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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'researéhers 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, 19303 SjogrenAand Knox, 1965,A1967). 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 ‘n 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.lA To facilitate learning,.béck-
ground information is given to the learmer through a process that
inéiudes 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 imporéant to consider the characteristics of the
instructional activity which affect leéfning. Knowledge about the
“effectivenéss 6f instructional activity, combined with information
~about learner.characteristics, should result in a more effective
educational experience for adults.

The Problem

An importaﬁt task of the edﬁtator is to present tﬁe optimal
structure and sequence of educative activities. For example, the
classroom teacher is concerned with the selection, orgaﬁization, aﬁd
presentation of a subject matter in the form of lessons, units, and
'courses. The curriculum specialist, tco, is concerned with the
design of an educative experience which is deliberately structured
ahd sequenced iﬁ a manner that facilitates the‘achievement of

intended objectives. Other educators, such as the programed

lThe 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.) » 2




learning specialist, the author of educational texts‘and materials,
‘and the educational psychologist have recently placed increased
' 'emphasis.on the efficient programming of educational materiéls.'

o Learning theorists have also emphasized that the structure and
sequencelof the educative activity have an effect on the outcomes
‘of 1earniné. The appropriate éequential arrangement of the'léarn-
ing méterial, within a topic to be learned and among the topics
~ that make up a subject matter, is viewed aé 5 requirement for effec-
‘five learning. TFor example, both behavioristic and cognitive learn-
ing theqrists.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 Iogical step by step
sequencing of the subject matter. Through appropriate sequential
?éffangement.of the subject matter the learner is guided progres-
sively to a desired outcome. |
ACognitive theorists, such as Ausubel, Gagné, and Bruner, also
emﬁhasize the necessity of sequential arrangements of the subject
maiter 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; Gagné,
' 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




variable which influences the subsequent learning of related mate-
"rial (Ausﬁbel, 1965). Hence, in the latter instance, one may theo-
, rize that‘meaningful learning can be brought about most effectively
iand efficiéntly by the manipulation of the structure and sequenée
.bf éélected subject matter.

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

1965) whereby cognitive structure (i.e., the 1garner's existing
'bfganized body of knowledge regarding a learning topic) can be
::1 inf;uenced so as to facilitate the 1earning of new material. One
fgéuch vafiable.ié'the structure of the'subject matter itself. This | 'j.‘
“_refersvto those substantive aspects of the subject matter that havev |
the greatest generaiizability, inélusiveness, and relatability with-
in that Sﬁbject mattér area. The second variable is concerned with
'the‘mannér'in which the subject matter is presented, arranged, and
' drdered.. This proper sequence of activities in which a learner is
involved is refefred to as the programmatic aspect of présenting

‘material.

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

. 'mentally manipulate two aspects of the imstructional process, both

of_which‘serve to influence adult learning. More Speéifically, the
purpose was to ascertain the effects of int:oductory materials,

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

"ceptually related learning tasks which were differentially

sequenced.




The first variable manipulated was the structure of the intro-
ductory learning material presented to the subjeét 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 substantivevaspect of the subject matter. Tha
second variable ﬁas manipulated to examiﬁe the influence of the
. sequential arrangement of the learning material on learning outcomes
(i.e., the manipulation of a prbgrammatic variable). |

Theoretical Background”'

- One of the primary proponents of the recent emphasis on the
structure and seqﬁencing 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 c@mcépts of méaningful verbal learning, as presented in var-
ious publications by Ausubel (é.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
ﬁrdblems 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

v‘integfation and incorporation of new information into the learner's




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 forgdtten. 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
lea;ner 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
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'éither a rote or a meaningful manner without prior nonverbal and
problém solving experiences. If 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 iearning outcome, and is distinguished from the proc-
~ ess of rote learning. It assumes that the learner posseéses an
expectation that the learning material will be meaningful to him
and that the 1earnihg material actually is potentially meaningful
‘to him. The meaningful expectétion or set that is a requisite for
the’bgcu:reﬁCe of meaningful learning serves to relate fhe substan-'
:tiVe'aépects.of the 1earning material to relevant elements of the
-learnér'sléxisting cognitive structure. Obviously, the meaningful
ESet to learn results in meaningful learning only.when the material
:td be 1earned is potentiaily meaningful. |

For‘learning material to be potentially meaningful two impor-
tant criteria must be satisfied. The first criterion is th= non-
arbitrary relatability of the learning matgrial 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 structureiof.a
:specific learner. This second criterion refers to a characteristic
of the learner, ﬁhereas, the first criterion has réferencelto a

characteristic of the learning material.




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 cognitivé structure in an arbitrary manner, and as a conse~

ﬁuence are not anchored to any existing ideational system. There-
fdfe, the meaningfully learned material is more effectively learned
fand;has'greater étability, retention, and transférability.

.For poﬁeﬁﬁially meéningful material to become actually meaning-
ful, it must interact with, and.be subsumed or incorporated into, , '»fﬁ

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 strﬁcture is also hierarchicaliy organized. Within the
1¢arner'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

;.operatipns. These cperations are necessary for learning and reten-
ition because they provide thé mechanisms wheréby new material is
:subsumed and incorporated within the existing cognitive structure

| of the learner. Furthermoré, anchorage within the ideatiohal sys-

';E;em is providéd for the newly learned material.i That is, newly

. learnéd 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 thé 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 learred 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-
:~,ria1 which is subsumed and related to existing conceptual elements

'-may be either derived from or correlated to established concepts in
the 1earner'é cognitive structure. If new learning méterial is an
fexample or illustration of some established concept or idea in the
l  iearner's cognitive structure, it is derivable from or implicit in
"a more inclusive ¢ohcept of the established subsumer. The Hutcome

:of.this type of subsurption is manifest in the easy and quick acqui-
i éition.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 conc¢ept 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 materizl 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 learnad material which is correlated to

existing more highly inclusive concepts undergoes obliterative sub-

*'u_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

-materiéls\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-

céptual 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

T I A T R
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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 influenced, 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 structu?e will'gnhance the 1eafning and retention of new rele-
vant material. Au.ubel also theorized that the extent to which
transfef occurs is dependent upon the influenge 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
3ubstdntive aspects of the subject matter that have the greatest
geﬁeralizability, inclusiveness, and relatability within that sub-
ject matter area. The second factor is the manner in which subject
matter is ﬁresented, arranged, and or&ered. This proper sequence
‘of activities in which a learner is involved is referred to as the
programmatic aspec:c of presenting material. |

' Thus, Ausubel theorizes that cégnitive structure is influenced

by substantive and programmatic factors of the subject matter.
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‘These factors facilitate the acquisition, retention, and subsequent
.transfer of ideas and concepts in newly learned material.
}Two principles are hypothesized to have a significant role in
'the sequential arrangement of learning materials. These principles,
. which have a marked influence on cognitive structure, are the prin-
“ciples of progressive differentiation and integrative reconcilia-
:'.tion. Accofding to the principle of progressive differentiation
the most generai and inclusive concepts in an area of subject mattef
iare presented first to the learner. This is followed by content |
Which is increasingly’differentiated with regare te detail and
'sPecificity.
This erder of presentation corresponds to the assumptions pre-

sented earlier regarding the organization of a subject matter area

- and the organization of that subject within the learner's cognitive

“structure. Thus if the organization of a body of knowledge and the
organization of knowledge in cognitive structure conform to the
principle of progressive differentiation, it is assumed that effec~
tive learning occurs. The acquisition of new material is dependent
upon the availability of generalized relevant concepts in the
learner's cognitive structure whose function it is to incorporate
and subsume the new material.

The principle'of.integrative reconciliation refers to the proc-
ess of relating newly acquired information to previously acquired

material. By applying this principle in the programming of new

P T P T O S .
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llesrning material, ideas and concepts are integrated and reconciled
with previously learned content in cognitive structure. As a conse-
V.Quence} relationships between ideas are more easily discovered,
.ideational similsrities and differences are made evident, and the
resolution qf 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 segfegated and
compartmental segments.

In summary, Ausubel's theory of meaningful reception learning
is based on the premise that if an individual's existing cognitive
structuze in s particular subject matter area is slear, stable, and
- organized, then the learning and retention of new meaningful mate-

: fiai is enhanced. On the other hand, if the existing cognitive
structure is ambiguous, unstable, and disorganized, then the learn-
i.ing and retsntion of new meaningful material is inhibited. As a
'7‘resu1t, attention should be directed to the strengthening of rsle-
vant aspects of the learner's cognitive structure in a subject mat-
ter area so that new learning and retention can be facilitated.

Tﬁe following section presents findings from a number of exper-
 imental research investigations.conducted by Ausubel and his associ-
ates, iﬁ which deliberate attempts were made to influence the
}learnef's cognitive structure so that meaningful learning and reten-

tion would be maximized.

.’\
p
.

e




15

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
1iterature or 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»theISpecific problem of the present inyestigation, and whose ofi—
gin is impliéit in the theoretical propositions of meaningful verbal
learning as stated by Ausubel.

The following studies by Ausubel and his associates weré
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 ﬁere pre-
sumably structured, however, at a higher level of abstractness,
generality, and inclusiveness than the existing relevant knowledge

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

rial. Furthermore, the introductory material included substantive
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'content,that for organizgtional and integrative purposes had the
greatest generalizability, inclusiveness, and relatability within
v»the subject matter content.v This introductory‘material was also
sequentially arranged so that the organizational strength of cogni-
'tive struoture would be enhanced.

'The use of introductory materials, then, purportedly draws
‘together the available relevant ideas and conoents in the-leerner'e
- cognitive structnre and provides en overview for new'related learn-
"ing‘material at the appropriate level of conceptualization. These
Introductory materials presumabiy 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 1ndicating

R 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 ofnadvance organizers prior to the actual presentation of the
' 1earning task. This hypothesis was based on the theory that if the
ointroductory material made relevant and inclusive subsumers avail-
rable’to the 1earner, then these subsumers would provide an idea-

~ tional framework for the incorporation and retention of more speci-

fic material inherent in the subsequent 1earning task.
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‘Control and experimental groups of college uﬁdergraduates,were
: ﬁatched according to sex, ability to learn unfamiliar scientific
V-material, and academic fiéld of speciaiization. Fofty-eight hours
prior to and immediately prior to studying a 2,500 word learning
passégé dealing with the metallurgical properties of pléih carbon
steel, the control and experimental groups studied a 500 word intro-
.dﬁctory paSsaée. The experimental introductory passage contained
. highly abstract and inclusive background information about the
5 1eafqiﬁgmateriai.’ It was designed as an organizer for the steel
- 1éarnihg passage,'and it served to relate the 1earﬁing material to
the learner's existing cognitive structure. The éontrol introduc-
;‘,;toty passage presented historical information about the methods uséd
iﬁ-processing.iron and steel. A mﬁltiple choice test was adminis-
:._tered to both groups fhree days after tﬁe lea;ning;passagevwas
vgtudied.
Significant differences between the means of the contrel and
experimental groups supported the hypothesis that the use of highly
labstract 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'thé new
’: learning material from its subsumers, Ausubel and Fitzgerald (1961b)
hypothesized'that advance srgzanizers 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 undei-

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 comparéd the major ideas of‘Buddhism
aﬁd Christianity; a second group studied an exposition oﬁ”the prin-
cipal Buddhist doctrines, without any reference to “lurishianity; and
the third group, a control group, studied historical wai2vial about
‘Buddha and Buddhism. Iq the analysis, subjects in each of the three
treatment groups weré divided into above- and below-median subgroups
according to their knowlédge 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 exposéd 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-

3
{ median scores on the Christianity pretest. | - 'if

Ausubel and Fitzgerald concluded that advance organizers

appeared to increase discrimination of unfamiliar material for
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1earaers 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 backgrouad 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
~.framewerk for the first learning passage, and the control group
 studied a 500 word introducﬁory passage which had no organizational
propertieslin relation eo the first learning passage. Two days.
.after the firstgexperimental session, both experimental and control
» groups restqdied 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 subjech were tested on the second passage.

Results indicated that the organizer facilitated the 1earning :
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-
.iﬁating efrfect 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 endocrinoldgy 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 previéusly learned
;'material'is a function of the clarity and stability 6f the pre-
Qiousiy leérned material, and (b) an advance orgénizer-increases the
7_discriﬁinability of new material from previously'léarned related
:iﬁatérial. It was predicied that the facilitative effeéts of the
aﬁvance‘organiZer would be obsefved with subjectsvwhq either have
- low verballability or whose relevant cognitive stfuétﬁre is unstable
aﬁd uﬁclear. J .
Undergraduate university students who were classified within

- two experimental t;eatments studied two 500 word éomparative orga-
hizers béfofe studying 2,500 word passages dealing with the princi-
: pgl concepts'of Buddhism and Zen Buddhism, respectively. The first |
l.compaxative 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-;espective introductory passages,
- both control and experimental groups restudied their introductory
"passages and then studied the buddhism passage. Two days lafer the
experimental and control groups were tested on the Buddhism passage
and then studied the comparative Buddhism-Zen Buddhism organiéer and
the control introduction, respectively. Again,afﬁer 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.

Resdlts indicated that the previously 1eafned.background knowl-,
edge had a significant facilitating effect on the learning and
re#ention 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 fetention of the Buddhism passage; however, the organizer trsst-.

