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PROBLEM

The effects of prior learning on subsequent learning have been

demonstrated by a large number of research studies dealing with

infrahuman as well as human subjects. In the field of adult learn-

ing as well, the fact that previous educational experience affects

the learning of adults is acknowledged by researchers of the adult

learning process, teachers of adults, and adult learners themselves

who are engaged in formal educational activities. The influence of

the educational background of the adult education participant on

learning outcomes has been investigated by various researchers

(e.g., Sorenson, 1930; Sjogren and Knox, 1965, 1967). Findings from

these studies suggest that adults who have not recently participated

in an educational activity or who do not have a high level of formal

educational background are not able to perform as well 4n a learning

situation as those who have recently been involved in some educa-

tional activity or who have a high level of formal education. As a

result, the adult with an inadequate educational background fre-

quently becomes dissatisfied and drops out of the activity. Further-

more, the varied educational backgrounds of students in many adult

education classes make it difficult for the instructor to arrange

the external conditions of learning.

An approach by which the instructor may influence variables

relevant to learning outcomes, places emphasis on the structure and



sequencing of a body of knowledge. To facilitate learning, back-

ground information is given to the learner through a process that

includes the appropriate selection of subject matter which is effec-

tively sequenced.

It is recognized that some learner characteristics will ordi-

narily influence the achievement of desired learning outcomes. How-

ever it is also important to consider the characteristics of the

instructional activity which affect learning. Knowledge about the

effectiveness of instructional activity, combined with information

about learner characteristics, should result in a more effective

educational experience for adults.

The Problem

An important task of the educator is to present the optimal

structure and sequence of educative activities. For example, the

classroom teacher is concerned with the selection, organization, and

presentation of a subject matter in the form of lessons, units, and

courses. The curriculum specialist, too, is concerned with the

design of an educative experience which is deliberately structured

and sequenced in a manner that facilitates the achievement of

intended objectives. Other educators, such as the programed

1The term structure refers to the content and organization of

a selected subject matter, and sequence refers to the sequential

arrangement in which the content is presented. (This distinction is

somethat similar to the familiar curriculum concepts of scope and

sequence.)



learning specialist, the author of educational texts and materials,

and the educational psychologist have recently placed increased

emphasis on the efficient programming of educational materials.

Learning theorists have also emphasized that the structure and

sequence of the educative activity have an effect on the outcomes

of learning. The appropriate sequential arrangement of the learn-

ing material, within a topic to be learned and among the topics

that igake up a subject matter, is viewed as a requirement for of

learning. For example, both behavioristic and cognitive learn-

ing theorists assert that the sequential arrangement of the subject

matter is an important variable in the study of learning.

The behavioristic viewpoint, as exemplified by Skinner and

linear programed instruction, emphasizes the logical step by step

sequencing of the subject matter. Through appropriate sequential

arrangement of the subject matter the learner is guided progres-

sively to a desired outcome.

Cognitive theorists, such as Ausubel, Gagnd, and Bruner, also

emphasize the necessity of sequential arrangements of the subject

matter and, in effect, advocate programming the learning material.

Furthermore, they emphasize the importance of the structure of a

subject matter (cf., Ausubel, 1963b; Bruner, 1960, 1964; Gagne,

1965). Also, cognitive theorists stress the assumption that subject

matter which is appropriately structured and sequenced not only is

more readily learned, but also becomes an important independent



meemoommagraimairmomilliNIIINIIIIIIIIi

4

variable which influences the subsequent learning of related mate-

rial (Ausubel, 1965). Hence, in the latter instance, one may theo-

rize that meaningful learning can be brought about most effectively

and efficiently by the manipulation of the structure and sequence

of selected subject matter.

Two general procedures have been identified by Ausubel (1963b,

1965) whereby cognitive structure (i.e., the learner's existing

organized body of knowledge regarding a learning topic) can be

influenced so as to facilitate the learning of new material. One

such variable is the structure of the subject matter itself. This

refers to those substantive aspects of the subject matter that have

the greatest generalizability, inclusiveness, and relatability with-

in that subject matter area. The second variable is concerned with

the manner in which the subject matter is presented, arranged, and

ordered. This proper sequence of activities in which a learner is

involved is referred to as the programmatic aspect of presenting

material.

The general purpose of the present study, then, was to experi-

mentally manipulate two aspects of the instructional process, both

of which serve to influence adult learning. More specifically, the

purpose was to ascertain the effects of introductory materials,

which were differentially structured with regard to content, on con-

ceptually related learning tasks which were differentially

sequenced.
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The first variable manipulated was the structure of the intro

ductory learning material presented to the subject prior to the

actual learning task. This variable was manipulated for the pur-

pose of ascertaining the effects on learning which accompany the

variation of the substantive aspect of the subject matter. The

second variable was manipulated to examine the influence of the

. sequential arrangement of the learning material on learning outcomes

(i.e., the manipulation of a programmatic variable).

Theoretical Background

One of the primary proponents of the recent emphasis on the

structure and sequencing of learning materials and of knowledge has

been David P. Ausubel. Because the impetus and the conceptual

framework for the present study were basically derived from the theo-

retical uoacepts of meaningful verbal learning, as presented in var-

ious publiCations by Ausubel (e.g., 1961, 1962, 1963a, 1963b, 1965,

1966), a summary of this theory is necessary. Following this sec-

tion on theoretical background, a sampling of the empirical litera-

ture on this topic is included as a background for the more specific

problems of the present research investigation.

Although the major aspects of Ausubel's cognitive theory will

be summarized, there are three areas which are particularly relevant

to the purpose of this study. These areas include (a) the system-

atic change in extent and type of knowledge brought about by the

integration and incorporation of new information into the learner's
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existing cognitive structure; (b) the identification of those fac-

tors that have an effect on the acquisition of new information; and

(c) the manipulation of the learner's cognitive structure so that

the acquisition of newly presented information is enhanced.

In general, this theory is limited to various principles

regarding the integration and organization of the learner's knowl-

edge, and to various procedures whereby knowledge is acquired,

retained, and forgotten. Within this frame of reference, Ausubel

further limits his theory to meaningful verbal reception learning,

which he believes is the most characteristic type of school learn-

ing. Reception or expository learning, as contrasted to discovery

learning, refers to learning material presented in its entirety to

the learner. Thus, the entire content to be learned is given to

the learner, who only needs to internalize the material presented

to him for future reproduction.

For reception learning to take effect, it is assumed that the

learner possesses a mature cognitive structure. That is, the

learner understands the concepts and principles of the meaningfully

presented material without any necessary prior concrete experience

with the material. This is in direct contrast to learning charac-

teristics of young learners who need relevant concrete experiences

directly prior to their understanding any abstract learning material

(Inhelder and Piaget, 1958). Furthermore, because the reception

type of learning is presented verbally, it may be presented in



either a rote or a meaningful manner without prior nonverbal and

problem solving experiences. It is important, therefore, to note

that Ausubel's emphasis is on meaningful reception learning and not

on rote learning.

Meaningful learning refers primarily to a learning process

rather than a learning outcome, and is distinguished from the proc-

ess of rote learning. It assumes that the learner possesses an

expectation that the learning material will be meaningful to him

and that the learning material actually is potentially meaningful

to him. The meaningful expectation or set that is a requisite for

the occurrence of meaningful learning serves to relate the substan-

tive aspects of the learning material to relevant elements of the

learner's existing cognitive structure. Obviously, the meaningful

set to learn results in meaningful learning only when the material

to be learned is potentially meaningful.

For learning material to be potentially meaningful two impor-

tant criteria must be satisfied. The first criterion is thl non-

arbitrary relatability of the learning material to relevant

concepts in the potential learner's cognitive structure. This cri-

terion applies only to the total learning material itself and not

to the component parts. The second criterion involves the relata-

bility of the learning material to the cognitive structure of a

specific learner. This second criterion refers to a characteristic

of the learner, whereas, the first criterion has reference to a

characteristic of the learning material.
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Learning materials which satisfy the criteria of potential

meaningfulness are learned according to principles of learning and

retention that are quite different from materials learned by rote.

Meaningfully learned materials are related and anchored to an exist-

ing ideational system within the cognitive structure of the learner.

In contrast, materials learned by rote are discrete entities relat-

able to cognitive structure in an arbitrary manner, and as a conse-

quence are not anchored to any existing ideational system. There-

fore, the meaningfully learned material is more effectively learned

and has greater stability, retention, and transferability.

For potentially meaningful material to become actually meaning-

fu.a. it must interact with, and be subsumed or incorporated into,

the learner's existing ideational system. For this to occur, it is

assumed that the content of the field of knowledge which is being

learned is organized and that the relevant content within the

learner's cognitive structure is also organized. First, it is

assumed that the subject matter of which the potentially meaningful

material is a part, is organized in some hierarchical fashion.

Second, it is assumed that the organization of the learner's cogni-

tive structure is also hierarchically organized. Within the

learner's cognitive structure the most general or inclusive concepts

are located at the apex of the structure under which are subsumed

the less inclusive concepts and specific information.

The fact that the potentially meaningful material has inter-

acted with and is relatable to organized conceptual and ideational



elements in the learner's cognitive structure is the basis for its

meaningfulness. As the new material is introduced into the

learner's cognitive structure, the initial efforts of the subsump-

tion process involve various orienting, relational, and cataloging

operations. These operations are necessary for learning and reten-

tion because they provide the mechanisms whereby new material is

subsumed and incorporated within the existing cognitive structure

of the learner. Furthermore, anchorage within the ideational sys-

tem is provided for the newly learned material. That is, newly

learded material is attached to or subsumed by related concepts in

cognitive structure. As a result, the newly learned material, for

some variable time period, remains a separate and distinct entity

within the learner's subsuming ideational system. Thus the material

can be separated from its subsumer and recalled by the learner.

Although anchorage of the newly learned material within the

learner's ideational system enhances its stability and retention,

the material in time loses its individual identity. According to

Ausubel, this is brought about by a conceptualizing trend in cogni-

tive structure whereby less inclusive concepts and information are

subsumed into more highly inclusive concepts. When this second or

obliterative stage of the subsumption process begins, the specific

identifiable elements of the learned material gradually become less

separable from the learner's existing ideational system until they

no longer have any distinct identity of their own. At this point

the material is said to be forgotten.
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Within meaningful reception learning the process of subsump-

tion, therefore, is theorized to be responsible for (a) the acquisi-

tion of knowledge, (b) the stability and retention of newly-

acquired material, (c) the hierarchical organization of the body of

knowledge within the learner's cognitive structure, and (d) the

occurrence of forgetting.

Two different types of subsumption theoretically occur in the

learning and retention of meaningful material. The meaningful mate-

rial which is subsumed and related to existing conceptual elements

may be either derived from or correlated to established concepts in

the learner's cognitive structure. If new learning material is an

example or illustration of some established concept or idea in the

learner's cognitive structure, it is derivable from or implicit in

a more inclusive concept of the established subsumer. The outcome

of this type of subsuuptic'n is manifest in the easy and quick acqui-

sition of meaning, and in rapid forgetting. The reason for rapid

acquisition and forgetting is that the meaning of the new material

is highly relatable to a more inclusive concept in the learner's

existing cognitive structure. This inclusive concept readily sub-

sumes the meaning of the material so that the identifiable elements

of the learned material are lost. Although the learned material

loses its specific identity, the material is not entirely forgotten

because substantive ideas of the learned material are maintained

within relevant subsumers in the learner's cognitive structure.
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On the other hand, if new material is an extension, qualifica-

tion, or elaboration of an established concept in the learner's cog-

nitive structure, then it is defined as correlated to a more

inclusive established subsumer. The incorporation and interaction

of the meaning of this new material, which is only tangentially

related to the more inclusive subsumer, is not implicit in and can-

not be adequately represented by the existing subsumption system.

As a consequence, newly learned material which is correlated to

existing more highly inclusive concepts undergoes obliterative sub-

sumption similar to derivatively subsumed material. The effects of

obliterative subsumption are, however, more serious in the case of

correlated materials. The reason for this is that when correlated

materials lose their identity and can no longer be separated from

their subsumers, the substance of the correlated material is not

adequately represented within the subsumer and, therefore, cannot

be reproduced in the future. Therefore, in this instance, the

entire substance of what was learned is lost. Needless to say,

obliterative subsumption occurs most rapidly when the existing con-

ceptual subsumers are not stable and clear and when the learning

material has not been overlearned.

In summary, the subsumption of potentially meaningful deriva-

tive and correlated material is dependent upon an existing hierar-

chical organization of meaningfully learned materials in the

learner's cognitive structure. This subsumption process efficiently
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reduces the new material to a least common denominator of relevant

established meanings.

Ausubel theorized that learning and retention of derivative

and correlated materials is iafluenced, in the narrow sense, by rel-

evant subsuming concepts in the learner's cognitive structure; and,

in the general sense, by the learner's subject matter knowledge.

In either instance, a clear, stable, and organized existing cogni-

tive structure will enhance the learning and retention of new rele-

vant material. Au...ubel also theorized that the extent to which

transfer occurs is dependent upon the influence of these cognitive

variables (i.e., the clarity, stability, and organization of a

learner's knowledge in a subject matter). Hence the strengthening

of these relevant aspects of cognitive structure will facilitate

new learning, retention, and transfer.

The acquisition of an adequate cognitive structure which faci-

litates new learning is dependent upon two factors. One factor is

the structure of the subject matter itself. This refers to those

substantive aspects of the subject matter that have the greatest

generalizability, inclusiveness, and relatability within that sub-

ject matter area. The second factor is the manner in which subject

matter is presented, arranged, and ordered. This proper sequence

of activities in which a learner is involved is referred to as the

programmatic aspect of presenting material.

Thus, Ausubel theorizes that cognitive structure is influenced

by substantive and programmatic factors of the subject matter.
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learning material, ideas and concepts are integrated and reconciled

with previously learned content in cognitive structure. As a conse-

quence, relationships between ideas are more easily discovered,

ideational similarities and differences are made evident, and the

resolution of real or apparent inconsistencies is achieved. This

procedure is in striking contrast to the common practice of present-

ing the ideas and content in learning material in segregated and

compartmental segments.

In summary, Ausubel's theory of meaningful reception learning

is based on the premise that if an individual's existing cognitive

structure in a particular subject matter area is clear, stable, and

organized, then the learning and retention of new meaningful mate-

rial is enhanced. On the other hand, if the existing cognitive

structure is ambiguous, unstable, and disorganized, then the learn-

ing and retention of new meaningful material is inhibited. As a

result, attention should be directed to the strengthening of rele-

vant aspects of the learner's cognitive structure in a subject mat-

ter area so that new learning and retention can be facilitated.

The following section presents findings from a number of exper-

imental research investigations conducted by Ausubel and his associ-

ates, in which deliberate attempts were made to influence the

learner's cognitive structure so that meaningful learning and reten-

tion would be maximized.
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Related Literature

In recent years a number of articles (e.g., Ausubel and

Fitzgerald, 1961a; McDonald, 1964) and books (e.g., Anderson and

Ausubel, 1965; Ausubel, 1963b) have contained reviews of relevant

literature on meaningful verbal learning. Although some of the

reviewed or cited studies are of direct relevance, a great number

of the studies reported are only tangentially related to the speci-

fic problems of the present research investigation. A detailed

review is presented of only those studies that are directly relevant

to the specific problem of the present investigation, and whose ori-

gin is implicit in the theoretical propositions of meaningful verbal

learning as stated by Ausubel.

The following studies by Ausubel and his associates were

designed to test the basic theoretical proposition that cognitive

structure variables are significant factors which influence the

learning and retention of relevant and related new material. Prior

to attempting a specific learning task, the learner studied material

that was relevant to, and inclusive of, existing concepts in the

learner's cognitive structure and in the actual learning task mate-

rial. These advance organizers or introductory materials were pre-

sumably structured, however, at a higher level of abstractness,

generality, and inclusiveness than the existing relevant knowledge

in the learner's cognitive structure and the actual learning mate-

rial. Furthermore, the introductory material included substantive
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content that for organizational and integrative purposes had the

greatest generalizability, inclusiveness, and relatability within

the subject matter content. This introductory material was also

sequentially arranged so that the organizational strength of cogni-

tive structure would be enhanced.

The use of introductory materials, then, purportedly draws

together the available relevant ideas and concepts in the learner's

cognitive structure and provides an overview for new related learn-

ing material at the appropriate level of conceptualization. These

introductory materials presumably provide a subsuming role or a con-

ceptual and ideational framework for the reception of new learning

material. Also, relevant and inclusive introductory materials pre-

sumably increase the discriminability of new materials by indicating

similarities and differences between existing concepts in cognitive

structure and the information in the new learning material.

To test this complex theory, an experimental study by Ausubel

(1960) hypothesized that the learning and retention of unfamiliar

but meaningful verbal material could be facilitated by the introduc-

tion of advance organizers prior to the actual presentation of the

learning task. This hypothesis was based on the theory that if the

introductory material made relevant and inclusive subsumers avail-

able to the learner, then these subsumers would provide an idea-

tional framework for the incorporation and retention of more speci-

fic material inherent in the subsequent learning task.
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Control and experimental groups of college undergraduates were

matched according to sex, ability to learn unfamiliar scientific

material, and academic field of specialization. Forty-eight hours

prior to and immediately prior to studying a 2,500 word learning

passage dealing with the metallurgical properties of plain carbon

steel, the control and experimental groups studied a 500 word intro-

ductory passage. The experimental introductory passage contained

highly abstract and inclusive background information about the

learning material." It was designed as an organizer for the steel

learning passage, and it served to relate the learning material to

the learner's existing cognitive structure. The control introduc-

tory passage presented historical information about the methods used

in processing iron and steel. A multiple choice test was adminis-

tered to both groups three days after the learning passage was

studied.

Significant differences between the means of the control and

experimental groups supported the hypothesis that the use of highly

abstract and inclusive introductory material in the teaching of

meaningful verbal material would facilitate retention.

To further test the effects of stable and clear subsuming con-

cepts in cognitive structure and the discriminability of the new

learning material from its subsumers, Ausubel and Fitzgerald (1961b)

hypothesized that advance organizers used to discriminate between

new material and related material already established in the
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learner's cognitive structure would facilitate the learning and

retention of the new material. Three groups of university under-

graduate subjects studied one of three 500 word organizers two days

before studying a 2,500 word passage on Buddhism. One experimental

group studied a passage that compared the major ideas of Buddhism

and Christianity; a second group studied an expositior on the prin-

cipal Buddhist doctrines, without any reference to rt ianity; and

the third group, a control group, studied historical Af.q.:Lial about

Buddha and Buddhism. In the analysis, subjects in each of the three

treatment groups were divided into above- and below-median subgroups

according to their knowlddge of Christianity.

The results indicated that subjects with greater background

knowledge scored significantly higher on the Buddhism retention

scores than subjects with less knowledge of Christianity. Also,

after three days, the retention of the Buddhism material was signi-

ficantly better for the group that received the comparative intro-

ductory treatment. After 10 days, the subjects exposed to the com-

parative and expository organizers did significantly better than the

group that had studied the historical introduction. The difference

obtained by the facilitating effects of the organizers, however,

only applied to the subgroups of learners who had achieved below-

median scores on the Christianity pretest.

Ausubel and Fitzgerald concluded that advance organizers

appeared to increase discrimination of unfamiliar material for
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learners when existing relevant concepts in cognitive structure were

not clear and stable.

In a subsequent study, Ausubel and Fitzgerald (1962) studied

the effects of an expository advance organizer, antecedent learning,

and general background knowledge on the learning and retention of

two unfamiliar sequential passages dealing with the endocrinology of

pubescence.

Subjects were predominantly university seniors. At the first

experimental session, the experimental group studied a 500 word

expository passage that was structured to provide an organizational

framework for the first learning passage, and the control group

studied a 500 word introductory passage which had no organizational

properties in relation to the first learning passage. Two days

after the first experimental session, both experimental and control

groups restudied their respective introductory passages and then

studied a 1,400 word passage on the specific hormonal factors initi-

ating and regulating pubescence. A test on the 1,400 word passage

was administered two days later. Three days later the second learn-

ing passage, a 1,600 word description of pathological variations in

pubescence and their treatment, was administered, and after four

days, the subjects were tested on the second passage.

Results indicated that the organizer facilitated the learning

and retention of the first pubescence passage for those subjects

with low verbal ability or those subjects with a higher endocrinology
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background. Knowledge of the first passage had a significant facil-

itating effect on learning the second passage when general back-

ground knowledge of the subject matter and verbal ability were sta-

tistically controlled. Finally, with verbal ability statistically

controlled general background knowledge in endocrinology facilitated

the learning of the unfamiliar material in a similar subject matter

area, presumably by increasing its general familiarity.

Furthermore, Ausubel and Youssef (1963) hypothesized that

(a) the discriminability of new material from previously learned

material is a function of the clarity and stability of the pre-

viously learned material, and (b) an advance organizer increases the

diacriminability of new material from previously learned related

material. It was predicted that the facilitative effects of the

advance organizer would be observed with subjects who either have

low verbal ability or whose relevant cognitive structure is unstable

and unclear.

Undergraduate university students who were classified within

two experimental treatments studied two 500 word comparative orga-

nizers before studying 2,500 word passages dealing with the princi-

pal concepts of Buddhism and Zen Buddhism, respectively. The first

comparative organizer pointed out similarities and differences

between Christian and Buddhist doctrines, and the second organizer

performed the same function for Buddhist and Zen Buddhist doctrines.

The control group studied two introductory passages dealing with the

historical and biographical nature of Buddhism and Zen Buddhism.
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Two days after studying their respective introductory passages,

both control and experimental groups restudied their introductory

passages and then studied the Buddhism passage. Two days later the

experimental and control groups were tested on the Buddhism passage

and then studied the comparative Buddhism-Zen Buddhism organizer and

the control introduction, respectively. Again, after two days the

groups restudied their respective introductory passages and then

studied the Zen Buddhism passage. Both groups were tested on the

Zen Buddhism passage after one week.

Results indicated that the previously learned background knowl -.

edge had a significant facilitating effect on the learning and

retention of the Buddhism material when verbal ability was statisti-

cally controlled. Similarly, knowledge of the Buddhism passage sig-

nificantly facilitated the learning and retention of the Zen

Buddhism passage. The organizer treatment facilitated the learning

and retention of the Buddhism passage; however, the organizer treat -.

ment for the Zen Buddhism passage did not significantly facilitate

learning and retention. Finally, although there was a significant

difference among the verbal ability categories, a noticeable but not

statistically significant interaction between the organizer and ver-

bal ability was observed for the Buddhism criterion scores.

Finally, Fitzgerald and Ausubel (1963) hypothesized that

learners who had a negative attitudinal bias toward a controversial

topic lacked clear and stable subsumers in cognitive structure
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regarding the topic. More specifically, it was hypothesized that

(a) there is a positive relationship between the clarity and stabil-

ity of cognitive structure and the learning and retention of contro-

versial material, and (b) the introduction of a relevant comparative

organizer would facilitate the learning and retention of controver-

sial material.

Two hundred sixty-four high school juniors enrolled in 16 sec-

tions of an American history course were stratified according to

attitude, prior knowledge of the subject matter, sex, and class sec-

tion and randomly assigned to one of four treatment groups. The

treatment groups consisted of two experimental groups and two con-

trol groups. Each experimental group studied a 450 word comparative

introductory passage one day before studying a 2,900 word Southern

interpretation of the causes of the Civil War. The comparative

introductory material pointed out the principal similarities and

differences between the Northern and Southern viewpoints regarding

the causes of the Civil War. A multiple choice knowledge test was

administered to one experimental group directly after it studied the

longer learning passage, and the other group took the test one week

later.

The procedure for the two control groups was the same as that

of the experimental groups, with the exception that the introductory

material discussed the possibility of different historical interpre-

tations of the Civil War.
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Results indicated that the comparative introductory treatment

had a statistically significant effect in facilitating learning and

retention of controversial material. These effects were also noted

when verbal reasoning ability was statistically controlled. The

benefits derived from the comparative introductory treatment were

especially associated with the retention scores rather than on the

immediate test of knowledge. Finally, it was suggested that prior

relevant knowledge, as measured by a pretest, facilitated learning

and retention. The data also indicated that those persons who were

in the upper subgroup with regard to prior knowledge regarding the

topic appeared to benefit most from the comparative treatment.

