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Generalized ropresston analysis was nned to assess the effects of aptitudes,
treatments, and their interactions (AT . On the immediate posttest, students
in VE and FE did better than students in MIN, suggesting that the elaboratlon
provided in these conditions helped students learn,  Significant ATls supgust-
od that the elaboration was particularly useful to low abillty students. High
ability students did as well or bettor in MIN. Thus, the rvegression of
achiicvement on gencral ability was stecepest in MIN and reduced in VE and L,

Partitioning the tetal test score by posttest ftem type indicated that VE
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fipural items. Again, significant ATI indicated that these treatments were
particvlarly helpful to low abilityv students. lence, the regresslon of ver-
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items on general ability was least steep in FE.

Fxamination of learning outcomes on retention, lowaver, led to strikingly
different conclusions. While students in MIN were worse on average achieve-
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In summary, this study provided evidence that neither aptitude nor 1Instruc-
t fonal treatment alone can fully describe learning outcomes. Interactions
between them exist and were demonstrated. Further, instructional supplements,
whether verbal or fipural, can be cffective in filling-in for student weak-
nesses and reducing difterences between high and low ability students.

Such supplements, however, nmust be used with caution. Reducing the diffl-
culty of instructional materials mav, indeed, cnhance immediate learning, but
these advantages may be short-1 tved.

SN Q102-1F-01a- 6600
UNCLASSIFIED

5CURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




PREFAC

The tavestigatfon vepocted hoveln ba part ol an ongoing
vesosaveh profect alwed at understanding the natwre il
Luportance of ladlvidual differences aoaptitude for
leavatng,  Requests ror fufowmation vegavdioe this project
and far coples of this ov other technleal veports abiosd
be addressey to;

Protfeasor Richard E. Saow, Ueinclpal Investigator

Apticude Research Projact

School of Education

Stanford Unlversity

Stauford, Californla 94305

O

ERIC

Aruitoxt provided by Eic:



TARLE O

PREFACE
L OF ranes
[ T S E T S 5 T L
Chapten
! INTRODUCYT TON
Nt o ol
Thes Preient Stady
e METHOD o o 0 0 o s e
namp Le
Treattaenty
Materfala o 0 0 o .
AptLtode Meanuras o .
tastruct fonal Materialy
Outeome Measuresds « o .

Pocadure o0 L 0 . 0 e

(Ll RESULTS o v 0 0 v o 0 0

Deser (ptive Scatisties o .
Aptitude Measures . . .

Outcome Measures . . . .

Correlations Between Aptitude and Qutcome

COMPENES

Rogression Analyses on Outcome . . .

Trtal Score Ana_ /ses . .

Part Score Analyses. . . « « . . .

Verbal Ttems . . « « +« « + + .

Figural Items . . . .

Problems . . . . . .

. . . .

Summary of Recrer-ion Analyses . .

ERIC

Aruitoxt provided by Eic:

iii

L1

12

15

15

17

19

21

22

24

24

31

31



o

ERIC

Aruitoxt provided by Eic:

LV LUMMARY  AMD CORCLHS o L S L i/

The Haoeatch Vrabilam A L . 3/
Thiee Preoent Hescacel (0 0 0 0 . . . ‘ v/
The FlFect o ol Gegeval AU tey 0 o 0 0 0 o o o . . .o ]
The DI Ferent tal Urfect ol Geoand Gt o000 000 o0 00 3]

Tl Bt aet ol GRAPIH . . . 0 o o o s e o e e e e e i
Conelustons and Tepltfeatltons o . o 0 o o o 0L 0oL L (]
REFERENCES o 0 0 0 0 oL .o . . . . P 1

Appendix

A, Maanna, Standarvd Deviatlons, and Corelattonsg Between

Aptitaden o o 0 0 0 0 s s s e e s e e e e e e e e e G
B, Postteat Corcelatlonn o o o o« o o o o o o o o o o o . ()
oo Correlattions Between Aptitude and Owtcome o, 0 0 0 . . “h

¢
iv ‘3



O

ERIC

Aruitoxt provided by Eic:

bl

[ R S S R S A B S

abmaer v ok v catment Spes ER L an Lona
Saingtar v el Ouby ome Maeaou ao

Motz S awebayd Devbat lona, and Conselartlonn of :\lbl T le:
Measavens Tor Potal Sample o0 0 0 0 00 0

Meana and Standard Deviat towa an Post test . . .

Cotvelat Toun Between Holao bed Apt ttade and Moatteat Var tabber

Summary ol Stepwl=ze Regregafon ab Toral Poatiese o oo 0 0 L .

.

Al y

Stepwiae Repgrenston ol Verbal ttems o 0 0 0 0 L .
Sumiary ol Stepwilne Regreasnlon ol Flyguval Ltewms o 0 0 0 0.

Summary ol Stepwine Regreaslon of Problems o 0 0 0 0 0 o

W

Vh



o

ERIC

Aruitex: provided by Eric

LA s

Halat Toa

el Lo

Bl oot tom

Halat o

o

o f

vl

[ SR RS B AU S et
Vaerhal tocuma
Ven ol AT
Vipgasal Tewm

Pleaeal Loan

Mrobilemn to

[N S

2t

Ear

(Y

a o

o b

Lt

AR RN S

S

AN

LRt

CrATH



O

ERIC

Aruitoxt provided by Eic:

[N ST o
ta the paat tees e adan, o aeas beoen Tacbb o Bl HEE D e e v v 1
apthiatle to o velatbonr to biatiae Chontal vas Tab bes Tvae Do s RISESTS ST ST S
tially toacanbach, s oabiac e et Canag . 1T ) Ao banr e Loty o

Flierature nou Jdamonatial ca that v ola tona hetucon teavner apt Tiades
A beanatoes v sanea vas e e be Basrvan b bomal s vnnlib e boaa Plover . e bt
treatwent tutevact tona CAPLY o Jear by enlat, However, AL Pladings have
aftenn beon Tavodaatent and ot seadt by apptteable o veal win b Tastn
Ulonal practtea Canow, 170 00 e, thoete ta o nead o pencareh that
can provide a deaper danderstandtng of apettodes, fantoact Tonal Uread
mett A, and thete (atevact fona,
Baelop roumld

The coneept ol peseral mental ab ity o central to most current
moddela ot ntelbigence and abtbity organtzation, wnd hag been regardad
an the mont fmportant apt ftude tor Tearndng trom fnntructlfon, Measare:n
of peneral ab ey atso seem to show the strongent and mosnt consbatent
AL, Thia Ly, tu01\, the togleal place for new AT researeh to start,
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learners, the regression of learning outcomes onto general ability differ-
ences is relatively steep; able students do well and less able students
do poorly. In contrast, when an instructional treatment is designed to
relieve some of the information processing burdens on learners by simpli-
fying, structuring, or elaborating the learning task, the regression of

outcome on general ability is relatively shallow; less able students
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from Guilford's (1967) system to represent these three content areas.

Posttests were administered immedliately after instructlon, and again
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1fter one and five weeks. The regression on verbal ability was shallower
in the verbal treatment than in the figural or symbolic treatments at

all three test?ngs, suggesting that low verbal students were compensated
bv a verbal treatment. The regressions of outcome on figural and symbolic
ability were shallower when aptitude matched the instructional condition
only on the immediate posttest. On both retention measures, regressions
were steepest for figural and symbolic ability in the figural and symbolic
treatments, suggesting that one should match to strengths.

