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THE INTERACTIVE EFFECTS OF THE AVAILABILITY OF OBJECTIVES
AND/OR RULES ON COMPUTER-BASED LEARNING: A REPLICATION

Paul F. Merrill, Michael H. Steve, Stanley J. Kalisch,
and Nelson J. Towle

Florida State University
ABSTRACT

To vreplicate and extend the results of a previous study by
the principal author, this study investigated the effects of
behavioral objectives and/or rules on computer-based learning task
performance  The 133 Ss were randomly assigned to an example-only,
objective-example, rule-example, or objective-rule-example group.
The availability of rules and/or objectives r:duced the number of
examples requived to meet criterion performance and increased
posttest performance. In addition, rules reduced display latency
and test item response latency, and increased retention test per-
formance. Rules also decreased the level of within task state

anxiety.



THE INTERACTIVE EFFECTS OF THE AVAILABILITY OF OBJECTIVES
e o s A _ e d
AND/OR RULES ON COMPUTER-BASED LEARNING: A REPLICATION™

Paul F Merrill, Michael H. Steve, Stanley J. Kalisch,
and Nelson J. Towle

Florida State University

The effects of the availability cf objectives and/or rules on
the leavn-ng process were investigated by Merr111:i;gzgjﬁuséﬁ%%an
1maginary science as the learning task. MEFF?T?£¥GUHd that
the presentation of rules reduced the number of examples and total
time required to complete the task and increased performance on a .
transfer ﬁesz The availability of objectives reduced test item
response latency and the number of examples required to meet criterion
performance. An objective by rule interaction with test item response
latency as criterion revealed that objectives had a greater effect in
reducing response latency when added to a task which had no other focus-
fﬁg or organizing stimuli than they did when added to a task which had
other effective oriented stimuli such as rules. Ability by treatment
interactions were obtained using test item response latency as criterion
and reasoning ability test scores as covariables. These interactions
showed that the availability of objectives and/or rules significantly
reduced the requirements for reasoning ability in responding to test

1Paper presented at the annual meeting of the American Psychological
Association, Honolulu, Hawaii, September, 1972,



2
items. The purpose of this study was to replicate and extend the resuits
of the previous study.using an actual classroom task rather tnan an
imaginary science.

Based:én the results of the previous study, it was hypothesized
that the presentation of objectives and/or rules would signfficantiy
reduce the number of examples required to reéch criterion performance
and would reduce the requirements for reasoning ability. Rules were siso
expected to reduce display latency, reduce test item response latency,
reduce post, retention, and transfer latencies, and inérease performance
on a transfer test. Objectives were expected to reduce test item ~v....
latency. As an extension to the previous study, it was further hypothe-
sized that objecztives and/or rules wau?d reduce state anxiety within the

task (Mervill & Towle, 1972).

Method
Subjects
The 140 S's who participated in this study were volunteers ftvom
introductory psychology and math education classes at The Florida Stale
University. However, seven of the original Ss were eliminated from the

data analysis because they Fai?éd to complete all phases of the study.

Aptitude Measures

Two gégﬁitive ability tests and a trait anxiety scale were
administered to all Ss in. group testing sessions. Based on their
relevance to the task, the Letter Sets and Ship Destination cognitive
ability tests were selected from the Kit of Reference Tests for

Cognitive Factors (French, Ekstrom, & Price, 1963). The trait anxiety
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scale used was the STAI A-Trait scale developed by Sprelberger, Gorsuch,
and Lushene (1970). A short form c¢f the STA] A-Starte scale (0'MHeil,

1970) was given at three points during the task

Experimental Tasks and Materials

The learning task used in this study was developed by the authors
utilizing eight rules based on the primitive mixed ?unctfcﬁs of the APL
Programming Languaggi(MQMurﬁhie, Krueger, & Lippert, 1970), Rules f-om
the APL language were selected as the learning task since APL 15 currently
being taught in coilege courses across the country, while the uniguenass
of APL makes it possible to easily screen Ss who have had nrevious
experience with the language. The nstructional program consisted of
a module for each of the eight rules ordered in a subjectively determined
easy-to-hard sequence. The materials for each modu’e 'n<'uded a statement
of an objective, a statement of a rule, five examples of the rule, and
five short constructed response tests. FEach tesf consisted of three ttems
which requived Ssto apply the appropriate vule  "he rule and cbjective
statements, examples, and sample test items may be found in Appendix /i

