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CHAPTER I
THE PROBLEM

Student nurses are generally required to take a
course in chemistry as part of their nursing education.
Students enter this course with significant differences in
preparation and ability. At one extreme are the more able
students with excellent preparation in chemistry, and at
the other extreme are the less able students with very
limited preparation, The result of this situation is that
many more students than necessary'are either unable to
master the necessary chemical concepts or are not challenged
by the course as they should be.

The method of instruction that is most often used
in teaching chemistry to student nurses is the lecture.
Using this method often makes it difficult to adjust
curriculum materials to mect individual needs or to provide
individual help to students. A more flexible method is
needed so that a greater number of students will benefit
from the course in chemistry. .

Although various types of individualized instruction
have been proposed by many persons, relatively few real

cxperimental studies have compared such methods to the



more traditional lecture method. No studies have been
reported in which instruction in chemistry for student nurses
was individualized and then compared to the lecture approach,
The problem is to determine if an individualized approach

can be used in a chemistry course for student nurses

without sacrificing academic achievement.

Purpose of the Study

The primary purpose of this study was to determine
if the academic achievement of a class of freshman student
nurses taking chemistry would be affected by using a tech-
nique of individualized instruction which utilized a learning
guide and small group discussion. Possible effects were
determined by comparing this class with one taught by the
traditional lecture method.

A second purpose of this study was to determine if
the use of this method of individualized instruction would
affect students' attitude toward chemistry when compared

with the attitude of students taught by the lecture method.

Background of the Study

Individualized instruction has long been recognized
as an important part of education. Educators today consider
the individualization of instruction to be a necessary goal
of ithe educational process, Current literature is
encouraging the development of programs and techniques of
instruction that will provide for the varied learning needs

of the individual students.



For the past three years the author has tried to
individualize instruction in his chemistry course for fresh-
man student nurses., After using the conventional lecture
approach along with ability grouping in the laboratory, he
tried to use a combination of lecture and self-study,
Students worked through a teacher-prepared learning guide
at assigned times and attended a reduced number of lectures,
Both required and optional learning materials were provided.

Students seemed to react very favorably to this method
ot ltearning chemistry. They particularly liked having
greatexr interaction among members of the class as they
worked on the learning guide, having the instructor available
in an intormal setting to help with special problems, and
having essential and optional material differentiated.

No obvious differences appeared in academic achieve-
ment in chemistry using the two methods. Student attitude
toward the experimental method, however, seemed more
favorable. Because this was not a controlled experimental
study, the author decided to refine the method and compare

it to the previously used lecture method.

Desipn of the Study

A method ot individualized instruction which utilized
a learning guide and group discussion was compared to the
lecture method of teaching chemistry. The experiment was

conducted in the normal lecture portion of a twelve week



chemistry course for freshman student nurses, involving two
hours per week. The laboratory portion of the course was
not included in the experiment. Students were assigned
randomly to the treatment group. Additional aspects of the

study are enumerated below.

I. Control Group. The method of instruction used
witlhh the control group was the lecture. The role of the
instructor in the control group was to: (1) explain concepts
and principles of chemistry by means of the lecture, (2)
answer questions from the class as they arose, and (3) make
available resource materials that would be appropriate for
learners of different abilities. Students in the control
group uwet for two one-hour lectures each week.

2. Treatment Group. The method of instruction

used with the treatment group was individualized instruction
with group discussion. Students in the treatment group
worked individually through a teacher-prepared learning
guide during a weekly two-hour work session. The learning
guide contained written explanations of chemical principles
and concepts, questions to be answered and problems to be
solved, An example of a unit ffom the learning guide appears
in Appendix A.

The learning guide consisted of two parts., The
first part was required of all students, and knowledge of
this material was necessary 1or C=level achievement. The

first part also included reference to review materials which



could be used by students with poor chemistry backgrounds,
The second part ol the guide was optional, and contained
learning materials for those students who could master the
required material quickly. In the second part certain
aspects of the general topic that were taken up in the first
part could be studied in greater depth. Some knowledge of
this material was expected of A and B students.

All students in the treatment group received both
parts ot the learning guide. Students worked in heterogeneous
small groups of four or five members on the learning guide
Tor approximately the first one hour and thirty minutes of
the two-hour session. During this time the students worked
individually, but were also expected to help students in
their group who were having difficulty. The heterogeneous
groups were set up so that stronger students could give
assistance to weaker students when it was needed. At the
end oi the one hour and thirty minute session, students
broke up into homogeneous small groups for discussions of
the topic that they were studying. A discussion leader
for each group was chosen by the instructor each week. The
purpose of the discussion was to clarify any concepts still
not understood. The instructor had prepared lists of ques-
tions which the students could use to assess their knowledge
of the subject. The length of time involved in this discussion
varied with the knowledge and ability of the students in the

particular group. When the discussion was completed, the
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students continued to work on the learning guide. After the
reguired work was completed satisfactorily, students began
working on the optional materials.

Students kept the learning guide with them and were
able to study on their own after the two-hour class was over.
A key, with the correct answers to questions and solutions
to problems, was available to the students in the library
at the end of each week,

The role of the instructor in the treatment group was
to assist students as they worked through the learning guide
and as Lhey assessed thedir progress in the discussion sessions.,
The dinstructor was presenilt during the entire two-hour
session to assist students, but he did not lecture to the
treatment group.

3. DBoth groups were taught by the same instructor.

b, Both the treatment and control groups received
the same list of questions to assess their knowledge of the
required and optional materials. The treatment group used
these in organized discussion groups and the control group
used these on their own, Correct answers to the questions
were posted at the end of each week, An example of the
Assessment Questions appears in the sample unit in Appendix A.

5. FEach week the two groups received the same list
of topics to be studied along with specific references for
each topic., An example of a list of topics is also included

in the sample unit in Appendix A,
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6. Both groups had material differentiated into that
which was requircd (for C-level achievement) and that which
was optional (required for A and B-level achievement). The
treatment. group received this material from the learning
guide amd the control group received this material from the
Lleclures,
7. Each week both groups received the same list of
objectives which were related to the topic being studied

(Sec Appendix A).

bimitations of the Study

The population of the study was limited to the fresh-
man student nurses taking chemistry at Evanston Hospital
School of Nursing (Evanston, Illinois) during the 1970-1971
school year,

The study was limited to the use of the following
instruments: (1) the SCAT test, used to measure general
intelligence; (2) the Cooperative Science Test in Chemistry
and the teacher-made tests, used to measure the students'
uchicvement=iﬁ’chemistry; and (3) the Scale to Measure
Attitude Toward Any School Subject, used to measure the
students' attitude toward chemistry. The attitude test is

found in Appendix 0.

dmportance of the Study

This study provides additional information regarding

the possibility of using individualized instruction



ef'f'ectively as a means of teaching a group of students of
heterogeneous ability or background in the same course.

More specifically, the study provides information
regardiiyg the value of this particular method of individualized
instruction in a chemistry course for freshman student

HuIIrses,

Orpanivation ol the Study

Chapter 11 is a review of related literature.
Chapter LLY describes the selection of students for the
groups and the methods that were used to collect the data.
Chapter 1V is an analysis of the data, and Chapter V gives
a summary of the study and presents the conclusions of the

study and recommendations for further study.



CHAPTER IX
REVIEW OF THE LITERATURE

The review of the literature pertinent to this study
is divided into four sections. In the first section,
several general articles which discuss the value of
individualized instruction and techniques by which insiruction
can be¢e individoalized are summarized., In the second sectioh,
specific studies which compare the effects of individualized
instruction to more traditional methods are discussed. In
the third section, studies related to group work and group
discussion are reviewed, 1In the fourth section, studies

related to student interest are examined.
GENERAL, ARTICLES

Individualized instruction in the educational process
has been promoted by a number of authors. For example, Glaser
has stated: "Students must be taught and must be provided
with appropriate instructional materials so that they acquire

. . . v s . 1
increasing competence in self-directed, self-paced learning."

"Robert Glaser, The Education of Individuals
(Learning Research and Development Center, University of
Pittsburg, September, 1966), p. 6.
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Glaser has also stated: "...a system of individualized
instruction nurtures independent learning and, as a result,
his Lthe potential lor producing individuals who are self-
resourcelul and self-appraising learners."2 llowe, too,
promoted individualized instruction when he stated: "In the
last analysis, learning is something that everybody does for
himsel!ly, bLuilding on his abilities and motivations. We need
more individualivzed instruction throughout the entire
educational systen;—ideully, each student should have his
own personal L‘r';u;k.":j
Zahorik cxplained the purpose of individualized
instruction when he stated: "Individualization deals with
individuality., Its purpose is to recognize, enhance, and
develop individuality. It is to help individual children
to grow in individual ways, to become what they might become,
to extend their vision and promise. The goal of individuali-
zation is to make unique persons more unique."u DeHaan and
Doll expressed a similar idea when they said:
Unquestionably, increased individual responsibility
and commitment are needed in our society. In order
that learners may become increasingly responsible and

committed, their potential as individuals must be
discovered, developed and released...

2
Ibid., p. 2.

3Harold lHHowe II, "On Libraries and Learning,"
Library Journal, 92:84/4, February 15, 1967.

John A, Zahorik, "Individual Instruction and Group
Instruction: A Case Study," Journal of Educational Research,
62: 154, July-August, 1969,
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We...consider the chiet object of individualization
to be the release of potential in the individual
learner, i.e., +..potential which is useful both to the
learner and to the society in which he lives.D

The use ol group discussion and group work in conjunc-
tion with individualized instruction has been promoted by
several authors. Beggs, for example, sees small group
discussion as a means of adapting instruction to the
. - 6 .
individual, Drumheller has promoted the use of group work
and group discussion for its value in satisfying the social
necds ol lhe student. Ie also sees group work and group
discussion as opportunitics to refine concepts of the
individuoa lized wurli.7 He says:

When instruction is individualized through the

use ol programmed texts, teaching machines, work books
and the like, the social dimension of learning is reduced,
The lLearner works his way through the maze of pro-
gramned questions at his own pace. He often finds that
he is pursuing concepts as yet not familiar to his
classmates, or concepts which his classmates have

already explored. Some learners can thrive on such
isolation, but others yearn for social contacts which

will give a new dimension to their private verbal
capsuled experiences,

.

“Robert F. Dellaan and Ronald C. Doll, "Individuali-
zation and Human Potential," Individualizing Instruction
(Association for Supervision and Curriculum Development,
National Education Association, 196h), p. 13.

®pavid W. Beggs (ed.), Teum Teaching: Bold New
Venture (Indianapolis: United College Press, Inc., 1964),
p. 36.

7Sidney J. Drumheller, "Using Group Work in
Developing Functional Concepts in an Individualized Instruc-
tion Setting," Journal of Secondary Education, 45:230, May,

1970. ,

8Ibid.
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Drumheller has identified the following four reasons
fo1 building social interactions into any individualized
instruetion programs
. Motivate and reinforce lLearning.,

2. Provide for corrective feedback as concepts
develop.

3. Provide an opportunity for open-ended responses.

. Provide for a variety of perspectives on a
concept including those related to age, region,
culture, etc.9Y '

The individualization of dinstruction is not a new
concept., There have been many attempts to adapt instruction
to the nceds ol the individual learner in American education.
In 1932, The National Survey of Secondary Education showed
that individual differences were being taken care of in more
than 11,000 high schools by means of homogeneous grouping,
special classes and "unit assignments" typical of the Dalton,
Winnetka and Morrison Plans, Other techniques included
problem-method and project-method teaching.lo In 1936,

Harap reported that ability grouping was the most common
method of individualizing teaching in the elementary schools.,
Other techniques that were used at the same time included

the preparation of special courses of study for retarded

9. . .
Tbid., p. 237.
'ORoy 0. Billett, Provisions for Individual Differences,
Marking and Promotion, National Survey of Education, Monograph
13 (Washington, D.C.: United States Government Printing
office, 1933), p. 415,
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.children, the development of remedial programs and the
development and use ot auto-instructional materials in the
. . . A s 11
form ol workbooks and individual assignment sheets.

These initial attempts to individualize instruction
through various kinds of grouping arrangements have been fol-
lowed by other techniques, Team teaching as a means of
individualizing instruction was developed in the Franklin
. . . , 12 .
School in Lexington, Massachusetts, The use of teaching
teams made possible a variety of grouping arrangements of
students. These various grouping arrangements could be
used to adjust for individual differences.

Programmed instruction has also been used as a means
of individualizing instruction. Lumsdaine and Glaser have
provided a review of teaching machines and programmed
R - . _ . 13
instruction techniques used prior to 1960. The value of
programmed instruction as a means of individualizing instruc-

tion is that it allows the students to work on their own

and at their own pace,

"Henry Harap, "Differentiation of Curriculum
Practices and Instruction in Elementary Schools," The
Groupirmnyr of Pupils, National Society for the Study of
Lducation, Thirty-tifth Yearbook, Part 1 (Chicago: The
Socicty, 1936), pp. 161-172,

12 N s
Robert H. Anderson, Ellis A, Hagstrom, and Wade
M. Robinson, "Team Teaching in an Elementary School,"
School Review, 58:71-84, Spring, 1960,

I)A. M. Lumsdaine and Robert Glaser (eds.), Teaching
Machines and Programmed Learning: A Source Book, (Washington:
Department of Audio-Visual Instruction, National Education
Association, 1960).
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Learning packages have been developed recently and

are becoming a popular means of individualizing instruction.
Jones, in a pgeneral article, reviewed the characteristics
ol three types ol Learning packages: Teaching Learning

. A . - 1h
Units, UNILIPACS, and Learning Activity Packages. These
are oximples of written self-instructional units which guide
cach individual lcarner toward specific behavioral objectives.

The newest development in the individualization of

instruction is the use of the computer to assist and manage
instruction, 7Two general articles explain the uses of
computers in education. 1In the first, Suppes states:

The computer makes the individualization of
instruction easier because it can be programmed to
follow each student's history of learning successes
and failures and to use his past performance as a
basis for selecting the new problems and new concepts
to which he should be exposed next.

In the second article, Cooley and Glaser have out-

lined a general model of individualized instruction and have
explained how the computer can be used to assist in the

16

implementation of the general instructional model.

1aR:’Lcha.rd V. Jones, Jr., "Learning Activity Packages:

An Approach to Individualized Instruction," Journal of
Secondary Education, 43:179, April, 1968.

-
I)Patrick Suppes, "The Uses of Computers in Education,"
Scicntific American, 215:206-220, September, 1966.

16W. W. Cooley and Robert Glaser, "The Computer and
Individualized Instruction," Science, 166:574-582, October
31, 1969,
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The model contains these parts:

1. Goals of learning are specified in terms of
observable student behavior,

2. Student capabilities are assessed at the
boginning of the instruction.

3. Alternatives for learning that are suitable to
the student are presented to him to make a

choice as they are assigned.

i, Student performance is continuously assessed
during the learning.

5. Instruction proceeds as a function of the
relationship between measures of student
performance, available instructional
alternatives, and criteria of competence.

6. As dinstruction proceeds, data are generated

f'or monitoring and improving the instructional
system.1

SPECIFIC STUDIES

Dutton reported a study in which he used programmed
materials to individualize instruction for fourth grade
studcnts.]8 HHe found that when students were taught the
concepts of sound, heat, and light by programed materials
they had a significantly greater achievement when compared
with students taught in the conventional way. Dutton admitted

the possible effect of the teachers' enthusiasm for the

programmed materials in the experimental groups.

"Tibia., p. 575.

ISSherman Sumpter Dutton, "An Experimental Study in
the Programming of Science Instruction for the Fourth Grade,"
Abstract: Dissertation Abstracts, 24:2382, December, 1963.




16

Two studics have been reported which attempted to
evaluate the coffects ol computer assisted instruction (CAI)
on student achievement. The first of these was done at
the Brentwood School in balifornia.19 Half of the first-
grade students taking part in this experiment received reading
ineruction'by means of CAY, The other half of the students
received braditional instruction in reading. To reduce
possible llawthorne et'iects, the control group received math
instruction by CAl. The results of the study showed that
the students in the experimental group performed significantly
better on all posttest measures but the comprchension subtest
of the California Achievement Test. Students were not
signitficantly different at the beginning of the experiment
on any pretest measures., It should be noted that the
stidents taking part in this experiment were below average
in general academic ability, having an average I.Q. of 89,

The second study involving CAI was reported by
Castlileberry, Montague, and Lagowski.20 The authors developed
and oevaluated computer programs for use in an introductory
collepe chemisiry course. The programs included tutorial-
drill modules and experiment-simulation modules. The

iachievement of a group of students who used these modules

- ——

C
1)R. C. Atkinson, American Psychologist, 23:225, 1968,

208. J. Castleberry, E, J. Montague, and J. J.
l.agowski, "Computer-Based Teaching Techniques in General
Chemistry," Journal of Research in Science Teaching,
7:197~208, 1970,
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as & supplement to their regular chemistry instruction was

compared to that of a control group who received only the
regular instruction., BDoth the treatment and control groups
wore chosen f'rom a group of students who had volunteered for
the computer assisted instruction. The results of the study
showed that the CAL programs had a significant effect on
achievement. The authors warned, however, that several
confounding factors may have influenced the results. These
factors include some low test reliability and questions of
validity. 1t does appcar, though, that at the level of
significance achieved (.003), the modules were a useful
study aid for students taking beginning college chemistry.

Grant individualized instruction by allowing students
to nelp in the planning of goals and procedures in the
classroom.z1 Students worked at their own rates without
being held bhack or pushed ahead to keep up. The achievement
ct students in the individualized group was compared to
that of a traditional group and an intermediate group which
had charécteristics of both, Test results did not show
diflferences large enough to reject the hypothesis of no
dif'ferences among the groups.

O'Toole attempted to determine the comparative

etlrects ol an individualized instruc tion approach and a

21Jettye Fern Grant, "A Longitudinal Program of

Individualized Instruction in Grades 4, 5, and 6,"
Abstract: Dissertation Abstracts, 25:2882, September,
1964,
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teacher centered approach on the achievement of problem-
solving skills, science interest, and self concept.22

Lessons for the individualized group were adapted from

Science--A Process Approach. Three groups of fifth grade

pupils were used in the study. The results showed no

dift'f'erences between the individualized instruction group

and two teacher-centered groups on measures of science

interest, knowledge of content, or self concept. Significant

increases at the .01 level of significance were reported

for the ireatment group on measures of selected problem

solving abilities and the ability to identify hypotheses.
lL.earning packages were used in an individualized

program of study for Junior High School science, math,

23

language arts, and social studies. Achievement of students
using the individualized approach_was compared with that of
students being taught in a traditional way. Students
proceeded through self-instructional le arning packages at
their own rates, using a variety of materials that were

placed at their disposal, Significantly greater achievement

was reported by Sinks in math, social studies, and writing,

D
[y

Raymond Joseph O0'Toole, "A Study to Determine
Whether IFifth Grade Children can Learn Certain Selected
Problem Solving Abilities Through Individualized Instruction.
(Research Study Number 1)," Abstract: Dissertation Abstracts,
27:3781, May, 1967.

“IThomas A, Sinks, "How Individualized Instruction
in Junior High School Science, Mathematics, Language Arts,
and Social Studies Affects Student Achievement," Illinois
School Research, 5:5-12, May, 1969.
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but not in science. The author suggests that this may have
been due to the fuact that the science instruction lasted only
one senmester instead of two semesters as the others did.

