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INTRCDUCT I ON

The purpose of the second phase of the study was to further
examine the Instructional modes of presentation, inductive and de-
ductive, when implemented by teaching machlnes rather than teachers.
During the first phase of the study, less difference was found between
the inductive and deductive groups than was expected, |t was suggested
that this could have been due to the lack of control over teachers in
their *pure’ use of the modes of presentation, Thus, the second phase
of the study was designed so that the modes cf presentation could be
implemented by means of teaching machines rather than teachers in order
to increase control over the two forms of curriculum implementation,

Since the area spiral form of curriculum organization was consis-
tantly found to better facilitate mathematical learning than the topical
spiral form, the area spiral form was exclusively used In this phase
of the study (Armstrong, 19682; pp. 84 and 91),

The sample for this phase of the study was made up of 32 Edu-
cable Mentally Retarded (EMR) pupils. Consequently, both the Jevel
of the content and the amount of content covered in the program was
reduced from that covered In phase |. Therc were ten lessons written
on the following concepts: set membership and definition, cardinality
of sets, subset relations, set equivalence, set union, phase value,
and number relations. The geometry area and the topic of properties
weire both deleted.

Although the form of curriculum organizatiorn was held constant,
the curriculum form of repetition was varied. The repetition of
presentation component has been examined In the development and use
of film curriculums for the EMR. One f!lm producer has developed an
arithmetic film curriculum on counting to three, One and Two and Three
(Wexler, n.d.) which completely repeats itself, This approach to repe-
tition In curriculum has been examined experimentally by Brannan (1965).
Brannan (1965) compared five dffferent repetition conditions using
Films. A sample of 285 EMR's with 1Q range of 50~78 and CA from
11=14 were randomly assigned to five different repetition conditions,
pupil participation, teacher presentation, discussicn and film re-
showing, and film reshowing. When repetition and noin~repetition
groups were compared,the learning of the repetition groups was found
to be significantly superior to the non-repetition groups both with
respect to immediate recall and retention. Mo differences were found,
however, among the five different types of repetition: discussion,
pupil participation, teacher presentation, discussion coupled with film
reshowing, and film reshowing,

Two forms of repetition were examined in this study, exact and
varied., The exact form of curriculum repetition involved the exact
repetition of the first half of a 15 minute lesson whereas the varied
form of curriculum repetition used the first half of the 15 minute les=
son and during the second half of the 15 minute lesscn utilized new and
different exampies to teach the same content. As in phase |, the
mathematic- 1 learning of the subjects was assessed globally &s well as




at varlous cognitive levels, in different mathematical areas, and on
various mathematical topfcs. The cognitive levels examined were know-
ledge, comprehension, application, analysis, synthesis and evaluation.
The areas were sets and numbers; the topics were terminology, relations
and operations, As stated earlier, geometry and properties were deleted
from the curriculum of this phase of the study. Therefore, the two
variabies manipulated in this phase of the study were the instructlonal
mode of presentation (inductive or deductive) and the curriculum ferm
of repetition (exact or varied). The materials were presented on
teaching machines,

The Ken Cook Company Mark VIl teaching machine was used. It
has options for syncronized visual-audio stimulus presentation. It
also permits multiple choice responses and visual and audio reinforce-
ment based on the student®s answer choice. In this way, by using pre-
taped lessons it was hoped that many of the inherent problems which
arose when the teacher variable was introduced cculd be avoided. It
was also felt that by using coiorful high interest stylized drawings
the pupill!s attention span could be increased.

Thus, the purpose of this phase of the study was to determine
the relative effect of two forms of curriculum repeptiticn, exact and
varied, and two instructional modes of presentation, inductive and de-
ductive, on mathematical learning globally, at each of six cognitive
leveis, in two areas, and on three topics.

The hypotheses of this phase of the study stated in null form are
as follows:

1.- There is no difference in the total mathematical learning of
EMR's in =ither an exact or varied form of curiiculum repetition.

2, There is no dif ~rence In the total mathematical learning of
EMR's taught by either a. fnductive or deductive mode of presentation,

3. There is no difference in the total mathematical learning of
EMR's in either an exact or a2 varied form of curriculum repetition
presented either ind.ctively or deductivaly,

L. There Is no difference In the mathematicai learning at various
cognitive levels of EMR's in either an exact or a varied form of
curriculum repetition.

X. There Is no difference in the mathematical learning at various
cognitise levels of EMR's taught by either an inductive or a daductive
mode of presentation.

6. There is no difference In the mathematical learning at various
cognitive levels of EMR's in either an exact or varled form of curri~
culum repetition presented either inductively or deductively,

7. There is no difference in the mathematical learning in two




areas of EMR's in either an exact or a varied form of curriculum repe-
tition.

8. There is no difference in the mathematical learning In two
areas of EMR's taught by elther an inductive or deductive mode of
piresentation,

9. There is no difference in the mathematical learning in two
areas of EMR's in either an exact or varied form of curriculum repe-
tition presented efther inductively or deductively.

i0. There Is no difference in the mathematical learning on three
topics of EMR's in elther an exact or varied form of curriculum
repetition.

11. There is no difference in the mathematical learning of
topics by EMR's taught by either an inductive or deductive mode of
presentation,

12, There is no d!“ference in the mathematical learning of to-
pics by EMR!'s in elther an exact or varied form of curriculum repeti-
tion presented either inductively or deductively.




i1, PROGRAMS AND PROCEDURES

Experimental Program

The experimental program of this phase of the study consisted of
ten lessons, each fifteen minutes in length with from L0 to €0 slide
changes in each, The 35 mm color slides were procduced from criginal
artwork on transparencies. All of the slides for the set lessons
were photographed on a gold background and all of those for the number
lessons were cn a green background, In general, the objects illustrated
in the slides were drawings of every~day objects which had been sug-
gested for teacher use as illustrative examnles in the lescons of
phase one of the study. To nrovide some identification source for the
children, hcwever, a character, Mr. Mathematics, was also added.

The form the experimental program took Is best illustrated by an
actual script. The script for lesson one is shown in Appendix 1.

Both an inductive and deductive script were written on tohe specified
content of each lesson. The numbers in the script are the sequential
number of the slide in the iesson and the identification number of the
siide. A description of the slides ucad in lesscn one Is shown in
Appendix 1.

The four different treatment conditicns, inductive-exact {{-E).
inductive-varied (1-V), deductive-exact (D-E), end deductive-varied
(D-V), were all derived from the two scripts written for each iesson,
The {(!-V) and (D=V) treatment conditions utilized the inductive and
deductive scripts in their original form. (see Appendix 1). The .
(1-E) and (D~E) treatment conditions, howaver, inade use of a modified L
form of the original jessons. The first hz1f of the script, Inductive ‘
and deductive respectively, was completely repeated in presentation
and the second half omitted. The dividing points in the %¢wo scriots,
inductive and deductive, for lesson one are shown with four red stars
marked in the script (see Appendix |;. Each lesson consisted of two
parts, In the exact repetition condition, tne subjecits viewed a seven
and one half minute lesson, presented either Inductively or deductively,
two times. In the varied repstiilon condition, during the seccnd seven
sn¢ one half minutes, the subjects viewed different examples designed
to reinforce the mathematical concepts introduced in the first half.

The 40 scripts, 10 lessons of four different treatmeat conditions,

; were all recorded by a single person experienced in educational radio
3 znd television announcing and broadcasting. The criginal tapes were
then edited and programmed with Inaudible '"bleeps'' to trigger slide
changes at the appropriate times in the program sequence, The tapes
were wound onto Cousino tape cartridges for use on the Ken Cook Co.
Mark Vi! Teaching Machine.

Four Ken Cook Company Mark V1! teaching Machines wera used. The
machines are equipped foi syncronized visual-~audio stimulus preseniations
and immediate questioning with feedback capabilities. The machines cm~
pioy an Argus slide projector and Cousino tape deck, There fc a mulnipie
choice button arrangement which permits the child to respond., This
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button system utilizes three colors. FEach machine has Its own ear
phones and an extra phone jack to permit listening by proctors. Each
machine was set up on a folding table. These tables were separated
by folding screen dividers.

txperimental Procedures

In order to determ!ne the relative effects of the four treatment
conditions, (1-E), (1-v), (D~E), and (D-V), on mathematical learning
of EMR's, a sample was drawn, certain content tests were developed,
and information on the variability between subjects within groups on
prior mathematical knowledge and general mental ability was obtained..
The basic experimentai design of the study followad closely that of
phase | (see Armstrong, 1968%).

The Sample

Thirty-two educable mentally retarded pupils with a mean age of
12.6 and 2 mean 1Q of 74 served as subjects. Of these 19 were males
and 13 were females. They were drawn from four classes in the
Madison Public School System on the basis of teacher recommendatiocns.
The teachers were asked to eliminate those children who had severe
emotional disturbance, or physical impairments which would prohibit
their full utilization of the teaching machines.

Experimental Design

A 2x2 completely crossed and randomized design was used with seven
replicates per cell. The two factors were curriculum form of repetition
and instructional mode of presentation. This yielded four treatment
groups: inductive exact (IE), inductive varied (1V), deductive exact
(DE), and deductive varied (DV), The statistical models were considered
to be completely fixed rather than random.

Procedures

The thirty-two subjects were randomly assigned to the four groups.
They spent the first two days in the pretest situation. Part of the
first experimenial session was devoted to familiarizing the subjects
with the teaching machines. Each child was given three lessons 2
week.

In each itesson the verbal and visual stimuli were presented
simultaneously. The subjects wzre required to respond to approximately
four verbal questions in each fifteen minute lesson. Depending on the
responses, the machine switched to one of three possible tracks.

The first track told the subject he was correct and gave appropriate
verbal reinforcement. A second track explained why the subject's

wn
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answer was lncorrect and gave the correct regponse. The last track
was programmed to explain which cholce was correct to those subjects
who pressed the ''§ don't know'' button,

The children were given their own schedutes and were responsible
for being at the testing room in time for their lesson. In ali
teaching sessions there were at least two experimenters prasent.

These persons served as proctors and machine repairmen when breakage
océurred during the sessfons. A post content test was administered at

the end of the ten lessons,

Tests_and Measurements

Since the Bchosls had recently administered WISC intelligence
tests to all of the pupils !n the sanple, these scores were used rather
than readministering the test, The meen 1Q of the sample was 7h.

Mathematlical content tests designed specifically for use with
EMR's over the concepts which were taught !n this phase of the study
weie not avallable., Therefore, both the pre and post content test
were speclflcally developed for use fn this project. Many of the
items of the first phase of the study, however, were modified for use
here (Armstrong, 196&%,.