The post- and retention tests used in this study consisted of /4
constructed response items similar to the items used in the module testsz,
Both tests contained three items for each of the eight rules in the program
The tEansFer task consisted of two examples and thvee constructed response
test items for eight new rules which were logical extensions of the rules
used in the original task. The Ss were required to infer each new rule
from the examples and apply the inferred rule in the three test items.

The transfer test score was the total number of test items answered correctly

by S&. An example and test item for each of the eight transfer rules are

Q _
ERICncluded in Appendix B.

IToxt Provided by ERI
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The instructional program and tests were writren in the Course-
writer II language and presented on a cathode ray tube teviminal hy the

IBM 1500/1800 computer-assisted instruction system.

Procedure

After the administration of the two abi’ity tests and the STAI
A-Trait scale, each S was randomly assigned to one of four treatment

groups: an example-only group (n = 33), an objective-example group (n - 33)..

a rule-example group (n = 34), or an objecti-e-vule-exawple yroup (n = 33).

Figure 1 is a graphical representat'on of the 2 x 2 tactor1ai design

[

formed by these groups. In learning the APL rules, S5 1n ibe exampie-only
group received an example of the first rule dispiayed ¢n a caethode ray iube
terminal. After studying the example, each S respunded to « three-item
constructed response test in which he was required to predict certan values
using the rule inferred from the example  [f rhe S responded correctly to
at Teast two of the three test items, he was given an exarple of the next
rule in the sequence. Otherwise he was given arother esample of the same
ruie followed by three more test items  Thisg éequ5ﬂce of an example,
followed by a test, continued until the S arswered at least two of the
three test items correctly, or until he received frve examples of the rule.
This procedure was repeated for all eight modules of the t;skz A computer-
administered posttest was presented immediately fo!lowing completion of
the Tearning task, and computer-administered vetention and transfer tests
were presented two weeks later.

The Ss in the other three groups were presented the APL rules
by the same basic procedure, except for the following treatment differ-

ences, The objective-example group received a statement of an objective
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in addition to the corresponding example; the rule-example group received
a statement of the rule in addition to the corresponding example: and (i
objective-rule-example group received statements of both the cbjyective
and the rule infadditian to the example. The five-item STA] A-State scale
was presented via computer terminal to all Ss prior to the learning task,
immediately following the fourth module, and again following the final

module,

|

[

!

| ]
B SN —

RULES

OBJECTIVES — —
NO CVES

|
I
I

RULE-
EXAMPLE

EXAMPLE
ONLY
NO

(n = 33) (n = 34)

OBJECTIVE-
EXAMPLE

OBJECTIVE-
RULE-EXAMPLE

N U B

(n = 33) (n = 33)

Figire 1.--2 x 2 Factorial Design Used in
this Study.
Results

In addition to the total scores on the two cognitive ability tests.
STAI A-tvait scale, STAI A-state scale, posttest, retent'or ..st, and
transfer test mentioned in the procedures section, data were obtained for
each $ on the following criteria: total number of examples required to
learn the APL rules, display latency, post-, retention, and transfer tcst
item response latencies. Test item response latency was the total time

1 -
[]{B:‘FEqUiFEd by Ssto respond to the three-item tests following each example

IToxt Provided by ERI
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di5p1ay.! Display latency was the total time spent studying the examples,
and depending upon S's treatment group, the corresponding rules and o~
objectives.

Descriptive statistics and veliability coefficients for the

A-Sta'ts =cale are found in Table 1. The reliabiiity coefficierts cf
the A-Trait and A-State scales were estimated using coefficient a’pha
The reliability coefficients of the ability tests we-e estimated ugiég
the Kuder-Richardson Formula 20 (KR-20). Although the 2bility tests
ware uot pure speeded tests, they were timed. Thevefare, these relia-
biliwv coefficients should be interpreted with caut cn Using fospmule
KR-20, the reliability coefficients of the post-, retention, and
transfer tests, which were not speeded, were estimated tc be 89, 85.

and .87, respectively.