Not enough time passed for significant differences to appear,

Another study related to selfl-instructional units

2
was reporioed by Bass, Ile developed a series of self-
instructional units for use in physical science courses
according to psycholopgical sequences identified by Piaget.
FKach unil was meant Lo lcﬂd a student from his actions with
physical equipment to the formulation of a mathematical
equation, The units were evaluated by determining the extent
to which ninth grade physical science students attained the
staled objectives. No comparison group was used in this
study, Lt was concluded, however, that the evaluation as
performed indicated that the units were successful in
assisting students to attain the objectives,

Richard and Sund reported 4 study in which several
aspects of individualized instruction were investigated.25
First, they determined the feasibility of the continuous
progress plan versus the individualized unit approach to

individualized instruction. ("The continuous progress plan

)
“’Joel Eugene Bass, "The Development and Evaluation
ol Scell-Instructional Physical Science Materials Based on
Piaget's Analysis of the Growth of logical Thinking,"
Abstract: Dissertation Abstracis, 29:3515A, April, 1969,

25
?Paul Richard and Robert Sund, "Individualized
Instruction in Biology," Amcrican Biology Teacher, 31:252-256,

April, 1969,
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allows o student Lo progress through course work at his own
vate. When a student Cinishes the reading of a unit of work
and achicves well on an examination he then proceeds to the
next section ot the course... Under the individualized
unit plan, the student also is encouraged to go through the
text and laboratory material at his own rate. However, once
the student finishes the required material he does not
progress Lo the next unit but does supplemental laboratory
activities or other enrvichments., He has opportunities to

26)

= tudy in depth the topic covered in the unit." Second,
the authors determined the feasibility of using three forms
ot the student syllabus, one for each of three levels of
student ability. 7Third, the teaching method that was
prelerred was compared to the traditional method. The study
Ltsell had three phases. ‘Two groups of high school biology
students were matched according to the Differential Aptitude
testl scores, science achievement, and L.Q. scores. During
the fivst phase of the study, which lasted eight weeks, all
students recceived one ol three forms of the student syllabus
and followed the continuous progress plan., After eight weeks
boith the continuous progress plan and the three forms of the
syviIilabus were rejected, Continuous progress was difficult
to handle in a biology class in which many live specimens

were uscd, The three fforms of the student syllabus were

3]
"",mj,u., Pe 253
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rejected in favor of just one form because the students did
not. Like Lo receive the labels that the forms of the syllabus
implicd. During the second phase of the study both the
experimental and control groups received instruction by
means ot o single-treack syllabus according to the individualized
unit plan. This phase also lasted eight weeks and, at the
end ot this time, the experimental and control groups were
compared on achievement measures., No significant differences
existed between the two groups at this time. During the
third phase of the study, which also lasted eight weeks, the
experimnental group continued to receive instruction by means
of the student syllabus. The control group was taught by
conventional means, At the end ot this phase no significant
dit'fevences in achievement appeared between the two groups.
However, the students generally preferred the individualized
approach,

In another study, Morris compared traditional high
school instruction to an individualized approach characterized
by team teaching, continuous progress programs, independent
study, modular scheduling, and small group instruction.‘27
Data was collected over a five year period beginning the year
Lefore the introduction of individualized instruction and

continuing throughout its development., Of thirteen comparisons

‘)

“7Julian Clair Morris, "A Descriptive Analysis and
Evaluation of an Integrated Program of Individualized
Instruction in Cedar City High School," Abstract:
Disscrtation Abstracts, 29:2937A.




of attitudes and achievement between the two methods, nine
showed no significant differences, three favored conventional
instruction, and one favored the individualized approach.
Shavelson and Munger reported a study in which they
attempted to determine if an individualized self-paced in-
struction approach combined with small group discﬁssion
would be more of'lective than a conventional lecture approach
in teaching basic biochemistry to high school biology
28 s s
students. The lectures and discussions for the traditional
group were mediated by means of a teacher-slilide presentation,
and the experimental group's lectures were mediated by tape-
slide presentation. The study lasted for two weeks.
Results ot the study showed that students using the individ-
ualized approach achieved more in less time than the

traditionally taught students,
STUDLES RELATED TO GROUP WORK AND GROUP DISCUSSION

schindler, aflter givins one hundred cighty elementary
school pupils the opportunity Lo complete a project as an
individual and as a group, found that a significantly larger
number preferred to work alone after having had both
29

expericnces, She also found that the quality of the group

projects as evaluated by a committee of eight experienced

4]
”8R. J. sShavelson and M., R. Munger, "Individualized

Instruction: A Systems Approach," The Journal of Educational
Research, 63:263-268, February, 1970.

e

“Iprlene Katharine Schindler, "A Study of the
Attitudes of Fifth Grade Children Toward Group and Individual
Work," Abstract: Dissertation Abstracts, 2533332, December
1964,
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trifth grade teachers was significantly greater than that of
the individual projects.
Spraker found no significant differences in the
creativity scores of scventh grade mathematics pupils who
. . , PR . . 30 ) .
studied alone and in groups of six to eight pupils, Students
were randomly assigned to treatment groups and creativity
scores were adjusted for L.Q. and arithmetic achievement,
In an experiment involving the use of study teams
in college level general psychology, Gore found that students
who Learned in tcams of three or four achieved more than
. v . s . 31
students taught in a traditional way. The teams performed
the activities on a job sheet, while the control group
attended lLleclures, The control and experimental groups
were equated on the basis of college ability tests and
previous quarier grades before the experiment began.
32
The use of study-teams was also reported by Kernan.
He found that academic growth was not significantly better
for groups consisting of three to eight members., He did,
however, fecel that the use of study-teams had several

advantages: the class was more interesting, there was a

JOUurold Stephen Spraker, "A Study of the Comparative

Emergence of Creative lIntellectual Behavior During the
Process of Group and Individual Study of Mathematics,"
Abstract: Dissertation Abstracts, 21: 2199, February, 1961,

)lAlfonso E. Gore, "Individualized Instruction
Through Team Learning in a College Course in General Psychology,"
Abstract: Dissertation Abstracts, 23:1273, October, 1962,

)2Thomas I'e Kernan, "Student Study-Teams in the
Tenafly Junior High School--A Case History," (Doctoral
Dissertation, Columbia University, 1966).



24
better opportunity for social growth, more individual attention
could be given, missed work was more easily made up, and stu-
dents could often explain the lessons in easier to understand
terms, The weaknesses of the study-teams included poor
group behavior and failure to stick to the subject.

Pearl discovered that when seventh and eighth grade
underachicvers in mathematics were grouped in teams of three
members, they achieved significantly more during the year than
33

students who were not groupced, He found ne significant chang-

es in the ntLitudcs of’ the Lwo groups at the end of the year.
STUDLES RELATED TO STUDENT INTEREST

Walberg has stated that participation in science
aclivitices may be a belter indicator of student interest
than expresscd interest, since time and effort is required

]
' Reluted to this, Cooley and Reed have

of the student,-
proposed a sceventy-item scicnce interest survey which uses
statements about students' activities related to science

35

rather than statements about interest in science,

)}Andrcw W. Pearl, "A Study of the Effects on
Students!' Achievement and Attitudes When They Work in
Academic Teams of Three Members" (Doctoral Dissertation,
Corncll University, 1967).

3!

)‘Herbert J. Walberg, "Dimensions of Scientific
Interests in Boys and Girls Studying Physics," Science
Education, 51:111-116, March, 1967.

3 =4

))W. W. Cooley and H. B. Reed, "The Measurement of
Scicnce Interestss: An Opcerational and Multidimensional
Approach," Science Education, 15:320-326, 1961,
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An interesting study was reported by Scriven, Harrison,
and Scriven in which they tried to determine the effect of
an individual progression program on students' attitudes
when compared with o traditional progrum.36 The Flander's
Michipan Student Questionnaire was used to measure attitude
toward school. ’l‘h;: resulils showed that the control group
had o sipniticant decrecase in positive attitude during the
coursce of Lhe year while Lhere was no significant difference
in pretest and posttest attitude score for the experimental
group. The decreuase in attitudes using this scale has been
reported also by l".l.anders.ij? When comparing the two groups,
the authors conclude that the individualized approach may

he o factor influencing positive attitudes toward school,

although the data is inconclusive.

“)(}c(n'giu H. Scriven, Alton Harrison, Jr., and Eldon
G. sScriven, "A Study of Student Attitude Changes Related
Lo Individual Propgression," 1llinois School Research,
G2 16-21, May, 1970,

'“N. A. Flanders, "leclping Teachers Change Their
Behavior," Terminal Report ot NDEA Title VII Project, 1963,




CHAPTER IIIL

METHODS OF ASSIGNING STUDENTS AND COLLECTING DATA

The purpose ol this chapter is to explain: (1) the
methods ol assipgning students to the various groups, and
(2) the data thal was collected and the methods that were

used Lo collect the data.

ASSTLGNMENT OF STUDENTS

Initially, sixty-nine students were to take part
in the experiment. These students comprised the total
poptlalion ol freshman student nurses atl Evanston Hospital
School ol Nursimng:, The names of the students were listed
alphabetically and numbered from one to sixty-nine., A
table of random numbers was then used to select thirty-four
students for the trceatment group. The remaining thirty-
rive students were assigned to the control group. From the
time of the initial assignment of students until the time
the experiment ended, six students resigned from school.
Due to these resignations, complete data was collected on
thirty-three members of the original control group and

thirty members of the original treatment group.
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When the chemistry course began, eleven students from
the treatment group and thirteen students from the control
group hivd been in o surgical nursing course for the previous
six weeks.,  The remaining students in the trcatment and
control groups had been in a medical nursing course for the
previous six weeks. Three weeks after the experiment began,
the students who had had surgical nursing started the medical
nursing coursc, and vice versa. Therefore, the order in
which students in both the treatment and control groups
Ltook medical and surgical nursing varied, Since it was
possible that the order in which students took medical and
surgical nursing might have an effect on achievement in
chemistry, the effect of the order of taking the two
nursing courses was tested,

Abthough students were assigned randomly to the
treatment and control groups, il was not possible to assign
students to the medical and surgical proups randomly.
However, the number of students in the treatment group who
had surgical nursing Lirst (eleven) was approximately equal
to the mumber of students in the control group who had
surgical nursing first ('l;hil‘tecu). Also, the number of
students in the treatment group who had medical nursing
first (uinetecn) was approximately equal to the number of
students in the control group who had medical nursing
first (twenty). Lt was thus possible to test for the

ctlect of the order of the nursing courses by using the
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analysis of covariance technique. (See Chapter IV Analysis
of Dutu)

The grouping ol' students at the start of the
cxperiment appears in PFigure 1. As seen in this {igure,
another grouping arrvangement cexisted as well. Groups 1 and
L compriscd the control group and Groups ILIL and IV comprised
the treatment group,., This grouping also existed for
scheduling in other classces. The thirty-three students in
Groups 1 and LI met together for two one-hour lectures ecach
week. The first lecture was on Monday morning from eleven
o'clock until noon. The second lecture was on Tuesday
al'ternoon ffrom one o'clock until two o'clock. For scheduling
reasons, halt ol the treatment group met at one time and
the other halt of the class met at another time., Students
in Group LI1 met on Tucsday morning from nine o'clock until
cleven o'clock and the students in Group IV met on
Wednesday morning from nine o'clock until eleven o'clock.

Data trom Groups IILILI and IV was treated together,

control Group Treatment Group

Group I Group 11 Total Group IIT Group IV Total
Medical il 9 20 9 10 19
Nurs gy
Firsi(
Suryrical 6 7 13 7 L 11
Nursing
First
Totals 17 16 33 16 14 30

Figure 1. Number of Students in Each Group
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COLLECTLION OF DATA

Data was collected which related to the students!
achievement in chemistry and the students' attitude toward
chemistry., huring the week prior to the start of the
cexperiment, the students' knowledge of chemistry was measured
by wmeans ot the Cooperative Scicnce Test in Chemistry, and
theiv attitude toward chemistry was measured by means of
{he Scale to Measure Attitude Toward Any School Subject,

When the students took the chemistry pretest, they
were told that they would not be graded on the test. The
instructor told them that it would be helpful for him to
ktiow how much they already knew about chemistry so he would
knnow what to teach. They were asked to do as well as they
could on the test to give the instructor accurate informa-
tion about their Kknowlcedge,

Belore taking the altitude test, students were again
told that the results of the test would have no effect on
theirv grade. They were asked to answer each question as
honestly as possible bcecause their instructor was interested
in tinding out how student nurses felt about chemistry. The
same test of attitudes was given again during the next to
Lhe lTast week of’ Lhe course,

As another indicalion of attitude toward chemistry,
students were required to hand in a record of the amount of
time they spent studying chemistry out of class each week,

Forms were provided ftor this purpose and collected weekly,
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A copy ol this form appears in Appendix C. Students were
told that the record of their study time would not influence
their prade or thelir instructor's opinion of them. They
were told that the information might be valuable to have in
certain situations when o student was having difficulty in
the course. Students seemed to be very honest in reporting
theivr study Lime, They were nob even afraid to report zero
Lime studying when they did not study.

One more picce ol information was obtained during
the phase of the study that related to student attitude
toward chemistry. Attendance at four films that related to
the Lopic beding studied al the time was used as an indication
ol student interesk. Since there was no single time during
the week that gave all students an equivalent opportunity
to =se¢c the films, wll ©ilms were shown at four different
times.  The times thal were chosen provided each student
with an cqual opportunity to see the films.

Achievement in chemistry was measured by means of
three teacher-made Lests which were given during the course,
Studentis in both the trealtment and control groups took the
tests at Lhc‘sumu time, The tests were composed of questions
which were carcefully written from the statements of behavioral
objectives which all students received weekly.

The students were not aware of the fact that their
instructor was using the information gained from this

cxperiment tor his doctoral study. At the beginning of the
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experiment, when the method of instruction had been explained
to the appropriate group, the instructor told cach group
that he was groingy to try out some new things in chemistry
this yoeasr with both classcs., He also told them that the
two classes would not be doing everything in exactly the
same way, but that they would lecarn the same things. They
were also told that their grade would not be atfected by the
method ol instruction that they received. Thgir grade would

be determined in relation to the students who received the

same me thod of instruction.



CHAPTER 1V
ANALYSIS OF DATA

The analysis ol the data is in two main parts.
First, il was determined whether or not the order in which
students had medical and surgical nursing had different
off'ects on achievement and attitude in chemistry. Second,
it was determined what et'fect the treatment had on
achicvement in and attitude toward chemistry by comparing
students in the treatment group with students in a control
group.

COMPARISON OF MEDICAIL, AND SURGICAL GROUPS ON

ACHLEVEMENT AND ATTITUDE MEASURES

in this section the data is analyzed to determine
the initial cquality of the medical and surgical groups, and
the ef'fecls of the order ol having medical and surgical

muwsing on achievement in and attitude toward chemistry.

Test of the Inditial Equality of the Medical and Surgical Groups

The initial equality of these two groups was determinced
by using five criteria. The criteria that were used were:
(1) SCAT verbal score, (2) SCAT quantitative score, (3) first

semester grade point average, (4) Cooperative Test in

32



Chemis try pretest score, and (5) the pretest score on the
Scale to Measure Attitudes Toward Any School Subject. The
SCAT scores and grade point averages were taken from the
students' records and the chemistry pretest scores and Lhe
attitude pretest scores were obtained during the first
week ot the course. A summary of this initial data appears
in Table L,

Analysis ol vaviance was used to compare the means
of cach of the pretestl scores for the two groups. First,
the assumption ot homogenceity of variance was tested by using
Hartley's Fmax statistic, The results of this analysis which
appear in Appendix E indicate that the variances are
homogrenous for all five measures., After this was done, the
means ol the initial data were compared by using the program,
MANOVA--Multivariate Analysis of Variance, from the North-
western University Vogelback Computing Center, The level of
sipniticance for this test was chosen to be 0,05, The results
ot this analysis appear in Table II., The results indicate
that the students who had medical nursing first differed
sipnificantly from the students who had surgical nursing
tf'irst on the SCAT verbal score and on the Chemistry pretest.
tn addition, the F ratio from the SCAT quantitative score
is so near to the critical value that the groups were
considerced to be different on this measure as well. These
pretest measures on which the two groups differed significantly

were cxamined for their suitability as covariates in the



TABLYE I

SUMMARY OF INITIAL DATA FOR MEDICAL
AND SURGICAIL NURSING STUDENTS

SCAT SCAT Chemistry Attitude
Verbal Quaniitative GPA Pretest Pretest
Medical Nursing First
n 39 39 39 39 39
X 38,6067 37,001 2.581 48,282 6.641
57 2he3h 30.7305 0.461 h9,210 3.386
sSurgical Nursing First
n 20 21 2h 2l 24
X 35.587 3,708 2,524 by h58 6.683
S° 15.817 21.959 0.321 66.602 3.045
n = number of students
X = sample mean
2
S = sample variance



TEST FOR EQUALITY OF SAMPLE MEANS OF INITIAL DATA
FOR MEDICAL AND SURGICAL GROUPS

TABLE IT

35

Variable F(1,61) P
SCAT Verbal 6.867% < 0.05
SCAT Quantitative 3.994% 0.05
Grade Point Average 0.118 2 0.05
Chemistry Pretest 6.199% < 0.05
Attitude Pretest 0.008 >0.05
Critical Region: F(1,61) >L4.00

.05
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comparison of’ the achievement of the two groups. This

topic is discussced in the next section.

Test of the Achicvement ol the Medical and Surgical Groups

The achicvement of the medical and surgical groups
wits compared on Lhree teacher-prepared tests of subject
matter knowledge., The first two tests each contained fifty
multiple choice questions. The tests werce divided into two
parts. The first part contained thirty-two questions which
covered Lhe matervial in Part 1 of the learning guide. The
scecond pavlt contained cighteen questions which covered the
material taught in Part 2 of the learning guide, All
questions were written from the lists of objectives that the
students veceived cach week,

The third test was Ghe final examination and it
contained one hundred multiple choice questions. The test
was divided into two halves, with each half containing fifty
questions. The first half of the final examination covered
material taught in the last third of the course, and the
sccond half of the final examination covered material taught
in the first two-thirds of the course., The fifty questions
in this seccond haltl of the test were chosen randomly from
vach ot the parts of the tirsl two tests. Each fifty
question half of Lhe test was sepurated into two parts in
exactly the same way as the first two achievement tests.

The three achievement tests contained a total of eight
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parts and the data from these tests appears in Table IXI.
The achievement tests appear in Appendix D,

Analysis of covariance was chosen to compare the
means ot the achievement test scores for the two groups.
This achievement data was lirst analyzed to determine if
the variance ol cach test was homogencous between the two
groups,., The lHartley qux statistic was used to test for
homogencity ol variance at the 0.05 level of significance,
The results, which appear in Appendix B, show that the
variance is homogencous for all but two oif' the achievement
measures. These are both parts of the second achievement
test,

Next, since the medical and surgical groups differed
with respect to the SCAT scores and the Chemistry pretest
scores, Lhese measures were examined to determine their
possible use as covariates in the comparison of the achieve-
ment ol the two groups. IFirst semester grade point average
was nol examined as o possible covariate since the two
groups did not differ with respect to this variable., The
two asswuptilions which had 1o be met by each of these were
(1) that the regression of cach achievement variable on
the pretest measure was significantly greater than zero,
and (2) that the repgression of cach achievement variable
on the pretest measure was homogeneous between the two
groups. The signilicance ol overall regression was tested

by the MANOVA program and the homogeneity of regression
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TABLE LIL

SUMMARY OF ACHIEVEMENT DATA FOR MEDICAL
AND SURGICAL NURSING STUDENTS

Medical Group Surgical Group
. - 2 - 2
Variable n bd S n b'e s

ACH Test | - Part | 39 28,000 10.844 24 27,208 13.476
ACH Tesl L - Part 2 39 13,700 7.879 24 12,708 8.738
ACH Test L1 - Part t 39 19.692 133,698 24 19,208 16.959

ACH Test LI = Part 2 39 6.821 8.049 24 5.958 3.779

Final Exam
Section A - Part 1 39 21,179 23.571 20 20,000 15.476
Section A - Part 2 39 10.846 10.394 24 10.625 7.986
Section B - Part 1 39 22.97h 20,548 24 20.833 15.713

Section B - Part 2 39 9,103 9.199 24 8.133 5,276

n = number ol studentis

1
|

sample mean

-

s = sample variance
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hypothesis was tested by the statistic which appears below.

