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Factors in the Develcgwent of Reasoning in Two Problem Conbexts

The tem "neo~Piagetian® Masmmnmmmmmm
advances in theories of hhman information processing and Piaget'!s stage
theory. Withinsmtheoriasqnmtebutmlatedtheoreﬁmlmtnxtshave
been progosed by Pascual-Iecre (1970) and Case (1985).

Pascual-Tecne proposed a develommental construct, H, which is measured bv
memawdmmmmberofdiscmtednmksofinfomtjmanirﬂividualmnatterﬁ
to at any one time. ‘This construct, often referred to as M-space or M-
capacity, has been shown to correlate significantly with developmental tasks
in various domins (Pascual-Ieone, 1970; Pulos, Stage, & Karplus, 1982;
Karplus, Pulos, & Stage, 1983; de Ribeaupierre & Pascual~ , 1979).
However, H—spacedoe@mtseantobemasoledatemmantofperfmmeon
such tasks; that is, the functional, i.e. actually available, M-space may be
mich less than the structural, i.e. meximm, M~capacity.

One factorthatmaybringabaztsrmadecmaseinpmmssing@pacity is
an individual's susceptibility to misleading information, a fact which
Pascual-Teone accaunted for by including the construct of cognitive style in
terms of field-dependence~independence. Cognitive style has been reported to
correlate significantly with general problem solving pexformance (Adi & Pulos,
1989; Pules, Stage, & Karplus, 1980; Karplus, Karplus, & Wollman, 1974; Hill &
Redden, 1984; Niaz & Lawson, 1985), with speed and accuracy (Rowe, 1985),
with the readiness to change problem solving behaviors (Adi & Pulos, 1980),
and with the re-use of inadequate hehaviors (Tourniere & Pulos, 1985).

In recent years, the M-cperator theon has been supersedad by theories with
a more differentiated view of the processes in short-term memory (Brainexd &
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Kingma, 1985; Baddeley, 1982; Hitch, 1984; Case, 1985). According to these
theories, short-term memory is dividsd into a short-term storage space (STSS)
and a processing or operating space (0S). A mmber of studies showed high
correlatins of STSS with learning potential (Case, 1985: six studies; Liu,
1981; Daneman & Case, 1981; Brainerd, 1981), reading conprehensicn, and
performance cn the SAT (Daneman & Carpenter, 1980; Daneman, 1982; Hesz &
Radtke, 1981).

The present study was designed to test how well the measures of the
cognitive constructs of M~space, coguitive style, and short-term storage space
could predict the amount of practice needed to induce successful problem
solving behaviars, the ability to transrer behaviors to different contexts,
and the readiness to abandon unsuccessful behaviors.

(]

BESTCN

To test the predictive powers of the neo-Piagetian theories of Pascual-
I=sone (1970) and Case (1985) four instruments were used. The Figural
Intersection Test (Burtis & Pascual-leone, 1978; Bereiter & Scardamalia,
1978) and the Backward-digit Span Test (Zimmerman & Woo~Sam, 1973) were
measures of the M comstruct; the Group Enbedded Figures Test (Witkin, Oltman,
Raskin, & Karp, 1971) measured cognitive style; and the Ratio Span Test
(Case, 1985) estimated an individual's short-term storage space.

Thirty-four non-science majors enrolled in a physical science course
participated in the study. An eight-item test which contained the recipe
Problem (Thormton & Fuller, 1981), Mr. Tall and Mr. Short (Karplus &

Peterson, 1970), and six juice-mixing problems (Noelting, 1980), was used to
divide the subjects into formal (two or more correct answers) and non-formal
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reasaners (less than two correct answers). An item was scored as correct only
if both the answer and the accanmpanying reason were correct.

Those 23 students who did not use formal reasoning schemes to solve ratio
Problems on a pretest took part in the training phase designed to help them
to induce the ratio scheme. The training consisted of balance beam and
prokability problems at five levels of difficulty corresponding to five
levels of develcpment of the ratio scheme (Noelting, 1980; Case, 1985). The
broblems were presented by means of a computer which also provided feedback
regarding the subjects' answers. All sessions were tape-recorded while the
subjects were "thinking aloud” (Ericson & Simon, 1980). After corrvectly
answering conseautive five problems, a subject proceeded to the next: level of
problem difficulty. Most students attended two thirty minute sessions weekly
until they completed the treatwent or until they attended a maximm of twelve
sessions,

