
A test of two instructional systems based
on Ausubel's Theory of Meaningful Verbal

Learning and Gagné's Theory of Instruction

Item Type text; Dissertation-Reproduction (electronic)

Authors Atwood, Janet Ruth, 1942-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 16/05/2023 14:03:01

Link to Item http://hdl.handle.net/10150/565357

http://hdl.handle.net/10150/565357


A TEST OF TWO INSTRUCTIONAL SYSTEMS BASED ON AUSUBELT S 
THEORY OF MEANINGFUL VERBAL LEARNING AND 

GAGNE'S THEORY OF INSTRUCTION

by
Janet Ruth Atwood . .

i • J -

A Dissertation Submitted to the Faculty.Of the
DEPARTMENT OF EDUCATIONAL PSYCHOLOGY

In Partial Fulfillment of the Requirements 
For the Degree of

DOCTOR OF PHILOSOPHY
In the Graduate College
THE UNIVERSITY OF ARIZONA

1 9 7 6

Copyright 1976 Janet Ruth Atwood



THE UNIVERSITY OF ARIZONA 

GRADUATE COLLEGE

I hereby recommend that this dissertation prepared under ray

direction by Janet Ruth Atwood_______________________
entitled "A Test of Two Instructional Systems Based on 

Ausubel's Theory of Meaningful Verbal Learning 
and Game's Theory of Instruction"_______________

be accepted as fulfilling the dissertation requirement for the

degree of  Doctor of Philosophy_____________________

As members of the Final Examination Committee, we certify 

that we have read this dissertation and agree that it may be 

presented for final defense.

Dissertation Director Date

Final approval and acceptance of this dissertation is contingent 
on the candidate's adequate performance and defense thereof at the 
final oral examination.



STATEMENT BY AUTHOR

This dissertation has been submitted in partial fulfill
ment of requirements for an advanced degree at The University of 
Arizona and is deposited in the University Library to be made 
available to borrowers under rules of the Library.

Brief quotations from this dissertation are allowable 
without special permission, provided that- accurate acknowledgment 
of source is made. Requests for permission for extended quota
tion from or reproduction of this manuscript in whole or in part 
may be granted by the copyright holder.

SIGNED: ^



©  1976

JANET RUTH ATWOOD

ALL RIGHTS RESERVED



ACKNOWLEDGMENTS

The joy and challenge 1 found during the process of com
pleting the dissertation are due in large part to the efforts of 
several people whom I wish to gratefully acknowledge.

Dr. J.anelle Krueger, Director of the Nurse-Scientist Pro
gram, showed unwavering confidence in me and gave enthusiastic 
support throughout my entire course of study. She and Dr. Beverly 
McCord ably constituted the minor committee.

Dr. Shitala Mishra' and students in the Educational Psy
chology 240 and 340 classes devoted precious time during the pi
lot studies. Other students in Educational Psychology 240 classes 
willingly participated in the extensive field study, and Dr. Glen 
Nicholson, a member of the major committee, patiently and active
ly provided crucial support for the field study with his students. 
Dr. Jack Bergan, also a member of the major committee, contributed 
extremely perceptive and valuable suggestions throughout the 
project.

Special talents were contributed by Dr. Darrell Sabers as 
a test and measurements consultant and by Mr. John Gaines as a 
computer consultant. Mrs . Rita Mikula was the conscientious 
typist of the dissertation.



iv
Dr. Sarah Dinham’s roles were many and varied, including 

those of dissertation director and committee chairperson/advisor. 
In each capacity her assistance has been highly skilled, abun
dant , unselfish, and generously given. From her I have learned 
many valuable lessons .



TABLE OF CONTENTS

' . Page
LIST OF TABLES . . . . . . . . . . . . . . . . . . .  . viii
' LIST OF ILLUSTRATIONS . . . . . . . . . . . . . . . . . .  ix
ABSTRACT . . . . . . . . . . . . . . . . . . . . . . .  x

1 , THEORETICAL FRAMEWORK 1
Theories from Behavioral and Cognitivist
Schools . .  . . .  O .  O .  . . .  . . . . .  0 . 0  0 ’ 2
Examples of Cognitivist Theory . . . . . . . .  2
Examples of Behavioral Theory . . . . . . . . .  7

Metatheoretical Assessment of Two
Teaching-Learning Theories .  .........   9

The Intercept Point Tested . . . . . . . . . . . .  14
Similarities and Differences in the Two
Approaches .. . . . . . . . . . . . . . . . . . . 15

Propositions Tested in This Study . ._ . . . . . . .  16
• Research Hypotheses . . . . . . . . . . . . . . . .  17

2. METHODS AND PROCEDURES . . . . . . . . . . . . . . . .  20
Population and Sample . . . . . . . . . . . . . . .  20

Popula taon . . . . . • . . . . . . ■ o . o .  2 0
Sampling Method . . . . . . . . . . . . .  . . . 22

Research Design . . . . . . © © ,. . . . . . . . © . 25
Independent Variables . . . . . . . . . . . . .  23
Dependent Variables . . . . . . . . . . . . . .  25
Control Variables . . . . . . . . . . . . . . . .  26

Choreography of the Field Experiment . . . .  . . . 26
Pilot Studies . . . . . . . . . . . . . . . . . . .  27

Pretests . . . . . . . . . . . . . . . . . . .  27
Treatments . . . . . . . . . . . . . . . . . .  28
Posttests . o o . . . . . . . . . . . . . . . .  29
Analysis and Results . . . . .  . „ . . . .' . . 29

Treatments . . .  . . . . . . . . . . . « . © . . . 31
Selection of the Variable . . . . . . . . . . .  31
The Treatment Materials . . . . . . . . . . . .  31
Validity and Reliability of Treatment
Materials . . . e . . . © . . . . . . . . . .  33

v



vi
TABLE OF CONTENTS— Continued

Page
Covariates '»..........; »   34

Gender 34
Algebra Skill . . . . . . . . . .  o • 35
Pretests in ANOVA and Correlation .. . . . . .. . 37
Posttests in ANOVA and Correlation . . . . . .  46

Data Analysis . . . . . . . . . . . ... * @ . . . . 51
Low Correlations Among Independent
Variables . . . . . . . . . . . . . . . . . .  52

Colinearity Among Dependent
Venables * . . . . . . . . . . . . . . . . . 53

Dependence and Preliminary Analysis
of the Dependent Variables . . . . . . . . .  54

3. RESULTS AND DISCUSSION . . . . . . . . . . . . . . . .  55
Summary of Posttest Results for All Groups . . . .  55
Hypotheses Tests . . . . . . . . . . . . . . . . .  55

Hypotheses 1, 2, and 3b . . . . . . . . . . . .  . 55
Hypot he sis 3a. .© . . . . . . . . . . . . . . 57

Effects of the Covariates . . . . . . . . . . . . .  57
4. CONCLUSIONS AND IMPLICATIONS . . . . . . . . . . . . .  60

Ausubel’s Theory of Meaningful Verbal
Learning . . . . . . . . . . . . . . . . . . . . .  60

Gagne's Theory of Instruction  ̂ . 61
Entering. Skills and Abilities . . . . . . .  . . . . 62

Algebra Aptitude . . . . . . . . . . . . . . .  62
rC "t e S "f . . . . . . . o . O . O O" 6 6 6 6 6 ® 6 - 6 3

Gender . . . . . . . . . . . . . . . . . . . . . .  63
Total Explained Variance and Further
Research . . . . .. . . .. @ . . . .. . .. * 64

APPENDIX A: INSTRUCTIONS TO STUDENTS— GROUPS
I5 IIy AND III . . . . . . . . . . . . . .  66

APPENDIX B: FEEDBACK FORMS FROM STUDENTS—
GROUPS I, II, AND III . . . . . . . . . .  71

APPENDIX C: TASK ANALYSES FOR ANOVA AND
CORRELATION . . . . . . . . . . . . . . .  78

APPENDIX D: ANOVA AND CORRELATION EXPERIMENTAL
MATERIALS--GROUPS I AND II . . . . . . .  . • 81



APPENDIX E 

- APPENDIX F 

APPENDIX G 

APPENDIX H

APPENDIX I

APPENDIX J

vii
TABLE OF CONTENTS— Continued

Page
CHARACTERISTICS OF AUSUBEL’S AND
GAGNE'S THEORIES * . . . . . , . 146
INSTRUCTIONS AND RESPONSE SHEET
FOR CONTENT VALIDITY JUDGES . . . . . . .  . . 149
correlation AND ANOVA PRETESTS
AND POSTTESTS . . . . . . . . . . . . . . . .  154
TABLES OF SPECIFICATIONS FOR ANOVA 
AND CORRELATION PRETESTS AND
POSTTESTS . . . . . . . . . . . . . . . .  170
PRETEST AND POSTTEST ITEMS WHICH
INDEX LEVEL AND TRANSFER OF LEARNING--
ANOVA AND CORRELATION . . . . . . . . . . 173
ORIGINAL MATERIALS--EXPERIMENTAL
MATERIALS, PRETESTS, AND POSTTESTS . . . . 175

LIST OF REFERENCES 253



LIST OF TABLES

Table ' Page
1 . Summary Statistics for Pilot Studies 1 and 2 „ . . . 30v
2 „ Item Means for the ANOVA Pretest 41
3„ Item Means for the Correlation Pretest . . . . . . .  42
4. Item Means for the ANOVA Post test 48
5 „ Item Means for the Correlation Posttest 49
6 „ Coefficient Alphas for ANOVA and Correlation

Posttests „ . o „ „ . . . . „ . . . . . . „ . . . 50
7. Means and Standard Deviations for Posttest

SCOreS o ' ' 6  o - o  o e d e o o e e o - e  o o 6 6 o a a 58
8 6 Summary of ANACOVA for Hypothesis 3a

(COnCeptS ). 6 6  6 6 6  6 6  6 6 6 6 6 6  6 6 6  6 * 6 58
9 6 Significant Unstandardized B Ts Which Accounted

for the Significance in the ANACOVA for
Hypothesis 3a (Concepts) „ „ « . . . .  . « . . . 58

 1 0. Summary of ANACOVA for Hypothesis 1
(ANOVA Only) . . . . . . . . .  . . .  . . . . .  . 59

1 1. .Significant Unstandardized B Which Accounted
for the Significance in ANACOVA for
Hypothesis 1 (ANOVA-Only) . . . . . . . . . . . .  59

12. Percent of Total Variance Explained in Each
Hypothesis Test . . . . . . . . . . . . . . . . .  65

viii



LIST OF ILLUSTRATIONS

Figure
1 „ Conceptual and Operational Predictions of 

Learning Outcomes, Based on Ausubel 
and Gagne Models. , .. ,

2. Operational Diagram of the Research Design 
for Hypothesis 1 . . . . . . . . . .



ABSTRACT

Metatheoretical analysis of "AusubelTs Theory of Meaning
ful Verbal Learning and Gagne’s. Theory of Instruction was done 
by using the Dickoff and James paradigm. Based on the. logic of 
each theory, two instructional systems were devised and tested. 
The content of the systems was basic statistics, to be learned by 
beginning level research students „ Data gathered according to 
the pretest-posttest control group design were analyzed in a 
linear model for ANACOVA„ The Gagne system' facilitated concept 
learning in both ANOVA and correlation better than either the 
Ausubel system or neither system. Neither the Ausubel nor the 
Gagne system promoted learning of problem-solving skills, or near 
and far transfer of learning skills.

Difficulties encountered during the development of the 
instructional systems were attributed to underspecification of 
both theories at the definitional and prescriptive levels.
Further theory development is needed at these two levels . Until 
such development is accomplished and researched, classroom teach
ers of graduate students in basic statistics could look to 
Gagne’s instructional system to help them teach ANOVA, correla
tion, and similar concepts.

x



CHAPTER 1

THEORETICAL FRAMEWORK

A firm theory base for learning and instruction is essen
tial for sound education, according to both educators and.psychol
ogists (Snelbecker 1974, p, 133). As early as Aristotle?s time, 
three laws of association were recognized: contiguity, similar
ity, and contrast (Hilgard and Bower 1966, p. 50). .However, 
theories of education are primarily descriptive, rather than pre
scriptive and, therefore, not■readily useful to the classroom 
teacher (Glaser 1976, p. 6). Instructional models based on theo
ries either have not been specified or have not been tested, and 
conditions under which the theories obtain have not been thor
oughly researched.

..■The purpose; of this study was to devise instructional 
models based on specific theories and to test whether or not they 
helped learners of basic statistics. The overall education focus 
in this study was the process by which university students learn. 
The specific area of interest was the basic knowledge of research 
analysis and design; the specific problem chosen was the learning 
of basic statistical analysis'by graduate students who are striv
ing to become intelligent consumers or consumers and doers of 
social science research.



Theories from Behavioral and 
Cognitivist Schools

Educators, psychologists, and physiologists have gener
ated numerous teaching-learning theories, the most sophisticated 
of which have evolved since 1900. Each distinct school of 
thought has produced many thoughtful and prolific advocates. The 
Cognitivist and Behavioral schools, which excel in the complete
ness of theory and comprehensiveness of research efforts, were 
represented in this study. Basically, Cognitivist theories focus 
on internal changes which occur in the learnerfs cognitive struc
ture and which speak to complex processes, including concept for
mation and problem solving (Snelbecker 1974, p. 411). On the 
other hand. Behavioral theories focus on observable rather than 
internal behavior, using operant reinforcement principles as a 
base (Snelbecker 1974, p. 399).

Examples of Cognitivist .
Theory

Some Cognitivist theories are•physiologically based; some 
are not. Lewin’s Field Theory, a non-physiological, Gestalt-type 
theory, was a pioneering effort toward explaining motivation. 
According to Lowin's theory, people move in a psychological field 
or space which contains dimensions and need-tension gradients. A 
person's movement in his or her psychological field is determined 
by the need-gradients and the positive or negative valence of 
each object in the space. Learning has taken place if a person 
has "a more highly differentiated life space, in which there are



more subregions connected by definite paths (Hilgard 1956, 
p. 273)„n Although the theory is complex, important aspects of 
learning such as transfer of learning are hot considered (Hilgard 
1956, pp. 8, 263-267, 284, 328).

Brunerfs Theory of Categorizing, a second example of 
Cognitivist theory, has a definite physiological component. Four 
types of conceptually described neurological structures are said 
to mediate perceptual readiness. The key concept of the theory 
is a category, na classification of objects in terms of proper
ties that are redundant for that type of object.,T Coding of a 
complex system of categories is the main activity in learning, 
perceiving, and conceptualizing, and the object for the individ- 
ual is to note similarities. Totally novel experiences are out
side the realm of the theory (Lefrancois 1972, pp. 206-222). 
Although it is evolving rapidly and, therefore, difficult to 
assess, Bruner’s learning model has been tested with"many pre- 
school and elementary school learners. The research results are 
mixed.

Ausubel?s Theory of Meaningful Verbal Learning is Cog
nitivist in nature, focusing on non-physiological internal pro
cesses of the cognitive structure. Ausubel’s theory is discussed 
in some detail here because it seems to be more productive than 
are most Cognitivist theories for furthering our understanding of 
cognitive processes, especially learning. To Ausubel (1972, ■ 
pp.. 224-225), learning is "the process of acquiring particular



meanings from the potential meanings presented in the learning 
material and of making them more available.,T Instruction is the 
process of providing cognitive organizers of various sorts to 
'facilitate development of cognitive structure into which informa
tion can be meaningfully subsumed. The structure is deductive, 
starting with the most abstract level concepts and working toward 
the most specific"ones.

In Ausubel? s formulation, meaning comes when there is 
representational equivalence between the language or symbol and 
the mental content (Ausubel 1972, p. 223). One of Ausubel?s 
basic contentions is that most Of school learning should be mean
ingful, verbal learning rather than rote learning. The key dif
ferences between the two kinds of learning are storage and 
retrieval; i.e., rote material is simply memorized and stored in 
some isolated spot in the cognitive structure in some relatively 
inaccessible location. In contrast, meaningful learning is 
achieved by a subsumption process in which new information is 
taken into the cognitive structure and categorized, stored, 
anchored, or subsumed in a specific aspect of the cognitive 
structure into which it fits by some specific system of organiza
tion (Ausubel 1972, p. 228). Instead of being retained in a re
trievable way, separate inputs of information are economically 
incorporated into "a•single inclusive concept (Ausubel 1972, 
p-« 224). By this process of obliterative subsumption, specific 
pieces of information are essentially forgotten. However, the



learner is capable of deducing an example of the material from 
the concept even though the specific example or piece of informa
tion by which he originally learned the concept cannot be re
trieved from memory. To Ausubel (1972, p. 222, 224),

The principle of subsumption . . . provides a key to
understanding the process underlying the psychological 
accretion and organization of knowledge,
o d o o o o o c o o  o p o o- o o o o- e o o o o o o e o o-

The main problem of acquiring a firm grasp of any
academic discipline, therefore, is counteracting the in
evitable process of obliterative subsumption that char
acterizes meaningful learning.

Based on the premise that the studentfs entering cogni
tive structure is the most important predictor of his subsequent 
learning (Ausubel and Robinson 1969, pp. 50-51), Ausubel’s theory 
proposes a way of using the learnerfs existing structure as a 
skeleton on which to build additions to the learner*s cognitive 
structure. The basic building blocks are cognitive organizers, 
which come in several varieties but are each designed to link 
new subject matter to the basic structure which the learner has 
acquired. Ausubel proposes - three types of cognitive organizers: 
advance, content, and perceptual organizers.

Advance organizers are expository statements which are 
presented to the learner prior to the material he is to learn 
(Ausubel 1968, pp. 136-139). They are designed in a hierarchical 
series to:

. . . provide relevant ideational scaffolding, en
hance the discriminability of the new learning material
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from previously-learned related ideas, and otherwise 
effect integrative reconciliation at a level of ab
straction, generality, and inclusiveness which is much 
higher then that of the learning material itself 
(Ausubel 1968, pp. 330-331).

Overviews or summaries, unlike advance organizers, are written at 
the same conceptual level as the material. Content organizers, 
which are more specific than advance organizers, precede the 
material to which they refer and are at a higher level of abstrac
tion. However, they differ from advance organizers in their rel
atively narrow scope and specificity. Perceptual organizers are 
mechanical aids Which "make the material more salient and appre
hensible, or otherwise facilitate practice (Ausubel 1968, 
p. 332)." Examples include underlining and subheadings. Thus, 
written subject matter treated in the Ausubel style contains cog
nitive organizers in the form of over-all advance organizers, 
mechanical aids in the form of perceptual organizers in the text, 
and relatively specific content organizers spaced periodically 
throughout the material as new subsets of the subject are 
presented.

Provision for transfer of learning is a crucial require
ment of any educational theory. Near transfer, an index of the 
"internal connectedness" of material (Mayer 1975, p. 538), is 
facilitated by perceptual and content organizers, whereas far 
transfer, an index of "external connectedness," is facilitated
by advance organizers which assure integration of current learn-

\ •ing into the existing cognitive structure external to the speci
fic learning at hand (Ausubel 1968, pp. 154-169).
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Examples of Behavioral 
Theory .

Like the Cognitivists, Behavioral theorists produce both 
physiological and non-physiological theories. Hebb1s Neuropsy
chological Theory is representative'of a physiological theory 
which is difficult to validate. . Such theories posit central ner
vous system processes, structures, and biochemical changes; i.e., 
the "key conception" in Hebbfs (1959, p. 629) Neuropsychological 
Theory is•the call assembly, "a brain process which corresponds 
to a particular sensory event, or a common aspect of a number of 
sensory events." To date cell assemblies remain unmeasured, and 
so the theory cannot be tested for validity.

In the 1940f s, Robert M.. Gagne viewed the world of educa
tion theory and determined that each'existent theory in isolation 
was insufficient to accomplish the job of' explaining learning and 
instruction. He developed an eclectic, though decidedly behav- 
.ioral, theory of instruction involving eight levels of learning 
in a taxonomical hierarchy designed to predict the process of 
learning most vocational and scholarly tasks and concepts (Gagne 
1970, pp. 33-69, 237-241). To Gagne (1970, p. 3), learning is 
"a change in human disposition or capacity, which can be retained, 
and which is not simply ascribable to the process of growth." 
Instruction is the arrangement of "the conditions of learning
that are external to the learner" and is at the core of the edu-

/cational process (Gagne 1970, pp. 28-29).
✓Gagne defines five categories of learned capabilities: 

intellectual skills, cognitive strategies, verbal information,



motor skills, and attitudes (Gagne and Briggs 1974, p. 33). The 
first category, intellectual skills, contains eight types of 
skill in a strict hierarchy, each requiring those before it as 
prerequisites to learning: signal learning, - stimulus-response
learning, chaining, verbal association, discrimination learning, 
concept learning, rule learning, and problem-solving (Gagne and 
Briggs 1974, p. 37; Gagne 1970, pp. 35-69). The last four types 
are of specific interest in this study. In marked contrast to 
Ausubel* s theory, Gagnef s prescribes inductive, progression 
through a learning hierarchy > starting with the most basic kind 
and level of learning and building up to the most complex con
cepts, rules, and problem-solving behaviors. :

/Chief characteristics of the Gagne paradigm include:
(a) identification of entering learner behavior, (b) objective- 
oriented instruction, hierarchically ordered and sequenced in
struction, (c) presentation of material as indicated by the 
Conditions of the type of learning at hand, and (d) a complex, 
cybernetic self-correcting instructional system which features 
frequent monitoring of learning progress. The learner knows the 
objectives, is informed periodically of his or her progress, and 
usually has a role in pacing or guiding the instruction to suit 
M S  needs.

Transfer of learning is treated by Gagne in two ways. 
Near transfer, or internal connectedness, is the specific focus 
of the learning hierarchy. Achievement of near transfer at one



level is required before the student proceeds. Far transfer, or 
external connectedness, is facilitated at the discrimination, 
rule, and problem-solving levels by using increasingly dissimilar 
examples for instruction and for testing (Gagne and Briggs 1974, 
p. 132).

Metatheoretical Assessment of Two 
Teaching-Learning Theories

Many theories of teaching and learning are available to 
the typical classroom teacher, but few, if any, theories are use
ful to the average teacher because they do not speak specifically 
enough to the classroom conditions under which they apply. The 
teacher is left to deduce an instructional model from a limited 
theory requiring a great deal of interpolation and extrapolation 
just to produce a model complete enough to use in a classroom.

This is precisely the quandry that metatheorists Dickoff 
and James addressed as they proposed a four-level theory frame
work for practical disciplines such as education and nursing 
(Dickoff, James, and Wiedenbach 1968a, 1968b). _ The purpose of 
the framework is to provide a means of analyzing theories to ex
plicate the logic of the contents so that viewers of the theory 
know its capabilities and limits as well as specific spots in 
need of development.

The four levels of theory in the Dickoff and James frame
work are:
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T. Naming or Factor-Isolating: well-specified definitions 
of concepts.

II. Descriptive or'Factor-Relating: complete description of
relationships among variables, including correlational 
assertions.

111. Predictive or Situation-Relating.: predictions which may
' be causal, conditions under which assertions obtain.

IV. Prescriptive or Situation-Producing: causal propositions, 
directions for producing a desired situation, e.g., 
learning.

Level IV is the epitome for a practice discipline (Dickoff et al. 
1968a, pp. 420-422).

' In a recent article Glaser (1976, p. 23), an educational 
psychologist, called for production of prescriptive educational
designs of immediate use to the classroom teacher. Clearly,
neither Ausubel* s Theory of Meaningful Verbal Learning nor 
Gagners Theory of Instruction is prescriptive (Level IV) and 
ready for general use. There has been extensive study of some of 
the basic elements of both theories, but the research is neither 
definitive nor does it concern the specific;conditions under 
which each theory is useful. Both theories have weaknesses at 
each of the levels given by Dickoff and James.

For example, the definitions of key concepts in Ausubelfs
theory are not clear. On the whole, his own writings and re
search reports tend to have several crucial omissions, e.g.,
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definition of initial terms such as "transfer Of training (Ausu- 
bel 1962b, p. 647)," "affective factors" influencing learning 
and retention (Fitzgerald and Ausubel 1963, pp. 73-74). At the 
descriptive and correlational levels,., the elements of cognitive' 
organizers are vague. Unanswered questions include; Are all 
concepts amenable to structuring? What is it about a cognitive 
organizer that helps the student? At the prediction level, which 
kinds of learning are facilitated by cognitive organization? How 
many of what kinds of organizers does the learner need?

Ausubel recommends that advance Organizers be used to. 
form a cognitive framework skeleton on which to put the content 
or "meat" of meaningful school learning (as contrasted with rote 
memorization). However, the precise building blocks for meaning
ful learning are not specified (Ausubel 1962a, pp. 213-224; 1968, 
pp. 107-109). Some research has shown, that "learning consisted • 
of activating the assimilative set quite early in learning and
using it continuously throughout learning, rather than adding

1 • 
more and more different kinds of material to memory (Mayer 1975,
p. 534)." The results suggest the need for advance organizers 
as well as content and perceptual organizers. Additional re
search has shown that the organizers promote assimilation of 
information in a broad framework (Mayer 1975, p. 540), which 
tends to promote far rather than near transfer of learning.

On the other hand, a study of 72 bright university stu
dents showed that transfer of learning of number base concepts
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was not affected by using .Ausubel*-type advance organizers 
(Grotelueschen and Sjogren 1968, p. 2 01). Biehler (1971, p. 303) 
reports that college students can be confused rather than helped 
by advance organizers if they are not developmentally able to 
handle formal operations. Clearly, research about cognitive 
organizers is conflicting.

■ At Level III in the Dickoff and James framework, the cog
nitive hierarchy in Ausubel1s theory is not firmly established, 
and although evidence is severely limited, a few basic pieces of 
research were done to discover.the specific conditions under 
which the theory operates. . For example, when Ausubel, Robbins, 
and Blake (1957, p. 343) tested subsumption-dissociability asser
tions about retention and forgetting, they found that "proactive 
rather than retroactive inhibition is the determining factor in 
forgetting,” and that identical repetition of material is just as 
useful as interpolated material for facilitating retention. The 
subsumption concept in Ausubel* s theory has two important ramifi
cations: initial learning can function to facilitate or inhibit
subsequent learning, depending on the conditions of recency and 
type of previous learning (Ausubel et al. 1957, p. 343). It is 
important to note that the methodology in written accounts of the 
research is hardly replicable.

The anxiety level of the learner has a large effect on 
the efficiency of learning. Extremely high and extremely low 
anxiety mitigate against effective meaningful learning. However,
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high anxiety is associated with effective rote learning (Ausubel 
and Robinson 1969, pp. 399-400).

Glaser and his associates at the University of Pittsburg 
have adapted the Gagne model to the Individual: Prescribed In
struction System (IPI). They claim that reinforcement, in the 
form of immediate feedback is the key motivator for a student and 
that a Gagne-type of system enhances retention and transfer 
(Glaser and Cooley 1973, p. 842). The mechanisms of motivation, 
retention and transfer have not been thoroughly tested„ Near 
transfer of learning has been tested at primarily, the lower lev
els of learning rather than the levels necessary for college, ma
terial. In addition, the learning material has been job-specific. - 
or narrow laboratory tasks rather than university subjects (Snel- 
becker 1974, pp. 458, 475).. Suppes (in Gagne and Gephart 1968, 
p. 45) claims that Gagne-type of stimulus-response instruction 
simply does not facilitate transfer. . Evidently, the conditions 
under which the theory obtains have not been explicated. Larger 
questions of interest to the educator are left unanswered. For 
instance, does the same cognitive hierarchy apply to all kinds 
of subject matter? Nevertheless, the framework of the theory 
does exist.

Like AusubelTs, Gagnef s Theory of Instruction has weak
nesses at each level of theory, At the definitional level, Gagne 
has proposed that there are eight learning types. Unanswered 
questions include: Do all kinds of learning fit into one and
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only one of the eight types? Are there more types? Fewer? The 
hierarchy formed by the eight learning types is central to the 
theory and has been used in a variety of educational settings 
(Gagne 1970, p. 254), but it is as yet unvalidated. Attempts at 
validation have been frustrated by insufficient definitional theo
ry. Once validation of the theory occurs at each level, meaning
ful correlational studies can be done. Currently, some of the 
assertions in Gagne’s theory are correlational, and some are pre
dictive. In addition, the instructional system devised by Briggs 
provides a useful prescriptive base.