-TABLE 1
Descriptive Statistics of Ability,

A-Trait, and A-State Measures

" _NUMBER —
TESTS OF ITEMS MEANS S.D.  RELIABILITY

.699

w‘

Letter Sets Test 15 10.1 2.
.86°

Ship Destination 24 12.

o
(o
L3 O

A-Trait 20 37.

A-State (Pre-task) 5 9, 3.3 .g4b
3.8 88"
A-State (Post-task) 5 11.8 4.8 .92P

L) O

A-State (Mid-task) 5 g,

a. KR-20
b. alpha
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The means and standard deviations for each group on the ﬁumbEf
of examples received and post-, retention, and transfer test scoves arc
reported in Table 2. These criterion measures were analyzed using a
two-factor analysis of variance with objectives and rules as factors.
The results with number of examples as criterign revealed a significant

106,48, df = 1/129, p < .001) and a significant objec-

rule effect (F
4.38, df = 1/129, p < .05), whevein the presentation

tive effect, (F
of rules and/or objectives reduced the number of examples required to
learn the task.

Using posttest scores as criterion, a significant rule effect,

(
(

objectives increased posttest performance. Similar analyses conducted

I
n

30.58, df = 1/129, p < .001), and a significant objective effect,

= 3.95, df = 1/129, p < .05), were obtained, where both rules and

™
n

with retention test scores as criterion revealed a significant rule
effect, (F - 17.78, df = 1/129, p < .001), with the rule groups obtaining
the higher retention tests scores. No significaﬁt effects were obtained
using transfer test scores as criterion.

five latency criterion measures are found in Table 3. These latency
measures also were analyzed using a two-factor analysis of variance.

A significant rule effect was obtained for display latency (F = EﬁSQS

df = 1/129, p < .05), and for test-item-response latency (F = 12.01,

df = 1/129, p < .01) with the rule groups taking considerably less time

to study the displays and respond to the criterion test items. Analyses

using post-, retention, and transfer test-item-response latencies as
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cr%tevia yielded a significant ru'le effect for posttest latency 15 £ 13.3,
df = 1/129, p =< .01), where the presentation of rules increased the anuu:..
of time Ss spent on the posttest ilo 51gﬁ1%ﬁ§aﬂt differences were obtaineuy
on either cwrention or transfer tests-i1tem-response latencies.

Keyo2ision analyses of the individual ability scores, A-Trait
wongas, ane e criterion measures were conducted. However, no stamifigar?
JRiiiiy by Lreatment interactions were obtained.

T means and standard deviations on the pre—task, mid-task ., and
pust-tacl R-state scales for the fou- expgf%nenta1 groups ave pFESéﬁfEd
in Tabos These data were evaluated by a three-factu~ analysis of
variarce .rn which objectives, rules, and task periods were the independent
variables with repeated measures on the last factor. The results of this
analysis reveajed a significant period effect, (F - 28.53, df = 2/258, p -
with the ‘evel of A-State generally ‘ncreasing acvoss periods, and a sig-
nificant rule by period interaction, (F - 4.24, df - 2/258, p - 05). A
graph of the interaction is found 1n Figure 3. An analysis of covariance
with mid-task A-State scores and pas£=task A-State scores as criteria ana

2/258, p < .05) on mid-task A-State. No effect was

effect (F = 4.24, df
obtained on post-task A-State. These results revealed that presentation of
rules for the first four modules reduced the ievel of A-State for the rule

groups while A-State increased over the same period for those who weve

.01}

given nc rules. However, the level of A-State for the rule groups increased

to about the same level as the other groups at the campTetiéﬁ of the eighth

mo§u1e.
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TABLE 4

Group Means and Standard Deviations for
the A-State Scale of the State-Trajt
Anxiety Inventory