Dependent Varjables

Anount. of Practice (TRIAIS). The mmber of problem-solving schemes which
can be co-activated similtaneously is a function of an individual's short-term
storage resources (Case, 1985). The rate at which subordinate problem~solving
schemes can be integrated inmto more camr ax anes, thus, also becomes a
function of the available short-term storage resources. Although mathematical
learning models which include short~-term memory (or other individual
characteristics) are in general non-linear (Aldridge, 1983; Anderson, 1983),
there is evidence that linear learning models may be sufficient to describe
the relationship between amount of practice and achievement. In the present
study, the mumber of trials subjects needed until they mastered a level of

<
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difficulty constituted the dependent varisbile.
El. Individuals learning a rule from specific
examples, in general, will maintain their hypothesis regarding the nature of
the mile as long as it leads to correct results. If the feedback is negative,
the rule will be modified so that it is consistent with past examples
(Anderson, 1985). Such a strategy requires memoxry for past items, and thus
favors subjects with larger STSS measures. Past research has also shown
correlations between field-dependence and strategy selection (Adi & Pulos,
1980; Tourniere & Pulos, 1985). In the presant study, the independent
vaxiables of field-dependence and short-temm storage space were correlated
with CHOICE, the fraction of problems for which subjects maintained a
reasoning stxategy after positive feedback and changed a strategy aftexr
negative feedback.

Using quidelines from Ericson & Simon (1980), the transcripts were coded
in temms of the reasoning strategies used. 2n initial list of strateyies was
identified during a pilot study and deemed satisfactory by both authors.

Transfer Ability (TRANSFER). The dichotammus variable representing
transfer (TRANSFER) was coded "one" when a subjects transferved their
reasoning level from the training phase to the posttest which contained novel,
hut structurally equivalent problems. TRANSFER was coded "zero" when a
mbjectdidmtusereasmingatalmlwelﬂmndurhgﬁw&ainirgpzase.

Monitoring the Iesming/Problen Solving Process (MONITOR). The frequency

of monitoring statements such as 'I mist be going backwards’, 'I must be doing

scmething wrong!, or 'If this doesn't work then you can't add them up [weight
and distance an balance problems)' constituted the dependent: variable MONTTOR.
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Treatment,

Before the treatment students were given training in the thinking alowd
pmcedumsotheywzldvemalizeﬂmrﬁmxghtsinanagoi@mazm. The
treatment consisted of probability and balance beam problems at five levels
(Noelting, 1980) which were presented by a microcamgputer. Table I presents |
the structure of the problems at the different levels. Tie subjects were
agked to reason out loud before giving the answer to a problem. Most students
attended two to three 30 mimte sessions per week until they completed the
treatment or for a meximm of twelve sessions.

Probability Problems. The subjects were shown two boxes with white and
pink squares (Figure 1). 1The task was to find the bax where there was a
greater likelihood of pullirg a white square in a blindfolded experiment.

Insert Figure 1 about here

Balance Beam Problems. There were three types of balance beam problers
(Figure 2). The subjects had to predict either a weight (screen 1) or a
distance (screen 2), with all other weights and distances given; or the
subjects faced a situation were they had to predict the movement of the
balance beam after it was released (screen 3).

Insert Figure 2 about here

RESULES
The intent of this study was to investigate the predictive power of
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constructs from two neo~-Piagetian theories regarding selected variables in the
development of reasoning in two domaing, probability and balance beam
problems. In addition, the remults of this study also seem to raise some
questicns about the widely used measures to assess neo~Plagetian constructs.
Accordingly, this resuits section is divided into three sections. The first
section reports on the predictive power of the measures of M-space and field-
dependence (Pascual-Iecne, 1970) and short-temm storage space (Case, 1985) in
the damain of prabability prcblems. Then, the predictive power of the measure
of short-~term storege space on aspects in the development of reasoning on the
balance beam is discussed. Finally, the results of a factor analysis on the
independent variables are presented.

Probability Problems

In this training program, 17 of the 23 subjects mastered level five
problems, i.e., they used strategies at level IIIB of the Piagetian
classification. Figure 3 shows the distribution of the mmber of trials at

Insert Figure 3 about here

each levael of problem difficulty. It is evident from Figure 3 that the
distribution of the mumber of trials until a workable algorithm was induced
expards with the difficulty level. At the same time, it should be noted that
the performance of the subjects at the different levels was not consistent, A
subject may have taken one or two trials at level 4 problems but 10 trials at
level 5, while ancther subject showed a reverse tendency.
Pascual-Teong's Constructs of M-space and Field-dependence. Statistical
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analyses showed that neither M-space nor cognitive style, alone or in
combination, predicted the amount of practice (TRIALS) needed to induce
successful behaviors in either damain (Table IT & ITI). Also, there existed

Insert Table II about here

o significant correlations between cognitive style and either the ability to

transfer (TRANSFER) or the tendency to avwid unsuccessful behaviors (CHOICE;
Table III).