; msnt for the Zen Buddhism passage did not significantly facilitate
1eafning and retention. Finally, although there was a significant

difference among the verbal ability categories, a noticeable but not
statistically significsnt 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-

T T P T Y TPy R

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 squect’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-

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

trol groups. »Each ekperimental group studied a 450 word comparative  ‘ §
|

‘interpretation of the causes of the Civil War. The comparative
introdﬁctdry material pointed out the principal similarities and
differences betweep 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 paséage, and the other group tcok 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 confroversial material. These effects were also noted
when verbal reasoning ability was statistically controlled. The
Benefits derived from the comparative intfoductory 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 measuréd by a pretest, facilitated 1eérning
‘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. o
'In'summary, the preceding studies give strong support tovthe
faCilitative effect on cognitive structure of introductory matefial
- structured at a high level of abstractiqn,;generality, and inclu-
siveness. The evidencé provides support for the'suggestioh 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-
. sténtially unfamiliar but relatable to concepts in the learnex's
cognitive structure, comparative introductory matgrial 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 relatw.le but relatively unfamiliar material for subjects
vhose ekisting cognitive structure was inadequate (Ausubel and

Fitzgerald, 1261ib). 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; Fitzgeraldvand Ausubel, 1963).

In learning completely unfamiliar material, the evidence indi-

| Cated'that'introductory material was more beneficial for learners of
low verbal ability (Ausubel and Fitzgerald, 1962). A similar but

. not statistically significant finding was obtained when the unfamil-

iar learning material was substantihlly related to existing knowl-

edg: (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,

1962; 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 uafamiliar 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

1 Fitzgerald, 1962; Ausubel and Youssef, 1963; Fitzgerald and Ausubel,
1963). This dependence of learning and retention on related subject

matter knowledge was also supporied by data regarding'the facilitat-

| ing effects of initial 1earning on sequentially presented material
(Ausubel an& Fitzgerald, 1962) and on'perallel'learning material
(Aueubel and Youssef, 1963). .

Although 1itt1e direct evidence regarding the effects of sex on
learning and retention has been presented in the previously reviewed
research ihvestigations, Ausubel (1960) found in a preliminary anal-
ysis of retention scores on a passage dealing with the metallurgical
oroperties of plain carbon steel that men performed better than j

. women. To control for tﬁis’effect, experimental and control groups ‘ .. ;& j
jhao to be rematohed. |

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

o _'_ 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 finﬂings in educational situations, there are a number of ques-
. tioms that afe raised by the findings that require further study in
'orderlfo ﬁore fully understand the function of introductory mate-
'vfiall Following are_seﬁeralef the many questions that mightlbe

R raiséd:’

1. Willfintroductbry 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 '

‘~:Acited studies which were substantively and programmatically struc-

.tutedAto influence the learner's cognitive structure?

_?.‘ Does the sequencing of a potentially mééningful learning

'”‘material have a substantial,effect on the clarity and stability of
" cognitive stfucture, and on subsequent 1earniﬁg? That is, would

‘7_high1y sequeniced material be learned more readily than material,thatﬁ

o

3. When differentially sequenced materiéls are combined in-

 various Ways with differentially structured introductory 1eérning

1_materials, which combination most facilitates learning? It would
"‘séem that if the 1earning material itself is ﬁighly sequencéd, then

"thé structure of the introductory material Will not have as great an

-'éffect as when the learning maferial is not highly sequenced. 1In

- other words, an interaction between these two conditions would be'

_ anticipated.
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4. Will similar facilitative effects of introductory materials
be obtéinéd with samples other than college undergraduates, and will
there be a similar interaction between in;glligence and introductory
- material which is differentially strﬁctured? The low verbal ability
- group in a collegé population would be relatively high in a general
adult pOpulation. ‘Also, much evidence and information has been
| “accumuléted which supports_the viewpbint that adults approach learn-
‘I;ng‘tasks somewhat differently from college students (Birren, 1963;
~ Sjogren and Knox, 1965). Consequently, it seems desirable to con-
| duét}a related.study with a sample different from the samples that
"haﬁe 5een used.
5. Is thgre an interaction betweep differentially sequenced
b 1earning‘materia1s and learners who are classified according to dif-
“ferent 1éﬁéls of intelligence? If the effect of a differentially
éequencedfmaterial is parallel to the effect noted by the differen-
tially structured introductory material iﬁ Ausubel's studies, ic
would be aﬁticipated that there would also be an interaction between
. the sequentiélly arranged learning material and the ability of the
1earﬁer.

6. Does the sex of the adult‘subject have a differential
efféct iﬁ learning when intelligence, age, and background knowledge
’érevéontrolled? In previously cited studies, the primafy intent in
placing equal proportioﬁs of men and women in each treatﬁent group

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




28

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 certéin kinds of problems. In fact, sex differ-
ences in problem solving have been demonstrated when cgrtain intel—l
‘lectual variables are,céﬁtrolled (Sweeney, 1953). Furthermore,
cértaiﬁ evidence suggests that sex differences in problem solving
#ould be accounted for by differences in nonintellectual variables
(Carey; 1958; Nakamura, 1958; Milton, 1957). TIherefore, in the
‘present study where subjects are to be presented with mathematical
ASubject matter, it is expected that men will achieve better than
.'ﬁomen;.even if the effects of intelligence, age, and prior knowledge
are contfolled;

Fbr}the present study a sample of adults who ranged in age from
23 through 53 and who had negligible background knowledge regarding
fﬁg 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 thé 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.




1. There is a significant differencé among the differentially
structured introductory learning materials. It is expected that the
more generalizable and inclusive the introductory material, the
greater effect fhere 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 taskhis sequentially a;ranged, 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 categorieé will perform better than those in the 1owef
categories,

4, There is a significant differencn between the sex cate-
gnries.. It is-expected that the men will perform better on the cri-:'
terion measures than the women. |

5. :Tneré is a significant interaction among the differentially
étfuctured introductory materials and the différentially sequenced
1earning.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 andvthe 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
éategories and the differentially sequenced learning tasks. It is
expécted that those persons in the lower intelligence categories

will benefit most from the completely sequenced learning.tasks.




METHOD

in this chapter, the techniques and preccedures by which this
~experimenta1 study was conducted are described in the following
'order: sample selection and classification, experimental conditions,
experimental design, criterion measures? geaeral 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
vuf adults who partitipated in a Cooperative Research Project
t} (Sjogren and”Knox,'1965)ithat was conducted in the Office of Adult
- Education Research at the University of Nebraska.
| Ali‘availabie subjects who had participated in the Sjogren and
- Knox study werevcontacted and asked if they wouldlbe.willing to par-
ticipate in another, but shorter, experiment.v 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.
Subseduently, these subjects attended an initial session at which
v_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
B 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 experiménter to satisfy the'requirement of unfa-
miliafity 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 itém pretest were selected for possible participation in the.
exﬁeriment. | |

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 wquld represent the upper limit for‘acceptance-regard-
 ing the.uhfamiliarity of‘the subject matter. This was empiricélly
verified by the fact that the distribution of scores.for persons
_ with scores of six or less appeared to be normally distributed
around the'éhance'sgore of three. The specific bretest mean and
_standard deviation of the subjects finally selected for ;he study
were 2.97 and 1.40, respectively.

In orxrder that.the age'range of the subjects in the sample would
be representative of adults who had participatéd in cdntinuing eduéa—
tional programs (Johnstone and Rivera, 1965), those personé ﬁho 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.

T
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The use of the scaled score instead of the IQ of the indi%idual
in classifying intelligence was used because the scaled score pro-
vides a'directvcomparison between the test performance of subjects
ét'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

fﬂléﬁexperiment 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 intelligende. Tab1e 1 shows the means

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

'fscaled's¢ore,:ahd age,'by'seX'ahd_intelligence 1e7é1 of the study

Table 1

. Sample Means and Standard Deviations of Pretest, WAIS Full

Scaled Score, and Age Variables by Sex and Intelligence Level

'Intelligenée ~ Number Base | WAIS Full

- Age to
Quarter Pretest Score Scaled Score Nearest Birthday
Men Women Men Wowei ‘Men Women
» SD  1.31 1,22 4,41 5.48  8.66 10. 38
‘Secong M 3-08  3.00 126.67 126.67 37.00  37.92
on¢ sp 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
SO 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
.Totall M  3.00 - 2.94 . 132.63 132.44  38.63 38.98

5D 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

Introdudtg;z_Programgd Maggrials. Educational researchers gen-

etally agree‘that’programéd instructiqn is an exceedingly useful
learning activity in resgarch on instructional and 1eafn1ng vari-
.ablés.” Because the introductory learning material constitutes a
treatment condition in this study, it was félt'that the programing
' of the differént'introductory instructional materials would facili-
tate the manipuiation_of the indepéndent'variable.. The programed
materiéis utilized.in‘fhiétstudy were of the linear type (Skinner,
i958). ~This type of‘progrém presents the sﬁbjéct matter in a seriés
'6f small»stéps érranged inllogical sequence. The learnér'actively |
.lparticiéates in the 1earning-procéss by constructingvappropriaté
reSponsés or by choosiﬁg from sevefal alternatives to'each frame. -
After reéponding, the learner is immediately provided with a knowl-
'edgé of results. Finally, through frgquent repetitibn of the mate-
.rial'the learner is 1¢d, stép 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 treaﬁmentfconditions SO that'obserﬁéd differehces in
;freatment‘would be attributed to the content or substantive aspgéts
of the méterial,nand-not to.the method iﬁ which ﬁhe material wés

~ presented.
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Four differentially structured introductory learning materials
were used in this experimentQ 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 réquirement that the irtroductory materials be conceptually
rélated to the learning task, it was neéﬁssary to select a subject
 matter with principles which were applicable to a variety of learn-
ing tasks containing common elements of applicatioﬁ. It was also
fimﬁortant‘to select material that would be interesting and stimulat-
-ihg for adults, and similar to current educational subject matter.
| Tﬁe topic of base number systems, which is currently beiﬁg taught in
beginning modern mathematics courses, appearedlto staisfy these
| fequirements.

The different types of the introductory material included
(a) history of measurément, (b) base ten number system, (c) base
seven number system, and (d) principles of number bases. The inﬁro-
ductory material on the history of measuremeht was intended primar-
ily as a control treatment. It contained historicalland descriptive
infqrmation on different units of measurement such as cubit, span,
digit, hand, and so on. The introductory material on the base ten
hﬁmber system was ﬁritten 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
_ foonoepts that were similar to hose presented in the.hase ten intro—
o . ductory material, but for base seven and the principles of number

~ bases, respectively.

The introductory material on base ten was structured so that it
”T-mas less‘generalizable but more familiar to the learner's existing
eognitive structure than the base seven and principles of number
hases:introductory materials. That is, the base ten materlal was
‘fhighly specific in content and familiar to the subJect S ex1st1ng
: anWledge, thus having a limlted transfer effect. It was hoped that
.}the base seven'introductory;material would be'more'generalizable and
'lessvfamiliar than the base ten material, but less generalizable and
‘dmore familiar than the principles of number hases introductory mate-
'rial.. Therefore, the content of the introductory materials provided
.-differentially structured substantive information which was.general-
’izable and relateble in varying degrees to'the base number systems
learning topic. ) : o |
‘The history of measurement Program was adapted from a published
'programz (TMI-Grolier, 1962) and served as a control condition in

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

2Permission 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

thfee treatment programs were written so that the sequential steps

within éach of the programs were parallél withvthe other treatment:
programs. Thus, the content of the}méterial would be the differen—
v_tiating factor to which obtained differences.could be attributed.

A copy’of éacﬁ éf the introdﬁctory programed materials is:attached |
'7as Appéndix D. Also attached (Appendix E) is a suppiementary.shéet |
to the history of measurement program. Table 2 provides summary and
subject reséonSe 1nf6fﬁatioﬁ for eaéh_ofthe intrdducﬁdry programs;‘_

A. o Tdﬂez | |
~ Number of Frames, Responses, Mean Errors, andeéan Time’
o   by Intfodﬁctory Pregramed Material

No. of . No. of Meén No. Mean Time

' Prbgram ‘ | Frames  Responses of Errors in Minutes
‘History of . : .
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
-‘Ptinciples 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 the 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, " withlfhe remaining stimulus words presented-iﬁ random
brder). The third iearningAtask was not sequentially atranged. The
 stimu1us wordé were presented rahdomly. “The paired items for each
trial of the three different conditions were always presented in the
saﬁe prescribed order. Thus it was anticipated that the differen-
tial sequencing of the learning task ﬁould haVe'aAdifferential
':éffec; on the learning of the new matérial. ‘Appendix F shows the
‘three differentially sequenéed léérning tasks. o

'Experigental Design

,The basic experimentai design of this‘study was a bx 3x 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 latgér population categories.

Of those subjecis whose‘pretest score was six or less, who
',.rangéd in age from 23 to 53, who were classified according to four
llevels of iﬁtelligence 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 uée as_f

‘replacements for any of the original 96.




Table 3
Definition of Factors
 Intr6du¢tory Learning Material (A) A1 History of meashrément '
- A, Base ten number system
3 ‘Base seven number system

4: Principles'of number bases =

Learning Task (B) a S B1 - Random sequence

32 Partial sequence

By Completefsgquence |
. WAIS Total Scaled Score (C) ~ '“Cl First quarter
- | | | | C, Second quarter

'Cs Third quarter

lC4 "'Fourth quér;er.
D2 Fgmale

| Taple 4 shows the classification scheme of the 4 x 3 k 4 x 2
 factorial design for the experimenf. One-eighth of the sample whq
had a WAIS full scaled score in the upperlqgarter'range of the saﬁr'
B pie and were male, were aSsigned at random to one of the 12 tféat—

" ment ¢onditions, 'Likewise; the 12 female subjects in the upper

~ quarter range on the WAIS full scaled score were randomly assigned

to one of the 12;ce119 of thé,treatment classifications, and so on

- for men end women in the third, second, and firSt.intélligence
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Table 4

‘Schematic of the Factorial Design

D
D,
, D]_' e
2. '
“. D,
D,
3 |
D
b
b
ol
-2

quarter. Therefore, one person was randomly'assigned to each clas-

‘v.sification cell.' To 111ustrate, the person assigned to the A.B.C.D

1717171

cell received the h1story of measurement introductory material prior

to studying a randomly sequenced 1earning task, was in the first

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

AlB]_ClD2 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 om. 'Summarizing'the

" basic des1gn of the study, unfamillarity of the subJect matter and

| age of the subJect were controlled prior to the classification of 96

e I T B R Ty e T R R A s
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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 immediafely‘éfter thé presentation of the
learning task, (b) number of trials to criterion, with criterion
meaning two perfect repetitions, and (c) number of total erroré made

to cfiterion. The posttest (Appendix G) had two parts, one consist-
‘ ’iﬁg of five items learned in the learning task, and the other comn-
sistiﬁg of nine items not specifically stﬁdied in the learning task,
~ but related to the came number Bése.