In summary, the preceding studies give strong support to the

facilitative effect on cognitive structure of introductory material

structured at a high level of abstraction, generality, and inclu-

siveness. The eviclence provides support for the suggestion that

cognitive structure facilitates the subsequent learning and reten-

tion of related meaningful material. In particular, when new mate-

rial was completely unfamiliar to the learner, expository introduc-

tory material appeared to provide a conceptual framework for the

incorporation of the new material (Ausubel, 1960; Ausubel and

Fitzgerald, 1962). On the other hand, when new material was sub-

stantially unfamiliar but relatable to concepts in the learner's

cognitive structure, comparative introductory material appeared to

increase discrimination of the unfamiliar material (Ausubel and
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Fitzgerald, 1961b; Ausubel and Youssef, 1963; Fitzgerald and

Ausubel, 1963).

Introductory material also appeared to increase the discrimina-

bility of relatLile but relatively unfamiliar material for subjects

whose existing cognitive structure was inadequate (Ausubel and

Fitzgerald, 1961b). However, when the unfamiliar learning material

was unrelatable or conflicted with general background knowledge

regarding the topic, the introductory material appeared to benefit

only those subjects with more background knowledge or whose cogni-

tive structure was more clear and stable (Ausubel and Fitzgerald,

1962; Fitzgerald and Ausubel, 1963).

In learning completely unfamiliar material, the evidence indi-

cated that introductory material was more beneficial for learners of

low verbal ability kAusubel and Fitzgerald, 1962). A. similar but

not statistically significant finding was obtained when the unfamil-

iar learning material was substantikly related to existing knowl-

e0g:.; (Ausubel and Youssef, 1963).

Accompanying the findings above, which provided support for the

facilitative effects of introductory materials, were statistically

significant differences in learning and retention among the verbal

ability classifications in those studies (Ausubel and Fitzgerald,

1902; Ausubel and Youssef, 1963) where verbal ability was a control

variable. These differences, as might be anticipated, favored the

upper verbal ability subgroup.
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Furthermore, evidence regarding the facilitating effect of pre-

viously learned relevant background knowledge on the subsequent

learning and retention of unfamiliar material indicated that persons

with more background knowledge in a general subject matter field

obtained significantly higher scores on tests covering the related

learning material (Ausubel and Fitzgerald, 1961b; Ausubel and

Fitzgerald, 1962; Ausubel and Youssef, 1963; Fitzgerald and Ausubel,

1963). This dependence of learning and retention on related subject

matter knowledge was also supported by data regarding the facilitat-

ing effects of initial learning on sequentially presented material

(Ausubel and Fitzgerald, 1962) and on parallel learning material

(Ausubel and Youssef, 1963).

Although little direct evidence regarding the effects of sex on

learning and retention has been presented in the previously reviewed

research investigations, Ausubel (1960) found in a preliminary anal-

ysis of retention scores on a passage dealing with the metallurgical

properties of plain carbon steel that men performed better than

women. To control for this effect, experimental and control groups

had to be rematched.

The studies by Ausubel and Fitzgerald (1961b, 1962), Ausubel

and Youssef (1963), and Fitzgerald and Ausubel (1963) controlled the

sex variable by placing equal proportions of men and women in each

treatment group. This was done primarily because higher ability

scores were associated with the women subjects in each of the sample

populations.
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Even though the results of Ausubel's work appear to be highly

relevant to teaching, and attempts might well be made to implement

the findings in educational situations, there are a number of ques-

tions that are raised by the findings that require further study in

order to more fully understand the function of introductory mate-

rial. Following are several of the many questions that might be

raised:

1. Will introductory materials that are differentially struc

tured with regard to the content and organization of a subject mat-

ter have the same effect as introductory materials in the previously

cited studies which were substantively and programmatically struc-

tured to influence the learner's cognitive structure?

2. Does the sequencing of a potentially meaningful learning

material have a substantial effect on the clarity and stability of

cognitive structure, and on subsequent learning? That is, would

highly sequenced material be learned more readily than material that

is less well sequenced?

3. When differentially sequenced materials are combined in

various ways with differentially structured introductory learning

materials, which combination most facilitates learning? It would

seem that if the learning material itself is highly sequenced, then

the structure of the introductory material will not have as great an

effect as when the learning material is not highly sequenced. In

other words, an interaction 1etween these two conditions would be

anticipated.

- A
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4. Will similar facilitative effects of introductory materials

be obtained with samples other than college undergraduates, and will

there be a similar interaction between intelligence and introductory

material which is differentially structured? The low verbal ability

group in a college population would be relatively high in a general

adult population. Also, much evidence and information has been

accumulated which supports the viewpoint that adults approach learn-

ing tasks somewhat differently from college students (Birren, 1963;

Sjogren and Knox, 1965). Consequently, it seems desirable to con-

duct a related study with a sample different from the samples that

have been used.

5. Is there an interaction between differentially sequenced

learning materials and learners who are classified according to dif-

ferent levels of intelligence? If the effect of a differentially

sequenced *material is parallel to the effect noted by the differen-

tially structured introductory material in Ausubel's studies, it

would be anticipated that there would also.be an interaction between

the sequentially arranged learning material and the ability of the

learner.

6. Does the sex of the adult subject have a differential

effect in learning when intelligence, age, and background knowledge

are controlled? In previously cited studies, the primary intent in

placing equal proportions of men and women in each treatment group'

was not to control sex differences per se, but to control for the



effects of verbal ability which was sex related. Although this pro-

cedure is valid, considerable evidence (e.g., Billings, 1934;

Guetzkow, 1951; Maier, 1945) suggests that men perform better than

women in solving certain kinds of problems. In fact, sex differ-

ences in problem solving have been demonstrated when certain intel-

lectual variables are, controlled (Sweeney, 1953). Furthermore,

certain evidence suggests that sex differences in problem solving

could be accounted for by differences in nonintellectual variables

(Carey, 1958; Nakamura, 1958; Milton, 1957). rherefore, in the

present study where subjects are to be presented with mathematical

subject matter, it is expected that men will achieve better than

women, even if the effects of intelligence, age, and prior knowledge

are controlled.

For the present study a sample of adults who ranged in age from

23 through 53 and who had negligible background knowledge regarding

the learning topic were selected so as to allow an exploration of

the various questions. Following are .the specific hypotheses of

this study. An experiment that is designed to test each of these

hypotheses and to seek answers to the previously asked questions is

described in the following Method section.

Hypotheses

The following hypotheses form the basis for the design of this

experiment. They apply to each of the three criterion measures used

in ascertaining the effects of differentially structured materials

on differentially sequenced learning tasks.



29

1. There is a significant difference among the differentially

structured introductory learning materials. It is expected that the

more generalizable and inclusive the introductory material, the

greater effect there will be on learning.

2. There is a significant difference among the differentially

sequenced learning tasks. It is expected that the greater the

extent to which the learning task is sequentially arranged, the

greater will be the effect on learning.

3. There is a significant difference among the intelligence

categories. It is expected that those persons in the higher intel-

ligence categories will perform better than those in the lower

categories.

4. There is a significant difference between the sex cate-

gories. It is expected that the men will perform better on the cri-

terion measures than the women.

5. There is a significant interaction among the differentially

structured introductory materials and the differentially sequenced

learning tasks. It is expected that the highly structured introduc-

tory material will not have as great an effect when the learning

task is highly sequenced.

6. There is a significant interaction among the intelligence

categories and the differentially structured introductory materials.

It is expected that those persons in the lower intelligence cate-

gories will profit more from the introductory materials than will

those in the higher intelligence categories.
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7. There is a significant interaction among the intelligence

categories and the differentially sequenced learning tasks. It is

expected that those persons in the lower intelligence categories

will benefit most from the completely sequenced learning tasks.



METHOD

In this chapter, the techniques and procedures by which this

experimental study was conducted are described in the following

order: sample selection and classification, experimental conditions,

experimental design, criterion measures, general procedures, and

statistical procedures.

Sample Selection and Classification

The first phase of this study was the selection of the sample.

The subjects for this study were selected from a stratified sample

of adults who participated in a Cooperative Research Project

(Sjogren and Knox, 1965) that was conducted in the Office of Adult

Education Research at the University of Nebraska.

All available subjects who had participated in the Sjogren and

Knox study were contacted and asked if they would be willing to par-

ticipate in another, but shorter, experiment. Of the 208 subjects

who completed the Sjogren and Knox study, 179 were contacted and all

indicated a willingness to participate in the second experiment.

Subsequently, these subjects attended an initial session at which

they were given more detailed information about the project.

Following the initial session, the subjects who expressed con-

tinued interest in participating in the project were asked to com-

plete a questionnaire (Appendix A), which served to update existing

biographic information, and a pretest (Appendix B) on the concept of

number bases. The procedure of pretesting the subjects on number
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bases allowed the experimenter to satisfy the requirement of unfa-

miliarity regarding the general subject matter that was to be used

in the study. Subjects with a pretest score of six or less on the

15 item pretest were selected for possible participation in the

experiment.

Although a score of three on a 15 item multiple choice test

with five alternative choices is a chance score, it was felt that a

score of six would represent the upper limit for acceptance regard-

ing the unfamiliarity of the subject matter. This was empirically

verified by the fact that the distribution of scores for persons

with scores of six or less appeared to be normally distributed

around the chance score of three. The specific pretest mean and

standard deviation of the subjects finally selected for the study

were 2.97 and 1.40, respectively.

In order that the age range of the subjects in the sample would

be representative of adults who had participated in continuing educa-

tional programs (Johnstone and Rivera, 1965), those persons who were

54 years of age or older were not included for possible selection in

this experiment. The ages of the subjects ranged from 23 through 53.

Furthermore, qualified subjects were classified by sex and

intelligence. The intelligence classification consisted of four

subgroups that were categorized according to the subject's perform-

ance on the Wechsler Adult Intelligence Scale (WAIS) full scaled

score (Wechsler, 1955). The WAIS scores on the subjects were avail-

able from the Sjogren and Knox study.
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The use of the scaled score instead of the IQ of the individual

in classifying intelligence was used because the scaled score pro-

vides a direct comparison between the test performance of subjects

at any age. In contrast the IQ score is based on a comparison

between the learner's IQ and that of others in his own age. group.

The WAIS total scaled scores for the selected sample ranged from 102

through 161.

In summary, the subjects who were selected for participation in

Ms experiment had a score of six or less on the number base pre-

test, ranged in age from 23 through 53, and were classified accord-

ing to sex and four levels of intelligence. Table 1 shows the means

and standard deviations of the number base pretest score, WAIS full

scaled score, and age, by sex and intelligence le7el of the study

Table. 1

Sample Means and Standard Deviations of Pretest, WAIS Full

Scaled Score, and Age Variables by Sex and Intelligence Level

Intelligence Number Base WAIS Full
Quarter Pretest Score Scaled Score

Age to
Nearest Birthday

Men Women Men IC,,,,,a Men Women

First
M 2.67 2.00 110.92 110.33 41.08 39.83
SD 1.31 1.22 4.41 5.48 8.66 10.38

M 3.08 3.00 126.6
Second

126.67 126.67 37.00 37.92
SD 1.32 1.15 4.13 3.90 8.58 9.38

Third
M 3.25 3.33 140.83 140.33 38.75 36.75
SD 1.23 1.55 3.02 3.25 9.35 8.82

Fourth M 3.00 3.42 152.08 152.42 37.67 41.42
SD 1.53 1.32 3.59 5.12 7.26 8.79

Total
M 3.00 2.94 132.63 132.44 38.63. 38.98
SD 1.37 1.43 15.90 16.32 8.64 9.53
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sample. A more complete presentation of the means' and standard

deviations of selected variables of the project participants is pre-

sented in Appendix C.

Experimental Conditions

Introductory Programed Materials. Educational researchers gen-

erally agree that programed instruction is an exceedingly useful

learning activity in research on instructional and learning vari-

ables. Because the introductory learning material constitutes a

treatment condition in this study, it was felt that the programing

of the different introductory instructional materials would facili-

tate the manipulation of the independent variable. The programed

materials utilized in this study were of the linear type (Skinner,

1958). This type of program presents the subject matter in a series

of small steps arranged in logical sequence. The learner actively

participates in the learning process by constructing appropriate

responses or by choosing from several alternatives to each frame.

After responding, the learner is immediately provided with a knowl-

edge of results. Finally, through frequent repetition of the mate-

rial the learner is led, step by step, to a desired behavior.

The use of programed instruction in this experiment, therefore,

assisted in controlling the sequential arrangement of the different

introductory treatment conditions so that observed differences in

treatment would be attributed to the content or substantive aspects

of the material, and not to the method in which the material was

presented.
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Four differentially structured introductory learning materials

were used in this experiment. Each was presented to the learner in

programed instructional format prior to the study of a learning

task. The introductory material used in the experimental treatments

was structured to provide varying degrees of relevant information

that was conceptually related to the subsequent learning task. To

meet the requirement that the introductory materials be conceptually

related to the learning task, it was necessary to select a subject

matter with principles which were applicable to a variety of learn-

ing tasks containing common elements of application. It was also

important to select material that would be interesting and stimulat-

ing for adults, and similar to current educational subject matter.

The topic of base number systems, which is currently being taught in

beginning modern mathematics courses, appeared to staisfy these

requirements.

The different types of the introductory material included

(a) history of measurement, (b) base ten number system, (c) base

seven number system, and (d) principles of number bases. The intro-

ductory material on the history of measurement was intended primar-

ily as a control treatment. It contained historical and descriptive

information on different units of measurement such as cubit, span,

digit, hand, and so on. The introduCtory material on the base ten

number system was written to present concepts of grouping, numbers,

numerals, face value, and place value as applied to the base ten
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number system. Likewise, the introductory materials on both the

base seven number system and the principles of number bases covered

concepts that were similar to those presented in the base ten intro-

ductory material, but for base seven and the principles of number

bases, respectively.

The introductory material on base ten was structured so that it

was less generalizable but more familiar to the learner's existing

cognitive structure than the base seven and principles of number

bases introductory materials. That is, the base ten material was

highly specific in content and familiar to the subject's existing

knowledge, thus having a limited transfer effect. It was hoped that

the base seven introductory material would be more generalizable and

less familiar than the base ten material, but less generalizable and

more familiar than the principles of number bases introductory mate-

rial. Therefore, the content of the introductory materials provided

differentially structured substantive information which was general-

izable and relat.-ale in varying degrees to the base number systems

learning topic.

The history of measurement program was adapted from a published

program
2

(TMI-Grolier, 1962) and served as a control condition in

this study. The remaining programs on base ten, seven, and

2
Permission to adapt this program for this study was given by

Teaching Machines, Inc.
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principles of number bases were written by the experimenter. The

three treatment programs were written so that the sequential steps

within each of the programs were parallel with the other treatment

programs. Thus, the content of the material would be the differen-

tiating factor to which obtained differences could be attributed.

A copy of each of the introductory programed materials is attached

as Appendix D. Also attached (Appendix E) is a supplementary sheet

to the history of measurement program. Table 2 provides summary and

subject response information for each of the introductory programs.

Table 2

Number of Frames, Responses, Mean Errors, and Mean Time

by Introductory Programed Material

Program

History of

No. of
Frames

No. of
Responses

Mean No.
of. Errors

Mean Time
in Minutes

Measurement 94 126 6.42 33.62

Base Ten
Number System 94 116 5.21 37.33

Base Seven .

Number System 95 111 9.38 43.42

Principles of
Number Bases 96 121 13.00 56.83

Learning Tasks. This experimental condition consisted of three

differentially sequenced sets of 13 symbols corresponding with the

first 13 numbers in the base four number system. One of tha learn-

ing tasks was completely sequenced (e.g., the first stimulus word

presented to the subject was 'ZERO," the second was "ONE," the third
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"TWO," and so on through "TWELVE"). The second learning task was

partially sequenced (e.g., the first stimulus word was "ZERO," the

second was "ONE," the third "TWO," the fourth "THREE," the fifth

"FOUR," with the remaining stimulus words presented in random

order). The third learning task was not sequentially arranged. The

stimulus words were presented randomly. The paired items for each

trial of the three different conditions were always presented in the

same prescribed order. Thus it was anticipated that the differen-

tial sequencing of the learning task would have a differential

effect on the learning of the new material. Appendix F shows the

three differentially sequenced learning tasks.

Experimental De," sign

The basic experimental design of this study was a 4 x 3 x 4 x 2

factorial design. Table 3 shows the levels and definitions of the

different factors. All the variables were considered to be fixed

effects and not random samples of larger population categories.

Of those subjects whose pretest score was six or less, who

ranged in age from 23 to 53, who were classified according to four

levels of intelligence and two levels of sex, 96 persons were

selected for participation in this experiment. Those persons who

qualified but were not selected were retained for possible use as

replacements for any of the original 96.

minswommompeorm
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Table 3

Definition of Factors

Introductory Learning Material (A) Al History of measurement

A2 Base ten number system

A
3

Base seven number system

A
4

Principles of number bases'

Learning Task (B)

WAIS Total Scaled Score. (C)

Sex (D)

Random sequence

Partial sequence

Complete sequence

First quarter

C
2

Second quarter

1

Third quarter

Fourth quarter

Male

D
2

Female

Table 4 shows the classification scheme of the 4 x 3 x 4 x 2

factorial design for the experiment. One-eighth of the sample who

had a WAIS full scaled score in the upper quarter range of the sam-

ple and were male, were assigned at random to one of the 12 treat-

ment conditions. Likewise, the 12 female subjects in the upper

quarter range on the WAIS full scaled score were randomly assigned

to one of the 12 celle of the treatment classifications, and so on

for men and women in the third, second, and first intelligence
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Table 4

Schematic of the Factorial Design

B1

C3 C
4

Cl

B2

C
3

C1 C
2
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quarter. Therefore, one person was randomly assigned to each clas-

sification cell. To illustrate, the person assigned to the A1B1C1D1

cell received the history of measurement introductory material prior

to studying a randomly sequenced learning task, was in the first

intelligence quarter, and was a male. The person assigned to the

A1 B1 C1 D
2

cell received the history of measurement material before

studying a randomly sequenced learning task,'was in the lowest

intelligence range, but was a female, and so on. Summarizing the

basic design of the study, unfamiliarity of the subject matter and

age of the subject were controlled prior to the classification of 96

adults according to two experimental and two organismic variables.

..Tamkw5,7-
7s,
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Criterion Measures

Several criterion measures were used in ascertaining the effec-

tiveness of the experimental conditions on learning and retention.

The three criterion measures were (a) number of correct responses on

a posttest administered immediately after the presentation of the

learning task, (b) number of trials to criterion, with criterion

meaning two perfect repetitions, and (c) number of total errors made

to criterion. The posttest (Appendix G) had two parts, one consist-

ing of five items learned in the learning task, and the other con-

sisting of nine items not specifically studied in the learning task,

but related to the came number base.

General Procedures

After the sample of project participants had been selected and

assigned to treatment conditions, arrangements were made for the

subject to attend an individual session. The subject was informed

that the session would last approximately two hours and that he

could choose a time that was convenient for him to attend.

Introductory Programed Material. During this part of the ses-

sion, the subject was administered a programed booklet on one of the

four differentially structured introductory learning materials which

had been randomly assigned to him. Verbatim directions were given

to the subject prior to his studying the prbgramed material and for

subsequent parts of the session. A copy of the instructions is

attached as Appendix H. A record was kept of the time it took the

-1*FRUZiar
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subject to complete the program and the number of response errors

that were made while working the program.

Although no evidence has been presented to verify that the sub-

jects learned from the programed material other than the number of

error responses, previous administrations of earlier versions of the

programed material on adults with similar characteristics as those

included in this study indicated a significant gain in knowledge

from a pretest to a test administered immediately after the adminis-

tration of the programs. Furthermore, a study by Sjogren

(Grotelueschen and Sjogren, 1967) which used an earlier version of

the programed materials with beginning graduate students provided

evidence that individuals learned by studying the materials.

Prelearning Task. Upon completion of the introductory material

the subject was individually administered a prelearning task by a

randomly assigned session administrator. Ten young adults, five men

and five women, -served as session administrators for presenting the

prelearning task and subsequent parts of the experimental session.

Although the sessions were individually administered it was possible

to have as many as 10 individuals concurrently administered to in a

testing laboratory.

Session administrators presented the symbols to be learned by a

flash-card method. A written number on the front side of a three by

five card was shown to the subject. The subject was instructed to

write the appropriate symbol for this number on a response pad.
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After the subject responded, he was given feedback regarding the

correctness of his response by being shown the correct symbol for

the written number which was printed on the back side of the card.

When the subject had responded correctly to two trials of the four

symbols the subject proceeded to the learning task..

The main purpose of the prelearning task was to have the sub-

ject learn the four basic symbols used in the subsequent learning

task so that the effects of the sequential arrangement of the learn-

ing task could be ascertained.

The response symbols that the subject was asked to learn were

constructed so that they would be unfamiliar to the subject, and,

therefore he could not immediately attach a. label to them. The

rationale for using unfamiliar symbols rather than the familiar

Arabic numerals is based on evidence from a pilot study which indi-

cated that the use of familiar symbols might have an interfering

effect on learning a new number base. Furthermore, the interfering

effect of familiar symbols might have had a differential effect for

different age groups of adult learners. The constructed symbols

) representing the number values of zero through

three were empirically tested, and, therefore, were believed to be

highly satisfactory for the purposes of this study.

Learning Task. A modified TMI-Grolier Min-Max Teaching Machine

with the attached answer-mate was used to present, in paired associ-

ates form, the three differentially sequenced learning tasks. The

....--smortammIrralsorn.lm...aoseam
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stimulus material was placed in the machine on a long sheet of paper

which was taped together at the ends to make a continuous loop. The

response paper consisted of a spool of adding machine tape.

A timing mechanism with a soft bell and two colored lights was

used to cue the session administrator to the presentation rate of

the stimulus material. The bell sounded every six and nine seconds

with one light flashing at the beginning of one time interval and

the second light flashing at the beginning of the other time inter-

val. The use of lights as signals was helpful to the administrator

in that it provided a check regarding the presentation of the cor-

rect stimulus material. This was necessary because the stimulus

material was manually fed through the machine. Pictures of the

teaching machine and timer are presented in Figures 1, 2, and 3.

The subject was seated across from the administrator before a

small table on which the machine was placed. The timer was in badk

of the subject, but in full view of the administrator.

A stimulus word (e.g., ZERO) was manually presented in the

aperture of the apparatus by turning a knob. The subject was,

expected to write the appropriate symbol (e.g., :? ) on the response

tape in the attacAsd answer-mate. After a nine second interval the

administrator manually moved, the stimulus material so that the stim-

ulus word appeared together with the correct response symbol in the

aperture. This procedure enabled the subject to receive immediate

feedback regarding the correctness of his response to the stimulus
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Fig. 1. Top view of Fig. 2. Side view of
adapted teaching machine. timer.

Fig. 3. Adapted teaching machine with subject and
session administrator.
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word. After six seconds the stimulus word and the correct symbol

along with the subject's response disappeared from sight as the next

stimulus word was presented. The time intervals of six and nine

seconds which were empirically arrived upon in a pilot study indi-

cated that this rate of presentation would be optimal for the dif-

ferent treatment classifications of the study. The presentation of

the stimulus word of nine seconds and the six second feedback inter-

val was repeated for each of thy; 13 symbols of each trial. Upon

responding correctly to two perfect trials the subject was adminis-

tered the posttest. The subject's response tape was retained as a

record of his performance.

After each subject had completed the learning session he was

given an honorarium of five dollars for participating in the

project.

Statistical Procedures

The primary statistical technique used in the analyses of the

data was the analysis of variance (ANOVA). Other analyses of the

data included the use of the L test (Page, 1963) and the Pearson

product moment correlation.

The ANOVA provided a test of significance of the differences

among the different levels of the main effect variables and all pos-

sible two-way interactions of these variables. The ANOVA contrasts

the variance of individual values around the group means within

equal-sized groups with the variance of the group means around the

grand mean of the ungrouped data..



For each statistically significant ANOVA main effect, where the

performance of more than two groups was being compared on a crite-

rion measure, a post hoc comparison to examine differences between

pairs of means was conducted using the Tukey method (Glass, 1967).

This procedure has been suggested by Scheffd (1959, p. 76) as a

powerful technique to use when comparisons are only being made

between pairs of means.

The L statistic provided a test of the null hypothesis against

the ordered alternative among the treatment effects. Thus it was

ascertained whether a significant amount of agreement existed

between the predicted rankings of the introductory material and

learning task treatments and the observed rankings of these treat-

ments for the data from the different criterion measures.

The probability level used to indicate significant differences

was the five per cent level. This level of confidence determines

whether a null hypothesis should be rejected or accepted. It also

seemed appropriate for several reasons to discuss findings that were

significant at the .10 level of confidence. Because the main effect

hypotheses were ordered predictions of group means, it was felt that

there would be some theoretical significance if obtained means were

generally in the predicted direction, even if differences among

these means were not significant at the .05 level. Furthermore, if

the observed mean ordering was similar to that which was predicted,

one would expect that the probability of committing a type-II error

would be increased.