The results of other studies investigating relations between verbal
and spatial ability in instruction have also been inconsistent. Allison
(1960) provided instruction on concepﬁ attainment tasks using either
verbal stimuli and semantic solution rules or geometric stimuli and
classification solution rules. Verbal and spatial aptitude measures
were used. Those highér in verbal ability did better with verbal con-
tent; there was no effect for spatial ability. Bracht (1970) taught
addition of signed numbers using figural or verbal programmed texts.
Numerical, verbal and spatial aptitudes were measured. There were no
significant ATI. Markle (1969) taught crystallography using programmed
texts composed either entirely of words or embhasizing diagrams. The
pattern of correlations of outcome with verbal and spatial measur&s was
similar in both treatments. In a series of studies by Carry (1967),

Webb (1971), and Eastman (1972), students were taught quadratic inequali-
ties using materials designed to capitalize on spatial-visualization.
After reviewing this serieé, Cronbach and Snow (1977) concluded, ''The
three studies together provide only negative evidence on the possible

relevance of vusualization to a presentation that uses graphs" (p.285).
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On the hasis-of_;hese and other mixed results, Cronbach and Snow
(1977) rejected '"the coﬁélusion that spatial treatments demand spatial
ability and that differentiated Guilford abilities will interact with
treatments of the same name' (p. 293). They did not rule out the possi-
bility of positive findings in the future, however, given more powerful
and penetrating analyses.

Gustafsson (1974; 1976) also obtained conflicting results in a
series of studies exploring the verbal vs. figural contrast. Two of
these studies used a text on polar lights as a verbal treatment; the
pictorial treatment was a slightly reduced text supplemented with illus-
trations. Aptitude measures included a vocabulary test, a reasoning
test, and a spatial-visualization test. Learning was measured by a short
answer test and an essay test. Results on the essay test were not con=
sistent across the two studies. On the short-answer tests in both
studies, the slope of the regression on verbal ability was steeper in
the verbal treatment than in the pictorial treatment; students low in
Ge did best with pictures, especially if they were also high on Gv.
SEudents in the third study were taught about the heart and the blood

s

circulation system using either illustrated or unillustrated materials.
/Immediate and delayed outcome measures included items assessing verbal,
pictorial, and spatial criteria. Aptitude measures represented Gc and
Gv. There were'ho substantial ATI for the verbal or spatial criteria.
Although the pictorial treatment was best for everyone, an ordinal inter=-
lgction }ndicated that this treatment was least advantageous for students
high on Gc¢ and low on Gv.

More recent research has not changed the picture appreciably. James

and Knief (1978), for example, taught students to determine the number of

4
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subsets in a‘set of elements using a treatment designed to capitxzlize

on either Gf or Gec. A sum of Gc and Gf scores represented general
ability, and the'differenée between the two scores represented the dif-
ferential hypothesis. A pretest and posttest were administered. There
were significant main effects and ATI with the sum, but neither the
difference score nor any of its interactions were significant. Although
high ability students, on average, outperformed low ability students,
the treatment designed to capitalize on Gc reduced their advantage.

The consistent results for the general-ability hypothesis, and the
inconsistent results for the differential ability hypothesis, are both
understandable in hindsight. The wide variety of instructional treat-
ment contrasts that yield ATI with general ability can be summarized in
terms of variation in amount of information processing demand, but thié
is only a-crude sunmary, at best. The demand characteristics of differ-
ent kinds of instruction are not understood in detail, nor is a process
theory of ability for analyzing task demands in relation to individual
differences availlable. Treatments are usually poorly specified, and
this hampers our pursuit of both the general and the differential-apility
hypothesis. An enormous range of instructional materials have been
labeled "'spatial" or’"verbal" with little thought about their processing
demands. The presence of figures or pictures does not indicate that a
treatment requires spatial ability. Diagrams can tax ability but they
can also compepsate for weakness. Similarly, it is insufficient to
attach global labels to categories.of ability. A "spatial" dbility test
does not necessarily measure spatial ability (Lohman, 1979a; 1979b).
Aptitude measures should be understood in terms of amount and kind of

processing demand.
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There is not likely to be a simple match of aptitudes and treatments
(Cronbach and Snow, 1977; Salomon, 1972). Some kinds of instruction
build upon the learner's capacities or preferences, requiring students
to bring possessed abilities to bear in learning. Alternatively, in-
structional materials may do for leainers what they cannot do for them-
selves, and so may reduce abilitv-outcome correlations. Less able
students might profit from such assistance, whereas able students might
be turned away by it. Further, learners may substitute abilities they
possess for those they lack. Thus, graphic problems might be solved by
either»verbal processing strategies or by direct manipulation of lines
and curves.

Thus, the inconsistency and complexity of earlier ATI results seem
due, in part, to the failyre to specify requisite abilities for carefully
delineated treatments, or to provide a common process . ription for
aptitude and learning tasks. There has also been inadequate considera-
tion given to thé multiﬁle ways in which aptitudes and treatments might
be matched. The notion that students of high spatial ability necessarily:
do better in spatial treatments ignorés the complexities of both ability
~and instructional material. , .

The Present Study

The primary hypothesis investigated here related general abilityito
-
learning. First, students higher in'general ability were expected to

obtain higher posttest scores on the average than lower ability étudénts.

N
N

Further, both verbal and figural supplements were expected to reducé\the
slope of the regression of outcome on general ability.' The effect/sf
verbal supplements was expected to be greatest cn verbal outéome méasures;
the effect of figural supplements was expected to be greatest on figural

outcome measures.



The present study also explored the differential impact of Gc and
Gfv on learning. It was hypothesized that students high in either Gc
or Gfv would learn more than lower ability students. It was further
hypothesized that Ge and Gfv would moderate the relations between instruc-
tion and outcome differently. Verb;l supplements were expected to be
particularly useful to students low in Gec; figural supplements were
expected to be particularly useful to students low in Gfv.

Finally, the study was planned to examine long-term as well as
immediate learning. A reduction in average scores from immediate to
delayed posttest was expected. The greatest drop in performance wvas
expected when instructional supplements were used. By reducing process-
ing demands, supplements might enhance short-term learning while reducing
long-term learning. This effect would be particularly evident where
instructional content and outcome were matched. That is, losses on
verbal outcome measures would be greater when verbal supplements were
gsed than when figural supplements'were used; losses on figural outcome
measures would be greater with figural supplements.

To summarize, this study assessed the relations among aptitudes,
instructional supplements, and le;rning outcomes. Gc and Gfv were the:
aptituaes of particular interest, although more specific aptitudes were
also included. Instructiﬁnal materials différed'in the use of verbal

and figural supplements. Outcome measures distinguished verbal from

-figural responses. In general, this study was intended to illuminate

the relations between aptitude and instructional treatment.
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CHAPTER 2
METHOD
A 2-week course in Economics was presented to high school students
using one of three sets of instructional materials. Beforehand, partici-

pants completed a 3~hour aptitude test battery and were randomly assigned

‘to treatment. One posttest was administered at the end of the course;

another was given two weeks later.

Sample

.Paft;cipants vere recruited from three Palo Alto, Californ;a, high
schools. Tenth- and eleventh-grade students responded to an advertise-
ment in‘a lecal newspaper and were paid an hourly fee for their partici-
pation. \%Qe initial 3-hour aptitude’sessionlincluded a 1l0~item screening
test to eliminate those already familiar with the instructional content.
Ofvthe 146 students who initially responded, 132 were retained and
completed the experiment. The final sample included 86 females and 46
males; 44 participants were assignéd to each of the three conditions.