In summary, practical application of both Ausubel’s Theo
ry of Meaningful Verbal Learning and Gagne’s Theory of Instruc
tion is limited primarily by weak definitional bases at the first 
level of theory and at the predictive level by unvalidated learn
ing hierarchies and by poorly specified conditions. Ausubel’s 
theory has a very weak prescriptive component. However, use of 
the Gagne theory is facilitated by a relatively explicit instruc
tional system based on the theory model. In addition, each theo
ry contains some assertions at each level and, therefore, each 
has merit.

The Intercept Point Tested
Because they were designed for classroom use, Ausubel’s

/Theory of Meaningful Verbal Learning and Gagne’s Theory of In
struction, as adapted to an instructional paradigm by Briggs 

z /(Gagne 1970; Gagne and Briggs 1974), were chosen as the bases



15
for the instructional systems studied in the present study even 
though they have not been thoroughly researched. Although Ausu- 
belfs theory is not well specified, to this author it is the best 
Cognitivist school paradigm available that has been designed and 
tested for college learners, Gagne's paradigm is clearly the 
most extensively developed Behavioral school theory of instruc
tion for dealing with college-level complex material.

Similarities and Differences 
in the Two Approaches

The two theories were chosen both for their similarity to 
each other and for their differences. The two theories share 
several characteristics. For example, both are specifically de
signed to be useful in classroom learning and have been tested 
primarily with college students and other adult learners (Ausubel 
and Blake 1958; Snelbecker 1974, p. 476). Both are currently de
bated in education circles. Both identify entering knowledge as 
the most powerful influence on subsequent learning, both include 
higher-order concept learning, and both order learnings hierar
chically . They both predict that better learning will occur 
through use of a learning hierarchy in a given way.

There are several key differences between the two theo
ries. Ausubelf s paradigm comes from Cognitivist thought; Gagne * s 
comes from Behavioral. In addition, each uses the same learning 
hierarchy differently, each predicting different resultant learn
ings, that is, the Ausubel paradigm specifies deductive



progression,, facilitated by cognitive organizers, through the 
hierarchy from abstract to specific concepts; the Gagne paradigm 
specifies inductive progression from the highly specific, sim
plest learning to the most complex. ■

Propositions Tested in This Study
The first proposition tested in this study was derived 

from the similar Ausubel and Gagne predictions that better learn
ing occurs through use of a learning hierarchy. The implication 
is that use of a learning.hierarchy should promote better learn
ing than use of no learning hierarchy. In this study, it was 
proposed that the Ausubel and Gagne paradigms both would facili
tate learning better than an instructional approach not purposely" 
geared toward either one.

. The second proposition tested was also derived from a 
similarity between the approaches.. Both systems are designed to 
facilitate near and far transfer of learning, but ...research pro
vides conflicting testimony as to their success in doing so. 
Therefore, the second proposition was that both paradigms promote 
near and far transfer equally well.

The third proposition tested was derived from a differ
ence between the Ausubel and Gagne theories. Progressing the 
learner deductively through an Ausubel type of learning hierar
chy is associated with better learning of the subject matter in 
general and, specifically, better learning of concepts, and pro
gressing the learner inductively through a Gagne-type of learning
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hierarchy is associated with better learning of the subject mat
ter in general, including both concepts and problem-solving.

Figure 1 illustrates the three predictions tested in this 
study, showing both the proposition and the hypothesis for each. 

The Rule of Sighs which was. employed in Figure 1 states that 
a ,T+ ” near a horizontal line means "is positively associated 
with" and near a vertical line means "is a positive index of 
(Hamblin 1972, p. 7)." Thus, proposition 3a is: An inductive
hierarchy learning mode is equal to a deductive hierarchy mode, 
and both are positively associated with learning of concepts. 
Score on the.conceptual subset of posttest items is a positive . 
index of learning of concepts. The following research hypotheses 
illustrate each prediction.

Research Hypotheses 
• Following a summary of the logic used to deduce it, each 

of the three study hypotheses is given below".
1 . The Ausubel and Gagne paradigms both facilitate learning 

better than an instructional approach not purposely 
geared toward either one. Therefore, the level of sta
tistics learning is higher for students using an Ausubel 
or Gagne system than for students using neither system.

= h A > hN)

,2. -Both systems -are designed to facilitate near and far
transfer of learning, but research provides conflicting
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Figure 1. Conceptual and Operational Predictions of Learning 
Outcomes, Based on Ausubel and Gagne Models
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testimony as to the validity of each design. Therefore,

. the level of near and far transfer of learning is not 
different for students using either a Gagne or an Ausubel . 
system, and is greater than the level for students using 
neither system. •

Û%T ~ yGNT > W% T 5
hGpiji  ̂hNprp)

3a. Both the Ausubel and Gagne systems are designed to facil
itate concept•learning and are more effective than nei
ther system. Therefore, level of statistics concept 
learning by students using an. Ausubel system is not differ
ent from the level of those using a ..Gagne system; both- lev
els •are• • higher than that.of. students using’another system.

(UAg = hGC >

3b. The .G.agne system is specifically designed to facilitate
learning up through the problem-solving level. Both the 
Gagne and Ausubel systems promote learning better than 
use of neither system. Therefore, the level of problem
solving ability of students using a Gagne system is 
higher than the ability of those using an Ausubel system, 
which is higher than the ability of those using neither 
system.

(UGpg > V ApS >%NPS^



CHAPTER 2

METHODS AMD PROCEDURES

An experimental, pretestsposttest control group design 
was used to assess differences in student learning attributable 
to either the Ausubel or the Gagne model. The pretest-posttest 
control group design was selected for its strength in controlling 
the main threats to internal validity, even though generalization 
of results to an. unpretested population is risky (Campbell and 
Stanley 1963, pp. 13-18).

Population■and Sample

The general population to which the conceptual framework 
• -speaks, consists of graduate students who. are . beginning to learn 
the rudiments of being research consumers, planners, and imple- 

. menters. Research methodology, including statistical analysis, 
is a key element in basic learnings about research. Thus, the 
target population for the study consisted of students entering 
basic statistics courses such as The University of Arizona's 
Educational Psychology 240, Statistical Methods in Education.

At The University of Arizona, Educational Psychology 240 
is specifically designed to enhance statistical abilities of

20
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students in education, even though other students may take the 
course. These other students usually have majors in nursing, 
speech and hearing therapy, child development (home economics), 
and other social science and educationally related fields. Pre
requisites for the course include nine units in undergraduate or 
graduate education or psychology courses. Educational Psychology 
240 is required for completion of several degrees in the College 
of Education, including:. M.A. and M.Ed. in Educational Psychol
ogy, M.S. in Rehabilitation, and Educational Specialist (except 
in Educational Administration). The course is also a prerequi
site for Educational Psychology 340, Advanced Statistical Methods 
in Education,: which is required for all doctoral candidates in 
the College of Education.

Although technically, inferences from this study may 
only be made to pretested, daytime students taking The University 
of Arizona Educational Psychology 240 course in the spring term 
1976, the study was designed to generalize beyond students in the 
course to beginning level research consumers and doers who have 
chosen graduate school as their place to learn statistics. Gen
eralization cannot be made beyond statistics because research has 
shown that students for whom an inductive instructional sequence 
was optimal for one subject matter achieved- most from a deductive 
sequence on different content (Tobias 1976, p. 65). Daytime stu
dents who take classes during the regular school year differ from 
evening and summer students in that they tend to be younger.
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full-time students who do not have full-time outside jobs (es
pecially in elementary and secondary education)„

Sampling Method
• In the spring semester, 1976, the researcher presented 

the opportunity to participate in the study to each of one pro
fessor's two sections of the beginning statistics course. A non- 
random sample of 41 students volunteered as subjects. Even 
though all members of the classes were potential subjects, only 
the volunteers were studied. The volunteer sample is considered 
to be representative of the classes as a whole because their 
scores on the regular classroom exams prior to the experimental 
treatment were similar to scores of the whole class: mean
z-scores for the sample were 0.05 on the first test and 0.09 on 
the second.

Twenty-one students did not complete the study, two of
whom dropped the course, 17 of whom did not complete both of the
posttests, and two of whom reported that they did not use the
experimental materials. Four more students reported not using
one or both units Of materials, but they eliminated themselves by
not taking one of the posttests. . The data from the total of six
students, three in each treatment group, who did not use the
materials were not used in the data analysis. There were six

/Students in the Ausubel group, four in the Gagne group, and 10 
in the .control- group in the. final sample. Thirteen of • the . 20
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subjects were graduate students in education or related fields, 
and 11 of the 20 were women„

Research Design 
The pretest-pdsttest control group design involved multi

ple independent and dependent variables.

Independent Variables
The independent variables in the test of the instruction

al systems included the treatment plus three covariates. The 
treatment, the main independent variable, was the educational 
model used in the supplementary materials for learning and in
struction (Ausubel or Gagne). The instructional systems are de
scribed in detail in a later section of this chapter. In 
Fisherian tradition, students' were randomly assigned to treat
ments by block randomization, a procedure first used in agricul
tural experiments (Cochran and Cox 1957, p. 106). Among the 
volunteers, the first student in the first row of each classroom 
was assigned to treatment 1, the second to treatment 2, the 
third to treatment 3, the fourth to 1, and so on until each stu
dent had been assigned. Because the purpose of randomization is 
not to make - the experimental groups equal but rather to distrib
ute non-focus variables in an unpatterned fashion, block random!- • 
zation had several probable benefits in this study.

1.  Each set of three provided a relatively homogeneous repli
cate (choice of seating position in the classroom, etc.).



2. Groups of friends were distributed among the treatments.
3. Each treatment contained approximately the same number of 

replicates.
4. For ease of data analysis, at the beginning of the, ex

periment each treatment was guaranteed a reasonably simi
lar number of students from each of the two Sections of 
the - cours e .

Gender was used as the first of the three covariates; 
several studies have demonstrated differences in learning between 
men and women.

The second and third covariates, aspects of entering be
havior deemed by both theorists to be the most important predict 
tors of subsequent learning, were prerequisite skills for the 
learning task (algebra aptitude test) and preinstructional knowl
edge of the subject matter to be learned (pretests). These two 
'covariates also are discussed in detail later in this chapter. 
Briefly, algebra aptitude primarily reflected the mathematical 
logic and calculation ability needed for learning statistics „
The statistics pretest included the topics of MOV A and correla
tion because they are precisely what was taught, and an entering 
measure of skill with these topics was essential. The pretest 
items for each hypothesis reflected the focus of that hypothesis. 
Hypothesis 1 considered the main effect of the instructional sys
tems on students' level of statistics learning; therefore, all of 
the pretest items together provided a measure of entering ‘
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statistics skill for Hypothesis 1. Near and far transfer of 
learning, were the specific focus of Hypothesis 2,. and the pretest 
items designed to assess near transfer provided a measure of en
tering near transfer ability in statistics, specifically ANOVA 
and correlation. In similar fashion, far transfer ability was 
assessed via corresponding items. Hypothesis 3 predicted levels 
of concept and problem-solving abilities, entering levels of 
which were assessed by pretest items specifically designed to 
measure entering levels of concept ability and problem-solving 
ability, respectively, .

Dependent Variables
The dependent variable was terminal skill with statis

tics. Like entering skill, terminal skill was defined in a 
slightly different way in each hypothesis, i.e., all of the post- 
test items were used for Hypothesis 1, the main effect Of the in
structional .systems on statistics learning. Near transfer items 
were used for the first part of Hypothesis 2, far transfer items 
for the Second part. Terminal concept and problem-solving items 
were used for Hypotheses 3a and 3b, respectively,

. In summary, the test of the two instructional systems 
proposed that a student fs gender plus his entering algebra skill 
and statistics knowledge (what he or she brings to the education
al situation), coupled with the instructional input he or she 
receives, determines the knowledge with which the student leaves 
the learning experience.
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Control Variables

Two types of control were used in this study: randomiza
tion of subjects to treatment groups of the manipulated indepen
dent variables , as discussed earlier, and constancy among control 
variables (Leonard 1971, p. 4)„ The control variables were con
stant across all conditions dr treatments for all hypotheses . 

a0 All students had the same instructor (style, course out
line, lecture content, tests). 

b 0 All students had identical assignments and handouts,
c. Both sections were daytime students in degree programs.
d . Class environment was similar for all students .

The class sessions were virtually identical; in fact, occasional
ly some students went to whichever class meeting suited their 
schedules for the day. ■ '

Choreography of the Field Experiment 
On the first day of class, the study was presented to 

students, volunteers were obtained, and the Algebra Aptitude Test 
was administered. On the second day of class individual feedback 
about the test was given to any student who requested it. Prior 
to the first lecture on each topic., the ANOVA and correlation 
pretests were administered, individual feedback on test perfor
mance was given to students who requested it, and experimental 
materials were distributed. Following the last lecture in each 
topic, posttests were administered along with regular class 
exams, and the usual option to receive feedback was also given.
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As much as possible, the three groups of students in the 

experiment were treated alike. All three groups received in
struction sheets which were the same for the two treatment groups 
but different for group 3, the control group (Appendix A). All 
students received the same pretests and posttests, and all re
ceived forms on which to tell how many of the assigned activities 
were done. Treatment groups 1 and 2 had identical feedback forms 
and group 3 had a less extensive One (Appendix B)„

Pilot Studies
Two pilot studies were conducted; one tested the materials 

ultimately used for ANOVA, and the second tested the correlation 
materials „ This awkward arrangement was necessitated by a series 
of unfortunate events occurring during the.early stages of the 
pilot phase: an unplanned change of texts resulting, of course,
in a complete revis ion of instructional materials, an inadequate 
time for testing * and - eventually a change in instructors .

The choreography for the. pilot and field studies was 
essentially the same. The pilot studies differed from the field 
study in .that the pilot study faculty person was not the same one 
who taught during the field study; therefore the lectures, as
signments , and tests differed somewhat

Pretests
'Pretests in ANOVA and Correlaition were given. Validity 

and reliability information is discussed in a separate section.
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In the first pilot study, 21 students took the pretest 

prior to the first ANOVA lecture . Because-the students were un
easy about tests in general and unfamiliar with pretests.specifi
cally, the pretest precipitated some animated discussion from 
students who believed they knew no correct answers.. This oc
curred in spite of a pre-administration discussion of the nature 
of pretests prior to administration and a guarantee of anonymity 
of results by the researcher. Only one person accepted the offer 
of feedback on individual pretest results . Subsequent revisions 
in the pretest procedure included:

1. Introduction of study and researcher the first day of 
class .

2. More extended discussion of the nature of pretests prior 
to administration.

3. Guarantee of anonymity from both researcher and faculty.
. 4. Revision of the pretest to include some satisfying, easy 

items.

Treatments
Valuable information about the treatments was obtained on 

feedback forms completed by students during the first pilot test. 
For example, those in the Gagne treatment (group 2) wanted more 
sample problems with which to practice and to test their own 
progress. Feedback from the second pilot test of revised materi
als seemed to indicate that, for the most part, the increased 
number of samples sufficed.



Posttests
The validity and reliability information for the posttests 

in MOVA and correlation are discussed in a separate section of 
this chapter. Because both course examinations were longer than 
expected Si several students did not complete the post tests . in 
the field study, in an attempt to remedy the situation, the class 
test in MOV A was shorter then, usual, and for the correlation 
test, a block of exam time was set aside for the specific purpose 
of posttesting.

Analysis and Results
Because the treatment groups contained a small and marked-

• /

ly uneven number of students in Spite of block randomization, a 
form of ANOVA was not used to analyze the data. Instead, a 
series of t-tests was done, as shown in Table 1. The most im
portant finding in the first pilot study was that there were 
important differences between each treatment group and the con
trol group but not between treatment groups. As a consequence, 
each treatment was strengthened in keeping with its particular 
theory. The Ausubel treatment type was changed by adding appro
priate advance, content, and perceptual organizers . The Gagne 
treatment type was strengthened by not only adding to the number 
of sample problems but by including more frequent self tests with 
a broader variety of examples, and students in the field study 
were encouraged to choose those with which they needed more



Table i. Summary Statistics for pilot Studies 1 and 2

Pretest Posttest t-tests for Posttest
X n X n

Group
I

Group Group 
II III

Pilot Study 1
Analysis of Variance K

Group I (Ausubel) 2.00 16 5.14 7 - -0.88 2.28*
Group II (Gagne) 1.75 14 5.50 5 + 0.88 - : 2.98*
Group III (Control) 2.00 12 4.25 4 -2.28* -2.98*

Pilot Study 2
Correlation
Group I (Ausubel) 8.27 10 15.5 4 - ** -3.05.
Group II (Gagne) 8.66 9 17.5 2 ** _  **

Group III (Control) 8.96 9 18.5 6 +3.05 ** ^

*p<.05.
*'"'Insufficient data.
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practice. Because of limited time in class, only two students in 
the Gagne group in the second pilot study completed the posttest. 
Thus, it was impossible to predict prior to the field study 
whether or not the changes in the materials were effective.

Treatments .
. The treatment variable was the instructional system based 

on either the Ausubel or the Gagne theory. All students received 
the statistics instruction typically given by the instructor. In 
addition, the students in experimental groups received supple
mental instruction, group 1, of the Ausubel type, and group 2, of 
the Gagne type. The control group (group 3) received no supple
mental instruction.

Selection of the ,
Variable

The rationale for selection of the two theory bases has 
. been discussed,. .. Addition of supplemehtary instructional materi
als , used by the students independently, seemed to be the most 
practical way of assessing in what ways the theory-based instruc
tional systems facilitated learnings for university students who 
do much of their work outside the classroom.

The Treatment Materials
The supplementary materials were designed to illustrate 

■each instructional system as it would be used for the two main 
statistics units: analysis of variance (ANOVA) and correlation



(Dinham 1976, Helmstadter 1972, Roscoe 1975). These two units 
were.selected because they are relatively complex analysis types, 
they are very important aspects of basic data analysis, and they 
are difficult for the average student to learn. Appendix C il
lustrates the complexity of the topics in a learning hierarchy 
for the Ausubel and Gagne models . The two instructional units 
are important also in that one or the other of the two analysis, 
types is useful with nearly all education research problems. 
Students typically have difficulty with ANOVA and correlation 
for several reasons: (1) The language of the content of the
analysis types is new to most of them. (2) The decisions about 
using one type of analysis or the other require familiarity with 
many aspects of the data at hand . Most students in beginning 
statistics are not accustomed to thinking in that way.

The Ausubel (group 1) and Gagne (group 2) treatment ma
terials for both ANOVA and correlation are in Appendix D . The 
features of the Ausubel and Gagne instructional systems prominent 
in the treatment materials are discussed in the descriptions in 
Appendix E (Ausubel 1968, Gagne 1971a, 1971d). Task analysis of 
- the ANOVA and correlation content and based on GagneTs theory 
were used for both treatments because Ausubel1s theory does not 
specify a taxonomy (Gagne 1971b).
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Validity and Reliability ' '
of Treatment Materials; - -

In order to confirm that the instructional materials did
in fact accurately reflect the two instructional systems, a panel
of three judges independently assessed content validity of the
■instructional materials to fit each educational model for each of

• .

the two units„ Unanimity among judges was required and achieved . 
Each judge was given the characteristics of each theory (Appendix 
E), a set of instructions, and a response form (Appendix F).
Even though the proposed materials fit each respective model 
fairly well. Several important revisions were made at the sugges
tions of the judges „ For example, one content organizer in the 
Ausubel type of ANOVA treatment was actually a summary because it 
was at the same cognitive, level as the■material it was intended 
to organize. The organizer was revised to a more abstract level. 

Students in the pilot and field studies were asked to 
- assess the usefulness and clarity of the materials„ Evidently, 

the responses from, the pilot studies Sufficed for revision of the 
materials for the field study, because field study students con
sistently reported no problems understanding the materials„ The 
Gagne materials seemed long to two students, and the nature of 
the instructional systems bothered some, e «g., one Student in the 
Ausubel treatment preferred a much more structured approach; the 
opposite was true for two in the Gagne treatment.
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Covariates

Gender
Selection of the variable. Gender was selected as a co- 

variate because earlier studies have provided sufficient, con
flicting evidence to make the differences between male and female 
learners important to assess « For instance., Berkmaier (in 
Travers 1973, p„ 1288) noted that in the Pennsylvania Language 
Project "girls had significantly higher foreign language aptitude 
than males „,T A popular hypothesis is that differences between 
genders in language skills are probably due to differences in ' 
child-rearing practices (Henderson and Bergan 1976, p„ 103).
This hypothesis is substantiated in a study of elementary school 
children.

This tendency of boys to look at things outside is 
so noticeable that the girls come to school richer than 
the boys in only three groups of ideas, to wit: In
ideas of home and family, and in geometrical and in 
meterologioal ideas .. The fact that with girls the ideas 
of space, with boys the ideas of number, should pre
dominate is certainly worthy of notice (Dennis 1972, 
p. 71).

The school's role was also noted. "It is plain, therefore, that 
the school must assume an attitude with reference to boys differ
ent from that assumed toward girls (Dennis 1972, p. 71)." Among 
grade school children, Ausubel and Sullivan found no gender dif
ferences in verbal problem-solving ability. However, boys did 
better than girls in arithmetic reasbning and at mathematical 
puzzles (Ausubel and Sullivan 1970, pp. 636-637). Among the
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brighter high school students who tested the Biological Sciences 
Curriculum Study (BSCS) experimental biology course, women 
learned as well as men in subsequent college biology classes 
(Travers 1973, p. 1133). In the current study, gender was as
sessed as a covariate because it is unclear precisely how gender 
operates as a variable at the college level.

Algebra Skill
Both Ausubel and Gagne emphasize that entering behavior 

is the strongest determinant of subsequent learning. According 
to. Ausubel, an index of previous learning is essential for pre
dicting the nature of the existing cognitive hierarchy into which 
subsequent knowledge will be placed by the student. . . de
tailed pretesting of both the knowledge and skills possessed by a 
subject would efficiently be an operational definition of the 
student rs readiness to cope with the content (Tobias 1976, 
p. 7 1 ) -Entering knowledge and skills of the students were 
measured by two of the independent variables, algebra skill and 
skill with ANOVA and correlation specifically.

, Selection of the variable. If some students have diffi- 
. culty learning statistics, it is likely that they lack prerequi
site algebra knowledge with which to understand the symbols used 
in statistics, and they lack the bacic algebra computational 
skill used in data analysis„
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Measurement of the variable. The Iowa Algebra Aptitude 

Test gave an indication of the previous cognitive structure which 
the student had attained. The test took 40 minutes to adminis
ter,- and all four separately-timed and scored parts were used: 
Series (skill with basic arithmetic operations). Lessons (ab
stract computation), Open Phrases (reasoning and computation 
ability with numerous "story problems"), and Dependence and Vari
ation (ability to assess the effect on a set of numbers of a 
Change in a member of that set).

The. student was given the option of receiving his or her 
own test results . Personalized feedback included the student's 
score for each subtest, his or her total score, and the means for 
students in the course.

Validity and reliability of the instrument. The instru
ment was pretested and normed with high school students. 
Spearman-Brown split-half reliability for the total test is .94. 
The Kuder-Richardson coefficient of internal consistency for the 
total test is .93 (Greene and Sabers 1967, p. 5). Predictive 
validity of the test for high school modern math and for algebra 
was .78 and .74, respectively, using an achievement test for the 
course as a criterion, and .69 and .64 using teacher grades as 
the criterion (Greene and Sabers 1967, p. 3).

The instrument was designed to predict success in mathe
matics courses -requiring some algebra proficiency, based on
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entering behavior. This is precisely the use made of it in the 
current study.

Pretests in ANOVA . 
and Correlation

Selection of the variable. In addition to entering skill 
and knowledge of basic algebra, students were pretested for pre
vious learnings > very specifically in ANOVA and correlation.
.Prior to beginning the course, students were not expected to- have 
had any experience with either statistical topic. The covariates 
were the same .for all hypotheses, but the pretest and posttest 
items differed. (Posttest items are discussed later.) Figure 2, 
the operational diagram for the several research hypotheses, 
shows the differences among types of pretest items used for each 
hypothesis.

Test items originated from several sources . Existing 
items were borrowed from the Instructor’s Manual accompanying 
Minium’s (1971) excellent text, and from generous University of 
Arizona faculty members. Additional items were devised as 
needed. A total of well over 100 items were tested in the pilot 
studies . Several criteria were used for final selection of items 
for each test.

1. An average item mean of approximately 0.70.
2. Inclusion of some morale-boosting items in each test.
3. A change In a positive direction from pilot study pretest 

to posttest.
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Figure 2. Operational Diagram of the Research Design for Hypothesis 1
ANOVA and Correlation Pretest and Posttest: Hypothesis 1— total test;

Hypothesis 2 (first part)— near transfer items; Hypothesis 2 (second part)— far 
transfer items: Hypothesis 3a— concept items; Hypothesis 3b— problem-solving
items.
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4. A greater number of concept items in pretests than in 

posttests because entering knowledge is more likely to 
be concept knowledge than problem-solving ability.

5. A greater number of near transfer items in pretests than 
posttests and the opposite for far transfer items because

' entering knowledge is more likely to be of the near 
transfer than the far transfer type.

Instruments, including, validity and reliability. The 
ANOVA and correlation pretests are in Appendix G. (All originals 
are in Appendix J.) In both pretests, there were items specifi
cally designed to assess entering knowledge at both concept and 
problem-solving levels and entering ability for near and far 
transfer of learning. As a whole, the two tests assessed Over-all 
entering skill and knowledge in ANOVA and correlation. The three 
research hypotheses considered the parameters just mentioned; the . 
test items pertinent to each hypothesis are discussed below. 

Hypothesis 1 was:
The level of statistics learning is higher for stu

dents using an Ausubel or Gagne system than for students 
using neither system.

All items on both pretests were used to assess entering 
level of statistics learning for each student.. The only appro
priate validity check is content validity, which the pretests 
were judged by the researcher to have.

Low reliability is expected for pretests due to low vari
ance (s for ANOVA =1.5 points; s for correlation =2.3 points).



40
The pretest was designed to assess each student's enter

ing level of statistical knowledge, and the knowledge was ex
pected to be minimal. In that sense, the test was successful 
because:

1. The mean for the ANOVA. pretest was 5.33 out of 12 points, 
and the correlation pretest mean was 8.53 out of 14 
points .

2. Responses were relatively well distributed throughout the 
alternatives available.

3„ The students themselves spontaneously reported feeling 
very uninformed about the concepts tapped in the tests.

Tables 2 and 3 contain item means for each pretest. Comparable 
figures are shown for the pilot study. In addition, the data 
were used from a pretesting of items with students taking Educa
tional Psychology 340, Advanced Statistical Methods in Education. 
Entering levels of the students in the advanced class were ex
pected to be roughly comparable to terminal skills of the study 
sample students because Educational Psychology 340 is the next 
course the study students would take, if they chose to take an
other statistics course.. The pretesting was done for ANOVA items, 
because the pilot test had not produced enough usable items, and 
for correlation items because too few students completed the 
pilot posttest items to provide useful information for item 
selection. There were 12 ANOVA and 14 correlation items on the
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Table 2. Item Means for the ANOVA Pretest

Item Number
Item Means

Pilot
Study

340
Class

Field 
.. Study

1. . ** . ,54 .60
2, "T .69 .48
3. - .73 .35
4. ' .27 .45
5. . _ .69 . 68
6. .05 .46 .43
7. .09 . * -39 ,63
8. .14 .15 .18
9. .50 .73 .50
10. .23 ,13
11. ,55 .81 .43
12. . 32 .62 .50

items not included in test.
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Table 3. Item Means for the Correlation Pretest

Item Means
Item Number

Pilot 
. Stydy .

340 
• Class

Field
Study

1.
2.

.54 . 

.14
.73
.91

.45

.43
3. ' ' . '.39 ' .89 -.83
4. .79 ' . 38 .45
5. .43 .89 .78

6. .69 1.0 ,68
7. .39 - .91 .50
8. -* .91 .70
9. .50 .82 .38
10. . i.o .58

11, .69 .89 .70

12. .57 .62 .65
13. .82 .91 .65
14. .71 .46** .78

*- =? items net included in test» 
*',fRevised after this test.
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pretests„ Because minimum use of precious class time was impera
tive, the total number of items on each test was the fewest pos
sible needed to assess entering skill in most aspects of each 
topic in the Table of Specifications (Appendix H), given the 
criteria mentioned earlier. The average of item means for each 
test was ,44 for ANOVA and ,61 for correlation,

Hypothesis 2 was: ^
The levels of near and far transfer of learning are 

not different for students using either a Gagne or an 
Ausubel system, and are greater than the level for stu
dents using neither.