The results of these lests appear in Appendix E,

P 2
5., /k=1 g 5 (fxyk)
= 7T Sy ESYy -9 Th 2
| £ xk
|
‘ . . , 2 Exy )~
Sy o= Sy -5 b.':=iyw'-(——---‘,"’————

Based on the results of the test of the assumptions,
two analysces of covariance were performed on the achievement
test datan.  In the first, the Chemistry pretest was used as
A covariate for all of the achievement test scores, In the
sccond, the SCAT quantitative score was added as a covariate
in the cases where it met the necessary assumptions. The
MANOVA program was used to analyze the data and the level
ol signiticance was chosen to be 0,05,

The results of the first analysis appear in Table IV.
The two groups did not differ significantly on any of the
achievement test measures when the Chemistry pretest was
used s a covariate to adjust for the initial differences
thaat existed in Lhe two groups at the beginning of the
experiment,  The results ol the second analysis appear in
Table V.  This analysis indicates that no significant
ditferences existed in the achievement of these two groups
when initial differences in chemistry knowledge and
quantitative ability were corrected by using the SCAT

quantitative score and the Chemistry pretest as covariates,
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TABLE IV

ANALYSIS OFF COVARIANCE OIF ACHIEVEMENT TEST MEANS FOR
MEDICAL AND SURGILCAL NURSING STUDENTS USING CHEM
PRETEST AS A COVARIATE

VARIABILE F(1,60) p
ACH Test 1 = Pavt | 0.071 >0.05
ACH Test L o= Part 2 0.071 >0.05
ACH Test 1L - pPart | 0. 234 20.05
ACH Test LI - pPavrt 2 0.183 >0.05

Final Exam

Section A - Part | 0.087 20.05
Section A - Part 2 0. 386 70.05
Section BB - Part | 1.608 20.05
Section B - Part 2 0.021 20.05
Critical Region: F(1,60) >h.00

.05



TABLE V

ANALYS1S OF COVARIANCE OlF ACHIEVEMENT TEST MEANS FOR
MEDLCAL. AND SURGICAL NURSING STUDENTS USING CHEM
PRETEST AND SCAT QUANTITATIVE AS COVARIATES

1

VARIABLE F(1,59) P

ACH Test LL ~ Part 2 0.0U4l >0.05

IF'inal Exam
Section A - Part 2 0.700 20.05

Section BB - Part 2 0.05h 20.05

Critical Region:  17(1,59) 0,'>h.o1
LR



Although the students who had medical or surgical
nursing 1irst did not differ significantly on any measure
of achicvement, the medical group scored higher than the
surgical group on all of 1he eight achievement measures.

In addition, the varviance of the medical group's scores was
higher on six ol the eight parts of the achievement tests.

The diftferences are consistent with differences
which existed in the groups at the start of the experiment.

In the pretest data, for example, the medical group scored
significantly higher on three of five measures, and the
variance of their scores was higher in four of five cases.
The variance was not signiticantly higher, however, for any
of' these measures., 1In spite of the non-significance of
dit'terences between the variance of the two groups, the
medical group appeared to be consistently less homogeneous
than the surgical group. For this reason some additional
cvidence of this was sought and is presented here without
statistical treatment, This data appears in Tables VI - X.

To determine whether or not students who took surgical
nursing firsti formed a more homogeneous group than the students
who took medical numrsing first, five additional pieces of
information were obtained for each student, These are:

(1) whether or nol Lhe student came to nursing school directly
from high school, (:2) rank in high school class, (3) type
of high school attended, (M) ACT natural science score,

and (5) high school chemistry grade.
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The results in Table VI indicate that on the first
of these, the students in the surgical group appear to be
somewhat more homogeneous, O0f the students in the surgical
group, seventy-eipght percent came to nursing school directly
from high school while only sixty-one percent of the students
in the medical group came directly from high school. A
larper percentage oft the students in the medical group had
viarious work or college experience first.

Information about the students' rank in their high
school class found in Table VII indicates again that the
students in the surgical group form a more homogenous group.
Of the students in the surgical group, sixty-two percent
are ranked in the second quartile as compared to forty-five
percent ol the students in the medical group who are ranked
in this quartile. Also, smaller percentagpes of surgical
students arve at the higher and Lower rankings.

Information on the type of high school attended
does notl seem to show any substantial differences between
the two groups as seen in Table VIII. The data from the
natural science score on the ACT found in Table IX also
fails to demonstrate that one group is more homogeneous than
the other, While fewer of the surgical students received
high scores, a greater number received low scores. This
makes the mean score lower, but it does not indicate that
the group is more or less homogeneous,

Finally, the high school chemistry grade data found

in Table X again indicates that the students who took surgical



nh

TABLE VI

PRE-NURSING SCHOOL. EXPERIENCE OF STUDENTS
IN MEDITCAL AND SURGICAL GROUPS

Medical Group Surgical Group
Came to Nursing School 61.5% 78.0%
Directly trom High School
lad College or Work 38.5% 22.0%

Experience First

TABLE VII

RANK LN ILLGH SCHOOL CLASS OF STUDENTS
LN MEDICAL AND SURGICAL GROUPS

Rank Medical Group Surgical Group
Top Decile 15.8% I, 2%
Top Quartile 23.7% 20.8%
Second Quartilc Wb 7% 62.5%

Lower Hallft 15.8% 12.5%




TABLE VIII

TYPE Ol IEGH SCHOOL ATTENDED BY STUDENTS

1N MEDICAL AND SURGICAL GROUPS

Medical Group

Surgical Group

City Public 5.3% I, 2%
Suburban Public 52.6% h5.6%
Parochial 31.6% 37.4%
Other 10.5% 12.5%
TABLE IX
ACT NATURAL, SCLENCEE SCORE OF STUDENTS IN
MEDLCAL AND SURGICAL GROUPS
Score Medical Group Surgical Group
11=-15 0.0% 21.1%
16=20 U4, 3% 31.6%
241-25 28.6% 36.9%
26-30 31.5% 10.5%
31135 5.7% 0.0%
TABLE X
HIGH SCHOOl. CHEMISTRY GRADE OF STUDENTS IN
MEDICAL AND SURGICAL GROUPS
Grade Medical Group Surgical Group
<cC 13.1% 13.6%
C to C+ 50.0% 72.8%
B to B+ 31.6% 13.6%
> B+ 5.3% 0.0%
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nurs.imnr PFirst Cowrm o more homogencous group. 0f the students
in the surgical group, sceventy-thrcece percent had a € to C+
average in high school chemistry, while the largest number
in any once category tor the medical group was (ifty percent
in the ¢ to C+ category.

This data, plus the pretest data that was analyzed
statistically, indicates that the medical group has a
higher ability than the surgical group and is less homogenecous.
This facl dis most likely due to a sampling technique which
was not random. Studenls were assigned to the medical and
surygrical nursing classes by their nursing instructors on an

alphabetical basis.

Comparison of Attitudes

The medical and surgical groups were compared on
three attitude measures al the end of the experiment. One
of' these was the average number ol hours per week that
studenlts in cach group spent studying chemistry. A second
was Lhe number ol optional films that were viewed by each
student in the two groups. A third was the Scale to Measure
Atilitude Toward Any School Subject which had previously
been used as a pretest,

The written attitude pretest was the only criterion
used to determine the initial equality of the attitude of
the two groups. The results of this pretest indicate that
the medical and surgical groups did not differ significantly

in their attitude toward chemistry at the beginning of the
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experiment, This pretest data appears in Table XI along
with the postteslt attitude data.

The means of the three attitude measures were com-
pared by using; the analysis of variance technique from the
MANOVA program, The level of significance was again chosen
to be 0,05 and the results of this analysis appear in
Table XI., The results indicate that there was no significant
dilterence in the attitude of the two groups as measured by
these threc tests.

In summary, all of the statistical tests that were
performed indicate that the order in which student nurses
took medical and surgical nursing had no effect on either
their achievement in chemistry or their attitude toward
chemistry.

COMPARLISON OF CONTROL AND TREATMENT GROUPS ON
ACHIEVEMENT AND ATTITUDE MEASURES
In this section the data is analyzed to determine

the initial equality of the control and treatment groups,

and the eflfects of the treatment on achievement in and attitude

toward chemistry,

Test ol the Initial Equality of the Control and Treatment
Groups

The dinitial cquality of the control and treatment
groups was determined by using the same five criteria that
were used in Part | of this cliapter. The criteria that were

used were: (1) SCAT verbal score, (2) SCAT quantitative



TABLE XI

SUMMARY OF ATTITUDE DATA FOR

MEDTCAL AND SURGICAL

GROUPS
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Comparison of

Variable Group n X 5‘2 Means (F 1,61)

Attitude Medical 39 6.641 3.386

Pretest 0.008
surgical 20 6.683 3.045

Attitude Medical 39 5.762 h.558

Posttest 0.135
Surgical 24 5.958 3.801

I L Medical 39 1.7359 1.553

At tendance 1.204
surgical 21 1.792 3.565

Weekly Medical 39 2.185 1.053

Study Time 1.743
Surgical 2/ 2.525 0.869

Critical Region: F(1,61) 05) .00
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score, (3) first semester grade point average, (h) Coopera=-
tive Test in Chemistry pretest score, and (5) the score on
the Scale to Mecasure Attitudes Toward Any School Subject
which was given as o pretest. A summary of this data
appears in Table XL,

The data was first tested for homogeneity of variance
Ly using Hartley's 1"""”( statistic. The results of this
Ltest appear in Appendix E. The variance of all initial tests
was homogieneous except for the variance between the two
groups on the attitude prcetest,

The data was then tested to determine if a significant
difference existed in the means of the initial data from the
two groups. The MANOVA program was used to analyze this data.
The results of the analysis appear in Table XIII, These
results indicate that the control and treatment groups did
not differ significantly on any of the pretest measures.
However, large enough differences existed in the attitude
prelest scores to use the test as a covariate in the analysis
of the posttest attitude scores. 1In all other respects, the
groups were considered to be equivalent at the start of

the cxperiment.

Tests of Achievement

After determining Lhe initial equality of the two
groups, the control and trcatment groups were compared on
measures of achievement and attitude. The findings from the

achicvement data are presented first. A summary of this



TABLE X1

SUMMARY OF LNITTAL DATA FFOR STUDENTS
LN CONTROI. AND TREATMENT GROUPS

SCAT SCAT Chemistry Attitude

Verbal Quimtitative GPA Pretest Pretest

Control Group

1 33 33 33 33 373

N 3TL2TY 36.545 2.530 h6.515 6.255

< 21055 32,501 0.326 51.3273 h.29%
Trecatment Group

u 30 30 30 30 30

X 37733 36. 200 2.592 46,367 7.100

57 25.5193 24,920 0.457 72.590 1.72h

n = number ol students

X = sample mean

<7 = sample viariance



TABLE XITL

TEST IFOR EQUALILTY OF SAMPLE MEANS OF INITIAL DATA

FFOR

CONTROIL, AND TREATMENT GROUPS
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Variable

F(1,61)

p

SCAT Verbal 0.163 20.05
SCAT Quantitative 0.065 2 0.05
First Semester GPA O.147 >0.05
Chemistry Pretest 0.006 >20.05
Attitude Pretost 3.656 20.05

Critical Region:

(1,061 ).05>la.o()



data appears in Table XIV., The findings from the attitude
data appear in the next scction of this chapter.

The achievement data was first tested for homogeneity
ol variance at the 0,05 level of significance. The results,
tound din Appendix Iv, indicate that the assumption of
homogence ity ol variance is met in each case.,

Next, the means of the achievement tests for the two
groups were compared using analysis.of variance. The 0.05
Level of significance was again chosen., The results of this
analysis appear in Table XV and indicate that the control
and treatment groups did not differ significantly on any
ot the achievement tests.

In the analysis of' the achievement data, as it was
pertormed, the individual achievement measures were tested
as separate variablies. This was done because the testis
were given at difterent times and were used to test different
sub ject matter, However, the correlation among the separate
achievement measurces is quite high. This indicates that the
individual tests arce measuring much the same thing. The
correlations ot all dependent variables appears in Appendix F,

Because ol Lhis high correlation among the achieve-
ment measures, il is possible Lo consider them as a single
variable,  This was done by using two diflerent techniques.
In the first, all achievement scores were added together to
give a total achievement score for eaéh student. Analysis

of vaviance was Lhen uscd Lo determine whether or not the



TABLE

XIV

SUMMARY OF ACHITEVEMENT TIES1 DATA
CONTROIL. AND TREATMENT GROUPS

19

FOR

Control

N

Variable n X s n X s<
ACH Test 1 - Part | 33 27.576  12.688 30 27.833 11.176
ACH Test | - Part 2 33 13,485 7407 30 13,200 9.5473
ACH Test 1L - Part | 33 19,182 23,088 30 19.867 31.979
ACH Test 1L - Pari 2 133 6.7333 h.605 30 6.667 8.779
inal Exam
Section A - Parg | 33 20,212 18,046 30 21,300 23,319
Section A - Part 2 33 10. 394 9.060 30 11.167 9.660
Section B - Part 1 33 21.545 20.376 30 22,833 18.353
Section B - Part 2 33 8. 394 6.933 30 9.267 8.480
Total Achievement
score 33 127,121 h38.065 30 132,133 603,341

i

P
i

A
i

sample sive
sample mean

sample variance



TABLE XV

TEST FOR EQUALLTY OF SAMPLE MEANS OF ACHLEVEMENT TEST
DATA IFOR CONTROt, AND TREATMENT GROUPS

Variable 1r(1,61) p
ACH Test L = Part | 0,087 >0.05
ACH Test 1L - Part 2 0.151 20,05
ACH Test 1T - Part | 0.270 20.05
ACH Test LL - Part 2 0.265 2 0.05
IFinal Kxoan

Section A = Parl 1 0,905 20,05

Section A - Part 2 1,00k 70,05

Section B -~ Part 1 1,302 20.05

Scctbtion B - Part 2 1.561 20,05
Total Achievement Score 0.764 20,05

Critical

Regrions

I ( |,(>’|).05>h.oo
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two proups dirfered wilh respeclt to this new variable. The
resul ts, which appear in Table XV dindicate that the groups
do not differ with respect to this total achievement scorc.

Next, a multivariate technique was used to analyve
the achievement measures., In this technique, the Wilks
Lambda Criterion is used, and a single F ratio is generatoed
to comparce a group of achievement measures. The results ol
this analysis appear in Table XVI, The results indicate
that when the achicevement data is treated in this way, no
sipnilicant dilfevences appear between the treatment and
countrol groups.

In summary, achievement in chemistry did not differ
signiticantly under the methods of instruction as measured
by the tests that were used. This was found to be true
when achievement data was considered separately or combined
as one variable.

Ln spite of this rinding, there is one statistically
non=sigeniticant trend which is worth noting. Although the
Lreatment group did nol score significantly higher than
the control group on any ol” the achicevement tests, the differ-
cnce between Lhe scores of the groups became greater as
l.ine went on. When Che point difference between the two
groups is plotted versus Lime, a linear relationship
appears. This trend can be seen in Table XVII and Figure 2.

" this trend were to continue, the difference

belween the groups would soon become statistically
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TABLE XVI

MUL TIVARIATE ANALYSIS OF ACHIEVEMENT TEST DATA FOR CONTROIL,
AND TREATMENT GROUPS USING WILKS LAMBDA CRITERION

Variable F(6,56) p
ACH Test T -~ Part 1

ACH Test [ - Part 2 0.761 >0.05
ACH Test IL - Part 1

ACH Test II - Part 2

Final Exam - Part 1

Final Exam - Part 2

Critical Region: F(6,56) 05‘72.32

TABLE XVIT

POINT DIFFERENCE ON ACHIEVEMENT TESTS VERSUS TIME
FOR CONTROL AND TREATMENT GROUPS

Point Difference per 50 questions

Time (Treatment Score minus Control Score)
h weeks -0.028
8 weeks +1.019

2 weeks +2.011
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significant, 1t is rcasonable to assume that the experimentivl
group needed some time to get used to the new method of
instruction and could perform al its best only after this
time., AL this point we can only speculate concerning whether
or not the treatment group had reached its highest level
and whether or not the ditference between the groups would

continue to incrcecase over time.

Comparison ol Attitudes

The control and treatment groups were compared on
the =same three attitude measures that were used to compare
the attitude of Lhe medical and surgical groups. The three
woelre s (1) hours per week that students reported that they
spent studying chemistry, (;3) number oif optional films
viewaed, and (3) the Scale to Measure Attitude Toward Any
school Subject used as a posttest.

The Scale to Measure Attitude Toward Any School
sSubject had previously been used as a pretest to determine
the initial cquality of the attitude of the two groups.
This pretest data and the results of the analysis of variance
appoear in Table XVUILl, As scen there, the two groups do
not ditfer signmiflicantly at the 0.05 level of significance.
However, the F ratio is close enough to the critical value
Lo use Lhe attitude pretest as a covariate in the analysis
ol the attitude dota. Since the groups do not differ

signilicantly on Lhvis measure, Lhe atbitude data is analyzed




COMPARLSON OI
TREATMENT

TABLE XVI1L

ATTITUDE

AND CONTROI.

DATA FOR
GROUPS

Comparison of

Variabloe Group n X s Means (F 1,61)

Attitude Control 33 6.255 h,293

Pretest 3.656
Treatment 30 7.100 1724

AbLitude Control 373 5.594 3.936

Posttest . 135
Treatment 30 6.103 h.520

i L Control 19 1.576 2,317

Attoendancoe 079
Troeatment, 30 1.h67 2,396

Study Control 33 2,286 0.9733

Tine 055
Treatment 30 2,36 1.096

Critical

Regidon:

v(1,01)JH3>h.oo
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below, both with and withoutl nsing the attitude pretest
as oo covariate,

As the resuls in Table XVILI dindicate, when the
wmeans ol cach atlitude variable are compared, no significant
ditterences between the treatment and control groups appear.
When the attitude measures are adjusted by using the attitude
protest as a covariate, the same result of no significant
ditlercences is observed, These results appear in Table XIX.

In addition to the statistically treated data which
relates Lo the students' attitudes toward chemistry, there
e some non-statistical indings concerning the students!
attitudes which are presented here., Some of théé(: findings
concern altitudes toward chemistry and others concern
attitudes Loward the course itself and the method of
instruction, These (Mindings are presented here without
Formal statistical analysis. The data comes from a course
evaluation which students completed at the end of the course
and from infformal comments made by students during the
course,

ALl of the stuwlents were given a course evaluation
form to complete immediately following the final examination
in this coursc, Studenls rated several items and were then
cnicouraged to weite additional comnments about the course.
The results of' the first part ot this evaluation appear in
Table XX, The first two items relate to the students'

attitude toward chemistry and the second two items relate

to the students' attitude toward the course that they reccived,



TABLE XIX

COMPARISON OF POSTTEST ATTLITUDE OF TREATMENT
AND CONTROIL, GROUPSs USING THE ATTITUDE
PRETEST As A COVARIATE

61

Variable F( 1 ,GO) P
Attitude Posttest 0.006 >0.05
Study Time 0.009 20,05
I'ilm Attendance 0.684 >0.05

Critical Region: 1(1,60) o > .00
VD
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When students were asked to rate the value of a basic
chemistry coursce in a nursing curriculum on a scale of 1 to
5, both treatment and control groups gave this a below average
ating.  The treatment group rated this item slightly lower
(2.07) than the control group (2.36). It is interesting
that only 6.0% ot the treatment group and 3.0% of the control
group gave Ghis item a rating which was above average.

When students were asked to rate the value of a
basic chemistry course in a general education curriculum,
both groups rated this as average. The treatment group
rated this item slightly higher (3.10) than the control
group (.’.’ . F)'?) .

The results of these first two items indicate that
cvent Lhough these student nurses felt that a general chemistry
course has average value in a general education curriculum,
it is their opinion that such a course has very little value
in o nursing curriculum, This tinding is supported by
intormal comnents made by students during the course
(especinlly at its beginning) in which they questioned
student nurses being required to take chemistry. The results
also indicate Lthat students in both the control and treatment
groups have similar teclings about the value of chemistry.

