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MANIFPULATION OF FRAMES WITHIN FROGRAMED MATHEMATICS
TEXTS IN ORCER TO STUDY FOUR VARIABLES YIELDED, IN A
PREVIOUSLY REPORTEL FPAPER, CORRELATIONAL DATA (FOR RELATIVELY
SMALL TREATMENT GROUFS) THAT ARE FRESENTED HERE. FIRST, THE
OREER OF PRESENTAVION OF PROGRAMED MATERIAL (BEFORE, AFTER,
ANE WITHOUT CONVENTIONAL INSTRUCTION) HAD NO EFFECT ON
ACHIEVEMENT. (THE CONDITION CF “CONVENTIONAL INSTRUCTICN
ONLY" WAS ABSENT.) SECOND, AN INTERMEDIATE FPRACTICE TASK WAS
FELT TO CONTRIBUTE MORE THAN EITHER A STIMULUS OR A RESFONSE
COMFONENT TO LEARNING EVEN.THOUGH STATISTICAL ANALYSIS SHCOWED
THAT ALL THREE TREATMENT GROUFS WERE EQUAL. THIRD, CONTRARY
TO HYFOTHESIS, LEARNING FRCM A RANDOM FRAME SEQUENCE WAS
SIGNIFICANTLY SUFERIOR TO LEARNING FROM A LOGICAL SEQUENCE,

"BUT LEARNING TIME WAS ABOUT THE SAME FOR BOTH GROUFS.

FINALLY, BY OMITTING SELECTEC FRAMES IN AN ATTEMFT TO VARY
SIZE OF STEF, IT WAS FOUND THAT LEARNING WAS EQUAL FOR LARGE
- AND SMALL STEF SEQUENCES. ALTHOUGH THE LARGE STEF SEQUENCE
HAD A TIME-SAVING EFFECT, TIME PER PAGE WAS ABOUT EQUAL FOR
BOTH GROUPS. (LH)
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A Descrirtion of Variables and Their Implementation
in Studies of Principles for the Programing of High School Algebra

Ellan F. Rosen and Lawrence M. Stolurow

In crder to study the variables important in programing, certain
manipulatiorns wers performed on selected programed textbocks from the
UICSM Unit I serizs. These manipulations resulted in new forms of the
textbooks which were then used in studies aimed at the formulation of
general guidelines for writing such textbocks. The purpose of this report
is to further clarify what these varizbles are by operationally describirg
the manipulations parformed and to present representative examples and
some data relating to their effectivensss,

The data presented are from a study performed in the Champaign school
system in the £21l of 1963 (See L. M. Stolurow and M. Beberman, Comparative
Studies of Princirles for Programming Mathematics in Automated Instruction.
Urbana, I: Usiver. of Mlinois, USOE Contr. No. 71115101, Quarterly
Reports 9 and 19, Juns - December, 1963.). They consist of item difficultics
of each of the samnle frames and the point biserial correlation coefficient |
cf success on the item with score on the end test. This report is intended as
a supplement to the studies which were performed and as a guide both for
people interested in this type of research and for those already engaged in
such research who wish to compare the outcomes of their studies with those

of this seriecs.




The general format of this report is (a) to present a description of the
variable, then (b) to present sample frames with related descriptive statistics,
and where possible (c) to indicate some effects of the variable on learning.

The topics covered are as follows:

1. Conventional instruction followed by programed instruction or the
reverse order.

2. The implementation of discovery.

3. The lack of associatidn.

4. The size of the step between frames.

Variable: The Sequential Relationships -- Either Conventional

followed by Programed Instruction or the Reverse.

The study of this variable requires a good teacher, a good programed
text, both of which teach the same topic. The positioning of teacher-led
lectures and program-guided study in time is manipulated. In our series
(See Stolurow and Beberman, 1963, Quarterly Report 9 and 10, Chapters,
8 and 9. ) the textbook selected was Part 104 of ihe UICSM programed
mathematics materials which presents the multiplication of real numbers.
The teacher either covered the same material before the booklet was used
(program-following condition), after the student had studied the topic via
the booklet (program-lead condition), or the teacher did not presént the




material at all and the topic was presented only via the programed version
(pure condition).

No sample frames are presented for this variable since no manipulation
of the programed material was necessary. The law of repetition applied
to this study states that the program lead and follow conditions should pro-
duce better learning since the student has more chance for practice and
gets more reinforcement. However, in the Champaign studies with Part 104,

)

no difference was found (F < 1).

THE IMPLEMENTATION OF DISCOVERY

This study involved the use of UICSM programed mathematics materials,
Parts 106 and 107. Part 107 was used intact. Part 106 is an introduction to
Part 107; thus, variations in that which is taught in Part 106 should affect
subsequent learning of the task presented in Part 107. Part 106 and 107
teach the conventions of grouping and simplification of punctuated and
unpunctuated expressions.

The variable of interest here is the effect of either response, stimulus,
or mediator practice (Part 106R, 106S, or 10614, respectively) upon the
learning of a task (Part 107). The response component of the task in this
case, was simplification or finding the value of the expression; the stimulus
component was familiarity with the symbols involved, the operation and the

punctuation used in expressions; and the mediator component was the rules




and practice of the punctuation of sentences. The following sample frames
from these three variable booklets were chosen to show how the groups were
given practice with the component assigned to their condition.

Tables 1 through 5 give descriptive statistics for the subsequent frames.

The condition which was felt to be best for later learning of the task

was the mediator condition. However, all groups were equal (F <1).




Table 1%

Descriptive Statistics for Items on
Pages 1-2 of Part 106S

Proportion Correct and Correlation with End Test

Mode Number of Proportion  Point Biserial Cor-
Students Correct relation of item score
with test score

Bure (Program 16 1. 000 undefined®
only)

Program Leading

(Programed fol-

lowed by conven-

tional instruction) 9 T -. 262

Program Following -

(Conventional follow~

ed by programed in-

struction) 8 .1750 . 900*

AThese data relate to the program frames indicated and reproduced on the
fellowing two pages.

Byar. (item) = 0. 000

*Significant at the . 01 level with appropriate degrees of freedom (number of 1
students minus two)




[Part lOG&] [Page 1]

Bill was asked to find out how many seats there were in Room
207. He reported to the class that there were 2485 soate in Room 207,

He wrote the following on the board:

2 +8xH

and said that the class could check his computation,

Steve objected. He said that when he worked it out, he got (2"'8)."5'

Here is the floor plan {for Room 207, the room Bill went to.

oaooaoaooa
gooogaoao

goooooodd
naaaoaocao
goooocooo

Who was right, Bill or Steve?

Circle the answer on your work sheet.

Turr. to PAGE 2,




[Part L?_Q_S] [Page 2]

Check your 7.nswer. @

oponao M was right because
On0on 0o there are 2+8x5 seats in Room 207,
moooo

O ocooaao

O Oo0D0O0o0
OOoOoOoog
oooQoa

L ooooaQg

Record your result.

Turn 4o PASR B.




Table 2%
Descriptive Statistics for items on
Pages 23-24 Part 1065

Proportion Correct and Correlation with End Test

Number of Proportion Point Biserial Cor-~
Students Correct relation of item score
with test score

Pure (Program
only)

Program Leading
(Programed fol-
lowed by conven-
tional instruction)

Program Following
(Conventional follow-
ed by programed in-
struction)

2These data relate to the program frames indicated and reproduced on
the following two pages.




[Part 10651 [Page 23]

Check your answers.

grouping symbols
associated with * X°

TX3)+({5%x3

grouping
associated with ‘==’

The last operation to be performed in order to simplify this expression oo

i aoldliliory .

.

Record your results.
2ok %k

DA 2

Consider the expression ‘[(7 + 3) X (5 x 6)]".

grouping ?
associated with ‘2

[(7 + 3) x (5 % 6]]

(‘: operator 'X'>
po— ettt

The last operation to be performed in order to simplify this expres-
sion is ? . Fill the blanks on your work sheet.

