topper Ag -silver Au-ge id

Each of these atoms has *( & ) electron(s) in its
outer shell and *( b ) electron(s) in the shell next

to the outer shell. *how many?

a, 1 26, Like the elements of column JA, the elements of
b, 18 column IB have *(___) electron(s) in the outer shell,

*how many?

1 27, The elements in the two columns differ in that the
elements of column IB have (_g_) electrons in the
shell next to the outer shell, while the elements of
column TA have (_b_) electrons in this shell.

a, 18 28, We said before that the elements in column TA will
b, 8 give up their outer electron in most chemical reactions,
Thus, they have a valence number of ( ).

+1 29, The elements in column IB also have one electron in the
outer shell, They will give up this outer electron in
chemical reactions, Therefore, they also have a
valence number of (__ ).



+1

30.
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Copper, Cu, in some reactions, will give up its outep
electron and one electron from its M shell or 3rd ehep
level, Thus, it loses two electrons in these chemical
reactions.

The copper ion that results has 29 protons and 27
electrons (having lost 2 electrons), Its total chargg
is (+29) + (-27) = +2, Therefore, the (___) of this
ion is also +2,

valence number

31.

—
The copper ion with a +1 valence number is known_;;~€;;
cuprous or copper I ion.

The copper ion with a +2 valence number is known as the
cupric or copper II ion.

The copper ion whose name ends in *(___) has the lowey
or smaller valence number, *last three letters

ous

32,

S ———
The chart below lists the more common elements of
columns IA and IB and their valence numbers. Fill ip
the missing valence numbers,

Column TA Column

IB
Lithium (Li),....+1 Copper (Cu),...+1 or ( a )
Sodium (Na)..eee.+l Silver (Ag)....+1 -
Potassium (X)...(_b )

33.

The cupric ion or copper II ion has a valence number
of (__).

The first three selements in column ITA are diagrammed

belOWo

Bevbeff’/i;?’n 5 3 Ma-maﬁneswm LD
ijag @asd

Each of the elements have *( ) electrons in its

outer shell, *how many?

35,

The same is true of the other three elements in

column ITA (strontium, Sr; barium, Ba; and Radium, Ra).
A1l of the elements in this column have 2 electrons

in the (___) shell,

outer

36-

The elements in column ITA will usually give up or lose
both of these outer electrons in chemicel reactions,

The beryllium atom has 4 protons and 4 electronms.
The beryllium ion has (_a ) protons and (_b_) electrons.

37,

The magnesium atom has 12 protons and 12 electrons,
The magnesium ion has (_a ) protons and (_b )
electrons,

a, 12
b. 10

38,

The beryllium ion has a charge of: (+4) + (=2) = +2,
Thus, the valence number of beryllium is (___ ).

)

+2

39.

The magnesium ion has a charge of: (+12) + (-10) = +2,
Thus, the *( ) number of magnesium is +2,

*two words
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valence number 40, Since all of the elements in column ITA lose 2

electrons in chemical reactions, the valence number
of each of these elements is ()

@

+2 41, Three atoms from column ITA and three from column IIB
are diagrammed below,
YN A Y NN N 0% Y Y YD
IR @assa @asiEsa Dasigissa
PR A I I I s D ‘g, J
Co - cc‘,iciv'm Se. jf,- alivm Boo, - barivm

t4
O O TR AT T U W | SNV ORI

. : | <

I8 @/3,?5!)8?. @ggale:pa @??18,35211831

J 4 ,
Zn - BINVNC Ca(~ u\.c{"rmvm g‘ mcf‘(_u!‘l\-

Each of these atoms has *(___) electrons in the outer
Shell ® *how m‘m

2 , 42, The elements in column ITA have *(_a ) electrons in the
shell next to the outer shell,

The elements in column IIB have *(_b_) electrons in the

shell next to the outer shell,

*how many
a, 8 L3, Since all of the elements in columns ITA and ITB have ﬂw
b, 18 two electrons in the outer shell which can be given
away in chemical reactions, their valence number is i
(e I
+2 by, One element in these two columns that is an exception g

is mercury, Hg. In some reactions, mercury gives up
only one of its outer electrons., The mercury ion that
is formed in these reactions is known as the mercurous
or mercury I ion and it has a valence number of +1.

When the mercury etom gives up both outer electrons,
the ion that is formed is called the mercuric or
mercury II ion and its valence number is ( ).

+2 L5, The name of the mercury ion with the lower or smaller
valence number ends in *(_). #]ast 3 letters

ous L6, The chart below lists the more common elements of
eolumns ITA and ITB and their valence numbers, Fill in
the missing valence numbers, ¢

Column TTA Column ITB
Beryllium (B6)eeses +2 7ine (Zn)esessoss +2
Magnesium (Mg)eoess +2 Cadmium (Cd)eoees +2
Calcium (C2)eeeeoes(_8_ ) Mercury (Hg)eeess+2 or (b )
Strentium (Sr)ecess +2
Barium (Ba)gocoonoo(‘_g_)

a, +2 L7, Note: the elements in the two columns headed by Roman .
b, +1 numeral I have 1 electron in their outer shells, The |
o, +2 elements in the two columns headed by Roman numeral II

have (___) electron(s) in their outer shells,

M

L8, Thus, the Roman numeral tells you how many electrons 0
are in the *(___) of the elements in the columns, |

*two words

outer shell

-
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PART 12

1. We have been working with a classification of the
elements based on their atomic numbers, This chart is

called the *(___ ). *two words

 Periodic Table 2, The element potassium is found in the Periodic Table
in column JA and in Period Number #3. This tells you
that the potassium atom has (_a_) electron(s) in the
outer shell and that the outermost electron(s) will be
found in the (_b_) shell or (_c ) energy level,

a., 1 3. Because it has one electron in its outer shell,

be M potassium has a valence number of ( ).

c. 3rd

+1 4, The only element in columns IITA and ITIB with which

we are concerned in this course is aluminum, Al., Tt
has 3 electrons in its outer shell, Its valence number

is ().

+3 5. The elements in solumns IVA and IVB have *( )
electrons in their outer shell, *how many?

L 6. One would guess that these elements will give up these

outer electrons in chemical reactions and, therefore,
that their valence number is ( ).

+ 7. It may be difficult, however, to pull 4 electrons away
from these atoms, Often, instead of giving up these
electrons, these elements simply share them with
another element. (We will talk about the sharing of
electrons later,) But, even in the case of sharing
electrons, the valence number of these elements is
considered to be (___).

+4 8, Tin, Sn, and lead, Pb, have valence numbers of +4 in
some reactions and +2 in others, Both elements have 4
electrons in their outer shell. Two of these electrons
are in the first sub=shell and two are in the second
sub=shell.

In some reactions, tin and lead give up only these two
electrons from the second sub=shell. Thus, their
valence number in these reactions is ().

+2 9, The elements in columns VA and VB have *( ) electrons
in their outer shell, *how many?

5 10, These five outer electrons are distributed as follows:
2 are in the first sub-shell and 3 are in the second

sub=shell,

In some chemical reactions, these elements might give
up only the 3 electrons of the second sub=shell., In
such cases, their valence number would be ( ),

+3 11, In other chemical reactions, they might give up all
of the electrons in their outer shell., In these
reactions, their valence number is ( ).