No Large differcnces appear in their attitude. This finding
iLs consistent wilh the results obtained from the statistically
treated attitude data., AlbY ol this data indicates that the

me thod ol instruction had no significant effect on the

students' attitude toward chemistry.



COURSE EVALUATION RESULTS

TABLE XX

Percent of Students from Each Group

for Each Rating

Mean
Low Below Ave. Ave. Above Ave. High Numerical

Item Group (1) (2) (3) (4) (5) Rating
The value of a basic Treatment 33.3 36.7 23.4 3.3 3.3 2,07
chemistry course in
a nursing curriculum Control 21.2 27.3 48.5 0.0 3.0 2.36
The value of a basic Treatment 3.3 26.7 36.7 23,3 10,0 3,10
chemistry course in
a general education Control 12.1 15.1 La2.,4 24 .3 6.1 2.97
curriculum
The quality of Treatment 6.7 23.3 Lo.0 16.7 13.3 3.00
instruction received
in this course Control 3.0 18.2 ook 27.3 9.1 3.21
The difficulty of Treatment 0.0 10.0 36,7 30.0 23.3 3.67
this course

Control 0.0 6.1 27.3 21.1 4.5 4,06

€9
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The second Ltwo items on the course evaluation relate
to the students' attitudes toward the course itself. When
asked to evaluate the quality of instruction that was
recedived during the course, the btreatment group rated this
as average (3.00) and the control group rated it as just
shightly above average (3.21). Although the two groups
recoeived very different methous of instruction, they rated
the quality ot instruction that they received very much
alike,

Finally, studenls were asked Lo rate the difficulty
ot” the course, On the avervage, both groups of students
rated the course as being quile difficult. Although both
sroups rated the difficulty of the course as being above
averiagre, the treatment group did not feel the course was
quite as difficult (3.67) as the control group did (4.06).

The results of the course evaluation do not show
any conclusive differences between the attitude of the
treatment and control groups. This is true concerning both
attitude toward chemistry and attitude toward the course
itsely  Since on cach iLtem students in the treatment and
control groups gave very similar ratings, it does not appear
that the method ol instruction had much effect on attitudes
ol ecither kind,

Al Lhougsh il was noil one of the purposes of this
experinment to compare the attitudes of students in the two

groups toward the method of instruction that they received,
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Findings which are pertinent to these attitudes are also
prescented herce without formal statistical treatment. The
sources ol data which provided information about the students'
attitudes toward the method of instruction are the informal
comments made by students on the evaluation form and those
made during the course,

To begin with, students in the control group did
not comment on the method of instruction that they
received,  The lLecltuve method was familiar to Lthem and they
seemed Lo feel secure with it. 7The comments made by students
in the control group dealt mostly with the value of a course
in basic chemistry in a nursing curriculum and the difficulty
ot chenistry for them.

Sltudents in the treatment group, on the other hand,
made many comments which related to the method of instruction
that they received. Some students liked the method very
much. They 1iked the individual attention that they could
recedive, amnd they lLiked being able to work at their own
pace.  Other students disliked the experimental method.

These students scemed Lo feel insecure in this method and
thought that they were missing something by not being in a
lecture class. These students did not think that they should
have to take a chance with something as difficult for them
as chemistry.  On many occasions, even on the final course
evitluation, some ol these students in the treatment group

said that they could have learned more in a lecture class,
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These comuenls were made in spite ol the fact that all of
the stadents knew bhe results ol each test and could see
that students in the treatment group were doing at least as
well as students in the control group.

The comments made by some of the students in the
treatment group scem to indicate that these students had
Folt anxicty about taking chemistry, and a new mcthod of
instruction which contained c¢lements of sell-study frightened
them more,  This may have caused their negative attitude
toward the experimental method of instruction. Students in
the control group, on the other hand, did not blame the
method ol instruction tor the difficulty of the course
because Lhe lecture method was familiar to them. To them
chiemi=try was diftficult, but they did not associate this
with the method of instruction,

In addition to the students who liked the experimental
me thod and those who felt insccure with it, there was a
thivd group, These students Tiked the individualized
approach, bul they would have preflerred nol to have been
required to altend class for organized group work. Thesc
students would have pretercved Lo have been completely on
their own with the Learning puide. T

Al though a variecty ol” feelings concerning the
experimental method of instiruction were expressed, the most
important finding scems to L:e this: Students who are already

anxious about a course, because of its difficulty for them,
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are not very willing to accept a new method of instruction,
especially when it calls for additional self-study.

In summary, the statistical analysis of the
achicvement data indicates that student achievement was not
atfected by (he method ol instruction used. However, thcre
is o statistically non-significant increase in the difference
between the achicevement of the two groups which gets larger
with time. L1 this trend were Lo continue, the achievement
o’ the treatment group would soon become significantly
higher than Lhat of Lhe control group. Both statistical and
non-statistical treatment ol data relating to the students'
attitude toward chemistry indicate that the method of
instruction had no significant ceffect on attitude toward
chemistry. The data which relates to the students' attitude
toward the experimental method ot instiruction, shows that
there arce a varicty of opinions about the method. Although
some ol the students favored the method, a sizable group
felt insccecure when aspects of self-study were used in a

coursce which was dit'ficult for them,



CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

I this chapter the study is summarized and the
conclusions that can be drawn from the data are enumerated,
This is tol lowed by recommendations for further study

regarding Lhe individualization of instruction.
SUMMARY

The problem was to determine if a type of individual-
ized instruction could be used in a chemistry course for
=tudent nurses without sacrificing academic achievement
on the parl of thesce students,

The p_x‘.'.ivm:vu'y purposc ot this study was to determinec
AL the academic achievement of freshman student nurses
taking chemistry would be al'fected by using a technique of
individualized instruction which utilized a learning guide
and small group discussion by comparing these students with
others in a class taught by the traditional lecture method.

A second purposc of this study was to determine if
Lthe use ot this method of individualized instruction would
affect students' attitudes toward chemistry when compared

wilh the attitude of students taught by the lecture method,

68
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The study was desipgned so that two groups of freshman
student nurses werce usced in the experiment., The first group
wits comprised ol students who were randomly selected to
receive the experimental me thod of instruction. The second
group was comprised of the remaining students who were not
selectod f'or the experimental method of instruction. They
served as a control group.

Additional aspects of the study are enumerated below:

. Control Group. The method of instruction usecd

with the control group was the lecture. Students in the
control group met For bLwo one-hour lcectures each week.

2. Treatment Group. The method of instruction

nsed with the treatment group was individualized instruction
with group discussion, Students in the treatment group
vorked individually through a teacher-prepared learning
puide during a weekly two-hour work session, The learning
gieide contained written explanations of chemical principles
and concepts, questions to be answered, and problems to be
solvad, An example of a unit rom the learning guide appears
in Appendix A,

The learning puide consisted of two parts. The
First part was requirced of all students and knowledge of
this material was ncecessary l'or C-level achievement. The
second part was optional and contained learning materials
for those students who could master the required materials
quickly. Some knowledge ol this material was expected of

A and B students.
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ALl students in the treatment group received both
parts of the learning guide. Students worked in heterogencous
small groups of four or five members on the learning guidce
tor approximatoely the rfirst one hour and thirty minutes ol
the l.wo—-lmur SOSS100. During Lhis time the students worked
individuanlly, but they were also expected to help students
in theiv group who were having difticulty. At the end of
the one hour and thirty minute session, students broke up
into homogeneous small groups for discussions of the topic
Lhat they were studying. During thesc discussions, the
students usced lists ol questions which the instructor had
prepared Lo assess their knowledge ol the subject. When
the discussion was completed, the students continued to work
on the learning guide. After the required work was complcted,
students began working: on Lhe optional materials. The
instructor was present during the entire two-hour session
to assist students, but he did not lecture to the treatment
group.

Y. Both groups were taught by the same instructor.

. Botlhh the treatment and control groups received
Lhe same List ol questions Lo assess their knowledge of the
cequited and optional materials, The treatment group used
Lhese in organized discussion groups and the control group
uscd Lhese on their own. Corrcect answers to these questions
vere posted each week. An cxample of the Assessment Ques-

Lions appears 4in Appendix A,



71

5. Fach week Lhe two groups recelived the same list
ol” topics to be studied along with specific references for
ecach topic., An example of a lList of topics is in Appendix A.

6. Both groups had material differentiated into
requived and optional sections. The treatment group received
this material from the Learning guide and the control group
received this material from the lLectures.

T. Each week both groups received the same list of
objectives which related Lo the topic being studied. An
example ol the lists ot objectives appears in Appendix A,

8. Both groups ol students took the same tests at
the same Lime.,

9. The population of the study was limited to the
Freshman s tudent nurses taking chemistry at the Evanston
Hospital School ot Nursing (Evanston, [Lllinois) during the
197T0=-197 1 school year.,

The cexperimental data for the study came from thesc
sources: (I) teacher-prepared tests of chemistry achieve-
ment, (2) the Scale to Measure Attitude Toward Any School
Swubject, and (S) several behavioral indications of interest
in chemistry, namely, the amount of time spent studying
chemistry, and attendance at optional films. Both attitude
and achicevement data were analyzed statistically by using
the analysis of variance techniqgque. When it was appropriate,
prelest measures were used as covariates to adjust for initial

differences between groups. Assumptions underlying analysis
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ol variance and covariance were tested in each case and the
results ol these tests appear in Appendix E,

since situdents in both the control and treatment
groups did not alt Lake thedr medical and surgical nursing
courses in the same order, this data was also analyzed Lo
determine the etffect of the order of taking the two nursing
coursas,

severitl basic assumptlions were made in this study
and Lhese appear below,

o The SCAT Lest and first scemester grade point
average could be used to measure general academic ability.

2. The written Scale to Measure Attitude Toward Any
sSchool Subject dould be used to measure atltitude toward
chemistary,

3. Since it has been reported that behavioral measures
ave valid indicators of science interest, the attendance at
optional chenistry ilms and time spent studying chemistry
would be reasonable indicators ol student attitude toward
chemistry.,

.  The Leacher-prepared tests, which were written
Crom the Lists ot behavioral objectives that the students
received cach weck, could be used to measure student
achicvement in chomistry.,.

5. The Cooperative Scicnce Test in Chemistry could

be used Lo measure initial knowledge of basic chemistry.

O. Since bholh Che Lreatment and control groups



73
wel'e experiencing something new, the Hawthorne effect would
be cqualized,

T. A class session of two hours each week (treatment
group) was cequivalent to LQ() class sessions ol one hour per
session cach week (control group).

One inding: Cfrom this study was that there was no
signilicant dilfterence belwee.. students who took medical
or strgdical nursing first in either Lheir achievement in
chemistry or theiv attitude toward chemistiry. Another
tinding from the study was that there was no statistically
sipgniticant diff'ercence between the control and treatment
grroups in achievement in chemistry. However, therc was
a statistically non-siymificant increase in the differcnce
between Lhe achievement of the two groups which became larger
with time, Lt this trend were to continue, the achievement
ot the Lreatmentl group would scon become significantly
higher than that of the control group. Analysis of all Lhe
atbttitude data showed that there were no significant differences
between Lhe control and trecatment groups in their attitude
toward chemistry. I'rrom the data which related to the students'
attitudes toward Lhe experimental method of instruction, it
was tound that there were a variety of opinions about the
we thode  Although some ol the students favored the method,

a sizable group f'ell insecure when aspects of self-study

wore used in a coursce which was difficult for them,
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CONCIUSLONS

The following conclusions were drawn from the data
at the end ol the experiment.

. The order of taking medical and surgical nursing
hhas no ef'fect on cither achievement in chemistry or attitude
toward chemistry,

2. A method of individualized instruction which
uses o learning guide and small group discussion can be used
in o chemistry coursce for student nurses without sacrificing
academic achdioevement. 7The achievement of students in the
expoerimental class was at least as high as the achievement
ot students who were in the control class. In fact, the students
in the experimental class scored higher, although non-
signiticantly so, on seven of eight parts of the achievement
tesl=s. Also, il appears Lrom the datla that if the experiment
had vun ffor a longer period of {ime, the achievement of the
students who were in the experimental class would have
become sipgniticantly greater than that ol the students in
thre control class., Therefore, not only can the individualized
method be usced withoutlt sacrificing academic achievement, bLut
it also appears that once accustomed to the method, students
mity achieve move than in a traditional class. This
intevrprelation, ol course, necds further study.

3. IFacts, principles, and concepts of chemistry
can be Lransmi b bed Lo studenlhs as offectively by means of

a owri Llben Learnding: puide as by the traditional lecture,
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The achievement of students in the experimental class which
received material by (Lhe vehicle of the learning guide was
at least as high as the achicevement ot students in the
control class which recelived malerial by Lhe vehicle of the
oval lectlure,  Once this conclusion is made it can be pointed
out that the written learning puide also has the advantage
ol being adaptable to students of ditferent abilities in
the =sime class,.  Students of different abilities could usec
dift'erent orms of the same learning guide.,

e The use of this method of dindividualized
instruction has the advantage 'o:l.‘ {recing the instructor to
vork with individual students who have special problems.
AlLthough this is usually considered to have intrinsic value,
the practical value of it may be questioned. Specifically,
in this experiment the more individualized attention did
not result in sipgnificantly greater achievement on the part
o’ the students,

5. The data which relates to student attitudes
toward chemistry shows that the method of instruction has
no signiticant effect on student nurses' attitudes toward
chemistry.  Speeilically, there were no significant differences
between the treatment and control group on the attitude
posttest, the time reported spent studying chemistry, or
the number of optional films attended.

6. Commenls made by students in the treatment group

indicate Lthat there were a variclty of feelings concerning
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the expoerimental method ol instruction, Some students lLiked
Lhie method of instruction because of the closer personal
alttention that they received. Other students disliked Lthe
method bhecausce Lhey were atraid that they would not Learn
as much in the experimental class as they would in a lecture
class. Still others liked learning by means of the learning
suide but wanted to do it on their own at their own time
rather Lhan in organiwed groups. Some of the students'

supyprestions could be bLriecd and Lested in other experiments,

RECOMMENDATIONS FOR FURTHER STUDY

This study raises several questions which have not
vet been answered,  These questions in turn suggest areas
for farther stuady and experimentation. Some of the questions
and problems that were railsced by this study appear below.

. Can Lhe results of this experiment be replicatced
by someone celse?

2. Would the same results be obtained if a group
ol students other than student nurses were used in the
expoeriment?

3. Would the apparent diftference in the achieve-
ment ot the two groups become slatistically significant
it the cexperiment were run for a longer period of time?

'  Did the students need a certain amount of time

to become uccustomed to the new method of instruction

beflore a maximum achievement Level could be reached?
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5. Would the same results be obtained if the dis-
cussion groups were not inciuded in the experimental method?

6. Would the same results be obtained if the students
were allowed to form their own study groups rather than be
assioned to proups?

Te Would the same rvesults be obtained if students
wore nol required to come Lo an organized class to work, but
were allowed Lo work on the learning guide on their own
and on their own time?

&. Do high, middle, or low ability students achieve
more from one method or the other?

The answers to these questions would provide additional
intformation regarding the type of individualized instruction
that can be usced eflectively as a means of teaching a group
ol” sindenis of heterogencous ability or background in the

SOnne colrsce.,.
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Unit I Atomic Structure

List of Topics and Relerences

Topics References
Part 1
. Basic Review ASB, {rames 1-166

b, Parts ol’ Lhe atom

and theiv change CHEMS, 6-1.1, 6-1.2
¢c.  Atomic number CHEMS, 6-1.4
d.  The sizes ol atoms CHEMS, 6-1.3; 20th Cent,

pp. 27-283; CHEMS, 14-2.3

C. Mass numbers and

isotopes CHEMS, 6-1.5
' Energy levels 20th Cent, pp. 29-30
Pari 2
d.  Energy levels QV, pp. 219-222
b. Quantum numbers QV, pp. 223-224
c. Atomic orbitals CIIEMS, pp. 261-2063;

QV, pp. 237=-24L4, pp. 225-232

Ney to Relervences

ASB (Dawson, Charles R., e¢d, Atomic Structure and Bonding,
A Basic Systems Program, New York: Appleton-Century-
Crofts, 1062.)

CHEMS (Pimentel, Georpge C., ed. Chemistry: An Experimental
Sciecnce. San Francisco: W. H. Freeman and Co., 1963.)

20th Cent.  (Routh, Joseph I. 20th Century Chemistry.
Philadelphia:  W. B. Saunders Company, 1963.)

Qv (Quagliano, J. V., and L. M. Vallarino. Chemistry.
Englewood Cliffs, N. J.: Prentice-Hall, Inc., 1969.)
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Objectives forr Unit I - Atomic Structure

These are statements of terminal behaviors which the
sludent should be able Lo pertorm afler completing this unit.

Part |

Q. Chuose the correct definition of a term from a list
of definitions and choosc the term corresponding to
a given detl'inition from a Llist of terms,

1) nucleus 8) discreet encrgy
2) electron levels

3) proton 9) disotope

) neutron 10) electron cloud
5) atomic nunmbeys 11) octet rule

6) atomic wedipght 12) shell

7) mass mmibev 13} sub-shell

L., Distinguish between correct and incorrect statements
ol f'act regarding:

l) components of an alom

composition of the nucleus of an atom

mass and charge of each component of an atom
energy ol electrons in relation to their distance
from the nucleus

5) details of the Rutherford experiment

6) number ol electrons in each principal energy level

AR

¢, Understand the relationship between the components of
an atom and its charge, mass, and atomic nunmber.

1) Calculate the relative mass and charge ol an atom
from a knowledge of the number of electrons,
protons and neutrons.

2) Calculate the atomic weight of a mixture of isotopes
knowing the number oil electrons, protons, and
neutrons in cach isotope and the percentage of cach
isolope.

Part 2

Q. Choose the correct detinition of a term from a lList
of definitions and choose the term corresponding to
a ¢riven definition from o list of terms.,

1) atomic orbital 5) Hund's Rule
2) pround state 6) Pauli Exclusion Principle
3) excited state 7) Building up principle

) quantum number



L.

d.

Dis
ol

Mg

1)

tinpuish between corrcect and incorrect statements

act regarding:

the filling of atomic orbitals

the shapes of atomic orbitals

Lhe movement of an electbron from the ground state
Lo an exciled stale

Recopgnize  correctlt and incorrcect representations of

the

clectron configuration of an elcment griven the

atomic numberr of that elcment.

Calculatce the energy needed to move an electron f{rom

orne

cnerygy level to another given the cnergy of the

clectron at cach level,
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UNIT I - ATOMIC STRUCTURE

Part 1

In this unit you will study the structure of the
atom., You will learn aboul its basic components and some
ol the ways in which these components interact., I you are
very unsure ol Lthis material, you can review some basic
ideas by poing: through the first three sections of the
programned text, Atomic Structure and Bonding. The sections
ave those on The Atom, Charge, and Electron Configuration.

1. Parts ot the Atom and Their Charge

a. Read CHEMS, scctions 6-1.1 and 6-1.2

(1) Name the threc major components of an atom.

(L’) Draw @ simple model to show the relationships
among thesce components.

(3) How much does cach of these contribute to the
mass of an atom? (Give the mass of an electron
as o decimal.)

(A'l) What is the charpge ot each of these components?

(5) Desciibe the composition of the nucleus of an
atom.

(()) Approximately what proportion of the mass of an
atom is contributed by the nucleus?

b Atoms gain or losce clectrons in chemical reactions
but they do nob gain or lose protons. Therefore,
in orvder l'ov the charge of an atom to change, it
must gain or lose electrons. Changes in proton
mmber occur only in nuclecar reactions. This is
the subject of radiovactivity which will be studied
later.,
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(2)

(3)

(")

2. Atomic
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It an electron is added to any neutral atom,

whatlt is the charge on that atom?

I’ two electrons are removed from any neutral
atom, what is the charge on that atom?

An atom of the element magnesium has 12 neutrons
and 12 protons in its nucleus. How many e¢lectrons
does a neutral magnesium atom have?

A magnesium ion with a charge of' plus 2 has:

() How many clectrons?

(b) How many ncutrons?

(c) How many protons?