Insert Table III about here

Case's Construct of Short-term Storage Space (STSS). Ratio span (RATIO),

the measure of STSS, proved to be a successful predictor for the nmumber of
hypotheses generated until students induced the product-mament rule on the
balance beam, £(17) = ~.40, p < .05. RATIO also showed high correlations with
the ability to twensfer, x(22) = .46, p < .05, and the tendency to avoid
unsuccessful behaviors x(23) = .60, p < .01 (Table III).
Balance Beam Problems

The major finding in this domain was that the majority of the 23 subjects
(18) induced the product-moment rule (PMR) rather then the ratio rule as
predicted by Piagetian theories. The mean mumber of trials until these 18
subjects used PMR consistently was X = 14.5, SD = 11.5, and a range from 1 to
51 txrials. 1Two of the remaining subjects indiced the ratio rule at level 3

atter 49 and 149 hypotheses, one induced the ratio rule after 52 trials.
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Ratio span was the only neo-Piagetian variable with a significant
correlation to the amount of practice students needed to induce the product-
morent rule, x = ~.40 (Table IV). Significant correlations existed betwesn

Insert Table IV about here

the measure of short-term storage space, RATIO, and the deperdsnt variables of
CHOICE (the tendercy to avoid unsuccessful behaviors), xr = .63, p = .001, and
MONITOR (the tendency to monitor one's problem-solving activity), r = .59, p =
.01 (Table IV). The correlations hetween the foregoing variables and the
amount of practice are negative and lie between r = -.39 and ¢ = ~.63.

Ratic span was also a good predictor for the strategy an individual used to
do balance problems, i.e. ratio or product-moment rule. For this analysis,
data fram all subjects, including the formal students, were used. The ratio
span means of the two strategy groups, 4.04 and 2.86, respectively, were
significantly different, t£(15) = 4.15, p < .001.

Analysis of the Independent Variables
The correlation matrix of the four independent variables used in this study

shows relationships similar to those reported from studies with children (Case
& Globerson, 1974; Collis & Romberg, 1978). Table IT reveals high
correlations between the measures of M-space, FIT and BACK, I = .51, and
between FIT and field-deperdence (GEFT), r = .61. The measure of short-term
storage space, RATIO, correlated significantly with BACK, r = .49. All other
correlations were not significant.

This matrix was analyzed by means of a principal components factor analysis

16
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follewed by an cblique rotation. Two distinct factors anrerged with the
measures of M-space and field-dependence loading on the same factor with
loadings of .94 and .79, respectively, while RATIO and BACK showed significant
loadings, .88 and .82, respectively, on the other factor (Table V). The
correlation between the two factors was ¢ = .27.

Insert Table V about here

DISOOSSION

The results of this study provide answers to the following three cuestions.
(1) Does a program which is constructed such that the normal stages of the
development are recapitulated help students to induce strategies suitable to
solve problems at the formal level? (2) Do measures of the nec-Piagetian
constructs of M-space, field-dependence, and short-term storage space predict
the amount of practice needad wtil successful strategies (algoritims) are
Mmedaswellasotheraspectsdurh'gﬂlede\relopuentofreasmhg
strategies? (3) Are the widely used measures of the neo-Piagetian constructs
independent of each other.

This study answered the first question affirmatively. In both the damains
of probability and balance beam, the majority of students (27 and 19
respectively) induced strategies that permitted them to solve problems at the
formal level of reasening. The sublscts achieved this without any other
intervention than simple feedback whether their answer was correct or
incorrect. ‘These results support the contention of mastery learning advocates
(Block, i971; Bloam, 1971) that if students received quality instruction and

Jt
[SY
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the learning time required there would be little ar no relationship between
aptitude and achievement.

The answer to the second major question, the suitability of the neo~
Piagetian constructs of M-space, field-dependence, and short-tem starace
space (STSS) as predictors for various spects in the develomment of complex
problem-solving strategies (algoritims) is negative for the measures of the
first two variables, but largely positive for STSS.

