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. - |earning about learning:
‘propositional abilities \
‘ S A PERSONAL WORKSHOP ‘

S

- by -

Lawrence F. Lowery .

This self-directed, personal workshop focuses upon the 1dent1§;@ation
of a set of abilities.related to 1éarning. The set, described as
_propositional abilities, is not independent of but is distinct from
other sets of abilities described in other books in the "Learming
About ... Series.” Although you will Tearn many ideas and develop
various skills from experiencing this workshop, three major goals are
) jdentified below.

As a result of this workshop, you will . .
be able to:

1. use a clinical method to adminis-
ter, at any grade level, diagnos-
tic tasks related to propositional . J
» abilities. i

Yo

a 2. identify the developmental level
) each student in your class has «
/ attained in terms of propositional
abilities. f

3. select’, from resources available,
subject matter (content and manip-
ulative materials) appropriate to
identified levels of development.,

Hopefully you will become able to deter-’
mine levels of development by observing
students during their normal activities

. without relying upon the administration
~ of the tagks:

This workshop is self-instructive. It utilizes written-materials,
manipulative materials, videotapes, and studentfs in your classroom.
It is supplemented by a program and support system which includes
instruction, tedching experiences for practice, discussions, and |
individual conferences. .




-

NI LA il R R

I
A \(-v

N = . .
This book on Propositional Abilities is one of several being developed

under the general- -heading "Learning About ... Series" by the University of
California Cooperatlve Teacher Preparation Project (uccTpp).. .

The project, a new instructional model for teacher educatlon, is ’
being implemented through cooperat10n of the School of .Education of the
University of California at Be eley, the Lawrence Hall of Science, and
the Mt. Diablo and Vallejo Un,fled School Districts. Approx1mate1y 45
beginning teachers, both eleflentary and secondary, spend one year of
pre- service preparation andOQhe1r first two years of classroom teaching
within, the program. The pﬁoaect represents an effert to manage a much
larger portion of the beginnlng teacher's experience than has hitherto
been a tempted. One malor objective of the project is to assist new
teachers and the experienced teachers workwng with them in becoming
regg1a evaluators of their own instruction. Partvcipants in the program
are tayght to use materials and techniques t that help assess stages of
1nte]]ectua1 development in students, to identify and prescribe ]earnlng
act1v1t1es commensurate with their students intellectual development,
and to use techniques for assess1ng thEIF 7nterqctlons with- students.

The research objective of the project is to determine the effectiveness

of the model program in developing the instructional style of beginning
and experienced teachers.

-

The "Learming About ...'Sdf%és" is being developed through the
resources of the Schoal of Education and Lawrence Hall of Science,
University of California, Berkeley. The reséarch dimension is being

funded through a National Science Foundation grant.

. T
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" deal with symbols and ideas verbally

« (reality becomes secondary to

. set of possible transformations and

"I NTRDDUCT (oN s

The term propositional is  uséd to describe the integratibn.bf a

.

particular set of cognitiye abilities and operations. These abilities
and operations are revealed when a student can,think,systematically in
purely abstract terms. Such a student has deve)oped the capacity to
without the necessity for an inter-
vening manipulation of 'or a recent .

experience with physical objects

possibility). The individual can - .

Qs fonq a3 the
/ R

ucts

see given facts (reality) as the .

actually -attained part of a 6bmp1ete

can find the entire set of these

transformations by hypothesizing.

For example, if a Student attempts to predict which objects in a coflec-’

tion of objects will float and which will sink, he can generate a set of

‘possibﬂities or hypotheses Stl(.:h as "sinking .is caused by the object's
/\e‘rght or by its size, or by its wezght in relation to its szze, or by
gome other variables," then deve]op a p]an for systematically ‘testing
the hypotheses in a way that will conf1;m or disprove each cpnc]us1ve1y.
This capacity to reason about possibilities or hypotheses, and not just

about spec1f1c objects at hand, is the mos t d1st1nct1ve feature charac-

ter1z1ng propos1t1ona1 abilities.,

4
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AnotHer important-characteristic of propositional abilities-is that
cognitive operations are performed on other cognitivé&operations 3s op-
posed to concreteﬁopgrations that arg performed directly én objects and
events. For exafple, if a student is to understand the,fonnuié for

\

specific. gravity, .

T . . _ dengity of a substance
specific gravity = dengity of water

a

the student must first understand' the farmula for density,

" weight
density = volume

and to understand the formula for density, the student must utilize two -

e T

reversible 6perations: If, accordiné to the~fonnu]a, the density of an

) object tah be increased by adding

.

- ! {: ﬁ weight while holding volume constant,
w BT \
ook Al NS it follows that this increase in
W density can be nullified either by
h:‘§ﬁif C§%§ . A removal of weight (inverse operétion)
Z;:}i P , or by a compensating increase in
o . .
S \ , volume (reciprocity operation) or by
re C mi I certain combinations of both. Thus,
o ﬁ* . i,\‘/:“/ - -UE’ ) . '
’ ?.; S 1**" understanding the specific gravity
" formula requires the ability to re-
jgfgy Nk late the two densities or the use of
X .. . N / ' . '
R o e -. operations upon operations.
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Co _ Proposit1ona1 abilities and the operations oqe perfonns w1th them,

emerge from age 12 to 18 dnd constitute the heart of Jean Piaget's Formal
o

0perationa1 Stage of cognitive development. P1aget separates th1s stage

L)into two substaées, which he labels IIIa and IIIb.

+

The first substage (IIla) }s distinguished by the apbearance of a
kind of reasoning based upon the 1od1c of all possib]e cbmb1nat1ons Fbr
example, whether experimental or verba] prob]ems are under cons1derat10n,
canb1natbr1a1 analysis (regard for all poss1b1e combinations) becdhes an
integraf.part of their solution. The student can be ca11ed upon'to mani-

' pu]ate phys1ca11y a11 combinations, as in the chem1ca1 substances task of
_ Inherer and Piaget (See Combinatorial Reason1ng Task in this book), or
he can be asked to 1dent1fy,menta11y all combinations from verbal problems
such as those developed by Morf (See Propositional Reasonin§ Task). The
-basic power of prqpqsitiona] abilities rests in being ab1e'tdwgeberate.a
set of hypotheses that are compatible with what one a1ready.knows about .

the problem and the implications of which can be tested by experiment.

Through testing the implications of the hypotheses: one learns new infor-

" mation about the problem.

\\\ Making its appearance dur#ng the
\\§‘ transition from substagé IIla to substage

I1Ib is the ability tovseparate variables

by erc1usion (the systematic testing of

each variable jnd1vidua11y while all

others are held constant in order to

~



* deterhine which are reTevant and which have no effect). Instead of being
c]qse]y bound to 1mmed1ate exper1ence the student can suggest "Maybe

> . Lf I lchanged this, such and such would happen" and then perform the /

-

necessary actions to confim or disproVe his suppositions. Inhe] r and

Piaget's pendulum prob]em is an example of this exc]u§ion principle (See ~

Controlling and Manipulating Variables Task). !

The second substage (IIIb) is distinguished by the development of an

1nd1v1dua] s ability to organize his reasoning along, the d1rect1on of

particular logical operations such as conjunction ("It mugt be'A and B"),

-
*

disjunction ("It must be either 4 or B"), neéation ("1 23 neither A nor

B"), and imp]ication ("If it <8 4, then C will be true”). As the student

" learns to think in 1ncreas1ngly abstract terms,.he learns .to comb1ne such

~

~

cognitive operations simultaneously. 3

Attainment of Piaget's final stage does not mean that intellectual »
development is at its peak. The mind continues to develop beyond adoles-
- cence, however, later changes in cognition are simply fefinements of the
kind of thinking which becomes more or less established by about ade.]é.

There are no.more major qualitative changes in the nature of cognition
y ( . t

such as thbsp which'occur during qgildhood.




PROBABLE SEQUENCE IN WHICH
" PROPOSITIONAL ABILITIES APPEAR /‘ -

B

TYPE OF
PROPOSITIONAL ABILITY

 USUAL AGE |
AT WHICH ABILITY APPEARS:

g -
Probabilistic °
Reasoning
Disjunctive
Reasoning

Combinatorial
Reasoning

Propositional
Reasoning -
Controlling and )
Manipulating Variables

Deductive

00 9 00 a9

00 w0
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‘ Summar \ , ) . i - '
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v With the attainment of propositional abilities, the student can
n . ‘: i ; -1
, utilize certain basic strategies of scientific thinking, such as the K
‘ﬂ,7 e scheme of "all other things being equal.” . The student is ab]e to . -

4
génerate hypothetrca1 poss1b111t1es and to reason~about them with - .
c6mp1ete1y coord1nated revers1b111ty,such as perfo?n1ng operat1ons

on other operations. .