Appendix I shows which items were used to assess near and far 
transfer, respectively, Note that each item has two characteris
tics , a transfer of learning dimension (near or far) and a level 
of learning (concept or problem-solving) dimension. Near trans
fer items were those using symbols or words very close to those 
used in lecture, text, or experimental materials; whereas the far 
t^^M^er, items,m p e  "story problemsn containing situations and 
variable means„ Based on these criteria, content validity was 
good. .For example, item 11 on the ANOVA pretest asks the student 
to choose a basic description of the F distribution as used in 
the text. In contrast, item 3 in the ANOVA pretest requires far 
transfer skills to figure out that there are three methods fac
tors from which to compute the degrees of freedom using the for
mula 'k-l._ As mentioned earlier, Tables 2 and 3 contain the means 
for all items for each pretest.
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Hypothesis. 3a was:

Level of statistics concept learning by students using 
an Ausubel system is not different from the level of those 
using a Gagne system;- both levels are higher than that of 
students using another System.
Hypothesis 3b was:

The level of problem-s olving ability of s tud ents\ using 
a Gagne system is higher than the ability of those using 
an Ausubel system, which is higher than the ability of 
those using neither system.

Appendix I shows which items were used to assess concept learning 
and which for problem-solving ability. The concept items re
quired the student to use the intellectual skills of defined con
cept capability or its prerequisite in the Gagne learning 
hierarchy, discrimination capability. Likewise, problem-solving 
items required the student.to use either rule or higher-order 
rule (problem-s olving) capability. Due to the theoretical simi
larities between dis crimination and defined concept capabilities 
and rule and higher-order rule capabilities, the similarities in 
operational definitions within each pair, and the limited class 
time for pretesting, the four intellectual capabilities or skills 
used in statistics learning were considered in two sets, concepts 
and problem-s olving (Gagnd 1971c, p. .297). The first set con
sisted of dis crimination and concept items.

The capacity to discriminate involves distinguishing 
among the distinctive features of various parts of the environ- , 
-ment (Gagne 1970, -pp. 157-̂ 164). A student is able to discrimi
nate when he or she can correctly match similar parts of the
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/environment (Gagne and Briggs 1974, p-. 85) „ For example, ques

tion 6 in the ANOVA pretest asks the student to match analysis of 
variance with simple t-test for independent groups rather than 
with statistics such as chi-square for goodness of fit.

Defined concepts are relational and abstract rather than 
concrete. Using a defined concept means "putting things into a 
class and responding to the class as a whole (Gagne 1970, 
p. 172)." A student has learned a defined concept when he or she 
is able to "classify it by using a definition (Gagne and Briggs 
1974, p. 85)." For example, to answer item 25 of the correlation 
pretest correctly, the student needs to know that, if a correlation 
coefficient is -1.00, values of Y can be errorlessly predicted 
from values of X.

Rules and problem-solving items comprised the second set.
A rule is "an internal state of the individual, which governs his 
behavior. It must not be the verbal statement that simply repre
sents the rule (Gagne 1970, p. 191). A student can demonstrate 
capability to apply a rule by solving written examples of that 
rule. In item 7 on the ANOVA pretest, the Student was asked to 
apply the rule that in ANOVA the various parts of the variance 
needed to be analyzed for their contributions to the total ex- 
plained variance and, therefore, properties of the parts are more 
useful than properties of the whole.

- .'Problem-selving, or higher-order rule capability, is a • 
natural extension of the rule capability. When confronted with



a problem, the student recalls various rules, combines them in 
various ways, tries out one or more hypotheses for solution and 
tests their usefulness in the situation (Gagne 1970, pp. 214- 
216). The student shows problem-solving ability when he "gen
erates , by synthesizing application rules, the Solution to a 
problem (Gagne and Briggs 1974, p.. 85)." For example, to answer 
item 14 in the correlation pretest correctly, students needed to 
combine rules about positive and negative correlations and about 
units of measurement.

Posttests in ANOVA 
and Correlation

Selection of the variable. In-class examinations are a 
common means of assessing terminal skill and ability. In paral
lel with the pretests, posttests were used in this study. The 
same criteria mentioned earlier for selection of pretest items 
were used for the posttests (difficulty level, some morale-. 
boosting, pilot study change, concept-problem-solving balance, 
near/far transfer balance).

Instruments, including validity and reliability. Most 
of the ANOVA and all of the correlation posttest items were 
Separate from the regular course examinations because mechanical
ly,. it was easier for students to distinguish the graded, 
instructor-made test from the optional, ungraded research test 
if the two were Separate. .



The posttests (Appendix G ) were similar to the pretests, 
i.e., they covered similar content: , ANOVA and correlation, 
transfer of learning (near and far), and the same levels of 
learning (concept and problem-solving).. Appendix I shows which 
items were used to assess the learnings of interest in each hy
pothesis, Tables 4 and 5 contain item means for each item. Simi 
lar to tables of pretest items, comparable pilot study and 
advanced student data are shown.

A successful attempt to" include a relatively substantial 
and even number of questions of each type was made in the corre
lation ppsttest. Time constraints and the results of pilot test
ing of items mitigated against a better balance in the ANOVA 
pdsttest.

Coefficient alpha, an estimate of internal consistency 
(Nunnally 1967, p. 196) was computed for each posttest as a whole 
for pilot tested items, and for comparable items used in the 
field study (Table 6). The coefficient alpha for the ANOVA pilot 
posttest (- .28) indicated several possibilities; the test items 
were each testing very different things and ANOVA is not a uni
tary concept at all, the questions were poor or too few, or there 
was something unusual about the pilot testing situation.

On the hunch that ANOVA is a somewhat more unitary con
cept than the coefficient alpha might have indicated and that the 
items, several of which had been tested with many other students 
in previous, years, were not all poor, pretesting was done with
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Table 4. Item Means for the ANOVA Posttest

Item Number
Item Means

Pilot
Study

340
Glass

Field
Study

17. .81 . 81 .79

QCM ☆ .73 . 03**
21. .13 .15 • .88**
27. - .46 .61**
28. - .39 . 33
29. - .65 155
30. - .42 .67
31. .13 — .39**
32. .69 .62 .58
33. - .42 .28
34. - .54 .39

. 35. - .46 .88
-36. - .39
37. - .54 .21

COhO .54 .79
39. - .69 .67
40. , - .77 . . 7 0

*- = items not included in test. 
^Instructor's test item used.
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Table 5. Item Means for the Correlation Posttest

Item Number
Item Means

Pilot
Study

. 340 
Class

Field
Study

1. .65 . 73 .69
2. .45 .91 .86
3. .85 .91 .80
4, - .91 .91
5. .85 .82 .91
6. . 46 .14

. 7« ' 1.00 .97
8. .50 1.0 .77
9. .85 .73 .63

oH . 55 .73 .49
ii. .25 .36 .60
12. . 50 .82 .74
13. .40 .82 . 69
14. .05 .00 .63
15. .70 .91 .94
16. . 85 1.0 .83
17. .75 1.0 .80
18. - .46* .60
19. .70 .91 .89
20. .10 •* .40
21. .15 - .43

*Revised after this test.



Table 6. Coefficient Alphas for ANOVA and Correlation Posttests

ANOVA Posttest Correlation Posttest

Test/Topic
All Items 
Field 
Study

Comparable Items 
Field Pilot 
Study Study

All Items 
Field 
Study

Comparable Items 
Field Pilot 
Study Study

Total test . 902 ' .672 -.286 .894 . 877 .824
Concepts .827 * * .854 . 727 .186
Problem-solving . 834 .517 ' .126 .768 . 773 .839
Near transfer .878 .672 —. 2 86 .850 .812 .737
Far transfer .587 * ■ * .723 .723 .670

^Insufficient number of items to compute coefficient.
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students in the advanced statistics course previously mentioned. 
The item means for advanced and field study students were much 
more consistent with expected values than the pilot means had 
been (Tables 4 and 5). Coefficient alpha for the field study 
ANOVA posttest was .902.

Some items from the correlation posttest were tested in 
the second pilot study, and additional items were tested with the 
advanced statistics students. Coefficient alpha for the correla
tion posttest was .894.

In summary, each hypothesis test involved a treatment 
condition, measures of three covariates (gender, entering algebra 
aptitude, and entering statistics knowledge), and measures of • 
terminal statistical ability as indexed by posttests . The pre
test and posttest items differed depending on the focus of the 
hypothesis„ -

Data Analysis
Because no causal ordering was posited among the several 

independent variables, they were; considered simultaneously in the 
analysis model. A multivariate model was used to assess' the re
lationships among all of the independent and dependent variables 
in a least squares solution to a linear model (Fennessey 1968, 
Woodward and Overall 1975). The hypotheses predicted the rela
tive magnitudes of the effects of the treatment on each set of 
dependent variables. In addition, bivariate analyses between 
each set of independent and dependent variables were expected to
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show that entering knowledge is the strongest single predictor of 
terminal ability. The alpha level for rejection of null hypoth
eses was p< .05 .. ,

The logical analysis choice for multiple independent 
variables including covariates and multiple dependent variables 
is either analysis of covariance (ANACOVA) or multivariate analy
sis of covariance (MANACOVA), depending on the statistical inde
pendence within the sets of independent and dependent variables. 
Analyses for all hypotheses were done in several stages', de
scribed below. For some hypotheses, the results of earlier analy
sis stages required subsequent analyses to be different from 
those for other hypotheses. The general analysis model was:

1 . Assessment of the number of unique independent variables 
(correlation among all independent variables).

2. . Assessment of the number of unique dependent variables
(correlation among all dependent variables).

3. If dependency is shown in stages 1 or 2, formation of 
new statistically independent variables (orthogonal fac
tors of the original variables ).

4. Final test of hypotheses (ANACOVA or MANAQOVA) „

Low Correlations Among 
Independent Variables

The independent variables: gender, algebra pretest,
ANOVA and correlation pretests, and treatment, were not highly -
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correlated„ This result was obtained by principal components 
analysis of the independent variables (Nie et al„ 1975, pp. 468- 
514), followed by Bartlett’s sphericity test (Cooley and Lohnes 
1971, pp. 102-103), a chi-square type of test of independence of 
variables. The most•intriguing property of the sphericity test 
is.its power with relatively small sample sizes as in this study. 
Because the independent variables within sets for each hypothe- . 
sis were statistically independent, these variables were treated 
as separate variables in the data analysis.

Colinearity Among Dependent 
Variables'

The rationale and procedures were identical for assessing 
statistical independence among the independent and dependent 
variables (posttests). The general analysis model prescribed 
that high correlations among any dependent variables would have 
indicated an important degree of colinearity or shared variance, 
and the redundant variables would need to be combined into 
orthogonal factors; the factor scores would then have been used 
as dependent variables.

' Similar to the results for the independent variables, 
most of the dependent variable pairs were independent statistical
ly: ANOVA and correlation total posttests for Hypothesis 1, far
transfer items for Hypothesis 2, and problem-solving items for 
•Hypothesis 3b. Because they were independent within sets, these 
variables were treated as separate variables in the data analysis .
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Howevery sufficient colinearity existed among two sets of 

dependent variables, near transfer items and concept items, to 
mandate use Of factor scores.

Dependence and Preliminary 
Analysis of the Dependent •
Variables

Any existing dependendies among the dependent variables 
were readily minimized by forming orthogonal factors (Cooley and 
Lohnes 1971, p. 102) „ Thus, in this case MANACOVA reduced to a 
series of ANACOVA’s , The usual ANACOVA assumptions were made: 
linearity of the relationships, homoscedasticity, and multivari^ 
ate normal distributions of the independent and dependent vari
ables . In each case of non-orthogonal variables in a set of 
posttest scores, the results of principal components analysis 
were used*to form two new factor variables. The first factor 
variable contained that portion of both posttest scores attrib
utable to the common quality of interest, e „g., concepts The . 
second factor variable was formed by the portion of both posttest 
scores attributable to the statistical topic, i.e., ANOVA or 
correlation. The only two sets of dependent variables for which 
factor variables needed to be formed were concepts (combining 
concepts/ANOVA and concepts/correlation) and near transfer (com
bining near transfer/ANOVA and near transfer/correlation). The 
results of the ANACOVA analysis for each hypothesis follow in 
the next chapter.



CHAPTER 3

RESULTS AND DISCUSSION

In the paragraphs that follow, results for all groups are 
summarized first, then results unique to each hypothesis are dis
cussed, and finally the results concerning covariates are con
sidered. In general, the treatments were no different from each 
other and had no selective effect on posttest scores, except that 
the Gagne treatment had a more important effect than the Ausubel 
treatment on posttest concept items.

Summary of Posttest Results 
for All Groups ;

. Table 7 summarizes the means and standard deviations of 
the ANOVA and correlation posttest scores for each of the groups.

Hypotheses Tests 
Even though the pretest scores were not a significant co- 

variate in any hypothesis test,'their influence was removed from 
the posttest scores. Then dummy variable regression was per
formed with the remaining variables for each hypothesis.

Hypotheses 1, 2, and 3b
For Hypotheses 1, 3b, and the far transfer portion of 

Hypothesis 2, the sets of dependent variables were independent.

55
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Table 7. Means and Standard Deviations for Posttest Scores

’ 
I Posttest Correlation Posttest

Group N"
(17 possible points) 

X s.d.
(21 possible points) 

X s.d.

Group I 
(Ausubel) 6 10.16 1.16 16.50 1.51

Group II 
(Gagne) 4 9.25 1.25 14.50 1.29

Group III 
(control) 10 11.20 2.82 14.90 ro O 00 00

Total 10.46 2.89 15.30 2.34

Thus, the MOVA and correlation variables were treated as sepa
rate variables in the analyses, and the results were the same for 
both topics: the treatments made no difference in total learning
(ANOVA: F = 3.15, d.f. = 10, 9; correlation: F = 1.16, d.f. =
10, 9), in problem solving (ANOVA: F = 2.12, d.f. =' 10, 9; cor
relation: F = 1.79, d.f. = 10, 9), and in far transfer of learn
ing (ANOVA: F = 1.38, d.f. == 10, 9;■ correlation: E »: 0.36,
d.f. = 10, 9).

Non-orthogonality between the sets of near transfer post
test items on ANOVA and correlation (r = .48) necessitated form
ing two new factor variables from the original variables.
ANAOOVA analysis for the near transfer portion of Hypothesis 2 
revealed that the influence of the independent variables on each
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factor variable was not significant (combined AMOVA and correla
tion: F = 1.54, d.f. = 10, 9).

Hypothesis 3a

%  S llGc " %
Non-orthogonality among the sets of concept posttest 

items for ANOVA and correlation (r = .61) necessitated using fac
tor scores, as described earlier. Table 8 contains a summary of
the dummy variable regression results and Table 9 indicates which

. -

categories of the variables accounted for the significant hypoth
esis test results. . The analysis showed that the aspects of the 
concept posttest items which were due to topic (ANOVA or correla
tion) were relatively unaffected by the independent variables.
However, regression of the concept factor variable on the inde-

/pendent variables showed that students in the Gagne treatment 
group had higher concept scores (p<. 02).

Effects of the Covariates 
Among the covariates (gender, algebra aptitude, and pre

test knowledge), only gender was meaningful. Being a women was 
an important advantage in two circumstances; learning ANOVA in 
general (Table 10, p<.05; Table 11, p<. 002) and learning concepts 
in particular (Table 9, pc.001) except for women in the Gagne 
group (Table 9, p<.011). There were three women and one man in 
the Gagne group.
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Table 8. Summary of ANACOVA* for Hypothesis 3a (Concepts)

Source of 
Variation

Degrees 
of Freedom

Sums of 
Squares

Mean 
,Squares F

Between cells 
. Algebra aptitude 
Gender 
Treatment

10 40.59 4,06

(
3.94 
p<.03)

Within cells 
Residual _2 9.28 1.03

19 49.87

‘'Dummy variable regression after posttest scores have 
been adjusted for pretest scores.

Table 9. Significant Unstandardized Bfs Which Accounted for the 
Significance in the ANACOVA for Hypothesis 3a 
(Concepts)

Source of Significance
Variation . ' B F Level
Female gender 3.11 22.29 .pc.OOl
Gagne treatment ■ 2.68 8.00 p<. 02
Female gender/Gagne 
treatment interactioi1 —4.04 10.16 p<. 01/



Table 10. Summary of ANACOVA* for Hypothesis 1 (ANOVA Only)
59

Source of Degrees Sums of Mean
Variation , . • of Freedom .Squares . Squares F
Between cells 
Algebra aptitude 
Gender 
Treatment

10 , 14.48 1.45

3.15 ' 
(P 4 .0 5 )

Within cells 
Residual

. 9 

19

4.13

18.61

0 .46

•'Dummy variable regression after posttest, scores have 
been adjusted for protest Scores.

Table 11. ■ Significant Unstandardized B Which Accounted for the 
Significance in ANACOVA for Hypothesis 1 (ANOVA Only)

Source of Significance
Variation . B . F Level
Female gender 1.84 •. 17.66 p<. 002



CHAPTER 4

CONCLUSIONS AND IMPLICATIONS

The research findings and implications are considered 
here in the light of Dickoff and Jamesf metatheoretical paradigm 
discussed.earlier.

Ausubelf s Theory of Meaningful 
Verbal Learning

At Level I, Naming Theory, Ausubelfs theory was said to 
be weak because it contains unclear conceptual and operational 
definitions of key concepts such as cognitive organizers. During 
the development of the treatment materials for this study, it was 
very difficult to be sure precisely what were content organizers 
and what were not. At Level II, Factor-Relating Theory, the 
literature was not at all helpful in delineating how much of a 
cognitive organizer is enough, and at Level III, the causal lev
el, how many different kinds of organizers suffice to help learn
ers of a given type with a given subject matter. In confirmation 
of Grotelueschen and Sjogren's (1968) results, the Ausubel ex
perimental materials did not facilitate transfer of learning any 
better than did the regular classroom instruction. It is diffi
cult to assess whether or not the experimental treatments were

60
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strong enough because little, if any. Prescriptive Theory (Level 
IV) exists as a criterion..

Gagne1 s Theory of Instruction .
/Like Ausubel?s theory, Gagners contains'some theory at 

the definitional, factor-relating, and correlational levels (I,
II, and III), and unlike Ausubelfs, Gagnefs contains Prescriptive 
Theory (Level IV) for use by classroom teachers. Two chief 
problems are the incomplete operational definitions of'various 
kinds of learning in the learning hierarchy and lack of valida
tion of the hierarchy itself. The. Gagne experimental materials 
were specifically designed to facilitate discrimination, concept- 
formation, rule learning, and problem-solving skills; correspond
ingly , pretest and posttest items were designed to test each 
capability. However, one limit of this study is that there is 
room for debate about whether or not each item in each test 
properly assessed the level of learning for which it was de
signed . Of particular interest is the fact that learning of 
concepts was facilitated by ANOVA, but the results of the data

' . ' ■ ' ; V  . ■■ ■ ■■ ■ . ■ . -analysis do not indicate how important the mastery of concepts' 
was for learning rules or solving problems. A second limit of 
the study is the relatively small and uneven number of items 
used to assess each type of learning as well as transfer of 
learning. Even though Gagne claims that transfer of learning 
is definitely facilitated by his system of instruction, the re
sults of this study do not confirm the claim.
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A key feature of the Correlational, Level II, Theory here 

is the reinforcing quality of immediate feedback which facili
tates learning. - Even though the treatment materials contained 
numerous and frequent- self-tests with answers.,., and prompt feed- . 
back was offered for all classroom tests that were part of the 
study, the Gagne group of students excelled in learning ANOVA 
concepts only. From the Prescriptive Theory, it is difficult to 
guess how much feedback is enough, and it is entirely possible 
that the treatment materials were not strong enough in the other 
substantive area.

The fact that the Gagne type of materials helped most 
with ANOVA may be explained by Tobias* (1976, p. 72) comment:

> student s.with high, prior familiarity in a 
given area may be assigned to an instructional treat
ment, with minimal instructional support, or to a 
forward-branching sequence. On the other hand, stu
dents with low prior achievement may require maximal 
instructional support each step of the way..

Entering Skills and Ability 
Both Gagne and Ausubel propose that entering skills and 

ability are the strongest determinants of terminal behavior.
. Algebra aptitude and entering ability with ANOVA and correlation, 
the two indicators of entering behavior used in this study, are 
discussed below.

. Algebra Aptitude
The bivariate correlations between algebra aptitude and - 

each pretest and the results of the ANACOVA both indicate that



algebra aptitude did not influence any of the posttest scores in 
an important way. Therefore, a student’s entering skill and 
■knowledge about algebra do not Seem crucial to his terminal per
formance in ANOVA or correlation. This news could offer comfort 
to student and professor alike.

Pretest
In no cases were the pretest scores statistically sig

nificant (p<.05) influences on posttest scores. However, con
cepts and near transfer entering ability with both statistical ' 
topics showed promise of being substantively important influences 
upon posttest concepts and near transfer, respectively. The co
efficients of determination (R?) were 18% (p<_.18) for concepts 
and 25% (p<.08) for near transfer. Faculty who are teaching 
statistics to educators may wish to consider pretesting students 
and then focusing their teaching on .areas identified as weak.

Gender
In the study of. college students. cited earlier, men and 

women learned equally well, as they did in this study, except 
that here the women learned ANOVA, and especially concepts, bet
ter than the men. Consistent with the spectrum of current 
literature, the results of this study show inconsistent gender 
effects on learning outcomes, and it is unclear how gender . 
operates as a ■variable. Because gender effects ■are unpredictable, 
they are worth further attention by classroom teacher and 
researcher alike.



Total Explained Variance and 
Further Research

The treatments and the three covariates accounted for an 
average of 79% of the variance in the posttest scores (Table 12). 
Thus, further research concerning either theory should probably 
include these variables. Additional research is needed at all 
levels of both theories, and the greatest needs seem to be at 
the definitional level. Further, validation of Gagne's learning 
hierarchy would greatly facilitate use of his theory in the 
classroom as would specification of Prescriptive. Theory for
Ausubel?s. Until such research is done, classroom teachers of

* :  ̂graduate students in basic statistics could look to Gagne? s in
structional system to help them teach ANOVA and similar concepts.
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Table 12. -Percent of Total Variance Explained in Each Hypothesis 

Test

Hypothesis .......R2*..,-
Hypothesis 1
ANOVA . 88.2%
Correlation 75.0

Hypothesis 2
Near transfer 79.5
Far transfer (ANOVA) 77.8
Far transfer (Correlation) 53.6

Hypothesis 3
a. Concepts 90.2
b„ Problem-solving (ANOVA) 83.8
c. Problem-solving (Correlation) 81.6

*X = 78.7%



APPENDIX A

INSTRUCTIONS TO STUDENTS—
GROUPS I, II, AND III*

Instructions for the study were given to each student. 
Those in the experimental groups, Groups I and II, received the 
same instructions, whereas those in the control group, Group III, 
received different ones. A sample of each of the two types of 
instructions follows. ,

*The materials in this appendix conform to standard dis
sertation format instead of the format in which they were origi
nally used„ Originals are in Appendix J .
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Instructions to Students— Groups I and II

The activities I am asking you to do are part of the re-
■ ■ . •  " -

search for my dissertation. I invite your active participation 
and will be very grateful for your help. Your identity will re
main anonymous. Dr, Nicholson will not know who is participating 
in the study unless you reveal the information to him. Partici
pation in the study will not change your grade— unless perhaps 
the materials enhance your learning.

The study includes two units of material— ANOVA and cor
relation. The activities with which I need your help are:

1. Take a pretest on ANOVA and correlation.
2. Attend class as regularly as possible.
3. Start reading the experimental materials on ANOVA prior 

. to the first ANOVA lecture and use them as a supplement
to the readings in the text. (Materials attached.)

4. Complete a feedback form about the ANOVA materials.
(Form attached.)

5. Take a posttest at the same time as the regular course 
unit examination on ANOVA.

6. Repeat steps 2.-5. for the correlation unit. The corre
lation materials will be distributed later. .

7. Return all materials, including the feedback form, to me 
at the correlation posttest.

Start reading the experimental materials BEFORE YOU READ THE TEXT. 
The materials will direct you to read specific sections in the 
textj return to the materials, and then read more in the text.
By the time you come to the end of the hand-out, you will have 
been asked to cover all of the text readings assigned in class
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for that unit. The study materials are designed to SUPPLEMENT 
NOT SUBSTITUTE for the usual classroom and textbook Instruction.

The time required to use the experimental materials is 
estimated to be about an hour, in addition to your usual study 
time. :

If you notice communication gaps,, lack of clarity, con
flict with lecture or textbook information, etc., please note 
them directly on the experimental materials. Please turn in all 
materials at the time of the correlation posttest. (If a con
flict of information should arise, assume your instructor is the 
more reliable source rather than the student materials.)

You will be a member of one treatment group. There are 
other groups, as well. For the study to be successful, it is 
essential that you do not share any information about your par
ticular experimental materials with anyone until June, 1976.
This includes people in your class now as well as those in other 
240 sections. Dr. Nicholson is supportive of the study and aware 
of his need to remain uninformed about the nature of the treat
ments . Please help make his role easier by not offering 
information. -

If you have any questions or comments about the study be
tween now and the end of the term, please do not hesitate to call 
me at 882—6707.

THANKS MUCH! ' •
Jan Atwood 

3/76
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Instructions to Students— Group III 

The activities I am asking you to do are part of the re
search for my dissertation. I invite your active participation 
and will be very grateful for your help. Your identity will re
main anonymous. Dr. Nicholson will not know who is participating 
in the study unless you reveal this information to him. There
fore, he will not raise or lower your grade due to participation 
in the study.

The study includes two units of material— ANOVA and cor
relation. The activities with which I need your help are:

1. Take a pretest on ANOVA and correlation.
2. Attend class as regularly as possible.
3. Do. the reading assignments made by the instructor.
4. Complete a feedback form for the ANOVA unit. (Form 

attached.)
5. Take a posttest at the same time as the course unit 

examination on ANOVA.
6. Repeat steps 2.-5. for the correlation unit.
7. Return the feedback form to me at the correlation

posttest.

You will be a member of one treatment group. There are 
other groups, as well. For the study to be successful, it is 
essential that you do not share any information about your par
ticular experimental materials with anyone until June, 1976.
This includes people in your class,now as well as those in other 
240 sections. Dr. Nicholson is supportive of the study and aware



of his need to remain uninformed about the nature of the treat
ments . Please help make his role easier by not offering 
information.

If you have any questions or comments about the study be
tween now and the end of the term, please do not hesitate to call 
me at 882.6707.

THANKS MUCH!
Jan Atwood 

3/76



APPENDIX.B

FEEDBACK POEMS FROM STUDENTS—
GROUPS I, II, AND III*

Each student was given a feedback form on which he or she 
reported how lecture, text, and treatment materials were used to 
facilitate his or her learning of statistics. Groups I and II 
received the same form; whereas the form for Group 111 requested 
feedback about the studentfs use of lecture and text material 
only. A copy of each of the two types of form follows.

*The materials in this appendix conform to standard dis
sertation format instead of the format in which they were origi
nally used.

71
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Student Feedback.About Experimental 

Materials— Groups 1 and II .
NOTE: Your responses will remain confidential. Dr. Nicholson
will not see them nor will their contents he revealed. Your
grade will NOT be affected in any way by your answers to the
following questions. Please answer- every question completely.

ANOVA and Correlation
The following,questions refer to both the ANOVA and cor

relation units. Enter the letter of your response under the ap
propriate column. Complete the questions for ANOVA, then go back 
and complete them for correlation.

ANOVA - Correlation
■ 1. During this unit, I 

attended lecture
a. Every time
b. Most of the time
c. Some of the time
d. None of the time

2. During this unit, I read
a. All of the text . 

readings.
b. Some of the text read

ings . (Estimate what
■ percent you read.)

c. None of the text
readings.



ANQVA Correlation
3. During this unit, I read

a. All of the experimental 
materials.

b. Some of the experimental 
materials.. (Estimate 
what percent you read.)

c. None of the experimental 
materials.

4. I read the experimental 
materials
a. • Prior to the first lec

ture in the unit.
b. After the first lecture 

but before the last one.
c. After the last lecture 

. in the unit.
d. Never. '

Do you have anything else to say 
about the time when you used the 
materials?