The pre (before instruction) content test was administered in two
half-hour sessions on two consecutive days. 1|t vas designed to provide
a rough estimation of ine subject's mathematicaél knowiedqe in the zreas
of set terminology, set operations, set relaticns, number terminology,
number relations and number operations. Each item was presented in
wrritten form on the test hlank and was read aloud two times." A copy of
the pretest 18 Included (see Appendix 11}). -

The post {after Instructlon) content test was also adminlstered
in two half-howr sesslons. A copy,ls also Included (see Appendix V),
In administering this test, foug teaching machines were used to present
the alternative choices. visually.«.A s]lide projector presented the test
tems In visual form., Agalns-each. ftem was read iwlice. The subfects
then recorded thelr ansuers on Dlgltek answer sheets which were machine
scored. The posttest was deslgned to measule acquired mathematical
knowlzdge at each of six cognitlve levels, 1n two areas and on three

_toples. Figure | shows the-f&em.numbers by category.

h IS
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Comparabllity of Treatment: GEOURS ., ..., . .
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Stnce the ‘subjects were .candonp j,qs; tgned to each of the four
treatment conditidns, ome would expgct. fhat the groups wold be compar-
atively the same with respect to Istellectual level ‘and pre (ptior to
instruction) ‘mathematical knowledge,. Even sé, &5 shown in Table 1,
the groups did - differ on these two fagtors. The average 1Q!s between
groups ranged frem 70.29 to 77.29. The mathematics content scores
ranged from 20,43 te 34.86. The range of the standard deviations was
also great between groups. The range of the stardard devtations be-
tween treatment groups on iQ was 3.04 and on mathematical knowjzdge

was 1,90 {sce Tabie 1},




Cognitive

Sets

Numbers

Levels Terminology Relations Operations Terminology Relatlons

Knowledge 1,11 18,20 5 25 30

Comprehension 2,12 17,23 15 24

Application 10,21 16 L6 26 29
Analysis 3,13 7 27 ;
Synthesis 22 14 8 §
Evaluation i9 9 28

Figure 1. Post Content Test:

ltem Classification and Distribution




TABLE !

COMPARABILITY OF TREATMENT GROUPS

WISC i1Q Pretest
Treatment Group Mean S.D, Mean S.D,
Inductive = Varled 70.29 7.02. 30,43 6.88
Inductive - Exact 73.57  9.7h4 35.29  8.69
Deductive - Varfed 75.71  10.36 30.57  8.34
Deductive - Exact 77.29  7.52 20.43 8.77

. > o . Y




The means and standard deviations herein discussed were based on
the 28 subjects, 7 subjects per cell retained for analysis. These sub-
jects were omitted from the final analysis due to sickness which
caused them to miss too many lessons to be made~-up. They were also
absent for the final test. One subject was deleted from one group by
random selection to equalize the number ¥n each treatment group.

Statistical Analyses

The data for this phase of the study were analyzed using the
same procedures as In phase | (see Armstrong, 1968“; pp. 64 and 65).
In order to test hypotheses 1 through 3 univariate analyses of variance
and covariance were used. To test hypotheses 4 through 12 multivariate
analyses of variance and covariance were used.

A1l of the data analyses were done by computer using '"Program
Manova'' (Clyde et al., 1966). Fur a more detailed discussion of the
statistical procedures used see Armstrong (19682; pp. 62 - 70).




I11. RESULTS AND DISCUSSION

n Section |, twelve hypotheses were posed for testing. The

es used for testing these hypotheses were discussed In Section
pose of this section of the report is to report and discuss
the results of these statistical tests of hypotheses,

Tests of Hypothese One through Three:
Global Mathematical Learning.

In order to test hypothses one through three, univariate anatyses
of variance and covariarce nrocedures were used. The results of the
analysis of variance on global learning is shown In Table 2. There was
no difference found between the exact and varied curriculum repetition
groups; therefore, hypothesis one was not rejected (see Table 2), Like~
wise, there was no difference between the two modes of presentation
groups, and thus, hypothesis two was not rejected (see Table 2). Tha
interaction factor betwieen the forms of curriculum repetition and
instructional modes of presentation was not significant (see Table 2}.
Therefore, hypothesis three was not rejected.

Due to the range of difference In the treatment groups on pre
(before instruction) mathematical learning and giobal intelligence (1Q)
(see Table 1), covariance analyses were also done. As shown in Tables
3-5, when 1Q and prior mathematical learning were used individually or
together as covarliates in the analyses, the results were the same.

The effects of curriculum and Instruction factors on total mathe-
matical learning were simiiariz not significant in the first phase of
the study (see Armstrong, 1968%; p. 73). In the first phase of the
study, however, the mean squares were much larger in part, one might
conjecture, due to the large difference In total sample size. The
total sample slze of phase | was 228, whereas, the total sample size of
this phase of the study was only 28, *

In order to test this conjecture w’(s)” were calculated for the two
setz of data and are shown in Table 6. The accounted for varlance for
each of the three factors is quite similar between studies.

In terms of total mathematical learning the amount of accounted for
varfability due to curriculum, instruction and curriculum by Instruction
factors Is very low (see Table 6). This finding indicates that elther
these factors are totally ineffective in facilitating the global learning
of these pupils or as was the case in phase | (Armstrong, 19682), there
are cancelling interactive effects (e.g. treatment A facilitates iarge
amounts of number learning, but low amounts of set learning, while

* e = EE - (Hayes, 1963; p. 327)
tc + (Ny+N2=1)

10




TABLE 2

SUMMARY OF ANALYSIS OF

VARIANCE FOR POSTTEST SCORES

- ma—_ae 7 TR T

Degrees Mean
Source of Freedom Sguare F P
Curriculum
Repetition ] 8.036 0.607 .ukh
(Exact vs. varied)
Instructional
Mode of Presentation ] 18.893 1.427 244
(inductive vs,
deductive)
C x| ] 10.321 0.780 .385
Subjects
(within ceils) 24 13.238

11




TABLE 3

SUMMARY OF ANALYSIS OF COVARIANCE

WITH 1Q AS COVARIATE

Degrees Mean

Source of Freedom Square F P
Curriculum
Repetition 1 3.027 0.253 0,620
(exact vs. varied)
Instructional
Mode of Presentation
(inductive vs. 1 6.201 0.518 0.479
deduct’ve)
C x| : 8.701 0.727 0.403
Subjects
(within cells) 23 11.963

12




TABLE 4

SUMMARY OF ANALYSIS OF COVARIANCE

WITH PRETEST AS COVARIATE

Degrees Mean
Source of Freedom Square F P

Curriculum

Repetition.. ] 2.13 0.18 0.67
(exact vs. varied)

Instructional
Mode of Presentation

(inductive vs. 1 0.78 0.06 0.79
deductive)

C x| 1 36.04 3.12  0.09
Subjects

(within cells) 23 11.56

13




TABLE 5

SUMMARY OF ANALYS!S OF COVARIANCE

WITH BOTH 1Q AND PRETEST AS COVARIATES

Degrees Mean
Source of Freedom Square F P
Curriculum
Repetition ] 1.07 0.09 0.76
(exact vs, varied)
Instructional
Mode of Presentation
(tnductive vs, 1 0.23 0.02 0.89
deductive)
C x 1 ] 25.22 2,23 0.15
Subjects
(within cells) 22 11.30

14




TABLE 6

OMEGA SQUARED
FOR TOTAL MATHEMATICAL LEARNING

' T, Omega Squared
Source of Vartation Phase | (=228) Phase 11 (N=28)

Curriculum .01 -.03
Instruction .01 -.04
Curriculum x Instruction .00 OkL

15
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treatment B facilitates large amounts of set learning, but low amounts
of number learning, thus, cancelling out any total learning differences
between treatment A and treatment B).

Even so, there are some notable differences in the accounted for
variability. in the total mathematical learning due to curriculum,
tnstruction and curriculum by Instruciion between the two studies. The
curriculum organization facter in the first study did account for more
of the total mathematical learning in the first study than did the
: curriculum repetition factor in the second study (see Table 6). Also,
the instructional mode of presentation accounted for more of the total
E mathematical learning when teachers were used in the first study as
opposed to when machines were used in the second study.

Conversely, the amount of variance accounted for due to the
curriculum by instruction (C x1) interaction factor was greater In study
two than in study one (see Table 6). None of the variability in the
total mathematical learning observed in study one was attributable to
the C x 1 interaction factor. In the second study, however, the 4% of
the variability in the observed mathematical learning was attributable
toc the C x | interaction factor.

The difference between the two studies is directly attributable to
the difference in curriculum factors examined. In study one, the
curriculum factor was organization, area spiral versus topical spiral.
in study two, the curriculum factor was repetition, exact versus varied.
1¢ would seem, therefore, that the curriculum repetition factor was
more prone to vary in faciiitating glcbal learning depending on which
mode of presentation, inductive or deductive, was used to implement the
curriculum. With only 4% (see Table 6) of the total mathematical learning
attributable to this factor, however, one would be encouraged to dis-
miss the relative importance of limiting the use of one form of curri-
culum repetition, exact or varied, tc a single instructional mode of
presentation, inductive or deductive.
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? Test of Hypotheses Four through Six:
? Mathematical Learning at Various Cognitive Levels

In order to test hypotheses four through six, multivariate and
univariate analyses of covariance were used. There was no difference
found between the two forms of curriculum repetition, exact and varied,
when mathematical learning was assessed at each of six cogritive leveis
(see Table 7). This finding was consistent when 1Q and prior mathemati-
cal learning were used both singly and together as covariates (see
Tables 8~10). Therefore, hypothesis four was not rejected,

Similarly, there was no difference between the two instructional
modes of presentation in facilitating mathematical learning at the
various cognitive levels (see Table 7). This finding was also consistent
when 1Q and prior mathematical learning were used both singly and together
as covariates (see Tables 8-10). Therefore, hypothesis five was not

rejected.
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TABLE 7

SUMMARY OF MULTIVARIATE ANALYSIS
CF VARIANCE ON MATHEMATICAL

LEARNING AT SiX COGMITIVE LEVELS

Deqreces of Freedom
Source of Variation Hypothesis Error

Curriculum
Repetition 6 19
(Exact vs. varied)

Instructional

Mode of Presentation

(inductive vs. 6 19
deductive)