Treatments

~ The basic instruction covered the theory of supply and demand,

determination of market price, eiasticity of supply and demand, and the

application of these principles to price floors and cellings, taxation,

’and agricultural problems. Materials were adapted from-introducﬁory

Eollege econo@iés textbooksl(Lipsey and Steiner, 1969; Samuelson, 1976;
Spencer, 1977; Sutton, 1976), but presentéd at a level appropriate for
high school.

The same material was covered in eéch treatment conditibn. Treat-
ments varied, however, in the explanatory displays‘and the difficulty of

the processing demands. The three instructional conditions were Minimai

[ 3
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(MIN), Verbal Elaboration (VE), and Figural Flaboration (FE).

Information in MIN was presented with little redundancy, few
examples, and limited explanations. Participants were encouraged to
§olve problems on their own and to generate their own explanations for
facts and principles. Principles were presented with limited verbal
explanations and‘figural displays.

VE covered the same basic information as MIN, but with additional
verbal material. ﬁxamples were given, verbal explanations were prgsented,
and basic concepts were redefined as learners encountered new\material.
Figural content was identical to that of MIN.

FE also covered the same basic MIN material, but with additional
\
graphs and diagrams. Examples and exercises using graphs in problem‘
solving were added. Additional verbiage was used only to help students
[

understand and manipulate diagrams. The differences among treatments are

summarized in Tahle 1.

"Each treatment consisted of eight 50-minute instructional sessions.
Participants were limited to one instructional session per day.
Materials

Aptitude Measures

Four tests were selected to»measurexcfv: Tﬁe Advanced ?régressiVe
Matrices Test (Raven, 1962), Paper Foldin% Test (French, Ekstrom, and
Price, 1963), Copying Test (French et al.,\;963), and Memory for Designs
‘(Graham and Kendall, 19605. Measures og Gec included the Terméﬁ Concept

Mastery Test (Terman, 1956), Advanced Vocabulary Test V-4 (French et al.,

1963),.and a fill-in vocabulary test adaéted from the Wechsler Adult

\,

N B . . \ -
Intelligence Scale (Wechsler, 1955). The latter consisted of 20 words

-\
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\ TABLE 1

Summary of Treatment Specifications

Treatment
Component of Instruction MIN VE
General information + +
Basic, statement of economic principles
Verbal + +
Figural ) + +
§
Explanation of principles !
Verbal . - +
Figural - -
Examples - +
Practice problems . + +
Solutions' ty practice problems + +
Explanations of solutions for practice problems
“Verbal v - +
- Figural | - -
Redundancy
Verbal - +
Figural\ ‘ - -
" Underlining - '_ - .+
: \ . .
\
\
\\
\
Note. "+" indicates a component present in the treatment

nan iﬁdicates a component not present or used minimally
\ . . .

\2
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from the WAIS voéaﬁulary sectlor, representing the full range of item
difficulty. Items were scored using the guidelines presented in the
test manual.

A test of graph processing (GRAPH) was designed and administered to
supplement the broader ability tests. This test measured the ability to
read graphs and to interpret data presented figurally. Items required
either translating verbal information to graphs or giving verbal des-
criptions to interpret graphs.

Another instrument designed specifically for this study was the
Cbgnitive Preference Quéstionnaire. This questi;nnaire asked students
if they preferréd learning from verbal material or by reasoning about
diagrams and figures. '  Attitudes toward selected instructional features

and learning strategies were also solicited.

Instructional Materials"

Three workbooks, corresponding to MIN, VE; and FE, were developed.
Each workbook was composed of eight 10—20 page packets and,introduced
apﬁroximately three new topics. Students worked through the workbook
in a prescribed manner, answer;ng:questions and solving problems in the
packgt. |

Each packet began with a Summary Sheet'ligting the major topics
coVeFed in previous sectioné. In VE and FE, major points were summarized
in the appropriate mode. Participants in MIN were cued to generéte thg
summary for themselves., |

The last pages in each packet contained problems relevant to the
material covered during the instructional session. These Problem Sets

were included to encourage students who completed the material before.

11
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the end of the session to review it, thereby equalizing students' working
‘times.

Outcome Measures

An immediate and a delayed posttest were administered after the comple-
tion of each instructional unit. The two posttests were similar in format
and content. Each test consisted of 40 items and covered most of the material
presented during the instructional period. On each test; 15 items re-
quired students to answer verbal questions, 15 required students to deal
with figural information, and 10 questions required both verbal and
figural explanations. For these 10 items, the student was asked to indi-
cate the explanation given first. Within eéch of these categories, 'items '
required either the application.of principles fo solve a problem, or
simple recall or recognition of information specifically discussed during
instruction. Response formats included multiple-choice, fill in, and
short problems. Approximately one hour was alloted to complete‘each
posttest. Table 2 lists the parts of each posttest, including item type
(figural vs. verbal), response.format; and the number of items. |

Procedure | |

‘Instruction began approximately one week after aptitude testing.
Participants attended one 50 minute session for each of four days during
the first week of instféﬁtion, and for each of five days during the

second week of instruction. Students completed one packet of material

!

during each session. Sessions were held hourly between 3 p.m. and 1l p.m.

on weekdays, and between 9 a.m. and 5 p.m. during the weekend. Students

12



Table 2

Summary of QOutcome Measures

Outcome Measure Description Maximum # of Points
Total Posttest Total number of correct items 40
Verbal Total Total number of correct verbal items 15
Part 1 : _ Fill-in verbal items 10
Part 2 Multiple-choice verbal 1items 5
Figural Total Total number of correct figural items 15
vart 1 Fill-in figural items ; draw figure ' 5
& Part 2 Fill-in figural items; interpret figure 5
' Part 3 : Multiple~choice figural items _ 5
Problems Total number of correct problems i 10
Verbal correct Number of correct verbal explanations on problems 10
< Figural correct ~ Number of correct figural explanations on problems 10
Verbal firsca Number of correct verbal explanations given first 10
Figural first? Number. of correct figural explanations given first 10

Note. Format of fmmediate and delayed posttest was identical

YNumhers of verbal first and figural first apply only to correct explanations on the problems.




were allowed to schedule themselves freely except that no mofe than 30
students could be accomodated in a single session.

Upon arrival, students would take a folder bearing their name, and
remove the appropriate packet. At the end of the session, students
returned the packet to the investigator, who checked that the student
had worked on the proper materials. It was not necessary to schedule
participants in the same treatment for the same hours as all students
worked individually. .

The immediate posttest was administered to each stuéént after all
instructional materials were completed. All participants took the immediate
posttest on the Friday of the second weék of instruction. Most partici-~
pants returned for the delayed p;sttest two weeks later; those who could
not were scheduled. individually for their delayed posttest. All partici-

pants completed the delayed posttest within 11 to 17 days after the

immediate posttest.

o)
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CHAPTER 3

RESULTS

Descriptive Statistics

Aptitude Measures

Meauns, standard deviations, reliabilities, aund covrelations among
aptitude measures for the entire sample are presented in Table 3.
Similar tables for the separate samples in MIN, VE, and ¥
in Appendix A.

Scores from the two vocabulary tests and the Terman Concept lastery
Test were standardized in the total sample and combined to form a com-
posite labeled Gec. The Gfv composite included standardized scores for
Copying, Memory for Designs, Péper Folding, and the Advanced Progressive
Matrices Test. Although GRAPH showed high correlations with botﬁ com-
posites it was left as a separate third aptitude since it was choughtﬁto
be specifically relevant to this.instructional setting. About 427 of
its variance was estimated to. be specific.