Turn'to PAGE 24 .

= Em m




[Part 10657 [Page 24 ]
Check your answers,

grouping M

associated with * X°
The lost operation to be performed in order to simplify this expression
o svalliplioadicn) -
Record your results.
This is the end of Part 106. Put your work sheet under the front
cover of this booklet, and return it to your teacher.

i

F agee .
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Table 32

Descriptive Statistics for Items on
Pages 13-14 of Part 106M

Proportion Correct and Correlation with End Test

Mode Number of - Proportion Point Biserial CorQ
Students Correct relation of item score
with test score

Pure (Program
only) i5 . 9233 -. 233

Program Leading

(Program fol-

lowed by conven-

tional instruction) 9 . 888 . 445

Zrogram Following

(Conventional follow-

ed by programed in-

struction) 7 . 857 - 527

2These data relate to the program frames indicated and reproduced on
the following two pages.




[Part TCHM ]

Check vour answers.

(1) {(7+8)-3]-2

(2) (72 % 8) 4 (B x6)
(3) "2 X (2u+720)
(4) (44 X2+ (8 X 1)

Record your resulis,

* k¥

Punctuate; that is, insert Sroupin; symbols,

agreed to omit the outermost grouping symbols.)

the principal operator.

545x%x3
+

54+ 5) %3
6+ 5)x

§amgle.

Answer,

(1)
{2)
{3)

3+ 4X%X2
T
"1 X76 + 4
3

8+2+5
lab

Fill the blanks on your work sheet.,

Turn to PAGE 4.

[Page 13]

Principal operator

liemcnber that we

The arrow indicates




[Part TOOM]

Check your answers.
(1) @+Q¥z
(2) ﬂ§<%+4)
(3) (s+z);5

Record your results.

!, U oY
oSk ook

Punctuate each of the fOllOWiﬂg; the arrow indicates the pr
(1) 9+3+3
1
{2) 6X5%5
L )
(3) Z42X712

incipal operator,

Fill the blanks on your work sheet,

Turn to PAGE 1s.
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Table 4°

Descriptive Statistics for items on
Pages 1-2 of Part L(E_R

Proportion Correct and Correlation with End Test

Mode Number of Proportion Point Biserial Cor-
Students Correct relation of item score
with test score

Pure (Program

Program Leading

(Program fol-

lowed by conven- b
tional instruction) 9 1.00 undefined

Program Following

(Conventional follow-

ed by programed in-

struction) 5 . 800 -, 211

Qrphese data relate to the program frames indicated and reproduced on
the following pages.

b ar. (item) = 0. 000




[Part }__223] [Page 1]

Bill was asked to find out how many seats there were in Room
207. He reported to the class that there were 42 seats in Room 207,
He wrote the following on the board:

[2 +(8 x5)]

and said that the class could check his computation.

Steve objected. He said that when he worked it out, he got 50.
He justified his answer in the following manner:

“First,  foundthe sumof ? and ? .,

Then I multiplied that sum by __ ? A

Fill the blanks on your work sheet to complete the sentences,

Turn to PAGE <.




[Part L&%R]

Check your answers.

Bill ciaimed that there werc 42 scats in Room 207.

[?. +(8 x 5)]55 42.

Steve said that(Z + 8))( 5is 50.

Steve first found the sum of & and _§ , and then he
multiplied this sum by ,5 .

Record your results.




17
Table 5%

Descriptive Statistics for Iltems on

Pages 20-21 of Part _1___9___61-‘&

Proportion Correct and Correlation with End Test

Mode Number cf Proportion Point Biserial Cor-
Students Correct relation of item score
with test score

AT TR SRR

Pure (Program
only) 12 . 665 .106

Program Leading

(Program fol-

lowed by conven-

{2cnal instruction) 9 . 555 -. 072

Program Following

(Conver:tional foilow-

ed by programed in-

struction) 5 . 400 . 458

%These data relate to the program frames indicated and reproduced on
the following pages.




[Part I=Q_§._R]

Check your answers.

Result

(1) [(3 + 41) X 6] 44 X 6

264

(2) [(16 x 5) + (7 % 5)] [80 + 35]
/75

(3) {[(8 +12)xX3]+5} = {[20 x3]+5}
{60 + 5}
68

Record your reesults.

Bk
Here are some more expressions for you, Simplify them,

Result
(1) [(5 +"1) %X (8 +-2)]
(2) {[(5 + 1) x8]+2}
(3) [(9%3)+(5+13)]
4) [(3+5)x(4+7)]
(5} [(16 + 7) X 5]

¥ill in the blanks on your work sheet.

Turn to PAGE 21




[Part 106R] [Page 2; ]

Check your answers. o m s
Result

(1) [(5+ 1) x(8+2)] = [4x86] = 24
(2) {6+ 1)x8]+2} = {[4x8]+ 2}

= {32 + _Z} = 30
(3) [(9%3)+(5+13)] =[27 + 18] = 45
(4) [B3+5)%x(4+7)] = rx11] = B8
(5) {(16 +7) x 5] = [23 x 5] = /]S

Record your results,

sk sk ok




THE WEB OF ASSOCIATION

In this study Part 110, 5 was used. It covers the notion of logical con-
sequence, the difference between truth and validity, the recegnition and dis-
crimination of the principles of multiplication by one and zero and the
principles of adding zero for numbers of arithmetic and r<al numbers.

A web of association is the associative network or set of "bonds" relating
particular stimuli to responses. Conventional texts have always been
written with some logical development but while they are organized they do
not necessarily have a "built in" capability of produci..z a "web of associations”
which the student necessarily learns and uses. Thus, any lbgical ordering of
frames in a program attempts to build up a web for the student, but different
orderings presumably produce differerit webs. Conversely, any nonlogical
or near chance presentation of frames in a program makes no attempt to build
up such a web; thus, it is left for the student to either develop the inter-
relationships himself or to take things frame by frame and not attempt such
associations.

Thus, the modified booklet (Part 110. 5) is an essentially random sequence

of frames (pages) of the sequence developed by the UICSM staff (Part 110, 5).

The first ten frames from both booklets and some descriptive statistics about
those frames are presented here as a sample.
Tables 6 through 25 give descriptive statistics for the subsequent frames.
The logical version (Part 110, 5) should produce better learning. If it
does not produce better learning, then the students who have the random
sequence should take more time to finish the booklet since they must do their




own integration. The data gathered indicated a significant sequence effect
F = 4.59) at . 05 level (random group superior) with the random group

taking about the same amount of time per page to finish the booklet.

21




Descriptive Statistics for Items on

Table 62

Page 1 of Part 110.5

22

Proportion Correct and Correlation with End Test

Mode Number of Proportion Point Biserial Cor-
Students Correct relation of item score
with test score
Pure (Program
only) 18 . 888 .108

Program Leading
(Program fol-
lowed by conven-
tional instruction) 7 . 714 -. 016
Program Following
(Conventional follow-
ed by programed in- b
struction) 12 1. 00 undefined

%These data relate to the program frames indicated and reproduced on the

following page.

bvar. (item) = 0. 00

e TR R 1




[Part 110.5] [Page 1]

One day Mr. Wilson, the nistory teacher, was telling his class about
some famous American authors, Vera wroie these ctatements in her

notebook to 'i';e}p her romember what Mr, Wilson said:

The author of Huckichevry Finn is Samuel Clemens.
The author of Lo Sawyer ;s Mark Twain.
Mark Twain is the same person as Samuel Clemens.,

Samuel Clemens 18 an American auithor.

Later, she read Tom &ij’é’-?’ and wrote a book report about it. Here are

some of the statemenls ¢n her report.
(1) Samuel Clemens s the author of Tom Sawyer.
(2) Mark Twain is an American author.
(3) The author of Tom Sawyer is also the author of Huckleberyry Finn,

(4) Tom Sawver was written before Hucklebevry Finn.

