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GALT

The GALT:
A Measure of Logical Thinking Ability

of 7th through 12th Grade Students

Abstract

The Group Assesament of Logical Thinking
(GALT) (Roadrangka, Yeany, & Padilla, 1982) wasa
used to determine the reasoning level of a
convenience sample of seventh through twelfth grade
students (N = 156) and logical thinking as a
unitary consatruct. Eleven percent of the sample
measured formal operational on the GALT. The
resultas of the cne-way ANOVA (GALT by grade) was
significant in favor of the tenth grade group.
Significant t-values were found in favor of the
males on the conservation mode, conservation of
volume (item 4), and probabiliastic reasoning (item
16) and in favor of the females combinatorial logic
(dance). The principal components analysis of the
8ix reasoning modes of the GALT resulted in all
items loading on factor 1 except items 1 and 4,
both conservation problems, and item 13,

a probabilistic reasoning problem, which loaded on

factor 2. The total cxplained varisance was 44.5X%.
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The GALT: A Measure of Logic&l Thinking

1bilit§ of 7th through 12th Grade Students

Functioning in the "Informational Age Society"
necessitates processing infornation (Naisbitt,
1982; Tofflqr. 1980) rather than just memorizing

. facts. A challenge of the "Information Age
Soéicty".(ﬂaisbitt. 1982) is the development of
scientifically and ;cchnologically literate
citizens (James & Kurtz, 1985; Netional Science
Board Commission, 1?83{ Yager, 1?84). Scientific
and technological literacy depends ;n the
understandiné of and the application of scientific
concepts, laws, and principles. Nany scientific
concepts, laws, and principles such as atomic
structure, energy, force, and motion dengnd logical
thought processes. Inhelder and Piaéet (1958)
advanced the need for the development of
propositional logic, of formal operational
schemata, and of the integretion of these
operational schemata and propositional logic as

essential logical reasoning operations. The

development of logical reasoning occurs between the
ages of nine and fifteen (Inhelder & Piaget, 1958).
It is also at these ages that science as a separate
subject area is introduced in the school.

The structure of formal operational reasoning




has been quostienod._ Formal operational reasoning
as & unitary construc£ has bo;n supported by Lawson
(1977, 19;5); Lawson and Renner (1575): T;bin and
Capie’ (1980a, 1980b, 1981); and Roadrgngka, Yeany,
and Padilla (1983).- Oth;r researchers (e.g.,
Ahlawgt*& Billeh, 1982; Bitner, 1986; Karplus, Adi,
& Lawson, 1980; Lawsnn, 1978; Lawson, Karplus, Adi,
1978; Levine & Linn, 1977; Staver & Gabel, 1979)
found that formal operational reasoning is not a
unitary construct. Lawson (1982b) concluded that a
unitary structure of formal oporptional thinking
will be found if the instrument of iogical thinking
measures only four problems (i.e., proportionai
reasoning, control of variables, correlational
reasoning, and probabilistic reasoning’). In
addition, he identified three other criteria for
establishing formal operationel thihking as &
unitary structure: (a) homogeneity of the sample in
respect to age, (b) heterogeneity of the aample in
respect to mental ability, and (c) subjects who are
either developing or have recently reached formal
operational thinking.

Capie, Newton, and Tobin (1381); DeCarcer,
Gebel, and Staver (1578); and Lawson (1985) have
jdentified five formal modes of reasoning (i.e.,
proportional reasoning, controlling variables,

probabilistic reasoning, correletional reasoning,
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and combinatorial reasoning) as essential for
science and, mathematics achievement at the upper
lov;ls.- ?ho importance of proportional reasoning .
" has been emphasized for both introductory and
advanced science courses (Wollman and Lawson, i978).
and specifically in the application of quang;pativo_°
relationships in science (Karplus, Karplus,
Formisano, & Paulsen, 1979). 1In eddition, tho;
(Karplus et al., 1979) stressed the rol, of
controlling variables in the understanding of
,causo-an&-off.ct relationships. .In»addition,
Eofstein and Mandler (1985) found't$at probability
contributed ;ignificantly to the variance in
physics and chgnistry. Formal operational
reasoning is a predictor of performance in
chemistry (Howe & Durr, 1982), of tﬁo understanding
of evolution concopts'(Lawlon, 1983b3, and of
acience and mathematics achievement of eighth grade
students (Bitner, 1986). Moreover, formal
operations are vital in science and mathematics
achievement as well as generalizable and necessary
across the disciplines (Capie et al., 1981; Lawson,
1982a; Linn, 1982).

Formal operational thinkera outperformed
transitional and concrete operational thinkers on
abstract and concrete tasks. Formal cperational

high school chenistry'studonts (Cantu & Herron,




1978); secondary biology, chemistry,’  and physics

students (Lawson & Renner, 1975); ninth and tenth

grade students in mathematics, chemistry, phyzics,
and biology (qu:teiﬁ"ot al., 1985); propositional
thinkers (Lawson, Léwaon; & Lawaon, 1984)

outperforxed transitional and concrete operational

thinkers.

In general, males outperformed females on
formal reasoning tasks (Farrell & Faramer, 1985;
Hofstein et al., 1985; Meehan, 1984; Karplus et °
al., 1979). MNeehan (1984) in- a meta-analysis of

fifty-three studies found that males scored

significantly better than femalea on propositional -

logic, control of variables, and proportionality.
Also, Hofstein et al. (1985) reported that males
outperformed females on eight of the fifteen tasks
on Lawson’s test. In addition, low-income urban
males performed better than females on control of
variables and proportionality (karplus et al.,
1979).