C x| 6 19

2,34

.26

.63
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SUMMARY OF MULTIVARIATE ANALYS1S
OF COVARIANCE ON MATHEMATICAL
LEARNING AT SIX COGNITIVE LEVELS

WITH 1Q AS COVARIATE

Degrees of Freedom
Scurce of Variation Hypothesis Error F

Curriculum
Organization 6 18 1.2b
(Exact vs, varied)

Instructional

Mode of Presentaticn

(inductive vs. 6 18 A
deductive)

C x| 6 18 2,35

.33

18
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TABLE

SUMMARY OF MULTIVARIATE ANALYSIS
OF COVARIANCE ON MATHEMATICAL
LEARNING AT SiX COGNITIVE LEVELS

VITH PRETEST AS COVARIATE

Degrees of Freedom
Source of Variation Hypothesis Error F

Curriculum

Repetition 6 18 1.26
(Exact vs. varied)

Instructional

Mode of Presentation

{inductive vs, 6 18 .33
deductive)

C x| 6 18 1.89

032
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SUMMARY OF MULTIVARIATE ANALYSIS
OF COVARIANCE ON MATHEMATICAL
LEARNING AT SIX COGNITIVE LEVELS

WITH BOTiH 1Q AND PRETEST AS COVARIATES

Degrees of Freedom
Source of Variation Hypothesis Error F

Curriculum
Repetition 6 18 1.16
(Exact vs. varied)

AL SERATCA A 3 i AR ARl AL S Ll el b | MGV A DALY

Instructional

Mode of Presentation

(inductive vs. 6 18 .29
deductive)

W P TRIACE WEE TR T
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g C x | 6 18 1.55

.37




The rejection of hypothesis six was questicned. Although the
level of significance was only .07 on the curriculum by instruction
factor rather than the desired .05 for rejection, the amount of
variability In the mathematical learning scores at various cognitive
levels attributable to this factor was 5%. Due to thls amount of
accountable variability, the univariate tests of significance were also
examined (see Tables 11=14),

In all cases, with no covariates (see Table 11), with IQ as a
covariate (see Table 12), with prior mathematical knowledge as & co-
variate (see Table 13), and with both 1Q and prior mathematical know-
ledge as covarlates (see Table 14), there was a difference  found, sig-
nificant at less than .05 level, in the mathematical comprehenson
learning among the four treatment groups. The means and standard de-
viations for mathematical comprehension ievel learning are shown In
Tables 15-18. Table 15 shows the original nonadjusted means for the
four groups. Table 16 shows the means adjusted for 1Q, Taktle 17 shows
the means adjusted for prior mathematical learning, and Table 18 shows
the means adjusted for both 19 and prior mathematical learning. In
all cases the Inductive - exact group showed the greatest amount of
mathematical comprehension followed In order by the deductive =~ varled,
deductive - exact and the Inductive - varled group. These findings in-
dicate that when one is concerned with mathematical comprehensfon level
learning the exact form of curriculum repetition was best Implemented by
the Inductive method while the varied form of curriculum repetition was
best implemented by the deductive form of presentation.

This finding may be due to the character of the modes of presenta-
tion. The deductive mede is primarlly a “telling" mode. The deductive
lesson was started with an advanced organizer (see Aomendix {. decuctive
lesson) which was a statement of the generalization to be taught during
that particular lesson. In the first lesson the generalization was,

'"a set Is a group of things which go together. The things In a set
are called members of the set.!' After the generalization was glven a
series of examples were used to iilustrate this idea. For each set
example, the pupils In the deductive mode were told what the set was
(e.g. This Is a set of dishes.), why these elements were grouped tc-
gether to form a set (e.g. The things In this set go together because
they are all dishes.), and explicitly named for the pupil the members of
the set (e.g. The members of this set are tw» large plates, twe small
plates, two bowls and two cups.).

In contrast, the Inductive mode of presentation was character=-
Ized by beginning the lesson with a problem situsticn. For example,
in the first lesson (see Appendix |, Inductive approach} the problem
situation was set with the statements, 'Today, we are going to talk
about things you often see grouped together. Let's find out why we
group together certain things." The examples in the Inductfve lesson
are the same as those In the deductive lesson. The only difference is
the use made of the examples. For each set example, pupils in the in-
ductive mode were not expiicitly told what the set was. Rather, the
puplls In the Inductive mode were expected to determine for themselves

21
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TABLE 11

SUMMARY OF UNIVARIATE ANALYSES
OF VARIANCE ON MATHEMATICAL LEARNING
AT SiX COGNITIVE LEVELS
FOR CURRICULUM REPETITION

BY INSTRUCTIONAL MODE OF PRESENTATION

Meat. Degrees of Freedom

Sourcez of Variation Square Hypothesis Eiror r P g

Curriculum Repetition

By Instructional Mode

of Presentation:
Knowledge 2,89 ] a2l 1.15 .29
Comprehens fon 11.57 ] 2L 7.83 .0}
Application 2,29 ] 24 1.45 .24
Analysis 2.89 ] 24 3,12 .09
Synthesis .0k ] 24 .05 .83
Evaluation 1.29 ] 24 2,20 .15

i1
t
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TABLE 12

SUMMARY OF UNIVARIATE ANALYSES
OF COVARIANCE ON MATHEMATiCAL LEARNING
AT SIX COGNITIVE LEVELS

FOR CURRICULUM REPETIT1ON 3

BY INSTRUCTIONAL MODE (F PRESENTATIOW

WITH 1Q AS A COVARIATE ;
| 3
Mean Degrees of Freedom b
Source of Variation Square Hypothesis Error F P<L :
|
Curriculum Repetition ;;,
by Instructional Mode .
of Presentation: !
Knowledge 3.47 1 23 1.58 .22
Comprehension 11.30 1 23 7.43 .01l
Appiicstion 2,27 1 23 1.38 .25
Analysis 2.67 1 23 2,96 .10
Synthesls .04 1 23 06 .82
Evaluatlion 1.07 1 23 2,33 4
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TABLE 13

SUMMARY OF UNIVARIATE ANALYSES
OF COVARJANCE ON MATHEMATICAL LEARNING

AT SIX COGNITIVE LEVELS

FOR CURRICULUM REPETITION

BY INSTRUCTIONAL MODE OF PRESENTATION

3 WITH PRETEST AS CCVAR!ATE
4 Mean Degrees of Freedom
: Source of Variation Square  Hypothesis Error F P<

Curriculum Repetition
by Instructional Mode
of Presentationg

; Knowledge 1.18 ] 23 46 .51
g Comprehension 10.89 ] 23 7.14 .01
E Application .52 1 23 .33 .57
i Analysis 2,26 ] 23 2,33 .14 ;
Synthesis .39 1 23 .60 .45 ?
Evaluation 2.56 ] 23 L,80 .04 %
24
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TABLE 14

SUMMARY OF UNIVARIATE ANALYSES

OF COVARIANCE ON MATHEMATICAL LEARNING

AT SIX COGNITIVE LEVELS

FOR CURRICULUM REPETITION

BY INSTRUCTIOMNAL MODE OF PRESENTATION

WITH PRETEST AND IQ AS COVARIATES

Mean Degrees of Freedom

Source of Variation Square Hypothesis Eriror F P <

Curriculum Repetition

by Instructional Mode

of Presentation:
Knowledge 2.98 ] 22 1.30 .27
Comprehension 9.66 ] 22 6.09 .02
Application .31 | 22 .10 .67
Analysis 1.35 1 22 1.5 .24
Synthesls 16 ] 22 .68 .41
Evaluation 1.52 1 22 3.30 .08
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TABLE 15

MEANS AND STANDARD DEVIATIONS
FOR MATHEMATICAL COMPREHENSION jf

BY TREATMENT GROUP

Treatment Group Means Standard Deviations

Inductive = Varted 1.57 .79

Inductive ~ Exact 3.29 1.11

Deductive - Varied 2.7 1.70

Deductive - Exact 1.86 1.07
|
|
|
i
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TABLE 16

MEANS, ADJUSTED FOR 1Q, AND STAMDARD DEVIAT]ONS

FOR MATHEMATICAL COMPREHENS|ON BY TREATMENT GROUP

Treatment Group Adjusted Means Standard Deviations
inductive = Varied 1.65 .79
Inductive -~ Exact 3.30 1.11
Deductive ~ Varied 2.68 1.70
Deductive -~ Exact 1.80 1.07

27
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TABLE 17

MEANS, ADJUSTED FOR PRICR MATHEMATICAL KNOWLEDGE,
AND STANDARD DEVIATIONS FOR

MATHEMATICAL COMPREHENSION BY TREATMENT GROUP

Treatment Group Adjusted Means Standard Deviations
Inductive -~ Varied 1.58 .79
Inductive -~ Exact 3.35 1.11
Deductive - Varied 2,72 1.70
Deductive - Exact 1.77 1.07

28
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TABLE 18

MEANS, ADJUSTED FOR 1Q AND PRIOR MATHEMATICAL KNOWLEDGE,
AND STANDARD DEViAT!ONS

FOR MATHEMATICAL COMPREHENSIOH BY TREATMENT GROUP

Treatment Group Adjusted Means Standard Deviations
Inductive - Varied 1.54 .79
Inductive - Exact 3.22 1.11
Deductive ~ Varied 2.68 1.70
Deductive - Exact 1.92 1,07
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whether the example shown was a set, and if it was a set, what it was
a set of and identify each of the individual members of the set and tell
why they were grouped together to form a set.

The reason the inductive mode of presentation better facilitates
the understanding of mathematical concepts when the same examples are
repeated rather than varfed was probably due to certaln characteristics
of the pupils' thinking processes involved in the acquisition of new
ideas,

There seems to be general agreement that the thinking process has
step by step quality which alds In the accomodation and assimiiation of
new ideas (Piaget, 1952, 1953, 1950; Uewey, 1911; Thomson, 1959;
Werthelmer, 1945). Plaget {i952) further suggested that one of the cru-
ctal steps in the accomodation and assimilation of new ideas was the
""|structural reorganization' of preliminary concepts which later fa-
cilitates the grasping of a new pattern of relationships from which a
new {dea can evolve,

One might conjecture, then, that the pupils iIn the inductive -
varied mode became involved in only the first step of the thinking
process due to the continuing presentation of new and different examples.
Pupils in the deductive mode were better able to procede beyond the
first step in the thinking process the first time through the examples
because much of the informatlon was structurally organized for them in
such a way that in .essence the first step of their thinking process
was completed, They did not have to generalize the particular example
as did the pupils in the inductive mode. Therefore, thelr understanding
of the concepts could be further enhanced by exposure to new and
different exampies during the second half of the lesson.