Look at each of these statements from Vera's book report and decide
whether she could have known it without any more information than her
notes from Mr. Wilson's higlory class which we showed you. That is,
decide whether or not the .iatements (1), (2}, (3), and (4) are logical

consequences of the four statements from Vera's history-class notes.

[Write ‘yes’ or ‘no’ on your werk sheet. ]

Turn to PAGE 2.

ST A RATAL S B
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Table 7%
Descriptive Statistics for Items on
Page 2 of Part 110.5

Proportion Correct and Correlation with End Test

MNode Number of Proportion Point Piscrial Cor-
» Students Correct relation of item score
with test score

Pure (Program
only) . 148

Program Leading
(Program fol-
lowed by conven-
tional instruction)

Program Following

(Conventional follow-

ed by programed in-

struction) 12 . 833 . T05%*

%These data relate to the program frames indicated and reproduced on
the following page.

bvar. (item) = 0. 00

**Significant at the . 05 level with appropriate degrees of freedom
(number of students minus two).




[Part 110.5

—ad
-y
Ky
%
e
-
v
o
Cad

Check your answers and record your resalts, !

The statements in Vera's history class notes are:

The aathor of f}‘H(‘f"v-’i(’f)c’.‘i"2’j\’ Finn is Sanwet Clemens.
The author of Torm Saiwver is Mark Twain.,
Mark Twain is the saine person as Samuel Clemens.
Samuel Clemons is an Amcrican authowr.
(1) %ﬁ-ﬁ. A logical consequence of ithe above statements is:
Samuel Clemens (s the author of T SHWYCY,
because the statemenis in Vera’s notes tell us ihat

the author of Tom Snwvey is Mark Twais,

and he is the samec person as Samue) Clemens.

(2) %2 Another logical consequence of ihese statements is:

Mark Twain is an American author.
because

Mark Twain is the same person as Samuel Clemens,

and this person is an American author.

(3) This statement from Vera's book report:
The author of Tom Sawyer is also the author of Huckleberry Finn.

is another logical consequence of her history class notes because

they tell us that
the author of Tom Sawyer is Mark Twain, wio is the same

person as Samuel Clemens, who is the same person as the
author of Huckleberrv Finn,
(4) A% The statement:
Tomn Sawyer was writien before Huckleberry Finn.
is not a logical consequence of just what is given in Vera's history

class notes. That is, you would need to know more in order to conclude it.

[N PR
s~ S8 oK

There is exactly one statement in Vera's notes at the top of this page such
that, if it had been deleted, none of the statements in her book report would
have been a logical consequence of the remaining statements. Write that
statement on your work sl-eet. [Reread the answer discussions if you need :‘
help. ]

Turn to PAGE 3,




Table 82
Descriptive Statistics for Items on
Page 3 of Part 110.5

Proportion Correct and Correlation with End Test

Mode Number of Proportion Point Biserial Cor-
Students Correct relation of item score
with test score

Pure (Program

only) 18 . 833 . 034
|
Program Leading
(Program fol- :
lowed by conven- b
tional instruction) 7 1. 00 undefined

Program Following

(Conventional follow-

ed by programed in-

struction) 12 . 916 . 694%*

AThese data relate to the program frames indicated and reproduced on
the following page.

byar. (item) = 0. 00.

**Significant at the . 05 level with appropriate degrees of freedom
(number of students minus two).
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[Part 110.5] {Pace 33

Check your answer, :

If the following statement from Vera's history class notos: _ i

Frtio an T . poniinll Ceumosie. *

WM / Crtant SR LA RMACDIY, Bt e Brrrl i, A e :

were deleted, none of ‘e staterncits in her hook repor! woeuld be a

logical conseguence of the remaining statements [com her notes. !
Record your raesult.

i?s

E

3. vl [ 99 i

- S > R

:

Read these statements aboui Zabranchbury High School:

Richard is the Studeni Council presidest.

The Student Council president is the chairman of ihe Asseiabiies
Committee.

The chairman of Assemblies Commiitce is the band major at each
pep rally.

Tell which of the following statements are legical conscgoences of these,

[Yes/No]

(1) Richard is the band major at
each pep rally.

(2) The band major at each
pep rally is Richard.

(3) Richard was elected by a
majority of the students.

ERIC Turn to PAGE 4.
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Table 92

Descriptive Statistics for Items on

Page 4 of Part 110.5

Proportion Correct and Correlation with End Test

Node Number of Proportion Point Biserial Cor- |
Students Correct relation of item score |
with test scores

Pure (Program
only) 18 . 833 . 478**

Program Leading

(Program fol-

lowed by conven-

tional instruction) 7 . 571 . 572

Frogram Following

(Conventional follow-

ed by programed in-

struction) 12 . 666 -. 107

3These data relate to the program frames indicated and reproduced on
the following page.

**Significant at the . 05 level with appropriate degrees of freedom
(Number of students minus two).




[Pt 110,51 [Page 4]

Check your answers.

The statements about Zabranchburg High Schoo! fell us that the follawing
titles name the same person:
Richard
Student Council Fresident
the chairman of the Assemblics Commitiee

the band major at cach pep rally
Therefore,

(1) [%s ] the statement:
Richard is the band major at each pep rally.

is a logical consequence of the given statements. And furthermore,

(2) [ Lea ] the statement:

The band major at each pep rally is Richard.

is also a logical consequence. Fowever,

3 | Ne ] the statement:
Richard was elected by the majority of the students.

is not a logical consequence, regardless of how we might feel about
Richard and the election.

Record your results.

Al ale QM.
& A% S8

One more statement may be added to those already given about Zabranch-

burg High School, so that the statements in {3), above:

Richard was elected by the majority of the students.

will be a logical consequence of the statements about Zabranchburg.
Here is the start of such a statement. Finish it on your work sheet.

The Student Council president

“2

Turn to PAGE 5.




Descriptive Statistics for Items on

Table 10

Page 5 of Part 110.5

30

Proportion Correct and Correlation with End Test

Mode Number of Proportion Point Biserial Cor-
Students Correct relation of item score
with test scores

Pure (Program

only) 18 . 444 . 316
Program Leading
(Program fol-
lowed by conven-
tional instruction) 17 . 571 . 139
Program Following
(Conventional follow-
ed by programed in- b
struction) 12 . 500 undefined

4These data relate to the program frames indicated and reproduced on

the following page.

bvar. (item) = 0. 00.




[Part 116. 5] [Page 5]

Check vour answer,

The steicmoenis:

The Studeos Cour ¢! peogident wrzar eleeled ,%7 '%
e ond . otoustore?s
mqn;;fonw? @;f’ Ao ,

and:
Richard is ihe Siudent Council president.

give the desired logical consequence:

Kichard was elected by the majorily of (he students,

Record your result.

>‘, S Al
e S8

Notice these statements about numbers of arithmetic:

87 X 4899 X 79 = 79 X 87 X 4899
79 X 87 X 4899 = 6783 X 4899
6783 X 4899 = 33,229, 917

Tell which of the following are logical consequence; of the statements
above: [Yes/No]

(1) 87 X 4899 X 79 = 79 X 4899 X 87
(2) 79 X 4899 X 87 = 33,229,917

(3) 87 X 4899 X 79 = 6783 X 4899

Turn to PAGE 6.