The results of this study are consistent with previous research using the
same constructs in several respects. First, the inter-correlations between
the measures of the constructs of M-space, cognitive style, and STSS seems to
be stable across different samples (Niaz & Lawson, 1985; Iawson, 1985; Iawson,
1987; Case, 1985; Case & Glaberson, 1974; Collis & Ramberg, 1979). Second,
the finding that M-space and cognitive style alone or in combination are not
significant predictors when developmental level has peen controlled
corrchoratez the results of cther groups (Niaz & Lawson, 1985; Blake, 1978;
lawson, 1985).

The high correlations between ratio span and the dependent variables of
amount: of practice on balance problems, the tendency to avoid unsuccessful
behaviors, the ability to transfer behaviors to new contexts, the tendency to
monitor prcblem solving behavior, and the tendency to look for pattsims is in
agreement with the findings of other studies. These had inrdicated high
correlations with learning potential (Case, 1985: six studies; Liu, 1981;
Daneman & Case, 1981; Brainerd, 1981) as well as reading comprehension and
pexrformance on the SAT (Daneman & Carpenter, 1980; Daneman, 1982; Hess &
Radtlke, 1981).
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The third questicn, which conoernad the widely used measures of the neo-
Piagetian constructs used in this study, arose during the study when the hich
correlations between the Group Embedded Figures Test (£ield-dependence),
Figural Intersectlm Test, and Backward-digit Span Test (both M-space) became
evident. Afactoramlysiswasusedtofhﬁananmrtothisqmtim.

The factor analysis of the correlation motrix of the cognitive variables
suggests that the Figural Intersection Test and the Group Erbedded Figures
Test, which are used to assess two different constructs, are in fact
assessing the same underlying ability, the storing of visual images. The
Ratio Span and Backward-digit Span Tests load on a second factor that can be
intexpreteq, due to the nature of the tasks used, as a verbal coamponent of
short-term memory. These results are in agreement with the findings of other
teaws (Case & Glcberson, 1974; Collis & Rambery, 1979) ~nd support the
current theories of short-term memory (Baddeley, 1983; Hitch, 1984) which
incarporate visuo-spatial and verbal components in their short~term memory
canstructs. The concurrent use of the Embedded Figures and Figural
Intersection Tests has to be cautioned.

The significance of this study for science educators lies in the
recognition of short-term storage space as a powerful construct. The
presented results seem to indicate that individuals with sufficient rescurces
in short-term storage can coordinate a variety of monitoring or pattern
seeking behaviors in addition to the scheme(s) necessary to solve the problem
at hand. These monitoring and pattern seeking behaviors lead to a faster
integration of subordinate schemes into superordinate schemes at a higher
level (Figure 4).-
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Insert Figure 4 about here

The power of the constxuct of SISS also lies in the fact that it is useful
to describe the develcument of reasoning as well as the process of problem-
solving in individuals beyond the age to vhich developmental theories ave
traditionally applied. In a subsequent study, thysics problems were analyzed
in terws of their STSS demand. Comgater—generated hamework programs based on
this analysis led to significant improvements in the problem solving ability
of college students. A tutoring pregram is in the plamning stage vhich will
provide students with spe "“ic props to overcome STSS limitations.

14




Factors in the Development of Reasoning
13
References
Adi, H. & Pulos, S, (1980). Individual differences and foamal operational
performance of college students. Jourpal of Research in Mathematics
Bducaticn, 11, 150-156.
Aldridge, B. (1983). A mathematical model of mastery learning. Jamnal of
Research in Science Teaching, 20(1), 1-17.
Anderson, J. R. (1985). Cognitive psychology and its implication. New York:

Freeman.

Anderson, O. R. (1983). A neuramathematical model of human information
processing and its application to science conmtent acquisiticn. Journal of
Research in Science Teaching, 20(7), 603~620.

Bacdeley, A. D. (1983). Working memory. Philosoghical Transactions of the
Royal society of Iondon B, 302, 311-324.

Bereiter, C. & Scardamalia, M. (1979). Pascual-Ieone's M-construct as a link
between cognitive-developmental and psychometric concepts of likelligence.
Intelligence, 3, 41-63.

Blake, A. J. D. (1985). An examination of relationships between cognitive
preferences, field independence, and luvel of intellectual development.
Paper presented to the anmual meeting of the Australian Science Bducation
Research Association.

Brainerd, C. J. (1981). Working memory and the develommental analysis of

probability judgement. Psychological Review, 88(6), 463~502.
Brainerd, C. J. & Kingma, J. (1985). On the indeperdence of short-term

merory and working memory in cognitive develupment. Jourmal of

Experimental child Psychology, 34(3), 387-413.