Factors that impede or facilitate formal
operational reasoning have been identified.
Inhibitors of formal reasoning include field-
dapendency and suparflucus infor;utian in a
problem-situation (Lawson, 1982b, 1983a, 1583b;

Lawson, 1985; Lawson &.Snitgen, 1982; L‘vino &

Linn, 1977; and Linn, 1980), impulsive cognitive
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style and low mental capacity (Lawson, 1983), and

students’. inaccurate axpectations of variuhles and -

age (Linn, 1?80;'Linn, 1982; Linn, Clement, &

Pulos, 1983). 0On the other hand, it has been found

that’concobt £anilia£ity.(Chanpagno,.xlopfor, &.:
Anderson,: 1980;. Linn & Levine, 1978; Lazaro;itz &
Shemesh, 1986; Pulos & Linn, 1981) and task content
and ta;k-problon (Lawson, 1982b,~1983a, 1983b:
Linn, Pulos, & Gans, 1981) facilitated formal
reasoning. Specifically, concrete physical aodels
(Cantu & Herron, 1978; Gabel, 19?9; Staver, 1984;
Wollman & Lawaon, 1978), inquiry la£oratory
approach in ;ciongo concept achievement for
concrete and £9rnal operational thinkers (Gabel,
1979; Staver, 1984), and cognitive dissonance
(Staver, 1984) have been recommended.

Rosoerch abounds on studies of logical
thinking abilities. Until recently often the
a paper-and-pencil format with actueal
demonstrations of the tasks (e.g., the Clasaroom
Test of Formal Operations) was used (Lawson, 1978).
Th, Group Assessment of Logical Thinking (GALT)>
(Roadrangka, Yeany, & Padilla, 1982) provides an
altornagiv. to the above format. The GALT is a
paper-and-pencil instrument of logical thinking in
thch the examinees must respond correctly to both-

tho'answor and the reason. In the validation
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study, Roadrangks, Yeany, and Padilla (19835 f?und
a reliability coefficient of .85 between the GALT
and the Piagetian Interview Tasks. The principal
components factor analysis resulted 15 factor
loadings ranging between .33 to .73 with all items
axcept the ones measuring conaorvatioﬁ loading on
Factor 1. Bitner (1986) reported that items %8
(proportional reasoning), ﬂlliand ﬂlso(controlling
variables), #15 and #1§ (probabilistic reasoning),
#18 (correlationel reasoning), %20 (combinatorial
reasoning) loaded on Factor 1. Factor 1l
contributed 18.3% of the total vaii;nco with all
items except #18 loading .46 or greater. On Factor
2 items #1 and #4 (conservation), #9 (proportional
reasoning), #17 (corrslational reasoning), and #19
_(combinatorial reasoning) loaded. Loadings on
Factbr 2 ware .49 or greeater except for item 1.
Factor 2 contributed 14.5X of the variance. The
two components extracted on the principal
components varimax rotation explained 34.2X% of the
total variance. In this study of eighth grade
atudents, Bitner (1986) found 5% functioning at the
formal operational level, 33% fuﬁctioniné at the
transitional level, and 62* functioning at the
concrete level. Bitner (1986) repcrted that

students in basic level and rasource room were

excluded from the sample. Premo and Fahey (1982)
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reported tho‘borccntagc of formal)l level thinkers as
foliow:: (a) 3.5x (seventh), (b) 5.2% (eighth), ()
13.2% (ninth);' (d) 44.7X (elaventh), and (e) 43.5x
(twolfth): Karplus and Karélus (1970) reported the
following percentages ofnconploto abstract .
reasoners (N = 449) ;n the Island Puzzle: f£fifth
and sixth graders (0%), s’vonth through ninth
graderse <ox3. tenth through twelfth graders (3%),
twelfth grade physics studants (8%), 19589 NSTA
Convention attaendees (6*). and AAPT (13x). Karplus
et al. (1979) corncluded that ltudoqt; rarely use
propeortional reasoning b.foro.fiftoon. In their
sample of thirteen to fifteen years old students
from seven countries, they (Karplus et al., 1979
found only 7X of the sample functioning at the
formal operational lavel. In a sample of secondary
biology, éhonintry, and phfsics stud;nts (N = 133),
Lawson et al. (197%) found only 4.8X of the sample
were full formal operational reasoners. In a
sanple of students in grades seven th?ough twelve
(N = 588), Lawson and Rénner <1974) found the
following distribution in percentages: (a) formal:
seventh (1x), eighth (3X), ninth (3%), tenth (5%),
eleventh (8%), and twelfth (12%); (b) post concrete
(transitional): seventh (15Xx), eighth (21%x), ninth
(13%), tenth (20%X), eleventh (23x), and twelfth

(21%);: and (c) concrete: seventh (83X), eighth

10
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(77x), ninth 82x), é.nth (73%x), eleventh (71%),
and twelfth (66%).