In contrast, the understanding of the mathematical concepts by the
pupils in the inductive mode, since the first step of the thinking pro-
cess was not completed for them, was more greatly enhanced by the repe-
tition of the same examples. The first time they were éxposed to the
examples the.pupils In -the Inductive mode structurally reorganized the
information so that upon seelng the example again they could procede to
the second step‘of the. thinking process..:By presenting dlfferent
examples during the second half of the lesson iIn the inductive mode the
pupil never would get a chance to completely conceptuallze the idea.
Instead, the pupil in the inductive ~ varied condition was always in-
volved in only the first stage of the thinking process,

Tests of Hypotheses Seven through Nine:
Mathematical Learning In Two Areas.

in order to test hypotheses seven, elght and nine rcjarding the re-
lative effects of curriculum repetition and instructional mode of pre~
sentation factors on the mathematical learning In two areas, sets and
numbers, multivariate analyses of variance and covariance prosedures
were used, There was no evidence found for the rejection of hypothesis
seven (see Tables 19-22). None of the F ratlos for the curriculum
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TABLE |9

SUMMARY OF ANALYSIS OF VARIANCE
ON MATHEMATICAL LEARNING
IN TWO AREAS

Degrees of Freedom
Source of Varlation Hypothesis Error F P

Curriculum

Repetition 2 23 2.16 .14
(Exact vs. varied)

instructional
Mode of Presentation

(inductive vs. 2 23 A .50
deductive)

Cx1 2 23 .51 .61

ERIC

Full Tt Provided by ERIC.
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TABLE 20

SUMMARY OF ANALYSIS OF COVARJANCE
ON MATHEMAT!CAL LEARNING
IN TWO AREAS

WITH 1G AS COVARIATE

Dearees of Freedom
Source of Varlation Hypothesis Error F

P <

Curriculum

Repetition 2 22 2.13
(Exact vs, varied)

Instructional

Mode of Presentation

(inductive vs. 2 22 42
deductive)

C x 1 2 22 46

b

.66

.64
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TABLE 2}

SUMMARY OF ANALYSIS OF COVARIANCE
ON MATHEMATiCAL LEARNING
IN TWO AREAS

WITH PRETEST AS COVARIATE

b
_— % e e e S ——
3
¢
]
.
]
.
B
' E
‘

Degrees of Freedom
Source of Varlation Hypothesis Error F

P<

Curriculum

Repetition 2 22 1.80
(Exact vs. varied)

Instructional

Yode of Presentation

(inductive vs. 2 22 11
deductive)

Cx 1 2 22 1.40

.19
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TABLE 22

SUMMARY OF ANALYS!S OF COVARIANCE
ON MATHEMATICAL LEARNING
IN TWO AREAS

WITH BOTH 1Q AND PRETEST AS COVARIATES

Degrees of Freedom
Source of Variation Hypothesis Error F

P<L

Curriculum
Repetition 2 21 1.87
(Exact vs. varied)

Instructional

Mode of Presentation

(inductive vs. 2 21 14
deductive)

C x1 2 21 1.03

.18

.87

.37
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repetition factor were significant at the acceptable level of ,05 (see
Tables 19-22). Even so, approximately 4% of the varlability of the
mcthematical learning In these two areas, set and numbers, was attribu-
table to the curriculum repetition factor. Therefore, the univariate
analyses of variance and covariance were also examined.

The results of the unlvarlste analyses of varlance and covarlnace
on mathematical learning in the two areas for curriculum repetition are
shown in Tables 23-26. There were no differences found between the two
repetition groups in the learning of set ideas. There were differences
found, however, between the two groups in the learning of numuer Ideas.
The percentage of the varfability In the number learning attributable
to the curriculum repetition factor ranged from 8 to 10,

The original nonadjusted means (see Table 27), the means adjusted
for 1Q (see Table 28), the means adjusted for prior mathematical knowledge
(see Table 29), and the means adjusted for both IQ and prior mathematical
knowledge (see Table 30) all favor the exact form of curriculum repe-
tition over the varied form of curriculum repetition.

The mathematical concepts included in the number learning of the
program were face value of a numeral, place value of a numeral and equa-
11ty and non-equality of numbers, These concepts were probably the
most difficult for these pupils to grasp. They were all totally new
concepts to the pupils. Since the concepts were quite difficult to
obtain, the first exposure to the example allowed the pupil to take
the first step In the learning process ''structural reorganization'
while the second exposure to the example allowed the pupil to take
the second step in the learning precess, that of actually conceptua=-
11zing the concepts.

Earlier, in examining the comprehension learning of the EMR
pupils in the study, however, it was found that the deductive - varied
mode better facilitated the learning of these pupils than did the
deductive - exact. Here, however, in terms of overall number learning
there was a reversal. in terms of total number learning across cog-
nitive levels the mathematical learning of the deductive and Induc~-
tive exact groups was greater than the deductive and inductive varied
groups. An examination of Flqure 2 1llustrates that the earlier
finding was stable with respect to number learning. Number comprehen~
sjon (understanding of number céncepts) was best facll!tated by the
inductive ~ exact and the deductive = varled modes. Therefore, the
result Is consistent across comprehension learning (see Table 2).

The reversal from the deductive - varied to the deductive =~
exact In number learning, exclusive of comprehension level learning,
was primarily due to knowledge, application, and evaluation level
learning (see Figure 2) of numbers. The previous conjecture
regarding the explanation of the comprehension level learning of
mathematical concepts In general must thus be expanded to explain
the reversal for knowledge, application and evaluatlion ievel learning
of numbers,

The posttest items used to assess number learning at the know-
ledge, application and evaluation levels were numbers 25-30 (see
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TABLE 23

SUMMARY OF UNIVARIATE ANALYSES
OF VARIANCE ON MATHEMATICAL LEARNING
IN TWO AREAS FOR CURRICULUM REPETITION

Mean Degrees of Freedom
Source of Variation Square Hypothesis Error F P&

Curriculum Repetition:
Sets Ok ] 24 01 .95
Numbers 9.14 1 24 L4y 05
36
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TABLE 24

SUMMARY OF UNIVARIATE ANALYSES
OF COVARIANCE O MATHEMATICAL LEARNING
IN TWO AREAS FOR CURRICULUM REPETITION

WITH 1Q AS COVARIATE

Mean Degrees of Freedom
Source of Variation Square Hypothesis Error F P <
Curriculum Repetition:
Sets .70 1 23 .09 .77
Numbers 8.70 1 23 L.o3 .06
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TABLE 20

SUMMQ%& 0" UNIVARIATE AMALY/SES
OF COVAREZNCE ON MATHEMATICAL LEARNING
IN TWQ AREZAS
FOR CURR{LULUM REPETITION

WITH PRETEST AS COVARIATE

Mean Dagrees_of Freedom
Source of Variation Squarc Hypothesis crror F p 7
Cuirriculum Repexvitions
Sats Lo ] 23 Ooh 8k
Numbers 7.10 ] 23 3.5¢ .07




SUMMARY OF UNIVARIATE ANALYSES
OF COVARIANCE OF MATHEMATICAL LEARNIMG
IN TWO AREAS
FOR CURRICULUM REPETITION

WITH 1Q AND PRETEST AS COVARIATES

Mean Degrees of Freedom
Source of Variation Square  Hypothesis Error F p<
Curriculum Repetition:
Sets 1.26 1 22 .16 .70
Numbers 7.49 1 22 3.48 .08
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TABLE 27

MEANS AND STANDARD DEVIAT!ONS
FOR MATHEMATICAL LEARNING OF NYMBERS

BY FORM OF CURRICULUM REPETITION

Form of
Curriculum Repetition Means Standard Deviations

Exact L,22 1.23

Varied 3,07 1.62
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TABLE 28
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MEANS, ADJUSTED FOR 10,

AND STANDARD GEVIATiONS
FOR MATHEMATICAL LEARNING OF NUMBERS

BY FORM OF CURRICULUM REPETITION
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Form of
Curriculum Repetition Adjusted Means Standard Deviations
Exact L.20 1.23
: Varied 3.09 1.62
:E o m———
%
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TABLE 29

MEANS, ADJUSTED FOR PRETEST,
AND STANDARD DEV IATIONS
FOR MATHEMATICAL LEARNING OF NUHDERS y

-

BY FORM OF CURRICULUM REPETITiON

rorm of
Curricuium Repetition Adjusted Means  Standard Deviation:

— .

Exact 4, 5] 1.23
Varied 3.12 1.62

b2
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TABLE 30

MEANS, ADJUSTED FOR PRETEST AND 1Q,
AND STANDARD DEVIATIONS
FOR MATHEMATICAL LEARNING OF NUMBERS

BY FORM OF CURRICULUM REPETITION

Form of
Curriculum Repetition Adjusted Means Standard Deviations

Exact 4,19 1.23
Varied 3.00 1.62
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Figure 1). These items are shown in Appendix !V. The content of the
ftems was place and face value of numzrals and the equaliity and none
equality of numbers. The correct campletion of the vnowledge level
items required the recall of the names for the three piaces studled

and recall of the "Is equal to" symbol. The successfyl completion of
the application level number [tems was depencent on the pupil?’s ab]lity
to 1) determine the correct way to write the numeral which tn}d the
number represented by a set of blocks and 2) determine which pair of
numbers were not equal among four sets of two numbers (see Appendix IV,
items 26 and 29), Yo successfully complete the evaluation Jevel nume
ber ftem the pupils had tc evaluate the number of elements {n cach

set amoung four sets to determlne which number did not represent the
numeral 10. The comprehensfon level item in contrast required the child
to really understand in depth the plaze value~face value concepts. The
successful compietion of the comprehension level number |tem reguired
determination of what a partlcular single diget numeral meant when it
was positioned in one three places, units, tens or hundreds.