S

Factors in the Develcpment of Reascning
14
Burtis, J. & Pascual-Iecne, J. (1978). FIT: Fioural intersection test, a
aroup measure of M-space. Unpublished mamuscript, York University.
Case, R. (1985). Intellectual develogment: Bixth to Adulthood. Orlando:
Academic Press.

Case, R. & Glcberson T. (1974). Field dependence and central camputing
space. Child pevelcpment, 45, 772-778.

Collis, K. F. & Rombeyyg, T. A. (1979). The assessment of children's M-space
(Technical report no. 1j. University of Wisconsin Graduate School,
Research and Develcpment Center.

Daneman, M. (1982). The measuring of reading comprehension: Eow not to trade
construct validity for predictive power. Intelligence, §, 331-345.

Daneman, M. & Carpenter, P. A. (1980). Individual differences in working
memory and reading. Jourpal of Verbal Ieaming and Verbal Behavior, 19,
450~468.

Daneman, M. & Case, R. (1981). Syntactic form, semantic camplexity, and
short term memory: Influences on children's acquisition of new limguistic
structures. Develogmental Psycholoay, 17(4), 367-378.

Ericscn, K. A. & Simom, H. A. (1980). Verbal reports as data. Psychological
Review, 87(3), 215-251.

Hess, T. M. & Radtke, R. C. (2981). Processing and memoxy factors in
childrent's reading camprehension skill. ¢Child Development, 52(2), 479-488.

Hill, D. M. & Redden, M. G. (1984). Spatial puzzles and the assessment of
children's problem solving performance. School Science and Mathematics,
84(6), 475-483.

Hitch, G. J. (1984). Working memory. Psychological Medicine, 14, 265-271.

ERIC 16




Factors in the Development of Reasonirg
15

Rarplus, R. & Feterson, R. W. (1970). Intellectual development beyond
elementary school IV: Ratio, the influenca of cognitive style. School
Science and Mathematics, 74(6), 476-482.

Karplus, R., Karplus, E., & Wollman, W. (1974). Intellectual develomment
beyond elenentary school IV: Ratio, the influence of crgnitive style.
Scheol Science and mathematics, 74(6), 476-482.

Karplus, R., Pulos, S., & Stage, E. K (1983). Proportional reasenirg of
early adolescents. In R. Iesh & M. Iandau (eds.), Acauigition of
Mathematics Concepts and Processes. New York: Academic Press.

Kirk, R. E. (1982). Experimental desian: Procedures for the social sciences
(2nd ed.). Monterey, CA: Brooks/Cole.

Lawson, A. E. (1985). A review of research on formal reasoning and science
teaching. Journal of Research in Science Teaching, 22(7), 569-617.

Lawson, A. E. (1987). The four-card problem resolved? Formal cperational
reasoning and reasoning to a contradiction. Journal of Research in Science
Teaching, 24(7), 611-627.

Liu, T. (1981). An investigation of the relationships between qualitative
and cuantitative advances in the cognitive development of preschool
children, Unpublished Doctoral Dissertation, University of Toronto (OISE).

Niaz, M. & Lawscn, A. E. (1985). Balancing chemical equations: The role of
develogmental level and mental capacity. Journal of Research in Science
Teaching, 22(1), 41-51.

Noelting, G. (1980). The development of proportional reasoning and the ratio
concept. Educatiomal Studies in Mathematics, 31(2), 217-253.

Pascual-leone, J. (1970). A mathematical model for the transition rule in

17




Factors in the Development of Reasoning
16
Piaget's developmental stages. Acta Psychologica, 32, 301-345.

Pulos, S., Stage, E. K., & Karplus, R. (1582). Setting effects in
mathematical reasaning of early adolescents: Findings frum three urban
schools. Jawmal of Esrly Adolescents, 2(1) , 38-59,

de Ribeaupierre, A. & Pascual-Iecne, J. (1979). Formal operations and
M-power. In D. Ruhn (ed.), Intellectual development beyord childhood. San
Francisco: Jossey-Rass,

Rowe, H. A. H. (1985). Prcblem solving and intellicence. Hillsdale, NJ:
" Iawrence Erlbaum Associates.

Thorntom, M. C. & Fuller, R. G. {1981). How do college stidents solve

proportions problems? Journal of Research in Science Teaching, 18(4),

335-340.
Tourniere, F. & Pulos, S. (1985). Proportional reasoning: A review of the
literature. Educational Studies in Mathematics, 16, 181-204.