_ In the use of the GALT, both Roadrangka et al.
(1983) and Bit;or (1986) found that the
corrointional and proportional rog:oning items were
the most abstract. In particular, Bitner (1986)
noted that students had dofinito'problons with

item 8 (proportional reasoning), item 13

(controlling variables), item 1% (probabilistic

reasoning), and items 17 and 18 (correlational
reasoning). Only 20X of the sample (N = 147) used
proportional reasoning for item é; the others used
additive or intuitive reasoning patterns. Forty-
two percent of the sample (N = 147) used control of
variezbles in the ramp problem. Non-formal thinkers
reasoned that the heavy ball was needed because it
had more force. Only 38X used probabilistic
rsasoning in the item 15. Those who selected the
incorrect response and reason did not consider all
dimensions of the problem (i.e., shape, texture,
and number of geometric shapes). The percentages
answering the correlational ressoning problenms
correctly are as follows: 21X (item 17) and 37X
(item 18). Those students who responded
incorrectly did not focus on the dimensions of the

cbjects, and therefore did not glean the

relationship. Furthermore, Bitner (1986) reported
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that 100x of the formal operational think;rs
conpiotod the correct combinations for items 19.and
20. - : . . -

fhis researcher dos%rod to determine the
reasoning levels of seventh through twelfth grade
students” (N =.156) prior to the introduction of* a
th}nking program of which logical thinking is one
component. ) -

The resesarch questions invostigatodzin this

study include the following:

1. Is logical thinking a unitary construct as
measured by the GALT? ‘

2. What percentage of seventh through twelfth
grade students are formal ;pcrational
thinkers as measured by the GALT?

3. Are there significant differences in the
level of thinking as measured on the GALT
among seventh through twelfth grade
students?

4. Are there gender differences in logical
thinking ability of seventh through
twelfth grade students as measured by the
GALT?

S. What ars the underlying differences in
thinking among seventh through twelfth
grade students classified as formal,

transitional, or concrete operatiocnal?

12




<L : Method
Sample | . ;. A

A convenience sample of all seventh through
twelfth grade students (N = 156) in a consolidated
school district in rural Arkansas vas usod..Tho
researcher currently is a consultant in thinking
skills £o;-tho district, K-12. The project is
funded by the Wintgrop Rockofoilor Founcuation.
Instrumen n

The instrument for this study was the :
abbreviated GALT a twelve-item paper and pencil
test of logical thinking (Roadranék; et al., 1982).
The fifty minute class periods necessitated the use
of the abbreviated form of the GALT. The rationale
for the selection of the GALT can be found in
Roadrangk§ et al. (1983).

The twelva items in the abbreviated GALT
measure six reasoning modes: conservation,
proportional reasoning, controlling variables,
probabilistic reasoning, correlational reasoning,
and combinatorial reasoning. All reasoning nodes
except conservation require formal operational
thinking. |

Both construct and criterion-rolated
validitias have been established for tha GALT
;Roadrangka et al., 1983). In addition, e

reliability coefficient of .85 was found between




the GALT and the Pisgetian Interview Taska and for

(A}

- -~
-,

the GALT. -*
“The GALT was administered to the sample within.
a orie week span of time. The tests were then’

graded by a graduate assistant. Subsequently, the

‘researcher rechecked theé tests and assigned a:total-

. score ranging from 0-12. Te rocei;. credit for

itex 1, 4, 8, 9, 11, 13, 15, 16, 17, and 18, the
subject had toc select both the correct answar and
the correct rationale. For item 19, the subject

had to show a pattern and had to-hay. not more than

one error or omission. The subject had to show a

pattern and had to have nc more than two errors or
omissions to.receivc credit for item 20.

The data were computed using statistical
programs from Statistics with Finesse (Bolding.
198%5) |

Results
" Included in-the results section are the test '
analysis, dexcriptive statistics, and answers to
the five research questions.
Test Analysis and Descriptive Statistics

The teat analysis of the abbreviated GALT for
the sample (N = 156) resulted in a range of
proportion correct from .21 to .81 and
discrimination indices ranging from .24 to .59 (see

Table 1). All items discriminated in a positive

11
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direction. The analysis of the data for the total
sample Yielded a KR-20 reliability coefficient of
.83. The KR-20 reliability coefficients for each
grade are as follows: .70 (sovgnth). 81 (eighth);
.69 (ninth), .87 (togth). .82 (eleventh), and .85 -.

(twelfth).:

Insert Table 1 about here

In Table 2 are contained the mean, standard
deviation, and percent on the GALT for the seventh

through twelfth grade students. The mean of the

six grido levels ranged between 1.52 and 5.22. The

mean of the tenth grade group (M = $5.22, SD = 3.30)

exceeded all other groups in the sample.

Insert Table 2 about here

Intercorrelations and Principal Coagénents Analysis
The intercorrelation matrix for the six modes
of reasoning and the total GALT score in Table 3
yielded coefficients ranging between .17 aﬁd «78.,
The highest correlations coefficients were found
between the GALT Fotal score and proportional
reasoning (.71), probabilistic reasoning (.78), and

combinatorial reasoning (.70).