The successful Tearning of number concepts at the knowledge,
application and evaluation levels required the exact repetitlion of
examples. Seemingly, the learning of number cohcepis, wlth the excep-
tion of number learning at the comprehension level, required the
structural reorganization of the relationships in a constant setting
in order for the pupils to learn. The fact that this Is conslstent
Irrespective of the mode of presentation used is puzzling, In light of
the previous finding regarding comprehension Jeve] learning of all
mathematical concepts. Thls finding would suggest that there !5 wide
variability in the general thinking precesses of EMR pupils depending
upon the conten: being studied, the level of learning taking place,
and the specific charactaristics of the curricular and instructions)
tactors to which he 15 being subjected,

Hore specifically, the mathematical learning of number concep+s
at the knowledge, application and evaluation leveis was best facilitated
by an exact form of curricuium repetiticn, Comprehension ievel learning
of ail mathematicai concepts was best fzcilitated py either an lnduc-
tive mode of presantation coupled with the exact repetition of examples
or a deductive mode of presentation coupled with a varied form of
repetition of examples,

Due to the internal interactive effects found, hypothesis seven
Jn toto was not rejected,

No evidence was found for the rejecticn of hypothesis eight regarding
the relative effects of the instructioral modes of presentation on
learning In two areas (see Tables 19-22). Mone of the overail F
ratios reached the desired level of .G5. Aiso, essentially none of
the variabiliiy of the mathematical learning In the two areas was
directiy attributable to the instructional rode of presentation factor,

Similarly, no evidence was found for the rejection of hypothestis
nine regarding the T x | interaction effects on mathematical learning
fn the two areas (see Tables 19-22). Again, none cf the vartability of
the mathematical learning in the two areas was directly attributabie to
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the curriculum by instruction factor,

Tests cf Hypotheses Ten through Twelves
Mathematical Learn.ng on Three Jopics

in order to test hypotheses ten througn tweive, muitivarists

anaiyses of varfaice and covariance procedures were used. There was no
evidence found for the rejection of any of the three hypotheses (see
Tabies 31-3%),

The largest F ratios were found on the € »x | factors in
the four analyses,

In any case, only 4% of the variabilitv in the
mathematical learning of topics was attributable to the £ x | factor.
This ievel of accounted for variability occurred in snly ore instance
see Tabie 33) out of four (zue Tables 31=34;.

Ther2fore, hypotheses
ten, ejeven and twelves were not rejected. :
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SUMMARY OF ANALYSIS OF VARJANCE

ON MATHEMATICAL LEARNING

ON THREE TOPICS

Degrees of . Freedom
Source of Variation Hypothesis Error

Curriculum
Repetition 3 22
(Exact vs. varied)

Instructional

Mode of Presentation

(inductive vs, 3 22
deductive)

Cx1 3 22

1.26

.31
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TABLE 32

SUMMARY OF ANALYSIS OF COVARIANCE
ON MATHEMAT!CAL LEARNING
ON THREE ToPiCS
WITH 1Q AS COVARIATE

Degrees of Freedam
Source of Variation

Hypothesis Error

F P
Curriculum

Repetition 3 21 .71 .56
(Exact vs, varied)

lnstruct!onal

Mode of Presentation

(Inductive vs, 3 2] .79 .52

deductive)

C x| 3 21 1.2] 33
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TABLE 33

SUMMARY OF ANALYSIS OF COVARIANCE
ON MATHEMATICAL LEARNING
ON THREE TOPICS

WiITH PRETEST AS COVARIATE

Decrees of Freedom
Source of Variation Hypothesis ECrror F

Curriculum
Repetition 3 21 .67
(Exact vs. varied)

Instructional

Mode of Presentation

(inductive vs, 3 2] .84
deductive)

C x| 3 2] 2,10

.58
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TABLE 34

SUMMARY OF ANALYSIS OF COVARIANCE
ON MATHEMATICAL LEARNING
ON THREE TOPiCS

WITH BOTH 1Q AND PRETEST AS COVARJATES

Degrees of Freedom
Source of Vartiation Hypothesis Error F

Curriculum

Repetition 3 20 .58
(Exact vs. varied)

Instructional

Mode of Presentation

(inductive vs. 3 20 .86
deductive)

C x| 3 20 1.60
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IV, SUMMARY AND CONCLUS|ONS

The purpose, methodology, a:1d results of the Investigation are
briefly summarized in the first part of this section. The discussion of
the second part of this sectlion Is devoted to limitations, conclusions
and impiications.

Restatement of the Probiem

The purpose of this study was to determine the relative effects of
two instructional modes of presentation and two curriculum forms of
repetition on mathematical learning at six cognitive levels, In two
areas and on three topics. The instructional modes of presentation
compared were inductive and deductive. The curriculum forms of repe-
tition compared were exact and varied.

Experimental Program

Four different programs were developed for each of ten lessons
which covered the following concepts: set terminology - definition,
membership and cardinality, szt relations - subset and 1-1 correspondence,
set operation - unioning, number terminology - place value and face
value, number relations - equality and non-equality. The four programs
differed only in two factors. The two factors were curriculum form
of repetition, exact versus varied, and instructional mode of presen=-
tation, inductive versus deductive.

The four different treatment conditions, inductive - exact (i~E),
Inductive - varied (|--V), deductive = exact (D-E), and deductive - varied
(D-V), were derived from two scripts written for each lesson. The
(1-V) and (D-V) conditlons used the scripts in their original form.

The (1-E) and (I-V) conditlons used a modified form wherein the first
half of the script was exactly repeated and the second half om!tted.
Thus, each lesson consisted of two parts. In the exact repetition
conditions, the subjects viewed the 7% minute sequence presented either
inductively or deductively twice. In the varied repetition cond!tions,
during the second 7% minutes, the subjects viewed different examples
from those shown In the first half of the lesson., Each lesson, then,
for each pupil was approximately 15 minutes in length with from 40-60
slide changes in each lesson.

Color slides were produced from original artwork transparencles of
everyday objects or Illustrative number examples. To provide some
personal ldentification source for the subjects, a character, Mr.
Mathematics, was created. '

The 40 scripts, 10 lessons of four different treatment conditions,
were all recorded by a single person experienced in educational radio
and television announcing and broadcasting. The original tapes were
then edited and programmed with inaudible ''bleeps' to trigger slide
changes at the appropriate times In the program sequence. The programs
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were implemented with four Ken Cook Company Mark Vil Machines.

Experimental Procedures

Thirty-two educable mentaily retarded pupils with mean 1Q of 74
and average C,A, of 12,6 were selected for participation in the study,
The subjects were randomly assigned to each of the four treatment
conditions. Three subjects were deleted from the final sample due to
fllness. Another subject was randomly deleted to equalize the cells
thus leszving a total N = 26.

A pretest of mathematical knowledje was given prior to instructio,
and a posttest of mathematical learning at six cognitive levels, In
two areas and on three topics was administered immediately after the
completion of instruction. These tests were developed specifically for
use in this project.

The experimental design was a 2x2 completely crossed and randomized
design with 7 replicates per cell, The models were considered to be
fixed rather than random,

Multivariate analyses of variance and covarlance procedures were
utilized to analyze the data involving subtests. Urlvariate analyses
were used when total or composite test score data were analyzed, The
ievel of acceptable probzblilty was set at .05. Due to the small sample
size, however, when the accounted for varlarnce reached 5% or greater
univariate post hoc analyses were also examined,

Results
Twelve hypotheses were proposed (see pp. 2 and 3) and tested
(see pp. 10-50). The three major factors Investigated, curriculum re-
petition, instructionz] mode of presentation, and curriculum repetition

by instructlional mode of presentation are discussed separately.

Curriculum Repetition

The form of curriculum repetition, exact or varied, differentially
affected the mathematical learning of EMR's In two areas. Number
learning at the knowledge, applicatfon and evaluation levels was better
facilitated by the exact form of curriculum repetition than by the varied
ferm of curriculum repetition irrespective of the mode of presentation
used for Implementation. Due to the interactive effects, when global
learning was examined in terms of the curriculum repetition factor, no
differences were found.

This finding, regarding the general curriculum factor was consis-
tent with the first study (see Armstrong, 1968%; p. 134). In the
first study, the curriculum factor examined was organization, topical
spiral versus area spiral, whereas the curriculum factor In the se-
cond study was repetition, varied or exact. The curriculum orgarization
factor was zlso found to significantly affect the learning of number
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concepts at the knowledge, application and evaluatlon levels of learning.
Seemingly, therefore, even though the curriculum factors examined were
different between the two studies, both uffected the same types of
mathematical learning at the same cognitive levels of learning.

These findings indicate that both the form of organizutian and
the form of curriculum repetition are critical factors In the destye
of programs which are concerned with number learning at the knowledge,
appllication and evaluation levels for both EMR's and above average
normals. Furthermore, this finding reiterates the need for seperating
the curriculum and the Instruction factors in the design of educational
research (see Armstrong, 1967). Too often, research has focused on the
effects of the instructional methods variables with 1lttle or no concern
for wither the control of or examination of the curriculum factor,
Certainly, these findings would suggest that the curriculum factor
should be considered more serfously in the design of future studles
and in the evaluation of textbook materials for classrcom use,

Instructional Mode of Presentation

The only difference found due to the instructional modes of pre=-
sentation, Inductive or deductive, in the first study (see Armstong,
1968%; p. 134) was on the mathematical learning operations. The in-
ductive mode was found to better faclilitate the learning of operations
than did the deductive mode {see Armstrong, 196862; p. 97). It was
surprising to find so few differences attributab.e to the instruction
factor (Armstrong, 19683)., Therefore, this study was undertaken to
verify the findings of the Armstrong (19632) study.

As previously stated, one conjecture was that the absence of
differences was due to lack of complete control over the teacher variable.
Thus, thls study examined the same instructional modes of presentaticn
using teaching machines rather than teachers. Thus, the verbalization
of the two modes was completely centrelled.

The results of this study, however, indicated that the_findings in
the first study for the Instruction factor (Armstrong, 1958%) were
undoubtedly valid. The findings of this study also indicate that there
were no differences in any of the types or levels of mathematical
learning which were directly attributabie to the instruction factor,.

In contrast to the first study (Armstrong, 19683), however, differences
in the Yearning of operations attributable to the instruction factor
were not found., The findings of other Investigators upon examination
of the Inductive and deductive modes of instruction have also been varied.
These findings are reviewed in detall by Armstrong (1968; pp. 19-22).
The conclusion drawn from this review was that the difference in
findings among the various studies on the instructional factor were
due in part to the chronological age or Piagetian stage of the pupils
involved in the studies (see Armstrong, 1968%; p. 20). |If this was

a valid conclusion, than the difference in the results between the
present study and the Armstrong (1968%) study may be due to the dif-
ferent types of pupils involved In the two studies. Although the mean
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chronological age of the subjects In the two studies were approximately
the same, the mental ages were quite divergent, The average mental age
of the EMR sample was 9.32 while the average mental age of the Armstrong
(19682) above average normal sample was 14.04,

Research which has been completed with pupiis of similar chronolc-
gical age but contrasting mental .age on the Plagetian stages (Flavell,
1963), indicated that the stages did occur in the same order, but there
was a lag attributable to mental age (Quick, 1966). Pupils with lower
mental ages were found to lag behind pupils of the same chronological
age but with higher mentai ages In reaching the various Plagetian
stages. Even so, they did pass through the stages In the same order.

