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ABSTRACT oL, ‘ /,
Ther first part of this publication is a study of
students' math skills and logical abilities and .their success in an
introdectory college chemistry course. A 29-item instrument was
developed and 4dministered to 343 students. Test scores for students -
who received either'A or B in the course were ccmpared with scores
.for those who received either D or F. Statistically significant
differences, beyond the .01 level, were found between the two groups.
* A 27-item revision of the test was given®to 371 students in the same.
‘course. Analysis of' variance and regression .analysis were performed
on the data. It was fouhd that 85% of the. factors explaining a
--student's success in introductory chemistry were different than the
math and logic factors found in the test itself. The authors suggest
.7 that 'such a test be used to help identify studénts sho do not o
-, function at a formal level in science courses. Part two of this paper
presents a-model of 14 "logic-related cosponents directed towards °
concepts and problemsk typically found in natural science courses.
' This model,.it is suggested, could serve to assist faculty in making *
- changes in-course content and approach that which would maximize the
likelihood .of furthering formal.thought .in students. (MR) - -
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T g . A MODEL.FOR TACILITATING FORMAL THOUGET o )
R oo IN THE.CCLLECE SCIENCE STUDEMNT .
k \ . M . . . . .
* ‘ . Ron Good, Science Education,_FSﬁ . \
. Ed Mellon, Chemistry, FSU " '
v Bob Kromhout, Physics, FSU N
Introduction . v ‘ - ' )
It is becoming'increasingly well established that many college étudents‘ .

fail to use formal thinking patterns when confrorited with content and problems
“of an absfract, fqrmal nature. While subject matter of a formal nature

is not limited to the "ndtural'* sciences, it is apparent that much 6f the

content of a college chemistry course, for eéémple, does reqguyiye what Piaget

has termed, formal operational, thinking (Inhelder and Piaget, 1958). ’ .

recent paper b§ Haley and Good'(1976) summariZzes a number of the studies -
- which report percéntages of college students who "Operate" (intellectually) -
at & formal level. Although tke percentages .vary considerably, probably. .

- due to sampling and testing vardations, it seems reasonably clear that
about one-half of the 'students in an introductory college science course -
do not use formal logic when attempting to solve problems of a formal nature:
l‘ ' These "preformal" students are (apparently) unable to organize data systematically,
¢ isolate and control variables, identify hypothetical possibilities bBefore . . .
experimentation, Or use prpportions, correlaftions and other logical opiiagions S
characteristic of formal thought. The general problem-solving orientabion s
of the formal student is frbm hypothetical possibility to empfricédl proof - )
while the preformal (eoncieté operational) student proceeds in the oppositexg ’ '
direction, from concrete experimentation (incomplete and only partially AN
- systematir) toward artempts at hypothesizing. Since much of the content
of ~olleze-level science (Herfqn, 1975) and even high school-level science . .ot
(Hartford and Good, 1976) includes abstract concepts and a.formal approach
to solving problems, the prefornal student is left to "myddle and memorize" o
as best she or he caav o ’ ? . . ' 7
‘. Cs . , ‘ ' %ﬁ . : - -
Solutions to the problem include: 1) flunking the preformilwstudents, =~ o
_2) "lowergng standards" so that all who put forth the effort will pass,.
or 3) attempting to help preformal college students make the transition
. from concrete-to formal thinking. The authors of this paper believe that . .
" the third possibility offers the greatest potential .for improving uader-
) graduate sciencg educatiot: in the long rum, ever, though the task appears o
to be formidable. A recent study by Lawson and Wollman (1976) provides -
a somewhat optimistic outlook regarding the likelihood of helping students ‘ o
\\ make a tréns% ion from concrete thought toward a more forwmal type of functioniné@gi 3
’ - 4 . . * .
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vho would very llkely have dlfﬁlcqitles w1th Cheémistry. 101,at F§U.

. . ' . Page 2 .
. ) ] : ) . ‘
horklnc on. tha assumptlon that’appropriate inst
students progress t) ward formal thouCht the

2. What tomponents of formal

the curriculum"receive
Part One of this paper descri
and Part Two contains a 'm
question. :

‘1ought should be incorporated into
by college students? .ﬁmggl

es some attempts to answer ,the farmer questfon
el" that might be used to answer the latter
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Abilities With llath and Logic Problems dnd Their Success
ollege Chemistry

Part One: Student
in Introductory

, ot

~ - -

The authors” of 'this paper have been 1nvolved in the improvement of undergraduate
science “education programs at Florida State University for several years

and decided to investigate the,relatlonshlp between sutcess in beginning
chémistry with certain math_skills and selected logical abilitjes. 1If

he lack of formal thlnklng abilities was found to be a major cause of
student failure or near failure in such a course, then perhaps a remedial
program in-thinking could be developec and 1Tp1enénted to help those students
achjeve' greater success in their major fields such as med1c1ne, etc. The .
flrst sgep, of course,’ vas” to determine what telatlonshlp, if any, existed
between math and Ioglc skills and success in a Eourse which could be assuned

-

to require formal thought. The whole project came to be known as Practice.in- Thinkipg,

[

the title of an interesting Jlittle book written some years ago by Profiessor © -
Jay Yaung, who also happened to be one of the persons 1nvolved durning the | °
early stages of this research and developrent prOJect.

N

« . . L. o
The fOllOWlng section describes the first pliase of project PIT, the develgpment
of an 1nstrument which could be easily admln;stered to 1dént1f students

5 e/ . ‘ . i
/ ' ' . . .

Tgeglqsgrument . . - . . ) r o

K . . - - “

Since no appropriate instrument could be found whlch tested both math skllls
and general abilit 1c, a test was developed during the summer of

1975. The resulrlyéJgo- em test consisted of 19 math skills questions

and 10 logic: questlons( Math sKills .problems included calc&latlon of signifi-
cang flgures fractions, gxponents, and gimple equations with one unknowm.

The logic items included simple deductlon possible combinatiens, perimeter-
area relatlons, equilibrium in a beam balanhce, -displacement volume, probability,
'ar'dr:‘7 orrelation’. 8ix'of‘the ten logic items were a version of Piaget-type
intetView tasks mentioned earlier and four of the questions were adapted

from a BSCS ;esn of‘ldgic.° : .

[ -

rd

.

Ong hundred and twent"—two students in Chemlstry 101, a course for science
or §crence rclated‘hajors, were given the test durlng the Fall of 1975,
neatMt& end of the’ quarter Taple 1 shows the descriptive statistics
of the instrument.". T - S N
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‘Tahle_l; Descriptive Statistics tpr the,IﬁStrument (Sample 1) . )
: l , ' e‘:f . . P4 ‘: » R
. . d /‘ ‘ .,
< // N
Mean S. D, Reliability . Standard Error ’ ) i
N Jp— ) /- v N ™~ K o
17.03 ~ 4.20 0.75 , . 2.09 | ’ '
The Xogic questions proved to'be quite dlfflcult for most students. On the

~aver3ge, students missed ’s of the.10 items (see items 18-27 1n the rev1sed

test|dt the end of Part, One}
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" The Anqusis‘PrQCedure
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) /The Second Se;gle
'

RIC.