+5

12,
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And finally, in some reactions they might gain 3
electrons from some other atom. Their second sub-sheyy
would then be completely filled since the second sub.
shell can always hold 6 electrons,

Since these atoms would then have 3 more electrons thap
they have protons, or 3 extra minus (=) charges, theip
valence number would be ( ).

e

13.

As you can see, it is difficult to predict the vale;:;~
number of the elements in the columns headed by Roman
numeral V, Generally, +3 and +5 are the most common,

The elements in columns VIA and VIB have *( )
electrons in the outer shell, *how many?

e

1k,

S S

Like the elements in columns VA and VB, the valence
numbers of the elements in VIA and VIB are difficult
to predict.

Oxygen, O, will gain 2 electrons in chemical reactions
to completely £ill its L shell or 2nd energy level,
Thus, its valence number is (__ ).

15,

The elements in columns VITA and VIIB have *(___)

electrons in their outer shell, *how many?

16,

To completely £ill their outer shell (which has two
sub-shells), these elements have but to gain one
electron., If they gain one electron, their valence
number will be (___).

=1

17.

The elements in columns VIIIA and VITIB have *(__ )
electrons in their outer shell, *how many?

18,

The elements in column VIITA are inert. This means
that they do not react readily with any other element.
The eight outer electrons completely fill the outer
shell (which has two sub=shells), Thus, these elements
do not gain or lose any electrons in reactions,

The same thing is not true of the elements in column
VIIIB. These elements have 18 electrons in the shell
next to the outer shell. Sometimes one or more of
these electrons skip to the outer shell and then are
lost in chemical reactions. Since they lose electrons
in these reactions, their valence number is *(“__).

*negative or positive

positive

19.

For example, iron (Fe) may have a valence number of +2
or +3, The +2 iron ion is called the ferrous or iron 11
ion: the +3 iron ion is called the ferrig or iron IIT
ion,

The iron ion with the lower or smaller valence number
has a a name that ends with *(__ ).

*¥last 3 letters

ous

20,

The elements are arranged in the Periodic Table
according to their atomic ().
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21, Find aluminum (A1) in the Periodic Table,
It has *(_a ) electron(s) in its outer shell,
Its outer shell is the ( b _b ) shell or (_c ) energy
level,
Its valence number is (_d ). *how many?
a. 3 22, TFind oxygen (0).
b. M It has *(_a ) electron(s) in its outer shell,
c. 3rd Its outer shell is the ( b ) shell or ( ¢ ) energy
de +3 level, - -
‘ Tts valence number is (_d ). *how many?
a, 6 23, Sometime ago, we mentioned that atoms may share
be L electrons, For example, hydrogen (H) has one outer
c., 2nd electron, It may share that electron with another
d, =2 hydrogen atom. -
The diagram shows 2 hydrogen
atoms that are sharing their
outer electrons with each other., Note that the two
electrons are moving around both nuclei., When the two
electrons are orbiting around the nucleus on the left,
that atom's K shell is completely filled, (The K shell
will hold only 2 electrons,) The same is true when
the electrons move around the nucleus to the right,
Since the electrons are moving so very rapidly (at
about the speed of light) and traveling such a short
distance, one might say that the K shells of both atoms
are filled all the time.
This diagram shows 2 hydrogen atoms and one oxygen atom
sharing outer electrons, Each '
hydrogen atom now has its one
outer electron and one of the
oxygen outer electrons filling
its K shell, The oxygen atom has its 6 outer electrons
and two hydrogen electrons (one from each atom) filling
its L shell.
These three atoms have combined to form one molecule
of (___).
water (H20) 24, Certain groups of atoms stay united during chemical
reactions., These groups are called radicals, They
act just as though they are single atoms, They also
have definite valence numbers,
Name Svmbol Valence Number
Ammonium NHL, +1
Carbonate CO3 -2
Hydroxide OH =1
Nitrate NOg =1
Sulfate S0y -2
The ammeonium radical has a valence number of +1, The
nitrate (___) has the symbol, NOs,
radical 25, The (_a_ ) radical has the symbol, CO3, The only

radical above with a positive or plus valence number
is the (b ) radical, The symbol for the sulfate
radical is (_c ).




a, carbonate 26,
b, ammonium
c. oS0L
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In writing the formula for a compound, the symbol of
the element or radical with a plus valence number ig
written before the symbol of the element or radical
with a negative valence number,

One sodium atom (+1) combines with one chlorine atop
(«1) to form a molecule of sodium chloride, The
formula for sodium chloride is (__).

——_—

NaCl 27,

One hydroxide radical, whose symbol is OH and whose
valence number is =1, will combine with one potassium
ion (symbol, K; valence number, +1) to form one
molecule of potassium hydroxide, The formula for
potassium hydroxide is (___).

i

KOH 28,

A1l compounds are electrically neutral., Therefore,
the total plus valence must equal the total minus ‘ fas
valence. Let us write the formula for aluminum chloride,
The valence number of the aluminum ion, Al, is +3: the b
valence number of the chlorine ion, Cl, is =1, ten

Al +3}?f’/gl/:1
AT 3

The total positive or plus valence of aluminum chloride
is +3 (one aluminum ion), The total negative or minus
valence of the compound is (__ ),

The 3 in the formula AlCli tells you that there are
3 *(___) ions in a molecule of aluminum chloride,

*name

chlorine or chloride 30,

The formula for calcium hydroxide is:
Ca+2 -1

el

Notice that when you use more than one radical, the
symbol for the radical is placed in parentheses and
the number is placed outside., As written above,
Ca(CH)2, the molecule contains *(_a ) ion(s) of
caleium, *(_b ) atom(s) of oxygen, and *(_c _c ) atoms
of hydrogen. *how many?

-

31.

If we had written the formula as CaOHp (w1thout the
parentheses), this would indicate that the molecule
contains 1 calecium ion, *(_a_ ) oxygen atom(s), and

*(_b_) hydrogen atom(s). *how many?

1. e

a, 1 32,

Notice also that in naming compounds made up of two
elements, or two radicals, or one element and one

radical, that the name of the element or radical having
the minus valence number is changed to end in '"ide',

The name of NaCl is sodium chloride,
The name of Ca(OH)2 is calcium hydroxide.,
The name of Mg0 is ( Y.

magnesium oxide v 33.

In writing the formula for a compound, the symbol of
the element or radical having a ( ) valence number
is written first,




_positive or plus 34,
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Molecules are constantly in motion. Because of this
motion two substances may mix, The molecules of the
two substances move around each other; they intermingle,
The mixing of substances because of molecular motion

is called diffusion.

Gases will pass through porous solids due to the mix-
ing of the gas and solid molecules. The process is
called ().

diffusion 35.

Molecules move because they possess energy. When

you heat a substance, its molecules taeke on or absorb

more energy. Therefore, the molecules will move *(__).
*faster or slower

faster 36.

The kinetic energy (energy of motion) of molecules,
thus, depends upon the () of the molecules.

temperature 37,

According to the kinetic theory of matter, the
molecules of a solid vibrate about fixed positions;
the molecules of a liquid slide over one another
freely, and the molecules of a (___) are widely
separated and move most rapidly.

gas




tudent's Name

178

School

Sec, No,

16,
17.
18,
19.
20,
2la,
21b,
21c,
21d,
22a,
22b,
22¢,
22d,
23,
24,
258,
25b,

25¢c, _

PART 12

26,

27,

28,

29o

30a,

30b,

30¢c.