Table 112
Tescriptive Statistics for Items on
Page 6 of Part 110. 5

Proportion Correct and Correlation with End Test

Mode Number of Proportion Point Biserial Cor-
Students Correct relation of item score
with test scores

Fure (Program
only)

Program Leading
(Program followed
by conventional
instruction)

Program Following
(Conventional follow-

ed by programed in-
struction) 12

AThese data relate to the program frames indicated and reproduced on
the following page.




s 1
[Pa=t 110. 5} [Page &!
Check vour answers and vecord vonr resuits,
Bere are ihe statem-nis abond aambors of arithmetic:

87 X 4899 X TG = FO W ET X 4899

VO X AT X ABYY = BTEI ® 489D

AT83 3 4899 = 23, 226G, 017

(1) [ A/:’;.} The statemenis

87 X 4890 X 79 = /9 X 4899 X 87

is not a logica! conseouence of just these statements shown above.

(2) [ A/« ] The statement:
79 X 4899 X 87 = 33,229,917

is not a logical consequence of these statements, either,

(3) [ 45 1 The statemeni:
(%) 87 X 4899 X 79 = 6783 X 4899
is a logical consequence of the first two given statements, That iss:
87 X 7899 X 79 is the same as 79 X 87 X 4899,
which is the same as 6783 X 48G9,

w1 WY :‘a

Let us reexaminc the three siatements at the top of this page. Mark each
one to show whether you think it is ‘True’, *False’, or *?* [if you are not

sure whether it is a true or a false statement ]

(1) 87 X 4899 X 79 = 79 X 87 X 4899
(2) 79 X 87 X 4899 = 6783 X 4899
(3) 6783 X 4899 = 33,229, 917
Next, fill the blanks in the following sentence on your work sheet:
The statement {from Exercise 3, above:

(%) 87 X 4899 X 79 = 6783 X 4899
? a logical consequence of the statements (1), (2), and (3).

[is/is not]

Turn to PAGE _'_7_
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Table 122
Descriptive Statistics for Items on
Page 7 of Part 110. 5

Proportion Correct and Correlation with End Test

Mode Number of Proportion Point Biserial Cor-
Students Correct relation of item score
with test score

Fure (Program
only) 18 1T . 470%*

Program Leading

(Program followed
by conventional » b
instruction) 7 1. 00 undefined

Program Following

(Conventional f ollow-

ed by programed in-

struction) 12 .916 -. 073

*These data relate to the program frames indicated and reproduced on the
following page.

Pyar. (item) = 0. 00.

**Significant at the . 05 lev~l with appropriate degrees of freedom
(Number of students minus two).




[Part 118,51} [Page 7]

Check your answers.

We asked you te mark whai yon THOUGHT about each of the statements:
{1) 87 X 4899 X 79 = 79 X 87 X 489¢
(2) 79 X 87 X 4899 = 6783 X 489¢
(3) 6783 X 4899 = 33,249, 917

You ar= correct if you answered what you THOUGHT. But, regardiegs of
whether you thought statements (1}, (2), and {3} were true or false, the

statement:
(%) 87 X 4899 X 79 = 6783 X 4899

LD 2 logical consequence of the statements {1} and (2), above,

Kecord your results.
sk o ok
You may be surprised at what we discovered about the statements above.
(1) 87 X 4899 X 79 = 79 X 87 X 4899

(2) 79X 87 X 4899 = 6783 X 4899
(3) 6783 X 4899 = 33,229,917

Here is why statement (2) is false.

79
X 87

3
632
5873

[not *6783' as shown in (2): 79 X 87 X 4899 = 6783 X 4899]

Does this discovery now mean that it is FALSE to say that the statement:

(%) 87 X 4899 X 79 = 6783 X 4899

is a logical consequence of statements (1) and {2), above? [Yes/Noj

Turn to PAGE 8.




Descriptive Statistics for items on

Table 132

Yage 8 of Part 110.5

36

Proportion Correct and Correlation with End Test

Mode Number of Proportion Point Biserial Cor-
Students Correct relation of item score
with test score
Pure (Program
Program Leading
(Program followed
by conventional
instruction) 7 . 857 . 372
Program Following
(Conventional follow-~
ed by programed in-
struction) 12 . 750 . 070

%These data relate to the program frames indicated and reproduced on the

following page.
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o ¥ oun car decids whether or not a given statement is a logical

— i . m—

cunscquence of other statements just iy observing the forms of the

sfateinents ihe Lruth or falsity of the stalements has nothing to do
with it [except that a lalve statesnent will never be a logical conse-

. K1
QUENCE Gi ITUG ONeg ]

’

Record your resuiy,

Here is a statement:
(%) 9853 + 1582 = 4831 + 6524
and here is another statement:

(&) 4831 + 6524 = 9853 + 1582
Now, answer the following questirns on your work sheet,
(1) Is (&) a logical consequence of (%) ?

(2) Is (%) a logical consequence of ($)?

Turn to PAGE _9_ .




Table 142
Descriptive Statistics for Items on

~age 9 of 110. 5

38

Proportion Correct and Correlation with End Test

liode Number of
Students

Proportion Point Biserial Cor-
Correct relation of item score
withtest score

Pure (Program
ouly) 18

Program Leading
(Program followed

by conventional
instruction) 7

Program Following
(Conventional follow-

ed by programed in-
struction) 12

. 333 . 216
. 428 -. 139
. 500 . 242

AThese data relate to the program frames indicated and reproduced on

the following page.
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fPart 110. 51 IPage 9

Check your answers,

(((b) 15 & toglend conreauence of (V)
%}.

k(’} 15 & luoleat conseduence of (4,

() says thar 9853 + 1562 is the same thing as 48351 1 6524, and (d) says

that 4831 + 0544 ix 9853 + 18K,

If you are givern (%), vou mayv legicatly conciude (&) and i{ vou arc

given (¥), you may lozic:lly conclude (&),

Record your results,

LS PR PR N
'.\ "‘\ f.\
Consider the following statement;

(%) (1846 + 93) + 75 = 1846 + (93 + 75)

As you know, (#%) is an instance of the associative principle for
addition becausc it fits the pattern-sentence., Since (%) is an instance,
(%) is a logical consequence of the apa,

Now look at:

(&) 1846 + (93 + 75) = (1846 + 93) + 75

(1) Is (%) an instance of the apa?
(2) Is (¥) a logical consequence of (¥)?
(3) Is (%) a logical consequence of the apa?

(4) Is (¥) a logical consequence of the apa?

Turn to PAGE 10,

s
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Table 152

Descriptive Statistics for Iitems on !

Pages 10 and 11 of Part 110, 5

Proportion Correct and Correlation with End Test

Mode Number of Proportion Point Biserial Cor-
Students Correct relation of item score
with test score

Pure (Program

Program Leading

(Program followed

by conventional

instruction) 7 . 857 . 372

Program Following

(Conventional follow-

ed by programed in-

struction) 12 . 916 -. 182

%These data relate to the program frames indicated and reproduced on the
following page.




[Fart 110,51 [Page 10]

Chc?(ﬁl{ VOIIr aeEwoe s,

) L1846 4 Gy + 75 = 1846 4 (93 4 75)

(dr T840 0 {93 + VBy = {1846 1 9%} 4 75

il) /%' ;b)Y ds ot aninelance of the apa.  Dad,

(2) ‘{..,)_ 3 W is a logical cunsequence of (w), and

(3) %,4 3 (%) s 2 logical consequence of the apa. {An instance

of a principle is a logical consequence of that principle, } So,

(4)% ; (¥} is a logical consequence of the apa because
(&) is a logical consequence of () as stated in Exercise (2}, and

(%) is a logical consequence of the apa as stated in Exercise (3).

Record your results,

U U S,
k ok sk

Here is a pattern~sentence for the distributive principle for multiplication
over addition:

I

. S + MAX - (_._.."’"w)x

Now, consider the following statements:

(%) {(5X8)+(7T%x8)=(5+7)X
() (5+7)X8=(5X8)+ (7 X8)

et agum

Only one of the statements (%) and () is an instance of the dpma, Which
one is it?

Turn to PAGE 11,

P
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Checl: your answer,

Just by Jooking at the two statemmonts:

) (BXBY + {7 X8)=(54+7)X6&

o~
[ ¥}

(&)

you can easily see that statement (ﬁf)__ fits the pattern~-sentence for the
dpma, but (&) does not.