Numbcei

Q. Rea

(1)

(2)

(13)

d CHEMS, scction 6-1.4

Define atomic number in your own words,

I you know the number of electrons and protons
in any neutral atom, tell how to determinec the
atomic number ot that atom,

Give the atomic number of two elements and tell
how many electrons and protons are in each atom
ol that element.

3. The Sizes of Atoms

@. Read CIHEMS, section 6-1.3

(1)

From what you have read here, could you draw

on this piece of paper a model which accurately
represents the relative size of the nucleus of
ann atom to the rest of the atom?
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(2) With so much empty space present in an atom,
why do you suppose we cannot see through solid
objects?

Recad 20th Cent, pp. 27-28. Rcad Lhe scctions on
the structure of the atom and the nucleus.

(l) Draw a model of an alpha particle showing the
number of neutrons, electrons, and protons.

(2) Summarize the Rutherford experiment and expliadn
the contribution that Rutherford made Lo our
knowledgre ol the atom.

IFor a more detailed discussion of the Rutherford
experiment read CHEMS, section 14-2.3

ha Mass Number and Isotopes

il

Wo said carlier that each of the atoms of an

e lement has the same number of protons in its
nuclcecus. We can ddentify any element by the
numbev of protons that it contains. This number
is the atomic number, Any atom that has eight
protons is oxygen, no matter how many elcctrons or
neutrons Lhat it has., Any atom that has seven
protons is nitrogen, no matter what the rest of
the atom lLooks Like,

ALL atoms of an clement do not, however, have the
same mass. The wedipghts of the different oxygen
aloms, tor example, vary. Some of them are heavier
than others,

(1) Almost all of the mass of an atom is contributed
by the protons and neutrons. Which of these do
you suspect will vary in atoms of the same
element having different weights?
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(2) Explain your answer.

Atoms of an c¢lement which have diflferent numbers of
neutrons are called isolopes. These atoms have tLhe
same altomic number bul different mass numbeoer,

Read CHEMS, scclion 6-1.5

(1) braw a model showing the number of electrons,
protons and neutrons in deuterium, an isotope ol
hydrogern, Comparec this to the model of an alpha
particle that you drew before.

(2) braw a model showing the number oi elcctrons,
protons and neutrons in an atom of hydrogen.

(3) An atom of an clement contains 17 protons and
20 ncutrons. Name the element.

() Derine atomic number.

(5) Detfine mass number.

Since most naturally occurring clements are composed
ol mixtures of isotopes, the atomic weights for
these elements are not whole numbers., They represcent
the average weight oft the isotopes involved,
Opdinary chlorine, for example, has 17 protons and
I8 neutrons and a mass number of 35. The naturally
occurring isotope of chiorine has 17 protons, 20
ncutrons and o mass number of 37. To calculate

the atomic weight ot the mixture of these isotopes
as they exist in nature, we must know the percentage
ol" cach isotopec, We know that chlorine-737 makes

up about 24.6% of the chlorine in nature and that
chlorine-35 makes up about 75.4% of the chlorine
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in nature. The average weight is called the atomic
weight of naturally occurring chlorine. It is
cqual to:

(75.1%)(35) + (2h.6%) (37) _ 4 5

Average = 100%

The atomic weight that is reported for chlorine is
based on Lhis mixture of lisotopes and is
approximately 35.5

(1) Naturally occurring boron is made up of two
isotlopes.  Boron-10 makes up about 19% of the
total and Boron-=11 makes up about 81% of the
total.

(1) Now many protons, clectrons and neulrons
are in cach ol these isotopes?

(l)) Calculate the atomic weight that should
be reported for naturally occurring boron,

Lt the charge ot Lhe nucleus and the arrangement
ol" electrons surrounding it are the most
importint considerations in the way that atoms
behave toward other atoms, what ditferences
wottld you cxpect to sce in the way oxygen-16
and oxygren=-18 hehave toward other atoms?
Explain,

,‘
il
~—

o lnergv Levels

il

b,

The electrons which surround the nucleus of an atom
are lLocated at discreet distances from the nucleus,
and these distances represent different energy levels.
The electrons closesl to the nucleus are at the
fowest encrgy level and the electrons farthest
'rom the nucleus arce at the highest energy level.

Read 20th Cent, p. 29-30 (Electron Shells and
Elcctron Subshells)

(I) How many electrons can occupy energy levels
1,2,3 and 1? (K,L,M and N)
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(3)

(W)

91

llow many clectrons form a stable arrangement
in each shell?

What is the octet rule? If you can't find the
answer here, try to tfind it in another reference.

What is true ol electrons in the same shell but
different subshells?

Tell how many subshells there are in the K,1L.,M
and N shells.



()2

Assessment Questions fTor Unit L -~ Atomic Structure

Paurtl |

. Whoere are clectrons located in an atom and how much do
they contribute to the mass of an atom?

2. Carbon=12 has an alomic number of 6 and a mass number
ol 12, Tell how many clectrons, protons amd nceutrons
are present in o ncutral atom of carbon-12,

3.  The atomic number of calcium is 20, The atomic weight
of calcium is given as 40.1, Explain why the atomic
weidgeht Ls given as a decimaldl and not a whole number.

. What must happen to an atom of magnesium-2l for the
charge on it to change from vero to plus 2 low is tLhe
charyre on any atom changed?

5. What signilicance id Rutherford's experiment have in
deve loping our knowledpge of atomic structure? Tell what
the experiment was and the information that was obtained
Urom iLt,

06, What is meant by "atomic number"?

T. What is mcant by the terms "atomic weight" and "mass
number"?

8. Define "eneryy level."
9. What is the rclationship between the distance an

electron is from the nucleus and the energy level of
the electron?



UNIT L - ATOMIC STRUCTURE

Part 2

Energy Levels

ila

by,

—~
1
p—

Road QV, pp. 219=222

The simplest system Lor studying the relationship
between a nuclens and the surrounding clectrons is
Lthe hydrogen atom, because a hydrogen atom is made

up ol just one clectron and one proton. The electron
il exist at several different distances from the
center of Lhe nuacleus,

(1) what dis the term used to describe the various
distances that an electron can be from the
nuc.leus?

‘)

(.‘) Compare the stability of a hydrogen atom in the
ground state and excited state.

('3) Conmpare the clectrostatic attraction between
the nucleus and electron of a hydrogen atom
when the clectron is in the energy level
corresponding Lo n=t and when it is in the
cnergy lfevel correspondingr to n=j3,

(’I) Given that the cnergy value of the hydrogen atom
in the ground state is -313.6 kcal and the
cnergy vatuce ol the hydrogen atom in the firsi
excited state (n=2) is =78.1 kcal, explain
what is nceded to move an electron from the
oround state to the first excited state. Tell
whether cencergy must be added or taken away and
how much,

by an energy source emitting 5.5 ev of energy,
what energy level will the atom be in after it
has been irradiated?  Explain.,

It a hvdrogen abom in the ground state is irradiatced
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Quantum Numbers

. You have now been introduced to the principal
quantum number, n. The principal guantum number
refllers to the average distance that an electron is
f'rom the nucleus ot an atom, There arece three
additional quantum nunbers which are used to
define the energy of an cleclron in an atom. The
second quantum number describes the shape of the
orbital that an eclectron is in. (Orbitals will
be discussed in detail in the next se(:tion.) The
third quantum number is the magnetic gquantum
nuwuber, . 11 describes the energy of elcctrons
having the same orbital qquantuum nunber under the
intluence olm a magnetic Nield, For example, thero
are three orbitals called p orbitals which arce encr-
grelically equivalent in Lhe absence of a magnetic
I'teld, bul which differ in the prescnce of a
magnetic r'icld, The fourth quantum number is the
spin quantum number, s. An electron can spin in
one ot two directions around its own axis The
spin quantum number can be either +Z or -

o~e

(1) In your own words cxplain what each of the
four quantum numbers represcnts.

() pPrincipal quantum number
(b) Oorbital (|uuﬂtum numbe:
(c ) Magne Lic quan t,um. number
(d) Spin quantum number
b, I'or a detailed explanation of quantum numbers,

vead QV, pp. 2273=22h,

Atomic Orbitals

a.,  The enerpy of an clectron is determined primarily
by its principal quantum number, n; that is, by
the distance Lhat the c¢lectron is from the nucleus
of' the atom. Lo our model ot the atom, however,
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we f'ind that therce may be sub-levels of different
cehergy in the principal levels. The sub-=levels
are called orbitals, In each orbital there miy beoe
o maximuon of two clectrons.  When two electrons
arve present, they must spin in the opposite dircction
from cach other., In other words, they must have
opposite spin gquantum nunbers, Orbitals are

named by didentifying the principal quantum number
(Vy2,3, cte.) and o letter which indicates the
shape of the orbital (s,p,d,f). Orbitals are
then named ls, 2s, Llp, lUs, U1, ctc. Since an
orbital may have 1 or 2 electrons in it, a way is
necessary to give this information. A superscript
is usually used to tell the number of electrons

in o particular ovbitals

I ) ) )

[aé -

I 5y Is 4 2p , s 4, 3p

I'or o descripbion oft the shapes of' the ovrbitals
see CHEMS, pp. 261=2063, and QV, pp. 237=-200h,

(1) Describe the shape ol the s, p, and d orbitals.

(2) How many cleclrons can be present in cach orbital?

(3) How many s, p, « and £ orbitals are there in
cach of Lhe first four principal cnergy levels?

(1) beseribe an electron in a 3p orbital. How far
is it trrom the nucleus? (In terms of the
priucipal quantum number?) Where can the clectiron
in the 3p orbital be located? Draw a picture
of o 3p orbital,

As atoms increasc in size they contain more protons
and more electrons, The electrons occupy specific
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orbitals, and the filling of these orbitals follows
specific rules. Read QV, pp. 225~232 for rules
concerning Lhe filling ol atomic orbitals and
examples ol the electrons illing the orbitals.
(I) Give the ground state electron configuration
of the riest ten clements.  (atomic numbers 1-10)
‘) )

Sy Ry

]
Eximuple:  Oxygen-8: 15" 257 2p .

(2) For these ten elements draw a model of the
individual orbitals and the electrons in cach.

Example. Oxypen=-8 @ @ @ @ @

21) Lp Zp

7

(3) what is the Pauli Exclusion Principle?

(") What is lhmd's Rule? Give two examples where
Hund's Rulce is followed as the orbitals arc
tLled,
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Assessment Questions for Unit 1 - Atomic Structure

Paxrt

)

i~

L1 the energy of an electron is 50 kcal lower in one

energy lLevel than it is in the next, and the electron
is drradiated with a 40 kcal encrgy sourcce, where will
the clectron end up after this dirradiation? Explain.

Compare the principal quantum number and Lhe spin
quantum numberr,

Wha & are guantum numboers used for?

What are the ditferences betbtween an s orbital and a
p orbital?

Compare and contrasl a Is orvbital and a 2s orbital.

Draw o model showing Lhe electrons in each orbital for
an etement having an atomic number of 14,
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TEST OF ATTITUDE TOWARD CHEMLISTRY

Instructions

PlLeasce read cach ot the following statcecments care-
rully. Put o check mark b/ ) il you agrec with the statement.
Put a cross ( X ) i’ you disagrec with the statement. It
you simply cannot decide about a statement, you may place
a question mark beside dit.

There are no right or wrong answers to these questions.
People differ in their opinions on them. Just indicate
your own opinion by checking those statements with which
vou agree and placing a cross beside those with which you

disayreco,

e No matter what happens, this subject always comes
Pirst.

2. I would rather study this subject than ecat,

3. 1 love to study this subject.

. This subject is of great value.

5. This subject has an irresistible attraction for me.
6. L really enjoy this subject.,

[ e This subject is profitable to everybody who takes it.
8.  This subjcect develops pood reasoning ability.

9. This sub,ject is very practical.,

0. Any student who takes this course is bound to be
benelited.

1. This sub jecct teaches me to be accurate.
12, Thais subject is a universal subject.

13. This subject is a pood subject.
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31.
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All of our great men studied this subject.

This subject is a cultural subject,

AlLL lLessons and all methods used in this subject
are clear and definite.

This subjcect is O.K.
Lo witbing Lo spend my time studying; this sub ject.

This subject is not recediving its due in public
high schools,

This subjecl saves tLime.
This subject is not a bore.
This subject is o good pastime.

L don't believe this subject will do anybody any
harm,

1 am carveless in my attitude toward this subject,
but 1 would not Like to see this attitude become

general,

L haven't any deflinite Llike or dislike for this
subjeol,

This subject will bencetit only the brighter students.

My parents mnever had this subject; so I see no
merit in it,

L could do very well wilhout this subject.

Mediocre students never take this subject; so it
should bLe eliminated from schools.

The minds of students are not kept active in this
sub ject.

L am not inlerested in this subject.
This subject does not teach you to think,
This subject is very dry.

This subject reminds me of Shakespeare's play--
"Much Ado About Nothing."
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35. I have no desire for this subject,
36. I have seen no value in this subject.
37. I would not advise any one to take this subject.
38. This subject is based on "fogy" ideas.
39. This subjecl is a wastice ol time.
ho. It is a punishment for anybody to take this subject.
hi. This subjectl is disliked by all students.
W, L look fovwird Lo this subjcect with horror.
4. L detest this subject.
N, This subject is the most undesirable subject taught.

h5. I hate this subject.

Copyright 1960, Purduc Rescarch PFoundation, Reprinted with
Permiss.ion,
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Record ol Time Spent Studying Chemistry

on lLhis rorm L would Like you to keep a daily
record ol the amount ol time that you spend studying chemistry
oulside ol class. Al the end ol each week, add the hours
together Lo give the total for the week.

Estimate your study time Lo the nearcst quarter
hour. (13 hours, 24 hours, ctc.). Put a zero for the days
that you don't do any studying. Don't leave any places blank,

Keep this record with your chemistry notes and
baezing: il {o class cach day,

Week Number

Monday

Tuesday

Wadnesday

Thursday

Friday

Saturday

Sunday

Total
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ACHIEVEMENT TEST 1

Part |1

)
"~ .

[
.

Isotopes are:

. atoms ol the same clement having different numbers
ol neutrons,

b, clLements having Lhe same weight but dif'ferent numbers
ol protons.

c. atoms ol ditferent clements which weigh the same.

d.  aloms ol the sime clemenl having dif'ferent numbers
ol protons,

The total mumber ol protons and neutrons in an atom is
cquivalent to itls:

a. atomic numberv

b. «atomic weight

C. Mass pumber

d. molecular weight

The number ol electrons that can be present in the second
principal ecnergy lovel ot an atom is:

)

e -~
b. O
Co. 8
d. 18

An atom has six electrons, six protons and six neutrons.
Lts mass nunber is:

it O

b. 1.2
C. 18
d. 2

An atom which has lost three electrons has a charge of':
Le -3

b. +3
Ce. O

d. The charge cannot be determined from this information.

The nucleus of an atom having atomic number 7 and mass
number 14 contlains:

HN 7 clectrons and 7 protons

b I protons and 7 neutrons

c¢. 1 neutrons

d. 7 protons and 7 neutrons

One of the most surprising findings of Rutherford's

experiment was that:

4. Some He nuclei were deflected at large angles by a
paiece of gold foil.

b. Many He nuclei passcd through a piece of gold foil
undeflected.
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c. Alpha particles are postively charged.
e Gold foil is composed of atoms.

Element X exists in nature in two forms. One form has

5 protons, 5 electrons and 5 neutrons. The other iorm
has 5 protons, 5 electrons and 7 neutrons. Approximately
25% of the atoms ot this element are in the first form
and T5% in the second form., What atomic weight should

be recorded for clement X?

I 1O
_ll. 1.5
G 1.2
d. 12,5

The total number of protons in an atom is equivalent Lo Lts:
atomic number

atomic weight

c. mass number

de molecular weight

I A
b,

An atom has 3 electrons, 3 protons and Jj neutrons. Its

chavge is:

. +3
b, -3
o Q

d, +06

Which of these statements best expresses the relationship

between the enerpgy of an clectron and its distance from

the nucleus of an atom?

i, The closer an clectron is to the nucleus the higher
is its enerpy.

L. The farther an electron is from the nucleus the
higher is ils energy.

¢. The energy ol an electron does not depend upon its
distance from the nucleus but upon its spin only.

d. The energy of an electron does not depend upon its
distance from the nucleus but upon the size of the
nucleus.

The Group LIA elements have how many electrons in their
outer shell?

i, ]
b 2
C. O

d. It varies for cach element in this group.

Elements in the third pcriod of the periodic table have
how many clectrons in their outer shell?

A 2
b, 3

c. 5
do It varies for ecach element in this period.
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Which statcment best expres

1O7

ses the relationship belween

atomic struclure and periodically recurring properlies?

a, clements which have the same number of electrons
in their rirst and sccond shells have similarv
properiics.

. Llements which have the same nuniber ol electrons
in their livrst shell onty, have similar properiies.

[ Llements which have similar atomic structure have
similar properties.

d. There is no rvelationship.

The clectbrons in the outer shell ot an atom are calloed:

i vitlence eloectrons

I, orbilil) cltectrons

Ca bonding clectrons

o stable clectbrons

As one proceeds 'rom lLel't Lo right in a period ol Lhe

periodic table: .

. cach atom has one moirre neutron than the atom
precedim: L.

iy, the wtoms become morve highly charged,

R Lhe properties of bhese clements are very similar.

d. every atom has one more clectron and onc more proton
Lhan the atom preceding it,

The symbol for silver iss

i, S

I, S

C. Agr

., Al

Mg s Lhe symbol for:

e Magmnesium

b, Manganesc

C. iron

o, L cad

Na is the symbol Pors

. Norvandum

b, Nat ium

<. Sodiam

. Potlassium

An clement with abtomic number 20 is ing

“a.  period 2

Iy, poerdod 3

[ potiod iy

ol . poeriod 5
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Elements X and Y are both in the same group in the

periodic table. Which of these statements is true?

a. X and Y have different charges.

b, X and Y have the same charges but very different
properties

c. X and Y have similar properties but their atomic
structures are not similar,

d. The atomic structure and properties ol X and Y
are similar,

Element 4 has the following orbital electron configuration:

®o®o ® O

2s ‘-p ‘.p 2p,

How many bhonding orbitals does element Z have?
I ¢

b, |
c.
. 5

Elements M and I, combine to f'orm a molecule. The
electron configurations for these elements are

The formula for the compound that forms between M and
l. is probably:

. MgL
b. M,L
C. ME
. ML3

The elements having the highest ionization cnergy are
'ound:

N in the fivst group of Lhe periodic table.

bo in the touerth period ol the periodic table.

c. on the lLett side ol Lhe periodic table.

d.  on the right side ol the periodic table.

An ion is:

a. the same as a hydrogen atom,

b. any uncharged atom,

¢c. a charged atom or group ol atoms.

i fformed whenever the number of electrons and protons
in an atom is equal.
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Lillhiwn has once valence electron and chlorine has

seven valence clectrons,  Which of these compounds would
be most |ikely to form?

a. LiClL

b. LiClL,

Ce 1,iClL -
i
d. 1.i,Cl

lonization energy is:
il the enerpgy requirced to remove an electron from an

atom.
b, the encrpgy released when a neutral atom is formed.
C. the cnerpgy requived to Lorm a neutral alom.
d. the energy required to form a stable octet.

Inoiv covalent bond:

. Lhere is an altraclion between oppositely charged
ions.,

b. o pair of clectrons is shared by two atoms.

C. eclectrons are not attached to any atoms but are
moving freely among all the atoms.

e protons are lLost L'rom one atom and gained by another.

Given the iounization chergy values for these atoms,
which bomnd would most probably be the most polar?

Atom Tonization Energy (ev)
U 17.4
\Y% 16,2
W 9.1
X .5
il U-W
b, V-W
Ca U=-X
d., V-X

A negative ion is formed whene

il clectrons are removed from a neutral atom,
b. clectrons are added to a neutral atom.

Ca a covalent bond joins two atoms,

d. a molecule is formed.