Tests included in the Gc composite showed higher correlations with
each other than with measures of Gfv. Copying and Memory for Designs
had higher correlations with other measures of Gfv than Qith indicators
of Gc. As expected, however, Paper Folding and the Advanced Progressive
Matrices Test, both comﬁlex measures of Gfv, showed higher correlations
with Ge than did Memory for Designs and Copying.

The Gc and Gfv composites were combined to form two orthogonal
indices to investigate their combined and differential importanée; SUM,
the sum of the Gec and Gfv composites represented genefal ability, and
DIFF, Gc minus Gfv represented the ability profile difference. Positive
values on DIFF thus indicate students higher in Gc than Gfv, and negative

L3
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Table 3

Means, Standard Deviations, and Correlatlensg of

Aptitude Measures for Total Sample (N = 146)

Varlable Mean 5.D. ORI B RCONNE) (6) } (7)1 (8 [ Moy | (1) | (12)
(1) Vocabulary Multiple Choice 15.11 1} 4.58 80b 68 67 26 11 33 | 38 36 88 36 71 55
(2) Vocabulary ﬁill In 26.621 5.76 78a 71 30 27 49 54 53 90 52 81 39
(3) ‘Terman Concept Mastery 30.10 | 5.10 78736 |32 |49 |54 |56 |89 | 56 | 83 | 34
(4) Copying 32,06 9.41 88b 37 49 53 40 35 79 65 ~-46
(5) Memory for Deslgns 17.00 | 2.09 60% | 31 [37 |38 |26 | 68 | 53 |[-43
(6) Paper Folding 13.45( 3.50 80b 53 50 49 77 71 -29
(7) Advanced Progressive Matrices| 23.64| 5.47 83°| 62 |54 | 80 | 77 |-27
(8) GRAPI 22.64 | 5.50 86% | s4 | 62 | 66 |-08
(9) Ge .00 | 1.00 91°| s4 | 88 | 48
(10) GEv .00| 1.00 93°| 88 | -48
an sw ] 00| 1.76 95| 00
(12) DIFF .00| .96 83°
Note. Decimals omitted from correlations.

Reliabilities appear in the main diagonal.
aReliability estimate coéfficient a.
bSplit—half reliability estimate. o s

)
Rj}:iability estimated as composite.
ot



values Indlcate an advantage In Gfv. Thils procedure has advantages over
using Ge and Gfv directly In the analysis (Crombach and Snow, 1977). Firse,
hypotheses can be ordered so that the general-ability hypothesis can be
tested Independently from the nore exploratory differentlal-ability
hypothesis. Second, SUM and DIFF are uncorrelated, whereas, Gc and Gfv
usually correlate (r = .54 in this study). Thus, using SUM and DIFF
prov .es less ambiguous interpretations than using Gec and Gfv directly.

Although students were randomly assigned, the equivalenceof groups
was checked. There were no significant mean or variance differences
among the treatment conditions on any of khe aptitude measures and only
minor differences in the pattern of correlations in the three treatments.
Thus, no systematic aptitude differences among the three groups could be
identified.

OQutcome Measures

Reliabilities of the immediate and delayed posttest were estimated
at .82 and .84, respectively, using coefficient alpha. Correlations
between total scores and major part scores on the immediate and delayed
posttests are presented in Appendix B.

Means and standard deviations for all parts of both posttests are
reported in Table 4. While treatment differences on the immediate
posttest were not always large, group averages in VE and FE were consist-
ently higher on items corrgsponding to the type of ass;stanée the group
had received. On the average, students in VE and FE also obtained higher
scores on the problems than students in MIN. Thus, the mean total post-
test score was higher for VE and FE than for MIN.

This pattern was not found in the delayed posttest means, also
reported in Table 4. Here, MIN showed avslight overall advantage over

17
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Tub te 4

Means and Standard beviatlong on Posttest

bnmediate Postiest belayed Posttest
Treatment MIN . VE Il MIN VE FE

Outcome Mean S.bh. Mean S.D. Mean S.D. Mean 5.0, Mean S.Dh. Mean 5.D.
Total Posttest 26.27 7.20 29.52 5.25 28.34 4.66 28.89 6 .80 27.98 6.18 26.39 6.39
Verbal 'Total 10.11 2.94 11.89 1.82 10.23 2.11 10.91 2.30 10.09 1.96 10.11 2:22
Part 1 7.43 1.68 8.48 1.30 7.41 1.57 7.57 1.93 6.95 1.61 7.16 1.79
Part 2 | 2.68 1.58 3.41 1.00 2.82 1.11 3.34 .96 3.14 .85 2.95 1.03
Figural Total s+ 57 2.71 10.50 2.62 11.20 1.71 11.11 3.08 10.82 2.74 9.48 2.81
Part 1 3.52 1.27 4.09 1.01 4.27 .85 3.93 1.28 3.84 1.01 3.57 1.15
Part 2 K - 3.95 1.06 4.05 .91 4.09 .80 3.98 1.15 3.57 1.00 3.05 .99
Part 3 2.09 1.14 2.36 1.12 2.84 1.03 3.20 L.27 3.41 1.26 2.86 1.29
. Problems 6.59 2.67 7.14 2.11 6.91 2.17 6.86 2.46 7.07 2.29 6.80 2.54
(es] Verbal Correct 4.02 3.24 5.52 2.83 4,09 3.23 4.61 3.24 5.34 3.28 5.14 3.32
Figural Correct 3.55 2.97 3.43 2.67 3.64 2.74 4.25 3.37 4.91~ 3.45 4.95 3.54
Verbal First 2.14 2.46 4.20 2.83 2.52 2.52 2.25 2.66 2.70 2.75 2.59 2.74
Figural First 1.80 2.48 .98 1.68 1.95 2.06 2.50 3.02 2.48 2.54 2.98 3.14
‘ Lol
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VI and FE on total posttest seove,  Phoa, although elaborat bng
gslupLifylag nstruction (an (o VE and FE) apparently produeed Taomed fate
palug, iformatlon acquived through such [natruction way not vetalued ay
well as Lt was Ln MIN. MIN actually showed a small average galn Lrom
immediate to delayed tests, while VE and FE showed loudsen. The greatest
losses occurred when treatment and posttest ftem type were alike. That
is, the greatest losses on verbal items appeared in VE; the greatest
losses on figural items appeared in FE.

On the immediate posttest, there were small differences among groups
in the type of explanation given on the problems. On average, students
in VE gave correct verbal explanations more frequently than did students
in either MIN or FE. Verbal explanations were also more likely to be
given before figural explanations by students in VE. Similarly, in FE,
correct figural explanations to the problems were, on average, given
before verbal explanations. Similar trends were found on the delayed
posttest.

Correlations Between Aptitude and Outcome

Table 5 gives selected correlations between outcome and aptitude
measures. (See Appendix C for complete correlation matrices.)

Significant correlations between SUM and all outcome measures
appeared in all treatments, while correlations for DIFF never differed
from zero. The correlations between total post:esté and SUM were similar
in the three treatments, but part scores on the immediate posttest
showed some variation across treatments, particularly when item type and
treatment matzhed. Sp, for example, SUM and the immediate verbal total
corrélated .50 in VE, but .74 and .72 in MIN and'FE, respéctively.