Insert Table 3 about here

12
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The principal components factor analysis of
the twelve items in the abbreviated GALT resulted
in a two £acto? solution. All items except the two
which measure conservation loaded on factor one.
Seven of the twelve values on Factor 2 were
negative. Subsoquently; the principal components
factor varin;x rotation analysis of the twelve
items in the abbreviated GALT was completed
(Cattel, 1978; Kim & Mueller, 1978). The varimax
rotation analysisz of the twelve items in the
abbreviated GALT resulted in a two factor solution
(see Table 4). In this study, i£;ns 8 and 9_
(proportional reasoning), item 11 (controlling
variables), items 15 and 16 (probabilis£ic
reasoning), items 17 and 18 (correl;tional
reasoning), and ite: 3 19 and 20 (combinatorial
reasoning) loaded on Factor 1 with l;adings between
.37 and .88. Factor 1 contributed 30x of the
variance. Item 1 (conservation of mass), item 4
(conservation oi volume), and item 13 (controlling
variebles) loaded on Factor 2 with loadings ranging
between .56 and .80. Therefore, Factor 2
contribited 14.5% of the variance. The two
components extracted on the principal components

factor varimax rotation explainad 44.5% of the

total variance. Also, included in Table 4 are the




broad variance (h®) and unique variance (U=) for

the twelve items in the abbreviated GALT.

Insdrt>Tablo 4 .about h;ro

398

The six reasoning nsdos wcr; then aubjected- t.
the single-factor sélution. The loadinga ranged
between: .47 and .81 with_all loadings except.those
for conservation loading at or beyond .68. The
single-factor 'solution of the. six reasoning modes
explained 47.4% of .the variance.

Reasoning Levels of Seventh through Twelfth Graders

The porgontagos of studénts falling in the
formal operational level pPer grade are as follows:
(a) OX seventh grade students, (b) 4X eighth grade
students, (c) 3% ninth grade students, (d) 22%
tenth grade students, (e) 12X eleventh grade
studonts; and (£f) 28x twelfth grade ;tudents._ The
percentages of students falling in the transitional
operational level per grade are as follocwa: (a) 4X
(seventh), 26X (eighth), 17% (ninth), 28% (tenth),
31X (eleventh), 6% (tweifth). In addition, the
percentages of concrete operational students per
grade are as follows: 96x (seventh), 70% (eighth),

80% (ninth?, 50X (tenth), S58% (eleventh), 67x%.

(twelfth). The percentages of eech reasoning level




for the total sample are 11x formal, 19X

transitional, and 70X concrete.

. Insert Table 5 about here

Q;ffcrenées in Reasoning Levels Among the Seventh
through Twolgtg‘égggg Students

Difforoncos in reasoning levels along_the
seventh through twelfth grade students were £ou$d.
The results of ;hc t-to;t of independent shnples
(see Table 6) in§icatod that the senior high grdﬁp
(i.e., students in grades ten th;ough twelve) -
surpassed the junior high group (i.e., students in
grades seven through nine) on individual reascning
items, subtests, and GALT total. In addition, the
resuli of the ons-way analysis of variance

(grade level by GALT) ia reported in:Table 7.

Insert Tables 6 and 7 about here

ngdg;vDifferoncos in Logical Thinking Ability of
the Seventh through Twelfth Grade Students
Although’gender differonc;s were limited in
this study, significant differences were found on
individual items. The males outperformed the

females on the conservation item metal weights and

on the probabilistic reasoning item squeres and
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diamonds #2. The females outperformed the males on

‘he combinatorial reasoning item the dance.

Insert Tables 8 about here
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The researcher decided to examine more closely
the responses and reasons for those itema for which
the percentage of incorrect answera and reasons
surpassed the percentage of correct answers and
reasons. In particular, both thé_answers and
reasons for Items 8, 11, and 17 and only the
answers for Items 15, 16 and 18 were scrutinized
for patterns of transitional and concrete
operational thinkers. A closer observation of the
results of Item 20 indicated that only four formal
operational thinkers selected the incorrect ansawver.
Again patterns were found.

For item 8 a proportional reasoning problenm
measuring ratio of water levels, only 27% of the
sanple (N = 156) selected tﬁe correct response c,
whereas 40X of the sample chose the incorrect
response 8 and 21X of the sample selected b. Both
response 8 and b represent addictive thinking. The
pattern of correct response for item 8 per grade
level is as follows: 15X for seventh, 5% for

eighth, 10%X for ninth, 3% for tenth, 4% for

16
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eleventh, and‘'22x for twelfth. The percentage of
students selecting either response a or b per grade
level is as follows: ' 78X for seventh, 55% for
eighth, 57X éor ninth,.sex for tenth, 42X for
eleventh; and 44X for twelfth. An examination of
the item Per level of thought reveals the following
patterns: 77% of the formal, SO0% of the
transitional, ‘and only 13% of the concrete chose.
the correct response ¢. FEighteen percent of the
formal operational reasoners selected a and 65X of
then chogo b. Of the transitional operational.
thinkers, 37% selected a and nonc-of them selected
b. Forty-four percent of the concrete operational
reasoners selected a; 29% chose b.