RESULTS

The data were analyzed in accordance with the stated hypotheses

in the framework of the design of the study. The chapter following

this one presents a discussion of the findings and their

interpretation.

The data were collected from three criterion measures. The

criterion measures consisted of a total posttest score,trials to

criterion, and errors to criterion. It had been anticipated that

subtest scores consisting of learning task and transfer items of the

total posttest score could be analyzed separately. Because these

subtest scores generally lacked sufficient variance on which statis-

tical tests could be conducted, the basic criterion measure for

knowledge gain was the total posttest score.

For each of the three criterion measures, two separate ANOVA

analyses were made with respect to the data. The first was an anal-

ysis of the three criterdlon measures according to the 4 x 3 x 4 x 2

factorial design of the study. This analysis was made of four cate-

gories of introductory learning materials, three categories of

learning tasks, four categories of intelligence, and two categories

of sex. (See Table 3 for the levels and definitions of the four

main effect factors.)

The second analysis was similar to the first, with the excep-

tion that this analysis included only the first and the fourth

intelligence levels in the intelligence classification.
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In both of these ANOVA analyses only the main effect and the

two-way interaction sum of squares were obtained. The basic error

term estimate was obtained by aggregating the four-way interaction

with the available three-way interactions. This procedure was con-

sistent with the hypotheses of the study and the suggestion by Green

and Tukey (1960) regarding the appropriate choice of error term.

A third analysis of scores obtained from each of the three cri-

terion measures and an additional posttest transfer subscore was

performed by use of the L test. This separate analysis of the

introductory material and learning task treatment effects was based

on data from subjects who were categorized in the upper intelligence

subgroup.

Analysis One

In this section the findings of a multivariate analysis are

presented in tabular form for each of the three criterion measures

according to the 4 x 3 x 4 x 2 factorial design of the study. The

analysis presented in Table 5 for the total posttest criterion meas-

ure incicated that the intelligence and the sex classifications

accounted for a significant portion of the variance while the intro-

ductory material and learning task classifications did not. It was

also noted that there was a significant disordinal interaction

between the intelligence and sex classifications.

Tukey's test revealed that the difference between the first and

fourth intelligence subgroups (q (4,57) = 6.24, p < .01) was
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Table 5

ANOVA of Posttest Total Scores for 4 x 3 x 4 x 2 Analysis

Source df SS MS

Introductory Material (A) 3 13.08 4.36 <1.00
Learning Task (B) 2 .44 .22 <1.00
Intelligence (C) 3 106.25 35.42 6.56**
Sex (D) 1 54.00 54.00 10.00**
AB 6 26.48 4.41 <1.00
AC 9 67.33 7.48 1.38
AD 3 6.08 2.03 <1.00
BC 6 25.81 4.30 <1.00
BD 2 5.69 2.84 <1.00
CD 3 80.75 26.92 4.98**
Error 57 308.08 5.40 -

Total 95 694.00 - -

Note.--In all ANOVA tables one asterisk indicates p < .05 and
two asterisks for p < .01.

significant, and that differences between the first subgroup with

both the second (q (4,57) = 3.69, p < .10) and the third

(q (4,57) = 3.43, p < .10) intelligence subgroups approached

significance.

Table 6 presents the significant main effect and interaction

means of this analysis. As anticipated, the upper intelligence

Table 6

Significant Posttest Total Score Main Effect and Interaction

Means for 4 x 3 x 4 x 2 Analysis

Intelligence Sex Intelligence by Sex

1st 2nd 3rd 4th M F 1st 2nd 3rd 4th

4.42 6.17 6.G4 7.38 6.75 5.25 M 4.00 7,42 6.25 9.33
F 4.83 4.92 5.83 5.42
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group had the highest mean score of the four intelligence categories.

It was interesting to note the negligible difference between the

second and third groups. Men performed better than women. However,

the significant intelligence by sex interaction indicates that the

effect of the sex variable was not independent of the intelligence

categories. Men scored relatively higher than women at all levels

of intelligence with the exception of the lowest category.

The second part of Analysis One was to examine the hypothesized

main and two-way interaction effects by an analysis of the trials to

criterion data. The ANOVA for trials to criterion is presented in

Table 7 and the means of the significant main effects are presented

Table 7

ANOVA of Trials to Criterion for 4 x 3 x 4 x 2 Analysis

Source df SS MS

Introductory Material (A) 3 346.12 115.37 2.08
Learning Task (B) 2 2479.56 1239.78 22.31**
Intelligence (C) 3 2205.87 735.29 13.23**
Sex (D) 1 126.04 126.04 2.27
AB 6 435.69 72.62 1.31
AC 9 847.96 94.22 1.70
AD 3 72.46 24.15 <1.00
BC 6 333.69 55.62 <1.00
BD 2 26.52 13.26 <1.00
CD 3 282.21 94.07 1.69
Error 57 3167.50 55.57 -

Total 95 10323.62 - -

in Table 8. The learning task and intelligence classifications

accounted for a significant amount of the total variance. The com-

pletely sequenced learning task differed significantly from the ran-

domly (q (3,57) = 7.71, p < .01) and partially (q (3,57) = 8.58,



Table 3

Significant Trials Main Effect Means for 4 x 3 x 4 x 2 Analysis

Learning Task

Random Partial Complete

19.94 21.09 9.78

52

Intelligence

1st 2nd 3rd 4th

23.62 17.33 16.71 10.08

p < .01) sequenced tasks. The trials means of the intelligence

categories were ordered from high to low with the first intelligence

subgroup differing significantly from the second (q (4,57) = 4.13,

p < .05), the third (q (4,57) = 4.55, p < .05), and the fourth

(q (4,57) = 8.90, p < .01) subgroups. The trials mean of the fourth

subgroup differed significantly from that of the second

(q (4,57) = 4.76, p < .01) and the third (q (4,57) = 4.35, p < .05)

subgroups.

Although the introductory material classification with an F

ratio of 2.08 did not account for a significant portion of the total

variance, it did approach the .10 level of confidence. Figure 4

shows a graphic presentation of the cell means of this variable

which differed markedly from the expected ordering. Persons who

studied the base ten material had the lowest mean trials. This was

followed in order by the base seven, history of measurement, and

principles subgroups.

Likewise,, a noticeable but not statistically significant inter-

action between intelligence and introductory material was observed.
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Fig. 4. Trials means of introductory materials for

4 x 3 x 4 x 2 analysis.

This interaction is shown graphically in Figure 5. The direction of

the means of the intelligence subgroups was similar for the history

and base ten conditions; however, the first three intelligence sub-

groups differed generally from the fourth intelligence subgroup for

the base seven and principles conditions.

Persons in the highest intelligence subgroup who studied the

principles introductory material had fewer trials than those who

studied the base seven introductory material. Similary, persons who

studied base seven performed better than those who studied base ten,

and those who studied base ten required fewer trials than did the

history subgroup. In contrast, the number of trials of the first

three intelligence subgroups generally increased on the base seven
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Fig. 5. Trials means for levels of intelligence at
each introductory material level for 4 x 3 x 4 x 2
analysis.

and principles conditions. Thus, these findings appeared to suggest

that the effects of the introductory materials were not independent

of the level of intelligence.

The third part of this section was concerned with the anaylsis

of the errors to criterion data. The results of the ANOVA on the

errors to criterion are shown in Table 9. The significant learning

task and intelligence classification findings were similar to those

findings noted in the analysisc% the trials to criterion data.
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Table 9

ANOVA of Errors to Criterion for 4 x 3 x 4 x 2 Analysis

Source df SS MS

Introductory Material (A) 3 9917.08 3305.69 1.86
Learning Task (B) 2 58406.01 29203.00 16.40**
Intelligence (C) 3 59325.74 19775.25 11.10**
Sex (D) 1 3775.04 3775.04 2.12
AB 6 12315.73 2052.62 1.15
AC 9 21677.00 2408.56 1.35
AD 3 2427.04 809.01 <1.00
BC 6 6129.57 1021.60 <1:00
BD 2 1510.02 755.01 <1.00
CD 3 10794.20 3598.07 2.02
Error 57 101516.28 1780.99 -

Total 95 287793.75 - -

41i

This similarity was expected because the Pearson correlation coeffi-

cient between the trials and errors to criterion measures was .97.

Tukey's test showed that the errors mean of the fourth intelli-

gence subgroup differed significantly from that of the first

(q (4,57) = 8.11, p < .01), the second (q (4,57) = 4.79, p < .01),

and the third (q (4,57) = 4.57, p < .05) subgroups. The differences

between the first subgroup with both the second (q (4,57) = 3.32,

p < .10) and the third (q (4,57) = 3.54, p < .10) intelligence sub-

groups approached significance. The completely sequenced learning

task differed significantly from the errors means of both the par-

tially (1? (4,57) = 6.76, p < .01) and randomly (q (4,57) = 7.24,

p < .01) sequenced tasks.

Table 10 presents the means for the different categories of the

learning task and intelligence classifications. A slight difference

in the order of the means was observed in those of the learning task
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Table 10

Significant Errors Main Effect Means for 4 x 3 x 4 x 2 Analysis

Learning Task Intelligence

Random Partial Complete 1st 2nd 3rd 4th

100.47 96.94 46.47 113.54 84.92 83.04 43.67

between the trials and errors to criterion data. For the trials

data the highest number of trials was associated with the partial

condition, whereas with the errors data the highest number of errors

as associated with the random .94Udition.

In summary, the results of Analysis One indicated a significant

difference among the intelligence categories for the three criterion

measures; a significant difference among the learning task cate-

gories for the trials and errors to criterion measures; a signifi-

cant sex main effect and sex by intelligence interaction for the

posttest analysis; a noticeable difference among the introductory

materials categories; and a noticeable introductory material by

intelligence interaction for the trials to criterion analysis.

Analysis Two

The results of the analysis of the data from the three crite-

rion measures presented in this section were based on a

4 x 3 x 2 x 2 analysis. The second analysis was similar to the

first analysis with the exception that the data for this analysis

were based on only those persons who were in the first and fourth

intelligence quarters. This procedure provided a more intense
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analysis of the interaction of intelligence with the manipulated

introductory material and learning task variables which appeared to

be relevant from the findings presented in Analysis One.

As anticipated, all analyses of the three criterion measures

indicated a highly significant difference between the two intelli-

gence categories. Table 11 presents the results of the analysis of

the total posttest scores. In addition to the highly significant

intelligence classification difference, a significant sex main

effect and intelligence by sex disordinal interaction was observed.

These findings were the same as the results of the posttest analysis

presented in Analysis One. In addition, an observed but not statis-

tically significant interaction of introductory material by intelli-

gence was noted. The F value of 2.08 with 3 and 23 degrees of

freedom approached the .10 level of significance. The graph of this

Table 11

ANOVA of Posttest Total Scores for 4 x 3 x 2 x 2 Analysis

Source df SS MS

Introductory Material (A) 3 17.90 5.97 1.11
Learning Task (B) 2 6.79 3.40 <1.00

Intelligence (C) 1 105.02 105.02 19.48**

Sex (D) 1 28.52 28.52 5.29*
AB 6 32.04 5.34 <1.00

AC 3 33.73 11.24 2.08

AD 3 6.23 2.08 <1.00
BC 2 5.29 2.64 <1.00

BD 2 3.29 1.64 <1.00
CD 1 67.69 67.69 12.56**
Error 23 123.98 5.39 -

Total 47 430.48 - -
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interaction is presented in Figure 6. A marked difference between

intelligence subgroups appeared on the base seven and principles

introductory conditions.

10 1st Quarter
4-.4-.41 4th Quarter
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Fig. 6. Postteat means for levels of intelligence at
each introductory material level for 4 x 3 x 2 x 2
analysis.

Another observation of the9retical interest which was not sta-

tistically significant, was the ordering of the posttest means for

the different introductory material categories. Persons studying

the history condition performed the lowest on the posttest. This

was followed in order by the base ten, principles, and base seven

groups. Figure 7 is a presentation of this data. The order of the

posttest means for the introductory material in Figure 7 was the

same as that found in the respective posttest analysis of Analysis

One, but different than the trials to criterion means presented in

Figure 4.
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Fig. 7. Posttest means of introductory materials for
4 x 3 x 2 x 2 analysis.

The trials to criterion ANOVA results for this section are

shown in Table 12. There was a significant difference among the

learning task treatments and the intelligence categories. These

findings were similar to those presented in Analysis One. The com-

pletely sequenced learning task mean differed significantly from

Table 12

ANOVA of Trials to Criterion for 4 x 3 x 2 x 2 Analysis

Source df SS MS F

Introductory Material (A) 3 161.40 53.80 1.63
Learning Task (B) 2 1279.17 639.58 19.42**'

Intelligence (C) 1 2200.52 2200.52 66.82**

Sex (D) 1 20.02 20.02 <1.00

AB 6 227.67 37.94 1.15

AC 3 234.56 78.19 2.37

AD 3 49.73 16.58 <1.00

BC 2 191.17 95.58 2.90

BD 2 32.67 16.34 <1.00

CD 1 229.69 229.69 6.98*

Error 23 757.39 32.93

Total 47 5383.98 - ANN

3
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the partially (q (3,23) = 10.47, p < .01) and the randomly

(q (3,23) = 11.09, p < .01) sequenced task means. The introductory

material by intelligence interaction with an F value of 2.37 with 3

and 23 degrees of freedom was significant at the .10 level of confi-

dence. The graphic presentation of this ordinal interaction was

previously presented as the first and fourth quarter plottings of

Figure 5. The sex by intelligence interaction was significant at

the .05 level of coafidence.

In addition, a noticeable learning task by intelligence inter-

action was observed. This ordinal interaction was observed to be

statistically significant at the .10 level of confidence, and is

shown in Figure 8. The completely sequenced learning task condition
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Fig. 8. Trials means for levels of intelligence at
each learning task level for 4 x 3 x 2 x 2 analysis.
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appeared to have a relatively greater effect on the performance of

persons in the lower intelligence subgroup than on those in the

upper intelligence subgroup.

Table 13 presents the ANOVA information for the errors to cri-

terion measure of this analysis. These results are similar to the

trials analysis in that the learning task and intelligence main

effects were significant at the .01 level. The completely

sequenced learning task mean differed significantly from the par-

tially (q (3,23) = 8.65, p < .01) and the randomly (q (3,23) = 9.75,

p < .01) sequenced task means. The sex by intelligence interaction

was significant at the .05 level of confidence. The noticeable

interaction effects observed in the introductory material and learn-

ing task classifications with intelligence in the preceding trials

to criterion analysis were, however, not as pronounced, but similar

effects were noted.

_Table 13

ANOVA of Errors to Criterion for 4 x 3 x 2 x 2 Analysis

Source df SS MS

Introductory Material (A) 3 3446.06 1148.69 1.10
Learning Task (B) 2 29894.04 14947.02 14.27**
intelligence (C) 1 58590.18 58590.18 55.92**
Sex (D) 1 58.52 58.52 <1.00
AB 6 7057.62 1176.27 1.12
AC 3 5157.07 1719.02 1.64
AD 3 1597.06 532.38 <1.00
BC 2 3462.88 1731,44 1.65
BD 2 947.79 473.90 <1.00
CD 1 7081.02 7081.02 6.76*
Error 23 24097.21 1047.70 -

Total 47 141389.46 - -
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In summary, the significant differences in Analysis Two were

similar to those found in Analysis One. In addition, however, there

were some observed noticeable differences which are of theoretical

significance to the present study. There was a noticeable but not

statistically significant ordinal interaction between introductory

material and intelligence, with the high intelligence subgroup

appearing to benefit relatively more from the introductory material

than did the lower intelligence subgroup.

Secondly, the ordering of the means of the nonsignificant

introductory material main effect for the posttest analysis was

quite different from that observed for the trials to criterion

results in Analysis One. In fact, in both Analyses One and Two, the

order of the posttest means for the introductory material conditions

differed from the order of the trials and errors means.

Finally, there was a noticeable learning task by intelligence

interaction for the trials to criterion data. The lower intelli-

gence subgroup appeared to profit relatively more from the com-

pletely sequenced task than did the higher intelligence subgroup.

Analysis Three

The findings of Analyses One and Two suggested that the facili-

tative effects of differentially structured introductory materials

on an unfamiliar number base learning task appeared to be most bene-

ficial for subjects in the upper intelligence subgroup. To further

test the specific treatment hypotheses of this study, L tests were



conducted on the data of this subgroup to ascertain the extent to

which the predicted rankings of the introductory material and learn-

ing task treatments were related to the observed rankings of these

treatments.

It will be recalled that for the introductory material treat-

ment the hypothesized ordering of the introductory treatments was

principles > base 7 > base 10 > history. This effect was predicted

for the total posttest, trials, and errors criterion measures.

Since there was sufficient variability among the transfer subtest

scores of the total posttest for the upper intelligence subgroup,

the same prediction regarding the ordering of the introductory mate-

rial treatments was made for the transfer measure as with the other

criterion measures.

The predictions regarding the ordering of the learning task

condftions for each of the criterion measures for the upper intelli-

gence subgroup differed somewhat, however, from the original predic-

tions made in the statement of hypotheses because of the inclusion

of the transfer measure. The predicted effect for the learning task

treatment was dependent upon the criterion measure used. On the

total and transfer posttest criterion measures the predicted order

for the learning tasks was partial > complete > random. It was rea-

soned that the sequential arrangement of the learning task might

result in the use of different strategies of learning, which in turn

would have a facilitating effect on transfer. That is, the
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partially sequenced treatment was expected to influence the subject

to employ a strategy of learning in which the subject would attempt

to apply some principle in learning the paired associates, whereas

the complete and random presentations were expected to encourage the

use of a rote memory strategy.

On the other hand, one would expect that the acquisition of the

learning task was directly related to the degree of sequential

arrangement inherent in the learning task. As a result, the com-

pletely sequenced learning task would result in quicker acquisition

of the learning task to criterion. Accordingly, on the trials and

errors criterion measures, the predicted order for the learning task

treatments was complete > partial > random.

The testing of the ordered hypotheses for the posttest crite-

rion measure is presented in Table 14. The data in Table 14 are the

Table 14

L Test of Total Posttest Cell Means of Upper Intelligence Subgroup

by Introductory Material and Learning Task Conditions

Learning Task

Random

(3)

Partial Complete E Intro.
(1) (2) Ranks

N History (4) 5.50 4 2 5.50 3.5 2 5.50 3 2 10.5
o r-1 Base 10 (3) 6.00 3 2 9.50 2 1 4.50 4 3 94..1 cti

u 44 Base 7 (2) 6.50 2 3 12.00 1 1 9.50 1 2 4o 1-1

or'd Principles (1) 9.50 1 1 5.50 3.5. 3 9.00 2 2 6.54-i

zw m E Task
4..i

4 Ranks 8 7 9

L value for introductory material condition = 83.5
L value for learning task condition = 49
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cell means by introductory material and learning task treatments.

The predicted rankings for the levels within treatments are the num-

bers enclosed in parentheses; the first number directly to the right

of the mean data in each cell is the observed introductory material

ranking; and the second .cumber is the learning task ranking. There

were two subjects in each cell.

The required L values for significance when four treatments are

ranked with three replications are 87 at the .01 level of confidence

and 84 at the .05 level. With three treatments and four replica-

tions the values are 55 and 54 at the .01 and .05 levels of confi-

dence, respectively.

The agreement between the predicted and the observed rankings

of the introductory material conditions approached significance at

the .05 level on the total posttest means. The predicted effect for

the learning task conditions on the total posttest means was not

statistically significant, but the order of the sums of ranks fav-

ored the partially sequenced condition as was predicted.

Table 15 presents similar results only for the posttest trans-

fer means. As with the total posttest analysis, the introductory

material conditions approached significance and the learning task

condition was generally in the predicted direction.

Since the total posttest measure had the transfer and learn-

ing task items as part scores, a high similarity between the results

of the total and transfer measures would be expected. This is
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Table 15

L Test of Transfer Cell Means of Upper Intelligence Subgroup

by Introductory Material and Learning Task Conditions

Learning Task

Random Partial Complete E Intro.

(3) (1) (2) Ranks

o

.,,

H1-1 History (4) .5 4 3 1.5 3 1.5 1.5 3 1.5 10

u
4-1 m Base 10 (3) 1.032 4.521 .5 4 3 9H
O P Base 7 (2) 1.5 2 3 7.5 1 1 5.0 1 2 4

,r1 a)
O 4-1 Principles (1) 4.5 1 1 .5 4 3 4.0 2 2 7
$4 co

4-1 Z E Task
H Ranks 9 6.5 8.5

L value for introductory material condition = 82
L value for learning task condition = 50.5

especially true since there was little variability in the learning

task scores, because subjects had learned the learning task items to

criterion directly prior to being tested on them.

Table 16 presents a test of the ordered hypotheses for the cell

Table 16

L Test of Errors Cell Means of Upper Intelligence Subgroup

by Introductory Material and Learning Task Conditions

Learning Task

Random Partial Complete E Intro.

(3) (2) (1) Ranks

History (4) 79.5 4 3 64.0 4 2 14.5 2 1 10
o H
2 m Base 10 (3) 66.0 2 3 45.5 3 2 26.0 4 1 9
c).1-1
0 P Base 7 (2) 71.0 3 3 38.5 1 2 11.5 1 1 5

,r1

Cd

a)
.61 Principles (1) 44.5 1 3 41.0 2 2 22.0 2 1 6

$4

-6/ Z E Task
H Ranks 12 8 4

L value for introductory material condition = 83
L value for learning task condition = 56 p .11 .001
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means of the errors criterion measure. The hypothesis for the

effect of the introductory materials approached significance at the

.05 level, and the task order effect was highly significant

(9 Lc .001).

Finally, L tests for the two ordered hypotheses using the

trials cell means are presented in Table 17. The L values for the

introductory material and learning task conditions were significant

at the .05 and .01 levelo, respectively. As was expected, these

findings were similar to those presented in Table 16. This is

explained by the fact that the trials and errors criterion measures

for the upper intelligence subgroup correlated .96 with each other.

Table 17

L Test of Trials Cell Means of Upper Intelligence Subgroup

by Introductory Material and Learning Task Conditions

Learning Task

Random Partial Complete E Intro.

(3) (2) (1) Ranks

History (4) 17.5 4 3 15.5 4 2 5.5 2.5 1 10.5
O H
4)

9-4
m Base 10 (3) 12.0 2 3 11.5 3 2 6.5 4 1 9

C.)O P Base 7 (2) 15.0 3 3 7.5 1 2 4.5 1 1 5
I:, cu

o ,ir Principles (1) 9.0 1 2 11.0 2 3 5.5 2.5 1 5.5
1-1 n:1

4-1 Z E Task
0H Ranks 11 9 4

L value for introductory material condition = 84.5 p < .05

L value for learning task condition = 55 p < .01

These results of the L tests on the upper intelligence subgroup

criterion measures gave some support to the hypothesis that
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introductory materials can be used effectively as facilitators of

transfer as well as learning. This was indicated by evidence

obtained on the acquisition of learning as measured by errors and

trials to criterion, and transfer of learning as measured by the

total and transfer posttests.

There was also some support for the hypothesis that partially

sequenced learning tasks have a facilitating effect on transfer. On

the other hand, it was found that highly sequenced learning material

resulted in more rapid acquisition of the material when compared

with material that was not sequentially arranged. But, there was

little effect on transfer.

Finally, a separate ANOVA between sexes for the upper intelli-

gence subgroup indicated highly reliable differences for each of the

criterion measures. The statistically reliable F values with 1 and

22 degrees of freedom for the transfer, total posttest, trials, and

errors measures were F = 9.53, p < .01; F = 10.25, p < .005;

F = 6.78, p < .025; and F = 5.47, p < .05, respectively. These dif-

ferences in favor of the men are in general agreement with findings

presented in the previous analyses.

Other Analyses

A third ANOVA was conducted on the study data. For this anal-

ysis, the intelligence categories were combined into above- and

below-median groups with the other main effect classifications

remaining the same. It was anticipated that by combining the
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intelligence categories in this manner, more stability might be

added to the findings. Because the findings from this analysis did

not add anything to the information obtained from Analyses One and

Two, the results are only briefly presented. The results for the

respective criterion measures were highly similar to the main effect

classifications presented previously. As was expected, however,

some of the interactions that involved the intelligence classifica-

tion were less marked.