Similarly, SUM and the immediate f;gunﬂ.total correlated .50 in FE, but

19
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Tab e 4

Corvelat tonn Between Selected Apthtude and Poutteat Varlahloeo

Treatment MIN VI IS

e I ——e B LTI RET TR py U O, S e

T Aptitude SUM DIFE GRAPU SUM DLFK GRAPH SUM DLV GRAPH

Outcome Measure T
——

lpmediate Posrtest

Tots1 Score 8% 04 69% 75% 02 64% 79% 12 65%

Verhal Total T4% -05 63% 50% 00 38% 72% 05 65%
Flgural Total 68% 04 65% 69% -02 64% 50% 22 39%
Problems 73% 13 57% 59% 06 4% 60%* 03 46%

Delayed Posttest

+» Potal Scure 78% 03 71% 83% 00 62% 76% 03 70%
© Verbal Total ‘ 54% 05 38% 72% o1 42% 52% 04 58%
Figural Total 70% ~04 76% 78% -07 61% 69* 08 54%

Problems 77% 09 65% 69* 07 58x% 70% -06 66%

Note. Decimzls omitted from correlations

%P less than .05




o0 and L09 ta MIH and Ve o the prohbems i the tanediate poat beut,
covee el bors o wleh UM were vy tuabty tdent teal b VI sond VYL aomewliat
gl b than To MINL o the delayved poatteant, Che cortrelat ton hetween
SUM ad i he verbial roval was bavpaent Tny VI

Correlat tonn between GRATY and the Tamed fate outvome were genevally
tower than thode hetwean SHUM anad ot o, Theve  were, however, aluao
tower corvelations between GRAPH and Damedlate outeome when (tew Cype anid
treatment were matehed,  On the delayed postrest, there were only amall
differences among the troatmentys In the correlatlons of GRAPH with total
posttest score and the problema.  The correlation between the voerbat
total and GRAPIL wan greatest in FE. The flgural total and GRAPH had the
largest correlation in MIN.

Regresalon Analyges on Outcome

Cronbach and Snow (1977) recommended generalized regresslon analysiya

t for investigating ATI. The model for the present atudy took the form:

- fal O) "VV
Y BO + pSS + BDD + SG G + BT T + P oy ST +
BDT DT + BGT GT
where:
Y = aependent variable
Bo = constant term
SS, BD, BG = regression coefficients for SUM, DIFF, GRAPH
S, D, G = score on SUM, DIFF, GRAPH
BT = regression coefficient for treatment
T = orthogonal treatment contrast
= - ATI
SST’ BDT’ BGT regression coefficients for first order
Two orthogonal contrasts represented the three treatments. The
/
first contrast (Tl) compared MIN' with VE and FE (coded 2, -1, -1,
' 21
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veapes Civaly) The aceoned coptiant 82 campatad Ve wbeh 110 coodad 1,

b, teapect tvely, with M coded o) 0 ALY terma wer e congided by wabodl
plytug tieatment comtraats with aptttade,

Saparale analvacs wvere condacted Tor total and par b avaran on

tumedlate and dalayved poallant . A alep up procedoare wvan aaed, with
var fab len torced (nto the equatton by oa apectfted order.  Aptliade waln
altecty were enterad bhelove treatment effacta, with SUM antavad fliat to
tent thae geneval-ability hypothanta,  DIFF was entarel next to test the

dit fovent tal-abi ity bypothealn,  GRAPH was Uhen ontaered to asgadss Lo

gpectt le contributton, fudependent ot the proportion of {ty etfects that
ware anpoclated with genoral and ditteront tal abiliiy.  Treatment maln
aftecty were then enterad using the two orthogonal sontrasts.  Following
all main effacts, flrat-order ATL were untered.  Thin ovrder wan used for
all dependent varlables.
Total Scove Analyses

The results of the regresslon analyses Lor the Limedlate and delayed
tetal posttests are presented in Table 6. The percentage of variance
accounted for reflects the change in the squared multiple correlation
coefficient as each predictor entered the equation. The F-ratio tested
whether this change in R2 was significant using the formula:

2
F ART/K4

2
1-R t/N—Kt—l
where:
AR2 = increment in R2

K, = number of predictors in change

i
th = R2 for full model
N = total sample size
Kt = number of predictors in total R2
22
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Fabile G

Soapinbieer Yy al 'Al(“l!\l(ut I(n'l{lrn:nlun b Tat b sttt
Vinnes bt e Povst teant e Taved oo e
Vear an e L Vo banee
H [ 5 Wt 1" i ! i
Var fab ' Avcounted o bt to Aceounted o ' vl
Fal b Model 11 JO .5 MINIEL (I D A
Aptitade Maln Biteotn ) 0./ HIRT T 09, ) T
HUM l YO 2OHLTOA (1. RN R
neEE | LA 1.6 A |
CRAPI | 6.0 20, 1.4 14,904
Treatment Maln Elfectn ) hoo ), Iy 2.1 o l6A
o 11 1 4,0 Lo, 20% 1.8 6. 88N
v 1 .6 .44 ] 144
st Order AT O 1.1 DL2LA . <1
SUM X 11 1 2.9 11.78*% .0 <1
SUM X 12 i .0 <1 0 <1
DIFE X 1L i . 1.22 .2 <1
DIFF X 12 ! 0 <1 .l <l
GRAPH X T ! .0 <l ) <l
GRAPH X T2 ! .1 <1 4 1.53
Residual 120 29.5 - 31.4 -
*L). < .05
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Al fhveedee soas b e b Dan i s 0 Ly e [ S Lot aaad VL f ey
Phie b waat prropeen bt ben b 't'l Visent e b oo e bbb Diaae b, piied
debaved poareal . Pbahy b bt sendent o thao oot Tad YRR IPCE RS B I PR
TS RPN TTY PR TS SR T DUPRY B S B sl d f i [
C ol thie vas tanve fo dhe dounedlate paoatte st oaand oot Pl the cas banea

tu the Jdelaved ponttent

Freatment waln cfbect s gocommbed far 0 67 0l the van Laue ot dhe
Tomed tate posttest and 2070 o the varlance fa the dalaved poatteat .,
Thene et tecta comrespond to tho wean i ferences Bdeat LEGed 1o Tahile 4,
VI and FIEostwowed biigher tamediate outcomes than Jdid MU b ierenan
botween VE ad FE were not afpnt!t teant . In contraat, on the delayed
poasttent, MIN dhowed o hiighor average than G 08 VE and FL.

Tnteractfons were toatod o the generalfsoad model.  Then, anstamd
avdlzed rogresafon coettfeleats within cach treatment wore plofted
praphically tor faterpretat fon,  The SUM X treatment (nteract fon wasn
statlatleally stgnllicant on the fmmedbiate posttest, but not on the
delaved posttest. This Interactlon accommted for 2.9% ot the fmmediate
posttest varifance; {t is ghown graphically In Figure 1. The relative
advantage of high ability students was most pronounced in MIN. In other
words, VE and FE appeared particularly helptul for low ability students,
reducing the difference between them and high ability students. There
were smaller treatment differences at the mean and reduced ATIs on the
delayed posttest.

Part Score Analyses

Verbal items. The results of the generalized regression analyses

of verbal outcome measures appear in Table 7. Again, SUM accounted for
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Table 7

Summary of Stepwise Regression of Verbal ltems

Immediate Posttest

Delayed Fosttest

@,

% Variance \ L % Varlance _
Variable d.f. Accounted For L ratio Accounted For F ratio
Full Model 11 57.5 14.74% 40.4 7.40%
Aptitude Main Effects 3 41.7 39,22% 34.6 23.23%
. SUM 1 37.1 104.68%* 34.0 68.48%
DIFF 1 .0 <1 .2 <1
GRAPH 1 4.6 12.98%* A <l
Treatment Main Effects 2 10.0 14.11% 2.9 2.92
T1 1 2.8 7.90% 2.9 5.84%
T2 1 7.2 20.31%* 0 <1
First-Order ATI 6 5.8 2.73% 2.8 <1
SUM X T1 1 3.4 9.60% .0 <1
SUM X T2 1 1.3 3.67 .1 <1
DIFTF X Tl 1 7 1..98 .0 <1
DIFF X 12 1 .0 <1 .0 <1
CRAPH X T1 1 .1 <1 A <1
GRAPH X T2 1 .3 <1 2.3 4.63%
Residual 120 42.5 - 59.6 -
R -
IERJ!:S

IToxt Provided by ERI
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the largest proportion of explained variance in each posttest. GRaAPH
accounted for a significant proportion of variance in the immediate
posttest, accounting for 4.6% of the variance in it. Students with
higher aptitude scores had higher outcome scores. DIFF was never signi-
ficant.