-
* °




. L H ‘. y L b LT—qph 1t .].-.-i LI
L H] i B = H SHEITT THT |
TR T fijems=ntualsapae - PP TRy A S
HH-TH H EH TR T H a A H-A
L i F:r— s Yy ! - g ] ;—J = ! M’—'j H-I r 1 1
L -~ F rj]»h Al } HT . P
T ESsmn W o Ir - HH;E’TIEL 5 Tj—‘ IJ: ; LT I—fLr
H T el - 15 T+ ;:1 -1»—-4;:__1' - -
L - e T 11+ S e iimgala)
8 T =T "jl H HH _E rl H H : (7]
— I -
&_‘ '] ——W‘Iﬂi g - ﬂ o E;t,_._‘ ) 11 . :»‘ r~ f i ::
\ i"’ H st - : O - H ] -‘DH i‘ﬁ | H ,f‘[
Nza IS it past TE e g P
E G s E s e
b 3:1 ] + | Y sm¥e 1 ] T 1 T T :r
Ir=ua simpusgimg 8 L HE T TP T
'-:’I[: IH ! = 3 ]I‘ r T + t— ] T Hﬂ . [ 3 H - 8
] I - e Ve 3
i”‘ . T TH r e Q#IE& Sitlg
4 ] L L T i T . -
SiENs =] il a . N ' - [ jL-IU
: I - T - ‘With a friend, take turns trying gach of.the I Nj:
L [H* propositional ability tasks in this section. L
1 ] ! N =
TTHS h: I = At first, try to use the suggested dialogue g:?{ $
Higaan ey nely that accompanies each task, then gradually
- Rl L incorporate your own style.: , 8
Eiiepes e liny : - ' Pomin :
e - - If any questions or problems come t0'mind, .
AT discuss them with a UCCEPP staff member. o
T THLGE 5 Ejuase ) | il
jﬂt s - ) J ) . R '»—Eﬂﬂ :
b r‘ 8 1 &LL"I I 1] q i t—:_l%f.« r——*i J
. R H T a 3 ' Lt I 1 1] -
Bigm: H - H oy H R 117 FHT g
St I Y onmll i o HTH T H Tl B
; ] I nrl o
1 H— II i MY 1 o = T HHL- 11 LL L _L
o b e I T S A s D A e F
H H : 3 H.%}ﬂ — T 1, T J ] —r
A HT ~ =t 243 Sijey 8 T Basj?]
Cicdumecmytse e A HEF - = AR 3
= r o s T Ej - 4 i I : { ] T -<*‘{ LD
- — 1 1, - 1 L [ I
| — S lis=epdgy H jseateg
. T t’“ H#‘ H TII F+H 1 y T + Y :LIL** .
- Pral =mune i ] | -7 H1 =5 H. )
T lan 3 [ ag T —-‘__Ir sl 1 I N 1
' T 1TH H 8 Ly 1 L]
T Fe e T U T )
* 3 a =gt : 2 Hrrr O THH L
y T FH ’JJ: : jonsmsyy= __L - 147
s peeal a2 [ 11 FL o
: T "ﬂﬁj siEEisiaatiss -t RITH
. ] - Al - -—i_‘ T 4 F r d o
:E } | _q :J—‘ { | __ﬁ_ 1] L
G T H_AHI ] = B -
LL“ R M T 1 Lﬁ;i_‘ .
{1 £ { I -
]_i d i -4 LU~ Ba J i - Mq:
) 1 - HL i H 3, »—1_L E ] —JE:_; i - . 1
F Jus L;:{ ?_J-{ - b4 1 1 1 - ) I ] 8
- Inete ) 1 '_"L I ' 13 -4 1] I ‘ﬂ:
.J‘t :.r 1 17+ T ,__J . § H - -
F e = @@Hriﬁ TFENE Bulk
LLH [t [ t1 1 é; 1 ag :1?. YI ! &P . T
prmidnl:ioe T HEF I Hg; =8 ¥ ‘ 1 T3
\ TP TS T T HE SNSaNs
; * N T R - - HH
‘ S THE L I S - -
-~ 12 4 TILT
] 1 _}— L sei=HEN 1
P AHH P E 15 ]
Tt H -1 jpe - b H Simate .
<13 e . = T 18§ ]
- S » , [T T m| —+11 H i*r‘“ "{ Y ogne
N + [ ] g flL b e (] L_:]T = i} Im=gae
o=y a! C T 111 T




Y I o >

probabilistic-reasoning _ coL

~

v , P le

Probability iS5 the relative frequency with which an event occurs or is likely to occur. Probabf1{stic
* reasoning involves mentally separating what is possible, what is real, and what is deductively neces-
sary. At the .Formal Operational Stage, this begins with the identéfication of possible events and
ends with reality conceived .as a realized part of the total number of possible events. For example,
a student with this ability, given data that the number three is bne of six numbers on a die which
are eqoally 1ikely to occur when the die is rolled, will predict in advance of rolling that the -
number three will appear on the average once in every six or ten in every sixty rolls of the die,
Most students attain this ability by age 12 or 13, -

“ -

’ -

- Materials.

2 opaque medium-sized paper bags. ’

14 black (or other color) poker chips'-.( ’ .

. 14 white (or other color) poker chjps.__“} Q_t.her objects can be substituted.

.

Task . L -
is’_- b ' .
The student (S) s sitting opposit'ecihe experimenter (E}. - .

"

' . -
£ places the black and white chips in two separate piles of twelve chips each, off to the §1de. but

within reach of £ and S.
" procedire : S ' : e
» . . - - \.
. This task includes four separate parts. After each part, £ may elect to disconifnue the experi-
ences depending on the performance of S. Guidelines fgr continuing or discontinuing are provided .
) at the end of each part. b ' . . .
_ Part L' ‘- * . v
. . . " °E arranges two separate groups of poker chips, one containing 5 white chipi, .5
o the other 2 black chips, between E and'S.
gl ) « * : > . 000 L4
P ’ ..’5 - £ begins: "Here is a set of five white poker chips and two blaek poker ” o O .
- A chips." ’
5 ry . 1 .
].~E p1§ces all 7.chigs in a paper bag and shakes’ them up. As this is done, E states: "I am
. putting the chips in this bag and shaking it. HNow, if I were to take out 1 chip without
- first looking at its color, would I-be more likely to get a white chip or a black chip?"
P ) E allows S to respond, then asks: "How do you know?” £ again allows S to respond, tﬁen
P . returns all chips to the pfles. - ? .
. S - ) ' ' .
. . 2. E now constructs two separate groups of chips, one containing 2 white S
. - A chips, the other 5 black chips, between £ and S. E says: "Now I have o POY
o . o white chips and five black ones. If I put these chips in the bag o ®
b ¢ Q«G‘ as before. and shake them up, would I be more likely to get a black L, & e
- n, chip or a white?” E allows S to respond, then explores S's reasoning. Aé: '
‘ o Guidelines for Proceeding ’
, An aéceptable respohse by S in either of tho'ahcve experiénces would be that the 1ikelihood of
' . drawing out a chip of a given color is gréater if the bag contains more‘chips of that.color ,
; than of the other. If S does not respond in an acceptable manner in either experfence, t dis-
\ } ) continues the task. Otherwise, E continues with Part II. .
3 N -
- " . '.
LI .
f
| 1
. , <
. I
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Aruitoxt provided by Eic: N " [
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Aruitoxt provided by Eic:

[

1
1. E places 5 white chips§ in a.bag and sets the bag in front of S. .
E:

o

art

)

"Thare are five ukite chips in the bag. I want you to add blask
chipctothebagc'othatifuechookthminthcquddxwm oo i

out, we would be just as likely to get a black chip a8 a vhite.” o ..
E allows S to respond, then aszs: "Why did you do what you did?" o o

2. E next adjusts the number of chips in the bag so there are §
black and 5 white chips. - , .

E continues: “There are now five vhite chips and, five blaock Oo
chips in tha bag. Can you vhange the black chips so that you o
are more likely to get a white than a black, without changing
the whites you have?” E allows S to respond, then asks: “Why
did you dg what you did?” . ‘

! r

o

Mg o U M

Guidelines for Proceeding

S passes the first experience if he adds 5 black chips to the bag and states that because there
are now § chips of each color, the 1ikelihood of drawing either color is the same. S passes the
second egperience if he removes any number of black chips from the bag and states that because
there aré more white chips than black chips, the likelihood of drawing a white chip {s now
greater. If S passés at least one of the éxperiences, E continues with Part [if. If S does
not pass, discontinue the task. .

'3. E continues:

Part II1 )
E places ong #hpty bag before S and one before E.

E: "Here is a bag for you and a bag for me.

will change owr sets in different ways, but we will make it a rule that we alwaye have

one blafk chip and one vhite chip in each set. Do you wndsrstand?”

~ 1
E allows S to respond, then places two separate sets of chips,
one containing 4 whites, the other 4 blacks, on E's bag. E then
places one set of 3 white chips on S's bag.
1. E: "This time I have made a set of four whites and four blacks
on my bag. You are to atart with three whites on your bag.
Don 't change your whites. Nov, using black chips from the
s pile of extras, make a set of black chips so that you are just
as likely to get a black as I an.” 'E allows S to respond,
then asks: 'Why.did you do what you did?"