31a,

31b.,

32.

33.

3["’0

350

36.

37.




APPENDIX E

VARTANCES OF THE CRITERION VARIABILES AND THE COVARIATES

ITED Quantitative Standard Score
TITED Science Reading Standard Score
ITED Composite Standard Score

CTMM Intelligence Quotisnt

Recall Pre-Test Score

Application Pre=Tesit Score

Total Pre-Test Score

Recall Gain Score

Application Gain Score

Total Gain Score

0omow e u

BEB3ESEaBo
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Variances of the Criterion Variables and the Covariates

Conventional Introductory Review

Q 19,78 19,50 24,15
SR 17.81 21.73 20,94
C 18,48 21,73 15,79
1Q 142,11 102,85 130,31
PR 7.07 7.16 6.25
Teacher A PA 5.77 6.29 7,47
PT 19.17 21,65 19,26
RG 18,73 26,75 25,91
AG 18,71 22,96 29,39
TG 53.53 79436 92,97
Q 18,79 28,52 35,60
SR 29,16 23,28 24,01
C 19,73 18,22 28,13
10 136.90 126,20 147,56
PR 6.76 5.53 6,18
Teacher B PA 4,68 6,53 12,50
PT 14,81 19,52 30.93
RG 27,10 18,95 22,19
AG 34,04 31.85 35,64
TG 104,47 87,43 95,57
Q 22,40 57,88 25,04
SR 6,87 33.08 22,82
C 11,92 b5,53 21,44
19 102,19 268,32 176,86
PR 6,08 12,97 747
Teacher C PA 5,69 15,22 7.13
PT 12,61 48,69 22,82
RG 22,28 22 b7 28,81
AG 37.26 32,63 26,19
TG 101,12 95,56 90,24
Q 20,79 29,07 37.86
SR 17.43 26,44 27,83
c 21,74 19,67 26,99
IQ 167.65 151,19 218,79
PR 6.73 10.73 9.65
Teacher D PA 5,49 11.56 9,91
PT 16,55 32,99 35.63
RG 12,03 31,66 17,29
AG 17.51 33.17 25,45
TG 39,68 105,15 69,45
Q 30,92 21,69 27,72
SR 29,74 25,05 24,65
c 27,58 17.43 18,42
1Q 91,54 182,13 172,16
PR 13,92 5425 13,09
Teacher E PA 14,02 718 20.37
PT b1,32 15.30 5742
RG 17.54 22,90 17.96
AG 24,03 13.53 20,94
TG 62,46 50,33 5772




APPENDIX F

STANDARDIZED TEST SCORES, PRE-TEST SCORES,
POST-TEST SCCRES, AND GAIN SCORES FOR
THE INDIVIDUAL STUDENTS

Q = ITED Quantitative Standard Score
SR = ITED Science Reading Standard Score
C = ITED Composite Standard Score
1Q = CTMM Intelligence Quotient
Rl = Recall Pre=Test Score

Al = Application Pre-Test Score

Tl = Total FPre=Test Score

RZ2 = Recall Post«Test Scgore

AZ = Application Post-Test Score
T2 = Total Post=Test Score

RG = Recall Gain Score

AG = Application Gain Score

TG = Total Gain Score




SECTION C=1

Conventional
Student

No, Q SR __C 19 Rl Al T1 R2 A2 T2 RG AG TG
1 1 10 12 9% 10 4 14 18 13 3! 8 9 17
2 9 10 12 106 5 6 11 1 16 30 9 10 19
3 6 12 8 103 2 3 5 13 15 28 11 12 23
4y 16 10 1 105 7 2 9 18 17 35 11 15 26
5 8 9 11 9% 8 4 12 16 16 32 8 12 20
6 9 7 9 83 7 2 9 15 12 27 8 10 18
7 6 7 8 90 3 4 7 10 4 1w 7 0 7
8 11 13 15 oh 6 5 11 17 9 26 11 4 15
9 7 1 7 9 5 4 9 6 4 10 1 0 1
10 1% 12 11 104 9 1 10 18 1+ 32 9 13 22
11 7 7 8 103 7 1 8 1 5 19 7 4 11
12 7 9 10 105 10 4 14 12 10 22 2 6 8
13 11 10 15 117 8 5 13 17 17 34 9 12 21
W 16 13 17 109 8 6 1 18 19 37 10 13 23
15 11 12 9 11?7 5 8 13 8 8 16 3 0 3
16 8 12 11 109 6 10 16 15 9 24 9 a1 8
17 11 1 6 99 4 5 9 6 4 10 2 1 1
18 22 12 14 111 8 10 18 23 22 45 15 12 27
19 15 8 12 108 12 6 18 15 17 3R 3 11 14
20 20 6 1 111 7 8 15 12 14 26 5 6 11
21 9 13 1 17 7 6 13 17 19 3% 10 13 23
22 11 4 8 96 7 4 11 15 12 27 8 8 16
23 19 11 10 100 8 6 14 21 24 45 13 18 31
246 9 13 15 1121 6 7 13 27 24 51 21 17 38
25 7 13 5 8L 3 4 7 4 7 11 1 3 L
26 7 12 10 95 10 4 1w 16 7 23 6 3 9
27 20 15 20 111 11 & 19 27 28 55 16 20 36
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6

SECTION C=2
Heview
Student
Ho. Q SR cC__I9 Rl Al Tl R2 A2 T2 RG _AG
28 12 13 11 105 5 6 11 23 16 39 18 10
29 20 8 15 112 9 3 12 22 21 43 13 18
30 11 12 13 103 10 7 17 18 9 27 8 2
31 14 18 18 118 8 6 14 22 11 33 14 5
32 16 18 18 122 10 9 19 130 25 55 20 16
33 13 13 13 115 10 8 18 21 15 36 11 7
38 10 16 19 108 11 y 15 28 22 5 17 18
35 13 19 14 129 9 4 13 10 12 22 1 8
36 9 8 7 7h 5 3 8 10 5 15 5 2
37 20 18 23 121 11 10 21 29 27 5 18 17
38 10 10 10 117 5 5 10 19 14 33 14 9
39 16 10 15 109 9 9 18 23 23 46 14 14
o 27 26 27 138 15 8 23 28 27 55 13 19
Bl 9 2 8 104 7 1 8 17 17 33 10 16
b2 10 12 13 111 L by 8 13 12 25 9 8
k3 12 12 13 115 9 10 19 21 22 43 12 12
by 14 12 15 117 10 7 17 23 17 40 13 10
ks 13 10 14 110 10 7 17 25 20 45 15 13
4 25 10 11 100 6 B 10 L 8 12 =2 L
by 26 23 24 135 17 14 31 26 30 56 9 16
48 6 11 8 95 6 6 12 9 9 18 3 3
hg 22 18 18 116 8 y 12 13 11 24 5 7
50 16 7 12 113 8 7 15 21 15 36 13 8
51 14 10 11 93 13 6 19 16 15 31 3 9