Winer, B. J. (1962). tisti inciples in
York: McGraw-Hill.

Witkin, H. A., Oltwan, P. K., Raskin, E., & Karp, S. (1971). A mamual for
the Frbedded Figures Test. Palo Alto: Consulting Psychologist Press.

Zimwerman, I. L. & Woo~Sam, J. M. (1973j. Cliniccl ation of the
Wechsler Adult Intelligence Scale. New York: Grune & Strattom.

Zitzewitz, B. S. & Berger, C. F. (1985). Applications of mathematical
learning models to student performance on general chemistry: Microcamputer
drill and practice programs. Jownal of Research in Science Teaching,

22(9), 775-791.




Factors in the Development of Reasaning
17
TABLE I
Structure of problems and Levels of Cognitive
Develomment According to Piaget and Case (Balance Beam)

Ievel Stxucture Sample Igvels
(wl:w2)cmp(d2:dl) Prcblem Piaget Case

1 wi=n*2, d2=nidl

w2, dl=1 (1:2)cmp(2:4) IiIB 4.1a
2 wl=(m/n)w2, d2=(n/n)dl,

(w2, d1) > 1 (9:6)cmp(6:4) IIB 4.1b
3 w2=1l, d2/d1=1+1/n (2:1)ap(3:2) IITIAL 4.2
4 wl/w2=1+1/n,

T dz2/di=14+1/m (4:3)cmp(7,6) IIIA2 4.3a
5 wl/w2=pt/n, d2/di=pr/s
mn,r,s < 1 (5:7)cp(3:5) IIIB 4.3b

wl, w2, di, &2, m, n, p, g, r, s = integer
w = weight, d = distance

fomk
O
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Table I contirmed
Problem Structure and Davelopmental levels (Prcbability)

level Structure Sample levels
(azb):2(c:qd) Problem Piagst Case
1 a=b, c=d (4:4)2:(3:3) ITIA 4.0

2 a=nb, ¢=nd

(b ord =1) (1:2)::(2:4) IIB 4.1a
3 a=(m/njb, (c=m/n)d
(b, d=1) (9:8)::(6:4) 1IB 4.1b

4 b=1, ¢/d = 1+1/n (2:1)::(3:2) IITA 4.2
5 any ratio not belonging
to levels 1 ~ 4 (5:7)::(3:5) II1B 4.3

a,b,c,d, m,n = integer

20
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Table IT
Relationship Between the Numbar of Problems and M-space while
Statistically Partialling cut the Effect of
Field Dependence (Probability)

Model
Full Reduced Charxre
Level N R2 F RrR2 r F

1 20 .092 1.01 .092 .000 0.01
2 20 .079 0.86 .078 .001 0.03
3 20 .050 0.53 .025 .025 0.52

4 20 134 0.25 .024 110 2.54

5 14 .020 0.14 .000 .020 0.28
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Table IIX
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Grand Corrslation Table of all Irdependent and Dependent Measuresl (N = 23)

(Probability Problems)

Variable 2 3 4 5 6 7 8 9 10 11
1. FIT 625 765 18 24 -21 -22 ~33 10 24 09
2. BACK g0 =14 21 452 07 ~22 19 31 19

' 3. GEFT 10 =30 -28 -16 =-16 02 05 00
4. RATIO ~16 27 -20 ~34 -33 462 603
5. TRIALS Level 1 16 14 =05 -02 08 -26
6. TRIAIS Ievel 2 40 544 21 .32 48t
7. TRIALS Level 3 756 624 -37 -¢96
8. TRIALS Ievel 4 37 -49% -g56
9. TRIALS Level 5 (N = 17) 12 677
10. TRANSFER 50%
11. CHOICE

1 A1l decimals cmitted
2 p< .05 one-tailed for directional hypotheses
3 p< .01 cne~tailed for directional hypotheses
4 p< .05 two-tailed
5p< .01 two-tailed
6 p < .001 two-tailed

DN
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TABIE IV
Result of Principal Camponents Factor Analysis
with following Oblique Rotation

Factor
Variable I Ix
FIT .94 27
GEFT .79 -.09
BACK .05 .82
RATTO -.14 .88

rI'II = ,27

)
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TABIE V
Grand Correlation Matrix Dependent and
Independent Variables, (Balance Beam)

Variable 1 2 3
1. STSS

2. CHOICE .693

3. MONITOR .592 .562

4. TRIAIS -.40} -.39 -.633
1 p < .05

2 p < .0l

3 p<.001

24
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Figure 2. Sample screendisplay for probability problems.
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