The justification for item 8 also created
difficulty for the examinees. Only 21X of the
sample (N = 156) selected the corrected reason 2,
whereas 33X selected reason 1, 26X selected rsason
3 and 18X selacted rsason 4. The response pattern
for the correct reason per grade level is as’
follows: 41X of the seventh graders, SX of the
eighth graders, 13X of the ninth graders, S0x of
the tenth graders, 28X of the eleventh graders, and
22% of the twelfth graders. The percentages
folocting the correct reason per reasoning level

are as follows: 65X of the formal, 43% of the

. transitional, and 8% of the concrete. The

17
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percentages per reasoning level choosing the reason
1 . (additive reasoning) are as follows: 18X of the
formal, 20X of the tranaitional, and 38X of the
concrete. Reason 3 (intuitive rsasoning) weas
selected by 6X of the formal operational thinkers,
10X cf the transitional “operational thinkers, Qnd

. 33X of the concrete operational thinkers. Those

selecting “There is no way of predicting" are 6X of

the formal, 23x of the transitional, and 18x of the
concreate. '

Only 42X of the sample (N = 156) selected the
correct response c for item 11 the éondulun, a
controlling variables problem. The others answered
23% rosponso.d‘(docsn't ;nderstand control), 13%
response a (are not controlling for weight), and
10x for response b and 11X for e (both do not
indicate an understanding of controliing
variables). The percentage of the correct response
per grade level are as follows: 20x for seventh
graders, 44X for eighth graders, 41X for ninth
graders, 65X for tenth graders, 36X for eleventh
graders, and 40X for twelfth graders. The
following patterns were found for the three levels
of reasoning: (a) 94x of the formal, 67X of the
transitional, and 27X of the concrete chose the
éorroct response c. ¢(b) Response a was selected bf

6X of the formal, 7X of the transitional, and 16x%

21
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of tha concrete. .(c) Only 8% of the concrete
gpcrationels selected response b. (d) twcnty
percent of the tranaitional and 28% of the
concrete oparationals ‘selected d. (e) Only 16x of
tﬁ: concrete chose response «.

Forty-six percent cf the sample (¥ = 156)
selected the corract reason 5 for item 11, a
controlling variables problem. Twenty-two percent
chose 2 (a lack of-undor;tanding of the
relationship between manipulation and control),
'thirtoon percent chose 3 (doesn’t understand
nanipulation~or control),.lox choic 4 (doesn’t
realize the need for conpar?son cf nanipulatod'
variable length), 8% chose 1 (doessn’t cogsider
manipulation of the laength), and no reaaon (2%).
The percentages of the correct reason per éraQo
level ére as follows: 33x%x (sovonths, 47%

. (eighth), 45X (ninth), 75X (tenth), 39% (eleventh),
end 11% (twelfth). The correct reason S5 was chosen
by 100x (formal), 73x (transitional?, and 29x%
(concrete?. Rsason 3 was selected by 13X of the
transitional) and 16X of the conc;eto. Justification
2 was chosen by 7% of the transitional and 30X of
the concrete. Three percent of the transitional
and 14% of the concrete operational thinkers chose
;eason 4. Only 11x of the concrete operational

. thinkers selectad reason 1l.

19
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Only 27% of the sample (N = 156) selected the
correct response a for item 15, a prcbabilistic
reasoning problem. Twenty-nine percant chose
answer @ (other), 22X selected d (did not consaider
the dinenﬁions of color and shape), 17X selected 3
(only considered one dimension--apotted), and 5%
chose b. The percentages oy correct response per
grade level are as follows: 8X (seventh), 31X
(eighth), 16% (ninth), 50x (tenth), 27X (eleventh),
and 39% (twelfth). One hundred percent of the
formal level thinkers, 47x of the transitional
operational thinkers, and only 10X of t.ie concrate
operational thlnkers chose the correct response a.
Responase e was selected by 37X of the transitional
operationals and 31X of the concrete .operationals.
Response ¢ was chosen by 13X of the transitional
and 20X of the concrete. Three percent of the
transitional thinkers and 6% of the concrete
reaaoners selected b. Only 32X of the concrete
operational thinkers chose d.

Only 24% of the sample (N = 156) selected the
correct response a for item 16, a probabilistic
reasoning problem. Thirty-nine percent of the
sample selected @ (other), 13X chose d (considered
only number of diamonds and total aumbexr of
objects), 12% chose b (conaidered only diamond
shape), 12X chose ¢ (considered only number, not
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shape or texture), and 1X (no response). Per grade
level, 4% (seventh), 23X (eighth), 213x (ninth), 44X
(tenth), 27X (eleventh), and 33X (twelfth)
resaponded correctly to item 16. According to the
levels of reasoning, 94X of the formal, 43X of the
tranaitional, and 8X of the concrete aselected the
correct response a. Response @ was selected by the
formal operational thinkers (6x), by the
transitional (47X), and by the concrete (42%x).
Seven percent of the transitional and 17X of the
concrete selected d. Three percent-of the
transitional- and 16X of the concrete chose b. 0Only
17% of the concrate operaticnal thinkers selected
c.

For item 17 & correlational reasoning
problem (mice), 40X of the sample (N = 156)
selected the correct response g, whereas S8x chose
b. Per grade level, 59X (seventh), 35X (eighth),
17% (ninth), 34% (tenth), 46X (eleventh), and 28%
(twelfth) chose the correct response a, indicating
there is a relationship between the size of the
mice and the color of their tails.

The justification for item 17 seemed also to
create & problem for thae students. Only 19x of the
sample (N * 156) chose the correct reason 1.

Thirty-six percent selected 2 (observed only the

color of the tails and the size of the mice without
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any reference to how size and coior are related in
tho,p;oblon), 6X chose 4 (considered only one
dimension of the problem--tail color), and 355%
selected 5 (cohsidorod only the dinens;pn of size).
The perceantages of correct reason by grade level
are as-follows; 15x (seventh), 22x (aighth), 10x
(ninth), 28§ (tenth), 23% (eleventh), and 11x
(twelfth). Eighty-two percent of the formal
operational reasocners, 20X of the transitional, aqd
only 8x of the concrete selected the correct
justification 1. Reason 3 was s,loctod by 6% of
the formal opor&tionels, by 40x of éh.
trensitional;, and by 38X of the concrete. Six:
percent of th.‘fornal. 37x of the transitionél. and
40X of the concrete selected reason 2. Reason 1
was chosen by 6X of the concrete. Only 7X of the
concrete reascners chose reason 5.