5. Of the assigned textbook
reading I did, I read it
a. Prior to the first lec

ture in the unit.
b. After the first lecture 

but before the last one.
c. After the last lecture • 

in the unit.
d. Never.
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ANQVA Correlation
Do you have anything else to
say about the readings? ■

6. I used the experimental 
materials
a. Prior to reading the 

text
b. Concurrent with the 

text.
c. After reading the text.
d. Not at all.

Do you have anything else to 
say about using the text and 
materials together?

7. How much time did it take 
to read through the experi
mental materials?

Effectiveness of Communication
The next few questions ask how the experimental materials 

communicated to you. Answer by writing on the materials them
selves as well as on these pages.
8. Is the language clear?

If not, where is it unclear?
Which unit? Which paragraph or sentences?
(Write on the materials if you wish.)
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9. Please indicate (on the materials) where:

A. The materials are especially confusing, too difficult, 
too simple, repetitive, etc.

B. The materials ate especially helpful.

10. Please give me any other comments that
A. Would help in revising the materials,

B. . You wish to make about the combination of materials,
text, and lecture.

Thank you for your help!
Jan Atwood 

3/76
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Student Feedback; Form— Group III '

NOTE: Your responses will remain confidential. Dr. Nicholson
will not see them nor will their contents be revealed. Your 
grade will NOT be affected in any way by your answers to the 
following questions. Please answer every question completely.

ANOVA and'Correlation
The following questions refer to both the ANOVA and cor

relation units. Enter the letter of your response under the ap
propriate column. Complete the questions for ANOVA, then go back 
and complete them for correlation..

ANOVA Correlation
1. During this unit, I

attended lecture
a. Every time
b. Most of the time
c. Some of the time
d. None of the time

2. During this unit,.I read '
a. All of the text 

readings.
b. Some of the text read

ings. (Estimate, what 
percent you read.)

c. None of the text
readings.



ANOVA
3. Of the assigned textbook

reading I did, I read it
a. Prior to the first lec

ture in the unit.
b. After the first lecture 

but before the last one.
- c. After the last lecture 

in the unit.
d. Never.

Do you have anything else to say 
about the readings?

4. Please give me any other 
comments you wish to make 
about the combination of 
lectures and readings.

Thank you very much for your help!

77
Correlation

Jan Atwood 
3/76



APPENDIX C • •

TASK ANALYSES FOR ANOVA AND CORRELATION

The two taxonomies here both reflect Gagne’s types of in
tellectual skills because Ausubel’s theory does not provide a 
specific taxonomy„ The taxonomies were used for development of 
the experimental treatments in the respective topic, ANOVA or 
correlation; the Ausubel instructional materials started with the 
most abstract, highest level represented in this task analysis 
and worked down. The opposite was true for the Gagne instruc
tional materials .
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COURSE
CONTENT

Problem-
Solving

Rules

Defined
Concepts

ENTERING
LEVEL

PREREQUISITE
BEHAVIOR

Complete Analysis 
of Variance

Components of Variance

i .Analysis of the Variance 
Mean Square 
Sum of Squares 
Variance

i
Classify basic 
statistics 

terms

F-Test

Assumptions for ANOVA

 1
Generate basic 

algebra 
solutions

Task Analysis for ANOVA



Problem-
Solving Analysis of Data in Research Examples

rAssumptions 
for PM-inferential

Assumptions 
for use

COURSE
CONTENT

Rules
Assumptions 

for PM-descriptive
Calculation 

of PM
Calculation 

of r^

Coefficient of 
determination 

defined

Calculation
of

significance 
test ̂

Significance 
test defined

Calculation

Other
coefficients

defined
Defined
Concepts

PM-coefficient
defined

ENTERING
LEVEL

Correlation 
defined 

 1

PREREQUISITE
BEHAVIOR

Classify basic 
statistics terms

Discriminate among the 
four levels of data

Generate basic 
algebra solutions

Task Analysis for Correlation



APPENDIX D

ANOVA AND CORRELATION EXPERIMENTAL 
MATERIALS--GROUPS I AND II*

Each of the two experimental group,s was given- supplemen
tary instructional materials for both ANOVA and correlation. The 
materials for Group I were designed from Ausubelfs theory; where
as those for Group II were designed from Gagne's theory„ Group 
III, the control group, received no supplementary instructional 
materials . The ANOVA and correlation materials - for Groups I and 
II follow.

*The materials in this appendix conform to standard dis
sertation format instead of the format in which they were origi
nally used..- Originals are in Appendix J .
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Group I 

ANALYSIS OF VARIANCE

I. PRELIMINARY CONCEPTS

Analysis of variance is based on several concepts. It is 
important.to understand these concepts before delving into the 
analysis of variance material. The numbers in parentheses refer 
to pages in the text (Fundamental Research.Statistics for the Be
havioral Sciences by John T. Roscoe, 1975) on which the terms are 
found. All except the last one have been part of the course 
prior to this unit„

population (p. 20) 
sample (p„ 20) 
variable (p. 5) 
criterion (p. 198)
parameter (p. 21) ,
statistic (p. 21)
random sample (pp. 155-157)
independent samples (p. 164)
dependent or related samples (p. 165)
normal distribution (pp. 45-46; p. 73-83)
central limit theorem (p. 163)
sum of squares (pp. 67-69)
variance (pp. 69-70)
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hypothesis (pp. 8 ; 170-177, especially 
pp. 170-172)

t-test (Chapters 23-25 on pp. 210-229, 
especially pp. 210-212)

degrees of freedom (pp. 212-213)
F test (Chapter 35 on pp. 285-291, ■
especially pp. 286-287)

power of a statistical test (pp. 184-186)
unbiased statistics (p. 57)
experimental vs. ex post facto research 
(pp. 189-190)

homogeneity of variance (definition, 
p. 288) '

In addition to the concepts in the box, it is important 
to understand double classification notation. Read Section 36.2, 
pages 293-294 in the text.
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II. OUTLINE

In the process of considering the key concepts in One-Way 
Analysis of Variance, the following topics will be covered.

Defintion, Concept, and Uses of 
Analysis of Variance

Assumptions in Analysis of Variance
Computation of One-Way Analysis of 
Variance

Performance of the F Test for
Significance of Differences Among 
Population Means
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III, DEFINITIONJ CONCEPT, AND USES OF ANALYSIS OF VARIANCE

Basically, Analysis of Variance (ANOVA) is a statistical 
technique used quite literally to analyze the variation in a 
given distribution. Diagram 1, on.the next page, illustrates how 
Analysis of Variance fits into the overall picture of statistical 
analysis, .

Earlier in the course, the t-distribution was used for 
hypothesis testing and for making inferences about independent 
and. related samples„ In Analysis of Variance the F-distribution 
is used for hypothesis testing and for making inferences about 
more than two groups of scores„ As Roscoe points out in Figure 
36,2, page 293, the groups can come from the same or different 
populations , If they come from the same population, each of the 
groups is given a different treatment and then measured on the 
criterion variable, .If the groups each come from different popu
lations , then group membership itself is the ’’treatment,f: no
treatments are given before measurements are made. For more in
formation about the use of ANOVA, read Section 36,1, page 292 in 
the text, .



One population 
from which . .

Three or 
more populations 
each of which 
is sampled

NATURE OF' 
DATA three or more 

samples are 
drawn to be 
treated 

differently

two samples 
are to be 
treated 

differently

STATISTICAL
TEST analysis of 

variance 
(ANOVA)

t-test

SIGNIFICANCE
TEST F-distributiont-distribution

Diagram I. The Role of ANOVA in Inferential Statistics
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IV. ASSUMPTIONS IN ANOVA

For ANOVA to be used appropriately, several ground rules 
must be established about both the way the data were generated 
in the first place and the population under scrutiny. The three 
basic assumptions in ANOVA are: .a) statistical independence of 
criterion measures, b) normal population distributions, and c) 
homogeneous variances. The text also mentions the possibility 
.of equal population variances.

Read Section 36.7 on pages 300-302 in the text on which 
the ground rules are discussed. . Assumption number 4. on page 
301 will be clearer by the end of the unit. The two paragraphs 
following assumption number 4. contain topics which will be 
covered in Unit IV. after ANOVA, e.g., the Kruskal-Wallis test, 
nonparametric statistics, R%. The last paragraph in Section 36.7 
starts on page 301 and ends on page 302. Be sure to read it.
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V. COMPUTATION OF ANOVA USING THE SUM-OF-SQUARE TECHNIQUE, 
INCLUDING THE F-TEST OF SIGNIFICANCE

Overview of ANOVA
ANOVA is similar to the simple t-test for independent 

groups in that means are compared to see if they differ signifi
cantly . The t-test evaluates differences between means by Com
paring variances with a standard (the standard deviation)„ 
Likewise, ANOVA evaluates differences of means by comparing 
variances in the relationship with a. standard. Read Section
36.4, pages 296-297 in .the text for an overview of the ANOVA 
procedure. Do not expect to understand all of the details; for 
example "mean square within."

Petitioning the Variance
In order to analyze the variance in a relationship, the 

various parts of the variance have to be identified and dealt 
with separately. These parts are called components or sources. 
There are two sources of variation: factors and within groups.

For a discussion of partitioning the variance, read 
Section 36.3, pages 294-296 in the text.
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Computational Procedures
Sections 36.5 and 36.6 on pages 297-300 in the text con

tain the procedures and an example of an analysis of variance.
As noted in the example, a summary table is a useful way to 
represent an analysis of variance..

VI. SUMMARY

ANOVA is a statistical, technique, used to analyze the 
variance in a distribution of criterion scores . The distribution 
must contain three or more groups. There are three basic assump
tions underlying one-way ANOVA. If these are met, the analysis 
can proceed. The variance is partitioned1 into its sources: 
between-groups (or factors) and within-groups. The statistical 
significance of the ratio of between-groups variance to within
groups variance is assessed using an F-ratio.

This concludes the text-accompanied portion of ANOVA.

J„ Atwood 
3/76
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Group I 

CORRELATION

I„ PRELIMINARY CONCEPTS

Correlation is based on several concepts. It is impor
tant to understand these concepts before delving into the corre
lation material. The numbers in parentheses refer to pages in 
the text (Fundamental Research Statistics ■ for the Behavioral 
Sciences by John T „ Roscoe, 1975) on which the terms are found. 
They have been part of the Course prior to this unit.

population (p. 20) 
sample (p. 20) 
parameter (p. 21) 
statistic (p. 21) 
measurement scales:

nominal or classificatory (pp. 15-16) 
ordinal (pp. 16-18) 
interval (pp. 18-19) 
ratio (p. 19) 

sum of squares (pp. 67-69) 
variance (pp. 69-70)
normal distribution (pp. 45-46; 83-84)

-■■-tii ■ z scores (pp. 75-78)



II. OUTLINE I .

In the process of considering the key concepts in corre
lation, the following topics will be covered:

Concept of Correlation and Use of Scattergrams
Pearson Product Moment Correlation C o e f f i c i e n t

Assumptions and Uses
Factors Affecting Its Value
Interpretation, Including Coefficient of 

Determination
Calculation

Correlation Matrix
Point Biserial Correlation Coefficient 
Significance Tests for Correlation Coefficients
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III, WHAT IS CORRELATION? .

All of the descriptive statistics you have used so far in 
the course (e ,g „ s mean., median, modes range, standard deviation, 
variance) have used one variable . Now' we turn to correlation, a 
statistical technique which can be used for descriptive purposes 
but, in contrast to the earlier statistics, describes the rela
tionship between two or more variables . Only the bivariate case 
(using two variables) will be-considered, here.

The descriptive statistics you used served to describe 
characteristics of distributions of scores„ In.addition, some 
of these statistics were indicators used in hypothesis testing 
procedures so that population inferences could be made. For ex
ample , means were used in t-tests . Variances were used in F- 
tests in the analysis of variance procedure. Correlation is 
another indicator that can be used for inference. ,

In previous hypothesis testing procedures, two or more 
variables were used. One variable was designated as a dependent 
variable, and the others were independent variables . Bivariate 
• correlation uses two variables, as well. However, neither vari
able is designated as the independent or the dependent variable. 
Therefore, correlation coefficients by themselves cannot tell us 
anything about cause and effect, that is, which variable "caused" 
the other to vary.

For a description of correlation, read Section 12,1, 
pages 93-94 in the text.
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Regardless of whether we are Speaking of correlation as 

represented by a Pearson product moment correlation coefficient 
or any other kind of correlation coefficient, the concept of cor
relation is the same: go - relation of two variables« The co
efficient indicates the magnitude (size) and direction (sign) of. 
the concomitant variation of the two sets of measurements. Con
comitant variation means that when the measures of one variable 
vary, those of the other variable do, too„ The measures can both 
increase, they can both decrease, or one can increase and the 
other decrease.

For those who are visually oriented., scattergrams are 
useful aids for understanding the•concept of correlation. For a 
.discussion of how scattergrams are used to illustrate various 
correlations, read Section 12 .2 , pages 94-97 in the text.

If you have not done scattergrams before, try graphing 
the data in the box, Figure 12 .1 , page 95 in the text. See if 
your plot looks like the plot in the figure.

The direction of the correlation coefficient is indicated 
by the sign of the coefficient. If the sign is +, the direction 
is positive. If the sign is..-, the direction is negative. A 
zero correlation means no relationship and no direction. As you 
may have noticed, the direction of the correlation coefficient is 
shown on a scattergram by the slant of the imaginary line that 
could be drawn through the center of the dots . If the line seems 
to go from the lower left of the scattergram toward the upper 
right, the relationship is positive and will yield a positive
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coefficient (Figure 12.1, page 95). If the imaginary line seems 
to go from.the upper left to the lower right, the relationship is 
negative (Figure 12.2, page 95)„

- The size of the coefficient is shown on the scattergram 
by the amount of spread in the dots . The more spread or scatter, 
the weaker the relationship between the two variables and the 
lower the correlation coefficient. •

The real value of making a scattergram before computing 
the correlation coefficient is to give you an idea of the nature 
of the relationship between the two variables ahead of time.
There are several reasons why you might need to know what the re
lationship "looks like.”

1. ' Correlation .assumes a linear relationship exists between
the two variables . If the relationship is not close to a 
straight line, another statistic probably would be 
appropriate.

2. Graphing scattergrams gives you a check on the computa- 
, tions. For example, if you look at the scattergram and
see a strong, positive relationship between the two vari- 
.ables, you would expect a large, positive.correlation 
coefficient„ If computation does not give you the kind 
of coefficient you expect, then you know something is 
amiss, either in the computation or in the scattergram.

3... Viewing the data sometimes saves calculating the coeffi
cient . For example, let us assume that you did an
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experiment and needed a very high correlation coefficient 
to reject the null hypothesis. If you looked at the 
scattergram of the data and found no pattern to the data 
as in the illustration below, you might elect not to even 
bother computing the correlation coefficient.

X

IV. ASSUMPTIONS OF THE PEARSON CORRELATION COEFFICIENT

The following are three basic assumptions for the use of 
the Pearson correlation coefficient. Assumptions 1. and 2. are 
the only ones needed for descriptive use of the coefficient.

1 . The data have been measured on at least an internal 
scale.

2. The relationship between the two variables is linear. A 
duscussion of the second assumption is found on page 96 
and the top half of page 97 in the text.

In addition to 1. and 2., a third assumption is needed 
for inferential use of the correlation coefficient.
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The variables together must form a special kind Of dis
tribution called a normal bivariate distribution. This 
means that each variable separately is normally distrib-- 
uted. The two normally distributed variables combine to 
form a normal bivariate distribution, which is said to be 
homoscedastic. All you need to know now is that the as
sumption of homoscedasticity exists„ It will be dis
cussed in Chapter 14 of Roscoe.



V . FACTORS WHICH. INFLUENCE THE VALUE OF THE CORRELATION 
COEFFICIENT

97

The correlation coefficient is influenced by some fea
tures of the measurements involved and unaffected by others„ For 
example, adding one or more constants to each measurement in a 
set does not affect the coefficient However', the magnitude is 
affected by features such as the range of variation of the mea
sures , the linearity of the relationship,, and the shape of the 
distribution of each set of measures.

. . For a discussion of the various factors which, influence
the value of the Pearson correlation coefficient, read Section
12.4, pages 99-100 in the text.
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VI. FACTORS WHICH INFLUENCE THE INTERPRETATION OF THE 

COEFFICIENT

Numerous factors influence the interpretation of the cor
relation coefficient. For instance, the coefficient, expressed 
in a decimal fraction, has no unit of measurement at all. It, 
indicates the strength (or extent) and positive or negative di
rection of the relationship between two variables NOT the propor-

. • s
tion or percent of the explained .variation between them.

The coefficient is not innately statistically significant 
or insignificant. Because statistical Significance is so closely 
tied to sample size, a test of significance is required to make a 
judgment about statistical significance.

The coefficient ignores the relative size of the vari
ables. Thus, we cannot tell which set of measurements has bigger 
numbers just by looking at the correlation coefficient.

Correlation refers to concomitant variation between two 
sets of measurements at.the same time. However, even though 
there is concomitant variation, we cannot tell anything about 
cause and effect by looking at a correlation coefficient.

For a discussion of factors which influence the interpre
tation of the coefficient, read Section 12.5, pages 100-103 in 
the text.
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VII. CALCULATION OF THE PEARSON PRODUCT MOMENT CORRELATION 

COEFFICIENT•

There are several ways to calculate the Pearson product 
moment coefficient. Some formulas use raw scores . Some use z 
scoreso Others use sums of products and sums of squares . The 
formulas in Roscoe do riot use raw scores; they use either z 
scores or sums of products and sums of squares.

Read Section 12.3, pages 97-99 in the text. Doing the
calculations suggested on page 99 should help you understand the 
coefficient better„

VIII. CORRELATION MATRIX

. For a discussion of the nature and uses of a correlation 
matrix, read Section 12 .*6, pages 103-104 in the text.

IX. THE POINT BISERlAL CORRELATION COEFFICIENT

The point biserial coefficient gives the same kind of in
formation as the Pearson coefficient. However, it is used when
one set of measures is an interval scale and the other is a nomi
nal scale which has only two values (yes-no; boy-girl; Pepsi- 
Coke; high-low).

Read Section 13.4, pages 113-115 in the text for an in
troduction to the point biserial correlation coefficient.
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X. TESTS OF SIGNIFICANCE OF CORRELATION: PEARSON AND POINT

BISERIAL COEFFICIENTS

Pearson and point biserial coefficients cannot be inter^ 
preted as statistically significant unless a significance test is 
made. For a discussion.of significance tests for correlation co
efficients 3 read Sections 13.1-31 A, pages 264-268 in the text.

This concludes the text-accompanied portion of the unit 
on correlation. These materials do not consider confidence in
tervals for the Pearson correlation coefficient„ If you instruc
tor has asked you to read Section 18.9, pages 168-169 in the test, 
please do so.

J. Atwood 
4/76
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Group II 

- • ANALYSIS OF VARIANCE

I. OBJECTIVES

By the end of this segment of the course, students who 
have knowledge of most of the key concepts in One-Way Analysis 
of Variance should be able to:

1. Define Analysis of Variance.
2. Identify what its uses are. -
3 „ Tell what assumptions are made in using the 

technique.
4 o Compute One-Way Analysis of Variance.
So Give the rationale for doing the 

computations.
6 . Petform the F test for significance and 

state the outcome of the hypothesis test.
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II. PRELIMINARY CONCEPTS

Analysis of Variance is based on several concepts which 
have been part of the course to date „ It is important to under
stand these concepts-before delving into the Analysis of Variance
material. There are two options at this point„

A. To see whether or not you understand the concepts listed 
in SELF TEST 1* on the next page, briefly define each one 
in the space provided. Then answer the accompanying 
questions . AFTER you have completed as many as you can, 
refer to the pages in parentheses beside each concept„ 
They are found in the course text: Fundamental Research
Statistics for the Behavioral Sciences by John T. Roscoe. 
The answers to the questions are on page 116.

S. Look up the concepts and answers first and then see if
you can define the concepts and complete the questions .

Either way, the important thing is to understand the con
cepts before going on.

*NQTE: The Self Tests are designed to give you a chance 
to practice using each concept and to give you immediate feedback 
on your performance. When you come to a Self Test, read it over 
and do all of. the items you think you need practice doing. On 
some tests you may elect to do all of the items, while on others, 
you may choose one problem of each type. In most tests more than 
one problem of each type is available.



SELF.TEST 1 : PRELIMINARY CONCEPTS

1 » population (p„ 2 0) 
sample (p. 20)
How do these two concepts differ?

2 o variable (p. 5)
Criterion (p, 197)
a o Give an example of a variable« What makes it a ' 

variable?

b 0 Distinguish between variable and criterion.

3. parameter (p. 21) 
statistic (p. 2 1)
How do these concepts differ?

4. random sample (pp. 155-157)
What is the difference between a random and nonrandom 
sample?

5. independent samples (p. 164) 
dependent or related samples (p. 165)
a. Give an example of two independent samples.

b . Give an ■example of two dependent samples .



6. normal distribution (pp. 45-46; 83-84)
Draw a normal distribution. Draw the mean.
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7. central limit theorem (p. 163) 
sum of squares (pp. 67-69)
What is the sum of all the unsquared deviations from the mean 
Of a distribution?

8 . variance (pp. 69-70)
When is a variance used?

9. hypothesis (pp. 8 ; 170-177, especially pp. 170-172)
Give an example of a Null Hypothesis.

10. t-test (Chapters 23-25 on pp. 210-229, especially pp. 210-212)
F test (Chapter 35 on pp. 286-291, especially pp. 286-287)
When is a t-test used in contrast to an F test?

1 1. degrees of freedom (pp. 212-213)
Which test(s) in question 1 0. utilize degrees of freedom?
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12o power of a statistical test (pp. 184-186)

What is it important to use a powerful statistical test 
whenever possible?

13 o unbiased statistics (p. 57)
Let ’s say. we have a statistic which underestimates the param
eter . If. we discover that the underestimate is very systema
tic, can we still say that the statistic is biased?

14. experimental vs. ex post facto research (pp. 188-190)
List three important differences between the two kinds of 
research.



In addition to the concepts in SELF TEST 1 , double 
classification notation is an integral part of analysis of vari
ance as presented by Roscoe = Read Section 36.2, pages 293-294 
in the test'for a review of the notation.

SELF TEST 2
To check your understanding of double classification no

tation, do the following exercises . The. scores - to which the ex
ercises refer are found on page 299 in the text. Answers are 
found in ANOVA Answers, page 117.

. 1. If k equals the, number of samples, what is the value
of k?

2. If nj equals the number of subjects in any sample, 
what is the value of nj?

3. In the variable of X y , i refers to the subject num-
* ber and j refers to the group or sample number.

What is the value of the following?

a° x13 = d ° X33 =
b . X31 - e . X82 =

Co X21 = f 0 ^12 =
4. If j = 3, what is the value of:
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III. WHAT IS ANALYSIS OF VARIANCE (ANOVA)

AND WHAT IS IT GOOD FOR (USES)?

Basically, Analysis of Variance (ANOVA) is a statistical 
technique used quite literally to analyze the variation in a 
given' relationship.

Read Section 36,1 about the uses of ANOVA„

SELF TEST 3
To check your understanding of the basic definition and 

use of ANOVA,
1 o Briefly define ANOVA„
2„ What is the main use of ANOVA?

(Answers appear in ANOVA Answers «)
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IV. SUM OF SQUARES AND MEAN SQUARE

"Sum of squares" and "mean square" are very important for 
ANOVA. The purpose of this section is to bring to mind the essen
tials of each. Their uses and calculations will be discussed in 
Sections V . and VI. You may recall the following about the sum 
of squares.

SUM OF SQUARES Definition of Sum of Squares . A sum of
squares (SS) is the sum of two or more 
squared deviations from the mean. You 
may remember that the formula for the 
variance is:

Sz = (Roscoe 1975, p. 70)

The numerator is the sum (s) of the squared deviations (X^-M)^ 
of each score from the mean of the distribution. [SS=I(X^-M)2]
As was discussed earlier in the term, if we substract X^-M for 
all scores and then add up all of the deviations, the result will 
be zero. Therefore, each deviation must be squared before sum
ming occurs.

KINDS OF SS. Example: Suppose we have a distribution containing
the scores on a statistics test for all students (X) in the class . 
That distribution has a single grand mean (M). Some of the stu
dents in the class are Education majors (Xg), some are Physical 
Education majors (Xp), and the rest have other majors (Xq )„ The 
group of scores for all of the Education majors has its own mean 
(Me ) as does the group of scores for Physical Education
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majors (Mp) and the group for others ( M q ) . (The means could be 
identical. Let us assume they are different„)

There could be three kinds of sums of squares represented 
in this example. The first is the sum of squared deviations of 
each individual score from the grand mean of the distribution; 

ZCXy-M)2
The second is the sum of squared deviations of each individual’s 
score from the mean of his own group. In this case there are 
three such SSs, one for the Education majors;

I(X1E-MB )2 

one for Physical Education majors:
ICXip-Mp)2 

and one for the other majors:
I(Xio-Mo)2

The third kind of 88 is the sum of the squared deviation of each 
group mean from the grand mean. In this case it would be the 
squared deviation of the Education majors’ mean from the grand 
mean (Mg-M)2 plus the squared deviation of the Physical. Education 
majors’ mean from the grand mean (Mp-M)2 plus the squared devia
tion of the other Majors’ mean from the grand mean ( M q - M ) ^ „

MEAN SQUARE
The second concept is mean square. A sum of squares (88 )

is converted into a mean square (MS) by dividing the 88 by the
ssappropriate degrees of freedom (df) (MS = ^ ) . This mathematical
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conversion changes the SS into a variance estimate as in the 
formula for sample variance discussed above". Any kind of SS can 
become a MS by dividing it by the appropriate df.

SELF TEST 4
To check your understanding of the concepts of sum of 

squares and mean square, indicate whether each of the following 
statements is true or false „ Correct each false statement „

1 . The sum of squares is a.variance estimate.
' , ■ - -  -

2. Measurement error is the name given to variation be-
. . tween the means of the groups .

' V. PARTITIONING THE VARIANCE

In order to analyze the variance in a relationship, the 
various parts of the variance have to be identified and dealt 
with separately. These parts are called components or sources. 
There are two sources of variation: factors and within groups.
Recall the discussion of kinds of sums of squares, Section IV.
For a discussion of partitioning the variance and how SS and MS 
are used in ANOVA, read Section 36.3, pages 294-296 in the text.

SELF TEST 5
To check your understanding of partitioning variance, 

complete both of the following items for each exercise below. 
Answers are in ANOVA Answers.
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a„ How many sources of variance are there? 
b 0 Name each source of variance.

1 o Problem 36.5, page 303„
2„ Problem 36.6, page 303.
3. Problem 36.2, page 302,

. 4. Problem 36.4, page 302.

VI. COMPUTATION OF ANOVA USING THE SUM-OF-SQUARE TECHNIQUE, 
INCLUDING THE F-TEST OF SIGNIFICANCE

The task in ANOVA is to analyze the various parts or 
sources of the variance in the data at hand to see which, if any, 
of the treatment factors were important. Read Sections 36.5 and 
36.6 on pages 297-300 in the text for procedures and an example 
of how to do an ANOVA. As noted in the example, a source table 
is a useful way to summarize an analysis of variance.

SELF TEST 6
To test your computational ability, do the examples be

low. Answers are in ANOVA Answers.
1. Refer to Problem 36.1, page 302.

a. What is the null hypotheses?
What is the alternate hypothesis?

b. What is the iy for each group?
. c. What are the degrees of freedom for the F-ratio?

For the .05 level, what value of F must be ob
tained to reject the null hypothesis?



• ■jo- Complete a summary table, 
k. Compute F,
1, Will you accept or reject the null hypothesis?

2 , Refer to Problem 36 ,4, pages 302-303 „ Complete the 
analysis of variance for the ,01 level of statistical 
significance. ANOVA Answers includes both the answers 
and the equations, in case you do not wish to do the 

. calculations„

VII. SUMMARY OF THE ANOVA PROCEDURE

AMOVA is .similar to.the simple t-test for independent 
groups in that means are compared to see if they differ signifi
cantly. The t-test evaluates differences between means by com
paring variances with a standard (the Standard deviation). 
Likewise, ANOVA evaluates differences, of means by comparing vari
ances in the relationship with a standard. Read Section 36.4,. 
pages 296-297 in the text for a summary Of the ANOVA procedure.
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SELF TEST 7

To check your understanding of the MOV A procedure, list 
in sentence form each of the steps required in the procedure„
Check your answer on pages 296-297 in the text.