The mathematical learning of the EMR pupils who would, due to
their mental age lag, be in the concrete operations stage seemed to be
unaffected by the mode of presentation used. The mathematical learning
of operations, however, of the above average normals (Armstrong, 1968%)
who would be in the formal operations stage was affected by the mode of
presentation used. The findings of these studies, however, do not
complement an earlier conjecture made by Ausubel (1963) regarding the
relationship between Piagetian stages and the Instructional method.
Ausubel (1963}, although not referring to EMR pupils per se suggested
that pupils In the beginning Plagetian stages would profit more from
the inductive mode of presentation while pupils In the later stages
would profit more or equally as well from the deductive mode of pre-
sentatfion,

Certainly, the Interrelationships among pupil mental age, chrono-
logizal age, methods of instruction and Plagetian developmental stages
need to be explored further., The divergent results both In these
studies and in previous studles (see Armstrong, 19683; pp. 19-22) make
further exploration of the inductive and deductive modes of presentation
in conjunction with various learner varizbles a badly neede” next step
In the area of mathematical learning.

Curriculum by Instruction

In contrast to the first study (Armstrong, 19683), wherein there
was no mathematical learning variability directly atiributable to the
curriculum by Instruction (C x 1) factor, the results of this study
showed 4% of the total mathematical learning attributable to the C x |
factor, 5% of the mathematical learning at various cognitive levels
attributable to the C x | factor, and 21% of the variablility in compre-
hension level learning attributable to the C x | factor.

These findings point up a basic difference between the two cur-
riculum factors studied. The form of curriculum organization used
was equally effective In faclilitating mathematical learning Irrespective
of the mode of presentation used to implement the program. In contrast,
however, the form of curriculum repetition used was not unaffected by
the mode of presentation used to Implement it.

The exact form of curriculum repetiticn bettér facilitated learning
at the comprehension level when tmplemented by the inductive mode. The
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varied form of curriculum repetition, however, better facilltated mathe~
matical learning at the comprehension level when implemented by the
deductive mode,

This finding may best be explained In terms of the cuar hy ctep
nature of the child's whinting processes. Since the deductive mode
structurally organizes the leaiuning situatjon for the child, that 1s,
takes the first step of the thinking proccos for him, the comprehension
learning of the pupils in the deductive mode vas not as greatly faci-
l1itated by the repetition as by the variation of examples. In contrast,
since the inductive mode does not structurally organize the examples
for the child, the comprehension level learning of the pupils In the
Inductive mode was more greatly facillitated by the repetition of examples
than by the variation of examples,

Limitations

There were three major limitation: the slize of the sample, the
l1imited capabliliities of the teaching machine programs, and the machine
breakage factor, Each limitation is discussed separately.

One majoi- Yimitation of the study was the samll number of subjects
in the total sample. Since teaching machines were used rather than
teachers, only four subjects at a timz could be involved in the erperi-
mental program. |In contrast, by using teachers larger numbers of pupils
can be exposed to the treatmeni conditions at a time, thus, aliowing
for larger sample sizes.

The second major limitation was the 1imlted capability of a ma-
chine In the instructfonal setting. For example, In programming the
inductive mode it was impossible to vary the responses depending upon
the pupil's responses to the questions. Although the teaching machines
used provided three different tracks for ''teacher' response to the
child's response to certaln questions, the pupil only could respond
with one of three apricri determined responses. When actually imple=-
mernting via the inductive mode in the classroom, the pupils are able
to respond to the questions in many different ways and the teacher can
modify her original question by the way in which a particular child
responds, This Is not possible when using the teaching machine. Con-
sequently, many of the inductive mode presentations were composed of
far too many rhetorical questions,

The third majer limitation was the difficulty encountered In
keeping the machines running. The machines, being quite intricate in
nature, were constantly breaking down. Many times this came in the
middle of a lesson and thus the sequence of the pupil's instructional
session was broken, Also, at times the tapes slipped so that the
tracks were transpcsed resulting in incorrect ''teacher' responses for
pupll answers to questions, When this happened, proctors were on
hand to correct the mistake., Many times, however, it was too late for
the pupil who had already been told that his correct response was
wrong, thus, resulting in extreme confusion for the subject involved.
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The results of this study together with the resuits of the
previous study (Armstrong, 19682), frrespective of the several 1i-
mitations previously discussed, suggest certain conclusfons and
implications for future research and practice,

Conclusions and Implications

Due to the length of discussion of the results In the previous
section, the conclusions and Implications foilow in summary fcrm,

Conclusions

1. Number learning at the knowledge, application and

- evaluation levels is better facilitated by an area

] spiral form of curriculum organization (Armstrong, 1968°%)
and an exact form of curriculum repetition.

2, Mathematical learning of operations Is better P
facilitated by an inductive rather than a deductive o
mode of pi2sentation for pupils of normal mental age :
(Armstrong, 1968%), but equally facllitated by an
inductive or deductive mode for EMR pupils.

3. The form of curriculum organfzation used, area
or topical, 1s equally effective In facilitating
mathematical learning irrespective of the mode of
presentation, Inductive or deductive, used to imple-
ment the program (Armstrong, 1968%). The exact form
of curriculum repetition better facilitates mathema-
tical learning at the comprehension level when imple~-
mented by the Incuctive mode of presentation, while
the varied form of curriculum repetition better fa-
cilitates mathematical learning at the comprehension
level when Implemented by the deductive mode of pre~
sentation,

Implications

The replication of the first study (Armstrong, 19683) has provided
; added insight into the curriculum, Instruction, and the curriculum by ,
instruction factors herein Investigated. The results cf these studies i
point up certain needed next steps in the area of mathematics learning
research, Two of the more Important areas of concern should be:

B 1) more concentrated research en the curriculum factor as apart from
-3 the instruction, teacher and learner factors (Armstrong, 1957), and

: 2) the investigation of the interrelationships among pup!l mertal age,
‘ chronological age, the inductive and deductive modes, and Plagetian
developmental stages.
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Lesson Number One: Introduction to Sets
Set Terminology
Inductive Approach

i:1 | want you to meet Mr, Mathematics. He's going to
help me show you some things about mathematics which you
may not have learned before. As you can see, he has three
three baskets of mathematics: numbers, shapes, and sets.
in Mr. Mathematics' first basket are numbers. VYou pro-
bably know about this kind of mathematics. Sometimes we
call this kind arithmetic. There are two other kinds of
mathematics you may not know about. In.Mr. Mathematics! .
second~bhsket are shapes. In Mr. Mathematlcs' third bas-
ket are sets. We'll be expioring the matiiematics In each
of Mr. Mathematics' baskets, We'lil be studying numbers,
shapes, and sets. Today we are going to talk about things
you often see grouped together. Let's find out why we
group together certain things,

2:2 We often see dishes on a breakfast table., Are these
dishes alike In any way? We can see that all the dishes
are the same color but is cclor the best reason for put-
ting them together in a group? Are the plates dishes?
Are the cups dishes? Are the bowls dishes? What iIs the
best reason for putting :the plates, . the cups..and the
bowis together In a group?

3:6 You may have seen these before on the playground,
What are they? Why do we plece the two swings together?
Do we use the two swings for the same purpose?

L:7 Here Is one of the swings. How do we use this swing?
Do we swing in the swing?

5:8 Here Is the group of swings. Do we use both swings
for the same purpose?

629 Look at this group of animais. What are the animals
in this group? That's right. There is a dog, a cat and
a bird in this group. Why have we placed these animals
together In a group? How are these anlmals alfke? Do
they all have four legs? No, because the bird does not
have four legs. So, the number of legs they have does
not make them alike. Could each of these animals be kept
as a pet? Let!'s check each one and see.

7:10 Here is the dog. Couid a dog be kept as a pet?
I f you say yes, you were right. A dog can be kept &s
a ret?.

8:11 What about a cat? Could a cat be kept as a pet?
Agaln If you sald yes, you wcre right. A cat ca» be kent
as a pet.
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9:12 Think about this bird. Could s bird like this be

kept as a pet? “es We could keep a bird like this as
a pet

10:2  Are all of the animals in this set pets? Is the
dog 2 pet? s the cat a pet? s the bird a pet? s
that & cood reason for putting all of these animals tue
gether ir. a qroup?

11:55 Look at the objects in this picture. What are they?
Could the swing be a member of the group of pets?

12:47 If _our answer is ses, push the green button |f
our answer is no, push the ‘eliow buttecn If vou do not
know the answer push the red button

13:50 Remember the gquestion: Is the swing a member of the
aroup of pets?

14:9 * ) GREEN TRACK: Mo you are wrcag The
swing cannot be a member of the group of
pets because a zwing is not a pei. Every
member in the group of pets is a pet.

’ YELLOW TRACK: VYes, that's right. The
swing cannot be a member of the group of pets
because a swing is not a pet. You were right.
Every member in the group of pets is a pet.

") RED TRACX The answer is no. The

swing cannot be a member of the group of pets

because a swing is not a pet. Every member
in the group of pets is a pet.

15:25 Here is a group you often see. What are the -.

members of this group? Why are the girls members of this
group? Why are the boys members of this group? Are the
boys children? Are the giris children? Do we put these

girls and boys together in a group because they are all
children?

16:33 Look at the members of this group. What are thay?
Whv do we put these books together in a group? Are the
books all the same color? No, they aren't the zame color.
So, that isn't the reason tiiey are placed in a group.

17:34 Is the red book one of the members of the group?
How is the red book similar to the other books?

18:35 Is the green book similar to the other objects on
the table?

19:33 Let's talie a ciose laok, Do ycu -ee the red bo-k?
Do you sec the g-ees bouk? How are all these things on
the table top similar?
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20:56 |s this babv similar to the books on the table?
Is the baby a book?

21:49 If your answer is yes press the green button,
Push the vellow button if your answer is no. Push the
red button if vou do not know the answer.

22 51 Remember the question? |Is the baby like the
books on the table? |Is the baby a bcok?

23:33 TRACK GREEN: VYou are wrong. The baby
is not a member of the set of books. The
baby cannot be a member of the set of books
becsuse the baby is not a book.

TRACK YELLOW: VYou are right. The baby is
not 38 member of the s2t of books. You did
very well. You know that the only things
which can be members of the set of books are
books.