After S responds, E adjusts S's chips, {f necessary, so that S
has two separate sets of 3 chips each, one white and one black,
on S's bag. E then adjusts E's chips so that E has one set of
4 white chips and one set of 2 black chips. -

2. E continues: "I have changed my set to have four vhites and
two blacks. Your get has three whites and three blacks. Fow,
change your set by adding whites so that you are just as
likely to get a white as I an.” E allows S to respond, then
asks: ‘“Why did you do what you did?" )

E allaws S to respond, then adjusts E's ¢hips $0_that € has
one set of 4 white chips and one set of 2 black chips. E
adjusts S's chips so that S has one set of 4 white chips.

"Nou you havp fou¥ white chips only. Add as few -

black\ohipa' as needed to give you a greater chance than I have

of drawing a black chip, Dot't changs the whites.” E allows

S to respond, then asks: “"Why did you do what you did?;gu
R . I Z
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E allows S to respond. E then retains one set of 4 white chips }\) S R
and another set of 2 black chips, but now adjusts S's chips so OO0 - @ - ¢
that S has one set og 6 white chips and another det of 6 blatk [eXiNe] | co i
. chips. +gs < > 0,0 e @ -

4. When this is done, E continues: "I have left my sat the same.
Your set now has six vhites and siz blacks. Ghange it, without
changing the whites, 8o that you are just as likely as I cm to
draw a black.” E allows 5716 respond, then asks:  “Ezplain

- why you did what you didi"

«

- E allows S to respond. E then retains E's chips as before,
but adjusts S's chips so that S has one set of 6 white chips
and one set of 4 black chips.

5. E continues: "This time I want you to change your set so that
you are more likely than I am to draw a white.~ You can change o
either whites or blacks but not both. Dom't chage any more
ehipa than you need to, and remember the rule that there must
be at least one chip of each color.” E allows S to respond,
then asks: "Why did you do. what you did?" , °

Guidelines for Proceeding . . N - .
¢ } J ’

. S passes the first experience if he makes a separate set”of three black chips and explains that
since each of 5's sets now contain an equal number of chips, the 1ikelihood of drawing from one

L . set is equal to that of drawing from the other.

S's response in the Second experience is passing {f S adds three whites to S's set of whites and
éxplains that since the number of whites s now double the number of blacks in both S's and E's
sets of chips, the 1ikelfihood of/g;awing whites is twice that of drawing blacks for both S and E.~‘

- .

S's response to the third experience {s passing if S makes a set. of three black chips and explains
that since the number of blacks S now has s more than half-of the number of whites S has, the
1ikelfhood of S drawing asblack is more than it is for E (The number of blacks E has {s still
* exactly one-half the number of whites E has). R

S's response to the .fourth experdence is passing 1f S removes three black chips from S's set and

- explains that since the number of blacks S now has is exactly one-half the. number of whites S has,
the 1ikelfhood of drawing a black is the same as it s for E (E's blacks still number exactly one-
half that of E's whites)._ .

$3's response to the fifth experfence is passing {f S changes S's chips so that the number of whites
is at least one more than twice the number of blacks when S has completed the task and zxplains that
since the whites now outnumber the blacks by more than two-to-one, S {s more 1ikely to draw a[white
- \ i : y
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_than E (E's whites still outnumber E's blacks by exactly two-to-one). If S responds incorrectly
. to this last experience, E discontinues the tasks. Otherwise, E leaves E's and S's chips un-
. - - changed and continues with Part IV, i - S .
t T — f

part 1V

E: "You did the last experience by changing wkites (or blacks). Now I would like you to do it

by changing the other color (whites, blacks). Remember, wou are to be mors likely than I anm to

dras a vhite, and you are to change as few chips as necessary to do, this.' allows S to respo
. . then asks: 'Ezplain why you did what you did.” ’

nd,

Guidelines for ngeedi ng .

A passing response is the same as for the last experience #n Part IIl, except that S uses a dif- -

, ferent color. N
Analysis - )
! " I£S §s at the Formal Operational Stage of development, S will estimate probability (or 1ikeTfhood) -
as a relationship between reality (or what is.given) and what is possible relative to the task
presented. Consequently, S can predict the 1ikelihood that an event will occur at some frequency .

relative to®the occurrence of another event by comparing real instances of each, and then projecting
or predicting their relative 1ikelihood .of occurrence in other possible situations. For example, a
student at the Formal Operational Stage, given a real sample of five black poker chips and ten white
chips from a universe of 100 mized white and black poker chips, will predict that if 60 poker chips
are drawn (a possible situation), then on the average, twenty will be black while forty will be
white {an estimate of probability or 1ikelihood):

If S {s at the Concrete Operational Stage of development, S will not be able to estimate probability B
in the absence of a concrete model. For example, a Student at this level, given a real sample of .

five black and ten white poker chips from the same universe of 100 mixed black and white poker chips

mentioned above, might require not only the information that 60 chips will be drawn, but that the 60

chips be drawn in fact, and the black chips coupted before the student will be able to determine the

number of white chips in the sample. RN .

In essence, the concrete operatténal student will revert to a simple additive model, rather than
ustng a combinatorial one. .

This task was adapted by permission from bhe‘research of Read Tuddenh&n.”Professor of Psychology,

University of California, Berkeley, California.’ . .

-
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disjunctive reasoning .

Principle

Solving problems based on factors that are disconnected or detached,
require the ability to recognize the disjunctive aspects and order

them in a way that reveals connections not directly apparent. Most
students attain this ability_by age 13 or 14.

d

Haterials

.- 2 story problems* (described below). - ’

Task
The student (S) is sitting alongside or opposite the experimenter (E).
Procedure ‘

E tells Story I to S,lthen seeks information concerning S's solution

to the problem.raised in the story. S is allowed to take notes if he
wishes and can ask for information to be repeated.

, Story I

T hiked with my brother in the mowntains. When we arrived at a
cabzn, we found that we had forgotten our provisions. We looked
in the cabin and found some remamders of food, but- the food was

" not fresh.
We found a little condensed milk, some soup, and some old preserved
meat. My brother ate the méat and some soup. I ate some soup and

7 the condensed milk. An hour later we were both sick to the stomach.
: One of the three foods made both of us sick. Which could it have
been? Explain your answer. ‘

Checking Procedure

E tells Story II to S, then seeks additional information concerning
S's.explanations. « . l
Story II

Mr. Smith i8 the manager of an apartment house that has three garages
in it. The first garage belongs to Mr. Smith, the segond to Mr. Moss,
and the third to Mr. Williams. There are two keys to each garage. For
the first garage, one key belangs to Mr. Smith and the- other to Mr.
williams. For the second garage, one key belongs to Mr. Moss and the
other to Mr. Williams. For the third gczrage, one key belongs to Mr,
Williams and one to Mr. Smith.

- ' 12
20.




One day it was found that some things were stolen from each of
the garages. The police inspector said that whoever stole the
_ items had keys to all the garages. Who did the polzce ingpectdr
- arrest? Explain your answer.
Analysis ’ f ’
14 . v
Careful 11sten1ng to S's explanations will reveal that the type of
justification given by an”S-who is at the Pre-formal Operational
Stage of development, is limited to simple intuitive and causal
solutions. An S at the Formal Operational Stage will take dis-
junction into consideration.

/ For example, a justification for Story I might be "the milk" or
/ "the meat made them siek because such foods are known to spotil
/ and can cause sicknegs.” Even though a pre-formal S may be capable

of telling who ate what and may retain all the facts perfectly, he
, will seek and give concrete causal solutions and ignore one part
;/ of the information. In this example, the fact that the milk or
*  the meat was eaten by on]y one person was neg]ected

! Similarly, a justification given for Story II might be "Mr. SMmth
because he is| the manager.” In this justification, S focuses upon
the occupationand intuitively feels. that the manager must be the
one who has access to all the garages. The pre-formal S never
realizes that the manager does not have all the keys.

) It is cYear that pre-formal students will not make an attempt to
" * work out solutions to these problems from the text. An intuitive
' or concrete situation in the story will dominate thair explana-
“ tions. Students in trans1t&bn will, often combine or confuse the
causal and formal arguments in the same task.