VIII. ASSUMPTIONS IN ANOVA

For MOV A to be used appropriately, several ground rules 
must be established about both the experiment which generates the 
data in the first place and the population under scrutiny. The 
three basic assumptions in MOVA are: a) statistical independence
of criterion measures, b) normal population distributions, and c) 
homogeneous variances „ The text also mentions the possibility of 
equal population variances. Read Section 36.7 on pages 300-302 in 
the text on which the ground rules are discussed. The two para
graphs following assumption 4, page 301, contain topics which will 
be covered in Unit IV. after ANOVA, e.g., the Kruskal-Wallis test, 
nonparametric statistics, R2, The last paragraph in Section 36.7 
starts on page 301 and ends on page 302. Be sure to read it.

SELF TEST 8
To check your understanding of the general nature of the 

MOVA assumptions, list the basic ANOVA assumptions. Check your 
answer above.
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IX. OVERALL SUMMARY OF MOVA

Basically, ANQVA is a statistical technique used to ana
lyze the variation in a distribution. ANOVA is similar to the 
simple t-test for independent groups in that means are compared 
to see if they.differ significantly. ANOVA and the t-test differ 
in that ANOVA is useful for more than the 2-group problems the 
t-test was designed to solve.

The data to be analyzed should meet three or four assump- . 
tions if ANOVA is computed. The data may be gathered in experi
mental or ex post facto research.

The task is ANOVA is to partition the sources of variance 
in the data into its sources . and then check to see if the factor 
variance is important. In one-way ANOVA this task is accomplished 
by computing a variance estimate (mean square) for each of the 
two sources of variance and then assessing the statistical sig
nificance of the findings by using an F-ratio with the appro
priate degrees of freedom. From the results of the hypothesis 
test just described, we can decide whether or not the factors had 
an important role in the relationship with the criterion variable. 
However, we cannot tell which factor(s) played the important 
role(s) without additional tests. .
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SELF TEST 9

To test your understanding of the use and computation of 
a one-way analysis of variance, answer the following questions „
They refer to Problem 36.2, page 302. Answers are in ANOVA
Answers unless, otherwise stated.

1. Let's suppose you told a friend you are going to perform 
an ANOVA on these data. If the friend asked you what 
ANOVA was, what would you tell him/her?- (The answer I
would give my friend is in the first paragraph of the
summary.)

2. Which use of ANOVA does Problem 36.2 represent?
3. If you did an ANOVA on the data in the problem, what 

assumptions about the data would you be making?
4. Compute an ANOVA.

5. Test the hypotheses of equal means.
6 . Tell the rationale for each maj or step in 4. and 5. 

above. Check your rationale with paragraph three in the 
summary.

This concludes the text-accompanied portion of ANOVA.

J . Atwood 
3/76
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MOV A ANSWERS

ANSWERS TO SELF TESTS 1-6 AND 9

SELF TEST 1
1o Population refers to the entire collection of people or

things in question. Sample is a portion of the population.
2 „ a „ Height— Height is a quality which changes (or varies )

from One person or circumstance to another.
b . A criterion is a special type of variable--a dependent 

variable. . .
3. A parameter refers to a characteristic in a population; 

whereas a statistic refers to a characteristic of a sample.
4. A random sample is free of ordered differences, or bias, in 

its selection process because each element has an equal or 
known chance of being selected. In a nonrandom sample, each 
element of the population has an unknown chance of being 
selected in the sample.

5. a. Randomly sample 50 students from a class list and give
them the pretest. After the course is over, randomly
sample another 50 students and give them the posttest.

b. Posttest the same 50 students you pretested.
6 . See Figure 1 0.6, page 85. 7. Zero
8 . Variance can be used when a measure of variability, spread, 

or dispersion is desired. In contrast, a mean may be used 
when a measure of central tendency is required.

• 9. Null Hypothesis: meanq = meang (an hypothesis of no differ
ence or equality).

1 0. t is used with two independent means or two proportions; 
whereas F is used with two variances.

11. Both.
1 2. The more powerful the test, the more likely a true differ

ence will be discovered if it is present.
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13 o Yes„ The systematic feature of the underestimate makes it 
bias rather than something else „

14„ See page 190 in the text..

SELF TEST 2 . . '
1. k = 3,o. There are 3 groups or samples.
2 . nj = 8 for the first two groups because there are 8 scores 

in each of them, nj = 7 for the last group because there
are 7 scores

3 , a. X13 = 9
. b.

0 . -
X3l = :.;8 

X21 = 64
d. sIIK)

>P

e. CMIICMGO
X

f . x|2 # 36
4» a. T3 = 49

b. T§ = 353

SELF TEST 3
1 . Basically, analysis of variance is a statistical technique 

in which the variance in a relationship is analysed. It is 
similar to the t-test for independent groups .

. 2 . The main use of MOV A is: to test for significant differences 
among the three or more means in a relationship.

SELF TEST 4
1. False. The mean square (sum of squares divided by the ap

propriate degree of freedom) Is a variance estimate.
2 . False. MS for the groups or SS(QroUp).
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SELF TEST 5
a. 2 sources „
b . The factor or between^groups source is sample „ The 

other source is within-groups variance„
a - 2 sources
b 0 The factor or between-groups source is sample. The 

other source is within-group variance,
3. a ,

bo The factor of between-groups source is national heri
tage . The other source is within-groups variance.

b. The factor or between-groups source is teaching tech- 
• nique. The other source is with-groups variance

SELF TEST 6 ' '

I. a. H: ui =p,2 . = U] A; Ui ¥ U2 ¥ Uz
bo n j  = 4 ;  n2 = 4 ;  n^ = 4

: -‘O O -f O p ■

• R: F > 4.26 '
d. ZXX2 = (0)2 + (I)2 + (I)2 + (2 )2 + (I)2 + (I)2 + (2 )2 +

(2 )2 + (3 )2 + (3)2 + (4 )2 = 66
„2e ° „ Ti (Q + l + 1 +  2)^ (1 + 1 + 2 + 2)^

2 nj " 4 + 4
(3 + 3 + 4 + 4.)2 = p.94

f. T2 _ (0+1+1+2+1+1+2+2+3+3+4+4)2 _ ^■f- -  12 ”



SUMMARY TABLE

Source of variation df
Sums of 
squares

Mean
squares

Between 2 14 7
Within . 9 : 4 0.444
Total 11 16.'

MSb 7F = 0 ^ =  ^'77,.df = 2, 9

Reject the null hypothesis. There is an important dif
ference among the means.



H: yi = ji2 = ]i3 = ̂ 4 '

A: Ul 5̂ U2 ^ U3 ^ P4
nj = 8; n2 = 7; n3 = 8; n4 = 7
.05 level, df - 3* 26
R: F 2  4.64
EDO2 = (I.)2 + (I)2 + (I)2 + (I)2 + . . . (5)2 = 

= (1+1+...2 ) + (2+2 .. .3 ) + (1+2+3...5) _
n.j 8 10 10

216

196

£  - (H-l+.-.S)2 = (70)2 = 175 
N 8+10+10 28

SSb = 2-1 - |- + 196 - 175 = 21L n- N

SS-l on
® b  = a i  = ^  = 1 0 -5

W

SS*

9= .EZX - Z—1 = 216 -
nj

196 = 20

Q GO

O m2= SEX - 1- = 216 - 175 = 41

SU W R Y  TABLE

Source of variation 1 df i
I Sums of: 
I squares

Mean' 
squares

Between 2 21 10.5
: Within j 25 20 00°

|Total | 27 41
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F =
MSj
MSw

10.5
0.8 = 13.125

Reject null. There ate important differences in the means, 

SELF TEST 9
2 . A test of difference of means in an ex post facto study.
3. Assumptions:

1. Statistical independence of criterion measures (rating 
on scale of value on education).

2. Normal population distributions for each of the four 
national'heritage groups.

3. Homogeneous variances of ratings within each heritage 
• group.

SUMMARY TABLE

Source.of variation
Degrees of 
.. .freedom

Sum of 
squares

Mean
square

Between heritage 
groups 3 19.59 6.53

Within heritage 
groups. 16 112 .64 7.04

Total
-

19 132 .23

5. F > 3.24; df = 3, 16. F - 0.93. Retain the null
hypothesis. There are no important differences among 
the means.
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CORRECTIONS 
Group II. ANALYSIS OF VARIANCE

p. Ill Self Test 6
■ 2. Refer to Problem 36.5, page 303.

ANOVA Answers, p. 12 0 

. 2 . H: p j  =  ji 2 =

• A: # P 2 ^ ^3

= 8; n2 - 10; = 10
.01 level, df ==.2, 25 

• R: F > 5.57

J. Atwood 
' 4/76



Group II 
CORRELATION

I. OBJECTIVES

By the end of this segment of the course, students who 
have knowledge of most of the key concepts in correlation should 
be able to:

I.. Define the concept:- correlation„
2 „ Generate a scattergram from selected data.
3. Predict the size and sign of the correlation 

coefficient in the scattergram.
4. Identify the assumptions for the Pearson product 

moment correlation coefficient.
5.’ Identify the uses for the Pearson correlation 

coefficient.
6 . Compute a Pearson product moment correlation 

coefficient in selected problems.
7. Interpret the meaning of the coefficient.
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8 . Generate the significance level of a Pearson 
correlation coefficient „

9. Compute and interpret a coefficient of 
determination.

10. Identify the uses for the point biserial 
correlation.

11. Discriminate between the uses of the Pearson 
and point biserial coefficients.

12 . Construct a symmetric correlation matrix from 
a set of coefficients .
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II. PRELIMINARY CONCEPTS

Correlation is based on several concepts which have been 
part of the course to date. It is important to understand these 
concepts before delving in the correlation material.. There are 
two options at this point.

A. To see whether or not you understand the concepts listed 
in SELF TEST 1* on. the next page, briefly define each one 
in the space provided. Then answer the accompanying 
questions. AFTER you have completed as many as you can, 
refer to the pages in parentheses beside each concept. 
They are found in the course text:. Fundamental Research. 
Statistics for the Behavioral Sciences by John T. Roscoe. 
The answers to the questions are found in pages 141-142.

B „ Look up the concepts and answers first, and then see if 
you can define the concepts and complete the questions.

Either way, the important thing is to understand the con
cepts before going on.

*NOTE: The Self Tests are designed to give you a chance 
to practice using each concept and to give you immediate feedback 
on your performance. When you come to a Self Test, read it over 
and do all of the items you think you need practice doing. On 
some tests you may elect to do all of the items, while on others, 
you may choose one problem of each type. In most tests more than 
one problem of each type is available.



SELF TEST 1: PRELIMINARY CONCEPTS

1o Define each. How do these concepts differ? 
population (p.20) 
sample (p. 20)

2. How do these concepts differ? 
parameter (p. 21) 
statistic (p. 21)

3. Differentiate among the following measurement scales. 
Give an example of each.
a. Nominal (pp. 15-16)
b. Classificatory (pp. 15-16)
c. Ordinal (pp. 16-18)
d. Interval (pp. 18-19)
e. Ratio (p. 19)

4. Define. Why are deviations often squared? 
sum of squares (pp. 67-69)
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5. variance (pp. 69-70)
a„ What is the "variance” of a set of sample data? 
b„ What is the formula for finding the variance ?

6 o normal distribution (pp. 45-46; pp„ 83-84) 
a. Draw a normal curve. 
b „ Draw the mean.

7o z scores (pp. 75-78)
a. What are the mean and standard deviation of a 

z distribution? 
b„ List at least three characteristics;of' z^score 

distributions.

8 . Differentiate between the following uses of statistics .
a. Descriptive (p. 20)
b. Inferential (pp. 20-21)
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III. WHAT IS CORRELATION?

For a description of correlation, read Section 1 2.1 , 
pages 93-94 in the text. Concomitant variation, mentioned, on 
page 94, means that. when the measures of one variable vary, those 
of the other variable do, too. The measures can both increase, 
they can both decrease, or one can increase and the other 
decrease.

SELF TEST 2
To check your understanding of the meaning of it, describe 

correlation to include the following items.
1. The number of variables used .
2 . The main feature of the variation being analyzed.
3. The chief characteristics of correlation coefficients .

(Answers are found in Correlation Answers.)

iv. Calculation of the pearson product moment correlation
COEFFICIENT

Read Section 12 .3, pages 97-98 in the text. For mastery 
of the calculation of the Pearson correlation coefficient, it is 
important that you do the calculations suggested on page 99.
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V. ASSUMPTIONS OF THE PEARSON CORRELATION COEFFICIENT

The following are three basic assumptions for the use of 
the Pearson correlation coefficient. Assumptions 1 . and 2. are 
the only ones needed for descriptive use of the coefficient.

1 . The data have been measured on at least an interval 
scale..

2 o The relationship between the two variables is linear.

A discussion of the second assumption is found on page 96 
and the top half of page 97 in the text.

In addition to 1. and 2,, a third assumption is needed 
for inferential use of the correlation coefficient.

3. The variables together must form a special kind of dis
tribution called a normal bivariate distribution. This 
means that each variable is normally distributed. The 
two normally distributed variables combine to form a 
normal bivariate distribution which is said to be homo- 
scedastic. .All you need to know is that homoscedasticity 
exists. This assumption of homoscedasticity will be dis
cussed more in Chapter 14 of Roscoe„
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SELF TEST 3

To check your understanding of interval scales and linear 
relationships, answer the following questions. Answers are found 
in Correlation Answers .

1 . Which of the following are interval or ratio scales?
a. height (inches) e. teaching methods
b. weight (pounds) f. temperature (Centigrade)
c. race g . class ranks
d . sex h. raw scores

2. Which of the following are linear relationships?



3. Which of the four measurement scales can be used if data 
are to be analyzed via the Pearson product moment corre
lation coefficient? (Circle all that apply „) 
a, Ratio " c „ Interval
b„ Nominal or categorical d , Ordinal •

4„ Which of the following can .be. assessed by a Pearson" cor
relation coefficient? (Circle all that apply.)
a. Linear relationship
b. Curvilinear relationship
c. Neither of the above

VI. FACTORS WHICH INFLUENCE THE VALUE OF THE CORRELATION 
COEFFICIENT

For a discussion of the various factors which influence 
the value of the Pearson correlation coefficient, read Section 
12.3, pages 99-100 in the text.

SELF TEST 4
To check your understanding of the factors which influ

ence the Pearson correlation coefficient, indicate whether the 
following statements are true or false. Answers are found in 
Correlation Answers.

1 . If group A has a variance of 7.3 and group b has a vari
ance of 8.9, the correlation coefficient for group B is 
expected to be larger than the one for group A„



Even though the curvilinear relationship for a pair of 
variables is very strong (large), the Pearson coefficient 
will underestimate the magnitude Of that relationship.
The Pearson coefficient for two sets of scores is in
creased in direct proportion to the size of a constant
added to each member of each set of scores „
If one distribution is skewed to the left and the other 
to the right, the average Of the distributions permits 
the correlation coefficient to potentially reach its 
maximum of 1 ,0 „
The correlation between a nominal and an ordinal scaled 
variable can reach unity the same as the correlation be
tween two interval scaled variables.
The fifth grade girls and boys took achievement tests in 
reading and mathematics. The variances of the scores for 
the boys was bigger than the variance of the girlsT 
scores„ Thus, we would expect the correlation between 
reading and math scores for the girls to be higher than
the correlation coefficient for the boys„
The scattergram for a set of data shows that all of the 
data points (dots) form a straight, slanting line. We 
can be fairly sure that the Pearson coefficient will ac
curately reflect the size and direction of the relation
ship between the two variables.
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8 , If we are correlating the measurements of two variables,

it does not matter if the distributions are quite skewed.
9. If we are correlating the measurements of two variables,

it does not matter if the means are different „

VIIo FACTORS WHICH INFLUENCE THE INTERPRETATION OF THE
COEFFICIENT

For a discussion of factors which influence the interpre
tation of a coefficient, read Section 12.5, pages 100-103 in the 
text.

SELF TEST 5
To check your understanding of the factors influencing 

the interpretation of correlation coefficients, answer the fol
lowing questions. Answers are found in Correlation Answers.

1. What is the difference between a correlation coefficient 
and a coefficient of determination?

2 o A useful rule of thumb is that a correlation of .50 is a
significant one, regardless of sample size. (True or
False)

3. What is.the coefficient of determination for a Pearson r?
4. What is the coefficient of determination for a correla

tion of 0.70?
5. If the coefficient of determination is ,0.81, what is the 
... ̂.soirBespoiiiding - -product moment coefficient?
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VIII. CORRELATION MATRIX

For a discussion, of the nature of a correlation matrix, 
read Section 12.6, pages 103-104 in the text.

SELF TEST 6
To check your understanding of the format of a correla

tion matrix, construct a matrix of the following correlations.

*12 =  «8 

*13 ~ A  

*23 * °5

Hint: The correlation of each variable with itself is 1.0.
(Answers in Correlation Answers.)
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IX. TESTS OF SIGNIFICANCE OF CORRELATION: PEARSON AND POINT

BISERIAL COEFFICIENTS

Pearson correlation has been the focus of the discussion 
this far. Read Section 13,4, page's 113-115 in the text for an 
introduction to the.point biserial correlation coefficient.

SELF TEST 7
To check your understanding of the point biserial com

pared to the Pearson coefficient, do exercise 13.7, page 119 in 
the texto The answer is on page 473.

The Pearson and point biserial coefficients cannot be 
interpreted as statistically significant unless a significance 
test is made. For a discussion of significance tests for corre
lation coefficients, read Sections 31.1-31.4, pages 264-268 in 
the text.

SELF TEST 8
To check your understanding of a significance test for 

correlation coefficient, do exercise 31.3, page 269. The answer 
is on page 475 in the text.

If you want additional practice, do the other exercises 
on page 269. Answers are on page 475 in the text.
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X. CORRELATION AND SCATTERGRAMS

For a discussion of how scattergrams are used to illus
trate various correlations, read Section 1 2.2 , pages 94-97 in the 
text.

If you have not done Scattergrams before, try graphing 
the data in the box. Figure 1 2.1 , page 95 in the text. See if 
your plot looks like the plot in Figure 12.1,

SELF TEST 9
To check your proficiency at making scattergrams, graph 

.the data from Exercise 12,1, page 104 in the text. Compare your 
scattergram with the one in Correlation Answers.

If you want additional practice, graph the data in the 
boxes next to Figures 12.3, 4, and 5, pages 96-97 in the text. 
Match your drawings with the figures .

/The direction of a correlation coefficient is indicated 
by the sign of the coefficient. If the sign is +, the direction 
is positive« If the sign is -, the direction is negative, A 
zero correlation means no relationship and ho-direction. As you 
may have noticed, the direction of the correlation coefficient is 
shown on a scattergram by the slant of the imaginary line that 
could be drawn through the center of the dots . If the line seems 
to go from the lower left of the scattergram toward the upper 
right, the relationship is positive and will yield a positive 
coefficient (Figure 1 2.1 , p. 95). If the imaginary line seems
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to go from the upper left to the lower right, the relationship is 
negative (Figure 12,2, p. 95).

The size of the coefficient is shown on the scattergram 
by the amount of spread in the dots . The more spread or scatter, 
the weaker the relationship between the two variables and the 
lower the correlation coefficient.

Regardless of whether we are speaking of correlation as 
represented by a Pearson product moment correlation coefficient 
or any other kind of correlation coefficient, the concept of cor
relation is the same: co - relation of two variables . The coef
ficient indicates the magnitude (size) arid direction of the. 
concomitant variation of the two variables.

SELF TEST 10
Try your hand at predicting the size and direction of the 

correlation coefficient, ■ For each of the following examples, 
tell whether the-size of the coefficient would be large, medium, 
small, or nonexistent (in the case of no relationship), and 
whether the coefficient would be positive, negative, or neither 
(in the case of no relationship). Use Figures 12.1-12.5, pages 
95-97 in the text for guidelines if you wish. Answers are found 
in Correlation Answers.



4. 5. 6.

The real value of making a scattergram before computing 
the correlation coefficient is to give you an idea of the nature 
of the relationship between the two variables ahead of time.
There are several reasons why you might need to know what the re
lationship "looks like."

1. Correlation assumes a linear relationship exists between 
the two variables. If the relationship is not close to a 
straight line, another statistic probably would be 
appropriate.

2. Graphing scattergrams gives you a check on the computa
tions. For example, if you look at the scattergrams and 
see a strong, positive relationship between the two 
variables, you would expect a large, positive correlation
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coefficient. If computation does not give you the kind 
of coefficient you expect, then you know something is 
amiss, either in the computation or in the scattergram.

3. Viewing the data sometimes saves calculating the coeffi
cient. For example, let us assume that you did an experi
ment and needed a very high correlation coefficient to 
reject the null hypothesis. If you looked at the scat
tergram of the data and found no pattern to the data as 
in the illustration below, you might elect not to even 
bother computing the correlation coefficient.

X



SELF TEST 11
To check your understanding of the concept of correlation 

in generals scattergrams, and Pears.oh correlation Coefficients, 
do the following exercises. Answers are in Correlation Answers .

Look at your scattergram from Exercise 1 2 .1 , page 104 in 
the text.

1 . Tell the size and direction of the relationship between 
the two variables.

2. What size and direction will the correlation coefficient 
have?

3. Do Exercise 12 .l.b. on page 104 in the text.
4. Do Exercise 1 2.2 .a., page 104 in the text. Tell the size

and direction of the relationship between the two 
variables.

* 5. What size and sign will the correlation coefficient have?
6 . Do Exercise 1 2.2 .b. on page 104 in the text.

This concludes the text-accompanied portion of the unit 
on correlation. These materials do not consider confidence inter
vals for the Pearson correlation coefficient. If your instructor 
has asked you to read Section 18.9, pages 168-169 in the text, 
please do so.

J. Atwood 
4/76
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CORRELATION ANSWERS

A N S W E R S  TO. S E L F  T E S T S  1 - 6  AND 9 - 1 1

SELF TEST 1
1 o Population refers to the entire collection of .people or

things in question. Sample is a portion of the population„
2,, A parameter refers to a characteristic in a population;

whereas a statistic refers to a characteristic of a sample.
Nominal— a qualitative set of measures which can be 
categorized but has none of the other properties of 
c .-e „ (eye color, for example)„
Classificatory— same as a.
Ordinal— a set of measures with the properties of a. and 
the added property of order among the categories (short, 
shorter, extremely short, for example)„
Interval— a set of measures with all of the properties 
of c. plus equal distance between each scale point or 
interval (seconds of time, for example).
Ratio-— a set of measures with all the properties of d . 
plus an absolute, unwavering zero point (centimeters of 
height, for example).

4. A sum of squares is the sum of the squared deviations of a 
set of scores around its mean. . Squaring is a mathematical 
convenience to avoid working with negative numbers, and, 
more important, to.circumvent the Central Limits Theorem 
which states, "The sum of the unsquared deviations of a set 
of Scores from its mean is equal to 0 ,"

5. ao The variance of a set of sample data is a measure of the
dispersion (or spread) in the data. It is the mean (or
average) of the squared deviations from the mean of the
distribution (or set of data).

3 „ a .

b,
c,

e .

b. n 2 _  l ( X i  - X) _  SS
3 ~ — WT~ ~ ill
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6 . a. A normal distribution is a collection of measurements
which, when put on a graph, approximates the normal 
curve. This curve is characterized by its symmetrical, 
bell shape with its maximum height at the mean.

b. See Figure 10.6, page 85.
7. a. mean = 0; standard deviation =1.

b. See page 76 in the text. These properties are the im
portant reason why z scores are Often used to compute
correlations. The key is that z scores are independent 
of the units in which the measurements were originally 
taken, but the shape of the distribution of scores stays 
the same when transformed into z scores„

8. Descriptive statistics are used to describe a set of data, 
whereas inferential statistics permit us to make generaliza
tions to the population from which the sample data came.

SELF TEST 2
Correlation is a statistical description of how two vari

ables are related. It describes the concomitant variation of the 
variables. (Concomitant variation is "varying together." When 
the value of one variable goes up, the other varies, too, either 
up or down.)

A correlation coefficient is the statistical index used 
to express correlation. The coefficient indicates the degree, 
magnitude, or strength of the relationship as well as its direc
tion (positive or negative). The range of a coefficient is usu
ally +1 to -1 . A coefficient of 0.0 indicates no relationship at 
all between the variables being analyzed.

SELF TEST 3
1 . a, b, f, h,
2 . a, d.
3. a, c
4. a.
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SELF TEST 4
1» True.
2o True o
3 „ False, The coefficient is unaffected .
4 „ Falseo Only similarly distributed variables can have coef

ficients of +1.0 or -1.0. (This involves assumption 3.)
5. False. . Only the correlation coefficient between two inter

val scales can reach a maximum of unity. (This involves 
assumption 1 .)

6 . False.
7. True. Assessing the magnitude (size) and direction (sign) 

of linear (Straight line) relationships is what Pearson r 
does best„

8 . True, if you are using correlation to describe a distribu
tion.
False, if you are using correlation inferentially. We need 
to have normally distributed (not skewed) distributions of 
scores in order to .obtain a correlation coefficient with 
which to make meaningful population inferences .

9. True. The central tendency of each Set of measurements does 
not matter when computing correlation coef ficients . Usually, 
the variables are measured on different scales (e.g., inches 
and pounds). Comparing means would be useless.

SELF TEST 5
1 . The correlation coefficient is expressed in decimal form and 

indicates the magnitude and direction of a relationship be
tween two variables. The coefficient of determination is 
the proportion or percent of the variation in one variable 
accounted for by the other. Neither coefficient shows 
either the statistical significance of the relationship or 
the units in which the variables were measured.

2. False. • The -statistical significance of a correlation coef
ficient is related to,sample size. Also, the meaning (or 
substantive significance) of the coefficient depends largely 
upon the use to which the coefficient will be put.
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3. rz
4. .49 = 49%
5. r = 0.81 = 0.90

SELF TEST 6 
Correlation Matrix:

Variable 1 2 3
1 1.0 .8 .7
2 .8 1.0 .5
3 .7 .5 1.0

SELF TEST 9

• *

SELF TEST 10
Note: There is plenty of disagreement among experts about the
size of correlations, e.g., how much scatter is really "medium." 
The important thing is to be able to look at a scattergram and 
to make a fairly good guess, e.g., guessing "small" when the key 
says "small" or "medium."
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1 . Large negative
2 . Small positive
3. No relationship (no size, no direction)
4. No relationship
5. Medium negative
6 . Small negative

SELF TEST 11
1 . moderate, positive
2 . same; moderate and positive
3. +0.517
4. 10

Y

0 X 10
moderate, negative

5. same ; moderate, negative
6 . -0.792



APPENDIX E

CHARACTERISTICS OF AHSUBEL'S 
AND GAGNE'S THEORIES

The chief characteristics of each theorist's model are found 
in the two summaries which follow.

146
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Characteristics of Ausubelf s Theory 

of Meaningful Verbal Learning
Ausubel$s theory is from the Cognitivist camp. The Chief 

characteristic of his model is cognitive organizers, which are 
presented to the learner BEFORE instruction begins and which 
serve to provide a cognitive skeleton onto which the learner can 
hang concepts presented in the lesson. The three kinds of or
ganizers used here are advance, content, and perceptual 
organizers.

1. The advance organizers are designed to provide the large
bones in the skeleton and, therefore, are presented at 
the beginning of a unit of material. .

2. The content organizers provide the finer bones on the
skeleton and come just prior to the details of the con
tent to which they refer.

 ̂ . - .

3. : The perceptual.organizers are mechanical aids such as
spacing, underlining, and different types sizes. They 
arrange material to make it more readily understood.

Ausubelfs theory shares several characteristics with 
Gagne1s. The most pertinent ones include the following. Both‘ 
are designed to be useful in classroom learning and to facili
tate, rather than hinder, student learning. Both include concept 
learning and order the concepts hierarchically in a given lesson. 
Parallel concepts may be presented in any order.

Regardless of these commonalities, the distinguishing 
feature of the Ausubel model is cognitive organizers. By design, 
information in■the-textbook was supplemented by the experimental 
.materials. Therefore, if there is a cognitive organizer in the 
book, it is not repeated in the materials.
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Characteristics of Gagnefs Theory 
of Instructional Design

Gagne’s theory is from the Behavioral camp. Its chief 
characteristics include objective-oriented instruction, frequent 
monitoring of learning progress, and taxonomy-based, hierarchical
ly ordered presentation of material as indicated by the conditions 
of the type of learning at hand. An active, informed learner is 
essential. Objectives are explicit. Much of the interim testing 
is self-scored so the learner can have enough information to pace 
his own progress and to seek additional and/or remedial instruc
tion as needed.