Finally; Pearson product moment correlations were computed for

selected relevant study variables of the total sample. An inter-

correlation matrix of these variables for the total sample is pre-

sented as Appendix I. Many of the significant correlations are not

of particular interest because they were correlations of parts with

wholes, for example, the WAIS subtest scores with WATS total scores.

However, several correlations of general interest were noted.

Trials and errors to criterion were negatively related to

intelligence scores. The correlation between total posttest scores

and trials and errors to criterion were -.54 and -.53, respectively.

There was a significant positive correlation between posttest total

scores and WAIS arithmetic subtest scores (r = .47), WAIS total

scaled scores (r = .40), and WAIS verbal scaled scores (r = .41).

A Pearson r of .52 was observed between the time to complete

she introductory material program and the number of errors made on

the program; a significant negative relationship of -.40 was
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observed between the time taken to complete the introductory mate-

rial and the WAIS total scaled score; and a -.41 correlation coeffi-

cient was observed between the introductory material error rate and

the WAIS total scaled score. In other words, length of time to com-

plete the introductory material was positively related to the number

of errors made and error rate was negatively related to level of

intelligence. Table 18 provides a tabular presentation of the Laean

introductory material errors and mean completion times in minutes,

by the intelligence categories.

Table 18

Programed Introductory Material Errors and

Completion Time by Intelligence

Mean Errors Mean Time

Program Intelligence Quarter Intelligence Quarter

1st 2nd 3rd 4th 1st 2nd 3rd 4th

History of
Measurement 13.50 6.17 2.83 3.17 40.00 34.33 32.17 28.00

Base Ten
Number System 10.50 4.17 3.83 2.33 44.00 36.67 33.00 35.67

Base Seven
Number System 16.17 7.00 8.33 6.00 61.00 39.83 37.67 35.17

Principles of
Number Bases 14.17 15.00 15.33 7.50 65.67 68.83 51.83 41.00

To summarize the results of this study in relation to the orig-

inally stated hypotheses, consideration must be given to the type of

criterion measure used in the analysis of the data as well as the



71

analysis itself. A brief summary with regard to each of the stated

hypotheses, therefore, will be provided for each criterion measure.

A more detailed discussion is presented in the next chapter.

On the ANOVA analyses of the posttest criterion measure, the

main effects of intelligence and sex accounted for a significant

portion of the variance while the main effects of introductory mate-

rial and learning task did not. A significant interaction of intel-

ligence by sex and a noticeable interaction of intelligence by

introductory material were observed, with the upper intelligence

subgroup appearing to benefit most from the introductory materials.

No significant or noticeable interactions between intelligence by

learning task and introductory material by learning task were found.

Thus, the hypotheses regarding the main effect classifications

f introductory material and learning task were not supported by the

posttest data for the total sample, but support was obtained for the

hypotheses regarding intelligence and sex. The means of the intro-

ductory material categories were generally, however, in the pre-

dicted direction. The interactions of the learning task with intel-

ligence and with introductory material, and the interaction of

intelligence with introductory material did not lend support to the

hypotheses.

With regard to the analysis of the trials to criterion data,

statistically significant main effects were observed for the learn-

ing task and intelligence classifications, and no statistical signi-

ficance was found for the sex effect. A statistically significant
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interaction of sex by intelligence was also observed. The respec-

tive hypotheses for these variables exclusive of the sex main effect

were, therefore, confirmed.

There were noticeable introductory material main effect differ-

ences, and intelligence with introductory material and with learning

task interactions. The noticeable introductory material main effect

differences and the intelligence with introductory material inter-

action findings were not in the predicted direction. The observed

learning task by intelligence interaction did, however, lend some

support to the stated hypotheses. The hypothesized learning task by

introductory material interaction was not supported by the data.

Finally, because the errors to criterion data were highly cor-

related with the trials to criterion data, the ANOVA analyses of the

errors to criterion scores were highly similar to the findings

obtained in the trials analyses.

The results of the L test on the data of the upper intelligence

subgroup yielded support for the ordered prediction that the greater

effect on learning and transfer would occur with introductory mate-

rial that was more generalizable and inclusive regarding the content

of the learning topic. There was a significant agreement between

thd predicted and observed rankings of the learning task condition

in the acquisition of a learning task, and a noticeable relationship

between partially sequenced learning tasks and transfer.



DISCUSSION

There are three major sections in this chapter. The first sec-

tion presents a discussion of the findings of this study in relation

to the stated hypotheses. The second section is a discussion of the

validity cf the study. The tinal section suggests areas for further

research.

Findings in Relation to Hypotheses

In this section the results of the analyses of the independent

and dependent variables are discussed. Because this study incorpo-

rated more than one independent and dependent variable, a careful

analysis and discussion of the findings will be presented before

arriving at any final interpretations or conclusions regarding the

hypotheses of the study.

It was hypothesized that performance on a learning task is pos-

itively related to the degree to which material studied prior to the

learning task is generalizable, inclusive, and relatable to the con-

tent presented in the subsequent learning task.

The results of Analysis One (ANOVA of 4 x 3 x 4 x 2 factorial

design) and Analysis Two (ANOVA -of 4 x 3 x 2 x 2 factorial design)

of the three criterion measures suggested that the hypothesis was

not supported by the data. The evidence from the total posttest,

trials, and errors criterion measures indicated no statistically

significant differences among the introductory material conditions.

In Analysis One and Analysis Two the same ordering of the means

of the total posttest criterion measure was observed for the
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different introductory treatments. Subjects who studied the history

condition performed the lowest on the posttest measure. This was

followed in order by the base ten, principles, and base seven treat-

ment groups. This ordering was similar to that which was predicted

regarding the effects of the introductory material on learning, with

the exception that the base seven and principles treatment effects

were reversed. A similar ranking of the introductory material con-

ditions was observed on the total posttest data in Analysis Three

(L test of criterion cell means of upper intelligence subgroup by

introductory material and learning task conditions).

The difference between the predicted and observed orderings of

the base seven and principles conditions is probably a specific

function of the structure of the programs. A comparison of the

error rates of the two programs suggests that the principles program

was perhaps too difficult or abstract, and probably not enough prac-

tice in application of the principles of number bases was allowed

for persons without any prior knowledge about the learning topic.

In fact, the mean errors of each of the first three intelligence

subgroups on the principles program were approximately twice as

great as that observed for the fourth subgroup. On the other hand,

the mean error rates for the first intelligence subgroup on the his-

tory, base ten, and base seven programs were generally twice as

great as the other intelligence subgroups.

It was interesting to note the marked difference in the total

posttest means of the base ten and base seven conditions in each of



75

the three analyses. These conditions were very similar in format

and differed only with respect to the number base content. There-

fore, the difference in content between the two programs was presma-

ably the differentiating factor for the noticeable differences in

results between these treatment groups.

Although not statistically significant, a noticeable difference

among the introductory material conditions was observed on the

trials and errors criterion measures, The ordering of the means on

these measures was, however, neither consistent with that which was

obtained with the total posttest data and the hypothesized effects,

nor was it consistent among the analyses. In Analyses One and

Two, the fewest trials and errors were associated with the base ten

condition. This was followed by the base seven, history, and the

principles subgroups.

In contrast, an L test designed to test the significant agree-

ment between the predicted and observed rankings of the introductory

material treatments in Analysis Three generally supported the pre-

dicted ordering of the introductory material conditions. The order-

ing of the total posttest means was similar to that obtained in the

previous ANOVA analyses of the total posttest data. The order of

the means of the trials and errors to criterion in Analysis Three

was not consistent, however, with the previous ANOVA analyses of the

trials and errors data. The observed ordering of the trials and

errors means of the data for the upper intelligence subgroup was the
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same as the predicted ordering. That is, the fewest number of

trials and errors were obtained by the subjects who studied the

principles program. This was followed by the base seven, base ten,

and history conditions. Thus, the obtained rankings of the intro-

ductory treatments agreed significantly with the predicted rankings

for the upper intelligence subgroup on the trials and errors meas-

ures. In addition to the evidence obtained on the learning meas-

ures, the evidence obtained from the L test of the transfer

subscores of the total posttest for the upper intelligence subgroup

suggested that the introductory materials had a facilitating effect

on transfer as well as on learning.

A possible explanation for the different trials and errors mean

orderings, especially noted with the base seven and principles con-

ditions in the ANOVA analyses, is that these materials influenced

subjects to use different strategies in solving the learning task.

As a consequence the number of trials and errors increased as the

material became more abstract. If this explanation is accepted then

it is difficult to reconcile the Analysis Three findings of the

upper intelligence subgroup. The findings of this subgroup were

generally in the predicted direction, not only on the total posttest

measure, but also on the trials and errors measures as well.

Perhaps a more plausible interpretation of the findings would

be that the different intelligence subgroups profited to a different

extent from the introductory material. Evidence from tryouts of
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rlier versions of the introductory materials with adults who were

similar in characteristics to the study subjects indicated signifi-

cant gains in knowledge after studying the programs. This appar-

ently did not provide complete assurance that the introductory mate-

rials would have a facilitating effect on a subsequently adminis-

tered learning task, which was relatable in different degrees to the

introductory material conditions.

It was indicated that persons in the total sample who had a

high error rate in completing the introductory material not only

took more time to complete the material but also were of lower

intelligence. This finding seems to suggest that persons in the

lower intelligence categories had more difficulty in studying the

introductory material because it was either too difficult or the

learning topic was too abstract. The relatively low error ratio

obtained for the programs (cf., the mean number of errors to the

number of responses required for each program in Table 2) seems to

support the explanation that the topic was too abstract. These sub-

jects who were not able to relate the information obtained in the

introductory material to the learning task, evidently had to rely

upon rote memorization to learn the learning task to criterion.

The inverse relationship between time to complete the introduc-

tory material and performance on the learning task also provides

evidence to discount the alternative hypothesis that the effective-

ness of the introductory materials was related to the time that it

took to study the materials.
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Furthermore, the increase in trials and errors associated with

the base seven and principles conditions in Analyses One and Two and

the inability of subjects in the three lower intelligence categories

to profit from these programs are reflected in the means of the

trials and errors criterion measures. Because the upper intelli-

gence subgroup appeared to benefit relatively more from the base

seven and principles materials than the other intelligence sub-

groups, the increase in trials and errors in the base seven and

principles conditions in Analyses One and Two would be expected.

Conversely, a posttest which was designed to measure application of

the number base concept would reflect the increased performance of

the upper intelligence subgroup on the base seven and principles

conditions.

Findings to support the interpretation that the introductory

materials appeared to benefit most those in the higher intelligence

category, were provided by analyses of the interaction between the

introductory material and intelligence classifications. Although

the obtained evidence was in direct contrast to that which was

hypothesized, the results are of significant theoretical and practi-

cal interest. On the basis of previous research findings, it was

hypothesized that the effects of the introductory materials would

especially benefit persons in the lower intelligence categories.

The results of Analysis One of the total sample indicated a

noticeable, but not statistically significant, ordinal interaction.
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Persons in the upper intelligence subgroup appeared to do relatively

better as the introductory material provided more substantive infor-

mation regarding the learning topic. This finding was especially

observed on the trials to criterion data. The direction of the

means of all four intelligence subgroups was the same for the history

and base ten conditions. On the other hand, the mean trials of the

base seven and principles treatments for the first three intelli-

gence subgroups generally increased, whereas the mean scores for the

persons in the highest intelligence subgroup continued to decrease

for the base seven and principles conditions, respectively.

A similar, but more noticeable, introductory material by intel-

ligence ordinal interaction was noted from the results of Analysis

Two on the first and fourth quarter intelligence groups. These

findings were consistent for each criterion measure.

Previously cited research findings found an interaction between

the introductory condition and verbal ability, with persons of low

verbal ability being more favorably affected by the introductory

material. Whether the differences between the findings of the pre-

vious investigations and the present study are due to intelligence

differences of the study samples cannot be directly ascertained.

But it does seem reasonable to assume that the college undergraduate

samples and the third and fourth intelligence subgroups of the pres-

ent study would be somewhat comparable with regard to intelligence.

If that were the case, then one might expect that the effects of
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introductory material in the present study would have been more

facilitating for the third (or even the second) intelligence sub-

group. Because the introductory materials had a relatively better

facilitative effect for the fourth intelligence subgroup, it appears

that a previously unconsidered variable is accounting for the

observed differences between previous research findings and the

present study findings. The findings of the present study suggest

that the complexity of the learning topic is a significant variable

to consider in ascertaining the extent to which introductory mate-

rials facilitate subsequent learning. Moreover, given a very com-

plex learning task, those of high ability appear to benefit as much

from introductory materials as those of low ability did in a less

complex learning task.

The introductory material by intelligence interaction of the

present study is perhaps somewhat related to previous research find-

ings. These findings suggest that if unfamiliar learning material

was unrelatable or conflicted with general background knowledge

regarding the topic, then the introductory material appeared to ben-

efit those subjects who had more background knowledge or whose con-

nitive structure was assumed to be more clear and stable. There

also might be some relationship between the findings of the present

study and the research evidence which suggests the dependence of

learning and retention on existing related knowledge within the

learner's cognitive structure.
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The findings also lend support to the theory that the learning

of meaningful material is facilitated through the use of introduc-

tory materials, which at the appropriate difficulty level are

assumed to influence and enhance the clarity, stability, and organi-

zation of the learner's cognitive structure.

Theoretically it was assumed that the reception of information

in the form of introductory learning material which is presented at

a high level of abstraction, generality, and inclusiveness, is lim-

ited for young learners who characteristically have immature cogni-

tive structures. The findings of the present research investigation

suggest that the reception of abstract material has a limited effect

also for adult learners who are less intelligent and less informed

on the topic.

A recent study by Scandura and Wells (1967) on college subjects

found some support regarding the facilitation of abstract mathe-

matics by utilizing introductory material presented at a more con-

crete level than at a highly abstract level. They found that

concrete model organizers (mathematical games) administered prior to

the study of abstract mathematical concepts facilitated the learning

and application of the principles inherent in the abstract mathemat-

ical material.

To be sure, the extent to which abstract or concrete introduc-

tory materials are facilitating is dependent upon such factors as

the level and difficulty of the learning material as well as the
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intelligence and relevant subject matter knowledge of the subject.

To illustrate, if the substantive aspects of a learning topic are

presented at an abstract level in the form of introductory mate-

rials, then persons with no prior knowledge of this topic would not

be able to profit from the introductory material. According to

Ausubel, they would not have an adequate cognitive structure for the

incorporation of the information in the introductory material. It

is assumed that if the introductory material does not enhance the

clarity and stability of a learner's existing cognitive structure,

then the subsequent learning of related material is also inhibited.

Furthermore, persons with limited ability and familiarity with a

topic would be handicapped to an even greater extent than would per-

sons with similar familiarity but greater ability. More able adults

might recognize subtle relationships between new information about

the topic and relevant information that they had previously

acquired.

This suggests that persons who do not have sufficient back-

ground in a subject matter or who have limited intelligence would

probably benefit more from abstract introductory material if they

were first exposed to introductory material presented at a more con-

crete level. This procedure would presumably provide a framework

for the integration and incorporation of more abstract material.

For example, if the subjects in the present study had received the

base ten condition prior to either the base seven or principles
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conditions, a greater facilitative effect of these conditions on the

subsequent base four learning task would have been expected.

The second main effect study hypothesis, that performance on a

learning task is positively related to the degree to which the task

is sequentially arranged, was generally supported by the findings of

the different analyses. All three analyses statistically supported

the hypothesis at least at the .01 level of confidence for the

trials and errors criterion measures.

The findings of the ANOVA analyses of the trials and errors

data of Analyses One and Two indicated that the completely sequenced

tasks differed significantly from the randomly and partially

sequenced tasks. In other words, when the learning task was com-

pletely sequenced, subjects took significantly fewer trials and made

fewer errors in learning the task than when the task was either par-

tially or randomly presented.

The findings of the L tests of the trials and errors data in

Analysis Three suggested that the acquisition of a learning task was

directly related to the sequential arrangement of the learning task.

The completely sequenced learning task required fewer trials and

errors to learning criterion than the partially sequenced task, and

the partial task required fewer trials and errors than the randomly

presented task.

It was noted that in Analyses One and Two there was no appar-

ent difference between the partial and random conditions on the
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trials and errors measures; whereas in Analysis Three a slight dif-

ference was evident especially on the error data. Furthermore, in

Analysis One a slight difference in the order of the learning task

means was observed between the trials and errors measures. The

ordering of the means for the learning task conditions on the errors

measure was the same as that which was predicted. The highest mean

errors value was associated with the random condition, the second

highest mean errors value was associated with the partial condition,

and the lowest mean errors value was associated with the completely

sequenced condition. With the trials data the highest mean value

was associated with the partial condition, the second highest mean

trials value was associated with the random condition, and the low-

est mean trials value was associated with the completely sequenced

condition. Differences between conditions in this reverse ordering

were nonsignificant. A different ordering would be expected because

subjects prelearned the four basic symbols used in the learning

task. It is hypothesized that if no prelearning of the basic sym-

bols had been required, the effects of the partial condition would

probably have been more centrally located between the random and

completely sequenced conditions on the trials and errors measures.

With the prelearning of the four basic symbols, the subject who was

administered the partially sequenced task was not able to benefit

fully from the sequential ordering of the first five symbols because

the first four symbols were already familiar to him. Consequently

the partial task was very similar to the random task.
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The effects of the sequential arrangement of the learning task

as measured by the total posttest criterion measure, however, indi-

cated no statistically significant differences among the treatment

conditions in Analyses One and Two. Findings of the Analysis Three

total posttest and transfer data, on the other hard, provided some

evidence to indicate that partially sequential arrangement of the

learning task might have a greater facilitating effect on transfer

than material which is completely ordered or unordered. These find-

ings are similar but not as marked as those found in a similar study

by Sjogren (Grotelueschen and Sjogren, 1967).

It was further hypothesized that the sequential arrangement of

the learning task would not be independent of intelligence level.

It was predicted that persons in the lower intelligence subgroups

would benefit most from the completely sequenced learning material.

In Analysis One there was no evidence to support this hypothesis on

any of the three criterion measures. In Analysis Two no support for

the hypothesis was obtained for the posttest data. However, on the

trials to criterion data an ordinal interaction indicated that per-

sons in the lower intelligence category appeared to do relatively

better when the learning task material was completely sequenced.

This noticeable finding was statistically significant at the .10

level of confidence. As was expected, the error data was similar to

the trial data but the effect was less marked. Therefore, the sup-

port for the learning task by intelligence hypothesis, although not
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conclusive, is of particular interest when contrasted with the pre-

viously discussed introductory material by intelligence interaction

findings.

The noticeable interaction effects observed for the introduc-

tory material by intelligence and the learning task by intelligence

classifications provide contrasting results. The facilitative

effect of introductory materials that were differentially structured

with respect to content appeared to be relatively better for adults

of superior intelligence, whereas the facilitative effect of com-

pletely sequenced learning material appeared to be relatively better

for adults of low intellectual ability.

Regarding the hypothesized Interaction between the differen-

tially structured introductory materials and the differentially

sequenced learning tasks, the findings did not support this hypothe-

sized interaction. It was expected that if the learning task itself

was highly sequenced, then the facilitative effect of the introduc-

tory material would not have as great an effect as when the learning

task was not sequentially presented. None of the ANOVA findings of

Analysis One or Analysis Two of the different criterion measures

provided any evidence to support this hypothesized interaction. Had

the effects of the introductory material conditions (especially the

base seven and principles conditions) been more facilitative in

learning the base four learning task for all intelligence subgroups,

the obtained findings might have been different. The tentative
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conclusion that may be drawn from these findings is that a sequen-

tially arranged learning task does not interact with the differen-

tially structured introductory material that precedes it, especially

when the subjects have no background knowledge with respect to the

learning topic.

Although the ANOVA findings suggested that the introductory

materials had a relatively better facilitative effect for the upper

intelligence subgroup, the use of the L statistic to test the agree-

ment between the predicted and observed rankings of the criterion

measures for the two experimental treatments did not provide any

information about the introductory material and learning task inter-

action. No ANOVA of the upper intelligence subgroup scores was con-

ducted because the results would have been based on the performance

of only two subjects in each of the introductory material by learn-

ing task analysis cells. To be sure, any findings from such an

analysis would have been quite unstable, and not much confidence

could be placed in them. Nevertheless, a plotting of each of the

criterion measure mean scores for each learning task level at each

introductory material level suggests that highly structured intro-

ductory material was as facilitative for an unsequenced task as it

was for a sequenced task. But, if the content of the introductory

material is less generalizable and inclusive, then the relative

effects of the completely sequenced material would be more

pronounced.
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Naturally these interpretations regarding the interaction

between differentially structured introductory materials and differ-

entially sequenced learning tasks are tentative and are in need of

further research.

A very consistent finding obtained in the ANOVA analyses pre-

sented in the preceding section on results was the statistically

significant (p < .01) intelligence classification. Th,' finding was

observed to be significant for all three criterion meaY.,r, In

Analysis One an inspection of the group means indicated .ax.

which was similar to that which was predicted. Persons in the high-

est intelligence category had the highest mean value on the posttest

measure and the lowest trials and errors mean values. Persons clas-

sified in the lowest intelligence category had the lowest mean post-

test value and the highest trials and errors mean values. Persons

classified in the second and third quarter intelligence categories

had mean values on each of the criterion measures that were similar

to their classification ordering. Because the two intelligence cat-

egories used in Analysis Two were the first and fourth intelligence

categories of Analysis One, the upper intelligence group differed

significantly from the lower subgroup.

Moreover, the evidence indicated that in Analysis One the

fourth intelligence category differed significantly from the first,

second, and third categories; and the first intelligence category

differed significantly from the second and third categories.
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Finally, it was hypothesized that men would perform better than

women on the criterion measures. This hypothesis was generally sup-

ported in each of the analyses. In Analysis One highly reliable

differences (p < .01) between men and women were obtained on the

total posttest. Similar but not statistically significant findings

were observed with the trials and errors data. In Analysis Two, a

significant difference (1., < .05) was observed between the perform-

ance of men and women on the posttest measure. No significant dif-

ferences were observed, however, on the trials and errors measures.

A separate ANOVA of the criterion scores of men and women in the

upper intelligence subgroup utilized in Analysis Three indicated

highly reliable differences between sexes on each of the criterion

measures.

Although the observed sex effect differences provided evidence

to suggest that men performed better than women in learning the base

four task, it appeared that the observed differences were not inde-

pendent of intelligence level. Analysis One disclosed a significant

disordinal interaction between the intelligence and sex classifica-

tions on the total posttest measure. The same interaction was noted

in Analysis Two on each of the criterion measures. Because the

plottings of the means for each combination of the sex and intelli-

gence variables indicated a disordinal interaction it was not possi-

ble to assert without making qualifications that men were superior

in performance to women. It appeared, rather, that men performed
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relatively better than women at all levels of intelligence with the

exception of the lowest intelligence category.

It must be remembered that the significance test reflects on

the reliability of obtained differences; it does not indicate what

caused the observed difference. The validity of the significant

interaction is questionable because the writer is unaware of any

theoretical explanation which would account for this observed

result. As a consequence one could assert that the interaction was

a chance occurrence. But the fact that the findings were observed

on each of the criterion measures makes it somewhat doubtful that

the obtained results occurred by chance alone.

A second alternative explanation would perhaps suggest that a

methodological bias had a differential effect on performance for the

women in the lower intelligence classification. During the study,

eight of the persons originally assigned at random to treatments had

to be replaced for various reasons. This will be more fully

explained in the next section on the validity of the study. Of

these eight persons two were women in the lowest intelligence cate-

gory. These two women were replaced because they became emotion-

ally upset during the learning task. As a result this interfered

with their performance on the learning task and they were unable to

complete the task to criterion. One might reasonably expect, there-

fore, that the randomly selected replacements who completed the

learning task were more motivated than the two that were unable to

complete the task.



In conclusion, it appears reasonable to assume that the find-

ings obtained for the sex main effect were relatively the same for

all levels of intelligence, and that the observed interaction

between the two variables was pfobably a result of motivational

bias affecting the results. It is important to note that the

obtained results in which men performed better than women in learn-

ing a mathematical topic were especially observei4 on the posttest

where some application of the learned principles was required. The

results suggest that differences might be due in part to attitudinal

or nonintellectual variables rather than to any cognitive factors,

because prior knowledge and intelligence were controlled in the

study.

Validity of the Study

The extent to which the findings of this study are free from

bias (i.e., internally valid) and generalizable (i.e., externally

valid) are discussed in detail in this section. The intent of pre-

senting a discussion of the possible and probable sources of valid-

ity and invalidity of this study should provide relevant information

to assist educational researchers and practitioners. This discus-

sion may be relevant to perscns who might be interested in conduct-

ing similar studies or who might be interested in the application of

research findings to their educational situation.