Treatment main effects correspond to the mean differences shown
previously. On the immediate posttest, treatment main effects accounted
for 10.0% of the variance; VE was superior to MIN and FE. Treatment main
effects accounted for 2.9% of the variance in the delayed posttest, with
MIN superior to V! and FE.

First-order ALL accounted for 5.8% of the varlance in the immediate
posttest; ATI with SUM accounted for most of this variance. Figure 2
shows that VE was barticularly helpful for low ability students.

The only significant ATI on the delayed posttest was between GRAPH
and treatment. As shown in Figure 3, only in FE did étudents with high GRAPH
scores outperform students with low GRAPH scores.

Figural Items. Table 8 presents the results of the generalized

regression anaiyses for figural items. As before, SUM and GRAPH accounted
for a significant proportion of the variance on both the immediate and
delaved posttests. DIFF was not significant, accounting for only .5% of
the immediate posttest variance and .0% of the delayed posttest variance.
Treatment main effects accounted for 6.6% of the variance on the
immediate posttest and 6.0% of the variance on the delayed posttest.
Thus, on the immediate posttest, VE and FE were superior to MIN, on
average. FE had a slight advantage over VE. In contrast, on the delayed

posttest, both MIN and VE were superior to FE.
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FMMEDIATE POSTTEST
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VE (.41)

MIN (.72)

" DELAYED POSTTEST
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o
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Figure 2. Relation of Verbal Items to SUM, with
Unstandardized Regression Coefficients
Shown in Parentheses.
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Figure 3. Relation of Verbal Items to GRAPH with
Unstandardized Regression Coefficients
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Table 8

Summary of Stepwise Regression of Figural Ttems

Immediate Posttest ‘2layed Posttest
: 7% Varilance \Varlance )
Variable d.f. Accounted For F - ratio Accounted For F - ratio
Full Model 11 54.3 12.94% 62.2 17.96%
Aptitude Main Effects 3 43.3 37.86% 54.2 57 .45%
SUM 1 35.7 93.65%* 49.9 158.66%
D1FF 1 .5 1.31 .0 <1
GRAPH 1 7.1 18.62% 4.3 13‘.67*
Treatment Main Effects 2 6.6 8.66% 6.0 9.54%
T1 1 5.1 13.38% 2.9 ' 9.22%
T2 1 1.5 3.93% 3.1 9.86%
First-Order ATI 6 4.3 1.88 2.0 1.06
SUM X T1 1 .8 2.10 .0 <1
SUM X T2 1 1.9 4,.98% 0 <1
DIFF X Tl 1 b 1.05 .6 1.91
DIFF X T2 1 .0 <1 .0 <1
GRAPH X T1 1 \‘ .1 <1 1.4 4,.45%
GRAPH X T2 1 ‘1;.,ll 2.89 .0 <1
Residual 120 45.7 - 37.8 —




The SUM X treatment interaction was, again, signiticant on the
immediate and not on the delayed posttest. In Figure 4, the irmediate
regression slope on SUM was shallower in FE than in MIN and VE. FE was
particularly helpful to low ability students in reducing differences
between them and high ability studénts. "The mean disadvantage on the
delayed posttést for students in FE can also be seen.

Interactions with GRAPH accounted for 1.27% of the variance in the
immediate posttest, and 1.47% of the variance in the delayed posttest.
While not significant in the immediate posttest, the interaction suggestea
that FE reduced the advantage of students with high GRAPH scores. On
the delayed posttest, both VE and FE reduced the advantage of students
with high GRAPH scores. These relations are shown in Figure 5.

Problens. As with all other dependen£ variables, SUM accounted for
the largest proportion of explained variance in the problems on both the
immediate and delayed posttests (see Table 9). Although GRAPH was not
a statistically significant predictor of the immediate posttest, it
accounted for 1.3% of its variance, and did account for a significant
proportion of variance (4.97) on the delayed posttest. Again, the effects
of DIFF were small. Mo treatment main effectswere éignificant, and the
only significant ATI was, again, with SUM on the imﬁediate posttest. As
shown in Figure 6, differences between high and low ability students were
greatest in MIN.’

Summary of Regression Analvses

SUM accounted for the vast majority of variance in all dependent
measures, and GRAPH accounted for significant proportions of variance in
most. Again, because GRAPH and SUM were correlated, and because SUM was

entered into the regression analvses before GRAPH, effects associated
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Table 9

Summary of Stepwise Regression of Problems

Immediate Posttest

Delayed Posttest

% Varilance

% Variance

Variable d. £. Accounted For F - ratio Accounted For F - racio
Full Mocdel 11 45.8 9,21% 58.2 15.21%
Aptitude Main Effects 3 42.0 30.98% 56.3 53.64%
SUM 1 39.9 88.28% 51.2 147.12%
DIFF 1 .8 1.77 .2 <1
 GRAPI i 1.3 2.88 4.9 14.08%
" Treatment Main Effects 2 1.0 1.11 .2 <1
. n X .8 1.77 .0 <1
“\\ T2 1 .2 <1 .2 <1
\‘
-First-Order ATI € 2.9 1.07 1.9 <1l
SUM X T1 i 2.1 4.65% .2 <1
SUM X T2 1 .1 <1 .3 <1
DIFF X T1 1 .0 <1 .0 <1l
DIFF X T2 i .1 <1l .9 2.59
GRAPH X T1 1 .5 1.11 14 1.15
GRAPH X T2 i .1 <1 .1 <1
Residual 120 54.2 - 41.8 -
)
vul 4.0
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with GRAPH reflect its specific variance, not variance shared with SUl.
The differential-ability hypothesis, tested by DIFF was never significant,

Treatment main effects were significant for the total, verbal, and
figural scores on both posttests. The immediate posttest showed a gen-
eral advantage for VE and FE over MIN. VE was most advantageous on
verbal itéms, FE on figural items. But this trend was reversed on the
delayed posttest where students in MIN outperformed those in VE and FE.

In fact, the lowest mean figural part score occurred in FE.

All significant ATI on the immediate posttest involved general
ability (SUM); VE and FE reduced the advantage of high ability students.
This advantage was reduced most in VE on verbal items and in FE on figural
items.

Similar relations Qere not found on the delayed posttest. High
ability students continued to outperform low ability students on the
delayed posttest; the relative advantages for sgudents in VE and FE were
not retained over time. Significant ATI were obtained only with GRAPH.

Thus, in this study, instruction that was most effective for im-
mediate learmning was not mbst effective in the long run. ATI effects
suggested that this shift may have come primarily from low ability studepts
who did not retain the additional information that enhanced immediate

LY

learning.
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CHAPTER 4
SUMMARY AND CONCLUSIONS
The present study examined the effects of veral and figural sup-
~lenents on learning, and their relation to general abi:ity, Gc and
Gfv, and a specific graph~processing test. This chapter summarizes
prior research and the procedures and results of the present study.
Implications for future researcﬂ and educational practice are discussed.