- are b ssesvw e

!
¥

%

+M ......

ata—
——

7YX 8 = {5 X8)4 (7T X 5)

SIS U b S

S0, (%) is an instance of the dpma and (§) is not.

lecord your result,

%
L d
to PAT

wta
2

IPage 11)

Here is the pattern-sentence for the dpma:

e

BN e e

T
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Table 162
Descriptive Statistics for Items on

Page 1 of Part 110, 5

Proportion Correct and Correlation with End Test

Mode Number of Proportion Point Biserial Cor- -
Students Correct relation of item score
with test score

Pure (Program
only) 16 . 937 -. 139

frogram Leading

(Program followed

by conventional

instruction) 16 . 625 .416

Program Following
(Conventional follow-

ed by programed in-

struction) 12 . 750 .493

aThese data relate tothe program frames indicated and reproduced on the
following page.




[Part 11€.5] [Page 1]

One day Mr. Wilson, the hisiory teacher, was telling his class about
some famous American authors. Vera wroic these statements in her

notebook to help her remember what Mr., Wilsen said:

The author of Huckleberry Finn iz Samuel Clemens.
The author of Tom Sawyef is Mark Twain,
Mark Twain i¢ the same person as Samuel Clemens.

Samuel Clemeng is an American auithor.

Later, she rcad Tom: fﬂwyer and wrote a book report about it, Here are

some of the statements in her report.
(1) Samuel Clemens is the author of Fom Sawyer.
(2) Mark Twain is ar American author.
(3) The author of Ton: Sawyer is also the author of Huck leberry Finn.

(4) Tom Sawyer was written before Huckleberry Finn.

Look at each of these statements from Vera's book report and decide
whether she could have known it without any more information than her
notes from Mr. Wilson's history class which we showed you. That is,
decide whether or not the statements (1), (2}, (3), and (4) are iogical
consequences of the four statements from Vera's history-class notes.
[Write *yes® or ‘no’ on your werk shect. ]

“Turn to PAGE E .




Table 172

Lescriptive Statistics for Items on
Page 2 of Part 110. 5

Proportion Correct and Correlation with End Test

Number of Proportion Point Biserial Cor-
Students Correct relation of item score
with test score

Pure (Program
only)

Program Leading
(Program followed
by conventional
instruction)

Program Following
(Conventional follow-
ed by programed in-
struction)

3These data relate to the program frames indicated and reproduced on the
following page.




[Part 110, 5]

Check your answers and record your results,

The statements in Vera's history class notes are:

The author of fuweRleherry Fime is Samuel Clemens.

The author of Yo.n Saryer is Mark Twain.
Mark Twain is the same person as Samuel Clemenc.
Samuel Clemens is #n American authorw.

(1) J“&A A logicat consequence of the above statements is:
Samuel Clemens is the author of T SAULYEY,

because the statements in Vera’s notes tell u= that
the author of Twnr Sarivor is Mark Twain,

O a0l e e e mrmn

and he is the same person as Saamuel Clemens.

(2) %2 Another logicil consequence of these. statements is:

Mark Twain is an Amevican author.
because
Mark Twain is the same person as Samuel Clemens,

and this person is an American author.
(3) This statement from Vera's book report?

The author of Tom Sawyer is also the author of Huckleberry Fimm.
is another logical conzuquence of her history class notes because

they tell us that
the author of T0m Sawyer is Mark Twain, who is the same

person as Samuel Clemens, who is the same person as the
author of Huckleheyrry Fian,

(4) % The statenient:
Tom Sawyerwas written before Huckleberry Finn,
is not a logical consequence of just what is giver: in Vera's history

class notes. That isg, you would need to know more in order to conclude it.

Al Wl (L

"\ ’.\ "\

There is exactly one statement in Vera's notes at the top of this page such
that, il :* had been deleted, none of the statements in her book report would
have been a logical consequence of the remaining statements. Write that
statement on your work sheet. [Reread the answer discussions if you need

help. ]
Turn to PAGE 2 .
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Table 182

Descriptive Statistics for Items on
Page 3 of Part 110.5

Proportion Correct and Correlation with End Test

Mode Number of Proportion Point Biserial Cor-
Students Correct relation of item score
with test score

Pure (Program
only) 16 . 937 .198

Program Leading

(Program followed

by conventional

instruction) 16 . 937 . 166

Program Following

(Conventional follow-

ed by programed in- b
struction) 8 1. 000 undefined

2These data relate to the program frames indicated and reproduced on the
following page.

bvar. (item) = 0. 00.

e 2 AR A




{Part 110.51 {Page 3}

Check your answery.,

If the following statemscnt frova Ve’ g migtory class notes:
 inia sty - Cloramer
Mﬂé F Ciadia g, 28 ,{".& Ay W A a9z
were delzted, none of the statemenis in ker book repori would be a

logical conseguence of the remaining siatements from her notes.

Record your reeuls.

Exactly one of the sentences below is not an instance of the principle for
multiplying by zero. Which one is it? [Circle your answer on the work
3heeto ]

(1) 0+0=0

(2) 0X0=0

(3) 3%-xo=o

{(4) 0.25X0=0

Turn to FAGE 4.

e mw e




Table 162
Uescriptive Statistics for items on
“age 4 of Part 11C.5

h;'fProportion Correct and Correlation with End Test

iode Number of Proportion Point 3iserial Cor-
Students Correct relation of item score
with test score

Pure (Program :
only) 16 . 937 -.139

Program Leading

(Program followed

by conventional

instruction) 16 .937 . 166

Program Following

(Conventional folilow-

ed oy programed in- b
struction) 8 1. 00 undefined

AThese data relate to the program frames indicated and reproduced on the
following page.

bvaro (item) = 00 000 -




[Part 110.51 [Page 4]

Check your angwer.

@)"} ‘o oyt oot an ingtévce of the privoiple for mulitiplying by zevo.
4

iRecord your yasult,

Let's cheek to see whether thig stat-tmuent is true or fyise:

I7X0 + 83 X6 - 2%X9

NG RN
(1) nx0=?+-w“”// | // 4/
_———/'

(2) 83%0= 22—
(3) (17 + 83) X 0 /
(4) 2xX0= 2e—

If you answered these questions correctl- you can see that the statement

is true. Now, answer the following questitns,
5) ixo0=2
3
(6) » X0 =2
(7) 1X0=72
17

(8) 56980261593475583—5——2— X0=?

Turn to PAGE 5.

AN
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Table 202

LCescriptive Statistics for items on
Page 5 of Fart 116. 5

Droportion Correct and Correlation with End Test

Mode Number of Proportion Point Biserial Cor-
Students Correct relation of item score
with test score

Pure (Program
only) 16 . 812 . 327

Program Leading

(Program followed

by conventional

instruction)ﬁ 16 . 562 . 284

1

d\

Program Following

(Conventional follow-

ed by programed in-

struction) 8 . 500 . 094

UThese data relate to the program frames indicated and reproduced on the
following page.




(Part 110, 5] [Page 5]

Lheck voiur nswers.

4) Zx0= O
1

{5) 5X 0= 9

{6} wXx0= O

(7) 1x0z= 0

(8) 5698026159347553313;’5 x0= 0

Record your results.

3’. Aty oAV
[ R N o

Now, do these problems. Write jusi the answers on your work sheet,

(1) *8+ 5= 2 (2) "7+ 4=7
(3) 5+%8="? (4) 4+ 7=7?

(5) *7+-18= 2 (6) (74 +*7)+-18 = ?
(7) 86 + *99 = ? (8) (*100 + "86) + *99 = ?

Tuen to PAGE 6.