Because subjects (i.e., experimental units) were randomly

assigned to experimental conditions and various controls were



utilized, it is reasonable to assume, in the probabilistic sense,

that the observed effects were generally valid.

As was previously stated, the lack of significant differences

among the introductory materials was probably due to the abstract-

ness of the learning topic and the way the programs were written.

It was reasoned that if the introductory materials (especially the

principles program) had been presented at a more concrete 1:n/el, or

if a greater number of examples had been used to illustrate the con-

cepts in the programs, then significant statistical differences

might have been observed. Furthermore, if the introductory material

effects had been significant, it is possible that the interaction of

this variable with the learning task variable might have produced

different resulta. This does not imply, however, that significant

main effects are necessary for interactions to occur.

Perhaps a way to increase the effectiveness of these introduc-

tory materials in subsequent research projects would be to admin-

ister criterion tests at certain intervals in the programs. The

subject would be required to attain a certain mastery level on a

criterion test before he would be allowed to continue working

through the program. If he did not obtain the desired mastery

level, he would have to reread relevant portions so that he would

obtain the desired behavior before continuing. This procedure would

be especially desirable if the subjects have no prior knowledge

regarding the learning topic.



Regarding the learning task variable, observed significant dif-

ferences among the conditions were consistent with the predicted

effects with one exception. It was not expected that the partial

condition would have effects similar to the random condition. Con-

sidering the fact that four of the first five symbols in each trial

under the partial condition had been prelearned prior to the actual

presentation of the learning task, it is not surprising that this

condition had effects similar to the random condition.

Although the rationale for prelearning the basic symbols was to

isolate the effects of the sequential arrangement of the learning

task from learning the symbols, it could be argued that the learning

of task symbols and the sequential presentation of a task go hand in

hand. A recent study by Sjogren (Grotelueschen and Sjogren, 1967),

in which subjects did not prelearn the four basic symbols, resulted

in the partial condition having a marked difference from the random

condition.

The generalizability of the introductory material and learning

task variables seems to vary with respect to the variables and the

way in which the variables were manipulated. The experimentally

manipulated introductory materials were all linear programed mate-

rials which presumably contained differentially structured substan-

tive information regarding the learning of number bases. This

learning of number bases is a topic of interest in current educa-

tional curricula. Each program was individually studied prior to
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the study of a learning task. The learning task was administered by

randomly assigned adults who were stratified according to sex so

that experimenter bias would be reduced. Although the use of pro-

gramed materials limits the generalizability of these materials to

other materia s of similar format and length, it was felt that the

use of programed materials increased the internal validity of the

study. This was done by controlling the sequential presentation of

the different treatment conditions as well as assuring the attention

of the learner to the material. It should be pointed out that all

the study participants were familiar with the programed instruction

format from the Sjogren and Knox study so that any novelty or prac-

tice effect was assumed to be nonexistent.

Similarly, the presentation of unfamiliar symbols that were

differentially presented in paired associates form provides certain

restrictions in generalizing to the classroom situation. But,

again, the emphasis was on controlling the sequential presentation

of the learning task material so that the effects of this manipu-

lated variable might be observed.

Another limiting factor in the present study was the lack of

variance associated with the posttest criterion measure. As was

mentioned earlier, five of the 14 posttest items were represented in

the learning task, and nine items were not learned in the learning

task. The nine items were designed to measure the extent to which

principles could be applied to constructing new base four symbols

not specifically learned in the learning task.
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What occurred was that nearly all subjects got all the learning

task items correct (remember they had to learn the items to a cri-

terion of two trials), and many subjects missed all or nearly all

the transfer items. In other words, a ceiling effect was observed

on the learning task item subscore, and a floor effect was observed

on the transfer subscore. Had the principles introductory material

been more facilitating for all intelligence levels, the observed

floor effect on the transfer subscore would probably have been less

pronounced. Nevertheless, the procedures for measuring knowledge in

subsequent studies will have to be altered somewhat if existing dif-

ferences among treatment groups are to be observed more reliably and

validly.

A further source of invalidity observed in the study pertains

to the procedures used in pretesting the subjects. A requirement

for participation in this study was that the subject's knowledge

regarding the learning topic would be negligible. To satisfy this

requirement potential study participants were administered a pretest

approximately six weeks prior to the time that they would actually

participate in the experiment. It is possible that events occurring

during the time interval between the administration of the pretest

and the learning task could be a source of invalidity, especially

if subjects learned any information about the learning topic prior

to their participating in the actual experiment. If such were the

case, generalizability of these findings to a group with no
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knowledge of number base systems would be a source of external

invalidity. It is doubtful whether this source of invalidity would

affect the interval validity of the study because of the random

assignment procedure. The possibility exists, however, that a per-

son who obtained relevant information could perform rather well on a

criterion measure with limited variance (e.g., posttest), and thus

influence his treatment group's mean score considerably.

One would not expect, however, that the pretest administered in

this study would have a sensitizing function which would limit gen-

eralizability to pretested groups only. This assumption appeared to

be reasonable because the experimental treatments pertained to cog-

nitive learnings and not to affective learnings. Also, the pretest

was not administered directly before the learning experiment so that

it would be considered a part of the treatment effect. In fact,

many of the subjects thought that the pretest was a follow-up test

on a related topic of sets that they had studied two years before in

the Sjogren and Knox study.

Because the subjects had participated in a previous learning

experiment and realized that they were participating in anoiher

experimental study, the findings of the present study might be lim-

ited in generalizability to an experimental setting. One source of

invalidity that might limit the generalizability of the study find-

ings is selection. Although selection would usually be considered

a source of internal invalidity, it was not a factor in this study
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because subjects were pretested and randomly assigned to experimen-

tal conditions. It is probable, however, that the study volunteers,

who were paid a small honorarium of five dollars, are different from

non-volunteers with regard to motivation.

The study sample was not a random sample of a particular adult

population. Instead, it was a sample selected according to certain

characteristics which appeared to be related to learning perform-

ance. It is reasonable to assume, therefore, that the sample in

each cell was somewhat representative of adults possessing the com-

bination of characteristics used to define the cell. As was previ-

ously stated, the assumption regarding the similarity between the

study adults and the general adult population is probably less ten-

able when consideration is given to the selecti..n bias of the study

sample.

Nevertheless, it will be recalled that the age range of the

subjects was typical of adults who participate in continuing educa-

tional programs. Furthermore, 69 per cent of the subjects had par-

ticipated in a formal adult education activity within the previous

five year period. Participating subjects in the study were from a

midwestern urban community; there was no apparent evidence of seri-

ous bias with respect to vocational, educational, social, or ethnic

backgrounds.

A second source of invalidity resulting from the fact that the

subjects were aware that they were participating in an experimental
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study is the reactive effects of experimental arrangements. Sub-
.,

jects participating in this study were not overly compliant with

regard to experimental procedures as is sometimes the case when sub-

jects are aware that an experiment is being performed. As in the

previous Sjogren and Knox study in which they had participated, many

of the subjects wanted to learn something about the subject matter

that was presented. This was apparent when subjects who were not

able to apply a principle to learning the base four number task

expressed some dissatisfaction because they bad not been able to

learn and apply the information which was presented to them.

Therefore, the extent to which the setting appeared to be artificial

was perhaps offset by the expectations which the subjects had for

themselves regarding the learning of the material.

As was previously mentioned in the Method section of this

report, the rate of presenting the learning task in the paired asso-

ciates form was empirically tested so that there would be no disad-

vantage for a particular group of subjects. There were some

instances, however, in which the subjects in the lowest intelligence

quarter exhibited some initial difficulty in adjusting to the rate

of presentation; but it was felt that this factor was negligible as

a source of internal invalidity.

The length of the learning task, however, seemed to produce a

source of internal invalidity. To learn the 13 symbols to required

criterion was an exceedingly difficult task for many of the persons
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in the first intelligence subgroup, especially when the learning

task was presented in an unordered or partially sequenced manner.

As a result, two persons in this subgroup became emotionally upset

and frustrated during the learning task so that there was substan-

tial interference with the progress that they were making. These

subjects, who were women, were randomly replaced with persons who

had similar classification characteristics.

It appeared, however, that the two replacements were more

highly motivated, because they did finish the learning task. Thus,

it seems reasonable to explain the observed effect in which men per-

formed relatively better than women at all but the lowest level of

intelligence, as an artifact of internal invalidity due to motiva-

tional bias brought about by experimental mortality.

In addition to the two women who were replaced, six other sub-

jects were replaced. The validity of the study was not seemingly

affected by replacing these six subjects, because the reasons for

replacing them were unrelated to performance on the learning task

(e.g., moved out of the state, physical sickness, intra-session

interruption, etc.). Each replacement was randomly selected from a

group of potentially qualified subjects who had not been originally

selected for participation in the study.

In this discussion regarding the validity of the study, certain

findings are more generalizable to some learning outcomes, popula-

tions, situations, and variables than others. The representative-

ness of the findings are limited in a number of ways. The study
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sample was not a random sample of a particular adult population;

however, the characteristics of the adults who were used were typi-

cal to what one would expect in a continuing education program. The

variables of the study were considered to be fixed effects and not

random samples of larger populations of categories. Therefore, cau-

tion should be exhibited in generalizing to all types of introduc-

tory materials, especially if they are not in linear programed

instructional format; to all learning topics; to differently

sequenced learning tasks; to all levels of intelligence; to all age

groups; and to persons with background knowledge regarding the

learning topic.

Further Research

Although this study attempted to answer certain questions

related to Ausubel's research on meaningful verbal reception learn-

ing and in effect test various aspects of this theory, the study did

raise some additional questions that are in need of further

research. Suggestive areas for additional research are listed as

follows:

1. Future research is needed to ascertain the extent to which

the amount of overlearning of the differentially structured intro-

ductory materials has an effect on the learning and retention of a

conceptually related learning task. In Ausubel's words, what are

the effects of overlearning on the relative stability of subsumers

in cognitive structure and, therefore, on their relative ability to

influence meaningful verbal learning?
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2. Although previous investigations included measures of short

term retention and the findings of this study are based on immedi-

ately administered criterion measures, it would be interesting to

note the extent to which the facilitative effects of introductory

materials are observed over longer time intervals.

3. Further studies are needed to ascertain the effects of dif-

ferentially structured introductory materials and learning tasks on

transfer of learning. The ability to transfer or apply abstract

concepts is an interesting topic for research, especially with

adults who seemingly operate at a concrete experiential level a

great deal of the time in their day-to-day living.

4. A further consideration concerns the use of the learner's

background knowledge regarding the learning topic as another vari-

able to include in the design of future studies. It would be of

particular interest to note the interaction of background knowledge

and intelligence level. It is evident that for the person without

an appropriate background, learning generally involves many trials,

much repetition, and practice. For the person with appropriate

background, some new material can be learned in a few trials and

without much repetition.

5. Additional research is needed to ascertain the extent to

which differentially structured introductory materials facilitate

the learning of different topics or subject matters.

6. In the present study no statement was made regarding the

relevancy of the introductory material to the learning task. It was
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felt that the introduction of an attention directing statement would

add another dimension to the study. Research is needed, however, to

ascertain the effects of set inducing instructions, which seemingly

provide guidance to the thinking process, and differentially struc-

tured introductory learning materials on a conceptually related

learning task. The set inducing instructions may be cognitive or

attitudinal and might be given prior to the study of the introduc-

tory material or prior to the learning task, or both. It would

appear that the use of attitudinal instructions would be a signifi-

cant variable to include with materials similar to that which were

used in this study, particularly if the sample population includes

women.

7. During the course of the experiment it became evident that

future research activity might try to ascertain the relationship of

differentially structured introductory materials and different cog-

nitive learning styles of adults. It seems tenable to assume that

certain introductory materials would be facilitative for some adults

with certain learning styles and not with others.

8. A further research consideration would be to structure a

long term learning activity (e.g., one semester) into units and to

ascertain the effects on performance of administering introductory

materials prior to each unit as compared with a control group which

receives a placebo treatment prior to the study of each unit.
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9. Finally, additional research is needed in which similar

introductory materials are presented at different levels of abstrac-

tion or difficulty.



SUMMARY

Recent studies by Ausubel and his associates (Ausubel, 1960;

Ausubel and Fitzgerald, 1961b, 1962; Ausubel and Youssef, 1963;

Fitzgerald and Ausubel, 1963) have investigated the effects of the

manipulation of various cognitive structure variables on the learn-

ing and retention of potentially meaningful verbal material. The

procedure has been to introduce to the learner highly abstract and

inclusive advance organizers prior to the study of new learning

material. These organizers or introductory materials were differ-

entially structured with regard to subject matter content and the

sequential arrangement in which this content was presented. Accord-

ing to Ausubel (1963b), the structuring of introductory material in

this manner satisfies the substantive and programmatic criteria

which are necessary for influencing and enhancing the clarity, sta-

bility, and generalizability of the learner's existing cognitive

structure. The results have indicated that the learning and reten-

tion of meaningful verbal material can be facilitated through the

use of introductory materials which provide ideational anchorage and

increased discriminability within the learner's cognitive structure.

This conceptual framework and the increased discriminability that

results from introductory materials is an important factor in

enhancing the incorporability and retention of newly learned

material.

This report presented evidence from an experimental study

regarding the effects on learning of experimentally manipulating
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two variables which, according to Ausubel, influence the cognitive

structure of the learner.

The first variable was the structure or the content of the

introductory material. The second variable was the sequencing of

the learning task.

The experiment was designed to test the following general

hypotheses:

1. Performance on a concept attainment task is positively

related to the degree to which material studied prior to the learn-

ing task develops relevant principles in a generalized context.

2. Performance on a concept attainment task is positively

related to the degree to which the learning task is sequentially

arranged.

Subjects who were selected for participation in this experiment

had scores of six or less on a 15 item multiple choice pretest on

the topic of number base systems as a way of satisfying the require-

ment of unfamiliarity regarding the general learning topic; ranged

in age from 23 through 53; were classified according to two levels

of sex and four levels of intelligence.

The basic experimental design of the study consisted of a

4 x 3 x 4 x 2 factorial design, with adult subjects who had no back-

ground information regarding the learning topic being randomly

assigned to four introductory material and three learning task

treatment conditions within intelligence and sex categories. The
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variables in the design were considered to be fixed effects and not

random samples from a population of categories.

The introductory material conditions were written in linear

programed instructional format and were presented in booklet form

to the learner prior to the study of a learning task. The different

types of introductory material included (a) history of measurement,

(b) base ten number system, (c) base seven number system, and

(d) principles of number bases. The history of measurement material

was intended primarily as a control treatment. The remaining pro-

grams on base ten, seven, and principles of number bases were writ-

ten so that the sequential steps within each of the programs were

parallel with the other treatment programs. Thus, obtained differ-

ences could be attributed to the content of the introductory mate-

rials which provided differentially structured substantive informa-

tion and would be generalizable and relatable in varying degrees to

the base number systems learning topic.

The learning task experimental condition consisted of three

differentially sequenced sets of paired associates which corre-

sponded to numbers in the base four number system. The number word

was used as the stimulus and the required response was an unfamiliar

symbol ( ;) , T , , or ) or combination of these symbols.

These four basic symbols represented the number values of zero

through three, respectively, or the basic symbols necessary for

writing number values in the base four number system.
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One of the learning tasks was completely sequenced. That is,

the stimulus words were presented in order according to numerical

value. The second learning task was partially sequenced. The first

five stimulus words were presented in numerical order with the

remaining stimulus words presented in random order. The third

learning task was not sequentially arranged. The stimulus words

were presented randomly. In each trial of the three different con-

ditions, the paired items were always presented in the same pre-

scribed order.

The criterion measures used to ascertain the effectiveness of

the experimental conditions on learning were (a) number of correct

responses on a completion type posttest administered immediately

after the presentation of the learning task; (b) number of trials to

criterion, with criterion meaning two perfect repetitions; and

(c) number of total errors made to criterion.

The general procedures of the experimental session were as fol-

lows: Each subject attended an individually arranged session where a

randomly selected set of introductory materials was administered to

him. The subject made written responses in the programed booklet as

116 studied it. A record was kept of the time that it took the sub-

jc;ct to complete the program and the number of response errors that

the subject made while working the program.

After completing the introductory material, each subject was

administered a prelearning task by a randomly assigned session



administrator. The purpose of the prelearning task was to have the

subject learn the four basic symbols used in the subsequent learning

task. Ten young adults, five men and five women, served as session

administrators for randomly presenting the basic symbols to a speci-

fied criterion, and for administering the subsequent learning task

and posttest.

Immediately after learning the four basic symbols, the subject

was presented the randomly assigned learning task condition using a

modified TMI-Grolier Min-Max Teaching Machine.

The subject was presented with a stimulus word (e.g., ZERO) in

the aperture of the apparatus, and was expected to write the appro-

priate symbol (e.g., ;) ) on the response tape in the attached

answer-mate. After a nine second interval the stimulus number word

appeared together with the correct response symbol in the aperture.

After receiving feedback regarding the correctness of this response

to the stimulus word for six seconds, the stimulus word and the cor-

rect symbol along with the subject's response disappeared from

sight as the next stimulus word was presented.

Upon responding correctly to two perfect trials of the paired

associates task the subject was administered the posttest. The sub-

ject was required to respond on the test with the symbols repre-

sented by the given number words. Some of the number words on the

posttest were from the paired associates items contained in the

learning task and some were transfer items which could be answered
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correctly if the subject could generalize from the specific base

four symbols learned in the learning task to other base four symbols

not learned in the task. In addition to the posttest score, meas-

ures of trials and errors to criterion of two perfect trials were

obtained.

The data were analyzed by use of the ANOVA and the L test. For

each of the three criterion measures, two general ANOVA analyses

were made. The first was an analysis of the total sample data, and

the second was an analysis of the scores of the subjects in the

first and fourth intelligence levels. A third analysis was based on

the data obtained from each of the three criterion measures and an

additional posttest transfer subscore from subjects who were cate-

gorized in the fourth intelligence subgroup. The data in this third

analysis were analyzed by use of the L test.

The hypothesis that performance on a concept attainment learn-

ing task is positively related to the degree to which material

studied prior to the learning task is generalizable to the content

presented in the subsequent learning task was not statistically sup-

ported by the data in the ANOVA analyses, although findings were in

the predicted direction. The results suggested, however, that the

facilitative effects of differentially structured introductory mate-

rials appeared to have a relatively greater effect for adults with

superior intelligence in learning a number base concept attainment

task.
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The hypothesis that performance on a learning task is related

to the degree to which the task is sequentially arranged was sup-

ported by the findings of the different analyses. It was found that

a completely sequenced learning task resulted in a more rapid acqui-

sition of the learning material than when the task was partially or

randomly presented. Some inconclusive evidence was obtained to sug-

gest that the effect of the completely sequenced learning task

appeared to be especially facilitative for adults with relatively

low intellectual abilities. There was also some additional evidence

presented, which is in need of further verification, that partially

sequenced learning tasks have a facilitative effect on transfer.

No evidence was found to suggest that the effects of differen-

tially structured introductory materials would be less facilitative

for a completely sequenced learning task than a learning task pre-

sented in a completely unsequenced manner. There was, however, some

evidence to suggest that the relative effect of the completely

sequenced learning task would become greater as the introductory

material became less substantive with regard to content.

Reliable differences among the intelligence categories and

between sexes were observed among the criterion measures in the

analyses. The evidence indicated a positive relationship between

intelligence and performance on the learning task. Also, the data

suggested that men performed consistently better than women, espe-

cially on the posttest measure where application of the learned num-

ber base principles was required.
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An extensive discussion of these results along with a discus-

sion of sources of validity and invalidity and suggestions for fur-

ther research were also presented.
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Appendix A. Project Questionnaire



Project Questionnaire

Your responses to the following questions will provide tie research
staff with valuable information regarding your background and personal
characteristics. Please answer each question as completely and accurately
as you can. Your responses will be used only in summary form and names
will not be associated with particular replies.

1. Name (Mr., Mrs., Miss)

(last) (first)

2. Address

(street or RFD) (city or town) (state) (zip code)

3. Phone Date
(area code) (number) (month) (day) (year)

4. Please indicate your age to the nearest birthday.

5. Please check the category that includes the highest level of
formal education that you have completed.

8th grade and less 1(
9-11th grade 2(
High school graduate 3(
Trade, business, or technical school 4(
Some college (1-3 years) 5(
College graduate (4 years) 6(
Graduate degree (Master's or Doctorate) 7(

)

)

)

)

)

)

)

6. Since September, 1964, have you participated in any adult
education activities? (for example, being a full-time or
part-time student, attending an evening class, attending a
lecture series, correspondence study, or anything similar)

Yes 1( )

No 2( )

7. (If yes) What specific educational activities have you
taken part in during each of the following two time
periods?

September 1964 - September 1965

a.

b.

c.

DO NOT
WRITE

( )11

( )12
( )13

14

15

( )16

( )17
( )18

( )19
( )20
( )21



DO NOT
WRITE

September 1965 - present

( )22
a. ( ) 23

( )24
b. ( )25

( )26
c.

( )27

8. Check the number of years which have passed since your last
formal classroom experience (organized sequential program of
instruction on some subject matter).

Presently enrolled 1( )

Last semester 2( )

1-2 years 3( )

3-5 years 4( )

6-10 years 5( )

11-20 years 6( )

21-30 years 7( )

31 years or more 8( )

9. Which one of the following categories best describes your
marital and family status?

Single 1( )

Married, no children 2( )

Married, all children under 16 3( )

Married, all children under and over 16 4( )

Married, all children over 16 5( )

Widowed, divorced or separated 6( )

QUESTIONS NUMBERED 10 THROUGH 15 ARE TO BE ANSWERED BY ALL MEN
AND UNMARRIED WOMEN. QUESTIONS NUMBERED 16 THROUGH 21 ARE TO BE
ANSWERED BY MARRIED WOMEN WHO MAY. OR MAY NOT BE EMPLOYED OUTSIDE
THE HOME.

MEN AND UNMARRIED WOMEN ANSWER QUESTIONS 10-15.

10. For what firm or organization are you employed? Give the
firm name. (If self-employed, so indicate. If retired,
indicate what occupation was. Farmers report type o7 land,
whether irrigated or dry, number of acres, and whether you
own, rent, or manage the farm.)

28

29

( )30

( )31

( )32



11. Briefly describe the nature of your major work activity.
Give job title and specific duties.

iamINIMINIO11.

12. Check the category which indicates the number of hours
worked per week during your regular working season.

Less than 20 1( )

20-34 2( )
35-44 3( )

More than 44 4( )

13. How many people are employed by you or are under your super-
vision?

None 1( )
1-2 2( )

3-5 3( )
6-10 4( )
More than 10 5( )

14. What was your father's occupation when he was about your
age? (Give specific details as to type of industry, job
title, and specific duties. If farmer, report type of land,
whether irrigated or dry, number of acres, and whether he
owned or rented the farm )

15. Please indicate the highest level of formal education that
your father completed.

6th grade and less
1( )

7-8th grade 2( )
9-11th grade

3( )

High school graduate 4( )

Trade, business, or technical school 5( )

Some college (1-3 years) 6( )

College graduate (4 years) 7( )

Graduate degree (Master's or Doctorate) 8( )

MEN AND UNMARRIED WOMEN SKIP TO QUESTION 22.

DO NOT
WRITE

( )33
( )34

( ) 35

36

37

( )38

( )39
1740
( )41

1742
( )43

( )44
( )45

T-746
( )47
1-1-48

1749

50



MARRIED WOMEN ANSWER QUESTIONS 16-21.

16. For what firm or organization does your husband vic,:t? Give
firm name, (If he is self-employed, so indicate. If he is
a farmer, report type of land, whether irrigated or dry,
number of acres, and whether he owns, rents, or manages the
farm.) If you are widowed or divorced or husband is re-
tired, indicated what husband's occupation was.

17. Briefly describe the nature of his work. Give job title and
specific duties.

18. Check the category which best indicates the number of hours
worked per week during his regular working season.

19.

Less than 20 1( )

21-34 2( )

35-44 3( )

More than 44 4( )

How many people are employed by him or are under his super-
vision?

None 1( )

1-2 2( )

3-5 3( )

6-10 4( )

More than 10 5( )

20. What was your husband's father's occupation when he was about
your age? (Give specific details as to type of industry, job
title, and specific duties. If farmer, report type of land,
whether irrigated or dry, number of acres, and whether he
owned or rented the farm.)