Aruitoxt provided by Eic

o

b . .

Stu ents!

¢

scores on the testy were then compared with their grade in the

/

lef eulties intthe math’ skills part of the tegt 1nvolved word problems or“
ing equations for unknowns, .

chehlstry course to determine the nature of the relationship between the

tw
wh ther the
stitdent, so
Test Scores
stores for al

test would

ompared with group 2 (all D-F students).on 1) each ité
skills, 3) total on Logic, 4) total score, and, 5) perc

N : Y AN B

s

. k

~
.

, was edmlnmstered the same test. The second group

and . they vere giv%n the test at the beglnnlng of

at the end.

*satple. | . ) . .
.

Table 2 Descrlptfwe Statistics for the Iqstruﬁent (Samphﬁ 2)

¢ ¢ o ,
- L . » [
" .

e - .

.

1

i

)
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/ A second group. sf students taklnc the same course the follow1ng qu rter

onsisted of 221\s;udents
e quarter rather than
. Table 2 shows the descrlptrhe statlstlcs for this secohd larger -

Those ‘of us involved with project PIT were primarily interested in
1scr1n;pate between the A-B student and the D=F.
the procedure for ana1y21n9 the data was de31gned accordingly.
fdr all students rece1v1nc either an A or B were compared gvith
students receiving a D or F ysing the SPSS version 6.0y
ahalys1s of Jarlance for a one-way design. Group-l (all A-B studeqts) was
» 2) total on math
tage of dmltg.‘

~v

= 7 3
| . .

+

Mean fnfﬁ S. D. \ Reliability Standard Error ;\ .
i s , ’ - ' - s . .
17.68 4.56 \ \ 0.78 ) 214 :Lﬁr < ’ ‘ :
‘ 7 ' -
o ! > . /‘ Tt N R . A
,“esults v \v' / o . . . -

e,
‘t , )

ot

The data ﬁ;ow,the first samp]e §f 120 college students»taklng the Chen 101
Table 3. shows the “nature
for’ Group 1 students (A or B in

course wvere na1y7ed hn the nanner just descrlheo.

of the relatfions hip between tesu‘scores
" course) and Group 2 snudents $)) or/F in courve) 2 \
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. Table 3. Analysis.of-Variance of Test Scores.for A-B Students w1th D-F '
Students (Sample 1, n=70) _ e » o
S I - F-Ratio -~ 'F-Prababjlity
- Part I: -Math - . " 13.159 E (L0QL T T
. -1 ' . ) ° . . ’ X . o ..
. Part II: Logic | ) ) 6.927 L . .010
- Total ' 17.63 . . . .000
Omits . ' ‘ o 70953 - T T e 006
VR ‘ R - | : ' ,
. e L . ; .
" The A-B students scored. sighificantly higher on both parts of the test .
and omitted significantly fewer items than the D-F students. .
. ' ) ! .
,ﬁhen the instrument was again administered in the Chem 101 course'the following .
quarter to'221 students, the ‘results shown in Table 4 were obtained. )
& - v 3§ - "
Table" 4. Ana1y31s of Variance of Test Scotes for A-B Students w1th D-
g F Students (Sample 2, ﬂ—121) ) . 2 Py i
. o e - F-Ratio . - F-Probability-
.*  Part“l: 'Math _ © 32,661 T o .000
. . . 32 . . . A . ¢ . e .
Part II: Logic. ‘ / 24.514 .000 -
< : - e - e ,
Total ' ., s~ £l1.839 » - . .000 ‘
./\ . .o, i y . .
Omits S e 5.531 Lo - .020
kS . . - i
® L ! I ) bt : s
) The slzes of the samples indicated in Tables 3 and 4 are smaller than the total e
. N to which. the test was adm1n1stere because all students with a grade .
‘ ‘0f,,C in-the codrse wvere omitted. Also, for sample 2, since the test was //3//’
- admlnlstered at the beglnnlng of the course, some students -dropped out. T
for oné “rehson or an%ther. ' ! //4//p'
. - : ) { . ; ’
. Test ‘Revision and:Further Testin® ) N L /%Vu *
- . - S ‘ SoxT ‘ e,
' The 29-item PIT test was revised to a linited degree by the authgrs during. .
the sumuer.of‘l976 avd the result vas a, 27-item test (see Tabl 6 at; the
end of Paft One) that would prqvide (nopefu11y) more valldAgdta. Durlng % .
‘the’ 1976 # acadenic year, ‘the revxsed test was 'adninisteréd to another o e
Lo 371 students in Cnenlstry A0l at ¥SU.  The results Werc gonerally s:nxlar,_ o
- : with an: 1mprovemen in the dlscrldlnatlon 1ndc} for 7"of the 27 1tems. T ;
The=rt1at10nsh1p bé<wetn test scores and course- grades stayed at, abdut *° i A
the same level as 'reported in, Tables 4 and 5, Uqlnb tie 29 LLEm lnstrument. - HTJ

toe , . . Ca - . v M K . L
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An interesting’ set of scores resulted from the use’of the revised test .- -,
with 'I15 hlgh school chemistry students), mostly juniors. Table § shows. ¥ - - -

the éomparlsén of test scores for students 1n -college kchemistry an& those
in high school chemistry. : : ‘

. . e . 3,

. Yy 5;3} - <, -x,'~¥. - .‘n';‘
Table 5. Comparison of Scores, for High Schébl Chemistyry Students and College
Chemistry Students on the’Revised PIT Test. . . :////fj&ﬁé
¢ [+4 v * . Ak
Meag Score ean Score L
. o ‘ ° H. S ‘ “Collége ", ¢ =
Pa‘rt I: Math o A U S - 12 Ty o
. . . : ."‘ ”t - -
Part II: Logic |" . 5 R SN )
Total > 17 :
N Co, < .
Omits E o < 2 ) . 1 P
The only noticeable di i ‘mgth skills part ) B
of . the tesf, ‘with } tvo items. | -
Both™ groups’ scg ed:a 5 out of a p0331b1e 10 for the-logic pfoblems. A . T
comparison §f {ifficulty 1ndexes for the test items showed that both il
_groups {9k In other words, if . s
item 3 ‘1for the college students, that item was of nearly ,
equal dlff‘“L1”y fei the high scheol stLdeqts. ; ‘ / »

3 4
- 4 . ! '
.

lhe overall test ra&lability ranged;from .74 for the high school 'hg&istry‘
students to .80 fo the same revised form administered to:the cellege chemistry