"General Procedures

After the sample of project participants had been selected and
assigned to treatment conditioms, arrangements were made for the
subjectvto attend an individual seéSion. 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 progfamed booklet on one of the
four differentially structured introductory learning materials which
had been randomly assigned to him. Verbatim &irections were given
to the subject prior to his stu@ying the programed material and for
subsequent parts of thevsession. A copy of the instructions is

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

e am s e
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subject to complete the program and the number of respcnse errors

- that were made while working the program.

”, A1though 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- i

2-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 1ndividua1s 1earned by studying the matetrials.

Prelearning Task. -Upon completion of the introductory-material

rthe subJect was ind1v1dua11y 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.

Althcugh the sessions were individually administered it was possible

to have as many as 10_individua1s conourrently»administered-to.in-a

testing laboratory.
Session administrators presented the symbols to be learnmed 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 reSponserpad.




.}After the subject respdnded, he was given feedback‘regarding thev
COrrectness of his response by being shown the correct symbol for‘
'the written number whieh was printed on the,bach side of the card.
When the suhject‘had’responded correctly td two trials Of,the'four -
-symbols the subject proceeded to the 1earningltask..
| The main purpOSevdf the prelearning task mas to have'the sib- .
ject learn the four basic symbels used in the subsequent 1earning
task.so that the effectslof the sequential arrangement dfthe'learn-i‘
:ing task could be;ascertained.
| Thelresbonse symbols.that the subject was asked td learn were
 comstructed so that they WOuld be-unfamiliar to the subject, and,
'therefore, he could not immediately attach a 1abe1 to them. 'The”
rationale for using unfam111ar symbols rather than the familiar
jArabic numerals is based on evidence from_a pilot study which;indi-a..
cated that the use of familiar symbols might.have‘anlinterfering |
. effect on 1earning a new number base. 'Furthermore, the'interfering
‘.effect of familiar Symhols might have;had a differential"efﬁect foru'vﬁ
‘different age groups of adult learners. The cdnstructed symbolsl
- ( :? L :: i ) represent:.ng the number values of zero . through
- three were empirically tested and therefore, were believed to be i
highly satisfactory for the purposes of this study.
Learning Task. A.modified TMI-Grolier'Nin-Max Teaching'Machine:"
‘ .with the attached answer-mate was used to present, in paired associ-‘

ates form, the three differentially sequenced 1earning tasks. | he‘* :
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- stimulus materiallwas placed in the machine on a long sheet of paper
- uhich was taped together at the ends to make a continucus loop.v The
~response paper consisted of a spool of adding machine tape.

- A timing mechanism with a soft bell and two colored lights was
used,tc cue the session administrator tc the presentation rate of

;the stimulus material The bell sounded every six and nine seconds
". with one 11ght flashing at the beginning of one time interval and
R the second light flashjng at the beginning of the other time inter—v

'ivalg The use of 1ights as s1gnals was helpful to the administrator |
in that it prov1ded a check regarding the presentation of the cor-
'rect stimulus‘material. This was necessary because the stimulus
’imaterial Was'manually fed‘through thevmachiner 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
1.sma11 table on which the machine was placed. The timer was. in back »i'
'ofdthefsuhject, but,in full view of the'administrator. |
A stimulus word (e.g.,_ZERO) was manually presented in the
‘faperture of the,apparatus by turning a kncb. The subject was
i‘expected to write the‘appropriate symbol (e.g., ;) ) on the response
tape in the attacicd answer-mate. After a nine second interval the
.administrator manually moued the,Stinulus material so'that the stim-
‘ uius word appeared'together withithe correct response symbol in the

aperture. This procedure enabled thelsubject 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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"ﬁord. After six seconds the stimulus word and the correct symbol
,"aiong 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 afrived upon in a pilot study indi-
cated that this rate of presentation would be optimal for the dif-
~_férent trgatment classifications of the study. The presentation of
the stimulus word of‘nine seconds and tﬁé six secénd feedback inter-
val was repeated for each of thc 13 symbols of each trial. Upon
, fésponding cqrrectly to two perfect trials the subjgct was adminis-
 §ered the pbsttest.° The subject’s'reSponse tape waé retained as a'.:
'1recbrd of his performance. | |
Aftér gach subject had completed the learning session he was .
- given an honorarium ofvfive doliars for participating in the
pfoject. | |
Statistical Procedures

Thé pfimary statistical technique used in the analyses of the
data was the analysis of variance (ANOVA);.YOther analyses of the
»dété included the use of the L test (?age,f1963) and the Pearson
product moment cofrelation.
The'ANOﬁA provided a test of significance of the differences

- . among the different leﬁels of the main effect variables and all pos~-
sible two-way interactions of these variables. The ANOVA contrasts
the'variénce 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

- pexformance of more than two groups was being compared on a crite- -
- rion measure, a post héc éomparison to examine differences be'tweén
.pairs_of means was conducted using thé Tukey method (Glass, 1967).

 This procedure ﬁas been suggested by.Scheffé (195;; P 76)}as a
.powerfﬁl techﬁiéue to use when coﬁparisons 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

vaétettained.whether a significant amount of agreément existed
.»ﬁetweén,the predicted rankings of the’introductory material and
‘fleafning task treatments and the observed rankings of these tfeatf |
'.ﬁehté 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
' ﬁhether_a null hypothesis should be rejedted or accepted. It also
SgemedvapprOpriate for several reasons to discuss findings that were
stignificant at the .10 level of confidence. Becauce the main effeéﬁ
hypdthesés were ordered predictions'of group means, it was felt that
'>thefe would bé somé theoretical significance if obtained means were

generally in the predicted'direétion, even if differences among

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

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

one would expect that the probability of committing’a type-I11 errdr

- 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 discussidn of the findings and their
ihterpretation.

| The‘data_were collected from three criterion measures. The
'critérién‘measures;¢onsisted,of'é‘tota1 posftest score, trials to
criterion, and errors to critericn. It had been anticipated that
subtest‘scOres consisting of learning task and traﬁsfer items of the
total pdsttest score coﬁld be analyzed separately. Because these
. subtestvscorés.generélly lacked sufficieﬁt‘vériance on which statis-
tical tests could be,conducted, the basic criterion measure for
kﬁ0w1edge gain was thé total posttest score. |

For éach of the'three'ériterion measures;»two séparate‘ANOVA

énalysés were made with respect to the daﬁa. The first was an anal-
lysis of the three criterion measures according to the 4 x 3 x 4 x 2
'factorial design of ﬁhe study. This analysis was made of four cate-
'gories of introductofy learning materials, three categories of
| leérning,tésks, four categories of intelligence, and two categories
vof.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.




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 suggesticn 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 ¥ 4 x 2 factorial design of the study. The
analysis prescated in Table 5 for the total posttest criterion meas-
ure indicated 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




Table 5

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

Source df S5 MS F
Introductory Material (A) 3 13.08 4.36 <1.00
Learning Task (B) 2 A W22 <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 < .0Ol.

significant, and that differences between the first subgroup with
both the second (q (4,57) = 3.69, p < .10) and the third
(g (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
st 2nd 3rd 4th M F st 2nd 3rd 4th
4.42 6.17 6.64 7.38 6.75 5.25 M 4.00 7.42 6.25 9.3

F 4.83 4.92 5.83 5.4

3
2
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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 F
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 (¢ (3,57) = 7.71, p < .01) and partially (¢ (3,57) = 8.58,




Table 3

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

Learning Task Intelligence
Random Partial Complete 1st 2nd 3rd 4th
19.94 21.09 9.78 ‘ 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

(g (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 classifidation 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. Perscns 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 intcelligence and introductory material was observed.

y

o
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Fig. 4. Trials means of introductocry 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 conditionms. |
|

{

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 gererally 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 analysis ¢y the trials to criterion data.




Table 9

55

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

Source df 388 MS F
Introductory Material (A) 3 9917.08 3305.69 1.8¢6
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 - -

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 w
(g (4,57) = 8.11, p < .01), the second (q (4,57) = 4.79, p < .01), |
and the third (¢ (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 (¢ (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 (g (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 E
|




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 gpe 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

FS associated with the random-géndition.

-

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




analysis of the interaction of intelligence with the manipulated
introductory naterial and learning taék 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 valae 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 S8 MS F
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} e&—eo 1st Quarter
¢++e+++® /th Quarter

Mean Score

4 | /\/‘

History Ten Seven Principles

Introductory Material
Fig. 6. Posttest means for levels of intelligence at
each introductory material level for 4 x 3 x 2 x 2
analysis.

Another observation of thenretical 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 presentacion 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 1 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 - -
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the partially (q (3,23) = 10.47, p < .01) and the randomly
(g (3,23) = 11.09, p < .01l) 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 ccafidence.

In addition, a nbticeable 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

30 L
o~ —y
25|
o 20
~
3
S 154
.‘%t:t:;“- -~a '
§ T h'—*"“.\
=
51 &———0 I1st Quarter
&>+ /Lth Quarter '
0L

Random Partial Complete
Learning Task

Fig. 8. Trials means for levels of intelligence at
each learning tdsk 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 .0l level.

The completely

sequenced learning task mean differed significantly from the par-

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

p < .01) sequenced task meaus.

was significant at the .05 level of confidence.

The sex by intelligence interaction

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

Introductory Material (A) 3
Learning Task (B) 2
Intelligence (C) 1
Sex (D) 1
AB 6
AC ' 3
AD 3
BC 2
BD 2
CD 1
Error 23

Total 47

T T eI PP, STy D e . s i S S O T U TR PRSI SN S e v, -
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3446.06
29894.04
58590.18

58.52

7057.62

5157.07

1597.06

3462. 88

947.79

7081.02

24097.21

141389.46

M

1148.69
14947.02
58590.18

58.52
1176.27
1719.02

532.38
1731.44
473.90
7081.02
1047.70

e e

F

1.10
14.,27%%
55.92%%
<1.00

1.12

1.64
<1.00

1.65
<1.00

6.76%

-
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In summary, the significant differences in Analysis Two were
similar to fhose 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 =2ffect for the posttest analysis was
quite different from that obsexved 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 AnalyseSIOne 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
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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

cond? tions 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 measare 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 fask 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 Partial Complete I Intro.
(3) (1) (2) Ranks

o History (4) 5.50 4 2 5.50 3.5 2 5.50 3 2 10.5
S+ Base 10 (3) 6.00 3 2 9.50 2 1 4.50 4 3
9@ Base 7 (2) 6.50 2 3 12.0¢ 1 1 9.50 1 2
B Y Principles (1) 9.50 1 1 5.50 3.5 3 9.00 2 2
H § L Task
S Ranks 8 7 9

L value for introductory material condition = 83.5
L value for learning task condition = 49




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 zumber 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 .0l level of confidence
and 84 at the .05 level. With three treatments and four replica-
tions the values are 55 and 54 at the .0l and .05 levels of confi-
dence, respectively.

The agreement between the predicted and the observed rankings
of the introduciory material conditions approached significance at
the .05 level on the total posttest means. The predicted effect for
the learning task conditions on the totél posttest means was not
statistically significant, but the order of tbe 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

e e aako
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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 I Intro.
(3) (1) (2) Ranks
& History (4) 5 43 1,5 3 1.5 1.5 3 1.5 10
4 8 Base 10 (3) 1.0 3 2 4.5 2 1 S 4 3 9
2 5 Base 7 (2) 1.5 2 3 7.5 1 1 5.0 1 2 4
O & Principles (1) 4.5 1 1 5 4 3 4.0 2 2 7
4;2‘. Z Task
= 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 bad 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 I Intro.

(3) (2) (1) Ranks
& History (&) 79.5 4 3  64.0 4 2 14.5 2 1 10
43?*3 Base 10 (3) 66.0 2 3 45.5 3 2 26.0 4 1 9
3 E Base 7 (2) 71.0 3 3 38.5 1 2 1i.5 1 1 5
o u Principles (1) 44.5 1 3 41.0 2 2 22.0 2 1 6
432.‘ L Task
H Ranks 12 8 4

L value for introductory material condition = 83
L value for learning task condition = 56 p < .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

(p < .001).