The rationale for item 18 (fish), a
correlational problem seemed to be a difficult for
the students. Only 7% of the semple (N = 156)
chose the correct reason 2. Forty-seven percent
selected 1 (observad only the size of the fish and
the width of the stripe withocut reference to the
relationship betwveen the two characteristics), 35X
chose 4 (observed only that not all fish are the
;an. in respect to stripes and size), 6X selected 5

(considered only. the stripes, not the size), and 4X
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selectec 3 {considered only the gize of the fish).
The percentages of the correct reason per grade °

lavel are as follows: 4X (seventh), 9x (eighth),

7x (ninth), 6X (tenth), 12x (eleventh), and 6X

(twalfth). Only 12X of the formal, 13X of the

transitional, and $5x of the concrete selected the
correct rationale 2. Forty-one percent of the
formal, 53X of' the t:ansitional, and 46X of the.
‘concrete chose 1. Twonty-;ino percent of the
formal, 33X of the transitional, ané 27x of the
concrete chose 3. Roaso; S was chofon 12X by the
formal and 75X by the concrete.

Forty-four percent of the sample (N = 156)
listed the correct number of pairs of dancing
pPartners for item 19, a combinatorial reasoning
problem. The formal operational students scored
10X on thia item. The percentages éer grade level
listing the correct number of dancing partnars are
as follows: 30X (seventh), 48X (eighth), 20x
(ninth), 59X (tenth), 54X (eleventh), and 56%
(twelfth). The most srequent error was the
repeating of the partners (i.e., A-L and L-A).

For item 20, a combinatorial reasoning
problem, only 21X of the sample (N = 156) managed
to complete the twenty-four combinations. Even

four of the formal operational reaazocners (n = 17)

failed to complete the twenty-four péttern;. The --
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percentages per grade level completing the patterns
are as follows: OX (seventh), 13X (aighth), 30x
(ninth), 22X (tenth), 27% (eleventh), and 39%
(twelfth). Three of the four formal operational
students who missed itonizo were males. One male
completed just fours sets of four®> or sixteen total.
‘Another male completed four sets of three or'twolve
total. The third male began with a set of fouro
then went to sets of thr..,_and final.y returned to
the sets of four. The ferale student did ;ot
consider all combinations at the onset, did not
coxplete tho_pattorn, and had no f.al pattern. The
concrete operational students rarely had a pattern
and either completed £oo few combinations or tried
to £fill all the blank spaces.

Discussion and Educational Implications

Both similarities and difforonc;s exist
between the results of this study and the r?sult;
of other studies in which the GALT was utilized
So.g., Bitner, 19856; Roadrankga et al., 1983). The
test reliability for this sample was similar to
Roadrankga et al.’s (1983) reliability for the
total GALT, but slightly lower than Bitner’s
(1S986). Also, the results of the principal
components varimax rotation differ only slightly
¥ron those of Roadrangka et al. (1983) and | .

drastically from Bitner’s (1986). 1In the present
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study; only one formal reasoning item (i.e., item

13) failed to load on Factor 1. Of course, this
samnple which included students in Grades 7-12 was
sizmilar to Roadrankga et al.’s. (1983) sample vhich
ranged from sixth grade ;tudonts through graduate
level college students, but differed from Bitner’s
(1986) sample of eighth grade students.

Tho proportion of students (11X%) in this
sanélo (N =.156) classified as formal operational
.resscners was higher than thcse reported by Karplus
o£ al. ¢1970), Lawson et al. (1974), and Lawson et

al. (1975) and lowar than Premo et al’s (1982)
findings. In particular, the percentage of tenth
(22%) and twelfth (28x) grade students who are
functioning at the formal operational levil is
high.

In addition, oObvious differonco; in reasoning
exist between formal and non-formal operational
thinkers. In tho.proportional reasoning problens,
the concrete ang transitional operational thinkers
used additive or intuitive reasoning rather than
ratios to solve the problems. In the control of
vériablo problems, the transitional and concrete
operational reasoners did not indicate an
understanding of the relationship between
;anipulation and control. In solving the

probabilistic }oasoning problem, the concrete and
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transitional operational thinkers focused on only
one or two dimensions of the problem (i.e.,
geometric shape diamond and numsber of diamonda).
The concrete and transitional operational students
failed to observe the ch;ractoristics of the
objects ana to understand the relationship between
the characteristics in the correlational reasoning
problems. The non-formal operational students
failed to demonstrate a pattern and did not
complete all combinations in the combinatorial
-logic problems. _

The results of this study inéicated that only
1ix of the students in grades seven through twelve
are formal operational thinkers and yet many
scisntific concept, laws, ;nd principles require
logical thought processes (Bitner, 1986; Capie et
al., 1981: DeCarcer et al., 1978; Hoéstein et al.,
1985; Howe et al., 1982; Karplus et al., 1979;
Lawson, 1982a, 1983b, 1985; Linn, 1982; Wollman et
al., 1978>. If our goal for the 2lst century is a
scientifically and technologically literate
society (James et al., 1985; National Science Board
Commission, 1983; Yager, 1984), intervention
approaches are needed to bridge the gap between the
thought processes of concrete and transitional
operational thinkers and the demands' of abstract

sciaentific concepts, laws, and principles.
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Recormendations for bridging the gap include the
use of tuning (Linn, 1982), the use of concrete

physical models (Cantu et al., 1978;:Gabel, 1979;