4V ™ DI BOD DOL) PO PO\ A et ) bt e L) 1O
H%O\U\N(DWF“JO\N@WM\T\OLHCOO\\OOHOG
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SECTION C=3
Review
Student
o, g SR C Ig Rl A1 T1 R2 A2 T2 RG AG TG
2 15 25 23 126 g 7 16 25 22 47 16 15 RN
53 7 10 11 84 L L 8 9 6 15 5 2 7
54 g 10 8 99 6 6 12 12 12 24 6 6 12
55 12 8 10 11 11 7 18 18 22 40 7 15 22
5% 10 11 1 115 10 10 20 23 18 41 13 8 21
57 10 11 7 85 7 1 8 14 7 21 7 6 13
58 14 18 17 120 8 5 13 26 25 5 18 20 38
59 12 15 16 98 10 L 14 19 20 39 9 16 25
60 13 10 9 89 9 7 16 18 22 4o 9 15 24
61 13 8 16 105 7 5 12 22 20 42 15 15 30
62 23 18 22 120 8 7 15 26 22 48 18 15 133
3 21 13 16 118 12 5 17 26 19 45 14 14 28
64 15 g9 10 96 b 5 9 11 13 24 7 & 15
65 18 11 14 109 10 L 14 24 20 44 1 16 30
66 13 10 12 98 10 8 18 23 16 139 13 8 21
67 12 14 13 100 6 0 6 26 18 44 20 18 38
68 16 14 14 105 g 2 11 21 13 3% 12 1 23
69 15 16 19 113 12 6 18 25 22 47 13 16 29
70 21 15 17 116 9 5 14 20 22 42 11 17 28
71 15 12 16 132 8 6 14 30 22 52 22 16 138
72 8 8 11 102 6 2 8 25 17 42 19 15 34




SECTION C=h

Introduction
Student
No. Q SR IQ Rl Al Tl R2 A2 RG G
73 7 10 99 b 6 10 10 6 6 6
74 19 13 109 8 5 13 14 13 6 L
75 9 12 97 5 L 9 6 9 1 6
76 18 14 118 11 9 20 23 21 12 24
27 11 14 100 5 3 8 19 18 14 29
78 16 21 107 8 7 15 25 26 17 36
79 10 15 100 6 Ly 10 17 11 11 18
8 12 17 116 11 5 16 23 20 12 27
81 9 5 106 7 b 11 16 7 9 12
82 6 10 99 9 8 17 21 19 12 23
83 9 6 7 108 6 5 11 20 17 i 26
84 7 11 10 86 3 5 8 12 12 9 16
85 1 1 7 77 7 7 14 8 i 1 -2
86 7 10 8 101 5 L 9 10 18 s 16
87 10 10 8 a7 6 10 13 18 7 21
a8 9 7 7 97 7 5 12 13 7 6 8
89 10 11 Q9 80 5 by 9 22 18 17 31
90 23 18 20 128 7 7 1 25 25 18 36
91 11 12 9 g7 3 L 7 13 8 10 14
92 9 13 7 95 5 4 9 1b 14 9 19
93 8 1 12 101 10 5 15 20 13 10 18
oh 15 10 13 18 7 L 11 24 13 17 26
95 18 12 15 101 8 7 15 25 25 17 35




SECTIOHN C=5
Introduction
Student

No, Q SR C I R Al T1 Re A2 T2 RG AG TG
96 28 28 31 132 13 11 2 29 28 57 16 17 33
97 23 17 21 111 7 10 17 30 26 556 23 16 139
98 21 16 19 129 6 7 13 26 25 51 20 18 138
99 19 21 25 126 11 9 20 29 26 55 18 17 35
100 21 17 21 138 9 7 16 26 18 44 17 11 28
100 22 23 2 171 11 8 19 28 25 53 17 17 34
102 18 17 18 125 12 6 18 29 28 87 17 22 39
103 22 23 27 138 19 12 31 28 26 54 9 14 23
104 25 22 25 132 14 9 23 30 27 57 16 18 W
105 25 19 19 124 9 6 15 29 25 54 20 19 139
106 25 25 28 105 12 7 19 28 25 53 16 18 34
107 26 19 22 116 12 15 27 2 26 s50 1 11 23
108 14 15 18 129 11 7 18 24 22 46 13 15 28
109 16 13 21 111 8 5 13 17 17 34 9 12 21
110 24 14 18 3121 15 12 27 29 27 5 14 15 29
117 23 15 20 125 11 5 16 25 24 49 1 19 133
112 28 12 18 121 12 9 21 26 28 s4 14 19 33
113 23 26 28 120 15 1 29 29 27 5 14 13 27
114 33 19 26 153 10 11 21 28 29 57 18 18 36
115 21 22 23 120 11 10 21 25 23 48 14 13 27
16 22 2 23 139 12 13 25 27 24 5 15 11 26
117 29 18 23 138 9 12 21 28 28 5 19 16 35
118 25 20 20 132 10 13 23 26 22 4B 16 9 25
119 25 1% 23 120 7 3 10 27 26 53 20 23 43
120 20 22 23 129 14 9 23 28 28 5 14 19 33
121 26 27 26 112 13 9 22 29 29 5 16 20 36
122 21 23 20 126 15 14 29 27 28 55 12 14 26
123 31 27 31 133 17 24 41 30 30 60 13 6 19
2 24 10 19 119 12 7 19 27 25 82 15 18 133

186
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SECTION A=l

Introduction
Student
No, Q SR __C Ig Rl Al T1 R2 A2 T2 RG AG TG
25 11 10 12 109 8 6 1 16 16 32 8 10 18
126 3 12 8 94 10 3 13 9 10 19 =1 7 6
127 24 25 25 120 13 12 25 29 30 59 16 18 34
128 8 10 10 102 L 3 7 21 1 35 17 11 28
129 16 13 15 110 9 8 17 24 16 4o 15 8 23
130 6 8 9 99 6 L 10 7 5 12 1l 1 2
131 9 10 10 116 8 3 11 9 13 22 i1 10 11
132 12 17 19 111 11 7 18 24 23 47 13 16 29
133 12 16 17 109 8§ 10 18 22 19 41 14 9 23
13 14 11 14 98 7 5 12 16 16 32 9 11 20
135 9 5 6 92 L 6 10 11 12 23 7 6 13
136 10 8 7 88 3 5 8 7 3 10 L =2 2
137 16 8 14 115 7 6 13 22 16 38 15 10 25
133 11 12 13 101 3 1 b 10 13 23 7 12 19
139 10 2 8 54 5 5 10 12 10 22 7 5 12
140 8 12 7 93 8 7 15 13 12 25 5 5 10
1 13 9 8 80 L 5 9 10 8 18 6 3 9
42 13 8 15 108 8 4y 12 17 17 34 9 13 22
143 8 12 9 106 7 7 1 17 14 31 10 7 17
L 12 8 10 97 10 8 18 1 11 25 L 3 7
145 6 12 13 108 8 6 1% 17 15 32 9 9 18
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SECTION A=2
Conventional
Student
Ho, Q S8R C Ig R1 A1 T1 Re A2 T2 RG AG TG
46 12 18 20 110 13 11 24 26 23 49 13 12 25
7 10 12 13 96 6 7 13 20 19 39 14 12 26
8 21 15 19 114 12 6 18 23 24 47 11 18 29
9 16 10 14 102 6 7 13 23 12 35 17 5 22
150 16 8 12 119 8 6 14 16 21 37 8 15 23
151 16 16 17 130 13 5 18 27 26 53 14 21 35
152 10 g 12 108 7 8 15 21 19 &40 14 11 25
153 7 8 8 90 5 4 9 6 12 18 1 8 9
154 g 11 9 91 9 3 12 12 16 28 3 13 16
155 13 10 13 118 10 7 17 23 21 4 13 14 27
156 21 19 24 121 15 9 28 26 23 49 11 14 25
157 6 6 8 94 9 L 13 23 19 42 14 15 29
158 10 10 6 88 8 7 15 14 10 24 6 3 g
159 13 22 17 125 15 11 26 25 24 49 10 13 23
160 11 g 17 123 10 7 17 19 23 42 9 16 25
161 11 11 1u 96 9 3 12 10 16 26 1 13 14
162 18 19 21 126 15 12 27 24 26 50 9 14 23
163 15 13 18 110 10 3 13 23 19 42 13 16 29
164 7 10 10 109 9 3 12 1 17 3 5 14 19
165 10 8 7 105 8 L 12 16 8 24 8 L V3
166 8 13 10 106 6 8 1% 1 10 24 8 2 10
167 11 16 17 117 9 7 16 25 25 5 16 18 34
168 19 15 18 107 12 7 19 21 24 45 9 17 26
169 6 9 10 89 6 k10 8 10 18 2 6 8
170 19 10 13 119 14 8 22 21 20 7 12 19
171 7 10 6 73 L 6 10 13 14 27 9 8 17