TRACK RED: The answer is no. The baby is
not a member of the set of books. The baby
cannot be a member of the set of books be=
cause the baby is not a book. The only thincs
wvhich-can be members of the set of bcoks-are
books.

244:46 What do we have here in this group? How are
all the batls similar? 1{t's not the colors that make
them alike. What is it that makes them alike?

25:47 1s this ball one of the balls in the group of
balls? Why can we say that this ball can be placed
with the other balls,

26:3 Here are many golf clubs. How are they similar?
Why ao you think we can place them.all in one group?
There are two types of golf clubs aren't there?
Couldn't we place all the go!f clubs made of wood
together? Couldn't we place all the other golf

clubs made of iron together? VYet, we can also put

all the golf clubs together == but why is it that we
can put them together?

27:16 What are some of the foods you see here? Are
these food items alike?

28:17 Is the apple a fruit? |Is it on: of the food
items in the original group of focd?

29:18 1Is the orange simiiar to t.:2 other foods from
the bunch of foods? Is the or iag2 a fruit?
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30:20 How about grapes? |Is a grape a fruit? |Is
tihis food item like the others in the group?

31:16 Let's think for a moment? Here are all the
food items. How are they alike? 1Is each food item
a fruit?

32:57 s this cat a member of the set of fruit?

33:49 if your answer is yes, press the green button.
{f your answer is no, press the vellow button, If
you do not know the answer, press the red button,

34:59 Remember the question: Is this cat a member
of the set of fruit?

35:16 GREEN TRACK: ko you are wrong. The cat
cannot be a member of the set of fruit be-
cause a cat is not a fruit. Remember, the
only members of the set of fruit are fruits.

YELLOW TRACH: VYes that's right. The
cat cannot be a member of the set of fruits
because a cat is not a fruit, VYou were
right. Every member of the set of fruit
is a fruit,

RED TRACK: The answer is no, The ca:
cannot be a member of the set of fruit ho=
cause the cat is not a fruit. Every member
of the set of fruits is a fruit.

36:30 Here'’s a fellow carrying something. What
is he carrying? How are all these objects alike?
Do you think they are alike? 211 the balloons
are different in color but what is a reason for
putting them all in the one group? 1Is the red
bailoon a balloon? |Is the yellow bailoon a
balloon? How about the green bailoons? 1Is tke
green balloon a ball!oon?

37:33 Have you seen these before? What are they?
Perhaps sometimes you are seint to the store to do
some shopping for mother, 17 you were, you pro-
bably had a set of coins in your pocket? Are these
ditferent kinds of coins? What are they? What

are the odifferent kinds of coins that you see?

38:39 Is the nickel a coin? s it similar to the
other members of the groun of money? Why is a
nickel like the other coins?

39:40 Hare's a dime, is it a co'n? s it Sinmiiar

to the other coins? Are these reasons for piacing
these things together?
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Lo:7.,7 This is a set of horsecs.
4b1:60 Is this cat a member of the set of horses?

42:19 {f your answer is yns press the graen button,
If your answer is no press the yellow butten. |f you
do not know press the red button.

L3:59 Rememher the question, is tnis cat a memder
of the sct of horses?

Lhs237 GREEN TRAGI "ﬁ yﬂu are wrong., The
cat cannot be & mer:ar of the set of horses
bazause tre cot 'z nai » horse. Renembher
he only members o tue cet o7 horsas are
horacs.

(ELLOW TRACK: Ves that's right. Tae cat
cannot b= a r me"ve“ ¢y tha set of herses be-
cause the cat {z "ot a herse. You ware riagnt
every membor of the zet ¢f acrsas Is a noise,

BED TRACH: “he answer !s no, Th@ cat
canrot be a rnzmbor of the set of herses be-
cause the cit 13 no* 3 iorse. Every membsr

of the set of horzes 1s a ravse,

L5:43 Here's another grcup of objects., what are
t 7

Lb7:43 tHow are all these pencils slmllur? We cun see
that tie color of the pencils are all cifferant, so that
can’t be a reason., Way, then, can we group these pan=
ciis together?

L8+l hat color penril dn v have here? s it onz
of the pencils we saw in tha group of pencils?

k9:1 Today we have talked abcut aroups of thines.

We founa out that similaic 2r objocts that are a'ike
can e qrouped together onty 1§ they hove something -
ir ¢ cmron, For example, w2 taikad abcut thz set

oi baliocons. A1l the memberc belonged to the set be-
czuse each balloen was a beiloor, An airplane Is

not a balloon so we couldnit place it in the same set,
Caun ynu think of a set? 1'1] ser you tomcirow whea
we!il do some more exploring ia Mr. Hathematics!
backet of sets. Good~hye For now.
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Lesson One: Introduction to Sets
Set -Terminology

Deductive Approach

1:1 Hello! | want you to meet Mr. Mathematics. He's
going to help me show you some things about mathematics
which you may not have learned before. As you can see,
he has three baskets of different kinds of mathematics.
You probabiy know about the kind of mathematics that
uses numbers. Sometimes we call this kind, arithmetic.
In Mr. Mathematics! first basket are numbers., There
are two other kinds of mathematics in his baskcts. Mr.
Mathematics' second basket is filled with shapes. Mr.
Mathematics! third basket is filled with sets., We'll
be exploring the mathematics in each of Mr. Mathematics'
baskets. We'll be studying sets, shapes, and numbers.
I think you'll like working with sets, shapes and
numbers, Today we are going to talk about some of the
sets which you see every day. But what Is a set? A
set Is & group of things which go together. We call
these things in a set, members of the sut.

2:2 Here is a set you may have seen on the breakfast
table this morning. This is a set of dishes. The things
in this set go together because they are all dishes.,
Every member of this set is a dish. The members of this
set are two large plates, two small plates, two bowls
and two cups. This is a set of dishes.

3:6 here is another set you may have seen recently,
You may have seen a set like this on the playground.
Have you ever swumg in a swing? This is a set of
swings. Every member of this set is a swing. You
can swing in every member of "this set.

L:7 This is one meinber of the set of wings. You can
swing in this set member.

5:6 Every member of this set is a swing., You can swing
in every member of this set,

6:54 Have you ever had a pet?

7:9 This set of pets has In it a dog, a cat, and a
bird., The pets in this set are each a different color.
The dog is brown. The cat is white and the bird is
green, But the reason these animais are members of the
set Is because they are all pets,

8:10 The dog is a pet. Therefore, he is a member of
the set of pets.

9:11 The cat is also @ member of the sct because he s
a pet.
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10212 The bird is also a member uf the set because he
is a pet,

11:9 The dog, the cat, and the bird mske up the set
of pets, Every member of the set of pets is a pet,

12:55 Is this swing a member of the set of pets?

L

If your answer is no, push the yeliow button. If
you do not know the answer, push the red button,

13:49 If your answer is ves, push the green button,

14:50 Remember the question: |Is this swing a member
of the set of pets?

15:9 GREEN TRACK: No, you.are wreng., The
swing cannot be a member of the set of pets
because the swing is not a pet, Every membcr
of the set of pets is a pet.

YELLOW TRACK: Yes, that's right. The
swing cannot be a member of the set of pets
because a swing is not a pet. You were right.
Every member of the set of pets is a pet.

RED TRACK: The answer is no., The swing
cannot be a member of the set of pets be=
cause a swing Is not a pet. Every member of
the set of pets is a pet,

16:25 Another set which you see every day is the set
of boys. There are sets of boys in your classroom,
aren't there? This set of boys has five members,
Each boy has a different colored shirt. All of these
boys are members of the set, They .are all members

of this set :because they are all boys. A girl could
not be a member of this set, Only boys can be mem=
bers of this set. This is a set of boys.

17233 You probably saw this set today in your class=
room, This Is a set of books., Each of these books is

a different color, but you can read every member of
this set,

18:34 You can read the red book. The red book is a

member of the set. Any book could be a member of this
set,

19:35 This green book is also a member of the set of
books. You can read this green book.

20:33 A1l of the books on this table are members of
the set, This is a set of books.

21:56 Is this baby a member of the set of books?
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22:49 Push.the green button 1f your answer is yes.
Push the yellow button if your answer is no., Push
the red button if you do not know the answer.

23:51 Remember th2 question? | want to know, {s this
baby a member of the set of books?

24:33 GREEN TRACK: You are wrong. The baby is
not a member of the set of books. The baby
cannot be a member of the set of books because
the baby is not a book. The only things which
can be members of the set of books are books.

YELLOW TRACKz You are right. The baby
is not a member of the set of books. You did
very weil. You know that the only things
which can be members of the set of books are
books.

RED TRACK: The answer is no. The baby
Is not a member of the set of books. The baby
cannot be a member of the set of books because
the baby is not a book. The only things which
can be members of the set of books are books.

25:46 The set we are going to talk about row is the
set of balls., Each ball is a different color. You
can bounce every member of this set, You can roll
every member of this set, and you ean throw every mem-
ber of this set,

26:47 Here 1s one member of the set of balls, You
can bounce this 5all, VYou can roll this ball and you
can throw this ball, This ball is a member of the
set ¢f balls,

27:3 Here is a set of golf clubs, Have you ever
played go1f? | play sometimes, Sometimes | watch
other people play golf on television., You could use
this set to play golf. The members of this set go
together because they are all used to play golf,

They are all golf clubs, Some of the members of the
set are called irons, because they are made out of iron,
Some of the members of this set are called woods, be=
cause they are made out of wood. But all of the woods
and all of the irons are members of the set because
they are all golf clubs., A}l of these golf clubs
together In a group make up the set of golf clubs.

28:16 This set will make you hungry. You may have
seen this set at lunch time. This set of fruits has
as its members an apple, an orange, a banana, and

a bunch of grapes. You can eat every member of thls
set,

29:17 You can eat an apple. The apple is a member of
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the set of frults.

30:18 You can eat an orange. The orange is a member
of the set of fruits.

31:19 You can eat a banana. The banana s a member
of the set of fruits.

32:20 You can eat grapes. This bunch of grapes is
also a member of the set of fruits.

33:16 The apple, the orange, the banana, and the
bunch of grapes are all members of the set because
they are all pieces of fruit.

34357 Is this cat a member of the set cf fruit?

35:49 1If your answer is yes, press the green button.
If your answer Is no, press the yellow button., |f you
do not know, press the red button.

36:59 Remember the question: s this cat a member
of the set of fruit?