Stav;r, 1984), the use of the inquir§ approach

éGabol, 1979; Staver, 1984), and thi use of

cognitive dissonance (Staver, 1984);}
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Table 1

Test Pmalysis of the Abbreviated GALT (N = 156)

Item Proportion

Discrimination Bean Standard
Correct Index Deviation
Mode 13 Conservation
#1 Piece of Clay .81 A5 .78 M
# Netal Weights .58 46 o34 .90
Subtest: Comservation (81 anc 84) - .70
Mode 21 Proportional Reasoning
#8 Glass Size #2 .24 - .5 .15 .36
# Scale 91 .30 .58 »31 4
Sebtest: Proportional Asasoning (#8 and #9) .37
Mode 3: Comtrolling Variables
#11 Pendulum Length ohh .58 .37 ]
#13 Ball 81 .0 .55 M .49
Sebtest: Controlling Variables (#11 and $13) 47
Mode 4: Probabilistic Reasoning
#15 Squares and Diamonds #1 «39 .5 .21 )
#16 Squares and Diamonds #2 o 40 ) .20 40
Sebtests Probabilistic Amesoning (# 15 and 416) .40
Mode 5t Correlational Reasoning
#17 The Mice 30 37 BH] .36
#18 The Fish .38 o2 .03 .16
Subtest: Correlational Reasoning o3h
Mode 63 Cosbinatorial Reasoning
#19 The Dance A o .50
#20 The Shopping Center ~ .21 21 oM
Subtest: Combinatorial Reasoming .33

Note . KR-20 (N s 156) = .83, The KR-20 reliability coefficients for gach grade are .70 (seventh),
.81 (eighth), .69 (ninth), .87 (tenth), .82 (elevemth), and .B5 (twelfth).
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able 2
ioan, Stancird Deviation, and Percent on the GALT for 7th throush 12th Grade Students Answering Each Ites Corvectly (Ne136)
brade i

fmasoning 1 8 9 10 i I ¢ Total
3kill . {re2]) {(m23) {n=30) {re32) {rm2b) {n=18) (N=136) |

I . § B X CI - S 3 N S % kK S % M SO %X W S %
Con .78 .78 L35 .78 L5 .68 L53 .62 L3 T L2 .75 LW TS A
 } RS- B .83 .39 8 .% .3t X 94 .25 9 LE9 AT 69 .78 A3 78 .TB .41 T8
“ 0& -Qs a l&‘ 051 & 567 l“ 67 053 ow 58 06? Om Q -51 050 61 0“ lm 5"/
Prop
Reas .07 .27 .17 A9 .0 .68 T8 .84 L2 .70 .67 .69 A7 89 11
% 00 00 O S SR TS U T S .38 .49 38 A9 .40 19 .17 .38 17 15 LB NS
9 N Y- A | A3 A 13 K0 50 A0 38 .49 B 42 50 2 45 M L3 e Sl
Cont .
Var 22 .38 85 .78 .83 B 1,09 .73 5 T .8 .91 .78 .79 22
sl g R U 39 % 3 .0 50 N 59 .50 9 31, A7 3 .33 A9 3B LIT T
'13 Ull -33 11 l& 045 & 5‘3 .m 43 lm .51 m . 565 -.0‘9 65 .50 li 50 l‘l -49 41
Prob .
M l07 -35 036 IQ 017 553 075 l” ls‘ 0% 067 lgl l‘o -73 18
#15 b L1 4 A3 W 13 07 B 7 .38 .49 38 27 45 21 .39 .50 33 .2 M2l
e NI A3 W34 13 .10 .31 10 .38 .49 38 21 A5 1 .28 46 28 .20 .40 &0
Correl ]
h“ l°7 ’ .'a7~ l17 049 -10 031 -28 l& l23 l43 011 0:2 l17 0‘1 1
,17 l07 527 7 013 0“ 13 .10 031 10 .25 .“ 5 519 040 19 011 02 11 lls 0% 15
#18 00 00 O 04 281 4 00 00 O 03 .18 3 .08 .27 8 .00 .00 © .03 .16 3
Comi
Rlll 030 A7 -61 572 43 557 .81 078 ‘-55 073 54 367 + B4 -72 14
419 S0 47 D AR 51 A8 20 W41 20 5 % % .5 51 54 % W51 56 .4 D0 M
m '_w .00 0 l13 0% 13 .30 0‘7 w l& O‘a a 527 '45 27 l39 050 39 021 ¢41 al
BALT . .
Total 132 L6 .26 2.4 3.63 1,90 .2 3.3 45 2T 4% 3.20 .78 2.8
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( Ufablo 3