SECTION A3

Conventional
Student
Nog Q2 SR C I RL Al T1 RZ2 A2 T2 RG AG TG
172 13 19 20 125 6 6 12 21 17 38 15 11 26
173 11 15 15 116 11 7 18 27 20 b7 16 13 29
178 13 15 15 110 6 6 12 16 16 32 10 10 20
175 11 13 15 109 9 4L 13 18 19 37 9 15 24
176 16 11 11 120 8 10 18 12 14 26 L L 8
177 10 11 9 110 8 1 9 16 13 29 8 12 20
78 23 19 21 119 9 5 1% 27 26 53 18 11 29
179 15 16 16 101 9 5 1% 26 19 45 17 14 131
180 14 12 13 105 5 3 8 12 18 130 7 15 22
181 13 12 15 115 9 6 15 20 19 39 11 13 24
182 20 17 15 112 8 b 12 20 17 37 12 13 25
183 7 1 7 96 6 5 11 15 1 29 9 9 18
8y 15 19 17 119 7 6 13 20 16 3 13 10 23
185 12 13 15 110 10 10 20 22 23 L4y 12 13 25
186 15 10 13 110 6 6 12 17 1% 33 11 10 21
187 20 13 14 98 9 2 11 24 22 4 15 20 135
188 9 5 ] 97 6 5 11 13 12 25 7 7 14
189 8 12 8 100 7 2 9 11 9 20 3 7 11
190 16 1% 16 127 10 8 18 22 21 43 12 13 25
191 10 8 6 99 8 6 14 8 10 18 0 L L
192 15 7 12 115 6 3 9 17 19 36 11 16 27
193 20 7 13 115 8 6 14 13 12 25 5 6 11
94 16 15 19 116 6 L 310 18 20 138 12 16 28
195 21 13 12 100 7 5 12 19 16 35 12 11 23
196 18 7 13 109 10 8 18 20 20 40 10 12 22
197 14 12 13 30 9 5 14 17 19 36 8 14 22
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SECTION Al
Review
Student
Hoe Q SR C IQ R1 A1 1‘_]; R2 A2 T2 RG AC TG
198 18 10 15 104 5 6 11 15 22 37 10 16 26
199 14 23 20 124 11 13 24 27 21 48 16 8 24
200 13 16 17 120 8 6 14 22 24 4 1 18 732
2010 15 13 16 115 8 5 13 14 18 32 6 13 19
202 7 6 7 115 7 8 15 15 12 27 8 L 12
203 10 15 19 111 1 7 18 21 11 3R 6 13 19
204 18 13 14 113 10 6 16 14 14 28 4 8 12
205 20 15 18 123 9 15 24 25 25 50 6 10 16
206 21 1 16 119 12 6 18 2 24 48 12 18 30
207 1+ 13 18 121 8 Ly 12 22 21 43 14 17 31
208 22 16 17 18 11 8 19 29 25 54 18 17 35
209 1% 15 15 133 6 9 15 23 26 49 17 17 34
210 25 19 21 121 11 12 23 26 29 55 15 17 3R
211 15 10 11 117 7 Lb 11 11 7 18 L 3 7
212 20 21 18 127 7? 3 10 26 24 5 19 21 4o
213 13 17 15 111 5 6 11 20 21 41 15 15 30
214 18 24 23 123 17 9 26 29 30 59 12 21 33
215 24 21 24 128 12 6 18 27 27 54 15 21 36
216 15 15 16 116 6 3 9 22 19 4 16 16 32
217 8 7 8 89 i b 11 13 15 28 6 11 17
218 13 12 14 122 9 3 17 18 19 37 9 11 20
219 19 15 18 111 7 5 12 19 18 37 12 13 25
220 21 12 14 126 10 6 16 16 14 30 6 8 14
221 22 14 16 120 6 6 12 27 25 852 21 19 4o
222 21 12 18 128 10 8 18 27 29 s 17 21 38
223 19 5 14 123 13 8 21 18 17 35 5 9 14
22h 14 19 18 125 7 5 12 22 24 4 15 19 34
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SECTION A=5
Review
Student
No, Q SR C Ig R1 A1 T1 R2 A2 T2 RG AG TG
225 16 8 14 123 10 6 16 25 23 48 15 17 32
226 10 8 15 109 9 1 10 28 18 46 19 17 36
227 9 8 12 103 7 2 9 18 14 132 11 12 23
228 12 10 11 110 7 6 13 17 13 30 10 7 17
229 9 10 8 99 4 L 8 17 15 32 13 11 24
230 18 12 15 106 10 7 17 2 27 51 14 20 34
231 10 11 15 122 6 3 g 17 22 29 11 19 30
232 20 16 16 121 7 3 10 26 19 45 19 16 35
233 10 6 7 99 9 2 11 14 9 23 5 7 12
234 14 12 10 95 6 1 7 15 13 28 9 12 21
235 7 7 10 93 7 3 10 10 14 24 3 11 14
236 15 13 16 104 13 7 20 19 17 136 6 10 16
237 18 10 14 123 10 6 16 14 20 34 L 14 18
238 7 9 12 100 7 7 14 18 13 31 11 6 17
239 12 g 14 102 6 5 11 7 8 15 1 3 L
240 9 12 15 110 7 5 12 1 16 30 7 11 18
283 15 15 16 107 10 6 16 24 22 45 14 16 30
242 22 13 17 10 11 5 16 23 22 45 12 17 29
243 19 6 11 108 7 5 12 20 14 3% 13 9 22
244 15 5 9 115 8 3 11 16 17 33 8 14 22
245 6 a8 6 86 L g 9 5 5 10 1 0 1
26 14 15 15 118 8 5 13 14 11 25 6 6 12
247 6 8 8 8y 8 2 10 12 19 131 y 17 21
248 14 18 16 124 8 8 16 23 21 44 15 13 28
249 13 8 10 102 11 4 15 18 10 =28 7 6 13
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SECTTICN E=l