4 ‘ t

. . . ',\ N

In an attempt to detdrmine the relaﬁlonshlp between “success in 1#troductory
college chemlstry and selected math’skills and logic apilities, a 29-item

test wis constructed fand administeréd to 343 students‘in an 1ntfoductory .
chemistry course. Tefst scores for.students vho received either am 4 o ‘

- B in the course were pompared with- scores for. students who received eithef

_very similar to those obtained using the original test and overall,di§crimination

-a D or F. Statistigailly significant dlfﬁenences, beyond the .01 level, \

were found.between t two groups. . \
g . ' A ' T

A revision of the tesg régulted in a 275;tem 1nstrument which was admlnlsteéed

to another 371 studenfs ih the same chemx%try coursé. The results wgre

AN

of the items was imprpveg.--
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Although. analx§g$ of variance results stowed slgnlflcant differences™between. g
A-B students and ‘D-F¢students on the test seores in, introductory chemistry,
regressioh analysis revealed th an thé “average, only about 15% o£~the—————- .
variance in course grades coufr§be accoanted for by scores.on the PIT tést.
Said another way, 85%-of. the factors explaining a student's success 1in )
1ptroductory chemlstry were different than the math and logic facLors round
in the test itself.: .

.

, o « ., )
? ’T,‘h:'.é statistic is a bit puzzling since hihly significant differénces in
test scores were repeatedly found between¥ A-B students .and D‘F Students.
One explanation could be the restricted range in mean scores for A-B ‘students
and D-F ‘stddents. The range for.mgan scores was from about 14-15 forgthe
abgut 20 fér the A-B group. Increa31ng the total number of
items would oRfer a solution 'but at’ the. same time, it would make the test
= less. des1?ab1e in terms of total time ‘for adiMnistration.. -€§, .
/"
nother explanatLon could be the motivation factor, w1de1y assumed to be
a s1gn1t1cant determlnant in successful navigation through college courses.
1f motlvatlon accounts for a large part of the unexplained 85% variance
1n,course grades, then. it might be assumed that quizzes, mldterms, and
finals in the chen1stry course can be passed successfully, even though
seemlngly 1mportant nath skills and logical abilities are lacklng

" . B , }‘. ? ’ .

>

L2

logic abilities that differentiated between successful and nsuggessful
.students in introductory college chemistry (see Table 6). glnce 1Q,can
be administered quickly (30-40 minutes) and easlly to large groups of students,
the 1n9trument couldtberused°to help some students early in the course,

.In conclusron, the authors were able to develop a ;est on math skills and &

Please read: This test has been designed tc* asséss certain- skllls

and -thinking abilities which are related to success in this course,
The results will be used to ss1st future students. 1n'thié.course‘-g
‘who 1nd1cate that they‘mlght have dlfflculty with some of the items.

- - ¢ . /

=~ . sheet prov1ded for your answers and "the "worksheet for .all calculations, :
reasons, etc. It is import&ht to 8how how you arrived at your answer. . *.
. Remember to put your name on both the machlne-séored response sheet :
. % and the work sheet. Begin when your instructor gives” the indﬂcatlonf
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‘Please make no marks on\thls test. Use the machine-scored response . z

1dent1fy and attempt to remedy specific shorthnings in math and 1001C.- ' gﬂw s
! i : - ) b <
Table 6. Revised, 2771tem.instrument. . ) s, . s
! . ) < ! . {
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. Part I: Math-Skills and ProblemS* . L

- »

Please select the answer wﬁlcg/you calculate

to be correct,’ show your “choice

‘in pencil-op the machine-scored response sheet, and show your work.or reasons

»

R |

A}

’

on thé work sheet . - ﬁ'”" '

- ‘e [}
o A

Calculate the value of the follow1ng numbers to tere 51gn1f1cant flgures

© (3.82) x (0.410) =

) (A) Is.6, (B) 0. 156 ((9) 1 57, (D) 1.67, (E) 1 48 -
2. 1 2.80 §- 0.105 = (A) 2. 67,-€B) 267 " (C) 26.7, (D) 28. 7, (E) 25, 7\ ; S . |
3.  7.25 - .318 = QA) 4.07, (B) 6. 93, (C) 7.22, (D) 7. 07, (E) 7. 568 *\Kv§q ’
N .4. Express 3/8 as a dec1mal\ k A) .300 (B) 3.75, (C) .375, (D) .038, (E) ;389 -,
. F1nd the value of the £:llow1ug and- eupress in the 51mples; fractlohal form i
5. . 2/3,— 2/6 + 5/7 = (A) 1 1718 () 1 $/42, (C) 17/21 @) 1 4/21, (E) 1.1/21. oy
6. 2/7 + 3/4= (A) 8/21, (3) 6/28, (C) 21/8, (D) 2/21, (E) 5/28 o
: o ' . . - -
. 'Qalculaﬁe the value of thé following exact numbers: ) e
) N7, 2% « 2"3) =@ -z (B) 2, (C) 4,°(D) 8, (E)-16 | o
? 8. 25 £ 2 B 8§ (B)_a (¢) 32, (D) 128, (E). 256 | .
9, oMo @) 1%, ® 18, (©) 2/8, @) 1/2, ®) 2/i6 ///// .
£ R . : c L '
¢ _Calculate the value in, scientxflc notatlon) of the follow1ng exac t-numberg: i
ﬂl.,ﬂ———ia-~z§”“”1o ) 2’£";7154> G x 109 = @) @ §9x 10%,. (8 (-1.§ x 10%
. (€) I+5 2107),. (D) (1. 5 X o7y, .
- - - { e (E) 1.5 x 107 ) ' x\,

11

. (3x 107) = (8
® a x 10

M
A h

3

L

R
-;;'

x.

10‘6

), <E7 224 x 101 )

\

.