When a molecule forms:

a. the molecule has a lower energy value than the
atoms which make it up.

b. the molecule has a higher energy value than the
atoms which make it up.

c., the molecule has tlie same energy value as the atoms
which make it up.

d. This cannot be determincd, It varies for each
molecule.
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32, The ionization encrgy of element Q is 6.5 ev and the
ionization cncergy of clement R is 13.0 eve A covalent
bond forms bhetween the atoms of these elements forming
compound QR, Where would you expect the bonding electron
pair to spend most ofl its time?

. on clement R

b, on element Q

C. in between R and Q

d. This cannot be determined.

Part 2

33, The orbital clectron contiguration of an atom having
an atomic number of 1th can be represcnled as:

202,03 2 W 6

HN b= 25 2p73s 3p o 3d

' 2 1, 6

"515 285 3p

VR T B T

¢ Is-2s72p73s 3pThs
2,002,006, 2, 2
d. Is"2s"0p 3s73p”~

3. A spherical orbital which contains two clectrons is
a/an orbital.,

[ s
L. p
c. d
d. 1

35. The orbital electron configuration of carbon (atomic
number 6) is correctly represented as:

+® ® © QO O
@ W ® O O
Q
O

O
® O M 2

. Py ) 0
~l) P <P 5b
Py | b, .

©

‘<

0. Only two electrons can be present in any one orbital
is o statement ol's
i, Hund's Rulece
b. ‘The building up principle
Cco Spin quantum Law
d.  The Pauli kxclusion Principle

37. The ground stale cnergy of an electron is 10.5 ev, and
the cnergy of this electron when n=2 is 4.5 ev. It
this electron in the ground state is dirradiated with
an energy source equivalent to 3.0 electron volts, the
electron will:



. be moved to the first excited state.

b. be moved to the second excited state.

C. stay in the ground state.

d. be moved about half-way between the ground state
and the l'irst excited state.

38. There is o kind of orbital which is shaped like a dumbell.
There are three of these orbitals which are equivalent
in energy. How many electrons can each of this kind
of orbital hold?

a. 2
b. 3
c. h
d. O

39. s=block elements ares

. a group ol elements in the periodic table beginning
with "s" such as silver and strontium.

b elements which have their hipghest enerpgy electron
in an s orbital.

C elements which have electrons in the s orbital.

d. elements which have electrons in the s shell and
which can form cube shaped compounds.

40, Transition elements are the same as:
el s-block elements
b. p=-block elements
€. d-=block elements
d, t-block elements

1. Period 2 of the periodic table is the same as:

a. Group IL

b. the very short series
Ce the first short series
d, the sccond short series

o, LLook at Lhe following clectron configurations and tLell

which elementls have similar properties.
. s~ ns” pr 35‘ 3. 152 2s 2p6
2. 18 2s° 2p 352 b, 1s® 2s8” 2p6 jsd hs®
Q. 1 and 2
b. 1,2 and 3
c. 2 and 4
de 2,3 and 4
3., Row 2 of the periodic table has 8 elements in it becausec:

E’;-

b,

there are /

orbitals with a capacity of 8 electrons

that can be filled before getting to the next inert

fas
tLherc

arrangement,
are 8 orbitals

to be filled in the second row,
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¢ that iLs Lhe way it was originally drawn,
d. row | has 8 clements in it and 8 is a slable number,

llow many clusters of orbitals having approximately

Lhhe same cunerpegy are there lor Arpon having atomic

number 18, and how many orbitals are there in each

cluster?

. One cluster wilh nine orbitals,

b. Three clusters with 2, 8 and 8 orbitals in the thrce

clusters,

Two clusters with 9 orbitals in each cluster.

d. Three clusters with 1, 4 and 4 orbitals in the
three clusters.

Given thal the electronegativity value of Li dis 1.0,

ClL is 3.0, H is 2.1 and I is h.,0, tell which ol thec

following Lists of compounds is arramgred in order of

increasing polarity,

(. b, Hey, ticl, Lik

b i, LiCl, Hit, Lill

e i, Lk, Licl, e

o, te, 1L.iCGL, it il

How many pairs ol cleclrons are shared in a double bhond?
. |

b. 2
C. 4
d. 8

A compound forms between atoms of an element having 3
bonding p orbitals and atoms of an clement having |
bonding s orbital. The shape of the compound mosti
closely resembles:

a, o straight Lline

b, o triangle

C. a pyranid

de o square.,

Given the orbital electron configuration of element T,
predict what kind ot bond will form between T-T,

Blecltron configurations: @ @ @ @
1s 2p

25 y 2D 2p
i x Py ~p,
a. single bond
b. donic bond
c. double bond
d. Lriple bond
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Which stalement best cxpresses the relationship belween

the clectronegativity ol an element and the position

ol” Lhe element in the periodic table? Elements with

Lhe highest electironegativity:

i, are in lhe groups ncar the center of the periodic
table,

b, «are all in the saune perliod,

c. e on the Lel't side ot the periodic table.

de  are on the right side ol the periodic table.

Electronegalivity is:

4. a measurce of the tendency ol an atom to attract a
sharced pair ol electrons to itself.

b, the enerpgy required to remove an electron from an
atom,

C. a measure of the tendency of an atom to become
neutral,

d. the cnergy required to form a molecule,
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ACHIEVEMENT TEST I1

Pari, |

e When the equation KClLOy —~» KClL + 0o is balanced,
the coefficients in front of the compounds from left to
right are:

i, by 14 3
b, 2y 2, 03
c. 2, 3, 2
., 2y 14 3

2. You have 23 grams of a substance whose molecular weight
is 1606 grams per mole. llow many moles of this substance
do you have?

. Te2
bo 3818
o 01N

. 2

3. You have Lo wedigh out 0.78 mole of a substance whose
molecular weight is 46.8 grams/mole. How many grams is
this?

. 36.5
L. 60.0
¢, 0,01067
d. 0.78

. What is the molecular weight of Pb(NOB)Z? The atomic
weight of Pb is 207.2, N is 14,0 and 0 is 16.0.
a. 269, 2
b. 538.4
C. 207.2
d.  331.2

5. L you mix 85 grrams of AgNO3 (Mw=170) with 194 grams of
K»C1r0) (MW=194.0) how many grams of Ag,Croy (MW=332)
will be formed?

. 179 grams
b. 83 grams
L 166 grams

de 332 pgrams

6. Magnesium (24.3 g/mole) is oxidized completely by oxygen
according to the equation Z2Myr + Op -»  2Mg0O. If you start
with 24,3 prams of Magnesium and all the oxygen that you
nced, how many grams of MgO will be formed?

. 32,3
b. 80.6
L. ho.s
d. o 2hes



7. In the reaction 2Fe + 3CusS0y = 1“(::2(501‘)3 +3Cu, the
material that is oxidized is:

a. Fe
b CusOy
G, Cu

de oo (s0y) 4

S, The oxidizing agent in the renction shown in f7 is:
. I°e
b 1o¥3
G Cu

o]
d. cut~

9. Radising the temperature ol a reacting system increascs
the rate of reaction, bul does not increase thes

activation cnergy,

muuber of collisions of molcecules.

Ce number ol veacting molecules with encergy greater
than the actlivation cncergy.

o, speed of the reacting molccules.

ﬂa
1.

10, In a chemical reaction, equilibrium is established when:
. no reaction is occurring.
b, there is no net change in the concentration of
reactants and products.
Ca the concentration of reactants and products is equal.
. the rate of formation ol products is twice the rate
ot formation of reactants,

1. A catalystl:
4. dncreases the rate at which chemical equilibrium is
reached.
b, raises the activation energy for a reaction.
c. increases the amount of product in a reaction.
d. increascs Lhe amount of reactants in a reaction.

Questions 12 and 13 refer to the following diagram,

GO

o 42,0

Potential hop
Ene vy
(Keal /molLe) 20

Rcaction Coordinate
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For the reaction AXo-» A + 2X, what is the value ol
the activation cnerygy?

a, =20 kcal

b +12.0 kcal

Co  +02,0 kcal

o 0,0 kceal

Which ot the lTollowing statements is truc concerning

the eneryy ol Lhe reactants and products for the

reaction A 4+ 12X = AXo?

. The reaction is endothermic.

L. The net cnergy diff'erence between reactants and
products is 62 kcal,

c. The net cnergy ditfcerence between reactants and
products is 20 kceal,

d. The net cnergy difference between reactants and
products is Lhe same as the activation energy for
the forward rcaction,

Increasing the concentralion of reactants in a reaction

mix ture has what ctftect on the rate oft that reaction?

. Lt decreasces Lhe rate of the reaction because the
Larger number of molecules make G(hings proceed
more slowly.

b. It increases the rale because there is a greater
chance ol molecules colliding and reacting.

C. It has noe elftect because the rate of a reaction
is always constant,

d. Lt has no ctffect because only temperature changes
can atfect rcaction rate,

Lf the equilibrium concentrations for the reaction Hy +
Ls = 2HL are Ho=0.5 mo.l_us/l.iter, I,=0.01 moj.es/l.iter
and HI=0.5 moles/liter, what is the value of the
equilibrium constant for this rcaction?

ite 50
L. 100
Co. |

d.o o 5000

Which ol Lhe following is an example of a stcecady state

situation?

i Water is running into a sink at the same rate that
the water is leaving through a drain, The level
ol' the walter remains constant.

b. A drop of water is in an air-filled balloon,
Molecules of waler are entering and leaving the
Liquid phase at the same rate,

c. A chemical rcaction is occurring in the forward
and reverse directions al the same rate,

d. One book is placed on top of another book which is
on a flat suriacec.
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lHlow many grams of’ H,»50), (MW=98) are there in 500ml of
i M aqueous solution?

N 1500 ¢rrans

b. ey
c. 294

. none of these

PLans
OIS

How many geams ol }\"51’0“ (Mw=13l.'3) would you use to
prepare 600m) ot o M solubion?

| )
e N2h erams
Lo 250 prams
Ca 1277 prvaans

d. none of these

A solution in which the dissolved solute exists in a
state ot equilibrium with the undissolved solute is
said to be:

. dilute

PIN concentratoed

C. saturated

d. supcersaturated

What is the motarity of homl of a solution of HCL
(MW::&(S.S) which contains 3.65 grams of dissolved solute?
Qe 10.00 M

L. 3.65 M

C. 2.50 M
d. .46 M

A solution is made by mixing 5 grams of AgNO4 with enough
water to give h0Oml of total solution. What is the
percent concentration ol that solution?

a. 5.00%
b. 20.00%
C. 2. 50%
d. 1.25%

A colloid which contains a lLigquid dispersed throughout
another liqguid is called:

el emmilsion

b. o gel

Co it osol

d. an acrosol

substances that dissolve in water to give solutions
that conduct clectricity arce called:

. solutes

b. clectrolytes

C. conductors

d. dons
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A homogencous mixture of more than one material is
called as

—a
~ -
. .

I~ ¢

The
ac

reac

d.,

The

solvent
collodid
mixturoe
solution

bicarbonalbe ion (II(,‘().S ) in aqucous solution may
as cdther an acid or a base. An cquation for &
tion in which it is acting as an acid is:

HCO.,” + H,0 = H,CO, + OH

3 }

- -2 +
IlCO,} + H,0 = (,‘(),s + 11,50
nco.~ + 101 = co 2 L0

o v 0 = 00, s i,

nco%" + O = 1,C0. + 0~

statement which best describes the relationship

between the sblrength ol an acid and the size of' the
dissociation constant is:

il

b,

The smal Ller the dissociation constant, the

stronger the acid,

The Larger the dissociation constant, the stronger
Lhe acid.

There is no relationship between acid strength and
dissociation constuant because acids do not
dissociate.

There is no relationship between acid strength and
dissociation constant because dissociation constants
are not used to describe the dissociation of an acid.

In the reaction CH,CO0  + 1,0 = CH,COOHU + Ol , which

ol the following ig FALSE?

a’
b,
C.

d.

IPor
the
-"_L.

b.

d.

2 3

CH3CUU~ is a base because it accepts a proton.
CH%COOH is an acid because it donates a proton.,
O~ is a basc becausce it accepts a proton,
H,,0 is & base becausce il accepts a proton.

the dissociation CH,CO0H = CH,CO0  + I'l+, what is
elfect ol adding more CH4CO00™ ions?

The concentration of CJI'JC()OII goes up and the concen-
tration ol Ht goes down.

The concentration of CH3COOH goes down and the concen-
tration ot H+ poes up.

The concentration of both It and CIIBCOOH go up.

This has no ef'fect on Lhe concentration of any of

the materials.,  They must stay constant,
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When HCL is added to pure water which of the following

is
a.

true?

The concentration of H+ stays constant but the
concentration ot OH™ decreases.

The concentrittion of HY poes up but Lhe concentration
0l OHT stays the sane.

The concentration ol Y poes up qunl the concentration
ol OHT goes down,

The concentration ot both of these dons always

stays constant,

Water is a very weak clectrolyte. Which of thesce

= ta

e

.

C .
.

.
b
C.

d.

1y

bulf’

tements is NOT TRUE about this weak electrolyte?
Both hydronium and hydroxyl ions are always prescnt
in water,

Water can act as either an acid or a base,

Water is an excellent conductor of clectricity.

in pure water [lllj()‘*] = [()H"]

Choosce the FALSE statement concerning acid strength:
!

A strong acid iLs always more concentrated than a
weak acid,

A slrong aclid dissociates to a grealer extent than
a weak acid,

The dissociation constant for a weak acid is always
less than Lhat of a strong acid.

One Liter ol a4 IN solution of a strong acid has
more hydrogen ions than one liter of a IN solution
ol u weak aclid,

HCIL is added to the carbonic acid-sodium bicarbonate
L'er system, the system resists changes in pH because:

the chloride ions from HCL combine with the sodium
tons f'rom sodium bicarbonate to form NaCl,

the hydrogen ions combine with the bicarbonate ion
(1ICO4™) to Lorm the weak acid (112003) which dissociates
to a smaller depgrece than HCL, ’

the HY ions combine with water molecules to form

njo*,

the chloride ions combine with the carbonic acid.

oxidation number of chromium in chrz() iss
+5
-3
+6

2
“~

7
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The oxidation potential for Zn is +0.76 and the oxidation
potential for Cu is -0.3%. In the oxidation-reductiion
reaction Zn + Cut? = Cu + Zn+2, which way are elcctrons
transferred?

a. From Cu to Zn+2

b. IFrom Zn to Cu

c. Irom Zn to Cu+?

d.  From Z2n+? Lo Zn

The cquation _ MnOs + __NuCl + __ _HaS0—> __MnSUh +
_Nallsoy, + __H»,0 + _ Cl, can be balanced by the technique
ol using oxidation numbers. When the equation is

ba Llanced, the coefficient in front of HpSO) is:

il 1

b. 2
c. 3
d. 4
The reaction Hs0» 4+ 17 + Ht = Hs0 + Lo can be balanced

by using half reactions. The hal{f reactions are:

207 ——> ,LQ + Re”

505 + 2HY 4+ 2e™ —»  2H»0

When the equation is balanced, the coefticient in front
ol 1,0 iszg

i, ]

. 2
C. 3
d, l

In the oxidation-reduction reaction KOH + Clp —» KClO9j
+ KCIL + H»0, which of the atoms take part in cither an
oxidation or a reduction?

a. K, O, CL and H

b. K, O, and Cl

c. K and Cl

d. Cl1

The cquilibrium constant for a reaction is aftfected by a:
il, change in temperature.

b. change in concentration of reactants.

C. catalyst.

d. change in the concentration of products.

IF'or the reaction 2H, + O, = 2H50, the rate of the rcaction
in the forward direction is cqual to:

a.  k [_“2] [()"‘)‘]
by, [”2()] 2/ [“ff] o [() :*;]
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C. I [HQ] 2 [U:_)]
d. (0] 2/ ]2 + [o;_)]

At 190 degrees €, the equilibrium constant for Hp + Lo =
210 is hi5.9,. It L mole of Mo and L mole of Loy are
introduced into oo I liter container, the cquilibrium
concentraltion of Ho will bes

. 2TM

L. 07T M

c.o Q.23 M

. .00 M

Using the intormation in number 40 above, what will be
Lhe cqud Librium concentration oi HL?

. V.23 M

b. .5 M

c. 0O.80 M

d. 2,00 M

. . . +
AgNOy dissolves in water to give Ay and NOB—' The
solubility product expression for this solution is:

a. Ky [Al";+-] [N():j"] / E\,ﬂ;N()B]

be Ky, = pwt] [voyT]

e s o)

sp = Bet] s oy
[Ag;N(),;‘

1Lt Apgt dons and 1~ ions are added to water, a precipitate
of" Apl will form when:

a. [Ag;"‘] [l'"] / [Agl] = Keq

b. @g"‘] [I"] is less than Ky,
C. [Ag;"‘] [I"] is preater than K
d.  fag1] = K,

The solubility product of PLCroO) is about 2x10'16.

Whalt is the concentration of Pb+2 ions that are present
at cquilibrium?

Co K

>
1}

p

a.  1.hox o 10-8 M
He 2.0 x 10-10M
c. 1.0 x 10-16 M
d. h.o x 0-8 M
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500 ml ol a 10=7 M solution of AgCl is added to 500 ml
of @ 10-7 M solution of Cul. Which of the following

is true?

sp = 3.2 x 1077)
be A precipitate of Agl will form, (x = 1.0 x l()"'17)

sp

. A precipitate of CuCl, will form, (K
C, No precipifate will form,
de Both CuClys and Apl will precipitate.