E may also find that in. Story T the statement "'one of these three
foods made both of ys- gick” is suppressed by pre-formal students
T to either {"ome of" or "hoth of us.” This particular difficulty
. for the student seems to be in the combination or muyltiplication
~ of three hypotheses with the phrase: "both of us." The pre-formal
student's, reasoning cannot encompass all the cond1tfons

WA

o

*Stories are adapted, from: Morf, Albert. Les relations entre la
logique et le langage lors du passage du raisonnement concret au
raisonnement formel. In Apostol, L., B. Mandelbrot, and A. Morf.
Logique, 1a23;ge et theorie de 1'information. Etudes D'epistemol-

-~ ®  ogie Genetf Vol. 3. Paris: Presses Univ.;, 1957, 173-204.
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combinatorial reasoning : - a
~ // -
Principle )
Solving problams that contain a nymber of possible solutions requires, thinking that involves a
complete combinatorial analysis. for example, combinatorial reasoning is necessary in order to
determine a1 'the possible five-card combinations that might be dealt from a standard deck of
' playing cards. Most students attain the ability to do this type of reasoning by age 14 or 15.
Materials . )
A small scneen to keep five toggle switches from view. p
A box made up of five toggle switches and a 1ightbulb. ! )
\-g“TbuW
EN gy pyp/ i ‘ | l
’ .\ts Lo
: h‘n'u-g
» box wiring dfagram
The student (S) s sitting opposite or alongside thé. exéerimenter (E). _
. U
. Procedure . L 4 351';_";/ L '
v M ’\“h
E shows S the box and tel]s S the light can be turned on by some combination of the switches
in on and off positions.
\ .
£ hides all the switches behind a screen and says: "I am moving switchas on and off bshind
this screen g0 g8 not to give you ~’..es comearing how many of these switches, if any, one
needs to move to make the l¥ght go on. L. -
. v,
B Y
After clicking a number of switches, E'szys’ "When I move the last switch, labeled "g", the
light will go on.” E switches "g". andvthe tht goes on. - i .
A\ ]
E again clicks a number of switches behind the screen’, then returns each switch to its off i
position. NOTE: Re sure the number of clicks does not provide a clue. #
E: "Aow I want you to make the light go ot by using ewitches 1, 2, 3, 4, and g as you wish. *
For each tnal decide ahead of time which mtchas you are going to use, and tell me what '
they are.
After S's first trial, E says: "Return the switches you have just tried to the off positiom,
making sure that switch g isrthe first ome turned off." E allows S to proceed with other \
trials but makes sure that before another combination is tried, the 5w1tches are returned )
to the off position by always returning the g switch first. ’ :
—— E keeps track of all the combinatfons ‘that S tries. : \
‘s by .
EPS § N
/ A p .
. /(: R ' i
v 1] / / 3 l
, ; . %
] (\l’
LN ot .
- o —- ! 14 .
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If S does not proceed in_a systematic way or becomes frustrated, discontinue the tas_k.‘, '
. If S 1s successful, E asks a ser!es' of questions: ' i
a. Mimich puitches make the light go on?” ' ' > .

b. "What Will happen if the switches are tumed on in this order:
2, 1, 3,97 1,3,4g,27; 4,1,3,g7; 1,3, ¢g, 47"

c. "What do ewitches 2 and 4 do?" .

d. "Is there any other way you can make ths light go om?" ®
> _ (There are two possible combinations) :

Analysis o . . -
In order to turn on the 1ight, other than by‘ chance," the student must be equipped with a mental
/combinatorial system that enables him to keep.the various permutations of possibilitfes in mind,

The student at Piaget's.IIla levet OF Formal Operational Thought will use a systematic approach -
to testing all possible combinations of the switches but will have some difficulty in answering
the series of questions posed by the experimenter, The IIIb level student will have no trouble
in Raqswering the questions. . . - ’
The prerformal level student will not be able to systematically test all the combinations that
are posstble and will tend to explore possibilities in a partially systematic way or in a
completely trial and error fas_hion. -

7 '; -

" ATternative Task

Pjaget's gchemical substances 1n;erv1ewz 'can be used tq examine the extent of a student's
ability to subject all the variables of a problem to combinatorial analysis. This interview
follows the procedures and questions described above but uses five colorless, odorless 1iquids

in place of the box with switches. The 11quids used are: 1) diluted sulphuric acid; 2) water;
3) oxygendted water; 4) thiosulphate; g) potassium fodide. ~ S\

This alternative task requires the student to produce the color yellow by using some combin- ’
atfonof 12,3, 4,andg. When 1+3+g 6r 1+ 2+ 3+g arecombined, the color
- appears., The water (2) has no effect when added to, 1 + 3 + g, Thiosulphate (4) bleaches
the mixture 1+ 3 +g or 1+2+3+49,

. —_— e s
. ) . o . N .
11nis task was adapted by permission from: Murray, Kenneth R. Chemical genow = an electronic
version. Paper presented at the University of California, Berkeley, 1971,

2the]der. B. and J. Piagét. The growth gf_ logical thinking from childhood to adolescence. New
York: Basic Books, 1358, 108-103. T
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propositional reasoning

"3 »

Principle ' . . .

Solving problems which contai‘n"a finite number of possibilities, each of which might be the solution, o »
. requires thinking that can systematically sort out the total number of' possibilities, then combine ~
the appropriate ones to formulate 2 solution, Most students attain this ability by age 14 or 15.

k]

Materials

2 story Qroblems" (described beiow).

Task
The student (S) is sitting alongside or opposite the experimenter (E).
) Procedure . - ' :
E tells Story I to S, then seeks information concerning S's solution to the proS)em rafsed in' the
story. S <an take notes 1f he-wishes and can ask for information to be repeated.
Story 1 ) y * X o .
Complaints were received at a watch factory becaugse there had been so many watches that had some- -
“thing wrong with them. The omer of the factory sent a man to study what was zbing on. The man
examinad the machinery that was uded to'make the watches and talked to the workers.” He then |
talephoned the amer and said, YT have found that all the watches that vere male in the month of
September are faulty.” g . . . )
Later, the aumer looked at some watches om his desk. He picked up the first watch and said, "This
* one was made in September; it has, therefore, a fault." Could the amar say that or not? Explain
: why. . . . - - .
. 4 P v 4
-The amer, then looked at tigq’"aeéond watch and said, "This was made in July, so I om swre that it .
dossn't have a fault."  Could the owner eay that or not? Explain your answer. )
) " THe owmer next looked at fhe third wdtch, which hé knew had a fault, and said, "This one has a
‘fault, so I know it was rigde in Septerber." Could he say that or not? Ezplain why.
Finaliy he picked wup tha’.fourth wvatch. and said, "I know this one has not a single fault, so it
wag not made during the month of September.” Could he say that or;ot? Explain. °
' . : .o . P P
" " Checking Procedure . P o s

*E tells Story, Il to &, then seeks additional information concernirig S's explanation. .

4w

)
Story II L,

A érma of male students from all over California ere given.a trip to New York City. When they

vere about to leave California, the students. who came from San Francisco decided that they .wauld

each wear a blue tie. While on the trip, two of the students from San Francisco were valking |

along a.New York street and sy another student they knew was from Californid, but Ragy couldn't

gee his tie because he was walking away fmm them. One of ghe atzfdenta asked, "What color do ’ .
you taink his tie i8?" What do you think his f"riend said? Explaih.

Later they saw another student coming toward them wearing a blue tie. His friend asked, "Do you
believe he is from San Prancisco?”, What was the reply? Ezplain. v Y
. . .

¥
%
.
1 “ X

P 1
i

S

| ¢ . L

f *Stories are adapted from: Morf, Albert. Les relations éntre 1a logique et le langage lors du passage

| "~ "du reasonnement concret au raisonnement formel, In-Apostol, L., B. Mandelbrot, and A. Morf. Logique,
langage et theorie de 1'information. Etudes D'epistemplogie Genetigue, Vol. 3. Paris: Presses Univ.,

’

: 1957, 173-204. ,
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" Analysis . . ! .
When the solution to problems involving propositional reasoning is faulty, the relationship betwéen \
given facts is always neglected in part or inverted. Such distortions in t inking are typical of %

the pre-formal operatfonal level student. The distortions affect not only the answer given, but .

also the student's perception of the wording.

In the problem of the defective watches, the phrase "all the watches that
are fa " §s the key to distinguishing forrmal operational thinking from p
phrase is the central part of a system of propositions: (a) made in September, (b) not made in
September, (c) defective, and (d) not defective. Although pre-formal student} will accept the
phrase in fts proper sense, they wil} at the same time convert it to "all theldefective

were made in September.” Thus the fmplication of the phrase §s treated as mutual., Formal opera-
tional Tevel students will not treat the implication as an equivalence.

. -

Essentfally the problem involves two basic propositions about watches along with the negation of
each: (1) efther a particular watch was made in September, or it was not ii.e.! was made in some
other month); and (z? either the watch is defective, or ft is not. The two propositions, or their
negations, can be combined in four possible ways as 1l]ustrated by the fol]qvtng table.

. _Was the vatch made in ‘SeptembefT™
. * '
§ Yes | Xo .

> La‘
. . Yes I\s,'
Is the watch defective? - gt
Bo

The statement of the problem gives some information as tgﬁhhich of the four possibilities acdtually
exfst. When the investigator reports that all watches made in September are defective, it means
that the left-cells of the table can-be filled in 1ike this.

»

Yes Mo
Yes / .+
. 4 . 2
. 'o,. , 0 . ,

7 : ©
Here a + means that theré exist watches about which a particular combination of propositions {s
true. A 0 means that there are no such watches.

Suppose that & watch is found that is not defective. The {nformation given would enable onE to
:gg§lude that this watch was not made in September. Thus another cell can be filled in on the /
dble. : v [
Yes ¥o L .
. : } Yes +
No 0 + .

But suppose another watch fs found that 4is defective. Can one conclude that it was made in *
z:g:gmber? Certainly not. It might be'a watch that ﬁ;long; in the upper right-cell of the

¥

. The moral of the story is that, just because "made in September” implies defective, it does not
automatically follow that defective implies "made in Septembgn.” One has to consider all of
the possibilities.. — —_—
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controlling and manipulating variables '
. ) < 3_

\

Princ igle i ) -
Solving problems that involve the identification and systematic testing of each variable reduires ’
the ability to separate variables by exclusion. For example, factors that influence the rate df
swing of a pendulum are determined by fsolating possible factors and testing them .one at a time
while all others are held constant. Many students and some adults are never able to identify and

{solate the possible relatiorships fnvolved in this and similar problems. Most students attaini
this ability by age 14 - 16..