(A) (2.2 YZlO ), (B) (-5 x 10t ), (c) 5 % 100 ),

‘é(.;"’ .

v.% T

; — ; T ‘ )l\
- v 12, 1f x = =5 then -2xk— xﬁy.(A) 35,. {B) -35, (C) .15, (D) —15, (E
v T . I. v ‘%&
] 13. Solve the following|equation for x: 3x - 1 = —x/3. (A)_?\L/B
T (@) 2, <c§S\g M) 5 Y8, (B) 2-7/10. o T

s 4
%
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A person throws 100 darts at colored bal]:oons. ()ut of',100 thtows, 10 red, EI_?) yellow,
8 green, and 20 white balloons are popped L ’f ) ' .
14, What percentage of the darts thrown h1t ‘red ball ons? v )
(B) 10, (C) 5, (D) 15, ‘

A}

15. " What percentage of the darts missed? . \ )
- : ' . N . . ’
@) 235 (@ 53, (C')\%’f’ (D) 51, (B) 47 | \ +
~16. If 12 apples at 30 cents ap ece and 18 pine_app‘les at 5Q cents dpiece - ’
are purchased, what is the Ayerage price per item? . v
- T, : . e Lo
s O (A) 45,. (B) 40, (C) 42, (D) 35, (E) 38 ST e T
g R N L N -
17. Four persons A, B, C, and D are involved in a “tug—of—war.‘ A and B form -
' one team against the ‘other team, C and D. A pulls only 1/2 as hard as B,
If A pulls with a force equal, to 100 pounds and C pulls with a force equal
to 75 pounds, - how hard d D have to pull to .keep the battle "even?" K
L) . . \ .
‘ N u.-‘. [y .. N . e -’ * . ' '
AR
_3% ' et ' 1C .
w 253 pcunds, (B) ZO,Q?po.mr‘s, (C) 175 po-.mﬂs, l(D) 275 pot..nds, (E) 225 pounds . \
- Part II% Logic . N , o N
. > \4 ‘ - ' . ’ H
- L . - Lo ' » R 1 - — T
"Joe is tHevs'fasteISt ‘of four men; Bill, the next fastest; Ken, thé neict-fastest and Deve
the next fastest. The" fastest man has the smallest feet; the next fastest man the nekt
smallest feet, and so od. - : - ° *’\
@ - ¢ 2 .- g ES . ) B )
*® 1{8. ! Who has the largest feet?, ' ‘ ‘ . ’
T “} ‘ T
a) Joe, ¢ Bill ) K n,L (D) Dave, (E) ‘cannot determine. —
* 19, Who ' has %the next—to—smallest ﬁeet" . s )
1',\ (A) Joe, (B) B:h;l.l (C) Ken, (ﬁ Dave, (E) cannot determine. - -t
il . ) N '0‘ ~‘: é;\f.
S
= - e -
., ) . )
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ng sentences are true: °
~ " ’ o

b ‘ "« The maid likkes her job, the wife faints,” the cook rhns.outkthe door ;
. * and the husband liives. : .o . : .- < Ve

. ! v -

L 4
v
5

»

The wife does not faint ‘the maid likes her Job the -cook does not
run out the door, -and “the husband .1ives. .

» s ’
The wife faitits, the cook does not rum out the door, the maid ‘does
+ » mot: e her job*_a~g the:husband does fnot live.’

a

M S ’ ‘.

What mus& be necessary for the husband to live? .t . S
. | . - a _\9
. [ ' - ,
* 20, (A) the maid likes her job, (B) the wife faints, (9 the cook not
% “run out the door, (D) :the wife doessnot faint (E) The cook runs ut
\ , the door. ) S , N R
4 3 ~ - L] " x

Four companies (Ford G.E., IBM Post) are going to have offices on the first four,

floors of a new building. Each company may choose any of the floors for its offices.
No two companies c¢an be on the same floor.

-

' . * 21, What 'is the greatest fumber” of ways that thekcompanie% offices could ‘be
arrangad on the floors? L (4) 8, (B) 12, (C) l6 (D) 24 ﬁ%ﬁ) 30
22, Two long pieges of rope ‘A and B, are ‘the same lenﬁth A s shaped *’
- into’ a square, B into a rectangle (as in ﬂuatigure) and hoth are placed
. ~ . _on a-field of giass. Which of the followiug is true? %, X .
- - (A) More grass: inside A (B) Nore grass inside B (C) Sameﬁambunt
i R _~of grass in both, (D) Canpot tell without, ‘taking measuremehés
. (E) none of the above ° LT . . .
. L 4
. S \ S S T
» - - A . . .
[ R ' . N A ) X N ) et , . : N -' :
- - . ' - - v . N G° . . .. ) ,
‘ 23, What will- happen’ t the balance on the left as these identical -dripless
. candles burn? . The balances on the right are for your information.
- - ., . ¢ ‘k‘, -
" , éEI . A - n ('
Q 1 \\ 1 * R - ) ) . 5 ) [ {’b - 5
oo A A .- B, 5. A 0 - E
i IR (A) Side A will go down, (B) Side B w111 go*dowmn, (C). neither ‘side ' -
¢‘~\I' o will go dowm, D) First B will go down but_theh come back up, ’
. | ) (E) First A’ will go aovn'but then come back’ up. . O
.) "" - . ‘vm,.' . ~, . c e . 0] ¥
: . LT R ST T S . .
. -\‘ ) . P . - % . 6- . A * '
. * AdaPted from a BSCS test of logic hy William Gray S ;{

¢ ~
P . Sii
- * Lt P PO . 2 o Ve
g _..« - - -

. ' . - » A o
S ot , ) - - \J

L PR - ‘. 4 O,ﬁ R SN [ ’ . R N
SR Yo et e i / i Ry - . .
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10 cayds with blue, eyes and brown hair, 1§ cards-with brown eyes and-
blond hajir, and 10 cards .with brown eyes and brown" hai'r, the . i . '
chances of'drawing a face with brown eyes and brown hdir from the ’
(A) 1 in 2,

shuffl’ed deck would beg
(ﬂ:‘.) 1 dn 10

. N

7.

/Lf the poag}ble combinations of eye and hair colot are always

' . .. < \.
) 2 * 4 ' i
- - (/' ~ 2 . 3
é N '/ ’. -
' . , -Page 10° : ' -
. - . L] )
. : . A - .
24. What will hdppen to the water level A, if, the object (rubber stopper), =
B, which is resting on the bottom is pulled up off the bottom so
- that the top of the rubber stopper is level with point c? , .
. . i
Lo , - C” . N . < R ‘1
v .« 7 . e ta » QV\.
' 7~ . P A ‘ . . ; k
‘_5§ \ . C . Dinas —_— ¢ , » .. -\4 .
. " N T {"‘ , » - Ca RN N
: , . (A) A will go up {B) -A Will, N
. S . T, “"  go down, (C) A will not change, <
e ! . ‘ (D) A will first rise and then fall, ~ .
. B * ' . (E).cannot determine L -
- ? ) \ 5 a * L4 .
.Forty playing. cards each have a face drawn o'ni,them. The face can Have' s "o
brue or brown eyes and blond or brown hair. == | R : . :
:'25. If there were 5 cards with blue eyes and broxm “hair, the chances " ’ _; .
of getting such a card: from the deck of 40 would be: , .o .
(A) 1in*5, ¢B) I in 8, (C) L in 10 (D) 5 in*20; (E) cannot determine '
_from the above information.‘ T .
26. 1If the deck of 40 cards contains 1Q cafds w1th blue. e,yes and-blond ‘nair,

3 1 in 4,

‘% 4 . ,. '-'\\. . .
. ) i )