-

Ingg;gg;gg;gglgﬁé Among §ubtgs§§ of tcrnal Reasoning on GALT

1 2 3 4 s 6 7

1. Conservation 1.00 A y

2. Proporticnal 25 1.00
Reasoning )

3. Controlling «33 %1 1.00
Variablea )

4. PrObabili'tic 26 e 53 « 20 1.00
Reasoning

5. Correlational .17 .30 .38 .54 1.00

Reasgoning

6. Combinatorial «18 .41 .40 «S0 36 1.00
Reusoning

7. Total GALT . .55 .71 .73 .78 .60 .70 1.00
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Table 4

Eactor Structure Loading for GALT Items

GALT

Reasoning Mode

Principal Conpénonts Varimax Rotetion

Two Fagtor

Broad Unique

Single Factor

Fle F2* h&e yme Loading/Commun

#1 Conservation of Mass .80 .64 .36

#4 Conservation ‘'of Volunme .67 .45 «58 .47 « 22
#8 Proportional Reasoning .68 " .49 .51

#9 Proportional Reasoning .41 .30 .70 .72 .51
#11 Controlling Variables .45 .32 .68

#13 Controlling Variables .56 .43 .57 - .71 « 30
#15 Probabilistic Reasoning .88 .78 .22

#16 Probabilistic Reasgoning .86 74 +26 .81 66
#17 Correlational Reasoning .70 49 «S1

#18 Correlational Reasoning .37 .14 .86 .68 .46
#19 Combinatorial Reasoning +46 .23

#20 Coabinatorial Reasoning 95 .33 .67 .71 S0
Eigenvalues 3.60 1.75 5.35 .72 2.85 2.85
Note. Eigenvalues > 1.00.

«30x of the variance.

©14.5% of the variance.
=44 .5% of variance

aye = 1-h=,
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Table S

Proportion of Students According to the Level of Reasoning
" as Messursd on the GALT end Gender for Z7th through

12th Grade Students '

Level of Reasoning

Grade . Formale . Transitional® Concreta<
E x E x F x

7th (n=27) 0 (o] 1 26 96
Hale (n=12) (o) 0 (o] O 12 44
Female (n=15) (o] (o] 1 4 14 82
8th (n=23) 1 4 6 26 16 70
Hale (n=14) 1 4 1 17 9 39
Female (n=9) 0 0 2 9 7 30
Sth (n=30) 1 3 S 17 23 80
Kale (n=17) o) o) 2 7 15 57
Female (n=13) 1 3 3 10 9 30
10th (n=32) 7 22 9 28 ie S0
Male (n=18) 4 13 g 13 10 31
Female (n=14) 3 9 S ié6 & 19
11th (n«=26) 3 12 8 31 15 S8
Male (n=13) 3 12 4 iS5 6 23
Female (n=1Z3) 0 1S 9 35 i3 SO
12th (n=18) S 28 1 6 12 67
Male (n=11) 4 22 0 0 7 39
Female (n=7) 1 3 1 6 S 28
Total. (N=156) 17 11 30 19 109 . 70

~Formal = Level 3, score 9-12; M = 9.76, SD = 0.97.
sTransitional = Level 2, score 5-8; K = 6.03, SD = 1.10.
@«Concrete = Level 1, score O-4; M = 2.23, SD = 1.26.
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Table 6

(n = 80) and Senior High Studemts (n = 76):

Comparison of Junior High Students (n = 80) and 16):
Individual Jtews, Subtests. ard GLT Total

Ttem Reasoning Skill .- tvalue 2
1 Pince of Clay . 9916 1615
4 Metal Weights 14712 .0708
Subtest: Comservation 1.5255 JOBAS
8 Glass Size #1 3.83% .0001
9-Scale 91 2.6868 0040
Subtest: Proportionality 4,0043 0600
11 Pendulus Length 1,7458 .0AL4
13 Ball #1 (Rasp) 3.6A83 .0002 -
Subtest: Controlling Variables 3,351 0002
15 Squares and Diasonds $1 4376 0000
16 Squares and Diasonds &2 3. 7033 »0001
Sabtests Probabilistic Reasoning 4,167 0000
17 The Nice 1,719 0437
18 The Fish 1.0624 1, 1849
Subtests Correlational Reasoning 17164 <0440
19 The Dance 3,270 0006
20 The Shopping Center 1,548 .0270
Subtests Combinatorial Reasoning 3.78% + 0001
BALT Total 4,673 0000

Note 1. The means of the senior high students surpassed the means of the junior

students on all variables.
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Table 7

One-Way Analysis of Variance:

Grade Level by GALT

Source
Amcong
Within

Total

DFE

S

i49

1S5S .

ss
241.48
997.92

1239.39

BS
48.30

6.70
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Table 8
Comparison of Meles’ and Females’ Scores for 7th through
12th Grade §§u6.g§s on ggg Subtests and Indi#idual Itqg,_

Item Reasoning Skill Significant and non-significant
. differences (p< 0.01)

Conservation : Males > Fenales
1 Piece of Clay N.S.

4 Metal Weights Nales > Females
Proportional Roas9ning . . N.S.
8 Glass Size #1 ) N.S.
9 Scale #1 ‘ N.S.
Controlling Variables N.S.
11 Pendulum Length ) N.é.
13 Ball #1 'N.S.
Probebilistic Reasoning ) N.S.
15 Squares and Diamonds #1 ' N.S.

16 Squares and Dianond; ¥#2 Malas > Females
Correlational Reasoning N.S.
17 The NMice N.S.
18 The Fish N.S.
Combinatorial Reasoning N.S.

19 The Dance Fenales > NMalas
20 The Shopping Center : N.S.
GALT Total . . N.S.
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