The pll ol v 0.0001 M aqueous HClL solution is:
it 0,000 i

b, L
c.  ro=h
de h

’l‘hu, pH ot v solution whose HY concentration is 3.2 x
Lo=" is approximatelys

i, L
L. =4
C. 2
d. X

The hydrogen ion concentration of a solution is 2.0 x

LO=~ M. The pll of that solution is:
‘)

il -
b. 1.7
C. e
o, A

What is Cthe hydrogen ion concentration at equilibrium
ol one liter ol' i solution which is made with water and
L mole ot acctic acid? K, for acetic acid equals 1.8
x 1072, (CH4C00IL = ClH4C007 + 11%)

a. 6,0 x 10=3 M
b, 4.25 x 1073 M

8
d. 3.6 x 10"9 M

Calculate the pH ot a buffered system that contains 2
moles of carbonic acid and & moles of sodium bicarbonate
in L liter of solution. K, = h.h x 1077 for the
dissocialion of H,CO4. (pK, = 6.36)

a. 2,00
b, T2
C. 6.36

d. 6.66



Final Examination

Section A Units VI1II - XI
Part 1

1. Equal volumes ol guses al the same temperature and pressure
contain equal numbers ol molecules is a statement of':

1. The Kinetic Theory

e Charles' Law

co Avagadro's llypothesis
d. Dalton's Law

2. Absolute zero is Lhe same as:

. O degrees Centigrade

L. 273 degreces Kelvin

c. =273 degreces Kelvin

de =273 degrees Centipgrade

3. The volume occupied by a mole of any gas at standard
temperature and pressure is:

a. ditfferent for each gas
L. 2200 Liters

Ce I liter

de 6,02 x 1023 liters

1. Two gases are placed together in a flask., The total
pressure exerted by the two gases is 100 mm Hg., One
of the gases excerts a pressure oif 10 mm. What is the
partianl pressure ol the second gas?

a, 060 mm
L. 90 mm
c. h0/100 mm
d.  100/4%0 mm

“

. Stundard temperature and Pressure is:

. 0 degrees Centigrade and 700 mm Hg
L. O degrees Kelvin and 760 mm Hg

c. O degrees Centigrade and 760 mm Hg
d. 273 degrees Kelvin and 700 mm Hg

6. To change i gas volume of 610 ml to 160 ml at constant
temperature requires Lhat Lhe pressure bes

e Kepl constant
b. doubled

G tripled

d. quadrupled
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A sample of pas has o voluwme of TOO ml &b 600 mm Hg
pressure and a btemperature of 60 degrees Centipgrade.,
The volume that this ras occuplies al OO mm pressure
and 30 depgrees Centigrade s

. 425 mi
b, 513 ml
e 955 mt
. 1155 ml

A g has o o volume ot SO0 b at 700 mm Ny pressure aond
A temperature ol 10 degrees Cenbigrade. The volume that
this pras occuplies al STP Qs

. S50 mli
P YRR 1T
C 420 ml
. 960 md

Which ol' the rollowings should be classificd as an
tmsaturated hydrocavbon?

a., alkane
b. alkene
C. alcecohiol
o, amine

The niune ot the alkane having the structure (Jllrj(,‘li;l()!lgc}lli

L3

il . I).l‘()l).'lll(.‘
b, bhutane
Co. o thane
., hexane

The name ol the organic radical having the lormula

Gll.‘(‘lll:‘,— isz
it clhane
b, methyl
Co cthyl
. propane

Whitt, Ls the name ol Lhe organic compound pictured belows

o Cliy
o

()llls—(JIl‘.‘, - C - C - Cll:z—()ll.i
1 1 )
('111:3 (;H.}j



. 3y3=dimelhyl=Y-ctlhylhexane
b 2-methyl-2,~dicthylpentanc
c. hyli=dimethyl=3-c¢lhylhexane
d. 3-methyl-l-cthylheptane

13. 7The name of the organic compound pictured below is:

CH'30}lgCHQC”CI‘IQCI‘IgC”"_\)C”‘j
_ , i
(J['{:}

a. ld-methylnonane
b. J-ethyloctane

CL. S5-methyloctanc
do li—methytoctanae

e The name ol the Lfamily ol orpanic compounds having the
ffunctional group 0] is:
"

-C=1l

(e alcohol
b, acid

C. ke tone
d. aldehyde

5. What family is this organic compound in? CH4CH,CHLCH,CHLO0H

. amine
b, dalcohol
C. ketone
d. acid

16.  Carbon, when bonded to four other atoms, has four
cquivalent sp3 bonding orbitals. Which of the following
words best describes the shape of the bonding arrangement
around carbon?

a. square

b, triangular
c. rectangular
d.  tetrahedral

7. Carboxyvlic acids are classitfied as acids because they:

a, @give up electrons to other atoms.

b. donate hydrogen atoms to other atoms,
c. arce caustic,

d. accept hydrogen atoms from other atoms,
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18, 1In Lhe tollowing acid-base reacltion, identify the
substLtances Lhat are acling as acids:
(JII,SCIIQNII';" + H,0 = CH4CH,NH, + H«io“'
£ 1L 1L LV
. substances 1 and 11
b, substance 1V

G subs tinces I and LV
. Subs tances LL and LLL

19. Carbonic acid is considered to be a weak inorganic
acid. The strength ol organic acids is best described as:

a. very strong
B8 strong

C. weak

d. very weak

20, For the oxidation-rceduction reactions:
0

"
CHACHACH + Hp0 4 2 cu*? = CH3CH2C000 + 2HY + 2Cu*,
what is being oxidized in the forward reaction?

QO

"
b.  Cl4CHLCO0H
¢. Cut
d. Cut?

21. For the reaction shown in question 20, what is the
oxidizing agent?

O

L
AL CHyCHaCH
b. CH,CH,,co0l

3
C. cat

)
d.,  Cut-

22, Which of Lhe following is an example of a material
being "added across a double bond"?

H H
H I t
AN s )
a. /C:(J\ + HCL —» H-C-C-H
1t H VoA

I Ccl
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b. (11130}13 + HCL —» Cll,‘CHZCJ,
C > SH. . SHLLCHL,0
c. (.»HB(,H) + H:() - (”3('“z( tH
d. H H H H
~N d ~ 7
/C=C\ + ”:‘)O —p /C:C\
t H H OH

2. Which ot the tollowing is not a valid explanation for
the unreactivily of alkanes? ~

a. ‘The bonds iLn alkanes are non-polar,

b. The valence shells in alkanes arce filled,
c. Carbon is present in alkanes,

d. ‘There are no charpres present on alkances.

M. Alcohols can be oxddirzed Lo aldebhydes by means ol an
oxidizing apent such as potassium dichromate.
-2 . . +
CII,;CII,)()H + Cr,)()7 + Tl — CH,)(,H(,) + Cr 2 + 1,0
The reaction can be balanced by using the following
hall reactions:

-2 +73

Reduction:  Cr,0."" + 1A HY + 6 & —» 2 ¢ + 7 H,0
Oxidation: CH,CILOI ——» CH,CHO + et o4+ o2 o7

When the reaction is balanced, the coefticient in front
of CII,;CH,,OH iss

i, |
b 2
c. 3
d. A

is

{91

Which of the following is not a characteristic of alpha
particles?

da very penetrating

L. same as helium nucleus

c. have a mass of 4 units

d. casily stopped by air molecules

26, Which statement below is not true of gamma rays:

4. very penctlrating

b. pure clectromagnetic energy

c. have ability to destroy tissue
d.  same as fast moving electron



7. Carbon-tlh, which has an atomic number of 6, is necutron
rich. It decauys by beta decay to yield:

a. Carbon-12
b. Nitrogen-1h
C. Carbon-13
d. Nitrogen-15

28. A neutron-rich radiocactive element will disintegrate
in such a way that results in the formation of an
element whose:

atomic number is increased by one, but whose mass

number is unchanged.

b. mass number is decrceased by one but whose atomic
number is unchangoed,

c¢. atomic number is decrcased by one but whose mass
number is unchanged.,

d.  mass number is dincrecased by one but whose atomic

number is unchanged.

~
-
.

29. When a nucleus undergoes K capture which of' the following
changes takes place?

atomic number decreases by one.
mass number and atomic number decrease by one.
atomic number increases by one,
atomic number and mass number increase by one.

oo oie

30. Nuclei which have an atomic number greater than 83
disintegrate by:

Q. K capture
b. Dbeta decay
Ce. emission ol alpha particles

d. emission of protons N

31, Choose the best statement about radiocactivity:

i, Radioactivity can occur in all nuclei no matter
what their composition is.

. In a sense, radioactivity is a tendency to achieve
i neutron to proton ratio which is on "the line of
nuclear stability."

C. Radiocactivity is a tendency to achieve a nuclear
arrangement in which the number of protons and
number of neutrons is equal.

d. Radioactivity occurs in all nuclei having an atomic
number less than 873,
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32. Choose the correct statement about the danger of gamma
rays to living tissues:

a., Gamma rays are not dangerous because they have no
mass.

b, Gamma rays arce very dangerous because they can
knock electrons oul of tLheir orbitals.

¢, Gamma rays are dangerous becausce they have a relatively
Large mass and high velocity which allows them to
destroy Lissue on dmpact.

d. When compared to alpha and beta particles, gamma
rays are only slightly dangerous,

Part 2

33. Use the equation oif state to calculate the pressure
exerted by L mole of NHq at 27°C in a volume of 4
liters. R = 0.0820 atmospheres+* liters

moles- degrees

a, 0.57 atm,
b. .00 atm.
c. 6.15 atm.
de 22,0 atwm,

3., Calculate the number of moles of a gas present in a J
Liter container which exerts a pressure ol 5 atmospheres
at 77°C. ’

Q. 0.52 moles
b. 1.36 moles
C. 1L5.00 moles
d. 2.37 moles

35. Use the information in question 3% to calculate the
approximate molecular weight of this gas. You also
have the additional information that the gas sample
weighs 13,5 grams.

a. MW = 2
b. MW = LO
c. MW = 2

Jd. MW = 55

30.  Arrange this group ol gases according to the rate at
which they diffuse. The slowest gas should be first
and the lastest gas lLast.

(Hq Mw=:2, NH3 Mw=17, HCl MW=36.5, O,

)
~

MW=732)
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e M,y NI, 0, HCL
9

L. Nll,i, HC 1, N“'i’ I

¢.  HCL, NH,, H

30 Tt T
d. HCL, o, NI, H

X 3? 2

Name this compound by the LUPAC naming systems

CH, ol
v 3 :
Cll,s—-(,‘ll—CI{‘?—CJl-—CIIQ—CH:}
il S-methyl-3-heptanol
b, S-me thy lL-3-hexanol
¢ Z2-methyl-3-hexanone
. 2-methyl-5-hexanal

Niame by Lhe TUPAC naming sysbem this compounds:

CH,
[] )
CII,}-CH,__-CH,,—CI'I—CH—CH,)—-COOI'[
. Prd “~ <
CH,
3

. 3,li-dimethylheptanoic acid
L. h,5-dimethylheptanoic acid
c. 3y4=-dimethylheptanone
d, 2y2=-dimethylheptanone

Name this compound by the IUPAC naming system:
0

"
Cll,jclI,,—C]l—CIi,,—C-—l[
- '~ ] “~

CH,,—CH.’
d. Jd-cthylpentanoic acid
L. J-ethylpentanial
Ch Jyd-diethylpentanal
d. J-methylhexanone

What is the common name of this compound?

0

1"
CH,,-C-CH,,CH
3 23
a, propionic acid
L. 2-oxybutane
c. methyl ethyl ketone
d., 2-butanone



W1, What is the common name of this compound?

0

1"

1-C-11

a. acetone

b. dihydrogen carboxide
c. ftormaldchyde

d.  acetic acid

42, Identity the type of this reaction:

0
"
CH,

CIL,ClL,,-0l + CH, -CH,,=COOll —» H,,0 + ClI,

} 3 3

ia. condensation

b. condensation polymerization
C. hydrolysis

d. addition polymerization

3. Identity the type of this reaction:

0]

CH,‘—C—()—CII,,-CH,‘ + 0 —> CI{,jCH,,—Oll + CHB—COOH
a., condensation

b. condensation polymerization

c. hydrolysis

d. addition polymerivzation

W, The term monomer refers to:

a. the repeating subunits which make up a polymer,
b. molecules composed of only one atom,
c. the parent compound of a large organic molecule

upon which the name of the compound is derived.
d. functional groups composed of only one atom,

h5.  When an ester (RCOOR) is split by water to yield an
alcohol and an acid, the type of reaction is called:

it addition

b, condensation
C elimination
d. hydrolysis

46. The term half-life refers to:

a. half the time needed for a radioactive sample to
disintegrate.

131

-(JI'IZ-(,-()—bllz—(,llz—(ﬂl,

3

b. the time needed for half the weight of a radioactive

sample to disintegrate.
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G

half of the time needed for half of the weight of
a radiocactive sample to disintegrate.

d. half the time needed for a radioactive sample to
disintegrate divided by two.

The half'-life of a certain radioactive material is 2
years, Of 8 grams of a sample of this radioactive
material which existed LO years ago, how much is still
radioactive today?

ile | /’I rram
L. I/.’3 grratn
C. O errams
d. oprrams
8t
6
Amount of’
Radioactive Lt
Material
(Grams) 2t
O Iy A A -

10 15 20 25 30

(68 3

Time (Years)

What is the half-life of the radioactive material whose
decay is shown on the graph above?

a. H oyears
b. 10 years
Co. 15 years
d. 30 yearvs

Choose the nuclear reaction which does not demonstrate
the conscervation of mass.

! ! 1
a. ,.,NI g ,,Hc‘ — H + O17
f 2 1 8
9 L 2 1
L. I Be + 2Hc —— 6(' + On
10 h 19
C o 51-} + 2[]( ——n 7N + Orl
12 N 1 1

d. ()(, + 2][(: —_— 7N + ..n



The term nucleon retflers to:

#. mneutrons and protons in a nucleus.

L. subatomic particles in the nucleus other than
protons and neutrons.

Co subalomic particles outside the nucleus.

d. the helium nucleus,

Section BV - Units 1L -~ VILL

Part

t.

'i.

|

The total number of protons and ncutrons in an atom
is cquivalent to its:

a. atomic number

b, atomic wedght
miss number
molecular weight

e

-
.

The number of” elections that can be present in the
sccond principle cnergy level of an atom is:

e 2
b §)
C. s
d. 18

An atom has six clectrons, six protons and six neutrons.
Etts mass number is:

. 6
b. 12
C. 18
. 32

An atom which has lost three electrons has a charge of':

IR -3
+3
(9]

) e
.

d. The chagvge cannotl be determined f'rom this information.

The nucleus of an atom-having atomic number 7 and mass
number 14 contains:

Q. 7 electrons and 7 protons
b. 14 protons and 7 neutrons
c. I4 neutrons

d. 7 protons and 7 neutrons
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The total number of protons in an atom is equivalent
to dits:

d. atomic number

b. atomic wei¢ght

C. mass number

d. molecular weipght .

The Group 11A elements have how many electrons in their
outer shell?

a. 1

L. 2

c. O

d. It varies for each element in this group.

Elements in the third period of the periodic table have

how many eleclrons in their outer shell?

HIN 2

b, 3

C. 5

d. 1t varies tor cach element in this period.
Which statcment best expresses the relationship

between atomic structure and periodically recurring
propertices?

a., Elements which have the same number of electrons
in their first and second shells have similar properties,
b. Elements which have the same number of electrons
in their first shell only, have similar properties.
Co Elements which have similaxr atomic structure have
simi lar properties.
d.  There is no relationship.

As once proceeds from Lef't to right in a period of the
periodic Lables

i, cach atom has one more neutron than the atom
preceding iLt.

L. the atoms become wmore highly charged,

Coe the propertics ol these elements are very similar.,

de every atom has one more electron and one more proton
than the atom preceding it.

An element with atomic number 20 is in:

~

a, period

b. period
c. period A
d. period 5
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The olements
ffounds:

having Lhe highest ionization energy are

ite in ihe first group ot the periodic table.
b, in the fourth period of the periodic table,
c. on the let't side of the periodic table.

d. on the right side of the periodic table,

has one valchnce electron and chlorine has seven
wWhich of these compounds would be

Li thiwn
valence electrons.
most likely to form?

. LiClL

L. LiClLt.
Ce LAaCld~
d. Li7CA

In o covalent bond:

. there Ls an attraction between oppositely charged
ions,

b. a pair of electrons is shared by two atoms.

¢c. electrons are not attached to any atoms but are
moving freely among all the atoms.

d. protons are Llost from one atom and gained by
another.

A negative ion is formed when:

. clectrons are removed from a neutral atom,
b, electrons are added to a neutral atom,

Co a covalent
. a4 moleculc

bond joins two atoms.

is formed.

When @ molecule forms:

a, Lhie molecule has a Llower energy value than the atoms
which make it up.

b the molecule has a higher energy value than the
atoms which make it up.

C. the molecule has the same energy value as the atoms
which make it up.

d, This cannot be determined.
mo lecule.

It varies for each

Lf you mix 85 grams of AgNO4 (Mw=170) with 194 grams
of KoCr0) (MW=194.0) how many grams of AgpCr0) will be
fformed?

HA 179 grams
b. 83 rrams
c.o  LO6 prams
d. 392 prians
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18, Magnesium (24,3 grams/mole) is oxidized completely by
oxypen according to the equation ZMg + O, -—-= 2MgO, L
you start with 24,3 pgrams of Magnesium and all the
oxygen that you necd, how many grams of MgO will be

formed?
a.  32.3
b. S0.06
c.  40.3
d. 24,3
19. In the reaction 2Fe + 3CuS0) = .l,"e;‘,(b'()h)" + 3Cu, the

matoerial thal s oxidized is:

ite I
). Cusoy,
C. cu

d. |“():3(5())I)-5

20, The oxidiving agent in the reaction shown in #19 above iss

il j“U

b. et
Ce C Y
d. cut-

21. Raising the temperature of a reacting system increases
the rate ol reaction, but does not increase the:

& activation energy

L. number ol collisions of molecules.

C. number of reacting molecules with energy grecater
than the activation energy.

d.  speed ol the reacting molecules.,

22, in o chemical reaction, equilibrium is established when:

i, no treaction is occurring,

b there is no net change in the concentration of
reactants and products.

RIS the concentration of rcactants and products is
cqual .,

d, the rate of formation of products is twice the rate
ol formation ol reactants.,

23,  Llncreasing the concentration ol reactants in a reaction
mixture has what effect on the rate of that reaction?

a., It decreases the rate of the reaction because the
larger number of molecules make things proceed more
slowly.,
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b. It increases the rate because there is a greater
chance of molecules colliding and reacting.

¢c. 1t has no effect because the rate of a reaction
is always constant.

d. LIt has no eftfect because only temperature changes
can aifect reaction rate.

Which of the following is an example of a steady state
situnation?

. Water is running into a sink at Lhe same rate that
the water is leaving through a drain. The level
ol' the water remains constant,

b, A drop of watecr is in an air-{illed balloon.
Molecules ol water are entering and leaving the
liquid phase at the same rate,

¢c. A chemical reaction is occurring in the forward
and reverse directions at the same rate.

d.  One book is placed on top of another btook which

is on a f{lLat surface.

<l

How many grams of HpS0y, (Mw=98) are there in 500 ml of
a4 3M aquceous solution?

Q. L5000 grams.
b. U7 grams

c. 29h prams

. none of these

A solution in which the dissolved solute exists in a
state of cquilibriun with the undissolved solute is
said Lo bes

Q. dilute

b, concentrated
Co saturated

. supersaturated

A colloid which contains a liquid dispersed throughout
another liquid is called:

[i an emulsion
b. a gel

C. a sol

d. an aerosol

Substances that dissolve in water to give solutions that
conduct clectricity are called:

. solutes

b. clectrolytes
C. conductors
d. ions



29. The statemenlt which best describes the relalionship
between the strength of an acid and the sive of the
dissociation constant is:

.  The smallcer the dissociation constant, the stronger
Lthe acid,

b, The Largcer Lthe dissociation constant, Lhe stronger
Lhe acdd,
¢. There is no relationship between acid strength and

dissovciation constant because acids do not
dissociate.

d.  There s no relationship betlween acid strength and
dissociation constant because dissociation constants
are nol uscd to describe the dissociation of an acid.

30. For the dissociation Cll4CO0H = CIL;C(.)()O' + H+, what is
the etfecl of adding more Cu.,C()o-' ions?

ite The concentration of CHBCO()II ¢poes up and the concen-
tration ol Ht poes down.

b. The concentration of CH4COOIl goes down and the con-
centration ol H¥Y goes up.

C. The concentration ol both H+ and CI{BCOUH 20 up.

d. This has no eflfect on the concentration of any of
the materials,  They must stay constant.

31, Water is a very weak clectrolyte. Which of these
statements is NOT truce about this weak electrolyte?

HN Both hydronium and hydroxyl ions are always present
in water,

b, Water can acti as cither an acid or a base.

c. Water is an excellent conductor of electricity.

d. In pure water [ll')()+.] = {OH']

32, When HCL is added to pure water which of the following
is Lruce?

a.  The concentration of Ht goes up but the concentration
ot OHT stays the same,

b. The concentration ot H+ stays constant but the
concentration ol Ol dcecreases.,

c. The concentration of HY goes up and the concentration
ofl O™ jroes down,

d.  The concentration ol both of these ions always
stays constant,

Paaxt, 2

33. A spherical orbital which contains two electrons is
a/an orbital.
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il s
E. P
C. d
d. {

The orbital clectron configuration ol carbon (atomic
number 0) is corvectly represented as:

2 ® DO @& O O

O ® ® O OO0
OO O O OO0
OO O O © O
s s 2pg I.’p-y 2Py, Is

There is a kind ol orbital which is shaped lLike a
dumbell. There are three oll these orbitals which are
cquivalent in cnergy. How many electrons can each of
Lhis kind of orbital hold?

L. 2
b. 3
Co h
d. GO

Period 22 of Lhe periodic table is the same as:e
1

.  Group Il

b, the very short scries
Co the Lirst short series

d. the second short series

How many clusters ol orbitals having approximately Lhe
same energy are there lor argon having atomic number
b8, and how many orbitals are Llhere in cach cluster?

e One cluster with nine orbitals.

b, Three clusters with 2, 8, and 8 orbitals in the
three clusters,

C. Two clusters with 9 orbitals in each cluster,

d. Three clusters with 1, h and 4 orbitals in the
three clusters,

l.ook at the following eleclron configurations and tell
which elements have similar properties.

s o . .
L. s 257 21_)6 fj:—s'L 3. J.sz 25Z 2p6

2 2 2 2 : : 2
2. lsTo2s 2p° I b, 1s® 257 2p6 jsz 3p6 hs
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1ho

a, I and 2
b, L, 2, and 3
C. 2 and A
de 2, 3, and A

Given thal the electronegativity value of Li is 1.0,
Cl is 3.0, Il is 2.1 and I is 4,0, tell which of the

Lol lowing lists of compounds is arranged in order of
increasing polarity.