(€) 1 in. 5, (D) 1 in 8 Ry

/equal as in question 26, then the. correlation between eye and hair’ - :
/color, for the colors given, will be‘ (A) 1, (B) .75, (C) . K )
: D M . R
(D)_. 1 (E) 0. 5 ) _ /&
P — @ ° e L . s )
. ‘ P o e ’ - ~
L M ~ T e N ’. - : L * . - % . ’
o VS ~ B i .' 4 ¥
o T Q."‘“""*"”‘ - TS .
M - s/ Do k] or .
r § ( L :'”-‘ . D ~
- r * T ’ ’ ¢ / . -~
. s . - ~ ° /. \ .
- L . /‘ ! N
. oL St ) ce
° e . P . N ‘ - L
' ' ". - 3y - < —— \ --
v * = l’ ~ - Y
. ; - . (
- - . : ¢ _g_; A ¢
% ? * —_ o R
_.‘»«_“.‘?‘e > ’ R R o’
L. . . . * . , v _‘0\’ . :"‘ .
Lo ). - T "L -
B . N ¢ A . - »
L) ’ o 1’-}- ' ‘.
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' : P PART TWO . ot . BT
) v . . -~ . i . ' - e . . ¢ 5 b
TA MODEL FOR FACILITATING- FORMAL THOUGHT .. ™~ ) \Z' . ’
’ . . ' {N THE COLLEGE STUDENT -~ , , - Q o, ;

Part One ‘of this paper‘dealt w1th the development of a, test to assess\
math and logic skills and the analys1s of the relatlonShlp between
college students' scores on this tést and their success in an intro- C ot
ductory chemistry course. This part of the paper’ prescnts.some ideas
. on characteristics of the conéent ‘6f a course or program designed to

, facilitate formal thought in college tudents, - A test such “as the one

: ) described in Part One can help to %ﬁéitlfy students who do not functlon .
at a formal level in science courfes, but it says very little about ° .
what "might be done to help these students become more '"formal operational”
with regard to problem solving. The components of theé model described v
on the -following Ppages could be used in a varlety of ways and some of - :
_these applicatlons will be discussed. A model such as the one described
on the follow1ng pages, could serve to aseist faculty in ‘making change%
in course content and approach that would maximize the likelihood of

Ny

- furtherlng formal thought in students. o . .
. - . R . . -
- Model Components : ‘ . £ a % L oEw o
F Y. \ . ' ‘ .- - v;:, .
< A. -Compggétion and Math Skills- ) Y _.3337?54 . e
1. . Operations with whole numbers ’ . . .. . .
. 2. Fractions and decimals- = - - . S N
"+ 7 3. Exponential pumbers Lo : - 7
A 4.  Solving equatlons ) ) i ) ERAUEE R
e * ~ < R ’ . i
. B. General SklliS*m . : 3 . Ve .
. ' 1,  Measurement 1nyolving unit notation PR .
v 2. Estimation o — N )
o 3. . Organizing and descrlblng data , . . N ’
// 4, Transp051ng word problems 1nto's§mbols“r, o - Ve noR . i
- C.  Logic-Related Skills ' S LT o T
- ' 1.  Making all possible combinatiogs Ly S
b . 2. Using proportions - . T, I , TR
f . - 3. Making correlations . S - ﬂ - o .
. © 4. Using propability - . o, LT T S
o g 5. Analyzlng and diagramming physical phenomena T CL Ce
, - . 6, ; Identifying‘relevant and irrelevant data - e SN ) . w3
. \“.‘} . 7. Defining and using concepts in’ terms of other concepts - e
. . 8. . Developing- hypofheses from data- -7 o - - RN
S .. 9, Identifylng and - resolving contradictions in data o PR S
" ©10. . Making pq;d1ttions ‘based on given data o W ~ o R :
11,7 Designing controlled experiments . s S, T e
" To12, alyzing and criticizxng experlmental design -« ) N PR '5$;g‘}
. 13. mparing theories with data . .\ . . - UL T
Lt 14.- Comparing conflicting theories R
;fﬂ Coe Theoretlcal Basis of the Model jw%' A ",:'~, .o 3:43f .. ST o
" Inhelder and Piaget (1958) describéd the growth of logical thinking - o aﬁ:,gﬁ
. . from childhood to adolescence by tracing thedevélopment of mental - Y
: : o structure - from l) ‘those which explain the 1og1c of“aimple classes and : ;

' Y w

. . .
. - N . B -,
- , . ! 3 PP . . . g X .. - 3
. i N - . W
; LT : : . . - . L .. . .. K N
- ) »’ \\- ) s . ., 2 ‘. v . 1 . M . - :
BN “ e . “. . .




' Ym e - W < 2 ) ‘ .;'u, v
’ A Coa ! : Y
- relations with'concrete_suhgects, to 2) more advanced structures which ° [
allow for hypothetical-deductive logic. It is these more advancéd ) ﬂf,w ot
" Structurés which eonstitute the’ formal approach—’/qulred to‘pfactlce o .;‘
’ and understand modern sc1ence[ _ > 5 o
é . ) .
, Late in the1r boo%}ln a«chapter entitled "Concrete and Formal Stfﬂctures, )
’ v Inhelder and Piaget (1958) describe eight schemas or spec1a1 operatlons
. ,' . wh1ch explaln many of the speolflc charactér1st1cs of formal th1nk1ng, as ®
/ requirted in the field of science. These schemas. form the basis.'of the ) -
C .model for facilitating formal {thought® in college students ‘and a'bklef .-
) "." " description of each of then follows. . . am . ) V.
1. ,Comblnatlons. ‘A complete combinatorial system is avallable ' -
, to the formal thinker .which allows for the testing af aiL " :
'/ . factors and their comblnatlons. N i ) |
’ i ‘ ) ‘/‘; | .. y 1
3 L2, Proportions. Using ratios between factors to determlner .
- ! other relatlonshlps is one of the most common aspects of prob= 4
. lem solving in science. The ab111ty to establish loglcal pro-
portions and find quantitative solutions is characterlstlc : .
", of the formal thinkes. ) SRR . )
. . - ' - . ‘ > ¢ . ) ’
B 3. Reference sttems. Relativity of motion is a good examplé ‘ .
. . of this formal "schema':which requires a coordination of one X
. / ) referénce system with .another. Predictioﬁs about the motions

within two -different reference, , sSystems require the combin-
ﬁlng of both inversions and compensatlons with respect to each’
SYStem. R .

-

ﬁ:ﬁ!; - N ¢ # . . ¥ o . e ’ '-‘
" a » . . . K .
f ’ Lo 4. % "E il brium A formal concepf of *e;uilibrium requires mental - .
. ] - a%ﬁlons similar to»%%e prev'ous schema,” that is, inversions :
*
. *and

G mpensatlons.

s ong’ factox in a system at equ111br10m o .

is ch

Y4

Probab111t1es.

d, one .or-more

- . <€,

o A at the formal 1

Correla ons.

e

ooy

T A4 . P
’ .

ther “changes m1ght be necessary to °

.. maintain the balénted tate.