DO NOT
WRITE

( )51

( )52

( )53

( )54

( )55
( )56

57

58

( )59
( )60

T761
( )62
1763
( )64

( )65

055
7)-57
( )68

T759
1770



21. Please indicate the highest level of formal education com-
pleted by your husband's father.

6th grade and less
1( )

7-8th grade 2( )
9-11th grade

3( )
High schoo'J graduate 4( )

Trade, business, or technical school 5( )
Some college (1-3 years) 6( )
College graduate (4 years)

7( )
Graduate degree (Mcster's or Doctorate) 8( )

MARRIED WOMEN CONTINUE TO QUESTION 22.

22. Check (X) all of those times that you would be available to
attend sessions.

(1)

Mornin

(2) (4)

Afternoon Evenin

Monday
Tuesday
Wednesday
Thursday
Friday
Saturday

DO NOT
WRITE

71

72

73
74
75
76
77
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Number Base Systems Pretest Name

Directions: Circle the letter of the correct answer for the following:

1. In base eight the numeral 13 stands for the number
a. four.
b. fifteen.
c. eleven.
d. thirteen.
e. nine.

20 If you write 124 in base five the numeral 1 stands for one
a. one-hundred.
b. twenty-five.
c. fifty.
d. ten.

e. five.

The base of a number system is the
a. face value of the right digit in a number.
b. same as the amount of numerals used minus one.
c. distance between each of the number values.
d. same as the number of symbols used.
e. place value of the right digit in a number.

In base twelve we group number ideas by

a. six.
b. twenty-four.
c. four.
d. twelve.
e. two.

5. In base four, the place value of the third position from the right
in a three digit numeral is
a. twenty-four.
b. sixteen.
c. twelve.
d.

e. four.

6. A numeral is the
a. symbol for a number.
b, name for a number.
c. concrete representation of a number.
d. figure used in denoting a number.
e. all of the above.

7. In base three, the numeral "2" in 2,101 means two
a. twenty-sevens.
b. nines.
c. ones.
d. threes.

e. eighteens.

ANMEMIXOW.KLI/GMAIVIAra..r.., 7,7



8. In base two, the "1" in the numeral 10 is how many times the numeral
1 in the same base system?
a. eight
b. ten

c. two
d. one
e. four

9. In our numeration system we group by
a. tens.
b.. hundreds.
c. ones.
d. thousands.
e. all of the above.

10. The value of the position of the "2" In the numeral 231 is the
a. place value of the numeral.
b. base of the number system,
c. face and place values of the numeral.
d. face value of the numeral.
e. base of the number system combined with the face and place

values of the numeral.

11. In base nine, the numeral 3,201 has how many nines?
a. three
b. six
c. zero
d. nine
e. one

12. The "5" in the numeral 543 in base six means five
a. ones.
b. sixes.
c. twelves.
d. eighteens.
e. thirty-sixes.

13. In base five, the 3 in 3,000 is how many times the 3 in 30?
a. fifteen
b. ten
c. five
d. twenty
e. twenty-five

14. In base three the numeral 120 stands for the number
a. fifteen.
b. three.

c. eighteen.
d. twelve.
e. nine.

15. The face value of the numeral 9 in base seven means
a. nine nines.
b. nine tens.
c. nine sevens.
d. nine ones.
e. none of the above.



Appendix C. Means and Standard Deviations of Selected Variables
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Means and Standard Deviations of Selected Variables
by Intelligence Classification and Sex

M

First
Quarter

W

M

Second
Quarter

M

Third
Quarter

M

Fourth
Quarter

SD

SD

SD

SD

SD

SD

SD

SD

Jr

M
All SD

Intelligence
Categories X

W
SD

Total
71;

SD

Scaled WAIS
Information

Scaled WAIS
Comprehension

Scaled WAIS
Arithmetic

10.75 11.58 10.25

1.30 2.40 2.42

10.33 10.42 9.75

1.37 1.11 2.45

12.33 12.33 12.58

1.25 2.95 2.14

12.17 12.58 10.75

1.28 1.75 1.83

13.75 15.08 14.25

1.96 1.93 1.16

12.58 14.83 13.17

1.32 1.28 2.30

14.00 15.17 14.92

1.68 2.67 1.26

13.67 16.33 13.25

1.49 1.18 1.23

12.71 13.54 13.00

2.04 2.99 2.57

12.19 13.54 11.73

1.82 2.62 2.52

12.45 13.54 12.36

1.95 2.81 2.62

(Table continued on next page)
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Scaled WAIS
Similarities

Scaled WAIS
Digit Span

Table continued

Scaled WAIS Scaled WAIS
Vocabulary Digit Symbol

Scaled WAIS
Picture Completion

11.17 8.42 10.58 9.25- 10.17

2.11 1.61 1.32 1.79 1.91

9.83 9.42 10.25 11.00 9.75

1.91 1.61 .60 1.83 1.69

12.17 10.50 12.00 11.08 11.83

1.21 .1.89 1.78 2.40 1.57

12.75 10.67 12.33 11.83 11.50

1.64 1.93 1.37 2.61 1.32

13.17 11.58 14.00 10.92 11.58

1.52 2.50 2.35 2.22 1.11

12.75 11.92 14.33 13.08 .12.42

1.16 2.81 1.18 2.14 1.80

13.00 13.33 14.17 12.25 13.67

1.63 2.66 2.79 2.01 1.55

14.67 12.42 15.58 13.83 13.67

1.80 2.90 1.93 2.54 2.39

12.38 10.96 12.69 10.88 11.81

1.83 2.84 2.60 2.37 2.00

12.50 11.10 13.13 12.44 11.83

2.39 2.65 2.44 2.55 2.33

12.44 11.03 12.91 11.66 11.82

2.13 2.74 2.53 2.58 2.17

irdoioigodolti::00",swir-

(Table continued on next page)



Table continued

Scaled Scaled WAIS
WAIS Block Picture Scaled WAIS

Design Arrangement Object Assembly

9.58 9.08 10.25

1.38 .95 3.09

9.92 9.75 10.00

2.53 1.48 2,89

11.83

1.82

10.75

1.36

12.75

1.92

12.42

1.85

13.83

2.23

13.17

2.30

12.00

2.43'

11.56

2.43

11.78

2.44

10.50

2.22

11.00

2.52

11.42

2.63

12.42

2.02

13.00

2.08

12.83

2.30

11.00

2.51

11.50

2.44

11.17

1.95

10.320

1.89

12.33

2.17

10.75

2.17

L,32

2.10

.13.83

1.52

11.92

2.74

11.23

2.66

11.25 11.57

2.49 2.72

(Table continued on next page)

Scaled WAIS
Verbal

Scaled WAIS
Performance

62.75 48.33

5.73 4.11

60.00 50.33

3.27 4.59

70.25 56.42

4.40 4.11

71.25 55.42

5.32 4.15

81.83 59.00

4.58 3.89

79.25 61.08

4.11 3.30

84.58 66.67

8.13 4.85

85.08 67.33

4.15 4.57

74.85 57.60

10.61 7.81

73.90 58.54

10.33 7.60

74.38 58.07

10.48 7.72
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Scaled WAIS
Full

110.92

4.41

110.33

5.48

126.67

4.13

126.67

3.90

140.83

3.02

140.33

3.25

152.08

3.59

152.42

5.12

132.63

15.90

132.44

16.32

132.53

16.11

Table continued

WAIS
Verbal IQ

WAIS
Performance IQ

WAIS
Total IQ

Quick Word
Test Score

103.00 103.00 103.17 46.25

6.61 5.40 4.28 13.94

100.67 105.83 103.17 42.83

3.94 6.69 4.45 12.19

110.17 111.75 111.58 56.08

4.67 5.78 2.72 13.62

111.42 112.08 112.17 62.67

5.45 6.64 3.51 13.86

121.75 116.25 120.67 68.75

5.26 4.44 3.12 16.22

118.92 117.58 119.42 69.92

4.33 5.47 3.40 9.84

124.00 125.67 126.67 71.33

8.55 5.59 4.35 15.50

125.33 129.25 128.75 78.42

4.64 6.81 4.19 9.90

114.73 114.17 115.52 60.60

10.72 9.75 9.66 17.97

114.08 116.19 115.88 63.46

10.28 10.74 10.18 17.51

114.41 115.18 115.70 62.03

10.51 10.31 9.93 17.80

(Table continued on next page)



Table continued

Completion Time
Level of Number Base Introductory

CA Education Pretest Score Material

41.08 13.25 2.67

8.66 2.38 1.31

39.83 12.58 2.00

10.38 1.19 1.22

37.00

8.58

37.92

9.38,

38.75

9.35

36.75

8.82

37.67

7.26

41.42

8.79

38.63

8.64

38. 98

9.53

38.80

9.10

14.33

1.80

13.92

1.93

14.50

2.14

13.08

1.6

1

1

4.25

2.05

14.25

1.92

14.08

2.16

13.46

1.81

3.08

1

54.58

16.83

50.75

13.69

Errors Made
Introductory
Material

14.33

8.34

12.83

9.75

40.67 7.25

.32 12.48 4.93

3.00 49.17 8.92

1.15 25.70 8.08

3.25 38.50 8.67

1.23 16.64 8.53

3.33 38.83 6.50

1.55 8.39 5.74

3.00 35.17 3.83

1.53 9.17 2.37

3.42 34.75 5.67

1.32 7.19 4.80

3.00 42.23 8.52

1.37 15.96 7.58

2.94 43.38 8.48

1.43 16.98 7.86

13.77 2.97 42.80

2.02 1.40 16.49

(Table continued on next page)
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Table continued

Posttest Posttest Posttest Trials To Errors To
Task Score Transfer Score Total Score Criterion Criterion

3.67 .33 4.00 25.17 124.58

.94 .62 1.22 9.69 47.01

4.42 .42 4.83 22.08 102.50

.86 .76 .99 9.92 51.79

4.92 2.50 7.42 14.92 68.58

.28 3.15 3.23 11.81 59.03

4.50 .42 4.92 19.75 101.25

.50 1.11 1.11 7.89 37.42

4.83 1.42 6.25 15.83 76.50

.55 2.18 2.35 11.61 65.14

4.83 1.00 5.83 17.58 89.58

.55 .91 1.21 7.84 48.91

4.83 4.50 9.33 7.25 30.42

.55 3.45 3.66 2.62 15.98

4.50 .92 5.42 12.92 56.92

.76 1.71 1.80 6.73 34.03

4.56 2.19 6.75 15.79 75.02

.81 3.02 3.38 11.58 60.58

4.56 .69 5.25 18.08 87.56

.70 1.21 1.38 8.85 47.40

4.56 1.44 6.00 16.94 81.29

.76 2.42 2.69 10.37 54.75
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To the Learner

The following programed learning material which you will be studying consists

of a series of short steps, called "frames." Read each frame and make a response

either by filling in a blank or by circling a choice among several alternatives.

To the left on the frame that follows, you will find the correct response. You

will always find the answer to a frame in the column to the left of the frame you

are to do next. If your answer in any frame is incorrect make an "X" beside it

PINNINIONWSNOMINNe

To the Learner

The following programed learning material which you will be studying consists

of a series of short steps, called "frames." Read each frame and make a response

either by filling in a blank or by circling a choice between two alternatives.

To the left on the frame that follows, you will find the correct response. You

will always find the answer to a frame in the column to the left of the frame you

are to do next. If your answer in any frame is incorrect make an "X" beside it so

To the Learner

The following programed learning material which youyill be studying consists

of a series of short steps, called "frames." Read each frame and make a response

either by filling in a blank or by circling a choice between two alternatives.

To the left on the frame that follows you will find the correct response. You

will always find the answer to a frame in the column to the left of the frame you

are.to do next. If your answer in any frame is incorrect make an "X" beside it so

To the Learner

The following programed learning material which you will be studying consists

of a series of short steps, called "frames.° Read each frame and make a response

either by filling in a blank or by circling a choice between two alternatives.

To the left on the frame that follows, you will find the correct response. You

will always find the answer to a frame in the column to the left of the frame you

are to do next. If your answer in any frame is incorrect make an "X" beside it so



so that we can tell where the program is not teaching adequately. If you answer

an item incorrectly make sure that you go back and re-read the necessary portions

so that you can answer the frame correctly. Although each frame requires you to

answer a question or fill in a blank, this is not a test, but a way for you to

learn efficiently on your own. Proceed from frame to frame at your own speed,

but do not waste any time. Remember, it is important to write out your response,

and to write it before looking at the correct responsL.
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that we can tell where the program is not teaching adequately. If you answer an

item incorrectly make sure that you go back and re-read the necessary portions so

that you can answer the frame correctly. Although each frame requires you to

answer a question or fill in a blank, this is not a test, but a way for you to

learn efficiently on your own. Proceed from frame to frame at your own speed, but

do not waste any time. Remember, it is important to write out your response, and

to write it before looking at the correct response.

that we can tell where the program is not teaching adequately. If.you answer an

item incorrectly make sure that you go back and re-read the necessary. portions so

that you can answer the frame correctly. Although each frame requires you to

answer a question or fill in a blank, this is not a test, but a way for you to

. learn efficiently on your own. Proceed from frame to frame at your own speed,

but do not waste any time. Remember, it is important to write out your response,

and-to write it before looking at the correct response.

that we can tell where the program is not teaching adequately. If you answer an

item incorrectly make sure that you go back and re-read the necessary portions so

that you can answer the frame correctly. Although each frame requires you to

answer a question or fill in a blank, this is not a test, but a way for you to

learn efficiently on your own. Proceed from frame to frame at your own speed,

but do not waste any time. Remember, it is important to write out your response,

and to write it before looking at the correct response.



1. Early measures of length came from measure-

ment of the human body. Which of these are

part of the body? (finger, table top, both,

neither)

We often speak and think about a group of things.

A group of twelve months is one

We often speak and think about a group of things..

A group of twelve months is one

We often speak and think about a group of things.

A group of twelve months is one



2. Early measurement of length was based on

finger measurements of parts of the human

11101=1 ONE* GM. 4011111



3. Turn to Supplementary Sheet 1 to see some

early measurements. What part(s) of the

body
body was (were) used in these measurements?

(hand, arm, both, neither)

. ,
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both

4. Four early measurements that were based on the

human hand and arm are the hand, the cubit, the

digit, and the span. Look at Supplementary

Sheet 1 and write the four measurements in

order of size starting with the smallest.
p

-1113-111111,41,.

twenty-six
or
26

Your family is a group of people. The United

States is a of fifty states.

twenty-six
or
26

Your family is a group of people. The United

States is a of fifty states.

twenty-six
or
26

Your family is a group of people. The United

States is a of fifty states.

.7r----'



digit, hand,

span, cubit

5. The "digit" (prcncunced DI-jit) is the width

of the forefinger. If you had to guess, would

you say that the "digit" is (less than one

inch, one inch, more than one inch)?

1 inch

group

5. People since the beginning of time have used

numb
OM= to tell how many things are in a

group.

group

group

People since the beginning of time have used

numb to tell how many things are in a

group.

People since the beginning of time have used

numb to tell how many things are in a

group.



less than
one inch

numbers

6. The "digit" is about 3/4 0 an inch. Which of

these would measure about one digit long?

(dictionary, elephant, banana, head of a pin,

none of these)

.smotersir

6. A tells how many things are

in a group.

6. A tells how many things are

in a group.

.4.

A tells how many things

are in a group.



7. The "digit" is the width of a

and is about (3/4, 1/2, 1/8) of an inch.none of these

number
7. The amount in a group is expressed as a

7. Tlie amount in a group is expressed as a
number

4



forefinger,

3/4

8. Look at Supplementary Sheet 1. The measure-

ment one "hand" is (smaller than, as large as,

larger than) the measurement one "digit."

number

number

number



larger than

9. One "hand" is the measurement of the widest

distance across the palm of the hand. In a

man, a "hat.d" is about four inches. A

measurement of three hands would be about

inches.

9. Number refers to an amount of things, such

as the number of fingers on a hand, or the

of letters in the alphabet.

9. Number refers to an amount of things, such

as the number of fingers on a hand, or the

of letters in the alphabet.

five
or
5

9. Number refers to an amount of things, such as

the number of fingers on a hand, or the

of letters in the alphabet.



12

10. The distance across the widest part of a

hand (is called a hand, measures about one

inch, both, neither).

4

number

10. The words number and numeral have different

meanings. In everyday use, "32" is called a

number, but in mathematics, "32" is correctly

called a

number

10. The words number and numeral have different

meanings. In everyday use, "32" is called a

number, but in mathematics "32" is correctly

called a

number

10. The words number and numeral have different

meanings. In everyday use, "32" is called a

number, but in mathematics, "32" is correctly

called a



---

is called

a hand

numeral

-...4-Avaran-nowookmcd,ra.

11. The measurement "hand" is still used for

measuring horses (from the horse's hoof up

to his shoulder). A horse 15 hands high is

15 x 4 or inches high.

11. A number is merely the thought or concept of

an amount of things. You cannot see a

number. A numeral is a symbol which stands

for a number. You can see a

because it is a symbol for a number.

numeral

11. A number is merely the thought or concept of

an amount of things. You cannot see a

number. A numeral is a symbol which stands

for a number. You can see a

because it is a symbol for a number.

11. A number is merely the thought or concept of

an amount of things. You cannot see a number.

A numeral is a symbol which stands for a

number. You can see a because

it is a symbol for a number.

numeral



4

60

of

12. This little horse never ate his vitamins

so he only grew to be inches high,

numeral

12. A numeral is a symbol. Symbols are not the

"real thing." They stand for or represent

something. For example, some weather maps may

use this symbol to represent sun, and

this symbol to represent

4114;
M?,

numeral

12. A numeral is a symbol. Symbols are not the

"real thing." They stand for or represent

something. For example, some weather maps may

use this symbol to represent sun, and

this symbol to represent

numeral

12. A numeral is a symbol. Symbols are not the

"real thing." They stand for or represent some-

thing. For example, some weather maps may use

this symbol to represent sun, and this

symbol

I., / f

to represent

r.



12

1

13. A measurement of long ago that used the width

of a forefinger (was called a span, measured

about 3/4 of an inch, both, neither).

rain

RIPS2VOCCS11101111.19111111.111.WIL.------

13. The numeral is a symbol which represents a

number. The numeral which represents the

number of coins 4 is "3." The numeral

which represents the number of cartoon char-

acters below is

rain

13. The numeral is a symbol which represents a

number. The numeral which represents the

number of coins difft is "3." The numeral

which represents the number of cartoon characters

below is

rain

13. The numeral is a symbol which represents a

number. The numeral which represents this

number of coinsabis "3." The numeral

which represents the number of cartoon char-

acters below is

.-

r.4,7r,



measured
about 3/4
of an inch

14. Stretch your fingers out as far as you can.

The measurement of the distance from the tip

of your thumb to the tip of your little

finger is called a (See

Supplementary Sheet 1.)

14. The name or symbol for a number is called a

numeral. In our numeration system the

numeral for the number six is

14. The name or symbol for a number is called a

numeral. In our numeration system the numeral

for the number six is

14. The name or symbol for a number is called a

numeral. In our numeration system the numeral

for the number nine is



15. Suppose children were playing a game. All

the marbles that roll into a span are safe.

Which marbles are pout"? (A, B, C, D, E F, G)

1

CO

FO

Do
Go Bo

1 o
1

1

15. In our numeration system the

(name for a number) for the number three is 3.

15. In our numeration system the

(name for a number) for the number three is 3.

15. In our numeration system the

(name for a number) for the number three is 3.



16. Guess: The span of a man's hand is closest

to (3/4 of an inch, 3 inches 9 inches,

20 inches).

is a symbol for a mimber.



9 inches

numeral

17. A span is the measurement between the tip of

the outstretched to the tip of

the outstretched

17. You have learned that there is a difference

between a number and a numeral. A numeral

is a symbol which stands for a number. The

thought or concept of the amount in a group

is a

numeral

numeral

17. You have learned that there is a difference

between a number and a numeral. A numeral

is a symbol which stands for a number. The

thought or concept of the amount in a group

is a

17. You have learned that there is a difference

between a number and a numeral. A numeral

is a symbol which stands for a number. The

thought or concept of the amount in a grour

is a



thumb,

little finger

18. A span is about 9 inches. How many "hands"

are there in a span? (11211.1/2112§15)

obrimmarmaxia u

I .1 I I

18. As you proceed through this booklet, correct
responses calling for a number should be
written out, and correct responses calling
for a numeral should be indicated by a symbol.
For exiiiiIi7When you are asked to write the
number eight, the answer should be "eight."
TrWare asked to write the numeral for this
number eight, the answer shouliTi-

number

18. As you proceed through this booklet, correct
responses calling for a number should be
written out, and correct responses calling
for a numeral should be indicated by a symbol.
For exiiiPTGWhen you are asked to write the
number four, the answer should be "four."
If :You are asked to write the numeral for
this number four, the answer should be

18. As you proceed through this booklet, correct
responses calling for a number should be written
out, and correct responsE77511ing for a numeral
should be indicated by a symbol. For example,
when you are asked to write the number eight, the
answer should be "eight." If yoiriiiisked to
write the numeral for this number eight, the
answer shorirg

number



21/4

19. We have discussed three measurements based

on a human hand. The Egyptians used a

measurement based on the arm. What was it

called?

(See Supplementary Sheet 1.)

r-:-"7:::=11±011ZWIWaliMVMAILIPEreN.V.T-4E«CM.v _
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19. The group of numerals or symbols for numbers

that we use are 0 , 1

9 9 7 9 , and

19. We can form a symbol for any number using the

numerals from a certain group. The numerals

0, 1, 2, 3, 4, 5, and 6 make up a

of seven numerals.

In writing numbers, a certain group of numerals

is used. The standard group of numerals that

depicts numbers with which we are most familiar



cubit

20. Your friend offers to give you a piece of

cake one "hand" high. Whose hand would you

use as a measure if you liked cake?

Iv,

0, 1, 2, 3, 4, 5,

6, 7, 8, and 9

20. The numerals 0, 1, 2, 3, 4, 5, 6, 7, 8, and 9

make up a of ten numerals.

group
20. In the group of numerals 0, 1, 2, 3, 4, 5, and

6 the number of numerals used is

0, 1, 2, 3, 4,

5, 6, 7, 8, 9

(Remember, the
statement called
for numerals.)

20. The number of numerals used is called the base,

but the highest numeral used is one less than

the base. In base ten (our numeration system)

the number of numerals used is

but the highest numeral is.



Johnny's

21. A cubit is the length of a forearm (that is,

the length between the elbow and the tip of

the longest finger). Which measurement is

a cubit? (a, b, c)

VEZ21MXZVIE--

21. In our number system the number of basic

numerals that we use is

seven
21. The number ofnumerals being used is called

the base, but the highest numeral is one less

than the base. In base seven there are

numerals, but the highest numeral is

21. Because we use a group of ten basic numerals

to represent numbers, we say we are working in

the base numeration system.



22. Arrange these four measurements in order of

size starting with the largest: cubit, digit,

hand, span.

IIIINNOS

(Remember, the
statement called
for a number.)

22. Our number system, of course, uses all ten

numerals--0, 1, 2, 3, 4, 5, 6, 7, 8, 9. The

smallest numeral, meaning none, is

The largest numeral is

seven, 6

22. If we use seven numerals to make numbers, we

say we are working in the base seven numeration

system. The group of numerals or symbols for

numbers that we use in the base

system are 0 , 1

and 6

22. In base six there are six numerals--0, 1, 2, 3,

4, 5. Using the numerals with which we are

familiar, the smallest numeral in base six,

meaning none, is The largest numeral is

W-
mg. -gr



9 cubit, span,

hand, digit

23. A cubit is a unit of measurement first used

by the (American Indians, Egyptians,

Chinese).

0,9

(The statement
asked for numerals.)

23. The number of numerals used is called the base,

and the highest numeral used is one less than

the base. In base ten of our numeration system

there are (how many) numerals, and

the highest numeral is

seven,

0, 1, 2, 3, 4, 5, 6

4

0, 5

23. In the number system using base seven there

are basic numerals.

23. The numerals 0, 1, 2, 3, 4, 5, 6, 7, 8, and 9
make up a g of ten numerals. The
numerals 0, 1, 2, 1, 4, and 5 make up a group
of numerals. Other croups of
numerals may contain three numerals or eight
numerals, or.any other amount of numerals,
depending on the number of the base in which
we are working.



Egyptians

4

24. An Egyptian cubit could be anywhere from 18

to 21 inches depending on the length of the

person's anti. If an Egyptian bought three

cubits of wood, his wood would measure

(24-30 inches, 54-63 inches, 80-100 inches).

ten, 9

24. Because we use a group of ten numera)i to

represent numbers, we say that we arewarhug

in the base numeration system.

a2

seven

group, six

24. In base seven there are seven numerals. The

smallest numeral, meaning none, is

The largest numeral is

24 The number of numerals in the group we use
determines the number of the base in which
we are working. For example, if are using
a group of three standard numerals in forming
numbers, we are working in base three. If we
are using a group of five standard or accepted
numerals, we are working in b five.