] NN Pre- Miéé 'Postf
Groups Task Task Task
A-State A-State A-State

Mean 9.2 10.2 12.7
SD 3.5 4.8 £.5

Mean 9.5 9.8 11.6
Objective-Example , 7
- SD 4.1 4.1 5.3

Mean 10.3 9.3 11.8 i

Rule-Example
SD 2.6 3.0 4.3

Mean - 10.1 8.6 11.3
Objective-Rule . 7
Example SD 2.9 3.1 4.3 i
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Discussion

The purpose of this study was to replicate and extend an
earlier study by Merrill (1970), where the interactive effects of ob,e. -
tives and/or rules on the learning process were investigated usirg an
imaginary science. On the basis of the results  from the earlier study.
1t was hypothesized that rules and objectives would decrease tne
number of examples required to reach criterion performance on the no
learning task. The results from the present study confirm the nypoiiiesis
and thereby replicate the findings of the earlier study. Results from
both studies indicate that the presentation of verbal statements of ..
enable most Ss to learn the task with a minimum number of examples.
The availability of objectives has a similar but less pronounced effect,

Since the experimental procedure required all subjects to per-

. form at a minimum criterion level on each rule before proceeding to

the next, no group mean differences were expected on the posttest. How-
ever, the difficulty of the last four ru1es-érévented several Ss from
reaching criterion before all 5 examples were exhausted. An analysis of
the Ss who failed -to reach criterion revealed that the percentage of
misses for the example-only, objective-example, rule-example, and
objective-rule-example groups were 37.5, 29.2, 11.4, and 9.5 percent,
respectively. Therefore, the significant differences on the posttest
may reflect the fact that many Ss did not reach criterion level per-
formance on some of the rules before proceeding to the following rule.

The hypothesis that the availability of rules would increase

performance on the transfer test was not supported by the results




14
Inasmuch as all Ss did not reach criterion performance on the
original task, it is difficult to interpret their performance on the
transfer test.

The significant rule effect on the latency measures replicates
the findings of the earlier study and demonstrates that the availability
of rules reduces the amount of time required to study the example
displays and respond to c¢criterion test items. However, the hypothesis
that objectives would reduce test item response latency was not repli-
cated in this study.

It was hypothesized that the availability of ruies would decreas.
post-, retention, and transfer latency. However, the results showed that
rules actually increased posttest Jatency. This unexpected result may be
due to a higher frequency of guessing for the no=vule groups.

The significant periods effect with A-state scores as the
repeated measure supports the results found in earlier studies (0'Neil,
1970; 0'Neil, Hansen, & Spielberger, 1969) wherein state anxiety is
increased as the difficulty of the task increases- The significant
rule by periods interaction supports the hypothesis that the availability
of rules reduces A-State within the task..  The increase in the A-State
level for the rule groups after the initial decrease may indicate that
the availability of rules may be more effective in reducing A-State for

easy rules than for difficult rules.
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APPENDIX A: MATERIALS

MATERIALS FOR RULE 1

EXAMPLE 1: p2 31 4 17 GIVES 4

TEST ITEM 1: p25 43  GIVES

TEST ITEM 2: p0 1 2  GIVES :::::j::i‘-
ZEST ITEM 3: 2 0 01 GIVES
EXAMPLE 2: pl23 456  GIVES 2

TEST ITEM 1: p28 13 21  GIVES
TEST ITEM 2: p0 12 3 4  CGIVES o

TEST ITEM 3: pu BOO  GIVES L

EXAMPLE 3: p?28 289 2889 GIVES 3

TEST ITEM 1: p236 0 14 GIVES
TEST ITEM 2: 0170 17 170 17  GIVES

TEST ITEM 3: 0100 1000 GIVES




EXAMPLE 4: p0 1 2 3 GIVES 4

TEST ITEM 1: p17. 15 12 2 7 GIVES

TEST ITEM 2: pl1 2 3 GIVES

EXAMPLE 5: p27 72 31 13 4 GIVES 5
TEST ITEM 1: p3 7 2 GIVES

TEST ITEM 2: p0 1 11 3 8 1 GIVES
TEST ITEM 3 p0 1 GIVES




MATERTALS FOR RULE 2

RULE

IF N is A WHQLE NUMBEP LAEGEE TEAN ZEE@ N GIVES A STRING

OBJECTIVE

GIVEN 3 PROBLEMS WITH COPERATION \ AND A WHOLE NUMBER; N, YOU
WILL COMPUTE N FOR AT LEAST 2 PROBLEMS.