-
»

‘4,

. ‘An’ dccurate notion of the concept.of chance .
~ S occurrence is excgedingly 1mportant in modern Sc1enzﬁwﬁnd
el reflects an ability to reason strictly

When causaffrelationshps are not known'mi;h R
accur ¥, the confirming.cases must-be distinguished from the L
possible .cases. Throughé?his process a correlatlon L
determlned and one can see that this concept is closely . s >
-elated td. the concepts of/proportlons and comblnations. L ' -

S IRAT S Foo- - o 2 -
‘ . 7. . CompenSat*ons. An understandlng of this concept allows one,
: for example, tb conserve the volumg of a 11qu1& even. though the. .
: ' l glmension% of its contalner are changed = . « -
IR : : ’ S e .
coy R ~ . “8.' Advarced Qonservatlon. ~An example of a type\of conservatlon '} )
s o “.:ﬂ that i§- dlfficult to verify in a direct, pos1t1ve way, is the ) o
' . ] p 1nc1p1e ‘of inertia. As co d to- tie concepts of number” T o
3 area or. welght**inertia is more abstract and,,therefore, the H SO

process of verlfylng ‘the cqnservatlon of inertlafrequires a,
.‘more formal deductive approach DEIETEN

e
L r L, ST .
. .

s n,f;n“’ vt s

£ . “a e - - 2 R - B o

A ) - . i - n - §’&I 4 s Far S . - s -

LI .- - . 2 - - Aoy b .
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These eight formal schemas combined with the author's thoughts about. the
. nature of the scientific process, form the basis of the model for
ﬂéc111tat1ng formal thought in college students,. outlined in the previcus
sectlpn. . . . . L e e
. : . ’ .. -
/\f -Brief: Description of Model Components ‘
‘The math skills pértvof the model was designed for an 1ntroductory '
course in college chemistry and could ea311y be modified to "fit" - ..
physics or other subject matter. e . ~

“General skills 1nc1uded 1) measurement 1nvolv1ng unit notatlon, 2) , - .
estimatlon, 3). organizing and descrlbing data, and 4) transposing word . °
problems to symbols. Like math skills, these activities aré not -

o seen as requiring "formal" thought, but they are very important areas
in which & student should become falﬁiy proflcient.‘ A

e General Skills - ) .
. N . - ‘
1. '"Measurement involving unit notation T . L.
, N A

Real as well'as "mythical', units are a part of the measurements-and,
‘ agaln, all exercises and problems,are keyed to, easily meadsured ob- . .
*" % jects ;and events: Measurements of "static" objects precede measurements
of’dynamic systems. Myth1ca1 units (glerk, medrile, etc.) are used/Z
emphasize the importance “of keeplng track of units as well as numbers _
‘ in solVlng equatlons. - ) . ’

- 3 . -
. . / . . LN
. Nad —_ e /

2., "Estimation": -~ . . B . d : :
Estimation-is a powerful technique to determine whether certain oper-. )
ations yid€ld a "sensible" answer. Simple estimation of one type of'’ unit

+ is followed. by more . complex tYPes where 5. or 6 different steps are .

v  involved. ) o R 2 ?
a ot * Example: Estimate the number of grains of sand _
in a teaspoon. given: gralns/volume &l T,
. > . . T 13 . ey
Example: Estimate the amount -of water,(weight) ) - f';'»w%@_.‘
which \ould be required to £ill the Houston . A LT
- Astrodome. . . ¢ - ® . e
" . \ . \) © R ) - 4’:
3. ‘“Organizing and describing data": o . Y . . .
s LS ‘ . 8 ‘ - - . . . T X
“ 7 It is easier to "éee* paqperns 1f dafa are‘organized’in various ways. R
" . Classifytng and ordering are two important prgcesses in. the.early : "
. gro%gﬁ of logic and_variatidns on the~processes continue to help in sd[v-
+ _ing qu antitative%problems. The generaL purpose’of this component is to . .
, .. emphasize the importaﬁce of organizing data, i ways which help people to &
. make morg eﬁbe out of it ’ Data frém experiments are recorded in a - N
A 1 . .
v random wayx d them successive- ude—randomiz/ing actions are, taken. 'At .

e s Ufirst judt simple groupings are made and finally variousfxypes of =
77 graphing procédures “are used. : . o - ' T
.\ . ) . ) . »‘ . . e~-A‘» ) (‘!‘?&‘ . -- . ——— ) .

= .5: ) ;\ o ~. - . ~-,§§’§'
% \ N . »
1 A ) d 3 = . - = -~
\‘ ) f« w ) v "' la % - A . N
, MC - T L SO
. «4 FETE e g«wm,:,n?,, T w Aeeng B ’\‘“ e e Ve SR ,'—r., s "
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- _ ;/ on'the effects)of the swing?

: . ¢ N .
-Proportional,thinking is often involved -in,sqolving/problems where “one

. what correspondlng chdnge will restore the initi

B N . . . ‘q - V 4 ..' - ' : - /.‘/: . " 5 C}/"‘ /t
) . o o,
4, "Transposing word ptoblems to symbols" . : ‘//“

g /

Identifylng relationships among factors in descrrp&1ﬁé "oyd" problems
dnd quantifying these .reldtionships is a Source of great‘ i
for many stulents. This component h lps the studenf Lo
in allowing. Sgiobls to&r resent vaxlous factors 1n simple and more |
complex relat¥onships. tarting wmth‘concreteis%tuati s, students are’
asked to represent the reality using S) olsff j;-;/f» : '

. /
/

- e JER _..__..,.__r.._.,,,

- o Loglc—Related Skllis

. ) ) ; /ﬁ £ . 3 A

1. "Logic of Combinétions": 1‘:/{ N 4

’ L7 -A-‘_‘\ g ,' [y

Beirng able to comblne the relevant factors in a glven‘prqblem Solving
sftuation in all p0331ble ways is a part of fofmal thought. Deter-
ctors’in a simple: pen=-

-

3

dulum experlment réquires a comglete combxn orial” system to be sure -
that p0331bly relevant factors are nOt ove looked In thls component . !

with obJects.

-

7/ .
Example: You have,one red’ ie and qne white die. .

. Howm yﬂdi fereft comblna ions are pos~ S
31bl us&ngfbo
) i x R

experlment to determlne what affec
. . - the perlo of a §w1ng1ng-6b3ect.- W . . : i
& many,different Ways ‘tah the factor;j ’ ‘ .
fi (weight, lcngth) be varied (to chegk -

i

‘°~.a?