37:16 GREEN TRACK: No you are wrong. The cat
cannot be a member of the set of fruit “ecause
a cat is not a fruit, Remember, the only mem~
bers of the set of fruit are fruits.

YELLOW TRACK: VYes that's right. The
cat cannot be a member of the set of fruits
because a cat Is not @ fruit. You were right,
Every member of the set of fruit is a fruilt,

RED TRACK: The answer Is no. The cat
cannot be a member of the set of fruit
because the cat is not a fruit., Every member
of the set of fruits Is a fruit.

38:30 Now you are looking at a set of balloons. All
of the balloons together In a group make up the set of
balloons, Have you ever had a balloon? This boy has
lots of balloons, Each balloon that he is holding is
a member of the set. All of the balloons make up his
set of balloons,

39:38 This time the things we are going to talk about
are coins. Have you ever been sent to the siore to do
some shopping? If you did you probably had a set of
coins in your pocket. The coins in this set are a .-
fifty cent plece, a quarter or a twenty-five cent piece,
two dimes, a nickel, and three pennies. Each coin

Is one member of the set. Every member of the set is

a coin, All of the coins tcgether in a group make up
the set of colns. VYou can see the different members

of this set,
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40:39 Here 1s a nickel. The nickel Is a cocin, There~
fore, the nickel is a member of the set of coirs,

bl1:40 Here is a dime. The dime is also a coin. There-
fore, the dime is also a member of the set of coins.

b2:737 This is 3 set of horses,
b3:60 1s this cat a member of the set of horses?

bh:49 If your answer Is yes, press the green button.
If your answer is no, press the yellow button. |f you
do not know, press the red button.

45:59 Remember the question, Is this cat a member of
the set of horses?

46:237 GREEN TRACK: No you are wrong., The cat
cannot be a member of the set of horses because
the cat is not a2 horse, Remember, the only
members of the set of horses are horses,

YELLOW TRACK: Yes that's right., The
cat cannot be a member of the set of horses

& because the cat Is not a horse. You were
right, every member of the set of horses is
a horse,

RED TRACK: The answer is no. The cat
cannot be a member of the et of horses because
the cat is not a horse. Every member of the set
of horses Is a horse,

47:43 Here is a set of pretty color pencils. |If you
had these pencils you could draw and draw and draw.
Every member of this set §s a different color, Every
member of this set is a pencil, & st

vy i . N
h8:44) Here':is one mémber of the, set of pencils. There
are lots of other members in the set of pencils, Can
you think of one? Remember, all of the members of this
Set are pencils, Would a pen be a member of the set
of pencils? Think about It.

k9:1 -Goed=bye for now. j'"1] see you tomorrow and we'l]
do some more exploring in the basket of sets,
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APPENDIX 11

Description of the Slides Used in Lesson One
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Slide Number

]
OKQQNO\WPWN -t
-

Description

Mr. Hathematics with basket of numbers, basket of
sets, and basket of shapes
set of dishes
set of golf clubs
empty set
baby
set of swinas
one of swings
set of swings / one of swings
set of pets
dog
cat
bird
set of pets / dog
set of petsf/ cat
set of pets / bird
set of fruit
apple
orange
anana
grapes
set of fruit / apple
set of frult / orange
set of frult / banana
set of frult / grapes
set of five boys with different shirts
boy with white shirt
boy with purple shirt
set of five boys / boy with white shirt
set of five boys / boy with purple shirt
set of six balloons
bjue balloon
set of balloons / yellow balloon
set of seven books of table
red book
green book
set of books / red book
set of books / green book
set of colng
nickel
dime
set of eight coins / nlckel
set of coins / dime
set of nine penciis$
blue pencil
set of pencils / red penct]
set of ten balls
one ball
set of balls / one ball
1ight cue: green light - yes; yellow light = no;
red light - | don!'t know

w S ef v ! s "

L
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(cHnt.)

Slide NMumber

50
51
52
53
54
55
56
57
58
59
60

Description

one of swinas / light cues

bab / light cues

Mr. Mathematics frowning (perturbed)
Mr. Mathematics smiling (overjo ed)
Mr. Mathematics (befuddied)

swing / set of pets

bab:s / set of books

cat / fruit

nickel / pencils

cat / liaht cues

cat / set of horses
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Pre-Mathematics Content Test (EMR)
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26.

30.

32,

33.

-

How many units make one ten?

i

How many tens malke one hundred?

How many u its make one hundred?

Does this XX X Xx X X X X Xx & equal 1 ten?

Ino

N
~/{’/5 | tens units
XXXXXXXX =

XX XXX

"

Is 5 equal to 5% Ves NC

Is six pencils equal to seven pencils?
Yes N

Can we say 9 does not equal 107

79

Naowe




APPENDIX 1V

Pos t-Mathematics Content Test (EMR)
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POST=MATHEMATICS COMTENT TEST (EMR)
Practice |tems:

1. Which of the following pets is a dog?
a. (11) cat
b. (12) bird
c. (10) deg
d. (304) fish

2. Which of the following is a set of horses?
a. (738) set of three chickens
b. (93) set of nine fish
c. (737) set of four horses
d. (81) set of three birds

1. A set is ;
a. the number of members in a group. |
b. a group of things which go together, ;
c. a dog, a cat, and a bird.
d. any group of objects.

2. Which is not a set?
a. (9) set of pets
b. (4) empty set
c. (120) group: a cat, a spoon, & sock
d. (2) set of dishes

3. Which member would not be In the sez of fruit?
a. (17) apple
b. (18) orange
c. {?0) grapes
d. {4&4) pencii

T N I T L T + I R LT T R

L. uhich set is. the new set when you union these two sets: (370) empty set/
a. (i) the empty set set of a firetruck
b. (310) set of firetruck and policecar and a policecar
c. (311) set of fireman and poiiceman
d. (370) set of firetruck and '>licecar/ the empty set

5. To union two sets means
2. to put the members of the two sets together to make a new set.
b. to make a new set by adding some but not all of the members of
another set.
c. to choose some of the members of a set and put them into a new
set.,
d. < count the members In the sets.

6. Union these two sets: (373) sct of faces/ set of hats Which is the new set?
a. (371) set of faces
b. (372) set of hats
c. (374) set of faces and hats
d. (151) set of blouses

T g 3
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10.

11;

12,

13.

b,

Which object would not be in the new set when the set of fruit and the
set of pie are unioned? (308) set of fruit/se* of pie

a. (79) pie

b. (17) apple

c. (19) banana

d. (251) cookies

Which two sets were unioned to get this set: (306) set of dog, cat, bird,
and fish

(209) three black cats/black and white cats

(13) pets/dog and cat

(302) set of pets/fish

(703) train/set of pets

Qa0 Uo

Which two sets were not unioned to get this sets (36l4) set of a doll, a
T truck, and a ball
a. (387) set of a doll, a truck, and a ball/empty set
b. (388) set of a doll/set of a truck and a ball
c. (389) set of a doll and a truck/set of a ball
d. (369) set of a doll, a truck, and a ball/set of a boy and a girl

How many members in this set of books? (33) set of four books
a’

Loa % VIR e -]

C.
d’
The cardinal number of any set is
a. the number of members in the set.
the number which tells the order of the members in the set.

b.
¢. the number which names the set.
d. the number inside the set.

To find the number of members in a set, | would
a. add the members.
b. subtract the members.
¢c. union the members.
d. count the members,

Which of the following sets does' not:have eight members?
a. (121) set of eight children
b. (92} set of eight cars
c. (33) set of seven books
d. (38) set of eight coins

Which set does not have the same number of members as this set: (87) set
of six hands

a. (68) set of six foothalls

b. (72) set of seven airplanes

c. (125) set of six balloons

d. (270) set of six dowels
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To union these two sets, ! would put the (382) set of square and
circle/set of a triangle

circle into a new set by itself,

square and triangle into one set.

square, the triangle, and the circle together to make a new set.

square into a new set by itself.

aooe

Which set Is not a subset of this set: (9) set of pets
a. (10) set of a dog
b. (11) set of a cat
c. (304) set of a fish
d. (12) set of a bird

Which iIs not true about a subset? A subcet is
a. & set within a set.
b. part of another set.
C. a set with some but not all of the members of the set.
d. a set with all of the members of the set.

A subset is
a. a set which is part of another set.
b. the number which tells how many members the set has.
C. an empty set.
d. a set which has the same number of members as another set,

Why Is this group of objects not a set: (102) group: ball, dish, doll, cat
a. A set can only have three members.
b. The members of this group do not go tagether.
c. The members of this group are different colors.
d. A set does not have to have any members,

Equivalent sets are two sets
a. with the same number of members.
b. with the same members. -
c. with some but not all of the same members.
d. which are the same iength.

What member would not be in the set of pets?

a. {9) dog

b. (V1) cat

c. (12) bird

d. (47) ball

This set is a set of (364) set with a .doll, a truck, and a ball

a. pets,

b. balls.

c. toys.

d. cars,

Whicrh nate Af catg ta cantuatent?
a. (373) set of faces/sat of haeg

b. (261) set of heimets/set of heade
c. (307) set of girls/set of boys
d. (703) set of train cars/set of pets
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L. A 2 In the tens place means we have how many things in our set?
. two, "2V

twenty, '20"

two hundred, '200"

. twelve, "J21

- SN o B -
[ ] [ ]

5. What are three places you can put these digets to write a numberal?
(503) set of digets 0 through 9

units, sets, digets

square, circle, tens

units, tens, hundreds

. equivalent, nonequivalent, equal

ahod
[ ] L] [ ]

€. Which numeral tells the number of members represented in this set of blocks?
(620) blocks which represent 154

a. (621) ] 6 3
hundreds tens units

b. (617) 1 7 0
hundreds tens units

c. (642) 0 5 b

hundreds tens units
d. (620) ] 5 b

hundreds tens units

7. Which set of blocks represents this numeral!? (629) S 0 0
hundreds tens units

a. (638) blocks which represent 300
b. (630) blocks which represent 500
c. (627) blocks which represent 400
d. (631) blocks which represent 600

8. Which set does not represent this numeral? (482) _ 0 ] 0
hundreds tens units

6. (2) set of eight dishes
b. (43h) set of ten dots
c. (h98) set of ten sticks
d. (46) set of ten balls

9. Which pair of numkters are not equal to each other?

a. bhand &
b. 5and 5
c. 7 and 8
d. 6 and 6

0. What does this sign, = , mean? (2601) an equals sign
a. 1Is not equal to
b. 1is equal to
c. Is a subset of
d, 1Is equivalent to
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