Finally, I 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 .0l levels, respectively.k As was expected, these
findings were similar to those presented in Téble 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 £ Intro.
(3) (2) (1) Ranks
QH History (4) 17.5 4 3 15.5 4 2 5.5 2.5 1 10.5
8w Base 10 (3) 12.0 2 3 11.5 3 2 6.5 4 1 9
3 H Base 7 (2) 15.0 3 3 7.5 1 2 4.5 1 1 5
o Principles (1) 9.0 1 2 11.0 2 3 5.5 2.5 1 5.5
gz‘. L Task
- Ranks 11 9 4
L value for introductory material condition = 84.5 p < .03
L value for learning task condition = 55 p < .01

These results of the I 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=26.78, p < .025; and F = 5.47, p < .05, respectively. These dif-
ferences in favor of the men are in general agreement with findingc
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




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 WAIS 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
the introductory material program and the number of errors made on

the program; a significant negative relationship of -.40 was

o
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observed between the time fzaken 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 .iean
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
st 2ad 3rd 4th i1st 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
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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
of 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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interaciion 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 intelligemnce
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
the predicted and observed rankings of the learning task condition

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

between partially sequenced learming tasks and transfer.
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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 final 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 discussilon 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 indicatad 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 Analysiis 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 principless 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
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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 presua-
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 criteriom 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-
ureé. In addition to the evidence obtained on the learning meas-
ures, the evidence obtained from the I 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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earlier 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 difficulf 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 conditioans. 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




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 unrelatablé 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 iearning
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 stiidy 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 gemnerally supported by the findings of
the different analyses. All three analyses statistically supported
the hypothesis at least at the .0l 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




trials and errors measures; whereas in Analysis Three a slight dif-
ference was evident especially on the error data. Fufthermore, 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

st

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 vaiue 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

T e

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 randem and ’
completely sequenced conditions on the trials and errors measures. 9
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 randpm 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 inarked 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




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 [ 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 intvocductory 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;i: finding was
observed to be significant for all three criterion meuswvis. In
Analysis One an inspection of the group means indicated an urdering
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 ihtelligence
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 < .0l1) 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 (p < .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 intelligerce 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

PPy Sy
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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.
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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 probably 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 observed 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., Znternally valid) and generalizable (i.e., extervally
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
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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 lovel, or
1f 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 results. 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, obsarved significaﬁt 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. Aithough 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 présentation 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-
1ated 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
ﬁronounced. 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 subjeqts. 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 anocher
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 celi. As was previ-
ously stafed, the assumption regarding the similarity between the
study adults and the general aduli population is probably less ten-
able when consideration is given to the selecticn 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

v e\t oy prelin)
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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 had 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 théy 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 mortiality.

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 mattexs.

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-
soponded to numbers in the base four number system. The number word
was used as the stimulus and the required response was an unfamiliar
symbol ( ;) , I; s :J s OF S’) 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 stimulues 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

‘he studied it. A record was kept of the time that it took the sub-

ject to complete the program and the number of response errors that
b

4

thé subject made while working the program.
After completing the introductory material, each subject was

administered a prelearning task by a randomly assigned session
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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 reedback regarding the correctness of this response
to the stimulus word for six seconds, the stimulus wofd 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
wefe made. The first was an analysis of the total sample data, and
the second was an analysis of the scoces 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 I 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 cempletely 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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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.

DO NOT
WRITE

1. Name (Mr., Mrs., Miss) ()
(last) (first)

S | S

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 1eSS....cvevveeennnceennnneeesl( ) 14
9-11th grade.....oovvveeennnnenecocennnnness2( )
High school graduate........ecovvvveennnneeee3( )
Trade, business, or technical school........4( )
Some college (1-3 years).....eeeeseesoeensss5{ )
College graduate (4 years)......ceeeeeseeee.b6( )
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..veuooo1( ) 15
NOvuovweowooo2( )

7. (If yes) MWhat 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
September 1965 - present
()22
a. ()23
()24
b. ] ()25
) ()26
c. ( j27
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( ) 28
Last semester.......... 2( )
1-2 years...ceveeeeennas 3( )
3-5 years....eeeeueeens 4( )
6-10 years.....cvveeene 5( )
11-20 years...ceeeeeses 6( )
21-30 YeArS.vuveveosnns 7( )
31 years or more..,....8( )
9. MWhich one of the following categories best describes your
marital and family status?
Single...covvuns Ceteccesennensas Cesesceseanas 1( ) 29
Married, no children.......covieeeeeeceecencns 2( )
Married, all children under 16............ veo3( )
Married, all children under and over 16...... 4( )
Married, all children over 16.....cc000eevese 5( )
Widowed, divorced or separated........cccee... 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.)




DO NOT
9 WRITE
§ 11. Briefly describe the nature of your major work activity.
k: Give job title and specific duties,
()33
()34 i
()35 ’
12, Check the category which indicates the number of hours é
worked per week during your regular working season. i
i
Less than 20......1( ) 36 f
20-34.............2{ ) |
35-44.............3( )
More than 44......4( )
13. ng.magy people are employed by you or are under your super- ’
vision? ' |
None....oeoeeveees1( ) 37 g
]-2.oooon0000000002( ) f
36itiiiiniinncas3( ) |
6-10..c0cninncn. 8( ) :
More than 10......5( ) . 7
()38 1
()39
.1 )40
14. What was your father's occupation when he was about your 1 4
age? (Give specific details as to type of industry, job ()42
title, and specific duties. If farmer, report type of land, ()43
whether irrigated cr dry, number of acres, and whether he
owned or rented the farm.)
()44
()as
{ )46
()47
[ )48
()49 :
15. Please indicate the highest level of formal education that
your father completed. ' '
6th grade and 1esS....cevvvenrenricenencnnnns. 50

a 1
b 7-8th grade. . ceuueeeeceeeeenssenneccennnseesss?
g-llth gradeo...............o.................3
High school gradugte.....ccvevevenneeennnenne d
Trade, business, or technical school..........5
Some college (1-3 ¥ears)...ceeeeeececeeeneno..b
College graduate (4 years)......eeeeeeeeeen.o.?
Graduate degree (Master's or Doctorate).......8

Nt Vst Naass? Nnst® st s s e

MEN AND UNMARRIED WOMEN SKIP TO QUESTION 22.

. £y Lo %] .
- ,\-& S5 -v_,,‘\A —_— A':‘ - T'.-‘M -




MARRIED WOMEN ANSWER QUESTIONS 16-21,

16. For what firm or ornanization does your husband wci:? 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.

( )51 1
()52 r
( )53 |
17. Briefly describe the nature of his work. Give job title and |
specific duties. i
()54
()55 ]
()56 ’
18. Check the category which best indicates the number of hours

worked per week during his regular working season.

Less than 20......1( ) 57
21-34, . .00vieena 2( )
35-84. . iuiieeeaas3( )
More than 44......4( )
19. How many people are employed by him or are under his super-
vision?

None....oooeaensl () 58 A
12, iieeeceeneeaesl( ) :
B T [ O I ;
6-10.ccccececcenesd() 9
More than 10......5( ) ‘

( )59

()60

()61

20. What was your husband's father's occupation when he was about ( )62
your age? (Give specific details as to type of industry, job )63
title, and specific duties. If farmer, report type of land, ( )64
whether irrigated or dry, number of acres, and whether he
owned or rented the farm.) ( )65

S
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' DO NOT
21. Please indicate the highest level of formal education com- WRITE
pleted by your husband's father.
6th grade and less........cvuvvnvennnnnnnnns () n i
7-._tﬁ g.radeooooooooo..oooooooooooooooooooooooZ( )
g'llth grade..............................-..3( )
High schoo’ graduate.......vvueeenennnncenns () 4
Trade, business, or technical school.........5( )
Some college (1-3 years).......euvevunneeen. 6( )
College graduate (4 V21 ) e [ 8
N Graduate degree (Master's or Doctorate)......8( )
MRRfED WOMEN CONTINUE TO QUESTION 22.
22. Check (X) all of those times that you would be available to
attend sessions.
(1) (2) (4)
3 | Morning Afternoon Evening
Monday 72
Tuesday 73
Wednesday 74
Thursday 75
Friday 76
Saturday 77




Appendix B. Number Base Systems Pretest




Number Base Systems Pretest Name

Directidas: Circle the letter of the correct answer for the following:

].

In base eight the numeral 13 stands for the number
a. four, o

b. fifteen.

c. eleven.

d. thirteen.

e. nine.

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.

¢. 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.

In base four, the place value of the third pos1t10n from the right
in a three digit numeral is

a. twenty-four.

b. sixteen.

c. twelve.
d. eight.
e. four,

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.

In base three, the numeral "2" in 2,101 means two
a. twenty-sevens.

b. nines.
C. ones,
d. threes.

e. eighteens.
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g i ey g e,

10.

11,

12,

13.

14,

15.
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In base two, the "1" in the numeral 10 is how many times the numeral
1 in the same base system?

a. eigat

b. ten

c. two

d. one

e. four

In our numeration system we group by
a. tens,

b. hundreds.,

C. ones.

d. thousands.
e. all of the above.

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.

In base nine, the numeral 3,201 has how many nines?
a. three

b. six
C. zero
d. nine
e. one

The "5" in the numeral 543 in base six means five
a. ones,

b. sixes.

c. twelves.

d. eighteens,

e. thirty-sixes,

In base five, the 3 in 3,000 1s how many times the 3 in 307
a. fifteen

b. ten
c. five
d. twenty

e. twenty-five

In base three the numeral 120 stands for the number
a. fifteen.

b. three.

c. eighteen.
d. twelve.
e. nine.

The face value of the numeral 9 in base seven means
a. nine nines.

b. nine tens.

Cc. hine sevens,

d. nine ones.

e. none of the above.
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F Appendix C. Means and Standard Deviations of Selected Variables
’ by Intelligence Classification and Sex




Means and Standard Deviations of Selected Variables
by Intelligence Classification and Sex |
Scaled WAIS Scaled WAIS Scaled WAIS 3
Information Comprehension Arithmetic ;
X 10.75 11.58 10.25 |
M .
First | SD 1.30 2.40 | 2.42 g
Quarter X 10.33 10.42 9.75
W
SD 1.37 1.1 - 2.45
X 12.33 12.33 12.58
M |
Second SD 1.25 . 2.95 2.14
Quarter X 12.17 12.58 - 10.75
W ;
SD 1.28 1.75 1.83
X 13.75 15.08 14.25
M
Quarter X 12.58 14.83 13.17
W
SD : 1.32 1.28 2.30
X 14.00 15.17 14,92
M
Fourth SD 1.68 2.67 1.26
Quarter X 13.67 16.33 13.25
W
SD 1.49 . 1.18 1.23
X 12.71 13.54 13.00
M
All SD 2.04 2.99 2.57
Intelligence _
Categories X 12.19 13.54 11.73
w )
SD 1.82 2.62 2.52
| X 12.45 13.54 12.36
Total
SD 1.95 2.8 2.62
(Table continued on next page)
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Table continued
Sc&led WAIS Scaled WAIS Scaled WAIS Scaled WAIS Scaled WAIS
Similarities Digit Span Vocabulary Digit Symbol 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
.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 .88 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 z.39
72.38 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

(Table continued on next page)
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Scaled
WAIS Block
Design
9.58
'1.38 -
9.92

2.53

11.83
1.82
10.75
1.36

12.75
1.92
12.42
1.85

113.83
2.23
13.17
2.30

12,00
2.43

11.56
2.43

11.78
2,44

Scaled WAIS
Picture
Arrangement
9.08
.95
9.75
i.48

10.50
2.22
11.00

2.52

1.42
2.63
12.42
2.02

13.00
2.08
12.83
2.30

11.00
2.51
11.50
2.44

11.25
2.49

Table continued
Scaled WAIS
Object Assembly
10.25
3.09
10.00
2,89

11.17
1.95
10.33
1.89

12.33
2.17
10.75
2.17

IR
2.10
13.83
1.52

11.92
2.74
11.23
2.66

11.57
2.72

Scaled WAIS
Verbal

62.75
5.73
60.00
3.27

70.25
4.40
71.25
5.32

81.83
4.58
79.25
4.11

84.58
8.13
85.08
4.15

74.85
10.61
73.90
10.33

74.38
10.48

(Tabie continued on next page)

Scaled WAIS
Performance

48.33
4.11
50.33
4.59

56.42
4.11
55.42
4.15

59.00
3.89
61.08
3.30

66.67
4.85
67.33
4.57

57.60
7.81
58.54
7.60

58.07
1.72




Table continued

Scaled WAIS WAIS WAIS WAIS Quick Word l

- Full Verbal IQ Performance IQ Total IQ Test Score

110.92 103.00 103.00 103.17 ~ 46.25 E

4.4 6.61 5.40 4,28 13.94 :

; 110.33 100.67  105.83 103.17 42.83 :

? 548 394 - 6.69 485 12.19 ]

? 126.67 110.17 .75 Cm.ss | 56.08 .