Conventional

Student

No, Eé% SR C I9g Rl Al T1 R2 A2 T2
251 23 20 115 8 10 18 130 27 &
252 23 27 28 108 9 11 20 29 26 55
253 26 26 23 125 12 5 17 26 25 =51
254 16 14 16 118 7 7 14 23 18 W
255 24 24 25 13 10 7 17 27 26 53
256 11 10 1 111 4 5 9 11 5 16
257 19 24 23 128 14 16 30 22 18 40
258 18 21 21 108 14 6 20 130 26 56
259 21 21 26 123 21 & 29 130 27 57
260 21 25 27 132 11 8 19 29 24 53
2610 12 12 1 104 5 3 8 19 12 131

262 31 24 27 126 12 11 23 30 26 56
263 21 22 23 128 13 14 27 27 26 53
264 18 22 19 106 8 3 11 22 18 40
265 21 18 20 116 14 14 28 30 24 sy
266 15 14 1 121 7 10 17 28 22 50
267 14 23 19 104 8 10 18 26 23 49

268 14 10 15 114 8 6 14 24 20 4y
269 25 20 23 135 14 12 26 24 25 49
270 21 15 18 124 9 8 17 25 21 46
271 27 16 21 129 10 11 21 22 19 W
272 13 15 12 112 8 9 17 13 20 33
273 18 19 17 120 10 7 17 22 16 138
274 27 26 28 123 11 11 22 30 30 60
275 18 23 20 124 14 12 26 28 27 5%
276 18 9 13 105 5 6 11 14 14 28
277 19 20 19 116 7 8 15 21 20 41
278 35 26 29 124 16 17 33 29 29 58
279 20 13 16 13 9 16 25 25 23 48

~BR Gl B EE R ERRE R E S no B EBRYE




193

SECTION E<2
Review
Student
No, Q 'SR C Ig Rl Al T1 R2 A2 T2 RG AG TG
280 22 18 21 121 12 12 24 30 27 57 18 15 133
281 23 25 26 131 23 27 5 28 30 58 5 3 8
282 9 3 8 79 6 7 13 10 5 15 L a2 2
283 13 15 15 103 3 5 8 25 19 44 22 14 36
286 15 19 19 122 9 9 18 26 24 50 17 15 32
285 20 20 19 131 8 8 16 20 23 43 12 15 27
286 16 1+ 15 110 7 10 17 23 17 4o 16 7 23
287 19 16 18 121 8 10 18 29 26 55 21 16 137
288 19 15 15 95 8 7 15 17 16 133 9 9 18
289 7 9 10 100 9 5 14 13 9 22 L b 8
290 14 19 17 112 10 9 19 24 20 44 14 11 25
291 10 12 12 97 8 5 13 27 14 41 19 9 28
292 9 12 13 117 7 9 16 22 21 43 15 12 27
293 18 15 17 111 8 3 11 23 18 41 15 15 130
2094 26 25 22 122 14 13 27 27 28 55 13 15 28
295 22 25 23 130 13 7 20 27 26 53 14 19 33
296 16 17 18 116 13 12 25 29 25 54 16 13 29
297 27 20 21 157 9 11 20 25 23 48 16 12 28
298 23 16 17 125 11 8 19 23 22 45 12 14 26
299 27 27 28 127 16 16 32 28 28 56 12 12 24
300 13 9 11 92 1 4y 15 16 15 31 5 11 16
301 24 26 28 128 16 9 25 29 29 58 13 20 133
302 18 24 21 112 14 11 25 28 28 56 14 17 31
303 29 24 25 138 13 21 3W 29 28 57 16 7 23
306 23 19 18 104 9 6 15 27 25 5 18 19 37
305 19 25 24 114 15 14 29 26 24 50 11 10 22




SECTION E=3

Introduction
Student
No, g SR C __T9 BRI Al Tl RZ A2 T2 RG AG TG
306 11 19 16 99 8 8 16 20 17 37 12 9 21
307 13 1 21 119 12 8 20 28 23 851 16 15 31
308 12 15 16 117 9 6 15 25 20 45 16 14 30
309 12 14 12 130 5 10 15 16 11 27 1 1 1z
310 19 21 22 132 7 7 1 27 22 49 20 15 35
311 19 12 14 106 7 5 12 24 14 138 17 9 26
312 7 4 7 92 8 5 13 15 13 28 7 8 15
313 g8 15 12 96 8 5 13 14 12 26 6 7 13
34 16 23 21 128 10 12 22 28 26 54 18 14 32
315 19 18 17 110 8 9 17 25 21 L6 17 12 29
316 16 14 14 110 9 b 13 20 17 37 11 13 24
317 10 17 14 100 6 7 13 20 14 34 14 7 21
318 15 17 15 114 8 3 16 24 16 4o 16 8 24
319 26 21 21 121 12 8 20 23 20 43 11 12 23
320 15 8 g 83 6 3 g9 11 12 23 5 9 1k
321 18 9 12 115 9 5 14 19 13 32 10 g8 18
%22 11 10 12 ol 3 4 7 1 12 26 11 8 19
323 11 9 13 104 6 2 8 10 12 22 L 10 14
324 18 18 17 114 6 12 18 22 16 138 16 L 20
®?s W 17 12 123 11 6 17 17 13 30 6 7 13
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SECTION E=4
Review
Student
No, Q SR C Ig Bl A1 T1 R2 A2 T2 Re ac 16
326 10 18 17 118 9 9 18 25 22 47 16 13 29
327 14 1 13 107 5 5 10 21 13 34 16 8 2h
328 16 13 16 106 7 7 14 21 20 ¥ 14 13 27
329 10 16 15 123 6 6 12 15 16 31 9 10 19
330 14 16 14 115 6 5 11 21 18 139 15 13 28
331 16 12 14 105 8 1 9 24 1 38 16 13 29
332 1 15 13 112 7 L 11 22 12 3% 15 8 23
333 13 14 16 110 10 7 17 28 27 55 18 20 138
334 18 13 17 112 8 11 19 16 18 34 8 7 15
335 18 18 16 112 11 5 16 21 18 39 10 13 23
33 19 10 13 108 3 b 7 16 11 27 13 7 20
337 19 9 14 114 7 7 14 20 13 33 13 6 19
338 15 16 17 114 5 5 10 23 18 1 8 13 21
339 16 16 15 115 6 7 13 19 15 34 13 8 21
340 9 9 11 107 7 6 13 21 20 41 14 14 28
W1 13 18 14 117 7 7 1 22 21 43 15 14 29
32 12 16 17 122 9 8 17 21 23 by 12 15 27
343 10 18 18 143 13 14 27 28 19 43 11 15 26
3wy 22 17 20 116 9 8 17 18 14 32 9 6 15
35 13 16 17 107 8 9 17 16 12 28 8 3 11
346 10 15 15 127 7 L 11 16 19 135 9 15 24
W7 19 14 17 128 8 3 11 19 19 138 11 16 27
38 16 18 18 117 g 11 20 20 21 M 11 10 21
336 19 17 18 101 6 11 17 28 22 50 22 11 133