"EXAMFLE 1: 112 GIVES 1234567829 10 11 12

TEST ITEM 1: 4 GIVES

TEST ITEM 2: 110 GIVES

TEST ITEM 3 i1 GIVES

EXAMPLE 2: 186 GIVES

123456 789 10 11 12 13 14 15 16
TEST ITEM 1: 18 GIVES

TEST ITEM 2: 13 GIVES

TEST ITEM 3 114 GIVES

EXAMPLE 3: 113 GIVES 12 34567 89 10 11 12 13

TEST ITEM 1: 19 GIVES

TEST ITEM 2: 15 GIVES

TEST ITEM 3: 111 GIVES




EXAMPLE 4: 15  GIVES
1234567891011 12 13 14 15

TEST ITEM 1: 7  GIVES

- R Ee A o e

TEST ITEM 2: 12 CGIVES

A ITEM 3: 16  GIVES

SLAMPLE 510 111 GIVES 123456788910

(T ITEM 1@ 4 GIVES
Jvor ITEM 2 114 GIVES

(EST ITEM 3: 18 GIVES

11



MATERIALS FOR RULE 3

RULE

ItV I5 A STRING Oi NUMBERS +/V GIVES THE SUN OF THE
NUMBERS .

OBJECTIVE

GIVEN 3 PROBLEMS WITH OFERATION +, AND A STRING OF NUMBERS, V,
YOU WILL COMPUTE +/V FOR AT LEAST 2 PROBLEMS .

EXAMFLE 1: +/2 36 2 GIVES 13
TEST ITEM 1: +/1 3 2 CGIVES

TEST ITEM 2: +/0 2 GIVES

TEST ITEN 3: +/12 23 1 GIVES
EXAMFLE 2: +/2 0 3 1 GIVES &
TEST ITEM 1: +/3 0 2 3 GIVES
TEST ITEM 2: +/1 1 GIVES

TEST ITEM 3: +/2 00 GIVES
EXAMPLE 3: +/2 4 GIVES 6
TEST ITEM 1: +/10 100 3 GIVES
TEST ITEM 2: +/2 5 4 1 GIVES
TEST ITEM 3: +/2 2 2 GIVES




EXAMPLE 4 : +/2 101 GIVES 4

TEST ITEM 1: +/3 2 4 GIVES

e
[
n
]
E
o
o

TEST ITEM 2: +/0 1

EXAMPLE 5: +/100 10 1 GIVES 111

TEST ITEM 1: +/5 & GIVES

TJEST ITEM 2: +/4 7 3 GIVES




IS A BTRINZ OF NUMBERS, [ .7V GIVES

GIVEN 3 PROBLEMS WITH CFERATL [+ AND & STRIL. CF NLUBIR:S, o,
YOU WILL COMPUTE T /V FOR AT LEAST 2 FRCBLEMS

EXAMPLE 1: Fr72 301 GIVES 3
TEST ITEM +: (/12 0 2 GIVES
TEST iTEM 2: . [/1 3 0 GIVES
TEST ITEM 3: /23 12 1 GIVES
EXAMPLE 2: [/2 0 1 GIVES 2
TEST ITEM 1: r‘a o 2 GIVES
TEST ITEM 2: /73 31 33 31 GIVES
TEST ITEM 3: 12 3 4 GIVES