‘2, "Loglc of<Proportlons

s/\ 3 l{ :\
is to predict the required charige in some- factor
- some change in a related factor. If a Variable i

8 systen, given -

"a system is, changed, - L
state of ‘equilib- N .o
ip between 2 factors, - ¢
’actors?»r‘ - - v

rium? Or given that we have a vertain relatiqn
what is the- relationship betweeg‘other,related
Example: A seesaw has-2 persons’on
is x pounds and y meters

.balance ﬁdint and the ot

~; pounds and y! meters fr

v

“point. If y.changes by“ 0% Celoser 7 e .
4to the fulcrum) what must happen on > - ? .
.the oth&r side to maintain equllib~ . X .
\rlu ? : e A
‘% " ’ N ‘ Ty ’
ot i . . ] o
- . - - :~ # ’ . A - 3 ~ . .

. - - 5 R .
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03.:"ﬁmakingECorrelations": - oo >
Y i

N

* h
P s

In rolling‘dice “there should be no reldtionship (zero correlation) be-

tween the "up"'number on one die and the "up" number on the other die.
"Students -start Wlth random events and then begin to look for nonrandom-
__Dess (patterns) and Ltry to determine ‘the magnitude of the relationship.
. Is event y. alWays 35soc1ated with x or on1y so often? This notiog is‘~
obv1ously.closely'ralated to probab11it< b : ‘

] : i ' -4 .
4, "Using‘Probability" e A N
This notion is closely related to the logic, of combinations since a
concept of -change depends on an understanding of "what is possible."
Knowing the- chances of rolling a six on a die requ1res a4 knowledge of
the total poss1b111ties and what part of the total the six face .rep-
resents. tudents conduct many simple chance.experiments and
observe and deduce “the probability of certain events OCCurring.
_data on occurrences of various events are also made available ang
students determine.the probabilities of the events actually happ
’ "Analyzing an? D1agrapming\Physical Phenomena
(N1 . <

Data whiech are presentedqin a random manner are sorted out, cate-

gorized and represented in ‘tables, diagrams, etc. Th1s 1s an exten-— .

sion of "Organizirg and Describing Data" ‘and is intended to involve

actual data collection. . . Lt o e

6. "Ident:fying Relevant and IrreleVant Data"' T -Cg

Other
the
n1ng

»

3:

\

if a person has a reasonably good grasp\gf a problem, he/she will be
able to.sort out- variables which are pro ably elevant from those
which are probably irrelevant. Espeeially if a‘felationship among -

" the variables is given (y-= d/t. F = ma, etc. )"he would expect that

- extraneous data could be discarded and- onl th nglevant data-used.

-

- . Two.different problem "types are given hefe
encourage, thought and action about relevant ana

, Problem Type 1

(1) to least important, ( ).
factors:

il

Determine what affects the rat
objects .roll down an incline.. Rank each factor from most

\

-size, Weight hardness, smoothne s, color,
gﬁ?ion (hoelow, solid), temperaé

l

ure .

examples of ways to-
ifrelevant data.

s [ ©

e at which spherlcal

_important -

.
¢ )

N

: ~

mass distri;

X .

RS 1
) Problem Type 2: The. average veloc1ty of an object can be found by A\
' : measuring: how long (time) it takes toé travel a given distance. Find “\‘

w9 ey

wiwo T

I
J

?\

I

[mc |

Full Tt Provided by ERIC.

the average velocity of a spheridal objecty given the follbwing data:, - ‘

:/ weight‘
- size:
\ “time of travel:.
start1ng speed:
. top speed

distance travelled:

1000 grams =
10 cm. (dlameter)%gaumr

10 sec. .
0 cm/sec.
em/sec.,

weight of inclinéd plane:

‘ 1000 ‘¢m
'y . _-angle of incline: -k-degrees_' o
0 kg 1




D 7. [P . Ve i
h h s ’ . e ¢ f
‘o ] Veloclty a,s a con‘ pt is used in defvlnlng acceler tion and therefor‘e S e .
Vo acceleration can Pe cansidered a "second-order" operation.’ When con— o - -
cre{:e operatlons are c¢ mb1ned thru implication,- conJunctlon, etc. td LT
N form new "propositions|," formal thinking is.oceurring.’ o . S, N
. . _ . : : ;

y R - J P
) This componentfhould’ onsist mostly ofgcomblnrng concrete operatlons .
4 - into second-¢gr ex oper tions and in reducing second-order operatlons to the .
- ‘more basic cor crete operations. Atta1n1ng reversibility-in th1s pro- - - N
. , c’éss should  transcend the mechan1cal man1pulatlon of” equations as* = . °
might be donef in "solv ng equations." / * ' e
8. "Devf;':%pﬁ'né‘liypo'teses from Data": : s i .
R ;’hypotheses hich are loglcally related ta data requires be~ L
. \" gmnmng‘ﬂ%: a* somewhat abstract level and then devising means of testing ¢ .
‘ ' ’tﬁe ‘h&pqtheses. . Ident lfy:).ng and controlling variables is an obvious ‘ .
lq'actor here.; . Students would .be asked to r Ilate hypotheses from given : )
data as welb as generating thelr own hypotheses from data. An 1mpor— =28
tant technighe here is togé;sforce students to make loglcal links be- o
! ® tween data andrhypotheses rather than llnks based on experience. .

] A 8 -

. 9: ’a? dentif?ing and Resolving Contradictions in Data": X . N

# ' >

Searc ing forqyatterns typlcally 1n§olves resolving contradictions in -

\ | some’ of the data., In "The Growth of Logical Thinking," Inhelder and |
Piagﬁt identify:the ability to eliminate contradictions as one of the = . ~
characteristics of formal thought. Components 13 and 14 are'closely
rnlafed to this compdnent, but the emphas1t here is on data about

concrete vents rather than da‘ta-theory compat1b111ty ‘
4

RS - § ey
' L Students Qpn do ex;pe%nts designed to provide contrada.ctlons to a
‘pattern of development ‘or they :can: consider data~presented in tabula®’
, oF graphic form. /In e1ther ca%—gthe purpose is to identify and re- T ST,
+ solve the contradrctlons. The f sdms «for the apparent cortradictions
\3 ‘ ;i.n the data would Be generated.b tudents. Also;* passible reasons
,~" ‘would be offered to the students and they ane to decide wh1ch poss1-
3b111t1es !'make sense. , . R
. . rﬂ . - . ' . .
. ;¢ 10, "Maklng Predlctlogg Based on Given Data g
. " < ’ .
- " Extrapo -a&%_%tfrom given data, is the focus for thls componenf:.o Given - e
N #'_ a certai ern»f data, what pred‘;uaations .can be der:.ved" Problems " - L
K can becom mor\e compléx as differept ty}’)es of data are brought into '
=+ 2 ~the picture, as,»c,g.n weather . pred:i,ctrcms.)1 Aclthough a knowledge of more
" _"‘ ) mweather—related factor‘s-can allow for-more accurate prgdictions,. it: also
Yoge becomes more comﬁlicated in trying to coord1nate all of .the factors.

f ) "Jg . A ~ . .