196

SECTION D=1

Conventional
Student
No, Q SR ___C Tg Rl Al T1 R2 A2 T2 RG AG TG
4o1 13 13 11 107 8 5 13 15 19 34 7 1 21
oz 16 16 W 135 7 6 13 9 1+ 23 2 8 10
Lo3 9 15 12 288 2 6 8 13 11 2 11 5 16
4o 12 g8 10 106 10 7 17 13 15 28 3 8 11
405 7 15 11 105 6 1 7 9 iz 21 3 11 14
Loé 8 3 2 101 6 2 8 6 g 14 0 6 6
407 %018 11 123 L 3 7 13 12 25 9 9 18
o8 12 19 13 116 6 s 11 11 12 23 5 7 12
o9 12 18 17 125 5 7 12 12 13 25 7 6 13
1o 18 16 15 107 12 8 20 16 25 4 L 17 21
411 18 17 17 114 12 10 2z 21 17 38 9 7 16
412 16 18 18 120 12 g 21 18 25 43 6 16 22
K13 20 17 17 117 7 10 17 20 18 138 13 8 21
b 19 16 18 126 9 g 17 20 18 38 11 10 21
15 21 13 14 124 8 L 16 20 36 8 16 24
SECTION Dw2
Review
Student
No, @ SR C 10 Rl _Al Tl R2 A2 T2 RG_AG TG
b6 18 20 19 133 9 8 17 23 18 B1 14 10 24
17 13 12 10 19 2 2 4 9 13 22 7 11 18
Lig 11 17 17 114 7 L 11 22 22 b4y 15 18 33
419 15 16 16 129 8 b 12 1 12 26 6 8 14
2o 10 11 12 114 3 2 5 12 12 24 9 10 19
b2l 20 23 21 107 11 8 19 15 18 33 L 10 14
42 20 19 22 131 11 7 18 21 27y 48 10 20 30
h23 14 15 15 105 6 6 12 22 18 o 16 12 28
b2y 18 13 15 of 11 7 18 19 23 A2 8 16 24
b2s 4 5 7 8 7 3 10 9 4 13 2 1 3
b6 21 20 18 138 10 6 16 20 24 44 10 18 28
427 14 15 1% 107 8 5 13 1 8 22 6 3 9
428 23 16 18 135 9 7 16 18 24 42 9 17 26
L29 & 11 8 115 12 7 19 17 19 36 5 12 17
430 16 20 16 100 9 5 14 15 15 30 6 10 16
k31 27 22 22 121 11 9 20 27 28 55 16 19 35
432 21 28 24 129 13 13 26 26 28 54 13 15 28
433 8 13 11 g7 L 3 7 13 12 25 9 g 18
b3y 23 21 22 103 1 12 23 25 27 5852 14 15 29
k35 18 20 19 115 4 3 7 16 17 33 12 14 26
B3¢ 26 23 26 121 10 11 21 24 28 82 17 31
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SECTION D=3
Introduction
Student
Ho, Q SR c Ig RI Al Tl Re A2 T2 RG AG TG
4 6 10 7 93 5 2 7 7 5 12 2 3 5
38 15 10 11 96 7 1 8 8 5 13 1 L 5
439 15 12 12 109 11 2 13 10 5 15 <1 3 2
o 16 19 19 138 7 6 13 16 21 37 9 15 24
hyy 18 18 16 121 8 9 17 13 17 30 5 8 13
Bz 11 15 14 17 11 3 144 13 18 ™ 2 15 17
b3 7 13 12 106 9 6 15 9 8 17 0 2 2
by, 316 11 11 98 7 7 14 10 g 19 3 2 5
s 11 12 11 105 7 3 10 16 16 32 9 13 22
b6 11 9 8 108 L 3 7 11 8 19 7 5 12
hlyr 7 16 15 104 6 8 1 17 15 32 11 7 18
bhg 22 19 18 112 6 7 13 12 22 34 6 15 21
o 13 13 15 112 8 5 13 1 17 131 6 12 18
bso 24 19 19 123 8 11 19 21 27 48 13 16 29
hsl 10 g 10 94 10 6 16 10 5 15 0 =l =1
hs2 12 16 14 102 3 5 g§ 12 18 30 9 13 22
453 19 13 17 117 9 7 16 18 22 b0 9 15 24
Ley 23 15 19 104 11 7 18 22 19 41 1 12 23
ks 16 16 15 124 9 8 17 15 14 29 6 6 12
Lhsg 12 18 15 114 7 7 14 9 g 17 2 1 3
hgy 11 15 14 106 12 1 13 21 23 44 9 22 131
458 13 12 13 97 6 4 10 12 g 20 6 L 10
ksg 13 9 13 117 6 5 11 16 13 29 10 8 18
40 13 7 11 95 6 5 11 1% 22 36 8 17 25
el 14 6 12 101 7 5 12 9 8 17 2 3 5
h62 14 13 13 112 8 5 13 g 8 17 1 3 L
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SECTION D=k
Conventional
Student
Ho, 9 SR c__To BRI Al T1 R2 A2 T2 RG AG TG
k3 19 1 15 110 12 7 19 18 17 35 6 10 16
o 10 11 8 95 9 3 12 8 6 14 =1 3 2
ks 13 13 14 111 8 7 15 12 13 25 L 6 10
et 15 12 10 105 g 6 14 8 12 20 0 6 6
67 15 12 11 g7 10 5 15 12 10 22 2 5 7
468 g 12 16 114 8 L 12 10 15 25 2 11 13
o 18 21 19 131 9 3 12 11 13 24 2 10 12
bpo 21 16 19 126 13 6 19 20 24 44y 7 18 25
471 11 11 9 108 8 L 12 9 g 18 1 5 6
2 13 17 14 102 6 7 13 10 13 23 L 6 10
73 19 16 18 126 9 3 12 9 8 17 0 g 5
oy 15 18 19 122 7 8 15 12 15 27 5 7 12
475 7 12 8 103 6 6. 12 15 14 29 9 8 17
e 21 25 24 130 13 6 19 22 24 46 9 18 27
7y 20 18 17 118 7 5 12 15 15 30 8 10 18
478 9 3 3 89 8 3 11 9 10 19 1 7 8
kg 15 10 11 92 6 5 11 12 13 25 6 8 14
480 20 17 19 112 8 5 13 13 19 32 5 14 19
481 7 13 9 91 8 3 11 10 9 19 2 6 a
bgz 24 18 23 129 12 11 23 22 20 42 10 ¢ 19
483 14 13 12 116 6 2 8 11 16 27 5 14 19
Wy 20 15 16 107 7 8 15 16 19 35 9 11 20
485 18 17 16 140 1k & 20 22 21 b3 8 18 23
486 16 17 17 118 9 3 12 16 20 36 7 17 24
487 20 16 17 125 9 7 16 14 22 36 5 15 20