&

’ Materials ~ . - -

3 feet of thread. : )
1 sturdy yardstick with a small eyelet or U-nail driven in one end.
1 clothespin !

1 paperclip .
e .
1 protractor K
At leact 6 identical washers or fishing-weights.
Jape
Task ’ a . !

v

The student (S) fs.sitting alongside or opposite the experimenter (E).

E attaches the paperclip to }he thread, suspends the thread fro& the yardstick, hangs two weights on
the paperclip, then sets the weights in motion. ,

Establishing the Variables

NOTE: In this problem there are at least four possible variables which can be tested: the length
of thread, the weight, the angle at which it is released, the amount of force imparted when releasdd.

E states: “This is a pendulum and these are a nunber of differen: vetishts whioh oan be attasched
to or removed from the thread.” E demonstrates by removing one weight.

E: "Rotice that the thread can be made shorter or longer.” E demonstrates how to adjust the
length of the thread, then asks S to adjust it so that it §s two-inches long.

E: “Notioce that the paendulum can be released from different positioms.” E demonstrates how to

release the weight us1ng the protractor as a guide,.then allows S to also release it. \\
. e
< E: ‘"Notioe that I oan release the weight with more or lcac force.” E demonstrates, then allows !
S to try. \ .
# A Y ~

ERIC ‘ ,
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Analysis ;

5
I’ ‘ “ ’
¢ - ) 3 *
' ; o 1
Pa i
N '_ , Y. - \\
. kY ’
. \11 o
‘ Ve T
V‘ {) f N
, ,
. i
Procedure -

Efgays: "Ses if you can find out vhat might make the pendulum tJing fa;tcr or slaser.”
S tries something. . ,

£ probes to obtain fnsfght into whether or not S Ts following a systematic plan; "Tell 'me
what you are doing." | . . o -

After S has experimented with the pendulum and made some statement about its operation, €
probes to determine the relationship or lack of relationship betwsen the action of S, his
observations, and inferences: “Tall me why you think that ie s0."’ .
Stnce it s important 07 E to establish the status of such factors as 3¢r1ng length, weight,
release hefght, and release force in S's thipking, E might ask S about the role of any

For example, if S does not mention the possible effect of
"If we make a

factors ‘that S has not mentioned.

di fferent weights, £ might ask:

pendulum gquing faster or slover or the same?”
sitdation and ask S_to make a prediction,

Lum using more (fewer) weights, will the
.might also arrange an untried experimental

& C - -

If S {5 at the Formal Operational Stage of development, he will raveal concern about the possible
{nterrelationships of varfables and therefore will attempt to control as many as possible while
varying only one. If S is not at the Formal Bperational Stage, he might not consider the impor-
tance of controlling variables (e.g., S might explore the effect of ipcreasing the weight of the
pendulum but not consider it important to keep .the length of the thread or the height of the
first swing constant during his experiments). g L

The Formal Operational Stage student will be one who is able to perform controlled experiments
where single variables are isolated in turn to Study their effects. The student will also be
able to report systematically all of the combinations that are possible. *Firthermore, he will
demonstrate his capacity for making hypotheses before he experiments. Instead of being closely
bound to immediate experience, he can suggest "What might happen i?:.." and ‘then-perform the
actions necessary to confirm or disprove his suppositions. e .
If S is at the Concrete Operational Stage of development, he will be able to make accurate
observations, can investigate potential determinates, and might. conclude that weight has an
effect, however, he cannot design a controlled experiment and wil) not' provide a correct
conclusion. .o ‘ ,

1f S is at the Pre-oberationa? Stage, he will try to solve the task in a hlahazard} random !
way. He will not observe accurately, and his conclusions will be unrelated to the evidence.

: . o
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deductive reasoning. | S _
- L 2 Lot e ]
. ‘a
. - o . Ty : e . Yo
Principle N Do . . SR ’ ) . \\
’ Yo ' ' . T L .
R . . . . .
Deductive reasoning moves from the mére géneral to the less general.. A deductive argument or -
) . inference {s one that is logically conclusive (ile.,rits validity or consistency can be terti- ~
. fied by logical considerations alone, usually through- & transitivity of 1mp]1cations). for: N
. example: C e e e T~ St ;- .
. ) AL vouex,; are mortal: ° , ; vt
¢ Y, ! All :quechs are women. | o ‘
- - . Thus alll queens are mqrta.l." = -,
. . " ) ' ’ o . ¢ -
. . The conclusion of a deductive argument is simply an explicit statement of sonething thaﬂ/gsii .
.t implicit fn the premises. Many students (50:60%) attain the first substage level (Illa) of )
this ability by age 15 - 12, Only a few {10-15%) reach the second subs tage (11ib). \\\
Materfals '~ S
* ’ . . ‘ . * -;‘?‘
o Consumable map showigg four fslands: :
‘ < . ”, i . - ) . . . ‘ -
T \\ . e 5.)v " )
. T v T . # X
. . e . ORI IR \' \ )
{
. - . ST N
i ,
’ : SN .
Task . . L .o . .
L] ‘ R " ’;:. N ‘ . . . s K ..
The student (S) fs sitting opposite or alongside the experimenter (E). Y
E places the map on the tb le in front pf“ﬁ and asks $ to examine it for a moment .
Procedure | " Paps . -~ ) )
j . 1 J‘ ) ' o "‘“ v s ) -‘ v » . . \ 1‘ ' - ﬂ _
€ provides information: | ¥Tie {# « map of four islonds in the ocean. The islands are . v
oalled Bean Islana, Bird| Island, Fish'Island, and Snail Island., You may maké notes or “
marks on your map to help you remember the named and-other information. You may ask ’ .
: questions about the infoymation at any time."” : ' ' ‘
y i ¢ )

P

. E continues: "People have been traveling among these islands by boat fpr maty yearss s
, but recently an inter-island ainline atarted in busiresgy, ¢ Listen carefully to the '
cluss I give you abgut the possible airplmte trips. The trips may be .non-stop between .
islands or they may include atops at one or mdre islands on the way. When I say a
trip is possible, it can be madaWin both directions betvedh 'tha islands.” . ’
£ might indicate that the islands are so names because of gheir distinctive shapes.
* E should,be sure S is listening and is ready to hear the clues.

' 20 - Ce
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Virst Clus: Pecple oot go by airplare between Bean and Fish Islands.”.
1 "Seoond Clus: People camot go by airplane betwsen Bird ond Snail Islands.”

E: "ae the two oluss I've given to dnswer
"between Bean and Bird Islands?” :

this question: -Can people go by pla;u‘
After S responds, E asks S to explain his/her answer. . . }
) E:

E: '"Use all three cluss to arewer these questions: 1) Can people go by plane between ' g
#sh and Bird Isiands? 2) Can people go by rlais between Fish and Snail Islands?” .

"third Clua: Pecple oan go by plane between Bean and Bird Islands.”

After each question, E allows S to respond and asks S to éxve a rationale, NOTE: E may
repeat clues as often as requested by S. * . : . ’

. . 3

. - Analysis : U

A student is said to be at the Pre-operational Stage of development if his explanation makes

ng reference to the clues and/or introduces new fnformation,

A pre-operational student might

answer question 2:

"Yes, because there are

tghts” Or "No, because the plane ean rmao out of *
gas and go dom tn the vater,” -
A student is said to be at the Concrete Operational Stagp of development if his explanation
uses the clues to construct a concrete (symbolic) model or models that are then used to make
predictions. A concrete gperational student, using as a reference a model(s) he has drawn,
. might answer question 1: “Can't tell because Bean Island has an airport, but Bird Island
might not have an airport” or question 3: "Wo, Snail Island must be the one with no airport,
80 pecple™from Pish Island can't get there.” , )

»
s

NOTE: The model-based approach, when correct]y used, leads to correct answers; but within _
the framework of concrete operations, the use of the airport model assumes information not =
given in the clues and will not generalize to solve different puzzies with different data.