Gagne’s theory shares several characteristics with Ausu- 
bel’s. The most pertinent ones include the following. Both are 
designed to be useful in classroom learning and to facilitate, 
rather than hinder, student learning. Both include concept 
learning and order the concepts hierarchically in a given lesson. 
Parallel concepts may be presented in any order.

Regardless of these commonalities', the distinguishing 
features of the Gagne model are: (1) hierarchically ordered ma
terial presented according to the conditions of the type(s) of 
learning at hand, and (2 ) frequent monitoring of learning and 
feedback to the learner. If these features are in the textbook, 
they are not repeated in the experimental materials because the . 
materials were designed as a supplement to the text.



APPENDIX F

INSTRUCTIONS AND RESPONSE SHEET FOE 
CONTENT VALIDITY JUDGES*

Each content validity judge was given the set of instruc
tions , a page of characteristics about each theory, and a response 
sheet for each experimental treatment to be judged. The instruc
tions and a response sheet are included here. ■

*The materials in this appendix conform to standard dis
sertation •format.instead of the format in which they were.origi
nally used.
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Instructions for Content Validity Judges 

' The purpose of this validity check is to determine wheth
er or not the experimental treatment materials do, in fact, re
flect the theoretical model they are supposed to reflect. Also,
I am interested in readability and other mechanics of 
communication. '

There are two theoretical models represented in the at
tached materials: Ausubel’s Theory of Meaningful Verbal Learning
and Gagnefs Theory of Instructional Design. For each of the two, 
there is a description of the characteristics of the model. Also, 
there are two examples of instructional materials designed to 
represent one or both of the models at hand. For each example,

1. Read the characteristics of each model.
2. Read through the example. Answer the questions on page 2 

of the Response Sheet attached to the example. .
3. Go back and reread the two "Characteristics" pages. Use

the description of the characteristics in doing step 4,
4. Using the Response Sheet, rate the content of the example.
5. Reread the example and note on the bottom of the Response

Sheet any communication difficulties you encountered or 
you anticipate the Ed. Psych. 240 students would have.
Feel free to suggest revisions.

6 . Go to the next example.
.When you have completed the process, the material will be 

picked up. If you have any questions and when you are ready to
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hand in the materials, please call Jan Atwoodj 882-6707 or 
326-4691,

Thank you very much for your help.

11/10/75
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Judge Number 
Example Number

RESPONSE SHEET

Subject Matter:

Congruence with Theory Model
In your best judgment, which model(s) does (do) this 

example represent relatively well? (Circle one)
Ausubel Both
Gagne Neither

. If you feel it would be necessary, please make sugges
tions for bringing the example in line with the model. Feel free 
to be meticulous and comprehensive. Write on the example, if you 
wish. ,

• Are there ways in which this example reflects two models 
(other than the common characteristics noted in the narrative)?
If so, please list.

Effectiveness of Communication
Is the phrasing clear? If not, where is it unclear? Write on 
example, if you wish.

Is there any difficulty with the flow of ideas presented?



Indicate aspects of the example which you anticipate:
a) Would hinder student understanding of the material.

b) Would facilitate student understanding of the material.

How much time would you estimate it took you to read the 
materials through, NOT COUNTING any textbook portions?

How long would you estimate that the average student 
would take to read through the study materials NOT COUNTING the 
textbook portions?

10/29/75



APPENDIX G

ANOVA AND CORRELATION PRETESTS AND POSTTESTS*

The ANOVA. and correlation pretests were given together 
in a single test. The ANOVA and correlation posttests'were each 
given at the same time as the respective course examination on 
the same topic. The three tests are included here.

*The materials in this appendix conform to standard dis
sertation format instead of the format in which they were origi
nally used „ Originals are in Appendix J .
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MQVA and Correlation. Pretest— 240 .
After NAME on the top part of your answer sheet, write your real ' 
name, a code name, or an ID number. If you took the algebra 
and/or the critical thinking test at the beginning Of the semes
ter, be sure to use the SAME NAME OR NUMBER. Please use the same 
name or number on all experimental materials.
The SECT. No. is the time your section meets, e.g., 8:00, 4:00.
If you wish to receive written feedback on your answers, write 
FEEDBACK next to INSTRUCTOR on the answer sheet.
Using a pencil, mark your answers on the answer sheet provided.
Do not write on this test booklet. Mark only ONE answer per 
question.

Analysis of Variance
On your answer, sheet, mark 1 if the statement is TRUE; mark 2 if 
it is FALSE.
1. The analysis of variance procedure is used to compare vari

ances in different parts of a set of data.
2. Rej ection of the null hypothesis in analysis of variance in

dicates that you have identified the level(s) of the factor
that are different from the rest.•

Questions 3.-5. refer to the following experiment:
The students in a psychology class were randomly assigned to 
three groups. Each group of 15 students was taught by a differ
ent method. 1 Then each was given a test.
3. If we did an analysis of variance on the data, we would have

two degrees of freedom for the method factor.
4. The sum of squares within the three groups would be an esti

mate of variance.
5. If we had known that the scores of the psychology class as a 

whole were normally distributed, we would have hesitated to 
do an analysis of variance in the first place.



156
6. Analysis of variance is most similar to:

1. Chi-square for goodness of fit
2 . Correlation coefficient for homogeneity of means
3. Simple t-test for independent groups 
f. F test for multiple deviations

7. In analysis of variance, the least useful quantity is:
' 21 * Siji

2 , df T
3 . SSrp

4. None -of the above is useful
8. Variability that takes place between mean levels of the 

cells afford an indication of:
1. Inherent variation
2. Variation attributable to treatment effect, when present
3. A combination of 1. and 2. above
4. None Of the above

9. In one-way analysis of variance involving three groups, the 
alternative hypothesis would be considered correct if, in . 
the population,
1. All means are equal -
2. Two means are equal but the third is different

: 3. All three means have different values
4. Either option 2. or option 3. above is true

3-0. In an analysis of variance problem, the total number of de
grees of freedom is:
1 . in
2 . i(n - 1 )
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3. n - k 
4 o 2n - 1

11. The F distribution is formed by:
.1 . the difference between two variances
2 . the - ratio between two variances
3. the difference between two stnadard deviations
4. the ratio between two standard deviations

12. In analysis of variance, a very low value of F implies that 
subgroup: • .
1 . population means are more similar than would be expected
2 . sample means are more similar than would be expected
3. population means are less similar than would be expected
4. sample means are less similar than would be expected

Correlation
- /13. Which one of the following BEST describes correlation?

1 . an indication of dispersion
2 . an indication of central tendency
3. a concept similar to covariation
4. a concept similar to degrees of freedom 

Which of the following are correlation coefficients?
14. Point biserial coefficient 1. Yes
15. Spearman’s rank order coefficient 1. Yes
16. Phi coefficient 1. Yes
17. Product moment coefficient 1 . Yes
On your answer sheet, mark 1 if the statement is TRUE, 2 if it is 
FALSE.

2. No 
2. No 
2. No 
2. , No
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18. A correlation coefficient of zero means that the two vari

ables are perfectly correlated.
19. When the calculated value of r is exactly 1.0 (positive or 

negative), we have established a cause and effect relation
ship between the two variables.

20. The statistical significance of a correlation coefficient is 
not related to the number of scores which were used to com
pute that coefficient.

21. Correlation coefficients range between zero and +1.00.
22. In 1967, a researcher found a correlation between two vari

ables of .30 and in 1968, he found that the correlation be
tween the same two variables for similar subjects was .60.
He concluded that the relationship between the variables was 
twice as strong in 1968 as in 1967. '

23. To say that two sets of scores are linearly related means
that the line of best fit is:
1 . a line which may be curved, but only in one direction
2 . a line which may be curved in any way
3. a straight line
4. any of the above

24. Correlation may be used appropriately for:
1 . description only
2 . inference only
3. both description and inference
4. neither description nor inference

25. If a subject's score on X is no help in preducting his 
score on Y, the r%Y is:
1 . 0.0
2. -1.00
3. less than -1.00
4. indeterminate
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26. In a study of drivers, it was found that reaction time was 

positively correlated with frequency of accidents. This 
means that:
1 . the slower the reaction time, the more accidents
2 . the slower the reaction time, the fewer accidents
3. the faster the reaction time, the more accidents
4. the slower the reaction time, the more safe the driver



160
ANOVA Posttest— 240*

18. The E-distribution is formed by drawing successive samples 
from two populations and finding:
1 . differences between the means
2 . differences between the variances
3. ratios of the variances
4. ratios of the standard deviations if the populations 

have homogeneoue variances
20. Analysis of variance would be the procedure we would use for 

testing which one of the following hypotheses:

F = 4  ' ■
4

| 2. VX = P Y
3. X = Y = Z •
4. . none of the above would be tested by ANOVA

21. The within variance estimate reflects:
1 . inherent variance
2 . treatment variance
3. inherent plus treatment variance
4 . differences in variance between the k subgroups

27. Consider the cases of testing an hypothesis about two inde
pendent means and analysis of variance. The greatest dif
ference between the two procedures is:
1 . one requires normal distribution of population measures 

and the other does not.
2 . one requires homogeneity of variance and the other does 

not.

^Questions 1-16, 19, and 22-26 were part of the course 
examination.
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3. the form of the hypotheses.
4. the choice of alpha level is controlled by different 

factors in the two Cases.
5. the statistical test.

The following questions are to be answered by those people who 
are taking part in the study. If you wish to receive feedback 
on your answers on this part write FEEDBACK next to INSTRUCTOR 
on your answer sheet.
28. In analysis of variance, the least useful quantity is:

1 . sT2
2 . df T 

'• 3. SST
4. none of the above is useful

29. In two-say ANOVA, which of the following are variance 
sources which need to be analyzed?
1. \ Interaction effects '
2. Treatment effects
3. Error
4. 2. and 3.
5. 1., 2., and 3.

30. One-way analysis of variance is applicable when there are:
1 . any number of independent groups
2 . no more than five independent groups
3.. any number of matched subgroups
4. no more than five matched subgroups
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31; In an analysis of variance problem, the total number of de- . 

grees of freedom is:
1. In .
2 . S(n - 1 )
3. n—  k
4» In - 1

32. In analysis of variance, a very low value of F implies that 
subgroup:
1 . population means are more similar than would be expected
2 . sample means are more similar than would be expected
3. population means are less similar than would be expected
4. sample means are less similar than would be expected

: o33. IS(Xj_j - Mj) leads to an estimate of:
1 . within-group variance
2 . between-grdup variance
3. total variance
4. both 1 . and 2 .
5. none of the above

Questions 34 to 37 refer to the following experiment:
Suppose we did an experiment to see if the type of transportation 
by which a college student travels affects the travel time. The
types of transportation were walking, bus, and car pool. We had
five students using each transportation type.
34. If we were doing an analysis of variance on the data, how 

many degrees of freedom would there be for the main factor?
1 . 2
2. 3
3. 5
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■ 4. 15
5. not determinable from the information given

35. The total sum of squares is 70. for the travel times for all 
15 students. If the within-group sum of squares is 10., the 
between-groups Sum of squares is:
1 . 80. •
2 . 60.
3. 30.
4. 20.
5. not determinable from the information given

36. The MSW equals:
1. 0.83 ~
2. 3.34
3. 10.
4. 20.
5. not determinable from the information given

37.. If we discover that the F-ratio is statistically signifi
cant, we can safely say that:
1 . the mean of one transportation type is markedly 

different.
2 . the means of all three transportation types differ.
3. the mean of at least one transportation type differs 

from the others.
4. both 2. and 3 .•

On your answer sheet, mark 1 if the statement is TRUE; mark 2 if 
it is FALSE.
38. Like the t-test, analysis of variance may be used for small 

samples.
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39. Fail to reject H0 is the desired decision when the mean lev

els of the factor being tested are all different.
40. Rejection of the null hypothesis in analysis of variance in

dicates that you have identified the level (s)' that are dif
ferent from the rest.
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Correlation Posttest— <240

After NAME on the top part of your answer sheet, write your real 
name, a code name, or an ID number. If you took the algebra 
and/or critical thinking test at the beginning of the semester, 
be sure to use the SAME NAME OR NUMBER.
The SECT. NO. is the time your section meets, e.g., 9:00, 11:00.
If you wish to check your answers after the test, circle your 
answers on this booklet in addition to marking them on the 
computer-scored sheet. Using a pencil, mark your answers clearly 
on the answer sheet provided. Mark only ONE answer per question.

Which of the following are correlation coefficients?
1. Pierce?s coefficient 1. Yes 2. No
2. Point biserial coefficient 1. Yes 2. No

On your answer sheet, mark 1 if the statement is TRUE; 2 if it is 
FALSE..
3. When fhe calculated value of r is exactly 1.0 (positive or 

negative), we have established a cause and effect relation
ship between the two variables.

4. The statistical significance of a correlation coefficient is 
not related to the number of scores which were used to com
pute that coefficient.

5. Correlation coefficients range between zero and +1.00.
6 .. The measures of the first set of scores should be randomly 

selected to achieve valid results when computing a correla
tion coefficient.

7. A high correlation between X and Y indicates that X causes 
Y.

8. Having found an association between physical agility and 
mathematical aptitude (r = +.30), the research expert pro
poses that 30% of mathematical aptitude is associated with 
physical ability and 70% with other factors.
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. 9. Which one of the following BEST describes correlation?

1. An indication of dispersion.
2. Ah indication of central tendency.
3. A concept similar to covariation.
4. A concept similar to degrees of freedom.

10. Among a group Of children, the correlation between test
score in a science course and test score in an English 
course is +.45. It is learned that each science test score 
is five points too high, so each score is corrected and r is 
recomputed. We expect that its value will.be:
1. greater than +.45
2 . less than +.45 ,
3. changed in an unpredictable way
4. unchanged

11. Fundamentally,
1 . a degree of relationship between two variables signifies 

a causal relationship between them.
2 . a causal relationship between two variables results in a 

degree of association between them.
3. both 1 . and 2 . are true.
4. neither 1, nor 2. is true.

12. If r = 1.00,
1. X is of no use in predicting Y.

' ■ 2. values of Y can be errorlessly predicted from values of 
X.

3. the mean of X is lower than the mean of Y.
4. the standard deviation of X is smaller than the standard

^deviation of Y.
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13. It is possible to compute a correlation coefficient if we 

have:
1 . a pair of scores for one individual .
2 . a set of scores for a group of individuals
3. two sets of scores for the same group of individuals

- 4. a set of scores for one group of individuals and a set
of scores for another group of individuals

14. A meaningful significance test for P - 0.0 is the:
1 . t distribution
2 . coefficient of determination
3. z distribution
4. chi square distribution -

15. Consider these two pairs of scores:
X Y

a. 2 3
• b. 4 5 •

For these data, the value of EXY is:
1 . 14
2. 22
3. 23
4. 26

16. To learn how well we can predict Y from X, we calculate the
correlation coefficient r%y and find it to be +1.16. From
this we know that:
1. high values of X are predictive of low values of Y.
2. the scores in Y are generally low.

.. 3. the mean of X is higher than the mean of Y.
4. we have made a mistake in calculation.
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17„ Which value of r permits the greatest accuracy of prediction? 

•1 . -.81,
2. +.27
3. -.37
4. +.78

18. In a study of drivers, it was found that reaction time was 
positively correlated with frequency of accidents. If reac
tion time is measured in seconds, this means that:
1 . the slower the reaction time, the more accidents
2 . the slower the reaction time, the fewer accidents
3. the faster the reaction time, the more accidents
4. the slower the reaction time, the more safe the driver

19. If a subject’s score on X is no help in predicting his score 
on Y, the r%y is:
1 . . 0.0
2. -1.00
3. less than -1.00
4. indeterminate

20. The equivalent of r2 for nonlinear relationships is eta 
squared. Based on what you know about r2, you could predict 
that eta squared:
1 . is appropriate for curvilinear relationships.
2 . indicates the proportion of explained variation.
3. is a significance test.
4. 1. and 2 .
5. 1.■ and 3.
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21. In a certain statistics class, amount of learning is curvi- 

linearly related, to the amount of time spent in class. If 
we fit a straight line to the bivariate frequency distribu
tion between time and learning, Pearson r will describe:
1. how'well the points hug the curved line
2 . how well the points hug the straight line
3. how well the points hug a line intermediate between the

curved line and the' straight line
4. none of the above

THANKS FOR TAKING THE TEST! And for your assistance with 
the other aspects of the project. Without your help, the dis
sertation would not have been possible.

Jan Atwood 
4/26/76



APPENDIX H

TABLES OF SPECIFICATIONS FOR ANOVA AND
CORRELATION PRETESTS AND POSTTESTS

There is one table of specifications for ANOVA and an
other one for correlation. Each of the two tables contains both 
pretest and posttest items,

170
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Specifications for the ANOVA Pretest and Posttest

Topic Pretest Items Posttest.Items
Concept of analysis of 
variance, including use 1 , 6 27, 30, 38

Parts of the variance to 
analyze 4, 7, 8 21, 28, 29

Degrees of freedom 3, 10 31, 34
E test and distribution 1 1, 12 17, 32, 37
Assumptions 5 ■ _*

Source table and computations 
.(additivity) 33, 35, 36

Interpretation of results, 
hypotheses 2, 9 ' 20, 39

Interaction -* 40

no items for this sub-topic.
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Specifications for the Correlation Pretest and .Posttest

Topic Pretest Items Posttest Items
Correlation concept 1 . 9
Coefficient in general 3, 4, 6, 9 5, 6, 13
Pearson product.moment 
coefficient 5, 14 1 9 15

Point biserial coefficient 2 2

Assumptions ' 21

Conditions or behavior of the 
coefficient 8 , 13 4,

19
10, 16,

Description vs. prediction 11 12, 17
Coefficient of determination 10, 14 8 , 18, 20
Significance test _* 14
Cause and effect .7 3, 7, 11

no items for this sub-topic.



APPENDIX I

PRETEST AND POSTTEST ITEMS WHICH INDEX 
LEVEL AND TRANSFER OF LEARNING—

ANOVA AND CORRELATION

One of the tables included here considers the ANOVA 
pretest and posttest; whereas the other one considers both cor
relation tests . Each table contains a 'list of those items which 
were used to index concept knowledge, which indexed problem
solving ability, which indexed near transfer of learning, and 
which indexed far transfer.
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Item Numbers on Each MOVA Test Which Index Level and Transfer of Learning

Level of Learning Transfer of Learning
Variable Being 

Indexed/ 
Title of Test

Total
Statistics

Skill
Concept 
(Includes 

Pis crimination)
Problem- 
Solving- 

(Includes Rules) Near • Far
MOV A pretest 1-12 1, 4, 6, 8 2, 3, 5,7, 

9-12
1 , 2 , 
6-12

3-5

ANOVA posttest 17, 20,
21,
27-20

21, 27, 30, 38 17, 20, 28, 29, 
31-37

17, 20,
.21, 27-33, 
38-40

34-37

Items Numbers on Each Correlation Test Which Index Level and Transfer of Learning

Level of Learning Transfer of Learning
Variable Being 

Indexed/ 
Title of Test

Total
Statistics

Skill
Concept
(Includes

Discrimination
Problem 
Solving- 

(Includes Rules) Near Far
Correlation
pretest 1-14 13-23 22-26 14-23 13,

24-26
Correlation
posttest 1-21 1-5, 7, 9, 11, 

12
6, 8 , 10, 13-21

12-15,
17

1 ,
8-11,
16,
18-21



APPENDIX J

ORIGINAL MATERIALS— EXPERIMENTAL MATERIALS,
PRETESTS, AND posttests

The items here are in the form in which they were used in 
the study. They include ANOVA and correlation materials for ex
perimental group students (Groups I and II), and the- ANOVA and 
correlation pretests and posttests given to all students .
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240 , PRETEST

After NAME on the top part of your answer sheet, write your 
real name,, a code name, or an ID number. If you took . the algebra 

. and/or the critical thinking test: at the beginning of the semester, 
be sure to use the SAME NAME OR NUMBER. Please, use the same name
or number on all experimental materials*

• The SECT. NO. is the time your Section meets, e.g. 8:00,
4:00.

If you wish to receive written feedback on your answers, 
write FEEDBACK next, to INSTRUCTOR on the answer sheet.

Using a pencil, mark your answers on the answer sheet 
provided. Do hot write on this test booklet. Mark only ONE 
answer per question.

ANALYSIS OF VARIANCE

, On your answer sheet, mark 1. if the statement is TRUE; mark 
2 if it is FALSE.

1 . The analysis of variance procedure is used to compare variances
in different parts of a set of data,

2 . Rejection of the null hypothesis in analysis of variance
indicates that' you have identified the level (s) of the 
factor that are different from, the rest.

Questions 3. 5- refer to the following experiment.
The students in a psychology class were randomly assigned 
to three groups. Each group of 15 students was taught by 
a different method. Then each was given a test.

5 . If we did an analysis of variance on the data, v<e would
have 2 degrees of freedom for the method factor.

The^ sum of squares within the three groups would be an 
estimate of variance«

S, If we had known that the scores of the psychology class as a
whole were normally distributed, we would have hesitated to
do an analysis of variance in the first place.
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L . Analysis of variance is most similar to t
1• Chi square for goodness of fit
2. Correlation coefficient for homogeneity of means 
3« Sim pie t - te s;t for i ndep end ent • grou p s
4. F test for multiple deviations

7 .

9

In
1.

analysisV; of variance. the least

2» dfT .
3. ssT
4. none of the above is useful •

Variability that takes place, between mean levels of the cells 
affords an indication of:
1. inherent variation
2. variation attributable to treatment effect, 

when present
3• a combination of 1. and 2. above

. 4. none of the above

In one-way analysis of variance involving three groups, 
the alternative hypothesis would be considered correct 
if» in the population*
1. all means are equal
2. two means are equal but the third is different
3• all three means have different values
4. either option 2. or option 3., above is true

10o In an analysis of variance problem, the total number of 
degrees of freedom is:
1. n
2. ±  (n - 1)
3» n - k
4 • n — 1



The F distribution is formed by?
1 ♦ the difference betweeh two. variances 
2* the rat^ih betweeh two varianoei 
3 » the difference, between two standard deviations 
4, the ratio between two standard deviations

In analysis of variance., a very low value of F implies 
that subgroup $ '
1 e population means: are more similar than, would 
" . be expected
2 p sample means are more similar than would 

be expected
3 » population means are less: similar th=?n would 

"be expected
4» sample means are less similar than would ■ *' "

be expected

GO ON TO, THE NEXT FAGS [ I
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1 . Yes 2 . No
1. Yes 2 . . No
1 . Yes 2 . No
1 . Yes 2 . No

CORRELATION

13* Which one of the following BEST describes correlation?
An indication of dispersion.

% o An indication of central tendency.
. 3 * ' A . concept similar to covariation^
4o A concept similar to degrees of freedom. .

Which of the following are correlation coefficients? .
I f . Point biserial coefficient 
IS . Spearman's rank order coefficient
/ 4? o \ Phi coefficient
\1 • Product moment coefficient

On your answer sheet, mark 1 if the statement is TRITE; 2. if 
it is FALSE.

A correlation coefficient of zero means than the two variables 
are perfectly correlated.

*9. When the calculated value of r is exactly 1.0 (positive or
negative)> we have established a cause and effect relation
ship between the two variables,

CIO. The statistical significance of a correlation coefficient is
not related to the number of scores which were used to
compute that coefficient.

.3 /, Correlation coefficients range between zero and *1 . QO,

. In 1967, a researcher found a correlation between two _
variables of .JO, and in 1968, he found that the correla- - 
tion between the same two variables for similar subjects 
was .60. He concluded that the relationship between the 
variables was twice as strong.in 1968 as in 1 96 7«



To say that two sets of 'scores are linearly .related' means 
that the line of best fit is;
1 • a line which may be curved, but only in one direction
2. a line which may be curved in any way
3 « a straight line
4, any of the above

Correlation may be used appropriately for:■ 
-i» Description only
2 . Inference only 
3« Both description and inference 
4« Neither description nor inference

If a subject's score on X is no help in predicting his score 
on Y, the is

io OoO
R o —i.o oo
5 °- less than -1 .0 0 .
4« indeterminate'

In a study of drivers, it was found that reaction time was 
positively correlated with- frequency of accidents. This 
means.that:
1 . the slower the reaction time, the more accidents
2. the. slower the reaction time, the fewer accidents
3 . the faster the reaction time, the more accidents
4. the slower the reaction time, the more safe the driver
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CORRELATION POST TEST 2:40

After NAME on the- top part of your answer sheet, write 
your real name, a code name, or an ID number. If you took the 
algebra and/or critical- thinking test at the beginning of the 
semester, be sure to use the SAME. NAME, OR, NUMBER.

The SECT. NQ. is the time your section meets, e.g. ,-. 9:00, 11:00.
If you wish to check your answers after the test, circle 

your answers on this booklet in addition to marking them on 
the computer-scored sheet* Using a pencil, mark your answers 
clearly on the answer sheet provided.. Mark only ONE answer 
per question.

-   :■ ' • : - - ;  •-  •--

Which of the. following are correlation coefficients?

1 . Pierce Vs coefficient 1• Yes 2. No
.2, Point biserial coefficient 1 . .Yes 2 . No

On your answer sheet, mark 1. if the statement is TRUE; 2. if
it is FALSE.

When the calculated value of r is exactly 1 .0  (positive or 
negative), we have established a cause and effect relation
ship between the two variables.

The statistical significance of a. correlation coefficient is 
not related to the number of scores which were used to 
compute that coefficient.

Correlation coefficients range between zero and * 1 .00.
The measures of the first set of scores should be randomly 
selected to achieve valid results when computing a eorreia^ 
tion coefficient.
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True-False, continued•'

A high- correlation between X and Y indicates that X 
causes Y.

lairing found an association between physical agility and 
mathematical aptitude (r = +,]0 ), the research expert proposes 
that 30% of mathematical aptitude is associated with physical 
ability and 70% with other factors -

Which one of the following BEST describes correlation?
j . Ah indication of dispersion.
%, An indication of central, tendency.
3 . A concept similar to covariation.
if* A concept similar to degrees of freedom.

Among a group of children, the correlation between test score 
in a science course and test score in an English course is 
It is learned that each science test score is 5 points too high, 
so each score • is corrected and r is recomputed. V/e' expect that 
its value will be

3. greater than
S. less than

changed in-a unpredictable way 
4 * unchanged
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jfjf •. Fundamentally,
to: a degree of relationship between two. variables

- signifies a causal relationship, between them
2 . a causal relationship between two variables results. 
- in a degree of association between them

3 d both 1 o and g. are true
y o neither f » her gi is true

If r = -loOO, •
lo X is of no use in predicting Y
3.* values of X can be errorlessly predicted from' values 

of X
3"* ■ the mean of X is. lower than the mean of Y
y » . the standard deviation of X is smaller than the 

standard deviation of Y

JC 3. It is possible to compute a correlation coefficient if we' havei

■fro a pair of scores for one individual
a set of scores' for a group of individuals

3.0 two sets of scores for the same group of individuals
•Ho a' set of scores for one group of individuals and a 

set of scores for another group of individuals

A meaningful significance test for (O = 0.0 is the 
i • t distribution 
2, Coefficient of determination 
3• z distribution

Chi square distribution
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-£■5 „ Consider these two pairs of scorest
X I ' .

a. 2 3
bo 4 5

For these data, the value of ^ X Y  is
i. 14 
• #

. 3 - 23 ■
'f»- .26 .