Lil, M, LiCl, LAl
Li¥, Licl, 1, Lidi
¢.  Lil, LilY, Licp, HP
d.  HI, Licl, Lill, Lilk

N
b,

A compound l'orms between atoms of an element having 3
bonding orbitals which are p orbitals, and atoms of an
element having | bonding s orbital. The shape of the
compound most closely resembles:

A a straight lince
b. a triangle

€. 4 pyramid

d, a squarec

Electronegativity is:

a. a measure of the tendency of an atom to attract a
shared pair of elcctrons Lo itself,

b, the enerygy required to remove an electron from an
atom,

c. o measure of the tendency of an atom to become
neutral.

d. the energy required to form a molecule.

The oxidation number of chromium in KZCr,)O is:
-

7
i, +5
[SI8 -3
c. +6
d. 2

The cquation _ MnOn + _ NaCl + _ _HsSOpy-» _ MnS0j +
__NaHs0y + __Hs0 + _ Cly

can be balanced by the technique of using oxidation
numbers. When the equation is balanced, the coefficient
in front of H,80, is:

il |
1. 2
c. 3

d. h
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Ain the oxidation-reduction rcaction KOH + Cly -+ KClO4 +
KC1l + H,0, which of the atoms tLake part in either an
oxidation or a reduction?
a. K, 0, CL and Il
b, K, 0, and Cl
<. K and ClI
d.  Cl
The equdlibriwn constant Lor a reaction is aflfected by w:
il change in Ltemperature.
L. change in the concentration of reactants.
Ca catalyst.

. changre in the concentration ol products.

Four the rveactltion 2o + On = 2H50, the rate of the reaction
in Lhe fovward dirvection is equal to:

ae ki) o]
b o)/ g o)
e ki) o]
a0/ ) o)

1L Ag’ dons and I dons are added to water, a precipitate
ot Apl will form whens

a. [Ag+] [:['] / [re1) = Keq
L. [Ag_{ﬂ [I_] is less than Ksp
Ca [Ag+] [I—] is pgreater than KSP

d.  [aer]l = &

500 mlb ol «a 10=7 M soliution of AgCl is added to 500 ml
ol" @ LO™7 M solution of Cul, Which of the following
is tirue?

e

ite A precipitate of CuCl, will form. (Ksp=3.2 X .L()-7)
be A precipilate of Apl will form, (Ksp=l'o x 1()-J'7)

. No precipitale will 1orm,
d. Both CuCl., and Agl will precipitate,



h9.,

1h2
The pll of o 0, 000L M aqueous HCL solution is:

e 0.000L

b. L
c. Lo-
d. A

What is (he hydrogen don concentration al cquilibrium
ol” one Liler of & solutbtion which Ls made with water and
I mole of acelic acid? K, for acetic acid cquals 1.8
s 10750 (CHLLOoIE = CHLE00™ + 1It)

. 6.0 X I()')M
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TABLE XXTI

TEST IFOR HOMOGENEITY OFF VARIANCE OF INITIAL
DATA FOR MEDICAL AND SURGICAL GROUPS

1hly

Variable

F (2,38)

max

SCAT Verbal

SCAT Quantitative
First Semester GPA
Chemistiry Pretest

Attitude Pretest

. 538
1.380 |
1.436
1.353

1.111

Critical Region:

»

max

(2,38) o5 71,97



TABLE XX1IT

ths

TEST FOR HOMOGENEITY Ol° VARTIANCE OF ACHIEVEMENT
TEST SCOREs FOR MEDICAL AND SURGICAL GROUPS

foyqsi: N n o«

Variable F oo (2,38)
ACH Tesit L - Part | 1.242
ACIHl Test L - Part 2 1. 109
ACH Test Ll - Part 1 1.987%

ACH Test 1L - Part 2

Final Exam

Section A - Part 1
Section A - Part 2
Section B - Part 1

Scection B Part 2

D129

1.523
1.301
1.307
f.743

Crilical Regions I®
ma X

¥le terogencous Variance

(2,38).05 >1.97
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TABLE XXIII

TIEST I'OR HOMOGENELTY OF

DATA FOR MEDICAIL

VARIANCE OF ATTITUDE

AND SURGICAL GROUPS

Variable

P (2,98)

max
Attitude Pretest 1.111
Attitude Postltiest 1. 199
IFilm Attendance 2.,295%
Weekly Study Time Pe211

Critical Region: F
max

*Heterogeneous Variance

(2,38) 55> 1.97
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TABLE XX1V

TESTS OF ASSUMPTLONS UNDERLYING ANALYSIS OF COVARIANCE
I"OR ClHIEMLSTRY PRETEST FOR MEDICAL
AND SURGLCAL GROUPS
Hypotheses
“0: l')w =0 Ho: bl, = b":
Vieriable 1'(1,60) p #(1,59) p
ACHE Toest 1 - Part 1 4. 890 >0.05 0.517 >0.05
ACH Test L - Part 2 16,026 £0.05 0.068 20.05
ACH Test Ll - Part | 7.0683 <0.05 3. 164 20.05
ACH Tost LL - Part 2 8.706 <0.05 0.844 >0.05
Final Exam
section A - Part | 5205 < 0.05 1.784 20.05
scction A -~ lPart 2 8.801 0.05 0,921 20.05
Section B - Part 1 3.767 >0.05 1.502 20.05
Section B - Part 2 9,606 < 0.05 2.061 20,05
Ho: b =0 Critical Regions F(1,60)'05 > 4,00
Nt b, =1h, Critical Region: F(1.59).05.>“.00

p<O0b

P> 0,05 Fai

Reject

L

to

tLhe

reject the

noll

hypolhesis

null hypothesis
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TABLE XXV

TESTS OF ASSUMPTIONS UNDERLYING ANALYS1IS OF COVARIANCE

FFOR SCAT VERBAL FOR MEDICAIL
AND SURGILCAL GROUPS

p< 0.05

p20.05

1P

Hypotheses
HU: l)w = 0 llo: b,] = b2

Vaviable 1*(1,60) p F(1,59) p
ACH Test Part | 0. 406 >0.05 - -
ACH Test L Part 2 1.958 >0.05 - -
ACH Test 11 ~ Part | 3. 220 ? 0,05 - -
ACH Test IT ~ Part 2 2.391 >0.05 - -
Final Exam

Section A Part 1 2.365 >0.05 - -

Section A Part 2 h.oh2j < 0.05 9.047 <0.05

Scction B Part 1 0.218 > 0.05 - -

Seclion B Part 2 2,503 > 0.05 - -

2 b= 0 Critical Regpions F(I,GO).05:>h_OO

: b, = h:

Critical Repion:  F(1.59) 05>Is.oo

Reject the null hypothesis

to reject the null hypothesis
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TABLE XXVIL

TESTS OF ASSUMPTLONS UNDERLYING ANALYSIS OF COVARIANCE
FOR SCAT QUANTITATIVE FOR
MEDLCAL AND SURGICAL GROUPS

Hypotheses

”u' hw = 0 HO: bl = b/:

Variable 1(1,60) P 1"( 1,59) p
ACH Test 1 - pPart | 0.992 >0.05 - -
ACH Test ) = Part 2 2.h99 >0.05 - -
ACH Test II - Pari | 2.955 > 0.05 - -
ACH Test IL - Part 2 4,083 < 0.05 1.045 >0.05
Final Exam

Section A - Part | 0.2736 > 0,05 - ~

Scetion A - Part 2 h.215 < 0.05 3.219 2 0.05

Section B - Part | 1.937 > 0.05 - -

Sceetion B - Part 2 9.178 < 0.05 0.623 > 0.05
Hy: b =0 Critical Region: F(1,6O)’05> I, 00
H: L, = b, Critical Region: 1"(1,59).05>l4.00

[¢) ] 2

p<0.,05 Reject the null hypothesis

pP>0.05 Fail to reject the null hypothesis
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TABLE XXVILI

TIEST FOR HOMOGENEITY OF VARIANCE OF INITIAL
DATA FOR TREATMENT AND CONTROL GROUPS

Variable Fmax(z’jz)
SCAT Verbal 1.189
SCAT Quantitative 1.304
First Scemestoer GPA 1.262
Choemistry Protest 1 bk
Attitude Pretest 2,490%

vitics djon: F - 2.0!
Critical Region: lmax(Z,j2) .05 7 2.04

*Heterogeneous Variance



TABLY., XXV1IL

TEST FOR HOMOGENELTY OF VARIANCE OF ACHIEVEMENT TEST
SCORES OF TREATMENT AND CONTROL GROUPS

- . M RS '\ l) Yy
Variable llnax(“’}z)
ACH Test 1L - Part | T1.135
ACH Test | - Part 2 1.281
ACH Test LL - Part | l.385
ACH Toest LL = Part 2 1.906

Final Exam

sSection A - Part | 1.292
Seciion A - Part 2 1.066
section B - Part | 1.110
sScection B - Part 2 1.2273

sedtice yrlong ' 2,30 2.0
Crilical Region B 2,3 )J”3> 0



TABLE XX1IX

TEST FOR HOMOGENELTY Ol VARIANCE OF ATTITUDE DATA
FOR TREATMENT AND CONTROL GROUPS

ariable i 2,32
Variable _ Imax( ,)‘))
Attitude Pretest 2,490%
Attitude Posttest 1.148
Film Attcendance 1.035
Weekly Study Time 1.17h

Critical Repion: I 2,32 2.0!
ritical Region l‘mux( 3 ).057 04

Mletevogenecous Variance
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TABLE XXX

CORRELATIONS OF ALL DEPENDENT VARTABLES

ACH ACH ACH ACH FINAL FINAL FINAL FINAL ACH ATTITUDE FILMS
I-1 I-2 II-1 II-2  A-1 A=2 B-1 B-2 Tot. POSTTEST

ACH I-2 .649

ACH II-1 .683 «STT

ACH II-2 445 492 .635

FINAL A-~1 .651 . 566 .Ths .626

FINAL A-2 448 .384 ,610 .540 .505

FINAL B-1 440 . 287 . 509 .489 . 501 .398

FINAL B-2 .624 .538 617 « 591 . 548 . 530 .620

ACH Total . 794 .728 .884  .754 845 L7271 .699  .795

ATTITUDE
FILMS .282 . 007 L1117 . 001 . 207 .011 =~,017 . 049 L1117 LAa72

el



APPENDIX G

SUMMARY OF DEPENDENT AND INDEPENDENT VARIABLES
IFOR CONTROI. AND TREATMENT GROUPS



TABLE XXXI

SUMMARY OF DATA FOR CONTROL GROUP - DEPENDENT VARIABLES

ACHIEVEMENT TESTS

Ident. Attitude Films Study Final Exam

Number Posttest Time I-1 I-2 II-1 Ir-2 A-1 A=2 B-1 B=2 Total
2201 o7 2 4.1% 29 10 22 07 20 09 24 7 60
2202 4.7 1 3.00 21 10 09 03 16 03 28 06 53
2203 2.9 0 4,08 31 15 28 06 21 17 30 14 82
2204 2.8 0 0.18 30 16 25 10 23 10 26 07 66
2105 3.4 1 2.86 22 13 14 07 13 09 19 06 Lt
2106 7.1 4 3.18 29 14 18 05 22 08 21 09 60
2107 6.1 0 3.09 17 07 17 05 12 11 20 o4 L7
2208 3.5 ] 2.73 30 15 16 07 19 09 22 09 59
2109 3.5 0 2.18 28 13 20 06 19 07 12 06 LY
2110 6.5 4 1.11 29 11 19 05 20 12 23 12 67
2211 6.5 1 2,52 31 17 22 08 21 13 25 10 69
2212 7.7 1 1.42 27 15 21 10 23 11 25 13 72
2113 5.8 4 2.27 31 16 21 07 25 12 22 08 67
2214 3.5 0 1.95 26 14 12 o4 09 11 17 07 Ly
2215 8.5 4 2.02 29 16 20 05 19 07 18 06 50
2216 6.5 0 2.52 23 08 16 06 20 06 16 02 Ly
2217 2.7 3 3.23 31 17 28 12 30 13 25 12 80
2118 5.5 0 1.64 29 13 19 10 19 11 23 08 61
2119 7.6 0 1.82 28 15 10 oL 21 06 18 10 55
2220 2.7 2 2.41 29 12 16 05 20 12 21 07 60

961



TABLE XXXI (Cont'd.)

ACHIEVEMENT TESTS

Ident. Attitude Study Final Exam

Number Posttest Time I-1 I-2 II-1 I1=-2 A=-1 A=2 B=1 B=2
2221 7.9 2 3.64 29 14 20 07 21 12 26 11
2222 2.7 1 0.91 23 10 15 o4 14 11 15 07
2223 6.1 1 2.94 20 12 14 05 15 07 13 08
2124 5.5 5 2.48 27 14 17 03 19 11 16 07
2125 4,7 2 2.09 31 15 25 06 23 15 27 12
2226 6.0 0 2.41 29 18 24 05 24 12 26 07
2227 71 1 1.68 28 16 17 05 18 09 18 08
2228 2.8 0 0.00 26 12 20 06 22 10 19 07
2129 8.6 L 2.32 32 16 26 06 25 12 24 10
2230 7.7 1 1.68 30 15 26 06 24 13 27 12
2231 7.7 1 1.20 29 09 17 06 23 06 25 09
2132 7.8 4 2.55 28 15 17 08 22 14 18 o7
2133 7.8 3 09

3.20 28 12 22 10 25 14 22

LG



TABLE XXXIT

SUMMARY OF DATA FOR TREATMENT GROUP - DEPENDENT VARTABLES

ACHIEVEMENT TESTS

Ident. Attitude Films Study Final Exam

Number Posttest Time I-1 I-2 IT-1 II-2 A=1 A=2 B-=1 B-2 Total
1134 8.1 0 2.64 25 11 20 02 21 20 18 o4 53
1135 2.8 0 3.00 22 05 11 o4 17 07 25 08 57
1236 7.7 2 1.64 23 10 08 04 17 09 16 06 48
1137 3.6 0 4,07 27 12 20 07 19 11 25 10 65
1138 4,2 0 1.18 32 17 27 08 26 16 25 12 79
1239 7.7 1 2.50 31 16 28 08 27 14 25 13 79
1240 Te7 3 3.50 31 15 23 07 19 11 16 10 56
1241 2.9 0 1.94 30 15 25 10 26 17 26 13 82
1142 7.9 1 1.64 28 12 18 o7 17 11 26 11 65
1243 7.7 4 3.18 30 08 20 04 18 06 23 09 56
1244 6.1 0 1.32 29 16 23 11 26 12 27 12 77
1245 7.1 2 3.27 29 13 23 08 31 13 26 09 79
1146 6.0 4 1,27 23 10 18 05 20 07 14 07 48
1147 7.7 4 3.23 27 13 23 o7 22 13 23 07 65
1248 2.9 1 2.56 28 15 20 08 20 11 25 09 65
1249 8.3 - 2 0.82 31 18 18 08 17 11 22 09 59
1250 8.8 3 0.55 31 15 25 06 27 11 22 10 70
1251 5.8 0 2.46 31 17 28 13 27 15 29 15 86
1252 6.5 1 1.18 31 18 26 07 26 14 26 10 76

QG 1L



TABLE XXXII (Cont'd.)

ACHIEVEMENT TESTS

Ident. Attitude Films Study Final Exam

Number Posttest Time I-1 I-2 II-1 IT-2 A=1 A-2 B-1 B=-2 Total
1153 3.4 0 2.73 27 10 17 o4 13 06 18 10 L
1154 7.7 0 1.77 23 14 18 05 17 13 18 08 56
1255 6.1 3 3.59 28 10 15 ok 19 06 25 08 58
1256 5.8 3 1.32 28 13 19 07 24 11 25 09 69
1257 7.6 3 2.48 31 15 12 o4 19 14 22 09 64
1158 8.6 L 5.10 28 10 21 06 18 09 25 06 58
1159 3.1 0 3.18 32 17 2 06 25 10 18 09 62
1260 2.7 0 1450 22 13 13 03 16 08 26 08 58
1261 7.7 3 2,68 31 18 30 16 31 16 32 17 96
1262 8.1 3 2.68 22 12 11 06 19 14 18 o4 55
1263 2,8 0] 1.54 24 13 13 05 15 09 19 06 49
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TABLE XXXLLL

SUMMARY OFF DATA FOR CONTROI, GROUP -
INDEPENDENT VARIABLES

ldent.  Attitude SCAT SCAT Chemistry First Semester
Number Pretest Quant. Verbal Pretest Grade Point Avce.

2001 3.5 36 2 - 39 2.16
2000 Jo 2 29 26 4 1.78
22073 Tl hh hs 56 3.64
2200 2.8 5 o 573 2.63
2105 6.l 3 18 65 2.06
2106 8.5 206 42 he 2.0
2107 8,0 18 ho 35 1.86
2208 77 27 35 h9 30173
2109 2.8 29 30 33 1.91
20100 Te9 33 36 h6 2,88
2200 5.5 4o M 6 2.91
222 8. 39 32 51 2.88
2y 7.9 33 29 h5 2.00
D004 3.0 ho U 52 2,073
2005 8.7 38 39 51 2.88
22406 0.8 29 38 Lo 1.38
24T 3.3 34 W3 L1 3.66
2118 6.8 ho 34 39 2.63
2019 3.0 s} il L2 2.06
202020 6.3 33 35 47 3.00
200 6.8 b2 31 61 2. 34
R 8.4 39 h2 Lo 1.81
2209 5.5 ! 37 L6 2,04
20 6.0 35 37 h2 2.43
2125 7.7 39 39 W3 3.78
20020 6ol 33 I 54 3.18
jegedadn 7.8 o h5 53 1.84
2008 2.5 Iy W1 52 2.6
2029 8.5 32 38 ho 3.25
2230 8.4 h( 36 50 2.17
22 7.8 38 39 h1 2.073
A I W 5.8 ho 38 hy 2.91
2150 7.9 3 36 38 2.75

|
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TABLE XXX1LV

SUMMARY OIF DATA IFFOR TREATMENT GROUP -
ANDEPENDENT VARIABLES

ldent, AblLilude  SCAT SCAT Chemistry IMirst Semester

Nuntbaer Pretest Quantl.. Verbal Preloest Grade Point Ave,
b3 T 29 37 32 2,06
P15 a3 38 39 30 1.91
12230 7.8 2 2 I 1.81
1T TeT N 36 ho 2.56
1138 6.7 30 30 57 3.86
12739 7.7 3 36 Wy 3.16
1210 7.8 35 35 h 2.h7
1200 7T 18 ha2 L 2,78
fho 7.8 38 46 50 2,28
1247 7.9 39 W 38 1.9h
120 5.8 39 Iy 2 3.25
1205 7.9 15 W2 56 3.738
116 6.0 3N hn 51 2.19
ey 6. 34 393 54 2.75
1208 7.9 39 35 I 2,13
1249 0.1 38 38 51 2.3h
1250 8.7 ho hh 58 2.89
1251 7.9 s Wy 63 3.78
1252 8.6 36 hs 4 3.50
1153 6.5 39 38 37 1.79
1154 8.0 31 31 Lo 2.38
1255 7.1 2 31 iy 1.53
1256 6.1 W W 63 2.72
1257 6.0 39 39 ho 2.88
1158 8.0 28 30 39 2,28
1159 oy 39 42 hé 3,16
12060 hot 35 48 hs 2,073
12061 TeT 'y Iy 57 h,00
1262 8.5 38 L2 L2 1.69
1267 7.8 37 I8 36 2.25
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