S

A\

¢ . <
g )
H
e
™ ‘ s
’ a ( . ‘ ¢ :

This task was adapted by permisgion from: Karplus, ETizabeth F. and Rgbert Karplus.  Intellectual

development bey lementary school 1: deductive logic, School Science and Mathematics, 70,
$, 1970, 398-406. ' ( .
- N ] " . . - ‘
N ' N | .
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Rroportlonal reasoning
‘\’!9' * .
ES . \
. . /
Principle ’ .
Proportional reasoning is the comparative relation of one thing to adother in part or whole and
1§ expressed in terms of magnitude, quantity, or degree. FéP™example, ratio can be applied to
solve a problem of comparing two different units of length using two, objects of different
lengths. A student with the ability to operate with ratio, using one-inch units of length to
measure lenqths of one-inch and three-inches respectively, can predict mathematically that {f
it takes two one-half-inch units to equal the shorter length (one-inch), then it will take six
one-half-inch units (three times as many) to equal the longer length. Most students attain
this ability by age 16 - 18. -
L]
ﬁ-L .
’ Matarials
1 chain of #1 Gem paperclips (10 clips leng).
1 chatn of jumbo-sized Gem paperclips (10 clips long). * )
. 5 .
1 worksheet depicting a drawing and statements (See Figure of Mr. Short). '
1 display chart depictiﬁé Mr. Short. b
several straidht pins. .
1 chalkboard or othe? writing surface ‘including writing implement.
1 pencil for student.
. .
. The student (S) 4s sitting opposite or alongside the experimenter (E).
v E gives S the worksheet and chain of jumbo-sized paperclips. s
E has & chain of #1 {regular-size) paperclips. '
- + .
Procedure
é shows S the display chart depicting Mr. Short. '#?v ;%i_; ) )
. €: "This prr;blem ts about Yr. Short, gho 18 just Ifke the man on your paper, and Mx". Tall, who y
is similar-to Mr. Short but larger..I have his picture back at my office so I oan't show h1-’m X
to you. n v , . i
[ N £ -
E displays chart {1lustrating Mr. Short. - -
B T will measure how izh Mp. Short is with my chain of amall paperclips - we'll call thess
olips 'smalliss’.” .. Tl
- E displays the chain of clips. - . ,
E: "e’'ll urits dam the results of the measurements om the board.". c Writes "Mr. Short"'apd
m¢p, Tall” on the board. )
E: "How high is Mr. Short?” - . ) . . .
, E hdngs his paperclip chain from a pin at the top.of Mr. Short's head. § counts the number of
. c1ifs and responds verbally. E writes the number on the chalkboard. . .
1 \ ' . . * - — . 'y
- E:* "when I measured ¥r. Tall in.the same way, I found he was six Fmallies high.” E writles
. the number on the board. ", ’ N .
E Sets down the chart and puts away the small paperciips. These are not uSed again. )
o ' 22 . .
ERIC L 30 | o
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1 E: "ow I would like you to do three things using your worksheet. First, measure Mr. Short
using your big paperalips - we'll oall the olips 'biggiee’.”

After S measures, E says: "Second, I want you to puci'ic’t the height of Mr. Tall if you could
measure him with biggiee. Third I wamit you to éxplain how ydu mads your prediotiom. Ezplain
as best you oan hay you deoided the number of biggiee in your prediotion.”

NOTE: S's questions or requests for more information are to be referred to data on the chalk-

board. The measurements are not repeated after the display chart is put aside, nor is S given

access to the small paperclips. [ tells S that di fferent people answer the questions djffer-

ently, that there {s no one correct way to solve theé problem, that S can measure in his own

:;{. andkthat great accuracy is not important. About 10 - 15 minutes are required to complete
s task.

-

Analysis . N . i

A stuaent is said to be at the Pre-operational Stage of development if his explanation ref’ers.to
estimates, guesses, appearance, or extraneous factors without using the data or if he uses the
|

-

data in an 11logical way. A pre-operational student might answer: "Siz because that ts what I
Jthink £t i4."” .

A student is said to be at the Concrete Operational Stage if his explanation uses proportionality
but {s an estimation of length ratio instead of a tomputatfon of {t from the data. A concrete
operational student might answer: "Siz, I think that 1 biggie equals 1 1/2 smallies, @0 I took

4 diggies and added them up and got 6." ‘

A student is said to be”at the Formal Operatfonal Stage 1f he uses proportfonality and makes clear
how the ratfo is derived from the measurements on the two figures. He may or may not use the word
ratto. A formal operational student might answer: “Siz. The ratio of the smaliiee i8 2:3 (two
to thres) o you figure the big paperolipa would also have the ratio 2:3."

-3 . i

T

~

_NOTE: The fact that the numerical result given by each of the above students {is correct, is not

as important in determining the developmental level as the substance of the student's explanation
6f what he did. : : .
|

. » .Y ' 4

| . : ,
b

;‘ This task was adapted l;y pe;miss{on from: Karplus, Robert and Rita Peterson. Tntellectual development
| beyond elementary school II: ratio, survey. School Science and Mathematics, 70, 9, 1970, 813-820;

Karplus, E. F., R. Karplus, and ¥. Wollman.  Intellectual development beyond elementary school IV:
g::;oi the];r;;luence of cognitive sty’ie%. AESOP, Lawrence Hall of Science, University of California,
eley, . . :

-




DIRELTIONS FOR PREPARING THE WORKSHEET AND DISPLAY CHART .
FOR PROPORTIONAL REASONING TASK .

»

1. Make worksheet copies of the figure and the‘accompanying statements
on the next page. The figure is Mr, Short.  'Be sure your copies of
Mr. Short are exactly the same height as the figure (six chained #1
Gem paperclips high or four chained jumbo-sized Gem paperclips high).
Use a werksheet with' each student interviewed.

2. Copy the figure without the statements. Place the copy on the front
¢ .of a display chart.

.

<




FIGURE ~
Mr. Short

How tall is Mr. Short when measured with big paperclips?

Predict the height of Mr. Tall when measured with big paperclips.

Explain how you figured out your prediction.

Q h y 33
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WORKSHOP A ) . Y P
developing the ability to administer
‘propositional thinking tasks |

Q '\\ -
~ -~
e e

’”he pu%ose of this personal workshop is to guide you in
practicin \the tasks shown in the previous section. After .
finishing th\s workshop, you should be able to administer
the tasks and record, in a variety of ways, the responses -
of students.

~ .1

{ —

Study the Guidelines on the following page then practice administering
any two of the propositional tasks with a friend. Consciously incorpor-
ate ‘'some of|the 1deas from the Guidelines as you practice.

i
Because the résponses of students may ‘be very complex, it might be help-
ful to yse some type of a record keeping system. The two pages following
the Guidelines shoy a few ways in which information can be easily recorded

.in chart Torms.

4'

Use the space below to jot down personal notes about your practice exper-
iences. .

q

28
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GUIDELINES FOR ADMINISTERING PROPOSITIONAL TASKS

Y
b d

The Cagnitive Operations

Propositional tasks involve combinations of cognitive abilities. For
each task it is important that you seek whether or not the student has
the ability to perform the abilities two at a time, three at a time,
and so forth. 16 cognitive abilities, identified by Piaget, are listed
on page Most of these are included within the tasks presented in
the previous section. .

The Clinical Methou

The clinical method is a consistent and powerful assessment tool.
Essentially, it is the careful observation of a student's reaction to
an interaction with some aspects of the physical world such. as the
swing of a pendulum, the ba]ance of a scale, or the motion of an object.

When you use the method, it is important to remember:

a; that the purpose is to determine how a student approaches
or goes about solving a task, rather than whether he¢ "gets
the right answer." . *‘ )
b. to interact with a student, manipulate the materials w1th
him, but let the student's response$. and actions guide the -

discussion. L
: ) 3} Lo :
c. to approach the student where h€ is, obServe what he does
and says, and pote how he responds to' the sitedtion. Do

this independently of any preconcei ved expg tations you
might have concerning how he should act qg;respond.

d. that the method will not arm you wiﬁh a set of predeter- .
mined questions . A

" e, that the results will not produce standardized responses
to «adult guestions. The results will simply indicate
something about each student's interaction with his or
her view of the world.

Use of the clinical method will point.out that there are very few incor-
rect responses when one asks students questions,.for responses usually
are correct in terms of the intellectual framewGik in which they are
given. Once this concept is understood and accepted, the whole

~ approach to educating students.can become more effective.

N
“

29




Directions: Record action and verbal response.

SAMPLE RECORD FORM .
FOR PROBABILISTIC REASONING TASK

- 1
. . j T
Procedure | Student's Actions i Student's Verbal Responses | Comments
black ’ white ' ) ' ’
)
Becavse there are ‘
I] v : Mo ¢ whites {
1 . '
' ) ‘Becs‘ L0 .tj'\ere dre .
Z, A more blacks
% . , .
II] -*-5- Makes the anwr‘\tg Q-\Jeﬂ‘
2 - .
. > o
| . : :
X ! i
s . |
| : | , N
|- S \
f 2 ~ + 3 '
| ' ’ §
9 i T ;
¢ ‘3 ’ ; ' 5 '
: | | 1
R
| 4 ! b .
( : i L
il i H v
s 5 i : ¢ )
' b |
c '
; §
AL I
i b - R
30




SAMPLE RECORD FORM ‘
FOR COMBINATORIAL REASONING TASK,

Directions: Record order of switch turned on

-

Trials | Switches Comments . -~




WORKbEHOP B

assessing the administration of
prop itno‘nal tasks . o

-

\

» The .purpoae of this workshop is to help you assess your
. ability to administer a task using the clinical method.

b

Prepare an audio- or videotape of your administering a propositional
task to a student.