The Research Problem

Although numerous studies have investigated interactions between
aptitude and verbal and figural instructional supplements, few consistent
relations have been established. In some studies, the regréssion of
outcome on aptitudé was steeper when aptitude and instructional condi-
tion were matched; in others, the regression was shallower. Some studies
obtained similar reéression slopes. These relations varied, in part,
as a function of the delay between instruction and the posttest. Incon-
sistencies also resulted from not specifying aptitude and treatment in
sufficient detail or considering all the ways they might be matched.

The Present Research

The present study compared the effects of minimal instruction,
instruction elaborated with verbal suppkmenm; and instruction elaborated
with figural supplements. 'Aptitude was'fepresented by a Gc composite,

a va composite, and a graph-processing test. The Gc and Gfv composites
were summed to indicate general ability and their difference was used

to investigate  their differentiél impact. Immediate and delayed outcome
measures included verbal items, figural items, ard problems that could be
solved either verbally or figurally. Learning was described as a function

of aptitude and instructional material.
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The Effects of General Abilicty

On the immediate posttest, students in VE and FE did better than
students in MIN, suggesting that the elaboration provided in these con-
ditions helped students learn. Significant ATI suggested that the elabo-
ration was particularly useful to low ability students. High ability
students did as well or better in MIN. Thus, the regression of achieve-
ment on general ability was steepést in MIN and reduced in VE and FE.

Partitioning of the total test score by item type indicated that
VE was particularly helpful on verbal items and FE was particularly helpful
on figural items. Again, significant ATI indicated that these treatments
were particularly helpful to low ability students. Hence, the regression
of verbal items on general ability was least steep in VE; the regression

‘ of figural items on»general abiliey was least steep in FE.
Examination oﬁ‘learning outcomes on reteﬁtion, however, led to
Strikingly differené.conclusions. While students in MIN were worst on
average achievement 6n the immediate posttest, they performed best on
the dela&ed test. ‘
VE and FE provided more information to learners through additional
explanations and examples. MIN required students to provide this infor-
. mation for themselves, thereby demanding more active work'from learners.
More able students, capable of doing it, did equally well in MIN as in

VE and FE. Less able students that could not generate that information
for themselves benefitted from the assistance. The gains were short-lived,
however. Active mental work, necessary in MIN, appeared to aid retention.
Hence, there %as a greater decline in performance in VE and FE than in

MIN. This contention was further supported by the observation that losses
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were greatest when the assistance was most direct. Thav iz, losses on
verbal items were greatest in VE; losses on figural items were greatest
in FE.

The Differential Effect of Gc and Gfv

The differential impact of Ge¢ and Gfv as measured in this study,
did not enter differently into outcome on aptitude relations. This may
be due, in part, to a failure to adequately distinguish Gc from Gfv.
That is, measures of Gec and Gfv shared a considerable proportion of
variance. Reducing that overlap might increase the chance of detecting
differences in their impact. Thus, future research in this area must
strive to do this.

The Effect of GRAPH

The instructional materials in this study used many graphic displays.
Therefore, GRAPH was included as a specific-ability measure. Significant’
main effects were associated with GRAPH at both testings, even éfter account-
ing for the effects of general ability. As with general ability, students
with higher aptitude scorés did better. Thus, learning outcomes were not
fully described by the effects of general ability.

Conclusions and Implications

This study provided evidence that neither aptitude nor instructional
treatment alone can fully describe iearning outcomes. Interactions between
them exist and can be demonst;ated. Further, instructional supplements,
whether vérbal or figural, can be effedtive in filling-in for students
weaknesses and reducing differences between high and low ability students.

/Such supplements, however, must be used with caution. Reducing the

diffiCUlty of instructional materials may indeed enhance immediate learning,

39



but these advantages may be short-lived. In the present study, increasing
the difficulty of the work required for initial learning appeared to in-
crease retention. The benefits in immediate learning must be weighed with
the need to ensure that informatiocon is re;ained.

The implications for educational practice are clear. The present
study indicated that instruction that enhances immediate learning is not
necessarily best for retention. Ultimately, educators must be concerned
with how much information is retained and not limit their ccncerns to
immediate outcomes. Thus, not only must achievement be assessed at more
than one point in time, curricula must be developed to promote long-term
learning. The current emphasis on testing after only short delays should
be reconsidered.

Additional research is necessary to confirm the findings of this
study and support these contentions. ATI research is one avenue for ex-
ploring this area, but it should be supplemented with more basic research
in information processing. Improved methods of distinguishing Gc from Gfv
are required to explore their differential impact on learning. These
methods may emerge as we gain a better process understanding of these
abilities through further research.

Finally, researchers should examine both immediate and delayed out-
comes, and attempt to identify instructional conditions likely to promote
long-term retention. At a minimum, delayed outcome measures may be added
to instructional research conducted in different contexts. Additional,
more directed research may probe more deeply the relations among instruc-
tional materials, immediate learning, and retention. The present study

suggests that we cannot limit research to immediate outcomes if we are
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truly interested in the long-term impact of instruction.
In conclusion, this study examined the relations among aptitude,
instruction,.and learning. While it provided data to help answer some

questions in this area, it raised many others that only future research

may resolve.
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APPENDIX A
MEANS, STANDARD DEVIATIONS, AND CORRELATIONS BETWEEN ATTITUDES-
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Meang, Standard Deviatlons, and Corretations

ot Aptitude Measuves fu MIN (N = 44)

Var lable e | 5. | o] @] ol @] el ol o] o] olasfao]as
(1) Vocabulary Multiple-Cholee [5.20] 4.83 - 71 64 12 02 22 11 42 89 22 65 | 67
(2) Vocabulary Flll-In 27.18[ 5.15 - 65 23 25 33 39 57 ae 39 74 49
(1) Terman Councept Masitoery .64 5.29 ‘ - 40 41 49 69 68 87 68 Dd 20
(&)  Copying . 32.361 9.09 - 43 56 60 44 32 65 68 |-52
(5) Memory for Desligus 17.16] 1.90 - 37 15 24 26 63 51 |-36
(6) Paper Folding 13.801 3.66 . - 53 | 34 39 | 82 | 70 {-42
& (1) advanced Progressive Matrices | 23.59) 5.15 - | 66} 53| 75 | 74 |-21
(8)  GRAPHI 22.11f 5.95 - 63 | 55 | 68 | 09
(9)  Ge 08 .99 - |49 | 86|51
(10) Gtv .06 .06 v - 86 1-50
(11) SuUM ) A4 1.€9 - 01l
(L2) DLFF 021 .99 , : -
f

Note. Decimals omitted from correlations
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Meinnne,

ol Aptitude Meanares

In Vi (N -+ 44)

Standard beviattonn, and Correlationg

Vul'l."lh-liu | Mean S.ob, (Il) ARG (/0‘) (%)) (6) ‘('/) (8) 1 ) (I()‘) (.ll) (‘I.Z)
(1) Vocabularvy Mualuiple-Cholee \ E5.25]1 4.27 - 6/ 66 26 L6 36 13 L4 851 36 | o8 b2
(2) Vocabulary Fill-In 20,34 5.8Y - 76 iy 16 57 6 49 91| 66 88 25
(1) Terman Concepi Mastery 30.361 5.74 - 25 29 50 50 43 91| 51 80 43
(4) Copylug 31.751 9.03 - 13 62 57 54 37| 81 67 |[-49
(%) Memory for Desipns 16.98 2.02 - 34 40 51 30| 66 54 |-40
(6) Paper Folding 13.43] 13.85 - 50 64 541 81 76 [-31
(7)  Advanced Progressive Matrices 24.431 5.99 - 62 55| 81 77 1-30
(8) Gravd 23.481 5.51 - 41 75 65 -39
9)  Ce 01| 1.03 - |58 |89 | a4
(10) Gfv .03] 1.05 - 89 |[-48
(11) SuM .041 1.85 - |-02
(12) DIFF -.02 .96 -
Note. Decimals omitted from correlations
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Note.