Tl / S‘i‘mpfe p'redlctlon patterns ean be based on symbols for obJects or C .
}‘;f da ta from ex e»rlments. Whatéever fhe format, the basic® process is the - : .

e,
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" ways do the data seem to be inconsistent with the thebry? #

+ The 14 log1c~related components that have’ ‘been briefly described are’

Y

> 7 .

N Sk * ~ .

. ‘ d - $ . - o |

<y 11, "Designing Controlled Experiments": e e '

T
\
I'd

Once factors are grouped as relevent variables, the process of "flnd .
ing out" can take place only by ghanging one thing at a‘time. Th the
pendulum exper memt’referred to in component 1, factors which might affect
+ the rate of swipg inc ude length of string, weight of the object, size
of "the obJect, ow the str1ng is ‘attached to the support, height of
release, etc. Controlllngxall variables except one reduces the ex-
perlment to essentially one™variable.

Students will analyze des1gns of . enperiments as well as desigi N
" their own. It is important here to interactlon among students to’
allow COmparison of designs on the same -\estlgatlon. All.experiments
should be such that. they are a part of the ndent's env1ronment. Ques~
tions such as thése could be posed: - . ¢

1) Can smokers identify-their own brand of c1gar-

*2) Can dr1nkers identlfy the1r own brand of bourbon, scotch, beer, etc.?

A lab sétting should also be avallable wlth equlpment for pursulng con-
trolled experiments. R

CERF AT v

B . \' “ " .l ) M
+12. "Analyzing and Criticizing Experimental Design': .

’ - - . ~

‘'The nature of experimental ' 'proof" is seldom clear~cut and definite.
A good experimental design should consider all possible variables and
provide for proper data analysis. :A faulty de51gn can lead to .mis-.
leading data and, therefore, 1mproper conclus1ons.

lf ' " -\

. N

. a

13.° "Comparlng Theorles rlth Data

-

. Are the available data cons1stent with’a given theory’ If not, in what

. . , ) .
14, 'Comparing Conflicting Theories"

- - .

1

— 4
A

'\ -~

How do theor1es, which attempt to explain similar phenoména, differ
and\what are the’ strengths and weaknesses of each theqry’ Do certaim
dat suggest rev1s1on of- part of.a ‘theory?

o ,
e

. ~ e - - - . N
D1SCuss1on ‘o E .
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largely "content~free" even though the model is directed toward con—

' cepts and problems typically found in natural science courses. Just - -
how the warious compo ents might be incorporated-into a course or.
program has receive ittle attention up to this point in the paper.‘
There sSeems to be Zeneralsagreément, however, that formal thought
should be facilitated by teachers™: . f

, iR ,
Sy <1, Beginnlng with famlllar,.concrete examples.i . .-

° 2, Emphasizing “a noncookbook" laboratory.approach to identlfylng
.. and solving problems. ) e

. Questionlng all answers. .

. .Inten onally 1ntroduC1ng (apnarent) contradlctions that

‘cause cognitive ‘conflict. °
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- i . . . 4 f ’
- . . . / - - . § L.
’ ) X " 73. . Encquragitg student interaction in conéidering ideas, prob-
. . \ e lems,ﬂetc. e e - L '

LN 6,_,j&emoving obstacles to maximum exploratlbn of ideas. '

. \ ¢ s . , \.

CL e : . : . X
T subJect mattexn" for such a ‘teaching approach cbuld be specific, '
s ch as chemlstry, oy much more general.. An example of a more general
" "* . program is."Accent of Developing Abstract Progesses of Thought (ADAPT)"
V.. - at the Unlver31ty of WNebraska in Lincoln. Robert G. Fuller; 'Di ector, .
.- +» . and: eLght .other facilty members have deVeloped and implemented Praget— QNS
based prqgram whlch cpnstitutes a student's entire freshman year. :
2+, Gourses in Engllsh thtory, economlcsn phy31cs, anthropology, and * S
. o mathematlcs are used o a331st students in developlng formal thought.
L , - The primary advantage|of ‘stich a comprehensive appfroach is the ab111ty -
b '*sto create-a total environment for the students that, hopefully, ddes, ‘' . !
. in fact, facilitate prbgress toward formal, abstract thought. An S
! - ‘obvious disadvantage is the difficulty in coordinating such an effort '
' where each.faculty member Iends his or her unique 1nterpretatlon of Piaget's
theory of cognitive development to classroom practice. The various
‘factors that might affect a student's growth toward formal thought can
~ J@k better controlled in, say a single chemistry course, but the” amount . S
) of time a student is involved is drastlcally reduced

— . ””

The authors of thls paper had hoped to develop a competency-based pro-

. —gram con31st1ng of a set of instructional modules based on the 22 "com- *

' ponents" already describéd. The PLATO computer- system at FSU was t0¢bégﬁr*

a major tool in this program, but. a  lack of funds changed the ’

.. course of events. Since .it is very expen31ve to develop quality in-
structional modules with a computer-based component, it now appears

o more realistic to. think in.terms of an ADAPT-tyqe approach.' The model
proposed in Part Two of this paper could be used to assist willing

//// faculty mmbers in adaptlng\bZH21r courses to a common core of com- i - !

~ ponents. , Self-tests should developed to allow a student to deter-

* mine" hlsfher level of competency (a PLATO—type facility would be
Valuable for this) to deal with the.various components identified
in the proposed model for facilitating formal thought in college

: - students,, ~While ample tifie must be provided for ‘students to become
better.able to deal with problems requiring. formal thought, theé pro- .
. gram should beégpmpetencyhbaeed rather than time-Based > That is,'the ’
,level of competency of "making combinations" or "using proportions" . -
- or "designing controlled experiments," etc. should be:. coﬁCretely defiged

-t

K
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or for more comprehensive programs such as ADAPT e "model" out-
Ilned in thi% paper represents one attempt a def1n1ng formal thought
rhat is comﬁonly required in modern science ¢ourses. Such a model

- w111 probany be ugeful only if the reader apiready hag some: under--
- st?ndlng of the growth of loglcal thought ag defined by Plaget s wonk

hd . 3 : e, ¢ -

~ . ° - . . - 4

-y
e
¥
P3

. Wt . A s . N

“wo allow for,variations in the“rate at which stuflents progress toward e
e formgl reasonlng ability._ Once the components for a worklng model of e ’f&
’ formal thought can be agreed upon, ﬁhgecorrespondlng 'competencies" - . .@{

cdn be identified for individual courdes in chemistry and other areas ;ﬁ@y
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