-
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Table 212

Descriptive Statistics for Items on

Page 6 of Part 110. 5

Proportion Correct and Correlation with End Test

Wiode Number of Proportion Point Biserial Cor-
Students Correct relation of item score
with test score

Pure (Program
only) 16 . 875 -. 055

Program Leading

(Program followed

by conventional

instruction) 16 . 562 . 081

Program Following

(Conventional follow-

ed by programed in-

struction) 8 . 875 -. 035

AThese data relate to the program frames indicated and reproduced on the
following page.
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[Part 110. 5] [frage
Check your answers,
(1) '8+ &= +3 12y T+ "4 = i
(3 "5+ '8 = *3 (4) 44 7 = ~tf
{5} *7 + 718 = i (63 (74 + *7)+ 18 = oL
(7) 86+ *99 = *)3 {8y (*100 1 o) + *99 = PNF

Record your resuit.

e sk e

Read these statements about Zabranchburg High School:

Richard is the Student Council president,

The Student Council president is the chairman of ithe Assernblies

Committee.

The chairman of Assemblies Commiilee is iho band major at gach

pep rally.

Tell which of the following statements are logical consequences of these.
[Yes/No]

(1) Richard is the band major at
each pep rally.

(2) The band major at each
pep rally is Richard.

(3) Richard was elected by a
majority of the students.

e

e AT TR e - T




Cescriptive Statistics for items on

Table 222

Page 7 of Part 110.5

55

Proportion Correct and Correlation with Znd Test

Mode Number of Proportion Point Biserial Cor-
Students Correct relation of item score
with test score

Pure (Program

only) 16 . 375 -. 291
Program Leading
(Program followed
by conventional
instruction) 16 . 437 . 081
Program Following
(Conventional follow-
ed by programed in-
struction) 8 . 375 -. 318

dhese data relate to the program frames indicated and reproduced on the

following page .




[Pa rt 116.5)

Check your snswers.

The etatements about Zabranchburg High School tell us that the following
titles name the same poersons
Kichard
atmdeat Couneil Freuident
the chairman of the Assemblies Commitiee

the baad major at each pep rally

Therefore,

(1) [Ys ]the statement:

Richard is the band major at each pep rally.
is a logical consequence of the given statements. And furtherrnore,

(2) [ Lo ]the statement:

The band major ai each pep rally is Richard.

is also a logical consequence. However,

(3) [ Ne ] the statement:
Richard was elccted by the majorily of the studenis.
is not a logical consequence, regardiess of how we might {eel about

Richard and the election.

Record your resulis,

Tirrn ta PACIE R




Table 23%
Lescriptive Statistics for items on
Page 8 of Part 110. 5

Proportion Correct and Correlation with End Test

Miode Number of Proportion Point Biserial Cor-
Students Correct relation of item scores
with test score

Pure (Program b
only) 16 1. 000 undefined

Program Leading

(Program followed

by conventional

instruction) 16 . 812 . 103

Program Following

(Conventional follow-

ed by programed in- b
struction) 8 1. 000 undefined

AThese data relate to the program frames indicated and reproduced on the
following page .

b r. (item) = 0. 00.




The answer we gave to the probler above zan be justified by the use of
ancther principle which is guits sirenle. In fax you are probably already
aware of it., Use it to complate the sentences holow. If your ainswers

are correct, the compleied sentences should be instances of this new

principle,

(1) 8Xx1

3x1

Turn to PAGE 9.

[




Table 242
Descriptive Statistics for Items on
Page 9 of Part 110.5

Froportion Correct and Correlation with End Test

Mode Number of Proportion Point Biserial Cor-
Students Correct | relation of item score
with test score

Pure (Program
only)

Program Leading
(Program followed
by conventional
instruction)

Program Following

(Conventional follow-

ed by programed in- b
struction) undefined

YThese data relate to the program frames indicated and reproduced on the
following page.

bvar. (item) = C. 00.




ok your answers,

() gx1

(2)

Record your results,

Complern the fc»lluw-ing proof of the stoterment:

(25 X 50) % {4 x 2) = (25 X 4) x (50 x 2)

“EO) X (4x)=f( 2 Y x4l x2 |4 ‘]

M x 2 [? 1

) A

Tarn to PAGE 10,

- oy




Table 25%
Descriptive Statistics for Items on

Pages 10-11 of Part 110.5

N
ey

Proportion Correct and Correlation with End Test

Mode Number of Proportion
Students Correct

Point Biserial Cor-
relation of item score
with test score

Pure (Program
only) 16 « 437

Program Leading

(Program followed

by conventional

instruction) 16 . 625

Program Following

(Conventional follow-

ed by programed in-

struction) - 8 . 750

. 047

. 083

o T12%%

“These data relate to the program frames indicated and reproduced on the

following pages,

**Significant at the , 05 level with appropriate degrees of freedom ;

(number of students minus two).
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[Pavt. 110.3]

Check your answers.

Here is a procf of the statement:

[Page 10]

(25 X 50} X (4 X 2) = {25 X 4) X (50 X 2)

(1) (25X 50) X (4%2)=[{(R5KkSQ) X 4] %2 | [ @]
(2) [lasxsa)xy[x 2 = [25 x (SOx4 )] % 2 [nzmm]
(3 (B x(EOR) (X2 = [25% (¥ x5B}] % 2 {cpm]

(@frex (75 XX [@EXDASEx X [epam]

(SN (asav)asofx3 = (:z sxe)x ($0r3) [0 ]

Therciore,

(2sxs)x(7x a) = (asxg)x(5ox3)

Record your results.

al oS,
"' v

Use the asseociative principle for additicn of real numbers to simplify the

following:

(1) (75 +%9) +*91
(3) (*31 + "34) + *134
{5) ~28 + (*28 + ~75)

(7) *397 + (*189 + "397)

Turn to PASE 11

(2) (*50 + “33) + ~67
(4) (287 + "25) + *24
(6) ~25 + ("50 + *75)

(8) ("237 + *626) + ("626 + *237)
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[Part 110.5]

Check your answers.

(1) 75479 + 791 = 754,06+ "1},

{2}

3)

(4)

(5)

(6)

(7)

(8)

M. LA saym 7o
—nw-\\}

\ 106

v

Py (.---
[y ok

- - - - $ e e Qe e g e
{50 + "33) + 767 = 50+ (3% & b7)

e, o saarimm.

o

‘ }"“ Py
(P31 4 T34y + Y134 = T3E 4 {34 5 V1R

28 + ("28 + "75) = (728 + *28) + 775
O )

~-75
“25 + (750 + *75) = {25 + 750} + *75
75 y

a4

74
*397 + (*189 + "397) = *397 + ("397 + *139)

= {*397 + "397) + *189

“/&7

/

(C237 + *626) + (7626 + *237) = [("237 + *h26) + "626] + *237
= [7237 + (*626 + "626)] + *237
= [(*626 + "626) + "237] + *237

= (*626 + 626} + {237 + *237)

0

9

Record your results.

* ole  ols

Turn to PACE 12.
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THE SIZE OF THE STEP BETWEEN FRAMES

In ©2ecry, the size of the step between frames is an easy variable to
manipulate, by simply omitting intervening frames in an aiready existant
program. The difficult part is to .determine whether, in fact, the size of
the step has been changed. The large step size version (Part 112L) and
the small step size version (Part 112) in this series were produced by
the method of simple omission of non essentiél frames. To find ont
whether step size actually had been changed, item difficulties were compared.
To determine the effect of step size upon learning, the end test scores of
stndents who had different booklets were compared.

The portions selected for presentation here are corresponding in that
each covers a segment. They are the same except for the fact that the 112
segment has a few more frames. The item difficulties here have special
sigrificance. The interested reader is referred to L. M. Stolurow and M.
Beberman, Comparative Studies of Principles for Programming Mathematics i::
Automated Instruction. Urbana, Ill: Univer. of Illinois, USOE Contr. No.
711151, 01, Quarterly Reports 9 and 19, June - December, 1963, for more
details and to the fortihcoming final report.