To learn how well we can predict Y from X, we calculate the 
correlation coefficient and find it to be From
this we know that:

■ do high values of X are predictive of low values of Y 
A o the scores in Y are generally low 
3« the mean of X is higher than the "mean of Y 
4 » we have made a mistake in calculation

-17 Which value of r permits the greatest accuracy of prediction?
1 . - . 8 1  

a. > . 2 7
3, -.37 ‘ t ■
4, +.78
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l8 c In a study of drivers, it was found that reaction time was 
positively correlated with frequency of accidents. If 
reaction time is measured in seconds* this, means that $

1 , the slowed the reaction time-, the more accidents
2 . the.slower the reaction time, the fewer accidents,

• 3 „ the faster the reaction time, the more accidents
4. . the slower the reaction time, the more safe the. driver

if If a subject s score on X is no help in predicting his score
on Y, the is 

3* doO
£ 0 ~I e 00
£ 0  less than .00
4. indeterminate

In 2The equivalent of r for nonlinear relationships is eta squared. 
Based on what you know about you could predict that eta 
squared

do is appropriate for curvilinear relationships
indicates the proportion: of explained variation 

3  .. is a significance test .
4 ° S o arid .
+5 * £  * and 3 .



in a. certain statistics class, amount of learning is curvi- 
linearly related to the amount of time spent in class. If 
we fit a straight line to the bivariate frequency distribu
tion between time and learning, Pearson r will describe

d* how well the points hug the curved line
S, how well the points hug the straight line
3« how well the points hug a line intermediate

between the curved, line and the straight line
none of the above

THANKS FOE TAKING THE TEST!JI

AND FOR YOUR: ASSISTANCE WITH THE OTHER ASPECTS OF THE PROJECT. 
WITHOUT YOUR HELP, THE DISSERTATION .WOULD NOT HAVE BEEN POSSIBLE

U/25/76, ja
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2 M  . & N O V A  P O S T - T E S T *

17. The ^-distribution is forced- by drawing successive sattiples 
from two populations and finding 
1 * differences between the means
2. differences between the variances
3. .'ratios of the variances
4. ratios of the standard deviations if the populations

have homogeneous variances.

20. Analysis of variance would be the procedure- we would use 
for testing which one of the following hypotheses
t. , . « ■

2- X= Y
3 / X = Y = Z
4. none of the above would, be tested by AMOVA

21. The 
1.
2 . 
3- 
4.

within .variance estimate reflects
inherent variance
treatment variance •
inherent plus treatment variance
differences in variance between the k subgroups

* Questions 1 - 16 , 1 8 , 19, and 22 - 26 were part of the course 
e xam i hation o n1y.
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27% Consider the cases of testing an hyxjothesis- afconl: tvo, independent means, and mialysis 
of variance-. The greatest difference between the two procedures is 
10 one requii^s nomal distribution of population measures and the other does 

not,
2, one requires homogeneity of. variance and the other does not,
So the form of the hypotheses,
4o the choice of" alpha level is controlled by different factors in the two cases,
S, the statistical test^

the following quostiens aî ? to be answered by those people who arc.taking part 
in the study, If you wish to receive feedback on.your answers on this part write 
FEEDBACK next to IMS'ITUCTGR on your answer sheet,
23, In analysis of variance, the least useful quantity is :

^  V  ■

2* dft- 
■■ ^ s5t

4o none cf tlie above is useful
29, In twcM'Jcy Ar'C/A, which of the following are variance souicos which need to be 

analyzed?
1o Interaction effects
2, Treatment effects
3, . Error
4, 2 and 3
5, 1, 2, and 3

50, One-way analysis of variance is applicable when there are
io any number of independent groups
2, no more than five independent groups
3, any niraber of matched subgroups
4, no more than five matched subgroups

51, In an analysis of variance problem, the total number, of degrees of: freedom is:1, £ n
2, S(n •  1)
5, n - k
4»- In - 1

32. In analysis of variance, a very low value of V irvplies that subgroup:
1, popvlaticn moans are more similar than would bo tzpeoted
2, sample ma-uis are i:ovc similar than would be aifpoctod
3, population r.enns are less similar than would bo e:q.>e;:ted
4« sample moans are less sinilar than would bo expected
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233.12 (X_j - Mj) leads to an estimate of :
Xo Kitiiin--group variance 
2c bacween-group variance
S. total variance 

• 4o both 1 and 2
S. none of the above

Questions 34 to 37 refor to the- foiloving experiments
Suppose we did an experiment to see- if the type of transportation by which a college 
student travels affects the travel: tire* Tho types" of transportation were walking, 
bus, and car pool. 11% had five students using each transportation type*
34. If we, were doing an analysis of variance on tiie data, how many degrees of freedom 

would there be for the main factor?'1. 2
2. 3
3. 5 
4 o 15
So not deterninable from the information given

35. The total sum of squares -is 70, for the travel times for all fifteen students.
If the withiĥ grcup.. sizm of squares is 10., the between^-groups sum of squares is :
1. 80.
2c 60,
3. SO.
4« 20 o
S. not determinable frcia the information given.

35, The N&v equals :
lo 0,85
2. 3,54
3. 10.
4. 20.
5. not determinable from the information given

37, ’If we discover that the F-ratio is statistically significant, wo can safely 
say.titat :
1. the mean of one transportatten typo is markedly different.
2. the moans of all three transportation typos differ,
5, the mean, of" at least one transncrtaticn type differs from the others.
4. both 2 and 3.

On your answer sheet, mark 1. if the statement: is TRUE5 mark 2, if it is FALSE,
58. Like tlie t-test,' analysis of variance ray be used for small samples.
33. Fail to reject H is the desired decision when the mean levels of the factor

being tested are all different.
40. Rejection of che null hypothesis in analysis of variance indicates that, you

have identified tne level(s) of the factor that are different from the rest.
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Group I. 
ANALYSIS OF VARIANCE

PRELIMINARY CONCEPTS

Analysis of variance is based on several concepts. It 
is important to understand these concepts before delving into 
the analysis of variance material. The numbers in parentheses 
refer to pages, in the text (Fundamental, Research, Statisties 
for the. Behavioral. ScienO:es) by. john T. Roscoe) on which the 
terms are found• All except the last one have, been part of 
the course prior to this unit.

population (p, 20)
sample (p, 20)
variable (p. 5)
criterion (p. 198)
parameter (p.21)
statistic (p. 21)
random sample (pp, 155-157)
independent samples (p. 164)
dependent or related samples (p. 165)
normal distribution (pp, 45-46; p . .3-83)
central limit theorem (p. 163)
sum of squares (pp. 67-69)
variance (pp. 69-70)



2

j hypothesis (pp. St 170-177, especially pp. f
i 170-172) * I!
: . • , . gt^test • (Chapters 23^25 bn pp. 210-"229, V
; ' especially pp. 210^212) * j
j degrees of freedom (pp. 212-213) !
i - ' . ■ ' ‘ ■;1 F test (Chapter 35 oh pp. 286-291, especially
j ’ pp. 28.6-287) j
! •! power of a statistical test (pp. 184^186) ;
j unbiased statistics (p. 57)
: experimental vs.ex post facto research (pp. 189-

190)

homogeneity of variance (definition, p. 288)

In addition to the concepts in the box, it is im
portant to understand double classification notation. Read 
Section 36.2, pages 29 3-294 in the text.
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3
II. OUTLINE

•In the process of considering the key concepts in 
One-Way Analysis of Variance, the following -topics will be 
covered.

Definition, Concept, and Uses of 
Analysis of Variance

Assumptions in Analysis of Variance
Computation of One-Way Analysis of 

Variance
Performance of the F Test for Signifi

cance of Differences Among Population 
Means
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III, DEFINITION, CONCEPT, AND USES OF ANALYSIS OF VARIANCE

Basically, Analysis of Variance (ANOVA) is a statis
tical technique used quite literally tp. analyze the varia^ 
tidri in a given distribution. Diagram- 1, on the next page, 
illustrates, how Analysis of Variance fits into the: overall 
picture of statistical analysis.

Earlier in the course, the t-distribution was used
for hypothesis testing and for making inferences about in
dependent and related s a m p l e s I n  Analysis of Variance the 
F-distfibution is used for hypothesis testing and for making 
inferences about more than two groups of scores. As Roscoe 
points out in Figure 36.2, page 29 3, the .groups can come from 
the same or different populations. If they come from the 
same population, each of the groups is given a different 
treatment and then measured on the criterion variable. If 
the groups each come from different populations, then group 
membership itself is the "treatment”: no treatments are
given before measurements are made. For more information 
about the use of ANOVA, read Section 36.1, page 292 in the 
text.



NATURE OF 
DATA

STATISTICAL
TEST

SIGNIFICANCE
TEST

One population 
from which ...

Three or
more populations

two samples 
are to be 
treated 
differently

t-test

each of which 
is sampled

three or more 
samples are 
drawn to be 
treated 
differently

analysis of

t-distribution

variance
(ANOVA)

F-distribution

Diagram I. THE ROLE OF ANOVA IN INFERENTIAL STATISTICS 194
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6
IV. ASSUMPTIONS IN ANOVA

For ANOVA to be used appropriately, several ground 
rules must be established about both the way the data were 
generated, in the ' first place and the population under scruti
ny. The three basic assumptions in- ANOVA are:, a) statisti
cal independence of criterion measures, b) normal population 
distributions, and c) homogeneous variances. The text also 
mentions the possibility of equal, population variances.

Read Section 36.7 on pages 300-302 in the text on 
which the ground rules are discussed. Assumption number 4. 
on page 301 will be clearer by the end of the unit. The 
two paragraphs following asumption number 4. contain topics 
which will be covered in Unit IV. after ANOVA, e.g. the 
Kruskal-Wallis test, nonparametric statistics, . The 
last paragraph in Section 36.7 starts on page 301 and ends 
on page 302. Be sure to read it.
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V, COMPUTATION OF.ANOVA USING THE SUM-OF-SQUARE TECHNIQUE, 

INCLUDING THE F-TEST OF SIGNIFICANCE

Qyerview of ANOVA
ANOVA is similar t:d the simple t-t.es.t- for independent 

groups in that means are compared to see if they differ sig
nificantly. The t-test evaluates differences between means 
by comparing variances with a standard (the standard devia
tion) . Likewise, ANOVA evaluates differences of means by 
comparing variances in the relationship with a standard.
Read Section 36.4, pages 296-297 in the text for a n •overview 
of the ANOVA procedure. Do not expect to understand all of 
the. details; for example "mean square within."
Petitioning the Variance

In order to analyze the variance in a •relationship, 
the various parts of the variance have to be identified and 
dealt with separately. These parts are called components or 
sources. There are two sources of variation: factors and
within groups.

For .a discussion of partitioning the variance, read 
Section 36.3, pages 294-296.in the text.
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8
Computational Procedures

Sections 36.5 and 36.6 on pages 297-300 in the text 
contain the procedures- and an example of ah analysis of 
variance. As noted in the example, a summary table is a 
useful way to represent an analysis of variance.

VI. SUMMARY

ANOVA is a statistical technique used to analyze the 
variance in a distribution of criterion scores. The distri
bution must contain three or more groups. There are three 
basic assumptions underlying one-way ANOVA. If these are 
met, the analysis can proceed. The variance is partitioned 
into its sources: between-groups (or factors) and within-
groups. * The statistical significance of the ratio of 
between-groups variance to within-grpups variance is assessed 
using ah F-ratio.

This concludes the text-accompanied portion of ANOVA.

J . Atwood 
3/76



Group II. 
ANALYSIS OF VARIANCE"

X. OBJECTIVES
By the end of this segment of the course, students 

who have knowledge of most of the key concepts in One-Way 
Analysis of Variance should be able to:

f
1. Define Analysis of Variance. jI
2. Identify what its uses are . j
3. Tell what assumptions are made in !

using the technique.
4. Compute One-Way Analysis of 

Variance.
5. Give the rationale for doing the

computations.
6 Perform the F test for significance

and state the outcome of the hypothesis 
test..
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II. PRELIMINARY CONCEPTS

Analysis of Variance is based bn several- concepts 
which have been part of the course, to date. It is important 
to understand these concepts before delving into the Analysis 
of Variance material. There are two options at this point.

A. To see whether or not you understand the cb.n-6 
cepts listed in SELF TEST if on the next page, 
briefly define each one in the space provided. Then 
answer the ac comp anying questions. AFTER you have 
completed as many as you can, refer to the pages in 
parentheses beside each concept. They are found in 
the course text: Fundamental Research Statistics 
for the Behavioral Sciences by John T. Roscoe. The 
answers to the questions are in Appendix A.

B. Look up the concepts and answers first and then 
see if you can define the. concepts and complete the 
questions.

Either way, the important thing is to understand the 
concepts before going on.

* NOTE: The Self Tests are designed to give you a chance to practice 
using each concept and to give you immediate feedback on your per
formance. When you come to a Self Test, read it over and do all of 
the items you think you need practice doing. On some tests you may 
elect to do all of the items, while on others, you may choose one 
problem of each type. In most tests more than one problem of each 
type is available.



SELF TEST 1: PRELIMINARY,CONCEPTS

I- population (p, 20)
. sample (p. 20)
How do these two concepts differ?

2o variable (p. 5)
criterion (p. 19 7)
a. Give an example of a variable. What makes, it a 

variable?

b. Distinguish between variable and criterion.

3. parameter (p. 21) 
statistic (p. 21)
How do these concepts differ?

4. random sample (pp. 155-157)
What is the difference between a random and nonrandom 
sample?

5. independent samples (p. 164) 
dependent or related samples (p. 165)
a. Give an example of two independent samples.

b. Give an example of two dependent samples.
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6. normal distribution (pp. 45-46; 83-84)

Draw a normal distribution. Draw the mean.

7. central limit theorem (p. 163) 
sum of squares (pp. 67-69)
What is the sum of all of the unsquared deviations from 
the mean of a .distribution?

8. variance (pp. 69-70)
When is a variance used?

9. hypothesis (pp. 8? 170-177, especially pp. 170-172)
Give an example of a Null Hypothesis.

10. t-test (chapters 23-25 on pp. 210-229, especially pp.
210-212)
F test (chapter 35 on pages 286-291, especially, pp. 
286-287)
When is a t-test used in contrast to an F test?

11. degrees of freedom (pp. 212-213)
Which test(s) in question 10. utilize degrees of freedom?
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12. power of a statistical test (pp. 184-186)
Why is it important to use a powerful statistical 
test whenever possible?

13. unbiased statistics (p. 57)
Let's say we have a statistic which underestimates 
the parameter♦ If we discover that the underestimate 
is very systematic, can we still say that the statisticis biased?

14. experimental vs. ex post facto research (pp. 189-90)
List three, important differences between the two kinds 
of research.
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In addition to the concepts in SELF TEST 1, double 
classification notation is an integral part of analysis, of 
variance as presented by Roscoe. Read Section 36.2, pages 
293-294 in the text for a review of the notation.

SELF TEST 2
To check your understanding of double classification 

notation, do the following exercises. The scores to which the 
exercises refer are found on page 299 in the test. Answers 
ate found in Appendix A.

1. If k equals the number of samples, what is the 
value of k?

2. If nj equals the number of subjects in any 
sample, what is the value of nj?

3. in the variable X — , i refers to the subject 
number and j refers to the group or sample,, number.

• What is the value of the following?
a. w II d. X33 =
b. X31= e. Xgj =
c. 4 i - f. Xa2 -
If j = 3, what is the value of . .

a.
b.
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III. WHAT IS ANALYSIS OF VARIANCE (ANOVA)
AND WHAT IS IT GOOD FOR (USES)?

Basically, Analysis ef Variance (ANOVA) is a 
statistical technique used quite literally to analyze the 
variation in a given relationship.

Read Section 36.1 about the uses of ANOVA.

SELF TEST , 3:

To check your understanding of the basic definition 
and use of ANOVA,

1. Briefly define ANOVA.
2. What is the main use of ANOVA?

(Answers appear in Appendix A.)
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IV. SUM OF SQUARES AND MEAN SQUARE

"Sum of squares" ajld "mean square" are very Important 
for ANdVA. The purpose of this section is to htlaq to mind 
the essentisi'S; o.f each. Their uses and calculations will be 
discussed in Sections V. and VI. You may recall the (following 
about sum of squares.

SUM OF SQUARES Definition of^Sum of Squares. A sum of 
squares (SS) is-the sum of two or more 
squared deviations from the mean. You 
may remember that the formula for the 
variance'is:

s2 i= . (Roscoe, p.70)N-l
The numerator is the sum ( ^  ) of the squared deviations (X{ 
of each score from the mean of the distribution. C  S  5 = ^  (X;*' 
^ As was discussed- earlier in the term, if we subtract
X^- M for all scores and then add up all of the deviations, 
the result will be zero. Therefore, each deviation must be 
squared before summing occurs.
KINDS OF SS. Example; Suppose we have a distribution contain
ing the scores on a statistics test for all students (X) in the 
class. That distribution has a single grand mean (M) . Some 
of the students in the class are Education majors (Xg), some 
are Physical Education majors (Xp), and the rest have othef 
majors (Xq ). The group of scores for all of the Education 
majors has its own mean (Mg) as does the group of scores for
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Physical Education majors (Mp) and the group for others (Mq ).
(The means could be identical. Let us assume they are different,)

There could be three kinds of sums of squares represented in 
this, example.* The first is the sum of squared deviations of each 
individual score from the grand mean of the distribution:

- M)2
The second is the sum of squared deviations of each individual’s 
score from the mean of his own group. In this case there are three 
such SSs, one for the Education majors:

^  (XiE ~ ME )2 
one for Physical Education majors:

and one for the other majors:

^  (%10 - Mo)2
The third kind of S'S- is- the sum of the squared deviation of each 
group mean from the grand mean.. In this case it would be the 
squared deviation of the Education.majors’ mean from the grand 
mean (Mg - M)2 plus the squared deviation of the Physical Education 
majors ’ mean from the grand mean (Mp - M.)2 plus the squared devia
tion of the other majors’ mean from the grand mean (Mq M)2.

MEAN SQUARE

The second concept is mean square. A sum of squares (SS) is 
converted into a mean square (MS) by dividing the SS by the appro
priate degrees of freedom (df) (MS = '§§" )* This mathematical 
conversion changes the SS into a variance estimate as in the formula 
for sample variance discussed above. Any kind of SS can become 
a MS by dividing it by the appropriate df.
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SELF TEST 4

To check your understanding of the concepts of sum of 
squares and mean, square, indicate whether each of the following 
statements is true Or false. Correct each false statement.

•I* The . Sum of" squares is a variance, estimate.
2. Measurement error is the name given to variation 

between the means of the groups..

V, PARTITIONING THE; VARIANCE

■ In order to analyze the variance in a relationship, 
the various parts of the variance have to be identified and 
dealt with separately. These parts are called components or 
sources. There are two sources of variation: factors and
within groups. Recall the discussion of kinds of sums of 
squares, Section IV. For a discussion of partitioning the 
variance and how SS and MS are used in ANOVA, read Section
36.3, pages 294-296 in the text.

SELF TEST -5
To check your understanding of partitioning variance, 

complete both of the following items for each exercise below. 
Answers are in Appendix A.

a. How, many sources of variance are there?
b. Name, each source of variance.

1. Problem 36.5, page 303.
2. Problem 36.6, page 303.
3. Problem 36.2, page 302.
4. Problem 36.4, page 302.
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VI. COMPUTATION OF ANOVA USING THE SUM-OF-SQUARE TECHNIQUE, 
INCLUDING THE F-TEST OF SIGNIFICANCE

The task in ANOVA is to analyze the various parts or 
sources of the variance in the; data at hand to see which,, if any, 
of the treatment factors were important. Read Sections 36.5 and.
36.6 on pages 29 3 Q $ in the text', for procedures end an example
of how to do an ANOVA. As noted in the example> a source table 
is a useful way to summarize an analysis of variance.
SELF TEST 6

To test your computational ability, do the examples be-r 
low. Answers are in-Appendix A.

1. Refer to Problem 36.1, page 302.
a. What is the null hypotheses?

What is the alternate hypothesis?
b. What is the ry for each group?
c. What are the degrees of freedom, for the

F-ratio?
For the .05 level, what value of F must, 
be obtained to reject the null hypothesis?

d . Find £  £,X2
e. Find £

f. Find
N

g*. Find SS^ and MS^
h. Find SSW and MSW
i. Find SSt
j. Complete a summary table. 

k. Compute F.
1, Will you accept or reject the null hypothesis?
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2« Refer to Problem 36 .£, page 303 . Complete
the analysis of variance for the .01 level 
of statistical significance. Appendix .A in-? 
eludes both the answers and the equationsr 
in case you do not wish to do the ca1cu1ations.

VII. SUMMARY OF THE ANOVA PROCEDURE

ANOVA is similar to. the simple t- test for independent 
groups in that means are compared, to see if they differ sig
nificantly. The t-test evaluates: differences between means 
by comparing variances with a standard (the standard deviation). 
Likewise, ANOVA evaluates differences of means by comparing 
variances in the relationship with a standard. Read Section
36.4, pages 296-297 in the text for a summary of the ANOVA 
procedure.

SELF TEST 7
To check your understanding of the ANOVA procedure, 

list in sentence form each of the steps required in the pro
cedure. Check your answer on pages 296 - 297 in the text.
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VIII. ASSUMPTIONS IN ANOVA

For ANOVA to be used appropriately, several ground rules 
must be established about both the experiment which generates 
the data in the first place and the population under scrutiny. 
The three basic assumptions in ANOVA are: a) statistical in
dependence of criterion measures, b) normal population distri
butions , and c) homogeneous variances. The text also mentions 
the possibility of equal population variances. Read Section
36.7 on pages 300-302 in the text on which the ground rules are 
discussed. The two paragraphs following assumption 4, page 301, 
contain topics which will be covered in Unit IV. after ANOVA,
e.g. the Kruskal-Wallis test, nonparametric statistics, R2.
The last paragraph in Section 36.7 starts on page 301 and ends 
on page 302. B e .sure to read it.

SELF TEST 8
. To check your understanding of the general nature of the 

ANOVA assumptions, list the basic ANOVA assumptions. Check 
your answer above.
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,IX. OVERALL SUMMARY' OF ANOVA

Basically, ANOVA .is a statistical technique used td 
analyze the variatidh in a distribution. ANOVA. is siMlar 
td the. simple t-test Fdn independent groups in that means 
are compared to see if they differ significantly.. ANOVA and 
the t-test differ in that ANOVA is useful for more than the
2-group, problems the t-test was designed to solve..

The data to be analyzed should meet three or four • 
assumptions if ANOVA is computed. The data may be gathered 
in experimental or ex post facto research.

• The task in ANOVA. is. to partition the sources of 
variance in the data into its sources and then check to see 
if the factor variance is important. In one-way ANOVA this 
task is accomplished by computing a variance estimate (mean 
square) for each of the two sources of variance and then 
assessing the statistical significance of the findings by 
using an F-ratio with the appropriate degrees of freedom.. From 
the results of the hypothesis test just described, we can de
cide whether of hot the factors had an. important role in the 
relationship with the criterion variable. However, we cannot 
tell which factor(s) played the important role (s) without 
additional tests.
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SELF' TEST 9
To test your understanding of the use and computation 

of a one-way analysis of variance, answer the following questions. 
They refer to Problem 35.2, page 302. Answers are in Appendix.
A.unless otherwise stated*

1, Let* s suppose you told a. friend you are going to
perform an ANQVA on these; data. If the friend asked
you what MTQVA was, what would you tell him/her?
(The answer 1 would give my friend is in the first 
paragraph of the summary).

2. Which use of ANOVA does Problem 36 .‘2 represent?
3. If you did an ANOVA on the data in the problem,

what assumptions about the data would you be 
making?

4, Compute an ANOVA.

5. Test the hypotheses of equal means.
6o Tell the rationale for each, major step in 4. and

5. above. Check your rationale with paragraph 
three in the Summary.

This concludes the, text-accompanied portion of ANOVA.

i J . Atwood 
3/76
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Appendix A 
ANSWEM TO SELF TESTS 1 - 6 AND 9

SELF TEST 1
1. ‘ Fopulat^ion refers to the entire collection of people or 
things in question. Sample is a portion of the population.
2. a« Height - Height is a quality which changes (or 

varies) from one person or circumstance to another.
b. A criterion is a special type of variable - a 
dependent variable.

3. A parameter refers to a characteristic in a population; 
whereas a statistic refers to a characteristic of a sample.
4. A random sample is free of ordered differences, or bias, 
in its selection process because each element has an equal 
or known chance Of being selected. In a nonrandom sample, 
each element of the population has an unknown . chance of 
being selected in the sample.
5. a. Randomly sample 50 students from a class list and 

give them the pretest. After the course is over, 
randomiy sample another 50 students and give them the 
posttesta
b. Posttest the same 50 students you pretested.

6. See Figure 1 0.6 , p. 85. 7. Zero
8. Variance can be used when a measure of variability, 
spread, or dispersion is desired. In contrast, a mean may 
be used when a measure of central tendency is required.
9,e Null Hypothesis: mean-, = mean. (An hypothesis of no
difference or equality).
10 o t  is used with two independent means or two proportions; 
whereas F is used with two variances.
11o Both.

1
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12e The more powerful the test,.the more likely a true . 
difference will be discovered if it is present.
13 o, Yes. The systematic feature of the underestimate 
makes it bias, rather than something else.
14 o See page 190 in, the text>

SELF TEST, 2'

1. k = 3. There are 3 groups or samples.
2. n j = 8 for the first two groups, because there are 8
scores in each of them. n-j. - 7 for the last group because
there are 7 scores, in it.

a. X13 ~ 9

b. X31 8

c. X21 64

d. X33 7

e. X 82 2

£. X^2 = 36 .

4. a. Tg = 49

b. Tg =5 353 '

SELF TEST 3
1. Basically, analysis of variance is a statistical tech-* 
nique in which the variance in a relationship is analyzed. 
It is similar to the t*test for independent groups.
2. The main use of ANOVA is to test for significant dif
ferences among the three or more means in a relationship.
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Appendix A, p. 3
SELF TEST 4
1. False. The mean square (sum of squares divided by the 
appropriate degree of freedom) is a variance estimate.
2. False. MS for the groups or SS(Group). _

SELF TEST 5
1. a. 2 sources.

b. The factor or between-groups source is sample, 
other source is within-groups variance.

The

2. a. 2 sources.
b. The factor or between-groups source is sample, 

other source is within-group variance.
The

3. a. 2.
b. The factor 

heritage. 
variance.

or between-groups source is national 
The other source is within-groups

4. a. 2.
b. The factor 

technique, 
variance.

or between-groups source is teaching 
The other source is with-groups

SELF TEST 6
1. a.

b.

c.

d.

H: - / ^ 2 -y-T 3 "y ^ 2  ^ 3
nl = 4; n 2 = 4; 1I3 = 4

d. f. = 2 , 9 
R: F 2: 4.26

1  .1.X2 = (O)^ + (1)2 + (l)2 + (2)2 + (I)2 + (i)2 +

(2)2 + (2)2 + (3)2 + (S)2 + (4)2 = 66
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= (0 + 1 + 1 + + (1 + 1 + 2 + 2)2 + 
■<C» n j 4 4

(3+ 3 +  4 + 4 )  
4 = 62

T2 _ (0+1+1+2+1+1+2+2+3+3+4+4)2 _ „„f.      = 48

g . SS. N 62 - 48 = 14
SS,

MSb + dfT = 4  = 7D
 __  9 /  T .

h ' SSw - - Z  -

MSw “ 3 T  = I “ 0-444

6 6 - 62=4

i. S S t =

SUMMARY TABLE

Source of variation df
Sums of 
sauares

Mean
sauares

Between 2 14 7
Within 9 4 0. 444
Total 11 18

MS,
k - F " - 0TT44 ” 15-77" df - 2" 9

1. Reject the null hypothesis. There is an important 
difference among the means.
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Appendix A, p. 5
2. H: x - y A 2 - y A ' 3

A:/ / L/ 1 " / A 2 ^, ^ 3
= 8; n^ = 10; = 2 5

.0 level, df = 2, 2 5 
R: F a  4.64

C ^ L x 2 = (I)2 + (I)2 + (I)2 + (I)2 + . . . (5) 2 = 216

-< Ti _ (1+1+.. .2) 2 . (2+2. ..3) 2 L (1+2+3. . .5) 2 _ 1rt/-
Z. n j  8 + To + ------To----- 196

T2 _ (1+1+...5)2 _ (70)2 _
N - 3+10+10 28 ~ 175

<  T i T 2 SSb = < 1 + 196 “ 175 = 21
SS

= df̂  = ~  = 10*5 
, T 2

SSr, = 2  ^  x2 - 2  -i = 216 - 196 = 20W Hj

= 35“ ' If = °-8

SSt =■ ^  X2 - = 216 - 175 = 41

SUMMARY TABLE
Source of variation df

Sums of 
squares

Mean
squares

Between 2 21 10.5
Within 25 20 o 00

Total 27 41 1
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Appendix A, p. 6

F = 5
MS.

10.5
0.8 = 13.125

Reject null. There are important differences in the 
means.