EXAMPLE 3: [/4 5 3 2 GIVES 5

TEST ITEM 1: /101 107 111 11 GIVES

TEST ITEM 2: f/8 5 i 4 Y4 GIVES

TEST ITEM 3: [/4 2 010 3 GIVES




EXAMPLE u: [/2 3254 32 GIVES 5§

/21 1 GIVES

TEST ITEM

[

TEST ITEM 2: [/4 3224 3 3 GIVES

TEST ITEM 3: /21323 GIVES
EXAMPLE 5: /70 100 21 25 GIVES 100

TEST ITEM 1: [/10 100 3  GIVES

TEST ITEM 2: [/2 +3 +514 GIVES

TEST ITEM 3: /s 4 3 2 GIVES




MATERIALS FOR RULE 5

RULE

IFr Vv Is STRING OF NUMBEES AND 5 IS5 A WHOLE NUMBER, S+V
GIVES A STEING C@NTAINING ALL BUT THE FIRST § EZEMENTQ OF V.

OBJECTIVE
CIVEN 3 PROBLEMS WITH OFERATIONAL +, A WHOLE NUMBER, S, AND A
STRING OF NUMBERS V, YOU WILL COMPUTE S+V FQE AT LEAST 2 PROBLEMS .

EXAMFLE 1: 2+4 1 3 6 2 GIVES 36 2
TEST JTEM i: 3+9 6 8 4 7 GIVES

TEST [TEM Z2: 146 8 10 3 5 7 GIVES

TEST ITEM 3: 541 2 3 4 5 6 GIVES

TEST ITEM 1: 1+2 8 3 GIVES

(%]
[
g
jﬂ?
=

TEST ITEM 2: 442 L 6 8 10 12

EXAMPLE 3: 143 5 8 7 GIVES 5 8 7

TEST ITEM 1: 243 3 4 5 GIVES

TEST ITEM 2: 540 1 2 3 u 5 GIVES

TEST ITEM 3: 3¥1 2 3 4 5 6 GIFES




EXAMPLE U4:

TEST ITEM

[

TEST ITEM 2:

TEST ITEM 3:

EXAMPLE 5:

TEST ITEM

|

TEST ITEM 2:

JEST ITEM 3:

345 4 3 2 1 GIVES 21

554 3 2 1 0 GIVES

E T I

2¥1 0 0 0 GIVES

R T RN F R

U¥6 5 4 3 2 1 0 GIVES

L L R L



HATERIALS FOF RULE 6

I° "ty

QULE

IF A AND B ARE STRINZS OF NUMBEES, A+.xB GIVES THE SUM OF THE
PRODUCTS OF THE CQ[RESE@NQINQ ELEMENTS OF A AND B.

OBJECTIVE

GIVEN 3 PROBLEMS WITH OPERATION +.%, A PAIR OF S5TRINGS CF NUNERLZ,

A AND B, YOU WILL COMPUTE A+.=xB FOR AT EEA&T 2 PROBLEMS.

EXAMPLE 1: 1 2+.x5 3 GIVES 11
TEST ITEM 1: 1 0 3+.%x2 4 1 CGIVES
TEST ITEM 2: O 0+.x1 3 CGIVES
TEST ITEM 3: 2 3+.x2 1 GIVES
EXAMPLE 2: 2 3 2+.x3 4 2 GIVES 22
TEST ITEM 1: 0 4 0+.%3 0 1 GIVES
TEST ITEM 2: 2 3+.x1 2 GIVES
TEST ITEM 3: 0 5 0+.x0 5 1 GIVES
EXAMPLE 3: 3 2+.x0 2 GIVES &
TEST ITEM 1: 1 5+.x5 Q GIVES
TEST ITEM 2: 2 3+.x2 3 GIVES
TEST ITEM 3: 1 2 3+.x3 2 1 GIVES




EXAMELE u: it.-2 31 LIVES i1l

-
[

TEST ITEM 1: 1 0 1+.2x0 1 0 GIVES

TEST ITEM 2: 1 5+ %2 3 "GIVES

ol
Lo
=)
ol
r
+

.