4;;":4;-



54-63 inches

ii

ten

25. Ramses, the Egyptian builder, wants to buy a

new stone for his pyramid. Stones cost three

drachmas (an Egyptian min) a cubit, measured

along their base. To sale money, should he

buy his stone from a man with a long or a

short forearm?

25. There is no single numeral for the concept of

the number by which we are grouping or the

number of the b in which we are

working.

0, 6

(The statement asked
for numerals.)

25. Each of these seven basic numerals symbolizes

a So when we look at

each numeral we think of the value that is

represented by that numeral.

base

25. When we use all of the ten numerals with which

we are familiar (0, 1, 2, 3, 4, 5, 6, 7, 8,

and 9) we are working with base

er



long

26. Cleopatra sent her maid to buy 10 cubits of

linen for a dress. When the maid returned,

Cleopatra said, "You have cheated me. This

linen measures much less than 10 cubits."

But the maid hadn't cheated. Explain this.

..0.1111MIIMONIMMOMINNININMON111111111.111W

26. In base ten we write the numeral for the

concept of ten as

26. In other words, the symbol "1" stands for the

value ones the symbol "2" for the value two,

the symbol "3" for the value and

so on up through six. This value that each

numeral stands for is.called the face value

of the numeral.

26. If we are symbolizing numbers with the numerals

0 and 1, we are using base



The maid's (or
linen dealer's)
arm was shorter
than Cleopatra's.

10

27. A digit is the width of a person's

27. In our number system we use ten basic numerals.

Because we use ten basic numerals to express

number ideas we say we are working in base

three

27. Each numeral is a symbol for a number idea.

This value of the numeral or symbol is

called the f v of the

numeral.

two

27. The number of numerals in the group we use

determines the number of the

in which we are working.



28. Each of the ten basic numerals symbolizes a

. So when we look at each

numeral we think of the value that is repre-

sented by that numeral.

28. The face value of the numeral 6 is

Here the numeral 6 is used to represent the

concept of the number idea of six.

28. Each numeral in a numeration system symbolizes

a So when we look at each

numeral we think of the value that is repre-

sented by that numeral.

base

4

7.434.4.w.afrrt



I
longer than

29. The cubit is the first unit of length recorded

in history. Is the next statement true or

false? The earliest recorded unit was one

that measured the width of a hand.

number

29. In other words, the symbol "1" stands for the

value one, the symbol "2" for the value two,

the symbol "3" for the value

and so on up through nine. This value that

each numeral stands for is called the face

value of the numeral.

six

41

29. The face value of the numeral 3 in the numeric

symbol 32 is three. In the numeric symbol

21 what is the face value of the numeral 2?

number

29. In other words, when we use the ten numerals
with which we are familiar, the numeral "1"
stands for the value one, the numeral "2" for
the value two, and the numeral "3" for the
value , and so on up through nine.
This vatTiFirifila numeral stands for is
called the face value of the numeral.

e.



S
false

three

30. The Greek cubit averaged 18.24 inches; the

Egyptian cubit 20.64 inches. Which country

had men with longer arms, Greece or Egypt?

".....wpwriormwAsersorni

30. Each numeral is a symbol for a number idea.

This value of the numeral or symbol is called

the f v of the numeral.

30. Other number systems may use symbols that are

different from the numerals used in base seven.

However, no matter what s are

used, the same numbers are always represented.

30. Each numeral is a symbol for a number idea.

This value of the numeral or symbol is called

the f v of the numeral.



Egypt

31. Four measures of length depending on the hand

and arm were

, and

face value

31. The face value of the numeral 7 is

Here the numeral 7 is used to represent the

concept of the number idea of seven.

31. For example, the symbols in the country of

Nilania are written below with the

for base seven which symbolize the same numbers.

face value

31. Various number systems use different symbols to

depict numbers. Some symbols may be very dif-

ferent from the numerals which we use. However,

no matter what are used, the same

numbers are always represented.



1 digit, hand,

span, cubit

(any order)

32. As far as we know, the Egyptians used measure-
ments based on the hand and arm only. Other
countries used another part of the body for

measurements. What part of the body was it?

4

seven

numerals (preferred)
, or

symbols

4monwirrausymmwramlosi=1111111111.1111.

32. The face value of the numeral 7 in the numeric

symbol 73 is seven. In the numeric symbol 98

what is the face value of the numeral 9?

32. So you see, the number five does not have to

be represented by the numeral

be represented by the Nilanian symbol

It may

or by any other symbol, such as the Roman

numeral V.

symbols

32. For example, the accepted symbols used in the

country of Nilania are written below with the

n which they represent.

zero 1]three __j six

one Elfour J seven

two rlgfive
J :::]eight



1

foot

33. The ancient Greeks and Romans both used the

"foot" as a unit of measure. The "foot" was

the actual measurement of a human foot. If

the Greek foot averaged 11.6 inches and the

Roman foot 12.6 inches, which nation had people

with smaller feet?

'-'1W-f11111111111111111MT,

33. Other systems may use symbols that are very

different from our numerals. However no

matter what are used, they

represent the same numbers as our numerals.

33. The symbols "6" and "VI" are (the same,

different) numerals, but they represent

(the same, a different) number(s).

33. So you see, the number five can be represented

by many , such as the numeral

we use (5), the Nilanian symbol (El ), or the

Roman numeral (V). In other words, each of

these three symbols has the same face value;

that face value is



Greece

I'

34. When we say a board is seven feet long, we are

using a measurement that originally came from

what part of the body?

different,

'the same

:symbols (preferred)
or

numerals,

five

34. For example, the symbols in the country of

Nilania are written below with our

which symbolize the same numbers.

0 iS14

::] 2

03

34. No matter what name or symbol is given to the

group of birds below, the number idea, or the

face value of the number in the group is still

(how many).

34. The symbols H6" and °VI" are (the same,

different) numerals, but they represent

(the same a different) number(s).



Which of the following nations were known to

have used measurements depending upon the

length of a foot? (Greeks, Romans, both 1,

35. So you see, the number five does not have to

be represented by the Nilanian symbol cE]

or by any other symbol, such as the Roman

Numberal V.

No matter what name or symbol is given to the

Group of birds below, the number idea, or the

face value of the number in the group is still

4sj 4;1!



36. The Romans sometimes needed a measurement

smaller than a foot. So they divided a foot

into twelve parts called "unciae," or twelfths.

Which of the following English measurement

words would you guess came from the word

"unciae"? (yards, inches, miles)

36. Mit symbols "6" and "VI" are (the same,

different) numerals, but they represent

(the same, different) number(s).

36. By combining the seven numerals in base seven

in different ways, we can write the symbol of

any number. We can combine the numerals 1 and

0 to write the numeric symbol



inches

37. The English word "inches" came from the

Roman "unciae" which were (tenths, twelfths)

of a foot.

different,

the same

37. No matter what name or symbol is given to the

group of birds below, the number idea, or the

face value of the number in the group is still

(how many).

37. In base seven, numbers greater than six are

represented by combinations of numerals. Thus,

45 is a combination of the numerals 4 and

37. By combining numerals in different ways we can

write the symbol of any number. The numerals

1 and 0 can be combined to write the numeric

symbol

_77,01,1407. ,T4

':VE110.7iAKTg,17:



twelfths

A

38. Twelve unciae make (one, two, three)

(cubit(s), foot (feet), span(s)). (Choose

one number and one unit.)

38. A number may have many to

depict it.

38. We combine the numerals 4 and 0 to write the

numeric symbol

38. The numerals 4 and 0 can be combined to write

the numeric symbol



4

one, foot

39. A cubit is (larger, smaller) than a span.

A foot is (larger, smaller) than a digit.

)1,

symbols (preferred)
or

numerals

39. By combining our ten numerals in different

ways we can write the symbol of any number.

We combine the numerals 1 and 0 to write

the numeric symbol

40

39. In combining numerals to write numeric symbols
in base seven, we group the number ideas or values
by sevens. The value of each group is indicated
by the column in which the numeral is placed.
For example, in base seven the numeric symbol 24
has four groups of one indicated in the right
column and two groups of sev-- indicated in the

column.

0

39. In combining numerals to write numeric symbols
we group number values or number ideas. The
number by which we group is the same as the
number of the base in which we are working.
When combining numerals in base ten we group
number ideas by tens. When working with base
three we group number ideas by



larger, larger

40. Two more Roman measures of length that
depend on the foot are the "pace" and the
"mile."

1. Who used the "pace" and the "mile"?

2. What did "pace" and "mile" measure?

(weigh1912TMINAISITANIM)
3. On what part of the human body did they

depend?

10

40. Numbers greater than nine are represented

by combinations of numeral. Thus, 45 is

a combination of the numerals 4 and

left

rees

40. In the numeric symbol 35 of the base seven system

there are three groups of s in the left

column of the number. and five groups of one

in the right column.

11111,11

II III
00
o®
O

0. In base eight we are working with groans of

(how many).



Romahs,
length,
foot

+00100ftgf..

5

41. A pace is a unit of length which is about five

feet long, and is based on the length of two

steps. A room two paces wide would be about

(five feet, two feet, ten feet) wide.

41. We combine the numerals 4 and 0 to write

the numeric symbol

Am.,

41. In base seven the numeric symbol 42 means

seven

four groups of s and two groups

of o

1111

Ci ip

41. In combining numerals to write numeric symbols

we group number ideas or values by the number

of the base in which we are working. So in

base six, we combine number ideas in groups of

°



ten feet
42. Would it be more convenient to measure the

length of a room using paces or cubits?

42. In combining numerals to write numeric symbols

in base ten, we group the number ideas or values

by tens. For example, the numeric symbol 24

has two groups of ten and four groups of one.

Three groups of ten and five groups of one is

the numeric symbol

42. There Is no single numeral for the concept of

the number by which we are grouping or the

number of the b in which we are working.

42. When we combine numerals to symbolize a number
each column has a certain value, depending on
the base in which we are working. For example,
in base ten the numeric symbol 24 has four
groups of one indicated in the right clumn and
two groups of ten indicated in the
column.

11111111

(1111,211
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paces

35

43. If you were a Roman who was measuring cloth,

and didn't want to have footprints on the

expensive white silk you were selling, you

would use the (foot, cubit, pace).

--,...-CralmeekeleM11011MV6-15E,M21161fflttlTE

43. We group number values by ten since we use

base . The value of each.group

is indicated by the column in which the

numeral is placed.

base

43. In the base seven system there is no single

numeral for the concept of seven. Because, in

the base seven system, we group number ideas by

sevens, we think: the number seven has one group

of seven and no ones, so it is written

43. In the numeric symbol 34 in the base six

system there are three groups of s i in the

left column of the number and four groups of

left one in the right column.

$41



cubit

N,

ten

44. Name any two measures of length previously

mentioned that used the foot.

44. The numeric symbol 39 has nine groups of one

indicated in the right column and three groups

of ten indicated in the column.

Tc,

0411ifiallo

10

44. Group by sevens and write the numeric symbol

that represents three sevens and no ones.

six

44. Notice that the first column to the right,
always indicates the amount of ones and the
second column always indicates the-imount of
bases there area In base eight the numeric
ryiihila 37 means three groups of
and seven groups of

(un2u) '6'80
0



unciae, foot,
pace, mile

(any two)

45. The pace was about five feet. The Roman mile

was 1,000 paces. So the Roman mile was about

(50 feet, 1 000 feet 200 feet none of

these).

left

45. The numeric symbol 21 means two groups of

t and one group of o=NM ABM and

1111111111

111111111

30

eight,

one

45. Write the numeric ymbol in

system with five sevens and

the base seven

no ones.

45. In base ten the numeric symbol 93 means nine

group$: of t and th groups

of one.



none of these

ten, ones

50

46. The Roman mile was 1,000 paces or 5,000 feet.

If the distance between two Roman cities

was 20,000 feet, the cities were about

miles apart.

46. In base ten the numeric symbp1 93 means nine

groups of t and th groups of

one.

46. In the numeration system based on seven we

combine number ideas or values in groups of

ten, three

46. There is no single numeral for the concept

of the number by which we are grouping or

the number of the b in which we

are working.



47. The Romans divided a foot into

parts called unciae.

ten, three

47. There is no single numeral for the concept of

ten. Because we group number ideas by tens,

we think: the number ten has one group of

tens and no ones, so the numeric symbol is

written

seven

47. When we combine number ideas in groups of

seven, we say we are working in base

base

47. So if we are grouping number ideas by ten and

wish to write the number ten, we think: the

number ten has o _.....group of tens and no

o __, so it is written 10.



12

iti

48. In the sixteenth century the "rod" was used.

This was the length of the left feet of

men lined up as they.left church

on Sunday morning.

(c= c== e==

ce:"3 etn3 c3 c=3
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48. Group by tens and write the numeric symbol

that represents three tens and no ones.

seven
48. The numerals 2 and 3 may be combined to form

two numeric symbols, and

one, ones

48. In base ten, we write the concept of ten as
The same follows in any other base. For exaiiie
group by sevens and write the numeric symbol that
represents one seven and no ones. Remember
the first column to the ifiht indicilis-The number
of ones and the second column indicated the number
of' bases, or the number by which we are grouping.



I PI

16
49. The length measurement "rod" was introduced

(before, after) the measurement pace.

ist

no ones.

49. So you can see that the place where we write the

numeral in the numeric symbol is important. The

numeric symbols 23 and 32 (are, are not) the

same.

49. Group by sixes and write the numeric symbol

that represents three sixes and no ones.



after
50. The rod was a measure based on the length

of the of 16 men.

w.i.mam...mom.wwmoamONWIWEVgn==n=g-

50. In our numeration system we combine number

ideas or values in groups of

50. Each numeral takes up one place. The numeric

. symbol 23 has two places. The number of

places in the numeric symbol 1,023 is

50. When we use numerals to write numbers, we group

number ideas. In writing numbers it is important

to know the number by which you are grouping or

the in which you are working.



left feet

51. The Roman

The Roman

long.

was about five feet long.

was about 5,000 feet

MIIIIMMIIIIIIIONIMINImMllor..611rnowsoftwewolowariaok*

51. Because we combine number ideas in groups of

ten, we say we are working in base

51. The location or place of a numeral within a

numeric symbol tells us what that numeral means.

It is important where the is

placed in the numeric symbol. This value of the

position of the numeral is called its place

value.

51. The numerals 2 and 3 may be combined to form

two numeric symbols, and .

42,-..----



pace, mile

52. The rod was a measure based on the. length of

the (left, right) feet of (14, 16, 19) men

lined up as they left (school, the zoo,

church) on a Sunday morning.

52. The numerals 2 and 3 may he combined to form

two numeric symbols, and

numeral

52. The value of a numeral is partially determined

by its in a sequence of

numerals. This value of the position of a

numeral is called the p v

of the numeral.

So you can see that the place where we write

the numeral in the numeric symbol is important.

The numeric symbols 23 and 32 (are, are not)

the same'



left, 16,

church

53. The measurement one rod will be closest to

(16 inches 16 feet, 16 miles, none of

these).

53. So you can see that the plasewhere we write

the numeral in the numeric symbol is important.

The numeric symbols 23 and 32 (are, are not)

the same.

53. The following diagram shows the place values of
the first four positions in the system which is
based on grouping number ideas by seven.

ec,
4P 14P1A

XS
i#

(ko
te

e
co

'to who' 4§`

X, X X X

A "6" in the sevens' place means six sevens.
A "6" in the forty-nines' place means six forty-nines.
A "6" in the three hundred forty-threes' place
means six

r.

Each numeral takes up one place. The numeric

symbol 23 has two places. The number of

places in the symbol 1,023 is



16 feet

are not

54. The Roman mile was about feet long.

The Roman pace was about feet long.

.n.--1,:crsamemearevomenrse

54. Each numeral takes up one place. The numeric

symbol 23 has two places. The numeric symbol

1,023 has places.

no,

three Kindred
forty-threes

tettb,c,
54. `Oitt st.

140

1fk10 444§ A(1szfk 6 cp

X, X X X
5 6 2 3

When a numeric symbol has more than one place,
each numeral is given a value depending on the
place it is in. The above diagram shows the
four-place numeric symbol 5,623. The numeral
in the ones' place is

four

54. The location or the place of a numeral within a

numeric symbol tells us what that numeral means.

It is important where each is

placed in a numeric symbol. This value of the

position of the numeral is called its place

value.

111.1.1 .111111111,



5,000, five

al

0.1

0

four

55. One of the following measurements does not

depend on the length of all or part of the

human hand or arm: hand, cubit, rod, digit.

Which of the measurements is it?

55. The location or place of a numeral within a

numeric symbol tells us what the numeral means.

It is important where the is placed

in the numeric symbol. This value of the posi-

tion of the numeral is called its place value.

3

55.

I

'%6

c*AI
eC2

140 fP fF) 4P cp

x, x x X
5 6 2 3

The place with the lowest value is at the
right in the numeric symbol. It is the

place.

55. The value of a numeral is partially determined

by its in a sequence of

numeral numerals. This value of the position of a

numeral is called the p

of the numeral.

.



rod

numeral

56. We use a word for measurements of length

that came from the Roman measurement word

"unciae." Which modern measurement of

length is it?

56. The value of a numeral is partially determined

by its in a sequence of

numerals. This value of the positionof a

numeral is called the p v

of the numeral.

4

ones'

2'

56.

In the above diagram, the next position to the
left of the ones' place is called the
place.

position
or

location
or

place,

place value

56. The following diagram shows the plate value of the
first seven positions in the number systems which
have characteristics similar to our numeration
system.

BO
B1

B2

B3

B6 B5 B4 B3 B2 B
1
BO

X, X X X, X X x

is the base to the
is the base to the
is the base to the
base squared,
is the base to the
or base cubed, and

zero power or one, (1)
first power or base, (B)
second power or

(BxB)
power

so on. (BxBxB)



a
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position
or

location
or

place,

place value

57. The picture shows another measurement of length,
the "yard," that was started at the time of
King Henry 1. The yard was the distance from
the point of his to the end of his

when-fiTi-iiiiwas outstretched.

57. The following diagram shows the place values of
the first seven positions in our system which
is based on grouping number ideas by ten.

g'

b 4'NE,
oP 4' tr. g,0 o ire

may

° 17
sZ' ZP §`

X, X X X, X X X

An
An
An

"8"

"8"

"8"

sevens'

in the thousands' place means eight thousands.
in the tens° place means eight
in the place means eig t ones.

womoommaJ

57. AccorAind to the previous diagram, if you see

the numeral 2, you know the 2 means two ones.

If you see 20 you know that the 2 means two

sevens. The position of the 2 tells you what

number it represents. The 2 in 200 in base

seven means two

44

third

57.
86 B5 84 83 B2 81 BO

X, X X X, X X X

A numeral in the first place to the right will
have the value of base to the zero power or ones.
The second column is valued at-Ege to the first
power or the base in which you are working.-"rfii
third column is valued at base to the s
power or base 1922mi,



If

nose, thumb

58. King Henry I lived from 1068 to 1135 A. D. The

measurement "yard" was first used (before after)

the measurement cubit.

tens, ones'

forty-nines

58.
ta 'it42 tp

o o
Ow IZP 42 c,

Sao

0Os' s
X X X, X X X

5 6 2 3

When a numeric symbol has more than one place,
each numeral is given a value depending on the
place it is in. The above diagram shows the
four-place numeric symbol 5,623. The numeral
in the ones' place is

411111PINNICIIINN1114

58. Each place in the base seven number system has

a value. Ones, sevens, forty-nines, three

hundred forty-threes and so on are the place,

v of the base seven number system.

58.

second

B6 B5 B4 B3 B2 B1 BO
X, X X X, X X X

We have stated that the first place to the right
will have the value of the base to the 0 power
or ones. Because an number to the zero power
is always one, the-firii-Eaumn 57-any number
system w ferbses place values will be called
the ones' column or have a place value of



after

59. The yard and the cubit had one thing in common.

They were both measurements of all or part of

the human (hand, arm, leg).

59.

3

a")

',to to
,c.c 4tp

4.2
'C' %0

X X, X X X

The place with the lowest value is at the

right in the numeric symbol. It is the

place.

.values

fif

59. The ones' place is at the right in the numeric

symbol. As we move left, to sevens, then forty-

nines, etc., the place values get (lower, higher).

1-111111Mr

one

59. In base eight or in any base, the column

farthest to the right has a place value of

(base to the zero power).



arm

ones'

60. The measurement "yard" as used in King Henry

I's time was approximately (24 inches, 36

1120211_48 inches).

60.
ah

'b

44244b tec,

#S4 it% . e
X X, X X X

The next position to the left of the ones'

place is called the place.

-A11111111

higher

411110111

60. In the base seven number system, the ones' place

is at the right, and the places to the left are

sevens, forty-nines, three hundred forty-

threes and so on. As we move left, the value of

each place is how many times greater than the

value of the place before it?

60. 65 432_10BBBBBI_B
X, X X X, X X X

The second column from the right always has the

place value of the ,ase to the first power or,

simply, the b



4),

36 inches

61. The measurement hand is still used today in

measuring the height of

tens'

61. According to the previous diagram, if you see

the numeral 2, you know the 2 means two ones.

If you see 20 you know that the 2 means two

tens. The position of the 2 tells you what

number it represents. The 2 in 200 means

two

seven

61. In other words, in base seven each column of

numerals has seven times the value of the column

to the right. The column where the 6 is in the

numeric symbol 63 has times the

value of the column where the 3 is.

61. In base nine the second column from the right

has the value of the base or

In base ten this column has a place value of



SW

horses

hundreds

62. A measurement based on the length of King

Henry I's outstretched arm was the

62. Each place in our number system has a value.

Ones, tens, hundreds, thousands, ten- thousands

and so on are the alai/ of our

number system.

seven

62. The reason each column has a value seven times

greater than the column to the right is that

we at working with base seven and are groving

number ideas by

The third column from the right always has the
place value of the base squared or the base times
itself. In base ten this column has the place
value of ten squared (ten times ten) or



yard

values

63. A digit is the width of a (horse, arm, nose,

none of these).

63. The ones' place is the place farthest to the

right in the numeric symbol. As we move left

to tens, then hundreds, etc., the place values

get (lower, higher).

seven

63. Ones, sevens, forty-nines, three hundred

forty- threes and so on are the p

v of the base seven number system.

hundred The fourth column from the right always has
the place value of the base cubed (base
times as times base). For instance, in
base two this column has a place value of
two x two x two or



none of these

64. A "fathom" is a measure of length based on the

distance between the tips of two hands when

arms are outstretched. A fathom would be

approximately (onuard, two yards, three yards,

1/2 yard).

higher

64. In our number system the onas' place is at the

right, and the places to the left are tens,

hundreds, thousands, ten-thousands and so on.

As we move left, the value of each place is

how many times greater than the value of the

place before it?

place values

eight

64. In the numeric symbol 324 in base seven the place

value of the numeral 4 is ones; the place value

of the numeral 2 is sevens; and the place value

of the numeral 3 is

64. Each place in our number system has a value.

Ones, tens, hundreds, thousands, ten-thousands,

and so on are the place values of the base

number system.

4,

..-imArdia611.41,41,2,Adair,11.0.1116Admie



two yards

65. "a" shows the measurement of (cubit, fathom,

both, neither).

"b" shows the measurement of (yard, fathoa

both, neither).

65. In other words each column of numerals has

ten times the value of the column to the

right. The column where the 7 is in the

numeric symbol 73 has times the

valve of the column where the 3 is.

forty-nines

65. The numerals tell how many times each place
value is to be used. Each place can be used
from 0 to 6 times or according to the face
value of the numeral. In the numeric symbol
2,504 in base seven the three hundred forty-
threes' place is used two times, the sevens'
place is used zero times, and the ones' place
is used times.

Ones, threes, nines, twenty-sevens, eighty-ones,

and so on are the place values of the base

number system.



neither, fathom.
66. A fathom is the distance between the tips of

hands when the arms are

TMTMS1-414taeMYMIE==MnsaaeurcimmtmwJeltAm

66. The reason each column has a value ten times

greater than the column to the right is that

we are working with base ten and are grouping

number ideas by

66. In the numeric symbol 625 in base seven, the

numeral 2 means that we have two sevens or that

the sevens' place is to be used

times.

66. It can be seen that as we move left from column

to column, the place values get (lower higher).



outstretched
67. A span is (larger than a digit, smaller than

a cubit, both of these, none of these.)