At your leisure, use the form on the next-page to guide an assessment
of your use-of the clinical method. 'You might wish to discuss various
pqints with colleagues. A

B




SELF-ASSESSMENT : USING THE CLINICA& METHOD
] . ‘

Assessment.gonsiderations

Personal Notes

13

a. What aspects of the 1ng§rv1ew
indicated that I was nofi-judg-
mental and accepting of the
student's ideas?

b. What examples in the interview
jndicated that I avoided lead-
ing the student toward an idea
I had?

c. What evidence is there that I
~ let the student's responses
and actions, guide the~discus-
sion? .

d. What evidence indicates that I
approached the student where
he/she was and responded to
the situation independently of
adult expectations of how he/
she should act?

2

e. What evidence indicates I for-
mulated hypotheses concerning
the student's strategies and
tested the hypotheses through
manipulations of the materials?

f. In what ways did I check for
justifications?

3%




to a(student T .

1 4

L] Q ‘ {

. -
» < . , ' N

The purpose of this warks’hop 18 ‘to guzde you in assessing
" the ability of one student. . After doing this workshop,
you . shauld be able to zdentzfy a student’s level of ability.

1 % . _ = i

&

Select. a student in your c]assrégh about whom you want ‘to learn more.
Administer one or more propositional tasks to h fh/her '

At your leisure, study the student s respOnses in. terms of the ana]ysis
given for each propositiona] task you used.”. Keep a record, diary,
profile of the assessmgrit. Decide what kinds of experiences would be

suitable in a learnipng experiénce for this studert.
’ You may wish to auydio- or videotage this experﬁence 50 that /;u can

dijscuss your asséssment with a« coi]eagﬂp
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By admini{tering propositional tasks o
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L‘w < S . ‘ 'wonxsnopl:, R
.acfministerin'g propositional tasks
< . to studerits -at different levels.

o

The pu';'poae of this workshop is to let you compare :
different levels of responses to the same experience. v
v _ After doing thignworkshop, you should be able to o
better zdentzfy the level of abzlzty of dszerent . !
s gtudents. - X

- ' I A

Select one task.and administer it to three different studgpts: one
‘primary., one 1ntenned1ate, and one high school.

At your leisure, compare the students' responses in terms of the
analysis given for the task you selected. ¢

You .may wish to audio- or videotape this experience o) that you can
discuss the 1nfonnat10n with a colleague.

.
.
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WORKSHOP E ‘ - _ A ”_' R
observing' the administrationof - ' C
propositional tasks' - .

.
P ¢ . -
o

The, purpose of. this workahop i8 to proznde addz,twnal
practwe in assessing levels of development and in
andlyaing interviewing procedures. After finishing

this workghop, you should be able to better identify
levels of abilities. ’

N} t

View the videotape on Propqs1t1ona1 Abi]1ties with several other o

teachers. The tape will show students at different levels of

cognitwve development responding to a propositiona] ability task.
y

When you flnish viewing the’ tape. d1scuss the following with your

co]leaguesf ) .

1
L)

< 1. What clues were observed that indicated the stage of
development for each student igterv1ewed?

2. Compare the responses of the- students on this ta,-
na— with responses of those you ‘have 1mferv1ewed (e. g.,‘
' in Se]f-workshop B)

3. Did the interviewer use the clinical method through-
- out each interview? (You might use the guide given
in Self-workshop B to check on the 1nterv1ewer S

. procedures). BN
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solvmg problems mvolvmg
S ' - propositional abilities

I >
The purpose of this workahap is to gwe you an opportumty
to do tasks which involve proposztwnal abilities and to

* Let you eompare your thinking with an analysis of the
logic znvolved After this workshop, you should have an °

_, appre wn for the’ caane:m.ty of the propositional -
abz liti .

.

- . . . > '
.o o 2

.

“

v - .
!

‘Listed below are two problems.. Solution to.these problems requjres
several cognitive operations at the.propositional thinking level.

Try solving one or Sgkh of the-problems. 'Stick to the problem(s)long
enough to give it a good try. “If you have trouble, put it aside for
a whale then return to it and. try again.

If ydu solve the problem(s), 1ist the steps one woyld, go through to -
show another person how to solve it. This procedure will reveal to
you the combinator1a1 aspect of propositional thinking.

If yousdb not solve the problem(s) (they are really tough!), do your
best, then follow the'analysis on the following pages. gee the .
Appendix for additfonal -propositional thinking problems.

l.» The Five Suspects. Five suspects were rounded up in
connection with a murder. Their statements were as ’
. follows:

"C and D are lying.” ) . N )
"A and E are lying." " [\
"B and D are lying.” ’ .

"C and E aré lying." ;
: "A and ‘B are. lying.” , o

e o0 e

=BoOwe

Who is lying?
»

2. The Twelve Coins. Someone gives you twelve coins (e.g., all

'  quarters, all dimes). One coin in the set is counterfeit, the : °
‘other eleven are identical in every characteristic. The counter—
feit coin is different only in the characteristic of weight ~-
"it is either heavier or lighter than the. other coins. '

Using an equal-arm ba.lance scale, determine in three weighings,
which of the twelve coins is counterfeit amd tell whe whether it is
heavier or Iighter than the other coins. ] .

Good luck! . ) .
37 T .
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ANALYSIS OF THE FIVE SUSPECTS PROBLEM

L

, For clarity, the foHomng matrix describes the statements and cla‘lms
1 made byt f1ve suspects. .
’ l/

/s

. [  CLAIM
' S A {B jc |p |E -
. , A A
o B | v 7
v E
v 5 c v/ v o
\" : -~
= D J S ‘
E . | ' ‘

e In the explanation, the following nbtation is used
A : Person A is ,telhng the truth B
K : Person A is lying. "
—~>: Implies. i} : ‘ * . S
Az And. ' . ,
\/: Either one or the other or both. - o -
'€ Equivalent form. ~ - . '
Y&t Therefore. ‘ : Y <

, 0 . ) . - ! } . 'A % ]
'To solve the five suspects problem let us.assume that A is'telling the ~
_ truth and see where this assumption leads. e

H
* )

lg A—>TAD " (@ADSTD) - T Ly

1.0 C—>BVvD- (BVD¢$BD\/BDVBD) .
"'f:;é, ‘ B-—-)A/\E but th'ls contrad'lcts J )u[B], and since B is true, 'z
, . . . then D must also be true to satisfy . .But_if D
. - ¥s true, 'this contradicts .0 which requires D to
~ be the case & our original assumption of< A was wrong.
s < ‘o ’ [ ! Y ’ ‘
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l . Now we can start again using-our new knowledge: ﬁis.;\heucase .

A=CVD  (CVD&CDVTDVCD)
@1 C-BAD S Lo
@ B—AVE but A contradicts . Now T—)E & E must
Q be true.
2.3 E—»AATB and we know A, but' B takes s back to (::)
» So far, so good (u
2.4 D—CVE °C leads us back to @ : -
E leads us back to (2.3).

Since there are no contradictions and all of the posﬁibilities
have been analyzed, the problem is solved:

A*: A is lying. 3 ' Y
B 1. B is lying. . . . )
C: Cis not lying . e is telling the truth) ’
D : D is lying. - . ,
E ‘ E : E is.not lying (i.e., is teHing the truth) ) .
) To check: B - oL

A=>CDV DV CD : co o the case.” S
. 1B~>AE VAE VA : AE {s the case. ‘
. | C—»BD" “which s the case. .

v o D~>CE V CE V CE : CE js.the case. o “
' E—>AB which is the case. o T

PV
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:-+ ANALYSIS OF THE TWELVE COIN PROBLEM. .
: | , N
l , ’ . i
, In the analysis, the following notation is'used: . . - PR
.- gl * ) ) . .
I, 11, 111 = ‘The three 'we‘lgh‘lngs: ‘
‘ 1 through 12 = ‘The twelve coins. : o . )
Land R = \\The sides of the scale on which the
- . ' ‘ . ,_: c01n51are placed (Left and R'Ight)
: ' . 1,r,b .7 .= 'The results of a>gfven wefghing (1 =
v - | left side goes down; r.= right side . -
' ) . a | ' goes downy b =.the .scale balances).
_Meighing I | | -
Place 1, 2, 3, 4 L an _gzég_ '
If Ib (Then the counterfe1t coin 1s either 9, 10 H or 12).
Go to Weighlng Ib II.
If Ir " (Then either 1, 2, 3, 4 is ]1ght or 5, 6 7,8 15 heavy).
4 " Go tor Weighing Ir II. -
If I ‘(Then follow ‘the same steps outlined for Ir above). N
Weighing Ir II ‘ - |
Place 1,2, 5L and 3, 6, 9R. | :
Jdf Ir IIb - (Then either 4 s 1ight or 7 is heavy or 8 is heavy)
) . Go to He*lgh*lng Ir IIb III. X Lo g
o, If Ie IIr (Then either 1 is 1ight or 2 4s Tight or 6 is heavy) §T
Go to Weighing Ir IIr III. . +
If Ir 111 (Then either 5 is heavy or 3 is light). .' =~ '
X Go to We‘ighirig Ir II] III. o

We*lghing Ir 1Ib 11 f : -
| , N .

Place Q, 8Land 9, 10 | v *

b (Then 7 is 14 and it is heayy).