§ 413 467 5.78 2.72 13.62 i

§ 126.67 .42 112.08 1217 62.67 :

E’ 3.90 5.45 6.64 3.51 13.86 .

f 140.83 121,75 116.25 120.67 68.75 f
: 3.0 5.26 4.44 3.12 16.22
i 140.33 118.92 117.58 119.42 69.92
| 325 43 5.47 3.40 9.8
| 152,08 124,00 125.67 126.67 7133
3 3.59 8.55 5.5 . 4.35 15.50
E 152,42 125.33 129.25 128,75 78.42
: 502 466 6.81 409 9.90
E - 132.63 114,73 114,17 115.52  60.60
? 15,90 1072 9.75 9.66 17.97
-; 132.44 M4.08 11619 115.88 63.46
- ©16.32 10,28 10.74 10,18 17.51
| 132.53 R 115.18 115.70 © 62.03
e 1051 10.31 9.93 17.80

| (Table continuad on next page) |
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CA
#1.08
8.66
39.83
10.38

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

Tab]e continued

Level of Number Base

~ Education  Pretest Score
13.25 | 2.67
2.38 1.31
12.58 - 2.00
1.19 1.22
14.33 3.08
1.80 - 1.32
13.92 - 3.00
1.93 . 1.15
14.50 3.25
- 2.14 1.23
13.08 - 3.33
1.61 1.55
14.25 - 3.00
2.05 1.53
14.25 - 3.42
1.92 1,32
14.08 3.00
2.16 1.37
13.46 2.94
1.81 1.43
13.77 2,97
2.02 1.40

Completion Time

Introductory
Material

54.58
16.83
50.75
13.69

40.67
12.48
49.17
25.70

38.50
- 16.64
38.83
8.39

35.17
9.17
34,75
7.19

42.23
15.96
43.38
16.98

42.80
16.49

(Table continued on next page)

Errors Made
Introductory
Material

14.33
8.34
12.83
9.75

7.25

4.93
8,92

8.08

8.67
8.53
6.50
5.74

3.83
2.37
5.67
4.80

8.52
7.58
8.48
7.86

8.50
7.72




Posttest
| Task Score

3.67

.94
4.42
.86

4.92
.28
4,50
.50

4.83
.56
4,83

.55

4.83
.55
4.50
.76

4.56
.81
4.56
.70

4.56
.16

Table continued

Posttest Posttest
Transfer Score Total Score
.33 4.00
.62 1.22
42 4.83
.76 .99
2.50 7.42
3.15 3.23
.42 4,92
1.1 1.1
1.42 6.25
2.18 2.35

1.00 5.83
91 1.21
4.50 9.33
3.45 3.66
.92 5.42
1.7 1.80
- 2.19 6.75
3.02 3.38
.69 5.25
1.21 1.38
1.44 6.00
2.42 2.69

Trials To
Criterion

25.17
9.69
22.08
9.92

14.92
11.81
19.75

7.89

15.83
11.61
17.58

7.84

7.25
2.62
12.92
6.73

15.79
11.58
18.08

8.85

16.94
10.37

Errors To
Criterion

124.58
47.01
102.50
51.79

68.58
59.03
101.25
37.42

76.50
65.14
89.58
48.91

30.42
15.98
56.92
34.03

75.02
60.58
87.56
47.40

81.29
54,75




History of Measurement Program

Base Ten Number System Program

Appendix D.

Base Seven Number System Program

'Principles of Number Bases Program
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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

To the Learner

The following programed Tearning 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 Teft 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

Ig;the Learner

The folloWing brogramed learning méterial 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“ besidebit 50

To the Learner

The_following programed learning material which you will be studying consists

'of a series of short steps, called "fwamves.,‘D 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

w111 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,“Xﬁ‘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 response.
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that we can tell wheye the program is not teaching adequately. If you answer an

item inéb?reétly 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 respdnse, and

to write it before looking at the correct response.

. learn efficiently on your own. Proceed from frame to frame at your own speed,

~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

anewer a question or fill in a blank, this is not a test, but a way for you to

but do not waste any time. Remember, it is important to write out your response,

O S

H_that we can tell where the program is net teaching adequately. If you answer an

~ 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

- but do not waste any time. Remember, it is important to write out your response,

Tearn efficiently on your own. Proceed from frame to frame at your own speed,

-item incorrectly make sure that you go back and re-read the necessary portions so

and to write 1t before looking at the correct response.




1. Early measures of Iength'came from measure-
ment of the human body. Which of these are
part of the body? (finger, table top, both,

neither)

1. We often speak and think about a group of things.
A group of twelve months is one

* it 4

1. We often speak and think about a group of things. .

A group of twelve months {1s one

Ty

1. We often speak and think about a group of things.

A grdug of twelve months isone -,




2. Early measurement of length was based on

finger - measurements of parts of the human

<

year 2. Memaisag____Wswmdw&

year | 'L'MQWﬁisag____Wswmdw&

11 iff" year. e | 2. One week is a”g;__;;____of'seven‘days;l o




body

et T &AL N S St SRR e 1

3. Turn to Supplementary Sheet 1 to see some
early measurements. What part(s) of the

body was (were) used in these measurements?

(hand, arm, both, neither)

group

3. Our alphabet $s a group of

(how many) letters.

- group

3. Our alphabet'is a group of

“(how many) letters.

3. Our alphabet is avgroup'of.:~':,: _

, ':(how,many) ]ettéfs._ L
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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

both
Sheet 1 and write the four measurements in
order of size starting with the smallest.
twengi-six 4, Your family is a group of people. The United
26 States is a of fifty states.
e —
 twenty-six 4. Your family is a group of people. The United
. 22 ~ States is a ' of fifty states.
. ‘tﬁenty-six 4. Your family is a group of people. The United- f e;;,ili'f”"
ooer ' o S . e ;

O

v   Statés‘is”;%f Lo o ,of fiftyvstatQS-




digit, hand,

span, cubit

5. The "digit" (prcnounced DI-jit) is the width
of the forefinger. If you had to guess, would

you say that the "digit" is (iess than one

inch, one inch, more than one inch)?

1 inch

B S TR A

- Oy

5. People since the beginning of time have used
group tumb _ _ _ to tell how many things are in a
group.
—
ﬁ
5. People since the beginniig of time have used
group numb _._ _ to tell how many things are in a
) & gmup.
C? . ]
5. People since the beginnitig of time have used

numb __ _to

- group.

11 how many things are ina




6. The "digit" is about 3/4 of an inch. Which of

- numbers

less than these would measure about one digit long?
one inch
(dictionary, elephant, banana, head of a pin,
none of these)
...... . . o l
6. A tells h '
numbers ‘ ow many things are
in a group.
6. A | tells h hi
numbers . ow many things are
in a group.

6. 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

7. The amount in a group is expressed as a
number

7. The amount in a group is expressed as a

-y




8. Look at Supplementary Sheet 1. The measure-
forefinger, -
5 ] ment one "kand" is (smaller than, as large as,
3/
larger than) the measurement one “digit."
5 e
8. The number of players on a basketball team:
number . : g
| is (how many). | Voo
N2 v o . 4
8. The number of players on a basketball team 5
number | o
| is (how many). '
-
o ) |
Lo 8. The number of players on a basketball team
- number B
is - _ (how many).
W L N U
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larger than

ARG s b iy

9. One "hand" is the measurement of the widest

distance across the palm of the hand. 1In a

man, a "ha:.d" is about four inches. A
measurement of three hands would be about
inches.
five 9. Number refers to an amount of things, such
g' as the number of fingers on a hand, or the

of Tetters in the alphabet.

five
or

_‘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 Tetters in the alphabet,




12

10. The distance across the widest part of a

hand (is called a hand, measures about one
inch, both, neither).

number

10. The words number and numeral have different

meanings. In everyday use, "32" is called a

number, but in mathematics, "32" {s correctly
called a |

:number

10. The words number and numeral have differant
meanings. In eve; vyday use, "32" is called a

number, but in mathematics, "32" is correctly -

’called a_

lO.- The words number and numeral have different

; meanings. In everyday use, n32n is called a

| ;number, but in mathematics, “32“ is correctly o

"called a




A

11.  The measurement "hand" is still used for o ?“i

measuring horses (from the horse!
| is called rse‘'s hoof up

2 hand to his shoulder). A horse 15 hands high is
15 x 4 or inches high,

’ e

11. A number is merely the thought or concept of

an amount of things. You cannot see a

numeral number. A numeral is a symbol which stands

for a number. You can see a

f' because it is a symbol for a number,

jﬂ | 11. A number is merely the thought or concept of
V | an amount of things. You cannot see a
 numeral ' | number. A numeral is a symbol which stands

b | o for a number. You can see a

L | because it is a symbol for a number,

|
7

11. A number is merely the thought or concept of

&

an amount of things. You cannot see a number.

"!1numeral . v A numeral is a symbol which stands for a

e - number. You can see a _ ___ because

it:isa:Symbol'fof é1n0mber.. -




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
- “rea] thing." They stand for or represent
something. For example, some weather maps may

use this symbol to represent sun, and

this symbol

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

vthis‘symbol’w. to represent

J s {
.
"l/fl

~ numeral

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

to represent
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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).

[, B

Y L= "

rain

13. The numeral is a symbol which represents a
number. The numeral which represents the

number of coins @ is "3." The numeral

which represents the number of cartoon char-
acters below is . }ﬁ-‘;ﬂ
| R

)

rain

“rain

13. The numeral is a symbol whiéh represents a
number. The numeral which represents the

number of coins @B 1is "3." The numeral
which represents the number of cartoon characters

below is ___ .

13. The numeral is a symbol which represents a
number. The numeral which represents this

number of coins&is "3." The numeral

which represents the number of cartoon char-

| acters below is __ .. Q @

DR

L tiema

N NI




14. Stretch your fingers out as far as you can.

The measurement of the distance from the tip

measured
about 3/4 of your thumb to the tip of your 1ittle
f i
of an inch finger is called a . (See
Supplementary Sheet 1.)
14. The name or symbo? for a number is called a
4

numeral. In our numeration system the

numeral for the number six is -

14. The name or symbol for a number is callad a

numeral. In our numeration system the numeral

~ for the.gumber six s .

|   [  for‘théjnumber nine)is  | ;,g“

14, The name or symbol for a number is called a

numeral. In our numeration system the numeral«ifvl;  l _?;:




span

15, Suppose children were pﬁaying a game. All
the marbles that roll into a span are safe.

Which marbles are "out"? (A, B, C, D, E, F, G)

: (]

15. In our numeration system the
6
| (name for a number) for the number three is 3.
6 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 {s 3.

e e A T TG R e T TR TR e
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; F, C, E 20 inches).

9

"

. 1 inch

§ numeral 16. A is a symbol for a number,
‘numerai 16, A ’ 1s a symbol for a number.
‘numeral 16, A _ - is a symbol for a ﬁﬁﬁﬂer;,f

16. Guess: The span of a man's hand is closest

to (3/4 of an inch, 3 inches, 9 inches,




9 inches

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
4
%
numeral
. ,
iy
numeral

17. You have learned that there is i difference
between a number and a numeral. A numeral
is a symbol which stands for a number. The
-thought or concept qf_fhe 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 concent of the amount in agrow

~is a o,

s st oo




thuro,

little finger

18. A span is about 9 inches. How many "hands"

are there in a span? (4/9, 2 1/4, 36, 5)

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 example, when you are asked to write the
number eight, the answer should be "eight."
IT you are asked to write the numeral for this
number eight, the answer should be

~ number ,

fs. 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 example, when you are asked to write the
number four, the answer should be "“four."

TF 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 responsec calling 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 you are asked to
write the numeral for this number eight, the

answer should be .

rrrrr




19. We have discussed three measurements based
on a human hand. The Egyptians used a o
measurement based on the arm. What was it R

e 14 called? e

(See Supplementary Sheet 1.)

T T O T ST S T VO e oY

19. The group of numerals or symbols for numbers

8 that we use are 0 , 1 A ffgsT

’ s 1, s and .

‘We can form a symbol for any number using the

# ‘numerals from a certain group. The numerals

N _' | _ 0, 1, 2, 3, 4, 5, and 6 make up a

of seven numerals.

In writing numbers, a certain group of numerals
{s used, The standard group of numerals that
8 L ~~ depicts numbers with which we are most fam1liar

1,

consists of 0,

YIRS R IR g v



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?

L]

0’ ]' 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

a 09 1, 2, .33 4,
5,6,7,8,9
’lf(Remember, the

- statement called
-3;for numerals ) ;

20, In the group of numerals 0,1,2, 3, 4,5, and

o

6 the number of numerals used 1s

 The number of numerals used is called the base,
'”"but the h1ghest numeral used is one less than

| [ethe base. In base ten (our numeration system)

'A}f;the number of numerals used is

'jilbut the highest numeral is.




Johnny's

group

21. A cubit is the length of & forearm (that is,
the length between the elbow and thewtip of
the longest finger). Which measurement is

a cubit? (a, b, ¢)

21. In our number system the number of basic

numerals that we use is

seven

(Remember, the
statement called
for a number,)

21. The number of numerals being used is called
- the base, but the highest numeral is one less
than the base. In base seven there are

- numerals, but the hiéhest numeral is

ten,

(The statement asked
- for a number.)

. 21. Because we use a group of ten basic numerals

" to represent numbers, we say we are working'in‘.  :“;ff ‘%f

~ the base _ ‘ numeration system,




22. Arrange these four measurements in order of
size starting with the largest: cubit, digit,

hand, span. s ’

ten | 22. Our number system, of course, uses all ten

(Remember, the | numerals--0, 1, 2, 3, 4, 5, 6, 7, 8, 9. The
statement called
¥ for a number.) smallest numeral, meaning none, is .

; ' The largest numeral is . .

Vf : : 22, If we use seven numerals to maké numbers, we
® . :‘ ~ Say we are working in the base seven ‘Numeration

seven. 6 | 1_ ,'System. The group of numerals or symbols for

PO o “ | ‘numbers that we use in the base

systemare 0 , 1 , | S
and 6 .

- I_; — _* v

“22. In base six there are six numerals--0, 1, 2, 3,

’ 'jv4 5. Using the numerals with which we are

S 33 o | ',‘: fami]iar, the swallest numeral in base six, . 1’:75 

| meaning none, is '3‘*.V,The larggst»numerqlfisl,"°
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23. A cubit is a unit of measurement first used
? cubit, span,

by the (American Indians, Egyptians,
hand, digit

Chinese).

23. The number of numerals used is called the base,

0, 9 and the highest numeral used is one less than

(The statement the base.
- asked for numerals.)

3 there are (how many) numerals, and

In base ten of our numeration system

the highest numeral is

seven, - 23; In the number system using base seven there

0,1, 2,3,4,5, 6 | | are basic numerals.