INTRATIEEIN

Standasd Deviat toan,

andd Cotraedat tonn

ol Aptitwde Meanuren ba PR (H - 4040

Varlabie Mean | 5.0, (O (O] (O] ] Y] (] () O O] crn )
Vocabuliy Multiple -Cholew Ih. 48] 4,12 10 /Y 44 15 V7 h2 46 H2 H0 80 4l
Vocabulary Fll-1n 27,106 H.uhH to R (B3 hH0 il R 8o HY) /Y 19
Terman Concept Mabtery 20,911 4,14 49 2 i 0y Y Dl &4 19 40
Copyloyg .64110,82 - hiy 40 9 3 48 19 77 1136
Memory Lor Deslpns 13.14] 2,01 - 26 59 38 20 73 % (-58
Paper Folding 13.32] 3.15 - ol 44 46 71 67 |-29
Advanced Progressive Matrices 25.52] .5.25 - 56 Y6 | 87 | 82 |-36
GRATH 23.05] 4.99 - 56 54 63 Q0
¢ .05 .97 - 55 87 44
Glv -.01} 1.02 - 88 }|-51
SUM .04] 1.75 - |-05
DIFF .07 .95 -

Decimals omitted from correlations e
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Variable

Posttest Correlations

b

in MIN (N = 44)

(4) (5)

(2) (@) (6) (7 (8)
Immediate Posttest
(1) Total Score - 86 89 84 92 75 g1 82
(2) Verbal Total - 66 56 87 15 73 78
(3) Pigural Total - 64 | 80 o1 | 81 | 62
(4) Problems - 70 57 56 71
Delayed Posttest
(5) Total Score - 82 88 89
(6) Verbal Total - 56 65
(7) Figural Total - 67

(8) TProblems

Note. Decimals omitted from correlations.
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Posttest Correlations in VE (N = 44)

Variable (1) (2) (3) (4) (5) (6) (7 (8)

Ilmmediate Posttest

(1) 7Total Score - 75 86 76 87 6o 78 83
(2) Verbal Total - 43 40 65 €5 50 61
(3) Figural Total ~ 48 78 59 78 68
(4) Problems - 63 42 54 71

Delayed Posttest

(5) ‘Total Score ~ 87 93 84
(6) Verbal Total - 76 58
(7) Flgura) Total - 65

(&) Problems -

Note. Decimals omitted from correlations.




Posttest Correlations in FE (N = 44)

Variable (1) (2) (3) (4) (5) (6) (7) (8)

[mmediate Posttest

(1) Total Score - 81 72 80 88 71 76 75
(2) Verbal Total - 41 44 71 67 60 54
(3) Figural Total - 36 67 44 70 54
(4) Problems - 67 54 50 66

Delayed Posttest

(1) Total Score - 80 88 84
(2) Verbal Total . - 57 50
(3) Figural Total - 62

(4) Problems -

Note. Decimale omitted from correlations.
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APPENDIX C
CORRELATIONS BETWEEN APTITUDE AND OUTCOME
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Correlations Between Aptitude and Outcome

in Total Sample (N = 132)

R Immediate Posttest Delayed Posttest
o Total Verbal Flgural Prob- Total Verbal Figural Prob-
Score Total Total lems Score Total : Total - lems
Vocabulary Multiple Choice 52 41 39 48 51 39 44 49
Vocabulary Fill--in 63 * 49 573 54 (6 53 583 59
Terman Coneept Mastery 6% w2 57 ) €9 49 63 65
Copy Ing 41 40 26 35 46 30 44 42
Mewmory For Designs 40 40 35 21 42 36 35 38
o Paper Falding | 49 34 36 49 54 36 53 49
Advanced Progressive Matrices 64 51 573 51 65 49 59 58
GRAPH 66 56 58 49 65 42 61 63
Go 69 53 56 60 70 53 62 65
Gfv . 63 54 49 51 68 49 62 61
SUM 75 61 60 63 78 58 71 72
DIVF 05 -02 06 08 01 03 -02 03
- o Note. Decimals omitted from correlations
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Correlations Between Aptitude and Outcome

in MIN (N = 44)

Tnmediate Posttest

bDelayed Posttest

Total Verbal Figural Prob- Total Verbal Figural | Prob-

Score Total Total lems Score Total Total lems
Vocabulary Multiple Choce 53 42 40 56 47 34 38 50
Vocabulary Fill-in 62 52 53 57 62 44 53 64
Terman Concept Mastery 79 68 67 70 73 51 Y/ 74
Copying 50 57 32 40 45 24 47 44
Memory for Designs 49 60 41 23 50 50 40 40
Paper Folding 48 39 40 47 48 28 48 48
Advanced Progressive Matrices 68 52 63 62 60 35 59 59
GRAPH 69 63 65 50 71 38 76 65
Ge 73 61 60 69 69 49 58 71
GEv 70 67 57 57 66 L4 63 62
SUM 83 74 68 73 78 54 70 77
DIFK 04 05 04 13 03 05 04 09
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Correlations Between Aptitude and Qutcome

in VE (N = 44)

Immediate Posttest

Delayed Posttest

Total Verbal Figural Prob- Total Verbal Figural Prob-

Score Total Total lems Score Total Total lems
Vocabulary Multiple Choice 45 32 39 35 50 48 43 43
Vocabulary Fill-in 74 5N 64 62 76 71 67 65
Terman Concept Mastery 63 38 59 51 71 54 68 65
Copying 44 30 43 31 53 52 50 39
Memory for Designs 38 21 46 19 38 28 41 29
Paper Folding 54 33 39 58 62 47 63 52
Advanced Progressive Matrices 64 51 61 40 71 67 67 55
GRAVH 64 38 64 47 62 42 61 ~ 58
Ge 68 45 6l 56 75 65 67 / 65
Gfv 66 44 ”61 49 73 63 72 // 57
SUM 75 50 69 59 83 72 78 69
DIFF 02 00 -02 06 00 01 -07 07
Note. Decimals omitted from correlations.
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Correlations Between Aptitude and Outcome

in FE (N = 44)

lmmediate Posttest Delayed Posttest
Total Verbal Figural Prob- Total Verbal Figural Prob-
Score Total Total lems Score Total Total lems
Vocabulary Hultiple Cholce 66 57 L6 50 60 40 56 54
Vocabulary Fill-in 71 66 51 48 65 48 ct 51
Terman Concept Mastery 71 59 55 51 63 44 58 57
Copying 38 39 08 37 41 20 40 42
o Memory for Designs 40 47 20 23 41 30 29 44
o
Paper Folding 55 43 40 45 54 35 49 50
Advanced Progressive Matrices 64 58 38 52 67 51 . 56 61
GRAVH 65 65 29 46 70 58 54 66
Ge 76 68 55 55 70 49 G6 59
Gtv 62 60 33 50 64 43 56 63
SUM 79 72 50 60 76 52 69 70
DIFE 12 05 Y 03 03 04 08 ~07
Note. Decimals omitted from correlations.
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