=

L
[N
Cx
Eﬂ
Euf“«.%

TEST ITEM

EXAMPLE 5: 2 u 3+.=5 3 2 (GIVES 2B
TEST ITEM 1: 1 QG 2+.0 9 3 (GIVES

TEST ITEM 2: 1 1 2 2+-»1 106G 1 GIVES




MATERIAL: FOR RULE 7
RULE

[F V IS A SITRING OF NUMBERS AND 5 15 A WHOLE Ntz
'5:NG WHERE THE ELEMENTS OF V ARE ROTATED CIRCULARLY S

OBJECTIVE

GIVEN 3 PROBLEMS WITH OPERATION ©, A WHCLE NUMNBEE =
4BERS V, YOU WILL COMPUTE S¢F FOR AT LEAST 2 I} 3

JE 1: u$s5 12 6 13 7 14 GIVES 7 14 5 L2 & 1=

ITEM 1: 242 3 4 5 CGIVES

{ [TEM 2: 795 10 15 20 GIVES

EXAMPLE 2: 1921 32 u5 GIVES 32 45 21
TEST 1TEM 1: 392 3 4 5 GIVES

TEST ITEM 2: 097 1 6 5 GIVES

TESY ITEM 3: udl 2 3 4 5 6 GIVES
EXAMPLE 3: 2¢6 14 8 GIVES 8 6 14

TEST ITEM 1: 399 8 7 6 5 GIVES

TEST ITEM 2: 435 28 3 2 CGIVES

TEST ITEM 3: 292 0 1 0 GIVES




L
T

r

Lay]
K
5
s
L%
b
It
P

EXAMELE w: Q1

bt
&
P
L
I
o
S
ey

TEST ITEM 1:

TEST ITEM 2: w0z 1 3 GIVES

Lo

Had
s
5
&
Ly

TEST ITEM 3: 297 3

EXAMFLE 5: 594 2 2 (GIVES 2 4 3

TEST ITEM i: 1@15 20 25 30 GIVES

TEST ITEM Z: 301 2 3 GIVES
TEST ITEM 3: 563 1 GIVES




OBJECTIVE

WITH CEFERATION o AND # SIRING

2 FROBLEMS .

koo A JIVESE 7 O3 R o4 g
M i - = :E;.:'?
RERE L oL BE
oo LR A Aw = 0 2l iE Gwi¥WEE O3 L 75 -
LT T R - GlFES
£ b= &
SO LEY G Loz WlVES
ExaMlE 3 A2 26 " uw LJIVES1T 25 4.3
1T I PEM 1: s Gl VES
[EST FTEM Z2: 4G ¢ 2 « » GIVES
3t47 s 6 ) GIVES

ERIC

Aruitoxt provided by Eic:



EXAMPLE 4: A3 105 1 CGIVES 41 32

TEST ITEM 1: A23 12 9 22 GIVES

IEST ITEM 2: 40 3 7 1 4 GIVES
TEST ITEM 3: A6 8 9 10 GIVES

EXAMPLE 5: A8 3 06 GIVES 32 4 1

TEST ITEM 1:. A10 100 1 1000 GIVES

TEST ITEM 2: A6 5 4 3 2 1 CGIVES



APPENDIX B
TESTS




POSTTEST

1. +/2 1 6 GIVES

--------

2. [/5 4 25 9 17 GIVES

- e =

i, 10 2 3+.u3 01 GIVES

- =

4. ub3 16 29 GIVES

5. 42 791 3 GIVES

o W s = SE

t. p3 514 2 GIVES

7. 119 GIVES

- oy

‘8., 249 8 7 GIVES

9. A0 31 2 CGIVES

-y - -

10. p3 450 2 GIVES

LA KX R X 2 J

11. +/1 2 3 4 5 6 GIVES

- =

12, 5461 2 43 2 8 10 GIVES

13. 303 16 29 GIVES.

14, 12 GIVES

~15. [/5 1 4 3 GIVES

W=




16, 2 1 3+.%x1 2 3 GIVES

17. A5 3 0 2 4 GIVES

18. 143210 GIvES
ig. 1 1+.x9 3 QIVES N .
20. pi5 24 @rves )

. 21. +/10 2 10 GIVES ,
22, 009 6 1 3 GIVES B

23. 4 GIVES

(2]
e

/0 8 3 2 GIVES




£ .