‘ | o IR . 23. The numerals 0, 1, 2, 3, 4, 5,6, 7, 8, and 9 .
A L o | | make up a g of ten numerals. The -
A - numerals 0, T, 2,73, 4, and 5 make up a group
S ' of __humerals, Other aroups of
0,5 o - numerals may contain three numerals or eight
. R BT - nhumerals, or any other amount of numerals,

~ depending on the number of the base in which
~ we are working. B




S
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24. An Egyptian cubit could be anywhere from 18
to 21 inches depending on the length of the
Egyptians person's arm. If an Egyptian bought three

cubits of wood, his wood would measure

(24-30 inches, 54-63 inches, 80-100 inches).

24, Because we use a group of ten numerais %o

represent numbers, we say that we are wuriing

in the base numeration system.

'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 we 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 inb _  five,




25. Ramses, the Egyptian builder, wants to buy a
new stone for his pyramid. Stones cost three

drachmas {(an Egyptian coin) a cubit, measured
? 54-63 inches

along their base. To save money, should he
buy his stone from a man with a long or a

short forearm?

e e e B O B N O oo N e At L2 oy ot

¥ 25. There is no single numeral for the concept of

ten the number by which we are grouping or the
e : '

number of the b in which we are

working.

. k 25. Each of these seven basic numerals symbolizes
| 0, 6 a . So when we look at

g:tenS;:::Tgng asked - - each numeral we think of the value that is
& | . |

represented by that numeral.

25. When we use all of the ten numerals with which

base o ~ we are familiar (0, 1, 2, 3, 4, 5, 6, 7, 8,

Y Lo o - and 9) we are working with base .




Tong

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 iess than 10 cubits."

But the maid hadn't cheated. Explain this.

base -

26. In base ten we write the numeral for the

concept of ten as .

number

26. In other words, the symbol "1" stands for the
" value onz, 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 1s;called the face value

of the numeral.

ten

26. If we are symbolizing numbers with the numerals o

0 and 1, we are using base .
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The maid's (or

27. A digit is the width of a person‘'s

® Tinen dealer's)
arm was shorter
] than Cleopatra's.
%
} »
g
-g: _— !
| N
?
Y 27. In our number system we use ten basic numerals. »
1 Because we use ten basic numerals to express
| - number ideas we say we are working in base
% L]
1
.
E,
y . 27. Eath‘numeral'is a symbol for a number {dea.
This value of the numeral or symbol is
three o S T
called the ¥ vV ____of the
numeral.
z;" .
' ~27. The number of numerals in the group we use
two determines the number of the _
5

~in which we are working,
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28. The cubit is (longer than, shorter than,

forefinger
? (finger equal to) a span.
-
¥ 28. Each of the ten basic numerals symbolizes a
. So when we look at each
ten | |
. numeral we think of the value that is repre-
sented by that numeral.
» 28, The face value of the numeral 6 is
face value- YHere the numeral 6 is used to represent the -
» | éonéept’of\the numbeilidea of six.
1 —_1
T ‘,_28; Each numeral in a numeration system symbol1izes
o a . So when ve Took at each
base . . .
‘ ‘numeral we think of the value that 1s repre-,,_
A

sented by that numeral




29. The cubit is the first unit of length recorded

i in history. Is the next statement true or
. IR
; longer than false? The earliest recorded unit was one
'( that measured the width of a hand.
1
- |

T e e e

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 s
number

, and so on up through nine. This value that

each numeral stands for is called the face

| value of the numeral.

1

. 29. The face value of the numeral 3 in the numeric

symbol 32 is three. In the numeric symbo1

six

21 whatris thé face value of the nureral 27

pe s

¥ : : BT 29. In other words, when we use the ten numerals
: o o - _with which we are familiar, the numeral "1"
| e -~ stands for the value cne, the numeral "2" for
¢ " number | - the value two, and the numeral "3" for the |
o L . value | » and so on up through nine.
3 I N ~ This value that each numeral stands for is
. o - called the face value of the numeral.




false
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30. The Greek cubit averaged 18.24 inches; the
Egyptian cubit 20.64 inches. Which country

had men with Tonger arms, Greece or Egypt?

-y PR T T

three

30. Each numeral is a symbcl 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

three

"
different from the numerals used in base seven.
| o However, no matter what s are
‘ used, the shme numbers are always represented. 1
] | |
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.

o
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31. Four measures of Jength depending on the hand

and arm were > N
Egypt » and .
| 31. The face value of the numera?l 7 is
face value Here the numeral 7 is used to represent the
concept of the number idea of seven.
— e —
31. For example, the symbols in the eountny of
- Nilania are written below with the
symbo]s for base seven which symbolize the same nureberef
mools C— _,‘ﬁ N ;EEZJS» e
I N AN [ ‘@6. :
3i;7?Var1ous number systems use d1fferent symbols to
| ‘e:;dep1ct numbers. Some symbols may be veny dif-

“eeifaee:va]ue |

."eferent from the numerals which we use. However.

'fno matter what . _are used, the same

"~f7?numbers are always represented




digit, hand,
span, cubit

(any order)

32. As far as we know, the Egyptians used measure-
ments based on the hand and arm onlﬁ. Other
countries used another part of the body for
measurements. What part of the body was it?

seven

32. The face value of the numeral 7 in the numeric

symbol 73 is seven. In the numeric symbol 98

what 1s the face value of the numeral 9?

~ numerals (preferred)

symbols

So you see, the number five does not have to
be represented by the numeral ___ . It may
be represented by the Nilanian symbOI,EEEJ -
" or by any other symboi,,;uch as,the Roman__ ;‘;

‘numeral V.

© symbols

32;;.For example, the accepted symbols used in the

'"~ _‘éounthy of Nilania are written below with the‘1 f.if 'E  :é

on_________which they répresent.~‘ f"

e —— zero L_Jjthree __| ___six |

seven




33. The ancient Greeks and Romans both used the o i§ >”';

"foot" as a unit of measure. The "foot" was
foot ’ 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?

A § SO

33. Other systems may use symbols that are very

. different from our numerals. However, no
nine

matter what are used, they

represent the same numbers as our numerals.

33. The symbols "6" and "VI" are (the same,

5 R different) numerals, but they represent  1, -

(the_same, a différgnt) number(s).

'33,"50 you see, the number five can be represented f',ﬁ .ff;i;f';?

by many , such as the numeral - |
* we use (5), the Nilanian symbol (B<]) or the

__'-Roman numeral (V). In other words, each'of1‘._”.,,~*i S

~these three symbols has the same face value; | |

"~"that_face'value is .




34. When we say a board is seven feet long, we are

using a measurement that originally came from

‘

. different,

~“the seme

34, No matter what name or symbol is given to the

B < 5 | _<®a

Greece
what part of the body?
—— —— e m——
34. For example, the symbols in the countny of
Nilania are written below with our
which symbolize the same numbers.
' symbols — 0 4 @7 "

- fgi-bub of birds below, the number idea, or the

face value of the number in the group is sti]] o SRR

(how many)

? N
’ symbols (preferred)
o - or SR b
N numerals,
5 five

34 The symbols "8" and "VI" are (the same,

. different) numerals but tkey represent

(the same. a different) number(s)




35. Which of the following nations were known to

¥ have used measurements depending upon the

foot length of a foot? (Greeks, Romans, both,

nei ther)
Gb ———————"

35, S0 you see, the number five does not have to
numerals (preferred) be represented by our numeral . It may

or be represented by the Nilanian symbol

¥ symbols or by any other symbol, such as the Roman

~Numberal V.

35. A number may have many . to

three

© depict it.
P

35. No matter what name or symbol is given to the o ;

Fing

%

. - group of birds below, the number idea, or the

. different, ._ A' o k,, _] facefvalue of thé number in the group is still N

o _ gheksam§ | (how many).




36. The Romans sometimes needed a measurement
smaller than a foot. So they divided a foot
® both 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)

X

B

E 36. The symbols "6" and "VI" are (the same,

E 5 different) numerals, but they represent

F .

i . (the same, different) number(s).

i

|

-

|

; & - . | 36. By combining the seven numerals in base seven

é symbols (preferred) " 4n different ways, we can write the symbol of

or ‘ v - ‘

Ny ‘numerals ‘any number. We can combine the numerals 1 and |

| -0 to write the numeric symbol e

o
| B SR ~ﬁ336e A number may have many
51\57'«f'" R N depict it.", 7.;°” B




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).

Ko

10

o or

IR )

37. In base seven, numbers greater than six are
fepresented by combinations of numerals. Thus,

  45 Is a combination of the numerals 4 and

,~37.; By combining numerals in different ways we can
,»,1 ,write the symbol of any number. The numerals
lando can'bevcombjnedvto‘write the numeric




twelfths

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
three
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

A s L N




L

39. A cubit is (larger, smaller) than a span.

A foot is (larger, smaller) than a‘digit.

39. By combining our ten numerals in different
ways we can write the symbol of any number.
We combine the numerals 1 and O to write

the numeric symbol _

B
one, foot
4
ety
symbols (preferred)
or
numerals
»
E
L]
j - 40
" |

-39. In combining numerals to write numeric symbols
~ 1in 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

colum. .

- we group number vaiues 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 -

In combining numerals to write numeric symbols

. & ,“




larger, larger

40. Two more Roman measures of length that
gegend"on the foot are the "pace" and the
mile.

1. Who used the "pace" and the "mile"?

2. What did “pace” and "mile" measure?

(weight, length, temperature)

3. On what part of the human body did they
depend? o

>

e 17

0

~ column of the number.and»five*groups‘@f.ggg_

K jn the right_column.‘

40. Numbers greater than nine are represented

by combinations of numerals, Thus, 45 is

a combination of the numerals 4 and

—_— I

40. In the numeric symbol 35 of the base seven system

in the left

} #Q;ffIh base_¢i9ht‘we;are working with gr§yps>pfjAlfff;;fff,; ."




Romaris,

length,

foot

a1.

h 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

(ije_feet. two feet, ten feet) wide.

seven

41.

We combine the numerals 4 and 0 to write

the numeric symbol

U

et |

a1.

In base seven the numeric symbol 42 means

" four groups of s __and two groups

i

“¢ ¢9 group number ideas or values by the number
 of the base in which we are working. So in

~ base six, we conbine number ideas in groups of -

of o

|»|’m @ %

In combining numerals to writevnumeric symbols
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ten feet

42. Would it be more convenient to measure the

length of a room using paces or cubits?

g

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 group§ of one.
Three groups of ten and five groups of one is

the numeric symbo] .

seven, one

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.

© . column.

. 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, R
~ 1n base ten the numeric symbol 24 has four o
.. groups of one indicated in the right c.lumm and
-two groups of ten indicated in the s




43. If you were a Roman who was measuring cloth,
and didn't want to have footprints on the
expensive white siik you were selling, you

would use the (foot, cubit, pace).

43. We group number values by ten since we use

base . The value of each group

is indicated by the column in which the

nuneral is placed.

43. In the base seven system there is no single

i

numeral for the concept of seveﬂ. Because, in

base v . - the base seven system, we group number ideas by

. - | “sevens, we think: the number seven has one group

of seven and no ones, S0 it 1s written

'e43. In the numeric symbol 34 in the base six
E  system there are three groups of‘g;____in_the_
"]1eft column of the number and'fourvgroupe;of :
:_‘1eft'1 ) . - ~ one in the right column. o |
| | R S TT) 8%
* Cil D




44.. Name any two measures of length previously

T

'eh]f;, bases there are. In base eight the numer1c
. .symbol 37 means three grou 3 o?
"‘3&and seven groups of

1l cubit mentioned that used the foot. .
N
44, The numeric symbol 39 has nine groups of one
- ~indicated in the right column and three groups
of ten indicated in the v column.
~ ten : |
N @@
%G)G)
88
b
,
x |
\ o 44 Group by sevens and write the numeric symbol S
10 : o Lo that represents three sevens and no ones. r;gnfff’57’f"
- . __,.;;.; | S
*?
48, Notice that the first column to the right
~ .. always indicates tne amount of ones and the
. “'fgsecond column always indicates the amount of




| Pt ST

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). | |

unciae, foot
pace, mile

(any two)

ot

45. The numeric symbol 21 means two groups of L

t _ _and one group of 0 _ .

~ left

am
anm

™

o ‘30‘ o 45, Write the numeric :.vmbol 1n the base seven *
R , ,system uith five sevgns, and no ‘ones. - -

%

SRS R i | 45 In base ten the numeric symbol 93 means nine

R P e group‘ of t L and th ,;:' groups o

of one._-,;.. L




46. The Roman mile was 1,000 paces or 5,000 feet. . ff_f? %ghif'
none of these 1f the distance between two Roman cities :
has 20,000 feet, the cities were}about

miles apart.

46. In base ten the numeric symbol 93 means nine
ten, ones

groups of t and th : groups of S

-:'j46. In the numeration system based on seven we
50 | combine number ideas or values in groups of

46 There is no single numeral for the concept

of the number by which we are grouping or

':"Yh'téﬁigthfee ‘__‘,,.

the number of the b o C » Jin which we .

1

i are working




four

o MRt - e a5 was o .

47. The Romans divided a foot into

parts called unciae.

ten, three

47. There is no single numeral for the concépt of
ten. Because we group number ideas by tens,

we think: the number ten has one grdup of

tens and no ones, so the numeric symbol is

'written e

seven

—

“47. When we combine number ideas in groups of
| seven, we say we are working in base

47; ;Sb 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

48. In the sixteenth century the "rod" was used.
This was the length of the left feet of

men 1ined up as they left church

on Sunday morning.

10

- seven -

48. Group by tens and write the numeric symbo1

that represents three tens and no ones.

48, The numerals 2 and 3 may be comined to forn

_j3/f;tyo‘nuﬁericféymbblsi;55 ——ad .