SELF TEST 9
2. A test of difference of means in an ex post facto study,
3. Assumptions:

1. Statistical independence of criterion measures 
(rating on scale of value on education)

2. Normal population distributions for each of the 
four national heritage groups.

3. Homogeneous variances of ratings within each 
heritage group.

SUMMARY TABLE
Source of 
variation

Degrees of 
freedom

1 Sum of 
? souares

Mean
Sauare

Between heritage 
groups 3 ?? 19.59 16.53

Within heritage 
groups 16 j 112.64 7.04

Total 19 • 132.23

4.

5. F 3.24; df = 3, 16. F = 0.93. Retain the null
hypothesis. There are no important differences among 
the means.
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CORRECTIONS 
Group II. ANALYSIS OF VARIANCE

p. 12 Self Test 6
2. Refer to Problem 3 6.5 , page 303,

Appendix A, p. 5

2. h, t y - 2 - /° 3 

A,yu 1 V " 2  V'^3

n ^ =  8; n2 = 10} = 10

.01 level, df = 2, 25 

Ri F > 5-57

V ? 6  ja



Group I. CORRELATION

I. PRELIMINARY CONCEPTS.

Correlation is based on several concepts. It is important to 
understand these concepts before delving into the correlation 
materials The numbers in parentheses refer to pages in the text 
(Fundamental.Research Statistics for the Behavioral Sciences, 
by John T . Roscoe., Second Edition, 1975) on which the terms are 
found. They have been part of the course prior to this unit.

"• *■ K
lpopulation (p. 20) j

sample (p. 20) j
parameter (p. 21)

? ! .

statistic (p, 21) H
measurement scales: j

■ . Inominal or classificatory i
(PP. 15 - 16) j

ordinal (pp. 1 6 - 1 8 )
interval (pp. 18-19)
ratio (p. 19) ij

sum of squares (pp. 6 7 - 6 9 )
variance (pp. 69 - 70) '

i normal distribution (pp. 45 - 46; 
j 8 3 - 8 4 )

z scores (pp. 75 - 78)
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II. OUTLINE

In the process of considering the key concepts in correlation, 
the following topics will be covered:

Concept of Correlation and Use of Scattergrams
Pearson Product Moment Correlation Coefficient

Assumptions and Uses
Factors Affecting Its Value .
Interpretation, Including Coefficient of 

Determination :
Calculation

Correlation Matrix
Point Biserial Correlation Coefficient 
Significance Tests for Correlation Coefficients
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III. WHAT IS CORRELATION? ‘

All of the'descriptive statistics you have used so far in 
the course (e ♦ t me an, rn̂ dia.fi, mode, irange. standard devi
ation, variance) hava used ' ore variable. Now we turn to cor
relation j a statistical technique which can be used for descrip
tive purposes but,, -in contrast to the earlier statistics, - 
describes the relationship between two or more variables. Only 
the bivariate case (using two variables) will be considered 
here.

The descriptive statistics you used served to describe .
characteristics of distributions of scores. In addition, -some 

■ • - . . 
of these statistics were indicators used in hypothesis testing
procedures so that population inferences could be made. For
example, means were used in t-tests. "Variances were used in
F-tests in the analysis of variance procedure* Correlation
is another indicator that can be used for inference.

In previous hypothesis testing procedures-, two or more 
variables were used. One variable was designated as a dependent 
variable, and the others were independent variables. Bivariate 
correlation uses two variables, as well. However, neither 
variable .is designated as the independent or the dependent 
variable. Therefore, correlation coefficients by themselves 
cannot tell us anything about cause and'effect, that is,
which variable "caused” the other to vary.

For a description of correlation, read Section 12.1, pages 
93 - 9^ in the text.
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Regardless'of whether we are speaking of correlation as 
represented.by a Pearson product moment correlation coefficient 
or any other kind of correlation coefficient, the concept of 
correlation is the same: ed  ̂ relation of two variables. The -
coefficient indicates the magnitude (size) and direction (sign) 
of the concomitant variation of the two sets of measurements *
Concomitant variation means.that when the measures of one 
variable vary, those of the other variable do., "too. The measures 
can both increase, they can both decrease, or one can increase ‘ 
and the other decrease.:

For those who are visually oriented, scattergrams are useful 
aids for.understanding the concept of correlation. For a discussion • 
of how scattergrams are used to illustrate various correlations, read 
Section 12.2, pages 94 - 97 in the text.

■ If you have not done scattergrams before, try graphing the data 
in the box, Figure 12.1, page 95 in the text. See if your plot looks 
like the plot in the figure.

The direction of the correlation coefficient is indicated by the 
sign of the coefficient. If the sign is +, the direction is positive.
If the sign is -, the direction is negative. A zero correlation means 
no relationship and no direction. As you may have noticed, the direction 
of the correlation coefficient is shown on a scattergram by the slant 
of the imaginary line that.could be drawn through the center of the 
dots. If the line •seems to .go from the lower left of the scattergram 
toward the upper right, the relationship is positive and will yield a 
positive coefficient (Figure 12.1, page 95). If the imaginary line 
seems to go from the upper left to the lower right, the relationship 
is negative (Figure 12.2, page 95).
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The of the coefficient is shown on the scatter gram, by

the amount of spread in the dots. . The more spread or scatter, the 
weaker the. relationship between the two variables and the lower the 
correlation coefficient.

The real value of making a scattefgram before computing the 
correlation coefficient is to give you an idea of the nature of the 
relationship between the two variables ahead of time. There are 
several reasons why you might need to know what the relationship 
Mlooks like."

1. Correlation assumes.a linear relationship exists 
between the two variables. If the relationship is not . 
close to a straight line, another statistic probably would 
be.appropriate.

2. Graphing scattergrams gives you a check on the 
computations. For example, if you look at the scattergram 
and see a strong, positive relationship between the two 
variables, you would expect a large, positive correlation 
coefficient. If computation does not give you the kind of 
coefficient you expect, then you know something is amiss, 
either in the computation or in the scattergrama

3. Viewing the data sometimes saves calculating the co^ 
efficient. For example,.let us assume that you did an experi
ment and needed a very high correlation coefficient to reject 
the null hypothesis. If you looked at the scattergram of the 
data and found no pattern to the data as in the illustration 
below, you might elect not to even bother computing the cor-* 
relation coefficient.
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IV. ASSUMPTIONS OF THE PEARSON CORRELATION COEFFICIENT

The following are three basic assumptions for the use of the 
Pearson correlation coefficient. Assumptions 1. and 2. are the 
only ones needed for descriptive use of the coefficient.

1. The data have been measured on at least an interval 
scale.

2. The relationship between the two variables is linear.
A discussion of the second assumption is found on page 96 and the 
top half of page 97 in the text.

In addition to 1. and 2., a third assumption is needed for in
ferential use of the correlation coefficient.

3. The variables together must form a special kind of dis
tribution called a normal bivariate distribution. This 
means that each variable separately is normally distri
buted. The two normally distributed variables combine to
form a normal bivariate distribution, which is said to be
homoscedastic. All you need to know now is that the 
assumption of homoscedasticity exists. It will be 
discussed in Chapter 14 of Roscoe.
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V. FACTORS WHICH INFLUENCE: THE VALUE OF THE CORRELATION 
COEFFICIENT

The correlation coefficient is influenced by some features 
of the measurements involved and unaffected by others. For 
example, adding one or more constants to each measurement in 
a set does not affect the coefficient. However, the magnitude 
is affected by features such as the range of variation of the 
measures, the linearity of the relationship, and the shape of 
the distribution of each set of measures.

For a discussion of the various factors which influence 
the value of the Pearson correlation coefficient, read Section
12.4, pages 99 - 100 in the text. ■ .
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VI. FACTORS WHICH INFLUENCE THE INTERPRETATION OF THE COEFFICIENT

Numerous factors "influence the interpretation of the correlation 
coefficient. ‘ For instance,- the coefficient, expressed in a decimal 
ffaction, has no unit of measurement at all. It indicates the 
strength (or extent), and positive or negative direction of the re^ 
lationship between two variables NOT the proportion or percent of the 
explained, variation, between them..

The coefficient is not innately statistically significant or 
insignificant. Because statistical significance is so closely tied, 
to sample size, a test of significance is required to.make a judgment 
about statistical significance.

The coefficient ignores the relative size of the variables.
Thus, we cannot tell which set of measurements has bigger numbers 
just by looking at the correlation coefficient..

Correlation refers to concomitant variation between two 
sets of measurements at the same time. However,'even though 
there is concomitant variation, we cannot tell anything about 
cause and effect by looking at a correlation coefficient.

For a discussion of factors which influence the interpreta^ 
tion of the coefficient, read Section 12.5, pages 100 - 103 
in the text.
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VII. CALCULATION OF THE PEARSON PRODUCT MOMENT CORRELATION 
COEFFICIENT

There are several ways to calculate the Pearson product 
moment coefficient, Some formulas use raw scores. Some use z 
scores. Others use sums of products and sums of squafes. The 
'formulas in Rosede do not use raw scofes; they use either z 
scores or sums of products and sums of squares. •

Read Section 12.3> pages 97 - 99 in the text. Doing the 
calculations, suggested on page 99 should help you understand 
the coefficient better.

VIII. CORRELATION MATRIX

For a discussion of the nature and uses of a correlation 
matrix, read Section 12.6, pages 103 - 104 in the text,

IX THE POINT BISERIAL CORRELATION COEFFICIENT

The point biserial coefficient gives the same kind of informa
tion as the Pearson coefficient. However* it is used when one 
set of measures is an interval scale and the other is a nominal • 
scale which has only two values (yes-no? boy-girl; Pepsi-Coke; 
high-low).

Read Section 13,4, pages 113 - 115 in the text for an intro
duction to the point biserial correlation coefficient.
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X. ' TESTS OF SIGNIFICANCE OF CORRELATION: PEARSON AND.POINT
BISERIAL COEFFICIENTS

Pearson and .point b;iserSal ooef^Itiients- cannot: -be interpreted 
as. statistically significant unless a significance, test is made.
For a discussion of significance tests for correlation coefficients, 
read Sections 31,1 ' 31.4,. pages 264. ^ 268 in the text.

This concludes the text-accompanied portion of the unit on 
correlation. These materials do not consider confidence intervals 
for the Pearson correlation coefficient. ' If your instructor has 
asked you to read Section 1.8.9, pages 168 - 169 in the text, please 
do so.



Group II, 
CORRELATION

I. OBJECTIVES

.By the end of this, segment of the course, students, who have 
knowledge of most of the key concepts in correlation should be 
able to 2

1. Define the concept: correlation.
2. Generate a scattergram from selected data. '
3. Predict the size and sign of the correla

tion coefficient in the scattengrain b
4. Identify the assumptions for the Pearson 

product moment correlation coefficient.
5. Identify the uses for the Pearson correla

tion coefficient.
6. Compute a Pearson product moment correlation 

coefficient in selected problems.
7. Interpret the meaning of the coefficient.
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8, Generate the significance level of a Pearson •
• correlation coefficient.

9. Compute and interpret a coefficient of 
determinatioh»

I.0 • Identify the uses ' for the point biserial
correlation.

II.. Discriminate between the uses of the Pearson 
and point biserial coefficients.

12. Construct a symmetric correlation matrix 
from a set of coefficients.
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II. PRELIMINARY CONCEPTS

' Correlation is based on several concepts which have been 
. part of the course to date. It is important to understand these 
concepts before delving in the correlation material. There are 
two options at this point.

A. . To see whether or not you understand the concepts 
listed in SELF TEST ]f on the next page, briefly define 
each one in the space provided.. Then answer the accompany
ing questions. AFTER you have completed as many as you

■ can, refer to the pages in parentheses beside each concept* 
They are found in the course •.text: Fundamental Research
Statistics for-, the Behavioral Sciences, by - John T. Roscoe, 
Second Edition. The answers to the questions are found 
in Appendix A*
B. Look up the concepts and answers first and then see
if you can define, the concepts and complete the questions. .

Either way, the important thing is to understand the concepts
before going on.

* NOTE'; The Self Tests are designed to give you a chance to practice 
using each concept, and to give you immediate feedback on your per
formance, V.Tien you come to a Self Test, read it over and do all of 
the items you think you need practice doing. ' On some tests you may 
elect to do all of the items, while on others, you may choose one 
problem of each type. In most tests more than one problem of each 
type is available.



Self Test Is. Pfeliitiinafy. Concepts

1.». Define each. H w  these, concepts differ?• 
pcpula.tion (p» 20)
sample (p. 20)

2. How do these concepts differ? 
parameter (p.. 21) 
statistic (p. 21)

3. ‘ Differentiate among the following measurement scales.
.Give an example of each.
a. Nominal (pp. 15 - 16)
b. Classificatory (pp. 15 ~ 16)
c. Ordinal (pp. 16 - 18)
d. Interval (pp. 18 - 19) ■

■ e. Ratio (p. 19)

4. Define. Why are deviations often squared? 
sum of ‘squares (pp. 67 - 69)
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5o, variance (pp. 69 ^ 70)
a. What: is the "variance” of a set of sample data?
b. What is the formula for finding the variance?

6. normal, distribution (pp. 45 - 46; pp. 83 - 34)
a. Draw a normal curve.
bo Draw the mean.

7. z scores (pp. 75 ^ 78)
a. What are the mean and standard deviation of a

z distribution?
b. List at least.three characteristics of z-score 

. distributions.

8» Pifferentiate between the following uses of statistics
a. Descriptive (p. 20) 
bo Inferential (pp. 2.0 - 21)
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III. WHAT IS CORRELATION? .

For a description of correlation. Read Section 12.1, 
pages 93 - 9^ in the text. Concomitant variation, mentioned 
on .page 9 %  means that when. the measures of one variable vary, 
those of the other variable do, tod. The measures can both 
increase, they can both decrease, or one can increase and the 
other decrease.

Self Test.2:

. To check you understanding of the meaning of it, describe 
correlation to include the following items.

1. The number of variables used..
2. The main feature of the variation being analyzed.
3. The chief characteristies of correlation 

coefficients.

(Answers are found in Appendix A.)

IV. CALCULATION OF THE PEARSON PRODUCT MOMENT CORRELATION 
COEFFICIENT -

Read Section 12.3V. pages 97 - 99 in the text. For mastry of 
the calculation of the Pearson correlation coefficieht, it is 
important that you do thie calculations .suggested on page 99.
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V. ASSUMPTIONS OF THE PEARSON CORRELATION COEFFICIENT

. The following are three baaic assumptions for the use of the 
Pearsdn Qofrelati.oh coeffioient ̂ • Assmnptioris 1» and 2» are the 
only ones heeded for descriptive' use of the coefficient.

• I. The data have been measured on at least an interval 
scale.

2. The relationship between the two variables is linear..

A discussion of the second assumption is found on page 96 and 
the top half of page 97 in the text.

In addition to 1. and 2., a third assumption is needed for 
inferential use of' the. correlation coefficient.

3, The variables together must form a special kind of 
distribution called a normal bivariate distribution.
This means that each variable is normally distributed.
The two normally distributed variables combine to form' 
a normal bivariate distribution which is said to be 
homoscedastic* All you need to know is that homo- 
scedasticity exists. This assumption of hdmoscedasticity 
will be discussed more in Chapter 14 of Roscoe«.
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Self Test 3:
To check your understanding of interval scales and linear re

lationships, answer the following questions. Answers are found 
in Appendix A.

1. Which of the following are interval or ratio scales?
a. height (inches e. teaching methods
b. weight (pounds) f. temperature (Centigrade)
c. race g. class ranks
d. sex h. raw scores

2. Which of the following are linear relationships?

a CL
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3 o Which of the four measurement scales can: be used if data 
are to be analyzed via the Pearson, product moment correlation: co
efficient? (Girdle, all that apply.)

a. Ratio c. interval
b. Nominal of categorical ■ d. Ordinal

4. Which of the following- can be assessed by a Pearson cor
relation coef f icient? (Circle all that apply.) 

a* Linear relationship
b. Curvilinear relationship
c. Neither of the above.

VI. FACTORS WHICH INFLUENCE THE VALUE OF THE CORRELATION
COEFFICIENT

For a discussion of the various factors which influence the 
value of the Pearson correlation coefficient, read Section 12.4, 
pages 99 - 100 in the text.

Self Test 4:

TO check your understanding.of the factors which influence the 
Pearson correlation coefficient, indicate whether, the following 
statements are true or false. .Answers are found in Appendix A.

1. If group A has a variance of 7.3 and group B has a variance 
of 8.9, the correlation coefficient for group B is expected to be 
larger than the one for group A.
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2. Even though the curvilinear relationship for a pair of 
variables is very strong (large), the Pearson coefficient will under
estimate the, magnitude of that relationship.

3. The Pearson coefficient for two sets of scores is increased 
in difect. proportion to. the site, of a constant, added to each member 
of each set of scores.

4. If one distribution is skewed to the left and the other to 
the right, the average of the distributions permits the correlation • 
coefficient to •potentially reach its maximum of 1.0.

5. The correlation between a nominal and an ordinal scaled 
variable can reach unity the same as the correlation between two 
interval scaled variables.

6. The fifth grade girls and boys took achievement tests 
in reading and mathematics. The variances of the scores for
the boys was bigger than the variance of the girls1 scores. Thus,, 
we would expect the correlation between reading and math scores 
for the girls to be higher" than the correlation coefficient for 
the boys.

7. The sc at. ter gram for a set of- data shows that all of the 
data points (dots) form a straight, slanting line. We can be 
fairly sure that the Pearson coefficient will accurately reflect
the size and direction of the relationship between the two variables.

8. If we are correlating the• measurements of two variables,
it does not matter if the distributions are quite skewed.

9. If we are correlating the measurements of two variables,
it does not matter if the means are different•
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v i i„ Fa c t o r s w h i c h i n f l u e n c e t h e i n t e r p r e t a t i o n of t he
COEFFICIENT

■ For a disQussion of factors wHich influence the interpretation 
of. a G.oefficienty read Section 12,5, pages 100 - 103 in the text•

Self Test 5 :

To check your understanding of the factors influencing the 
interpretation of- correlation coefficients, answer the following 
questions, Answers are found in Appendix A.

I, , What is the difference between a correlation coefficient 
and a coefficient of determination?

2o A useful rule of thumb is that a correlation of ,50
is a significant one, regardless of sample size.
(True or False)

3- What is the coefficient of determination for a Pearson r?
4. What is the coefficient of determination for a.

correlation of 0.70?
5- If the coefficient of determination is 0.8l, what is

the corresponding product moment coefficient?



VIII. CORRELATION MATRIX

For & dlsousslq# of the h a t W a  of a correlation matrix., 
read Sedtioh 12*6, pages 10 3 ? 104 in the text*

Self Test 6 :

To check your understanding of the fo.rmat of a correlation 
matrix, construct a matrix of the following correlations.

r12 “ c 8 

r13 = *7 

r23 =
Hint $ The correlation of each variable with itself is 1.0, 
(Answer in Appendix A.)



IX. TESTS OF SIGNIFICANCE OF CORRELATION: PEARSON AND POINT
BISERIAL COEFFICIENTS

Pearson correlation has been the focus of the discussion this 
faro Read. Section 13,4,. pages 113 r 115 in the text for an intro- 

. duetion to the'point biserial cbfrelation coefficient.

Self Test 7:

To check your understanding of the point biserial compared to 
the Pearson coefficient, do exercise 13,7, page 119 in the text. 
The answer is on page 473,

The Pearson and point biserial coefficients cannot be inter- . 
preted as statistically significant unless a. significance.test is 
made,' For a discussion of significance tests for correlation co-. 
efficients, read Sections 31.1 - 31.4/ pages 264 - 268 in the text

Self Test 8:

To check your understanding of a significance test for correla 
tion coefficient, do exercise 31.3, page 269. . The answer is on 
page 475 in the text.

If you want additional practice, do the other exercises 
on page 269. ' Answers are on page 475 in the text.
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X. CORRELATION AND SCATTERGRAMS

For a discussion of how scatter grains are used to illustrate 
various correlations> read Section 12.2, pages 94 r 97 in the 
' text:, .

- if you have hot done scattergrams Before, try gfaphing the 
data in ■the box. Figure 12.1, page 95 in the text. See if your 
plot looks like the plot in Figure 12.1.

Self Test 9 :

io check your proficiency at. making scattergratns, graph the 
data from Exerqise 12.1, page 104 in the text. Compare your 
scattergram with the one in Appendix A.

if you want additional practice, graph the data in the boxes 
next to Figures 12.3, and 5, pages 96 - 97 in the text. Match 
your drawings with the figures.

The direction of a correlation coefficient is indicated by the 
sign of the coefficient. If the sign is +, the direction is posi* 
tive. If the sign is the direction is negative. A zero corre
lation means no relationship and no direction. As you may have 
noticed, the direction of the correlation coefficient is shown on . 
a scattergram by-the slant of the imaginary line, that could be drawn 
through the center of the dots.. If the line seems, to go from the 
lower left of the scattergram toward the upper right, the relation
ship is positive and will yield a positive coefficient (Figure 12.1, 
page 95). If the imaginary line seems to go from the upper left to 
the lower right, the relationship is negative (Figure 12.2., page 95).
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The real value of making a scattergram before computing the 
correlation coefficient is to give you an idea of the nature of 
the relationship between the two variables ahead of time. There 
are several reasons why you might need to know what the relation
ship "looks like."

1. Correlation assumes a linear relationship exists be
tween the two variables. If the relationship is not close 
to a straight line, another statistic probably would be

. appropriate.

2. Graphing scattergrams gives you a check on the computations. 
For example, if you look at the scattergram and see a strong, 
positive relationship between the two variables, you would ex
pect a large, positive correlation coefficient. If computation 
does not give you the kind of coefficient you expect, then you 
know something is amiss, either in the computation or in the 
scattergram.
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The size of the coefficient is shown on the scattergram by the 
amount of spread in the dots. The more spread or scatter, the 
weaker the relationship between the two variables and the lower the 
correlation coefficient.

Regardless of whether we are speaking of correlation as repre
sented by a Pearson product moment correlation coefficient or any 
other kind of correlation coefficient, the concept of correlation 
is the same: co - relation of two variables. The coefficient
indicates the magnitude (size) and direction of the concomitant 
variation of the two variables.

Self Test 10;

Try your hand at predicting the size and direction of the 
correlation coefficient. For each of the following examples, tell 
whether the size of the coefficient would be large, medium, small, 
or nonexistent (in the case of no relationship), and whether the 
coefficient would be positive, negative, or neither (in the case 
of no relationship). Use Figures 12.1 - 12.5, pages 95 - 97 in the 
text for guidelines if you wish. Answers are found in Appendix A.
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3. Viewing the data sometimes saves calculating the coefficient. 
For example, let us assume that you did an experiment and needed 
a very high correlation coefficient to reject the null hypothesis. 
If you looked at the scattergram of the data and found no pattern 
to the data as in the illustration below, you might elect not to 
even bother computing the correlation coefficient.

X



247

18.

Self Test 11:

TO check your understanding of the concept of correlation, in 
general, scattergrams> and Pearson correlation coefficiWt#T. dp 
the following exercises. Answers are found in Appendix A.

Look at your scattergram from Exercise 12.1, page 104 in the 
text.

1. Tell the size and direction of the relationship 
between the two variables»

2. What size and direction will, the correlation 
coefficient have?

3. Do Exercise, i2.1.b. on page 104 in the text.

4. Do Exercise 12.2. a., page 104 in the text. Tell the. 
size and direction of the relationship between the two variables.

5. What size and sign will the correlation■coefficient have?

6. Do Exercise 12.2.b. on page 104 in the text.

This concludes the text^accompanied portion of the unit on 
correlation. These materials do not consider confidence inter- , 

vals for the Pearson correlation coefficient. If your instructor 
has asked you to read Section .18.9, pages 168 - 169 in the text, 
please do so.
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APPENDIX A. ANSWERS TO SELF TESTS 1, Z, . 3 , 4 ./ 5 , 6 , 9 , ,10 . & 11

SELF TEST 1
lo Population refers to the entire collection of. people or things 
in question. Sample is a portion of the population»

a ; parametef refers fp a- characteristic in.a population? whereas 
. a. etatisf ic ref ers W  a/characterise# #f & . sample ,
3, a, . Nominal - a qualitative: set of measures which can be categorized 

hut has none of the other properties of c, ^e (eye color, "for. example)
b. Glassificatory ^ Same as a,
c. Ordinal - A set of measures with the properties of a, and the
added property.of order among the categories (short, shorter, 
extremely short, for example)
do. Interval - a set of measures with all Of the properties of c, 
plus equal distance between each scale point of interval (seconds 
of time, for example)
e. Ratio - a set. of measures with all the properties of d, plus
an absolute, unwavering zero point (centimeters of height, for 
exampleo

4, A sum of squares is the sum of the squared deviations of a set
of scores around its mean, Squaring is a mathematical convenience
to avoid working with negative numbers,. and, more important, to cir
cumvent the Central Limits Theorem which states, "The sum of the 
unsquared deviations of a set of scores from its mean is equal to 0,"
So a. The variance of a set of sample data is a measure of the dis

persion (or spread) in the data, .It is the mean (or average) of 
the squared, deviations from the mean of the. distribution (or set 
of data).
b. S2= £i(Xi - t) SS

N-l ■

6, a, A normal distribution is a collection of measurements which, 
when put on a graph," approximates the. normal curve * This curve 
is characterized by its symmetrical, bell shape with its maximum 
height at the mean,
bo See Figure 10,6, p, $5,

7, a, mean - 0; standard deviation = 1,
b« See page 76 in the text, These properties are the important 
reason why z scores are often used to compute correlations, The 
key is that z scores are. independent of the units in which the 
measurements were originally taken, but the shape of the
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distribution of scores stays the same when transformed into z 
scoreSo . •
8. Descriptive statistics are used to describe a set of data, 
whereas inferential statistics permit us to make generalizations 
to the population from-which the sample data came.

SELF TEST; ,2
Correlation is a statistical description of how two variables are 

relatedo It describes, the concomitant variation of the variables. 
(Concomitant variation is "varying together". When the value of 
one variable goes up,, the other varies, too, either up or down.)

A correlation coefficient is the statistical index used to 
express cbrrelatiOn. The coefficient indicates the degree, magnitude, 
or strength of the relationship as well as its direction (positive 
or negative). The range of a coefficient is usually +1 to -1. A. 
coefficient of 0.0 indicates no relationship at all between the 
variables being analyzed.

SELF TEST .3
1. a, b, f, h.
2. a, d«
3. a, c.
4. a.

SELF TEST .4
1. True
2. True
3. False. The coefficient is unaffected.
4. False. Only similarly distributed variables can have coefficients
of +1.0 of -1.0. (This involves assumption 3.)
5. False. Only the correlation coefficient between two interval
scales can reach a maximum of unity. (This involves .assumption 1.)
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6. False
7. True. Assessing the magnitude (size) and direction (sign)
of linear (straight line) relationships is what Pearson r does best.
8* True» if you are using correlation to describe a distribution.

False, if voti are using correlation in.ferentially. We need 
to have normally distributed (not skewed) distributions of scores 
in order to obtain a correlation coefficient with which to .make 
meaningful population inferences^
9. True. The centra1 tendency of eaeh set of measurements does 
not matter when computing correlation coefficients.  ̂ Usually, the 
variables are measured on different scales ( e.g., inches and 
pounds)* Comparing means would be useless.

SELF TEST, 5
I. ^The correlation coefficient is expressed in decimal form and 
indicates the magnitude and direction of a relationship between two 
variables. The coefficient of determination is the proportidri or percent 
of the variation in one variable accounted for by the other. Neither 
coefficient shows either the statistical significance of the relation
ship or the units in which the variables were measured,

?. False, The statistical significance of a correlation coefficient 
is related to sample size. Alsof the meaning (or substantive signi
ficance) of the coefficient depends largely upon the use to which the coefficient will be put.

to .49 = 4-9#
5» r' = O.Si = 0.90

SELF TEST 6

Correlation .Matrix;

2 8 1,0 .5
3 .7 ,5 1.0
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SELF TEST 9

Y
* » »

x

SELF TEST lj)
Note: There is plenty of disagreement among experts about the 
size of correlations, e.g. how much scatter is really "medium". 
The important thing is to be able to look at a scattergram and 
to make a fairly good guess, e.g., guessing "small" when the 
key says "small" or "medium".
1. Large negative
2. Small positive
3. No relationship (No size, no direction)
4. No relationship
5. Medium negative
6. Small negative
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SELF TEST 11

1. moderate, positive
2. same; moderate and positive
3. +0.517
4.

iC

O  i o
X

moderate, negative
5. same? moderate, negative
6. -0.792
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