67. Ones, tens, hundreds, thousands and so on are

the of our

number system, the base ten system.

67. The numerals in 4,444 tell us that we have four

three hundred forty-threes + four forty-nines +

four sevens + four ones, or that each place is

to be used times.

67. You may have noticed that each column has the
value of the base times the value of the column
to its right. In base ten (see below) the value
of the second column is ten times the value of
the ones' column, column-Wree is
times the value of the second coluiR7i5a715-W.

higher

z Azt



both of these

place values

68. A fathom is a measurement that is used on ships

for navigation. Which of the following would

be most likely to use the measurement fathom?

(soldier, plumber, teacher, sailor)

68. In the numeric symbol 394, the place value

of the numeral 4 is ones; the place value of

the numeral 9 is tens; and the place value

of the numeral 3 is

===

four

68. The numeric symbol 624 in base seven can be

"stretched out" to show the place values of each

numeral: six forty-nines + two sevens + four

ones. A synonym for "stretched out" is

upandeC so we call six forty-nines + two sevens

+ four ones an e
numeric symbol.

ten

68. In base five the value of the second column
from the-Riht is five times the value of the
first column. The-iiTue of the third column
is times the value of the second
column. What Is- the place value of the third
column in base five?

Base Five

paS
tic-NV .otec

4(%

z,
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x, x x x
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sailor

hundreds

69. Measurement based on length of parts of the

human body are not satisfactory because (not

all blond people have blue eyes different

people have different measurements, both of

these, neither of these).

69. The numerals tell us how many times each place

value is to be used. Each place can be used from

0 to 9 times or according to the face value of

the numeral. In the numeric symbol 2,503 the

thousands' place is used two times, the tens'

place is used zero times, and the ones' place

is used times.1111011,1P.Mt.

Iftwrwevamax

expanded

69. 624 = 6x49 + 2x7 + 4x1

624 = 294 + 14 + 4

Since forty-nine is the place value of the

numeral 6, we are showing that each numeral's

total value is found by multiplying the face

value of the numeral by its

In any base system when a numeric symbol has
more than one place, each numeral is given a
value depending on the place it is in. The
above diagram shows the five-place numeric
symbol 32, 102.- The numeral in the ones'
column is



different people
have different
measurements

three

70. The standardized measurement is one that has
these properties:

a. It is set up or established by someone in
authority like a king or congress.

b. It is the same for everyone (that is, it
depends on a fixed standard).

The span (was, was not) a standardized unit
of measurement.

70. In In the numeric symbol 863, the numeral 6

means that we have six tens or that the tens'

place is to be used times.

place value

70. An expanded numeric symbol shows that each

symbol or will be

multiplied by its place value.

70.

2

4 3 2 1 0B B B B B
3 2, 1 0 2

The numeral in the second column from the right
is 0. So we can say this numeral has a face
value of zero and a place value of the base.
For example, if we were working in base five
this 0 would have a face value of z
and a place value OW base to the first
power or



was not

six

numeral

zero,

five

71. A king (could could not) set up a standardized

measurement for his country.

MAIMUL.M7It=.27-111M116,7'1=..V.IN.T

71. The numerals in 4,444 tell us that we have

four thousands + four hundreds + four tens +

four ones, or that each place is to be used

times.

71. In base seven when you see a numeric symbol

such as 35, you know that it means three

and five

71.
B3 B2 81 BO

3 2, 1 0 2

In the third column from the right the numeral
1 means one base squared. In base ten this 1
would stand for one ten squared or one one-
hundred. If we were working in base three this
one would mean one three squared or one

SVV



could

four

sevens, ones

nine

72. A measurement that is set up by someone

in authority and is the same for anyone

using it is called a

measurement.

72. The numeric symbol 824 can be "stretched out"

to show the place values of each numeral: eight

hundreds + two tens + four ones. A synonym for

"stretched out" is expanded, so we call eight

hundreds + two tens + four ones an e

numeric symbol.

72. In base seven the 3,in the 35 has a face value

of three and a place value of sevens. It

symbolizes three sevens. The 5 has a

of five and a place value of

. It symbolizes ones.

72. In other words the numerals you see tell how

many times each place value is to be used.

Each place is used as many times as the

f value of the numeral indicates.



standardized

expanded

73. The earliest unit to be standardized was the

yard. This was done at the time of King Henry

I. This means that the earliest standardized

length was set up by a (Britilk, Chinese/.

fuptian) king and measured exactly (24 inches,

30 inches, 36 inches) in length.

Zr

73. 824 = 8x100 + 2x10 + 4x1

824 = 800 + 20 + 4

Since hundreds is the place value of the numeral

8, we are showing that each numeral's total

value is found by multiplying the face value of

the numeral by its

..."---"Ile=.=+

face value,

ones, five

73. In base seven the numeral 1 in the numeric symbol

134 has a face value of one and a place value of

forty-nines. In the base seven system the 2 in

216 has a face value of and a

of forty-nines. So the numeral 2

symbolizes two forty-nines.

face

73. In the numeric symbol 342 the 2 means two

, the 4 means four bases, and the

3 means three base squares.

;4



British,

36 inches

74. The first actual standard yard was set up in the

thirteenth century. This yardstick was made of

iron, which was the strongest and toughest

material of that time. An iron yardstick would

(last a long time, not break vary easily, both

of these, none of these).

A.C.A.4~.1drir

place value

74. An expanded numeric symbol shows. that each

symbol or will be multi-

plied by its place value.

place value

74. The numeral 1 in the numeric symbol 216 (in

base seven) means this numeric symbol has one

group of

ones

74. In the numeric symbol 645 in base seven the

numeral 4 means that we have four sevens or

that the sevens' place is to be used

times.



ty

both of these

numeral

sevens

75. The earliest standardized measurement of

length was the

.1.17tar,KIIIMIIIOSIMOWARLIMMIstNINV

75. Ordinarily, when you see a numeric symbol such

as 35, you read it as "thirty-five," and you

mean three and five

75. The numeral 6 in the numeric symbol 216 has

a place value of and a

of six.

four

75. The numerals in the numeric symbol 2,222 (base

three) tel us that we have two ones, two threes,

two nines, and two twenty-sevens, or that each



yard

tens, ones

76. Since the time of King E C G rd I in the thir-
teenth century, there have been many stan-
dardized yard bars in Great Britain. Some were
lost and some destroyed by fire. The yard
measurement that is standard in Great Britain
today was completed in 1855. This means that
the (British French Russian) measurement of
(wei ht is a ittle over (5 000
years, years, years) old.

76. The 3 in 35 has a face value of three and a

place value of tens. So it symbolizes three tens

or thirty. The 5 has a face

and a place value of , so it sym-

bolizes

of five

ones or five. The value

of the two numerals combined is then thirty-five.

ones,

face value

76. Each numeral has a face value and a

. In the base seven number system

each place has times the value of

the column to its right.

two

4

76. The numeric symbol 412 in base five can be

"stretched out" to show the place values of

each numeral: four twenty-fives + one five +

two ones. A synonym for "stretched out" is

expanded, so we call four twenty-fives + one

five + two ones an e numeric

symbol.



British,
length,
100 years

77. Suppose there was a unit of length used today

that was called a "glub." If the "glub".were

legally defined as 1/2 yard, and the yard

measured 36 inches, the glub would be

inches long.

77. The numeral 1 in the numeric symbol 193 has a

face value of one and a place value of hundreds.

The 2 in 216 has a face value of and

a of hundreds. So the

numeral 2 symbolizes two hundreds or two

hundred.

seven four

77. In base seven

624 = 6x49 + 2x7 + 4x1

624 = 294 + 14 + 4

Since forty-nine is the place value of the

numeral 6, we are showing that each numeral's

total value is found by multiplying the face

value of the numeral by its

expanded



0.

18

two,

place value

78. Two measurements of length that are used today

in the United States that depend on the yard

are the foot and inch. Everyone in the United

States agrees that the foot is 1/3 of a yard

because (your foot is 1/3 the length of your

arm, somebody in authority defined it that way,

both neither).

78. The numeral 1 in the numeric symbol 216 means

this numeric symbol has one group of

ones

place value

78. An expanded numeric symbol shows that each

symbol or will be multiplied

by its place value.

f4-



t

someone in
authority defined
it that way

17,

79. Great Britain and the United States use measure-

ments depending on the yard. Most of the rest

of the wort' l uses the system of measurement

depending on the length of one "meter." This

system is called "metric." The metric system

(would, would not) be used in France today.

tens

79. The numeral 6 in the numeric symbol 216 has

a place value of and a

of six.

sevens
79. In base seven the 4 in the numeric symbol

400. means four

ki*

numeral

B3 B2 B1 BO
X, X X X

In the above diagram if you see the numeral 2
in the right column you know it means two ones.
If you see 20 you know that the 2 means two
bases. For example, if we were working with
base nine the 2 in 20 would mean two nines. If
we were working with base three the 2 in the
numeric symbol 20 would mean two
In base ten the 2 in 20 means two



rt.

I

would

80. Today both the meter and the yard are standar-

dized measurements in different countries. This

means that they (were adopted by the _governments

of the countries, are fixed in length, both,

neither).

ones,

face value

.....1111110111110.1/1111

80. Each numeral has a face value and a

. In the base ten system each

place has times the value of the

column to the right.

11111111111WillY11111111111101111r

forty-nines

80. You can tee that the 4 in 4,000 is seven times

the 4 in 400. Since 400 means four forty-nines

we can say the 4,000 means four

threes,

80. If we were working with base five the 3 in

300 moans three base squares or three twenty-

fives. When working with base three the 2 in

the numeric symbol 200 means two base squares

or two



i.

both

place value,

ten

81. The standardized meter is 39.37 inches long.

This means that the meter is closest in length

to which of the following measures? (foot,

inch,,mile, yard)

81. The 9 in the numeral 9 means nine

three hundred
forty-threes

81. In base seven the numeral 4 in 1,542 tells

how many you have.

cti

nines

81. Notice that each column of numerals has a
number of the base times the value of the
column on the right. For example, you know
that in base ten each column of numerals has
ten times the value of the column on the
right. So in base ten the column where the
numeral 7 is in the numeric symbol 73 has

times the value of the column
where the 3 is.



yard

I

ones

82. A measure of length that is used at sea is the

(cubit, fathom, both, neither).

82. The 9 in the numeric symbol 90 means nine

sevens
82. In base seven the numeral 3 in 4,361 represents

three

82. Using the same numeric symbol (73) and

working with base nine the column where the

7 is has times the value of

the column where the 3 is.



fathom

83. About 100 years ago the United States received

a copy of the standardized yard from Great

Britain and the standardized meter from France.

The standardized yard is slightly (largert

smaller) than the standardized meter.

almorkr...

tens
83. The 9 in the numeric symbol 900 means nine

83. The numeral 2 in 325 in base seven shows

that the sevens' place is to be used

times.

83. When you are working in base five and you see
the numeric symbol 34 you know it means four
ones and three fives. The 3 in 34 has a-fia
ilia of thiiiTERTIplace value of five. So
it symbolizes three fives. The 4 has a

of four and a place
value of . So it symbolizes

ones. The value of the two num-
PiTiagTifed is then three fives plus four
ones.



smaller

84. The United States received a copy of the stan-

dardized yard from and the

standardized meter from

hundreds

84. You can see that the 9 in 9,000 is ten times

the 9 in 900. Since 900 means nine hundreds,

we can say that 9.000 means nine

two
84. Write the numeric symbol in the base seven

syitem with six sevens and three ones.

84. In each numeration system every numeral has

face value and

Each place has the number of the base times

the value of the column to the



f

Great Britain,

France

85. The United States received the standard yard

bar from England and the standard French

meter from France about years ago.

thousands
85. The numeral 4 in 1,432 tells how many

we have.

85. In base seven a seven is indicated by the

numeric symbol

place value,

right

85. In base eight the 6 in the numeral 6 means

six (notice the 6 is in

the first column to the right).

kly



100

10.

86. In 1866 Congress legalized the metric system

as the standard measurement for the United

States. But for everyday use, this country

still prefers to use the system of measure-

ments based on the English (mile, yard, gallon).

hundreds
86. The numeral 3 in 3,471 represents three

r

10

86. Write the numeric symbol in base seven with

five forty-nines, three sevens and six ones.

ones
86. In base eight the 6 in the numeric symbol

60 means six

Wgs



yard

87. List any three nonstandardized measurements

used in the past that depended upon measure-

ments of the length of various parts of the

human body.

thousands
87. The numeral 9 in 897 shows that the tens'

place is to be used times.

87. A symbol or is a way of

expressing a number.

87. In base five the 4 in the numeric symbol

400 means four bases squared or four



fathom, yard,
digit, hands
span, cubit,
or rod

(any three)

88. Two of the following have become standardized

measurements of length. Which two are they?

digit span yard fathom meter rod

AMMIOLNAVMOMMMIAMMN.W.11=2"--,

nine
88. A symbol or is a way of

expressing a number.

88. You have learned that tell
numeral

hoW many things or ideas are in a group.

twenty-fives

88. In base two you can see that the 1 in 1,000

is two times the 1 in 100. Since 100 means

one four, we can say that 1,000 means one

-4;



A

yard, meter

numeral

89. Although there is only one standardized yard

bar in the United States, many copies of this

are available throughout the country. A man

in the state of Washington who wanted to measure

a yard of cloth (would, would not) have to go

to Washington, D. C. to do this measuring.

89. You have learned that tell

how many things or ideas are in a group.

89. The number in the group below is indicated

by the numeral

89. In base seven the numeral 4 in 1,432 tells

.44



would not

90. Although the yard is not a unit of the metric

system, it is defined in terms of a metric unit.

One yard = .9144 meters. In other words, the

yard is defined to be (about one-half a meter,

about nine times a meter, both, neither).

numbers
90. A number may be represented by (one, many)

symbol(s).

90. In base three the numeral 2 in 2,110 repre



neither

91. For about 100 years, the standard length for a
meter was the length between two marks on a
platinum and iridium bar. Very recently, the
new definition of a meter has been set as
1,650,763.73 times the wave length of orange
light from a certain element. Scientists are
using this measurement because it is (more
less) accurate than the measurement previously
use

many

91. In forming numbers with our number system we

combine number ideas or values in groups of

9

91. In forming numbers in the base seven system

we combine number ideas or values in groups

of

twenty-sevens

91. The numeral 2 in 325 in base seven shows that

the sevens' place is to be used times.



more

ten

seven

92. The new standard measurement for a meter

depends on the wave length of orange light

emitted by a certain

92. Each place in our number system has a value.

Ones, tens, hundreds, thousands, ten-thousands,

and so on are the place values of our number

system which is the base number

system.

92. The place values ones, sevens, forty-nines,

three hundred forty-threes, and so on are the

plaCe values of the base

number system.

two
92. You have learned that a symbol or

is a way of expressing a number.



element

(chemical)

93. The units of length most commonly used in the

United States such as the (name

any one) are legally defined in terms of units

in the (cubic, metric, trick) system.

93. As we move left from column to column, the

place values get (lower, higher).

seven

93. Number ideas are always grouped according to

the number of the in which we

are working.

numeral



metric

94. The system is the legal system of

measurement of length in the United States

today.

higher

94. The awl :,03

of a nug4Im71

determine the value of the numeral.

94. As we move left from column to column, the

plaCe values get (lower, higher).

number



metric

higher

95. The and the

of a numeral

determine the value of the numeral.

many

95. In forming numbers we combine number ideas

or values into groups. The standard number

of ideas that are represented in a basic

group is called the in which

we are working.



96. Besides keeping in mind the base in which

you are working the

and the of a numeral

determines the value of the numeral.
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Appendix F. Differentially Sequenced Learning Tasks



Differentially Sequenced Learning Tasks

Sequenced 'Partially Sequenced Randomly Sequenced

Number Symbol Number Symbol Number Symbol

ZERO ? ZERO :1) SEVEN -111 S,

ONE TI ONE T., TWO tr-]

TWO IP TWO TWELVE s?

THREE ..i. THREE 5, ONE il

FOUR -E. ? FOUR I.1 CP, TEN

FIVE 7k TI,... TEN .11:3 LP FOUR 1--1

SIX
.1

NINE ip Ill' ELEVEN tr-]

SEVEN Ti .TWELVE C) NINE TH

EIGHT
. ? SEVEN Ti THREE

NINE. ID 111, FIVE 1_, TH FIVE "Li id

TEN ifp IP ELEVEN 1/2 ZERO
:1)

ELEVEN Lp 'I.,. EIGHT 1p ? SIX TH

TWELVE ', cp SIX .11 EIGHT ?



Appendix G. Posttest



Posttest

Directions:
learned. For
symbol of the
be unfamiliar,

1

11.

Name

This is a test on the material which you have just
each of the following numbers write the appropriate
number in the blank space. Some of the numbers will
but try your best to answer them.

Number Symbol

ELEVEN

ONE

THIRTEEN

SIXTEEN

SIXTY-FOUR

EIGHTEEN

TWENTY

ZERO

THIRTY

SIX

TWENTY-FIVE

,12. FIFTEEN

13. EIGHT

14. THIRTY-THREE
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Appendix H. Instructions for Administration of Materials



Instructions for Administration of Materials

Programed Booklet. Give subject introductory programed booklet

which has been randomly assigned to him. Make sure his name, "Starting

Time," and "Finishing Time" are written on the cover of the booklet.

Proceed by saying: YOU WILL PERFORM SEVERAL TASKS IN THIS SESSION.

FIRST, YOU WILL WORK THIS PROGRAMED BOOKLET. NO DOUBT YOU ARE QUITE

FAMILIAR. WITH THIS TYPE OF LEARNING PROCEDURE, BECAUSE IT IS SIMILAR IN

FORMAT TO THE MATERIAL THAT YOU STUDIED IN THE ALP PROJECT. ON EACH

PAGE YOU WILL COMPLETE A STATEMENT BY WRITING THE APPROPRIATE RESPONSE

OR BY CHOOSING BETWEEN TWO ALTERNATIVES. Demonstrate the first two

frames. AFTER WRITING YOUR ANSWER, TURN THE PAGE; ON THE LEFT SIDE OF

THE PAGE TO WHICH YOU TURNED YOU WILL FIND THE CORRECT RESPONSE TO THE

PRECEDING STATEMENT. IF YOUR ANSWER IS CORRECT, GO ON TO THE NEXT.

STATEMENT. IF, HOWEVER, YOUR ANSWER IS NOT CORRECT, MARK AN "X" BY

YOUR INCORRECT ANSWER AND REVIEW THE FRAME THAT YOU MISSED. GO ON TO

THE NEXT PAGE, ONLY AFTER YOU FULLY UNDERSTAND THE STATEMENT WHICH YOU

MISSED. THIS IS NOT A TEST, BUT A LEARNING DEVICE, AND YOUR MARKING

AN "X" BY AN INCORRECT RESPONSE WILL HELP US DETERMINE WHERE THE PROGRAM

IS NOT TEACHING EFFECTIVELY. ALTHOUGH THERE IS NO TIME LIMIT, WE WOULD

LIKE TO KNOW HOW MUCH TIME YOU SPEND WORKING THE PROGRAM. THEREFORE,

PLEASE WRITE YOUR STARTING TIME AND FINISHING TIME ON THE COVER OF THE

PROGRAM. FIRST, READ THE INSTRUCTIONS IN THE BOOK, THEN GO AHEAD. When

the subject has completed the program, record on the Subject Record

Sheet the number of errors he made and the total time it took him to

complete the program.



--2==m0imaimm

Prelearning Task. IN THIS PART OF THE EXPERIMENT YOU ARE GOING

TO LEARN TO ASSOCIATE FOUR BASIC SYMBOLS WITH SOME NUMBERS. I WILL

PRESENT TO YOU A WRITTEN NUMBER ON A THREE BY FIVE CARD. YOU ARE TO

WRITE THE APPROPRIATE SYMBOL FOR THIS NUMBER ON THIS RESPONSE PAD.

AFTER YOU HAVE RESPONDED, I WILL SHOW YOU THE CORRECT SYMBOL FOR THE

WRITTEN NUMBER. WHEN YOU HAVE RESPONDED CORRECTLY TO TWO TRIALS ON

THE FOUR SYMBOLS YOU WILL PROCEED TO THE LEARNING TASK. I WILL TELL

YOU WHEN YOU HAVE GONE THROUGH ONE TRIAL CORRECTLY. In presenting the

cards to the subject, hold the four symbol cards together so that the

person cannot see the symbol through the card. Prior to each trial,

shuffle the cards so that the four symbols are presented randomly. After

each trial, remove the sheet on which the subject's responses were

written. It is permissible for the subject to practice writing the

symbol after he has received feedback regarding the correctness of his

response. Keep a tally of the subject's performance for each trial on

the Subject Record Sheet.

Learning Task. Select appropriate learning task material which

has been assigned and is indicated on the record sheet. Write subject's

name on the beginning of the response tape. IN THIS PART OF THE

EXPERIMENT YOU ARE GOING TO LEARN TO ASSOCIATE SYMBOLS WITH NUMBERS.

THE PRESENTATION OF THE MATERIAL THAT YOU WILL LEARN WILL BE DONE BY

THIS MACHINE. YOU WILL SEE A NUMBER ON THE LEFT (show subject), AND A

BLANK SPACE ON THE RIGHT (show subject). THE BLANK SPACE INDICATES

THAT YOU SHOULD MAKE A RESPONSE HERE. Indicate to subject where the

response is to be made. THERE IS NO PENALTY FOR GUESSING. YOU WILL

THEN SEE THE SAME NUMBER AGAIN, BUT THIS TIME THE APPROPRIATE SYMBOL



WILL APPEAR IN THE RIGHT HAND SPACE (indicate to subject). THIS PRO-

CEDURE ENABLES YOU TO SEE WHETHER YOU MADE THE CORRECT RESPONSE.

REMEMBER, YOU WILL FIRST SEE A NUMBER TO WHICH YOU ARE TO WRITE THE

APPROPRIATE SYMBOL; THEN YOU WILL SEE THE NUMBER AGAIN WITH THE APPRO-

PRIATE SYMBOL TO ITS RIGHT. THE RATE OF PRESENTATION WILL BE CONSTANT.

IF YOU WORK RIGHT ALONG, THERE WILL BE ENOUGH TIME FOR YOU TO MAKE YOUR

RESPONSE AND TO CHECK IT. ARE THERE ANY QUESTIONS?

Proceed with the first set of the first trial. THIS IS THE FIRST

NUMBER TO WHICH YOU WILL WRITE A RESPONSE. WRITE THE APPROPRIATE

SYMBOL. THIS IS. THE NUMBER AND THE CORRECT SYMBnl,. This demonstration

of the first set of the first trial is untimed. Proceed similarly for

the second word and symbol and begin a constant rate of presentation.

Turn to the word frame when the red light blinks, after nine seconds,

when the blue light blinks, turn to the word-symbol frame for six

seconds and then back through the cycle.

After the first trial (presentation of 13 sets of word symbols)

say to the subject: WE HAVE GONE THROUGH ONE TRIAL. WHEN YOU HAVE

GONE THROUGH TWO TRIALS SIMILAR TO THE ONE WHICH WE JUST COMPLETED

WITHOUT MAKING ANY ERRORS, YOU WILL HAVE COMPLETED THIS PHASE OF THE

STUDY. I WILL TELL YOU WHEN YOU HAVE GONE THROUGH ONE TRIAL CORRECTLY.

ARE THERE ANY QUESTIONS? Proceed with timed second trial. After each

trial draw a line across the response tape to separate trials. Keep

a record of the incorrect responses for each trial. Record this in-

formation on the Subject Record Form. If the subject does not appear

to be associating the symbols and the numbers, or if he is not respond-

ing, say: ASSOCIATE A SYMBOL WITH THE NUMBER AND MAKE YOUR RESPONSE



HERE (indicate), or INDICATE THE APPROPRIATE SYMBOL FOR THE NUMBER. YOU

MAY GUESS. After the first successful trial, YOU HAVE JUST COMPLETED A

TRIAL PERFECTLY. NOW WE WILL SEE IF YOU CAN DO IT AGAIN. After the

second perfect repetition, give the untimed posttest. Record the post-

test task, transfer, and total scores on the Subject Record Sheet.

Post Experiment Procedure. Thank the subject for this participa-

tion, and tell him that within the next six months he will receive a

summary of the findings of the study. Pay the subject. Inform the

subject that he is not to tell any specific information about the experi-

ment to other participants. Because of the many different conditions in

the study, specific information may inhibit performance as well as

facilitate it.



Appendix. I. Intercorrelation Matrix of Selected Variables
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