" ff:48.’ktn base ten, we write the concept of ten as .

The same follows in any other base. For example,
. group by sevens and write the numeric symbol that
~r U represents one seven and no ones.

M N

. fﬁ;ofﬁbases;_or'tthnumbgrhy~wh1ch~we arejgroupingg;;;_TffA-

A — _Remember
- 'the first colum to the right indicates the number |
-of ones and the second column indicated the number = |




49. The length measurement "rod" was introduced

6 ‘
1 (before, after) the measurement pace.
iy
4
20 49. Write the numeric symbol with seven tens and r
‘ no ones.
e 2. 32 49. So you can see that the place where we write the
N T | " numeral in the numeric symbol is important. Ther elf;,,
(any order) . i
» L ~numeric symbols 23 and 32 (are. are not) the
;:same._‘ o R '
‘.% - :
e SRR - 49. Group by sixes and write the numeric symbol
- 10,10 Hf.‘fthat represents three sixes and no cnes.




|
a 50. The rod was a measure based on the length
» after
of the of 16 men.
‘ -y
8
;
;
E
iy
|
i 70 50. In our numeration system we combine number
|
E ideas or values in groups of .

50, Each numeral takes up one place. The numeric

”‘\ .

Symbol 23 hus two places. The number of
places in the numeric symbol l 023 is B

. the

4f 50;‘ ﬂhen we use numerals to write numbers we group‘

In writing numbers it 1s important

.f:fr to know the : nunber by which you are grouping or ;;,Q,:ij"::

A ruiiText provided

in which you are working.m-_f[ S



left feet

51. The Roman was about five feet long. :

e A s Mt 11w Bt e s 1o

The Roman was about 5,000 feet
long. | |

@

i kot o el tpon,
Ky

va
d

ten

YRR

four

51. Because we combine number ideas in groups of

51.

B ,:nUmeric symbol tells us what'thﬁt ﬁumeralvﬁeans,-f o

 Th¢ location or place of a numeral withih‘a

ten, we say we are working in base __ . : .

; _v;,It is important where the is ERERE o
| - placed in the numeric symbol. This value of.the. ;[:'” ;;f

81,

- The numerals 2 and 3 may be1¢ombined:to fbrﬁi;fi;fjijf}ff f




52. The rod was a measure based on the. length of

the (left, right) feet of (14, 16, 19) men

pace, mile Tined up as they left (sehool. the zoo,
church) on a Sunday morning.
P
et
e
ten 52.  The numerals 2 and 3 may be combined to form
. " two numeric symbols, and .
] |
52 The value of a numeral 1s partialiy determined
. ” ,j_hy its | 1n a sequence of
| *numerel,“ B ”f,‘inumerals. This value of the gggiglgg_of a
. - i _",numeral fs called the g v
o 52, So you can see that the place where we write A
o 23, 32 ‘_ "Z'i.‘the numeral in the numeric symbol is important ‘;ff”ie
:,,'(ahy’order) R fe B " The numeric symbols 23 and 32 (are. are not)

| ”*, the same.




'55. The measurement one rod will be closest to

left, 16,

(16 inches, 16 feet, 16 miles, none of

church
these).

53. So you can see that the place where we write
- 23, 32 | the numeral in the numeric symbol is important.
(anyvqrder) The numeric symbols 23 and 32 (are, are not)

the same.

f S | . '53. The following diagram shows the place values of
! - | | the first four positions in the system which is
e o N . based on grouping n%?ber ideas by seven.
| - position . | | T @ |
: cooor S
- location | SN o ‘dp‘;;i;s;>€§5 .
S er SN TR WU 8 @ @
, | A : et KO &' N
--v"1?°9»"‘“°»v;:' K - A "8" 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 SR |

| o ‘ | 53.Each numeral takes up one p'lace. The numeric S
© aemot | yubol 23 has two places. The mmoerof |
s plaees inthe synbol 102345 .




16 feet

54, The Roman mile was about feet long.

The Roman pace was about feet long.

e eyt

are not

' -

three bundred

forty-threes

54,

Each numeral takes up one place. The numeric
symbol 23 has two places. The numeric symbol

1,023 has places.

54.

. 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

It s important where each

T ——————
e ———

The location or the place of a nﬁmeral within a

ey

numeric symbol te]is us what tha% numeral means.

iy

-

~placed in a numeric symbol. This value of the
[:position'of_thé,numetal is called its place

 value.




5,000, five

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.

55.

The place with the lowest value is at the
right in the numeric symbol. It is the

place.

numeral

55.

The value of a numeral is partially determined

by its in a sequeice of

numerals. This value of the position of a

numeral is called the p v

of the numeral.




56. We use a word for measurements of length
” that came from the Roman measurement word
rod "unciae." Which modern measurement of

length is it?

56. 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 v

of the numeral.
g |
q -
56. ' >
<0 (] €
<§§<¢Z§P
5 0‘:\,’& *,Q P
LHH & &
' ‘?‘\é'\é < °Q°
ones X, X X X
5 6 2 3
‘3.
In the above diagram, the next position to the
left of the ones' place is called the
' place.
»;? 4 56. The following diagram shows the piace value of the
-y - first seven positions in the number systems which
N have characteristics similar to our numeration
system.
, it
» pos;rton B6 85 B4 B3 BZ B] B0
location X, X X X, X X X
) 'plg:é B? is the base to the zero power or ¢ne, (1)
'y ., ’ ' B, is the base to the first power or base, (B)
y B™ is the base to the second power or
place value 3 base squared, (BxB)
B~ is the base to the power
or base cubed, and so on. (BxBxB)




57. The picture shows another measurement of length,
the "yard," that was started at the time of
King Henry I. The yard was the distance from
the point of his to the end of his
, wWhen his arm was outstretched.

inch
ffm,qﬁm: e Lo - . R L PR ML e M’”“:‘f?:‘ii’:::::“_nm“.
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.
position d§ﬁ§?
or . 0\\" 0\{’ &fo‘b’é\g’ ¥
location A T o o
or & ‘\@‘\Q ° ~Q.§&,°Q &®
: place, X, X X X, X X X
Q; place value An "8" in the thousands' place means eight thousands.
] An "8" in the tens' place means eight .
| An "8" in the place means eight ones.
% 57. According‘to the previous diagram, if you see
y . the numeral 2, you know the 2 means two ones.
’f' If you see 20 you know that the 2 means two
| sevens' ‘
sevens. The position of the 2 tells you what
* number it represents. The 2 in 200 in base
severn means two .
-
57. '
| 8% 8% g g3 g2 g 0
“ Xs X X X, X X X
third A numeral in the first place to the right will
have the value of base to the zeru power or ones.
3

The second column is valued at base to the first
power or the base in which you are working.™ The
third column is valued at base to the s
power or base squared.




58. King Henry I lived from 1068 to 1135 A. D. The

nose, thumb measurement "yard" was first used (before, after)

the measurement cubit.

X
tens, ones' 5

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 .

K

58. Each place in the base seven number system has
a value. Ones, sevens, forty-nines, three
forty-nines
hundred forty-threes and so on are the place

P v of the base seven number system.

58, |
88 8% g4 g3 82 p! B0
X, X X X, X XX

We have stated that the first place to the right
second will have the value of the base to the 0 power
| or ones. Because g%x_number to the zero power
% is always one, the first column of any number
- | system which uses place values will be called
' the ones' column or have a place value of




after

- . RTINS R G s
|| PR
i
i
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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.

The place with the lowest value is at the

right in the numeric symbol. It is the

place.

.values

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).

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).




TN A ewdvioasdieuigen -
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60. The measurement "yard" as used in King Henry
> I's time was approximately (24 inches, 36
anm inches, 48 inches). |
<3
60. )
4§%ﬁ
T D' oo
N Vg
ones' X X, X X X
L
The next position to the left of the ones'
place is called the place.
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-
higher
threes and so on. As we move iaft, the value of
o
each place is how meny times greater than the
value of the place before it? |
60. |
g6 5 4 p3 g2 pi o
« X, X X X, X X X
one - The second column from the right always has the
4 place value of the .ase to the first power or,

simply, the b




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 .

b

seven

.

base

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 sécond column from the right

has the value of the base or

In base ten this column has a place vaiue of




> horses

hundreds

o
i

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-thous:ndé

and so on are the place v of our

number system.

] seven

J ‘t TR ——

62. The reason each column has a value seven times
greater than the column to the right is that
we a?F working with base seven and are grouping

number ideas by .

.

nine, ten

62. | =
6 55 54 g3 g2 gl g0
X, X X X, X X X

The third column from the right always has the B
place value of the base squared or the base times boo
itself. In base ten this column has the place : FE
vaiue of ten sguared (ten times ten) or o




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).

. 63. Ones, sevens, forty-nines, three hundred

fcrty-threes and so on are the p

v of the base seven number system.

63. 86 85 p4 p3 g2 gl o
X X XX, X X X

The fourth column from the right always has
the place value of the base cubed (base
times pase times base). For instance, in
base two this column has a piace value of
two x two x two or v

e —nry L




- b  —————;

64. L "fathom" is a measure of length based on the
distance between the tips of two hands when
none of these arms are outstretched. A fathom would be

approximately (one yard, two yards, three yards,
1/2 yard).

64. In our number system the onas' place is at the
right, and the places to the left are teﬁs.
hundreds, thousands, ten-thousands and so on.

higher As we move left, the value of each place is

how many times greater than the value of the

place before it?

R 64. In the numeric symbol 324 in base seven the place

b e S N

value of the numeral 4 is ones; the place value
place values

of the numeral 2 is sevens; and the place value

of the numeral 3 is .

?
i
|

< 64. Each place in our number system has a value.
] Ones, tens, hundreds, thousands, ten-thousands,
f eight
§ and so on are the place values of the base
| >
{ number system.




——————

65. "a" shows the measurement of (cubit, fathom,

both, neither).

"b" shows the measurement of (yard, fathom,

it

two yards both, neither).
1 f.\&" a
; L '
» -

J (]
65. In other words, each column of numerals has
ten times the value of the column to the
ten right. The column where the 7 is in the

numeric symbol 73 has

times the
valie 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 symbo1
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. - -

'v65.f Ones, threes, nines, twenty-sevens, eighty—bnes; 

and so on are the place values'of'the base

':number*systém.




66. A fathom is the distance between the tips of

| B neither, fathom
‘ ’ hands when the arms are .
i )
P
r
RS 66. The reason each column has a value ten times
o greater than the column to the right is that
\ n
i we are working with base ten and are grouping
h
‘ number ideas by .
i
5 66. In the numeric symbol 625 in base seven, the
, " numeral 2 means that we have two sevens or that
| our ‘
the sevens' place is to be used
® times.
-
66. It can be seen that as we move left from column
three ‘
¥

to column, the place values get'(]ower, hiQHEr).'  N




outstretched

R D A B Pkt e 1 7 B 18

67. A span is (larger than a digit, smaller than

a cubit, both of these, none of these.)

ten

67. Ones, tens, hundreds, thousands and so on are

the of our

number system, the base ten system.

Y

two

67. The numeralé in 4,444 tell us that we have four
: three hundred forty-threes + four forty-nines +

four sevens + four ones, or that eachtplace 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 three is
~times the value of the second column, and so on.

Base Ten




68. A fathom is a measurement that is used on ships
for navigation. Which of the following would

both of these |

be most 1ikely to use the measurement fathom?

(soldier, plumber, teacher, satlor)

-y

68. In the numeric symbol 394, the place value

- ey ™

of the numeral 4 is ones; the place value of
place values

“ the numeral 9 is tens; and the place value

of the numeral 3 is

68. The numeric symbol 624 in base seven can be
. | - “stretched out" to show the place values of each
four numeral: six forty-nines + two sevens + four
: ones. A synonym for "stretched out" is
exgénded9 so we call six forty-nines + two sevens

+'fggg_ones ane numeric symbo?l.

68. In base five the value of the second column
-~ from the right is five times the value of the
. : first column. The value of the third column
& . is - times the value of the second
T | - colum. What s the place value of the third
column in base five? SRR

ten ~ Base Five




sailor

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).

hundreds

69. The numerals tell us hoﬁ many times each place
value is to be used. Each place can be used from
o'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' plaée

is used times.

69. 624 = 6x49 + 2x7 + 4x]
624 = 294 + 14+ 4

Since forty-nine is the place value of the

exnanded numeral 6, we are showing that each numeral's
= total value is found by multipiying the face
value of the numeral by its
69. .
- g4 83 2 g g?
| 3 2,1 0_2
o
| | five, ~In any base system when a numeric symbol has
e ' ~ more than one place, each numeral is given a
-~ twenty-five value depending on the place it is in. The
> R B ~ aoove diagram shows the five-place numeric

- symbol 32, 102, - The numeral in the ones'
~column is . e




different people
have different

70. The star dardized measurement is one that has
these properties: :

a. It is set up or established by someone in
authority like a king or congress.

place value

b. It is the same for everyone (that is, it
measurenents depends on a fixed standard).
The span (was, was not) a standardized unit
of measurement.
'Y
70. In the numeric symbol 863, the numeral 6
three '

means that we have six tens or that the tens'

place is to be used times.

70. An expanded numeric symbol shows that each

symtol or will be

multiplied by its place value.