-
]

12,

13.

14.

RETENTION TEST

pl10 21 GIVES

+/3 4 1 CGIVES

r/o 9 4 2 GIVES

+2 1 3 4 GIVES

3 4 1+.x2 1 3 GIVES

501 2 3 4 5 (GIVES

+/9 4 5 2 GIVES

/28 17 29 26 27 GIVES

2¥1. 7.6 59 GIVES
2003 1w cvEs

pl1 023 51 GIVES L
\6 GIVES o

121 3+.x3 102 GIVES o



17. [ /15 4 GIVES

18, 08 6 GIVES

19. 10 100+.x3 4 (GIVES

20. 45 10 0 8 6 GIVES

21. 2 GIVES

22. 182 34 61 GIVES

23. +/0 1 2 3 45 GIVES

== = s Es e e m

24, 1+0 3 0 1 2 GIVES




TRANSFER TEST

TRANSFER ITEM 1

EXAMPLE 1: [/4 3 217 GIVES 1
EXAMPLE 2: [/2 6 4 3 72 6 GIVES 2

PROBLEM 1: (/2 5 7 9 11 GIVES

PROBLEM 2: [/4 0 3 1 7 GIVES
PROBLEM 3: [/u7 43 ul 46 GIVES

. RANSFER ITEM 2

LXAMPLE 1: x/14 GIVES 24
LXAMPLE 2: x/16 GIVES 720

EROBLEM 1: x/13 GIVES

PROBLEM 2: x/13 GIVES
PROBLEM 3: x/12 GIVES

TRANSFER ITEM 3

ifauw81 GIVES 37
w.1f2 1 5 6 2 GIVES

(T T
w0

EXAMPLE 1: 2 7
30

EXAMPLE 2:
PROBLEM 1: 3 1 2 u[3 2 1 3 GIVES
PROBLEM.2: 9 7 5 3[2 4 6 8 GIVES

PROBLEM 3: 25 4 32[21 3 32 GIVES




TRANSFER ITEM 4

EXAMPLE 1: Y2 2 6 1 3 GIVES 13 5 2.4
EXAMPLE 2: V0 3 1 2 GIVES 24 31
PROBLEM 1: ¥2 6 3 7 GIVES

PROBLEM 2: ¥2 3 4 1 GIVES

PROBLEM 3: VY7 5 6 3 1 4 2 GIVES

TRANSFER ITEM 5

EXAMPLE 2 4 9+,-2 35 GIVES 5
EXAMPLE 2: 9 7 6 4+.-8 5 3 2 GIVES 8

[

PROBLEM 1: 11 2 1+.-5 1 1 GIVES
FROBLEM 2: 2 0 5 3+.-1 0 4 1 GIVES

PROBLEM 3: 3 4 1+.-3 4 1 GIVES

TRANSFER ITEM 6

EXAMPLE 1: =347 C
EXAMPLE 2: -5+4 3

o
=

L LI
Lot o]
LS+ /]
Ly
Qs
Ixj
Ky
~J

Jr e

ot

PROBLEM 1: -142 1 3 6 CGIVES

~d
i

PROBLEM 2: -249

PROBLEM 3: -442 4 3 0 2 1 GIVES

~
R "



TRANSFER ITEM 7

EXAMPLE 1: -3¢1 56 2 4 GIVES 6 2 4 15
EXAMFPLE 2: -592 1 GIVES 1 3 2

L]

PROBLEM 1: -1¢4 2 0 GIVES

e N
PROBLEM 2: -u$2 3 1 2 GIVES
PROBLEM 3: -691 2 8 1 GIVES

TRANSFER ITEM 8

GIVES 5 8 4

EXAMPLE 2
4 0 12, GIVES 2 17 3 4

EXAMPLE

[ ]

3+5 6 4 1
54217 3

PROBLEM 1: 243 7 4 5 GIVES

EmEm=me=E e

PROBLEM 2: 144 2 7 3 GIVES

PROBLEM 3: 342 7 17 GIVES
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