Tables 26 through 38 give descriptive statistics for the subsequent frames. :

The small step sequence (112) should produce learning which is at least

as good as that produced by the large step Size sequence (112L). However, if

learning is equal, there should be a time saving in the use of the 112L book since

it is shorter. Learning was found to be equal (F = 1. 68, df = 1, 72) and the large

S s T o R A AT B o T8 sy i i e £ e e S el me S
£ Ntk T g

step version produced a time saving, however, time per page was about equal

for both groups.
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Table 262
Descriptive Statistics for Items on
Fage 32 of Part 112
Proportion Correct and Correlation with End Test
Niode Number of Proportion Point Biserial Cor-
Students Correct relation of item score

with test score

Pure (Program
only) 20 . 800 .123

Program Leading

(Program followed

by conventional

instruction) 11 . 909 -. 197

Program Following

(Conventional follow-

ed by programed in-

struction) 8 . 875 . 644

3These data relate to the program frames indicated and reproduced on the
following page.
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[Part 112] [Page 32]

Check your answers,

(1) The principle for M"‘-’ZW tells us how to convert a problem

in subtracting a rcal number into a problem in M ,z‘é,,
M of that real number.

(2) ZI_Q 3 it is not possible to solve each problem in subtracting a number
ot arithmetic,

Record your results,

ale  afs [

Here is a problem in subtracting a number of arithmetic,

3-8=

This problem can’t be solved. Let’s see why. Subtracting the number
8 of arithmetic is the inverse of adding the number 8 of arithmutic. So,

to solve this problem, amounts to finding the number of arithmetic to

which we can add 8 and get 3. Is there such a number of arithmetic ?

[Answer ‘yes’ or ‘no’ on your work sheet, ]

Turn to PAGE §_§_ .
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Descriptive Statistics for Items on

Table 272

Fage 33 of Part 112

Proportion Correct and Correlation with End Test

Mode Number of Proportion Point Biserial Cor-
Students Correct relation of item score
with test score

Pure (Program

only) 20 . 750 . 201
Program Leading
(Program followed
by conventional
instruction) 11 . 818 .413
Program Following
(Conventional follow-
ed by programed in-
struction) 8 . 625 . 193

%These data relate to the program frames indicated and reproduced on the

following page.
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[Part 112] [Page 33

Check your answer,

‘zﬂ ; it is not possible to {ind a number of arithmetic to which we can

add & and get 3.

Record your result,

Here are some subtraction problems with nunbers of arithmetic. Whic

-

ones can be solved? [On your work sheet, circle the ‘yes’ for those which

can, and circle the ‘no’ for those which can’t. ]
(1) 9-2=2 (2) 8-11= 2 (3) 11 -8=72 4 9-9=2

(5) 6-5=2 (6) 6 -5.9= 2 (1) 6 -5.99= 2 8) 6 -6.1=2

Turn to PAGE :3__@.




Table 28a

Descriptive Statistics for items on
Page 34 of Part 112

Proportion Correct and Correlation with End Test

Mode Nurmber of Proportion Point Biserial Cor-
Students Correct relation of item score
with test score

Pure (Program
only)

Program Leading
(Program followed
by conventional
instruction)

Program Following
(Conventional follow=-

ed by programed in-
struction)

%These data relate to the program frames indicated and reproduced on the
following page.




[Part 112]

Check your answers.
Subtraction problems for numbers of arithmetic,

{1) 9-2= 7;

7
(3) 11 - 8= 2; W (4)
%ea/

(2) 8 - 11 = 23

(5) 6 - 5= 7;

(7) 6 -5.99= ?; %ﬂ/

Record your results.

There is no such thing as an impossible subtraction problem for real
numbers. The fact that we can find the opposite of any real number and
the fact that we can always add this opposite assure us that we can do

any subtraction problem.

Do the following subtraction problems. Write the answers on your work

sheet.

Sample. ‘4 -*9=%44+79= "5' -«c—— Answer,

(1) *9-*2=_2 (2) *8 -*11=_2  (3) *11-"8=_2  (4)

(5) ? (6) *6 -*5.9=_2 (7) Y6 -75.99=_2 (8

L

Turn to PAGE §§_.




Table 29°
Descriptive Statistics for Items on
Page 35 of Part 112
Proportion Correct and Correlation with End Test

Mode Number of Proportion Point Biserial Cor-
Students Correct relation of item score
with test score '

Pure (Program
only)

wrogram Leading
(¥rogram followed
b7 conventional
instruction)

Ercgram Following

{Conventional follow-

¢4 by programed in- b
struction) undefined

*These data relate to the program frames indicated and reproduced on the
following page.

bvar. (item) = 0, 00.




[Part 112]

Check your answers.

(1)

(3)

(5)

(1) *6 -*5.99 = "0.0/

Record your results,
sk ok 2k
GComplete each of the following. [Do NMOT usc the ‘ol(...)' notation. ]
Sample. 6 -"9=6+ 2
Solution. *6-"9=Y6 + :Z_

(1) *9-"3=%9+ 7 (2) 5-"3="54+ 2

(3 0-*'3=04+ 2 (4 "6 -*8= 2?2 +°78

5) 7- 0="7+ 2 (6) "14-"3=_ 2 +*3

mpe—————

Turn to PAGE 36.




Table 30%
Descriptive Statistics for items on
Page 36 of Part 112

Proportion Correct and Correlation with End Test

Number of Proportion Point Biserial Cor-
Students Correct relation of item score
with test score

Pure (Program
only)

Program Leading
(Program followed
by conventional
ixstruction)

Program Following
(Conventional follow-
ed by programed in-
struction)

AThese data relate to the program frames indicated and reproduced on the
following page.




[Part 112]

Check your answers.

(1) 9-"3=%94+ "3

3) 0-*3= 0+ 3
) 7-0="7+ &

Snmbncbuman

Record your results.

Now, solve these subtraction problems.
1) *'¢-"3= 2 {(2) °5-"3
(3) 0-"3= =2 (4) "6 -*8

(5) "7 - 0= (6)

?

Turn to PAGE 37.
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Descriptive Statistics for items on

Table 312

Page 37 of Part 112

T

5

Proportion Correct and Correlation with End Test

Iiode

Number of
Students

Proportion
Correct

Point Biserial Cor-
relation of item score
with test score

Pure (Program
only) 20

Program Leading
(Program followed

by conventional
instruction) 11

Program Following
(Conventional follow-

ed by programed in-
struction) 8

750

[ ] 818

. 625

» 426

. 110

. 475

Aphese data relate to the program frames indicated and reproduced on the

following page.
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[Part 112] [Page 37]

Check your answers,

i

S

S g
(1) *9-"3="9+"3= /2 (2) 5-"3="5+"3=

L
=

(3) 0-"3= 0473= 3 (4) "6 -*8 =76+ "8

7+ 0= 7 (6) "14 -"3="14+"3= _//

oo

(5) "7 - 0

ti

Record your results.

ot . s
-"\ '.‘» L 4 ‘\

Answer the following on your work sheet.

(1) *11 -*2= 2 (2) *18-"4= 2 (3) 0-*7= 2

i
Y

(4 *3 -*8= 2 (5 65~ 0= 2 (6) 756 - "4

Santnundnmsne rt— Srpendatram

Turn to PAGE 38.
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Descriptive Statistics for Iitems on

Table 322

Page 38 of Part 112

71

Proportion Correct and Correlation with End Test

Mode Number of Proportion Point Biserial Cor-
Students Correct relation of item score
with test score

“Pare (Program

only) 20 - 600 .321
‘Program Leading
(Program foilowed
by conventional
.instruction) 11 . 127 . 187
Program Following
(Conventional foliow-
ed by programed in-
struction) 8 . 625 . 193

These data relate to the program frames indicated and reproduced on the

following page.