70.
| 8% 83 g2 8! g0
32,102

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 of the base to the first
power or . o |




71. A king (could, could not) set up a standardized

was not
measurement for his country.
1
;_?:m-— N """‘""'”""""”“;“’ o "r‘:‘”' - T R
L 71. The numerais in 4,444 tell us that we have
i four thousands + .four hundreds + four tens +
six
four ones, or that each place is to be used
C)
' times,
7 71. In base seven when you see a numeric symbol
numeral such as 35, you know that it means three
x and five | .
. B4 3 g2 gl g0
§ 3 2,1 0 2
‘o ———
" 2810 In the third colum from the right the numeral
T 1 means one base squared. In base ten this 1
o five ~would stand for one ten squared or one one-
B L “hundred. If we were working in base three this

E’;}one would mean one three squared or one




72. A measurement that is set up by someone
in authority and is the same for anyone

using ii 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 symbel.

sevens, ones

72. In base seven thé 3-1h the 35 has a face value
of three and a place value of sevens. It

symbalizes 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

73. The earliest unit to be standardized was the

yard. This was done at the time onying Henry
I. This means that the earljest standardized

length was set up by a (British, Chinese,

Egyptian) king and measured exactly (24 inches,

RSN T

30 inches, 36 inches) in length. i

expanded

73. 824 = 8x100 + 2x10 + 4x]
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

face value,

ones, five

73. In base seven the numeral 1 in the numeric symbol

134 has a face vglue 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 méans threelbase Squares.




[t

&3 b

g7 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 vardstick would

(last a long time, not break very easily, both
of these, none of these).

place value |

74. An expanded numeric symbol shows. that each

symbol or will be multi-
plied by its place value.

waoteanediini

< ....ra-a-"wlw»}\»ﬁ < oy

“

&

two,

place value

 ones

74. The numeral 1 in the numeric symbol 216 (in

base seven) means this numeric symbol has one

group cf

74, In the numeric symbol 645 in base seven the
R numeral 4 means that we have four sevens or

that the sevens' place is to be used

times.‘

e




both of these

75. The earliest standardized measurement of

length was the .

numeral

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.

L
sevens
i
(fq‘
four
b

R P °

"75._ The numerals in the numeric symbol 2,222 (base

.place is to be used | times.

‘three) tell us that we have two ones, two threas, o

two nines, and two twenty-sevens, or that each :




yard

Ny

76.

Since the time of King E¢ 'ard 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

(weight, time, Tength) is a Tittle over (5,000
years, fquxgars. iﬁﬁ years) old.

tens, ones

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 of five

and a place value of s SO it sym-

bolizes ones or five. The value

of the two numerals combined is then thirty-five.

Il

PR

- .
+
R -

- ey

‘o)

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 colum to its right.

two

76.

The numeric symbol 412 in base five can be
"stretched out" to show the place values of
each numekal: fggg.twenty-fives + one five +
two ones. A synonym for "stretched out" is

expanded, so we call four twenty-fives + cne

 five + two ones an e __ | humeric

-

symbol.




77. Suppose there was a unit of length used today

that was called a "glub." If the "glub" were f“;
British, -
length, legally defined as 1/2 yard, and the yard ,
100 years
yed 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.

value, ones, The 2 in 216 has a face value of and

five a of hundreds. So the

numeral 2 symbolizes two hundreds or two

hundred.
place value, - : 77. In base seven the 4 in the numeral 4 means

seven S » , four

I

77. In base seven

- 6284 = 6x49 + 2x7 + 4x)

‘%

624 = 294 + 14+ 4

expandedi R | - Sipce forty.nine is the place Véluevof the

. - | | - numeral 6, we are showing that each numeral's

total value is found by multiplying the fhte

value of the ndmeral by its




18

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 Uni;ed
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).

two,

place value

78. The numeral 1 in the numeric symbol 216 means

this numeric symbol has one grbup of

ones

&

‘&

place value

78. In base seven the 4 in the numeric symbol 40

means four

78.' An expanded numeric symbol shows that each

by its place value.




e T T IR e it ma e cam aaa oo s

someone in

authority defined

it that way

79.

e T T TR R T 3. e o

Great Britain and the United States use measure-
ments depending on the yard. Most of the rest
of the worl! 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.

numera]'

I

79.

In base seven the 4 in the numeric symbol

400 means four

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




? N
80. Today both the meter and the yard are standar-
- e
dized measurements in different countries. This o
would means that they (were adopted by the governments e
“ " of the countries, are fixed in length, both ;_.
neither). ‘:  l
‘- 80. Each numeral has a face value and a
. ones, . In the base ten system each
i » ~ face value place has times the value of the
: column to the right.
EE———
4 80. You can see that the 4 in 4,000 is seven times
i | |
i o : the 4 in 400. Since 400 means four forty-nines
forty-nines
ve can say the 4,000 means four
W
o 80. If we were working with base five the 3 in ’f
o -
o 300 means three basg squares or three twenty- T
 ‘threeS’r‘; ~fives. When working with base three the 2 in >
's! .t?"§ ;_f,‘ the numeric symbol 200 means two base squares ’i
7 ortwo . {




N 81. The standardized meter s 39.37 inches long.
both This means that the meter is closest in length ;
" to which of the following measures? (foot, ‘
inch, mile, yard)
T N
. (Q
place value, ; |
81. The 9 in the numeral 9 means nine . o
ten i s
C )
4 o .':
-t i
three hundred 81. In base seven the numeral 4 1n 1,562 tells < E
forty-threes how many : you have. S
- SR
« | . | | 81. Notice that each column of numerals has a - R
- Y number of the base times the value of the N (R
column on the right.” For example, you know R
that in base ten each column of nurerals has , B & DR
nines ¥ ten times the value of the column on the ¥
_ , o right. So in base ten the column where the
% o | numeral 7 is i? the aumer:c sy?boa 73_?as |
: ' _ _ times the value of the column .
where the 3 is. - : 5




yard

82. A measure of length that is used at sea is the

(cubit, fathom, both, neither).

ones

82. The 9 in the numeric symbol 90 means nine

sevens

ten

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

’v«xtheAcolumﬁ where thev3_is{
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fathom

tens

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 (1arger,

smaller) than the standardized meter.

fbrty-nines

- 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 face
value of three and a place value of five. So
it symbolizes three fives. The 4 has a
of four and a place
value of . 350 it symbolizes
ones. The value of the two num-

erals combined is then three fives plus four
ones.




s e ey

smaller

84. The United States received a copy of the stan-
dardized yard from and the

standardized meter from .

R

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

face value,

one,

. four

84. Write the numeric symbol in the base seven

system 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'va1u¢ of the column to the _ RRCER




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.

63

85, In base seven a seven is indicated by the

numeric symbol .

~ place value,

~ right

PR . N
I T P PN L -

85. In base eight the 6 in the numeral 6 means

six (notice the 6 is in

the first column to the right);




86. In 1866 Congress legalized the metric system
as the standard measurement for the United
States. But for everyday use, this country

100
still prefers to use the system of measure-

ments based on the English (mile, yard, gallon).

86. The numeral 3 in 3,47 )
hundreds n 3,471 represents three

86. Write the numeric symbql in base seven with

10 | five forty-nines, three sevens and six ones.

- 86. In ba i
ones ; n base eightﬁ&hg 6 in the numeric symbol

60 means six




v 87. List any three nonstandardized measurements
used in the past that depehded upon measure-
yard ments of the length of various parts of the
»
human body. ’ s
| » n
‘ 87. The numerai 9 in 897 shows that the tens’
‘. thousands '
N place is to be used times,
M <
*
87. A symbo?l or is a way of
536 _ .
expressing a number,
%
\1_,.,_

"
87. In base five the 4 in the numeric symbol

eights 400 means four bases squared or four




*

| . 88. Two oV the following have become standardized
fathom, yard,
digit, hand, measurements of length. Which two are they?
span, cubit,
_ er rod .
™
(any three)
Y | digit span yard fathom meter rod
i
LIS
' 88. A symbol or is a way of
nine
i expressing a number.
%rﬂ
2 : .
R
88. You have learned that tell
" numeral ) -
: how many things or ideas are in a group.
|m N )
——————— a7
» 88. In base two you can see that the 1 in 1,000
» is two times the 1 in 100. Since 100 means
, € twenty-fives

one four, we can say that 1,000 means one




yard, meter

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.

numeral

89. You have learned that tell

how many things or ideas are in a group.

-

“nuinhers

89. The number in the group below is indicated

by the numeral o

R Y0

¢||® .

%

i)

I

89.‘:In base seven the numeral 4 in 1,432 tells

how many = = you have.

~ Base Seven




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
would not yard is defined to be (about one-half a meter,
. about nine times a meter, both, neither).
®
90. A numbe '

numbers r may be represented by (one, many)
&4 symbol(s).
' .

. 90. A pumber may be represented by (one, many)
symbG:(Ss).
"
' l 90. In base three the numeral 2 in 2,110 repre-

>

forty-nines

sents two -

Base Three




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

either using this measurement because it is (more
" lessg accurate than the measurement prEVTBﬁ%ly
used. -

91. In forming numbers with our number system we

combine number ideas or values in groups of

91. rIn forming numbers in the base seven system
we combine number ideas or values in groups
of .

91. The numeral 2 in 325 in base seven shows that
twenty-sevens

the sevens' place is to be used _ timesf




92. The new standard measurement for a meter

more 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,
ten
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
seven , |
: place values of the base
number system.
:%»
92. You have learned that a symbol or
two

1s a way of expressing a number.

»




. e -

93. The units of length most commonly used in the

element United States such as the (name
(chemical) 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
en |
place values get (lower, higher).
4
1
i
'; * | 93. Number ideas are always grouped according to
| - seven the number of the in which we
] . are working.
»
" numeral 93. A tel]s;how,many"things
g‘

- or ideas are in a group.




yafd,
(or inch or foot)

94. The system s the legal system of

metric measurement of length in the United States
today.
94. The ait Lha
higher of a nuizva | N
determine the value of the numeral.
]
| 94. As we move left from column to column, the
. base : |
o place values get (lower, higher).
. R . v

94. A number may be represented by (one,'mahz) :
symbo1(s). o R




metric

o e = O A n s e FAT i RN s 38 0.0 Frs B s A b e 02 7

face value,
place value

(either order)

{* - - 95. The | and the
higher | ‘ | | of a numeral
. | o determine the value of the numeral.
2 ,'95- In forming numbers we combine number ideas
or values into groups. The standard number
- many o v, ',&j®utmtuemwmmmdmabwm
»  ‘  , S ; : - group is called the . “in which

we are working.
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face value,
- place value

(any order)

wf

base

96, Besides keeping in mind the base in which

you are working the

and the of a numeral

determines the value of the numeral.




- place value,

face value

(any order)

3¢

S Dy
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Appendix E. History of Measurement Program Supplementary Sheet 1




SUPPLEMENTARY SHEET 1

Full Tt Provided by ERIC.




Appendix F. Differentially Sequenced Learning Tasks




Differentially Sequenced Learning Tasks

Sequenced | ' ‘Partially Sequenced Randomly Sequenced

- Number Symbo1 | Number Symbol - Number Symbol

RO Y . RO 9 seven 1[4 S

oNE L

o b

R L

. *rom LQ
SEVEN T, 3/
CEeT 09
 NINE bL -
EE-ErT
_ ELEVEN ,bi B -
| mee 9

CNE Ly

™ o

o OTHREE L
BT el
}".'.'_TEN R
e PL |
e e

SEVEN L

FIVE L

- ELEVEN 0 S

L

CEtewr 090
‘SIX»" -

o

TWELVE '5, Q

T
TN a0

FoUR [

ELEVEN 1
NINE O,

THREE N

e L
ZERO

I [

EIGHT 09
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‘Appendix G. Posttest




Posttest " Name

Directions: This is a test on the material which you have just
learned. For each of the following numbers write the appropriate
symbol of the number in the blank space. Some of the numbers will
be unfamiliar, but try your best to answer them.

Number o  ' Symbol
1. ELEVEN |
2, ONE

3. THIRTEEN

4. SIXTEEN

5. SIXTY-FOUR

6. EIGHTEEN

7. THENTY

8. ZERO

9. THIRTY

0. SIX

1. THENTY-FIVE

2. FIFTEEN

3. EIGHT

e, »v"r‘HIVRTY-THR'EE
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o Appendix H. Iﬁstrﬁc\tions 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
R»Time,“ and "Finishing Time" are written on the cover of the bookiet.
 Proceed by saying: YOU WILL PERFORM SEVERAL TASKS IN THIS SESSION.
FIRST, YOU WILL WORK THIS PROGRAMED BOOKLET. NO DOUBT YOU ARE QUITE
OOFAMILIARlNITH 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
i-'OR-BY CHOOSING BETWEEN TWO ALTERNATIVES. Demonstrate the first two
frames. AFTER NRITING 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 T0
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 NOULD
LIKEOTO 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 TRE BOOK, THEN GO AHEAD. Nheh
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.




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 | i
* THE FOUR SYMBOLS YO!Y WILL PROCEED TO THE LEARNING TASK. I WILL TELL e
_ YOU WHEN YOU HAVE GONE THROUGH ONE TRIAL CORRECTLY. In presenting the v

- 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,

’ j,:shuffle the cards so that the four symbols are presented randomly. After
| leaCh tfial, remove the sheet on‘which the subject's responses were
"writteh. It is permissible for the subject to practice Writing the

i | ,7  symbol after he has received feedback regarding the correctness of his

| »feSponse} Kéep 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 responée 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 SYMEBOL TO ITS RIGHT. THE RATE OF PRESENTATION WILL BE CONSTANT.
IF YOU WORK RIGHT ALONG, THERE WILL BE ENQUGH 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
g - the secondlwdrd'and symbolland begin a constant rate of presentation.
Turn to the word frame when the red 1ight blinks, after nine seconds,
when the blue 1ight blinks, turn to the word-symbol frameffor 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.acrbss 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




N 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

B '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.




HAppendix- I. Intgrcorrelat:lon Matrix of Selected AVai::lables.
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