199

SECTION D=5
Introductory
Student
No, 2 SR C Io R1 A T1 R2 A2 T2 RG _AG TG
Les 23 21 20 126 6 11 17 20 22 42 1 11 25
489 20 19 20 121 6 10 16 26 24 50 20 14 34
oo 21 24 25 136 11 6 17 24 26 550 13 20 133
kol 15 25 22 120 8 7 15 25 20 45 17 13 30
boz 21 18 17 116 7 b 11 23 26 49 16 22 38
43 19 18 18 113 6 L 10 18 24 b2 12 20 32
oy 23 24 22 129 8 6 1 23 22 45 15 16 31
hgs 15 13 17 124 11 b 15 24 20 44 13 16 29
ot 24 15 19 143 8 4 12 20 20 Lo 12 16 28
o7 21 17 17 119 7 L 11 24 16 40 17 12 29
hog 10 17 19 127 15 8 23 27 20 47 12 12 24
bog 24 29 26 126 8 13 21 27 25 5 19 12 31
500 26 18 22 131 10 5 15 23 18 41 13 13 26
501 14 15 15 125 7 6 13 23 18 41 16 12 28
52 W 19 19 112 9 8 17 25 22 47 16 14 30
503 14 17 15 104 13 6 19 18 17 35 5 11 16
504 21 24 23 118 11 13 24 19 13 3k 8 0 8
55 21 19 18 117 9 8 17 23 22 45 14 14 28
506 25 24 23 129 14 13 27 28 26 54 1 13 27
507 24 26 23 131 15 13 28 25 30 55 10 17 27
508 20 16 20 115 12 11 23 18 21 39 6 10 16
509 16 10 15 101 11 7 18 26 18 44 15 11 26
510 21 12 16 103 6 10 16 28 23 5851 22 13 35
511 29 24 25 135 20 15 35 27 29 56 7 1 21
512 16 18 20 108 17 1 31 28 28 5 11 14 25
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SECTION Bwel
Introductory
Student
No, Q@ SR C Ig R1 A1l T1 R A2 T2 RG AG TG
601 6 9 6 89 9 5 14 10 10 20 1 5 6
602 14 18 16 121 14 8 22 21 22 i3 7 1 21
603 10 13 10 98 7 8 15 8 13 21 1 5 &
604 8 11 10 87 9 5 14 11 10 21 2 5 7
605 13 24 17 107 8 6 14 26 23 b9 18 17 35
606 11 3 8 89 6 5 11 17 5 22 11 0 1
607 20 14 13 113 11 4 15 20 17 37 9 13 22
608 14 13 13 121 8 4y 12 19 16 135 11 12 23
609 12 1 12 101 7 6 13 16 10 26 9 b 13
610 14 12 13 101 6 5 11 17 11 31 1 9 20
611 11 14 13 109 9 5 14 16 10 26 7 5 12
612 1 16 12 106 6 5 11 18 22 4o 12 17 29
613 13 13 12 107 8 5 13 15 21 36 7 16 23
61k L 3 L 95 by L 8 8 10 18 Ly 6 10
615 7 12 13 103 9 6 15 12 6 18 3 0 3
616 11 10 10 81 9 6 15 11 7 18 2 1 3
617 9 10 8 109 7 L 11 13 9 22 6 5 11
618 21 15 13 96 8 8 16 17 19 36 9 11 20
$19 19 11 12 106 8 5 13 15 21 36 7 16 23
620 6 12 5 107 5 0 5 12 14 26 7 W 21
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SECTION Be2
Introductory
Student

No, Q SR C__Io Rl Al T1 R2 A2 T2 RG AG TG
621 4 15 11 o 10 6 16 23 14 37 13 8 21
622 6 13 7 101 6 9 15 11 10 21 5 1 6
623 7 9 7 88 6 2 8 10 7 17 L 5 9
624 19 19 21 130 8 4 12 24 24 48 16 20 36
625 18 20 17 104 12 9 21 28 27 55 16 18 34
626 10 10 1 12 9 4 13 22 13 135 13 9 22
627 10 10 15 120 11 5 16 18 16 3L 7 11 18
628 11 16 14 102 8 6 14 13 17 130 5 11 16
629 22 15 16 117 8 9 17 24 21 45 16 12 28
630 10 9 8 101 6 L 10 12 13 25 6 9 15
631 21 19 21 120 14 15 29 23 23 46 9 8 17
632 12 9 11 114 5 L 9 1 14 30 1 10 21
633 21 24 20 111 9 7 16 20 22 42 11 15 26
63% 22 21 21 114 1 11 25 27 23 50 13 12 25
635 18 17 16 125 8 7 15 19 20 39 11 13 24
63 14 12 16 107 9 4 13 19 12 31 10 8 18
637 10 7 12 95 5 1 6 13 10 23 8 9 17
638 20 9 11 113 8 6 1 20 15 35 12 9 21
639 11 7 10 104 7 6 13 10 5 15 3 Ll 2
640 21 14 19 124 8 8 16 25 27 52 17 19 136
641 19 10 9 109 7 4 11 10 8 18 3 b 7
642 19 21 16 120 11 6 17 25 26 51 1 20 3H

SECTION Bl

Review
Student

No, __Q SR C__I9 Rl Al T1 R2 A2 T2 RG AG TG
671 11 9 6 85 5 7 12 11 13 24 6 & 12
672 23 22 19 125 7 b 11 21 23 44 14 19 33
673 16 18 15 117 6 L 10 17 1» 31 1 10 =21
674 15 18 16 117 9 7 16 21 19 4o 12 12 2i
675 19 16 17 102 6 5 11 23 22 45 17 17 M
676 7 10 9 101 3 b 7 9 10 19 6 6 12
677 11 14 13 109 6 7 13 16 24 4 10 17 27
678 10 13 8 102 8 2 10 16 13 29 8 11 19
679 23 22 21 99 9 6 15 25 22 47 16 16 32
680 12 10 13 114 6 2 8 7 6 13 1 4 5
681 9 15 9 101 5 3 8 16 22 138 11 19 130
682 24 23 23 132 13 1 27 28 27 55 15 13 28
683 10 11 6 104 8 5 13 15 9 24 7 L 11
684 21 23 19 123 8 11 19 25 25 50 17 W 31
685 13 11 8 100 3 2 5 10 9 19 7 7 14
686 L 11 1 oly 9 7 16 13 11 24 L b 8
687 15 17 15 112 9 12 21 21 12 33 12 0 12




202

SECTION B=3
Conventional

Student
NO; Q SR C __I_Q

643 12 6 9 119
6 25 19 21 120
645 12 16 15 123
64 11 13 10 120
647 9 15 12 116
648 14 10 11 101
649 21 23 18 130
650 19 14 16 113
651 12 11 12 107
652 14 18 18 118
653 18 16 17 120
654 9 g 10 110
655 10 12 10 91
656 15 16 19 129
657 21 25 18 99
658 12 8 12 108
659 11 8 11 108
660 16 12 11 116
661 14 14 16 128

TL R2 A2 T2 RG AG TG

10 17 9 26 11 5 16
17 28 28 5 19 20 39
9 1 13 27 9 9 18
10 8 13 21 2 9 11
1 8 11 19 1 7 8
13 16 13 29 5 11 16
9 22 25 47 18 20 138
I 24 21 45 16 15 31
9 17 23 40 11 20 31
% 28 24 52 18 20 138
W 29 25 54 19 21 Lo
11 12 10 22 5 6 11
8 12 14 26 6 12 18
15 22 21 43 12
1 12 22 3w 12
12 17 12 29 9
15 20 22 42 12 15 27
11
10

7 10 10 20
12 21 25 46

\Okncnir~ccncntjtjz;;rcncocaﬁ;CNsJE;E;ONCQQrtj~JcnuxuaONﬁE
et [
mﬂmrowmwmmuﬂcwmm#:kmmmmt#cmp%

662 21 24 22 118 17 21 20 4 24
663 13 12 14 126 20 21 22 43 10 13 23
664 11 5 8 101 13 12 12 24 b 7 11
665 12 14 12 115 10 19 22 41 11 20 31
666 13 16 17 90 17 25 23 &8 18 13 31
667 7 6 6 90 8 11 15 26 7 11 18
668 9 9 5 99 13 12 7 19 b 2 6
669 12 6 8 121 12 11 18 29 & 11 17
670 15 12 12 118 15 19 15 34 10 9 19
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