[Part 112]

Check your answers.

+
(1) *11 -*2="11+7"2= ?

(3) 0-7=0+77= 7
(5) 65 -0="65+0= 49

Record your results.

[Page 38]

,‘u
(2) *18 - "4 =*18+ 4= oL
(4) *3-*8=*3+"8= 9
(6) “56 -4 ="56+*= 92

s oy Wl
d.\ "\ '.\

Fill in the blanks on your work sheet.

(1) 23 -"30=_2

(4) *19-"69= 2 (5)

(2) *7-"20=_2 (3) "1 -*69=_2

et

L

? -"11=76 (6) 5- 2 =76

Turn to PAGE 39.
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Table 332
Descriptive Statistics for Iitems on
Page 39 of Part 112

Proportion Correct and Correlation with End Test

Mcde Nuraker of Proportion Point Biserial Cor-
Stidents Correct relation of item score
with test score

Pure (Program |
only) 20 . 600 «321

{(Prozram followed
by ccaventional
instruction) 11 . 636 -, 188

Program Fcllowing
(Convertional follow-
ed by prograomed in-
ciruction) 8 . 7150 . 354

o . .
“These data relate to the program frames indicated and reproduced on the
following page.
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[Part 112] [Page 39}
Check your answers,

(1) 23 -"30="23+*30= 77 (2 *7-720="7+20= 27

(3) 19 -*69 =19+ 69= FF (4 '19-769="19+"69= "8

(5) /7 _-"11="6 [Check: "17 - 711 =717 + *11 = ~6]

) 5- "/ =76 [Check: ™5 - *1 =75 + 1= 6]

Record your results.

RN N
P RS

Write the answers to these questions on your work sheet.

(1) *8-"3= 2 (2) 4-*1= 2
(3) 2?2 -3=% (4 2 -*7="2
5y 2-_ 2 =77 (6) *8 - 2?2 =78

Turn to PAGE i@_.
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Table 34%
Descriptive Statistics for Items on

Page 22 of Part 112L

Proportion Correct and Correlation with End Test

Miode Number of Proportion Point Biserial Cor-
Students Correct relation of item score
with test score

Pure (Program
only) 16 .750 . 371

Program Leading

(Program fcllowed

by conventional

instruction) 13 .923 ~-. 088

Program Following

(Conventional follow-

ed by programed in- b
struction) 10 1. 000 undefined

YThese data relate to the program frames indicated and reproduced on the
following page.

byar. (item) = 0. 00.
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3-8=27?
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probiowm in subtracting a number of arithmetic,

Let’s see why., Subtracting the number

This problem can’t be solved,
8 of arithmetic is the inverse of adding the number 8 of arithmetic. So,

to solve this problem, amounts to finding the numaber of arithmetic to
of arithmetic 7

which we can add $ and get 3

is there such a number

[Answer ‘yes’ or ‘no’ on your work sheet, ]

e R A R e ¥
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Table 35%
Descriptive Statistics for ltems on
Page 23 of Part 112L
Proportion Correct and Correlation with End Test
Mode Number of Proportion Point Biserial Cor-
Students Correct relation of item score
. with test score
Pure (Program
only) 16 . 437 . 216

Program Leading

(Program followed

by conventional *
instruction) 13 . 615 . 706 **

Program Following
(Conventional follow-

ed by programed in-
struction) 10 . 600 -. 174

@These data relate to the program frames indicated and reproduced on the
following page.

*Significant at the .01 level with appropriate degrees of freedom (number of
students minus two).
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**Significant at the . 05 level with appropriate degrees of freedom
(number of students minus two).
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add ¥ and goi 3,

Record your result,

There is no such thing as an impossible subtraction problem for real

numbers. The fact that we can {ind the opposite of any real number and

the fact that we can always add this opposite assure us that we can do
any subtraction problem.

Do the following subtraction problems. Write the answers on your work
sheet.

Sample. '4-*9=%44+"92 J < Answer,

(1) *9-*2= 2 ;

) "8 -"11= 2 (3) *11-*8= 2 (4 *9-*9= 2

]
-2

(6) *6-*5=_2 (6} *6-*5.9= 2 (7 *6-*5.99= _2 (8 *6-*6.1= P |

Turn to PAGE 24,




Table 362
Descriptive Statistics for Items on

Page 24 of Part 112L

Proportion Correct and Correlation with End Test

Mode Number of Proportion Point Biserial Cor-
Students Correct relation of item score
with test score

Pure (Program
caly)

Program Leading
{Program followed
oy conventional
inztruction)

Program Following
{Conventicnal follow-

ed by programed in-
struction) 10

“These data relate to the program frames indicated and reproduced on the
iollowing page.
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[Part 1121]

Check your answers.

{1} "9-72

i
™
D
“r
o
{
3
Yoert
s

1

.f
(3) *11-%8= B M) *9-*9= O
*/ . o=
(5) *6-°5= (6) *6 -*5,9= "4/
(1) *6 -*5.99= 00/ (8) *6-*6.1= O/
Record your results.

\'( s Q).
A S AN

Now, solve these subtraction problems.

(1) *9-"3=_2 (2 '5-"3=_ 2

(3) 0-*3= 2 {4y 6-"8= 2

(5) "7 - 0= ? (6) "14-"3= 2

Turn to PAGE 25.
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Table 372
Descriptive Statistics for items on
Page 25 of Part 112L

Proportion Correct and Correlation with End Test

Number of Proportion Point Biserial Cor-
Students Correct relation of item score
with test score

Pure (Program
only)

Program Leading
(Program followed
by conventional
instruction)

Program Following
(Conventional follow-

ed by programed in-
struction) 10

2rhese data relate to the program frames indicated and reproduced on the
following page. ‘




B R R T L e

[Part 112!..] (Page 25)

/ Check ycur answers.,

e ud
) *9-"3=%9s*3 . S2 (2) "5 -3 ="64+%3 = Lo

il
i

(3) 0 - -}3 0 L -3 - 3 (4) ".) - -!~8 - -.6 ¥ Q. "/y

5y "7- 0

i
'
~
+
<

§

5

(6) 14 -"5="14+*3= Jf
Record your results.

[ \’/ I
-p~ < "\

Fill in the blanks on your work sheet.

(}) 23-"30= 2 (2) "7 -"20= 2 (3) "19 -*9= 2

L o

(4) 19 -"69= =2 5) 2?2 -~"11="6 (6) 5- 2 =76

Turn to PAGE 26,
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Table 382
Descriptive Statistics for Items on
Fage 26 of Part 112L

Proportion Correct and Correlation with End Test

Mode Number of Proportion Point Biserial Cor-
Students Correct relation of item score
with test score

Pure (Program
only) 16 . 625 ~. 080

Program Leading
- (Program followed
by conventional
instruction) 13 . 692 . 223

Program Following

(Conventional follow-

ed by programed in-

siruction) 10 .'700 . 068

%These data relate to the program frames indicated and reproduced on the
following page.
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[Part 112L]

Check your answers.

i
~
RS

i

{
9
<
0

{2} 22 4+ 730

(3} 719 - Y69 = T19 4 49

LX)

5y /7 -11="6
&) 5 - 7/ =-6

Record your results,

tf

i

v (2

Rt e o g

58

s e
[Checks
[Cheek: ™5 - *1=

:‘o abs WL
S~ e AN

F'ill in the blanks on your work sheet.

(1) 2 -"19=_ 2

(2 2
(3} "14- 2 =-20

(9 "6 -"16=_2

(5) *?

6y ~7 -

Turn to PAGE gl .

(Page 26]

L 20 = '*"“‘ 1R "20 = ‘;??

e Wi SRS

(__;} +1(7} - w(:c:} v -.\-3‘9 + -9-69 e fgg

17 - CRL o TRT 4 7R = 6]

DR
5+ 1 = 6]
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