-
v

If Ir IIb IIIb

1 ’ . '
If Ir 1Ib IIlr (Then 4 fs 1i and it is light). x
1f Ir b ILI1 (Then 8 is i and it is heavy)

-
H
:

1 ‘ .
! o
| * L T b o» ’

> EE >




4]1.,
v

weighing‘rr IIr II1. -

Place 1, 6L and 10, T] R.

-

If Ir IIr IIIb

.. If Ir IIr IIr

- If @_.IIr IIT1

Neighingflb IIb III

(Then 2 is. it and 1t is light)
(Then 1 1s it and it is lighté
(Then 6 is it and it is light)

(Then 3 is it and it-is light)
(Not a possible result).
(Then 5 is it and it is heavy).

i (Then 12 is the counterfeit cofin}.

(Then either 11 is heavy or 9 is light or 10 1s light).
Go to Weighing Ib IIr III.

(Then either 11 is 1ight or 9 is heavy or 10 is heavy)
Go to Weighing Ib IIT III. .

" IfIb

Place 12 L and 1 R. : : ] “

-

IIIb

b ___.I
‘1Ib 111

If I
N
If

—
U"‘U"
—

Neighin I Ilr III

{Not a possible result). ;

v (Then 12 is light).

« (Then 12 is heavy). )

, Place‘9; 11 L an

[

I Ib, IIr I1Ib

a1, 2R ' °
(Then 10 is it and it is light).

If Ib IIr IIIr . (Then 9 13 1t and it is Tight). . . -
If Ib IIr II11- (Then 11 is it and it is heavy).
weighigg Ib IIT III . '
8N, . ) ’
Place 9, 11 L and 1, 2 R. : , - v
If Ib-II1 IIIb  (Then 10 fs it and it is heavy). .
If Ib 111 IIIr  (Then 11 #s it and it {s Tight).
If Ib. II1 IIIT (Then 9 is it and it is heavy).

i
s -
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WORKSHOP G

_recognizing propositional abilities in English

-

The purpose of this workshop is to_have you trangfer
some of what yoy have learned to another field - English.
After the workshop, you should be able to -use Yyour
assessment gkilla more broddly.

»

Being able to read between the lines and to comprehend. higher levels of

meaning beyond the printed words are indicators of an-advanced level of
thought. g

The fb]]owing is a 1isting of severa¥ literary sayings tﬁat'a teacher -
might give to students and ask them to explain what- 2ach saying means.

‘.

- Below each saying is a possible statement-givén.by a student. After

you Pead them, decide whether or not the student's statement is at the

Formal Operational Stage of development. Discuss your analysis with
UCCTPP staff members. '

1. KI;fES RISE HIGHEST AGAINST THE WIND - NOT WITH IT.

t this really means to me is that it °'. !
flies in the sky with the wind behind it. . - .

2. IT OFTEN SHOWS A FINé COMMAND OF LANGUAGE TO SAY NOTHING.

This means you talk-‘too much. ) ' o

3. IF THERE IS NO WIND .~ ROW!

Onee upon a time there was a man, and the man had a sailboat.
One day the man thought to ‘himself and said, "What a beautiful
day for sailing.” So he went and got his gear and went sail-
ing. So here he was going along just fine wntil the wind
stopped blowing, and he said to himself, "If there is no wind -
row!" So he rowed.back to his home and lived happily ever
after. b

4

4. CLOUDS - THE ONLY BIRDS THAT NEVER SLEEP. .

\ . , ' .
Zhey are like birds in the sky, flying. They give you @ater
and take it away. Sometimes they:are. black and sometimes
white. . : ’

14

5. A FR%ND IS A PRESENT YOU GIVE YOURSELF.

This means a lot to me. It reminds me of Bomnie. I like
Bonnie a lot. And it maans that it isn't a birthday ¢

present. It's a present of love and happiness. .
S0 4, . N

. -




} N WORKSHOP H

reading about propositional abilities .

OIS
[}

The purpose of this personal:workshop is to provide

for your study, a research topic that 18 related to -
> the subject of thig book. '

a At your leisure, read the following chapter f?om-one of Inhelder and
iaget's books (The Growth of Logical Thinking From'Childhcod to
olescence. Basic Books Inc., New York, 1958). The chapter will

to your understanding of propositional abilities. ‘

Ea

. ' :
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REVIEW OF SOME RESEARCH ON

PROPOSITIONAL ABILITIES, 3
.- N t l' 4 ‘.- . N A ‘r
Prolog ‘
A ' Propositional abilities constitute the basis for the most mature or |

advanced level of cdgnitive deve]opment. This level described‘by Piaget
as the Formal Operational Stage of cognitive deve]opment, generally

- ¢ deve]ops throughout’adoiesence S

As the abilities develop; thinking begins to deal with statements
" or ideas about'ra; data; rather than with‘the,raw data. itself. The
student might first use concrete operations of an earlier level of

deve]opment to organize rea]ity into c]asses or to, order it in Some - Way

e o8

but he proceeds to generate propositons that use the organizations and
to operate on. the propositions via such abilities ‘as conjunction dis- |

Junction implication, negation compensation and equiva]ence Because .

it employs operationsaupon operations and the resultant statements about

4

' ‘ statements; propositiona} thinking s considered to be second-Tevel
thinking (Flavel 1953) “. d R B

To. exp]ain his notions of this stage - of thinking, Piaget has de-
ve]oped two models that when combined constitute an intégrated cogni- X T

© tive structure The firsf is'a generai mode] that sets forth the possib]e

'propositional abilities that under]y this level of thinking .The second o

Nl

. is a specific model that descrihes the cognitive operations derived from e
.+ .. the abilities. . . : R

. ., o 2 v .
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" a.' «The General Model . S . (‘~—;-_~ . ' ' o -
' ' ' 'Theoreticaily, in approach&ng a probiem,'a student at the Formatl
. Operational Stage of development can scan the realm of the possihie, ’
begin to test the vaiidity of the possibiiities empirically, and can
reach some conclusions about the : VR fging davk Crected bobolink..
- results. The folloring analysis @ % é&—?
_of a problem in which multiple
variables must be considered '
" will show the abilities that ~ .~ °
"underly the structure of this
genera1 model ‘

Suppose the so]ution of a probiem required isolating the variabies
5. - that cause a pendu]um to swing ragidly Considering only the variables
of (1) the weight attached to thé pendulum {w = heavy; w = light) and
(2) the length of the penduium (1= long, Ta short), the following
. four eombinations of variables are possibie

o~

-

Jwen . e @ ’

; -i', i - ' heayy and long e ) light and Tong
C e T : (-

heavy and. short . - o 1ight and short.

-
.

' The student at the Formal Operational Stage can recognize these
“p ssibie combinations before experimentation and can ase them in
.“ eherating propositions. The pre-formai level student becomes aware of

o he pos51b1e combinations only by ‘manipulating the materia]s. ~ There
are 16 binary_propositions that can be derived from the aboye four
. /. ombinations of variabies. The propositions are the possible outcomes

of the experiment _-They-are derived by taking each possibility aione,
then by taking ‘the combinations of”two possibiiities, then taking
combinations of three possibiiities and finaiiy by taking all four - .° -
, possibi]ities together (Inhelder and Piaget 1958, p 277) Ty

r“r.- . 54 M 63
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¢ THE 16 BINARY LPROPOSITIONS”

> - . - w

Four Possible Combinations Of

Pendulum Experiment : Two Varfables In An Experiment
. 1 2 3 4
weight and length variables wl wT wl w7
. ‘. K2

AM1 Ways In Which Outcomes

- | Type Of Proposition 0f The Combimations Of Two*
. - ¢ . VYariables Can Be Observed
1. Conjunction _..l —

wel
2. Non-implication (1+>w) —_— )'
3. Non-implication {w-+>1) S

fl
-

4, Conjunctive Hegation e — — W T
5 Independence of w to 1 ’ .7 wlowl ——— —
6. Independence of 1 to w wlyp — w1l — .
.| 7. Equivalence (w=1) ) wly — — wT¥
e _ 8. Reciprocal Exclusfon — wTowl —
' 9. Inverse of Independence of 1 tow -— wTyp— wT.
- 10. Inverse df Independence of w to 1 —_ — WlowT,
11. Disjunction’ e wlowTowl —
12. Converse Implication (w 1) wlowTy— wT )
13. Implication (w2 1) wly— ‘wlowT ’
’ 14, Incompatibility , — wivwlovwT
15. Tautology - wlowlowlowT

16. Negation wlo v’voT v WY v wT-

%41 -workshop H provides additional information about these proposftions,

- . .
. .
-

Although the propositions in the example wight ‘never be made, ,

explicit by the student at the Formal Operationa1.Stage, it is
clear that as he carries out an experiment such propositions
guide his experimentation. Generally the student will begin with
an hypothesis, devise several experiments to test the hypothesis,
experiment systematically holding all the varfables constant ex- ‘
cept one so that the importance of each variable can be eva1uated,
use information gained to frame new hypotheses, and u1t1mate1y
‘draw a conclusion based on ‘all the experimenta1 data.

-9




The Specific Model’

Theofetica]]x;;he?e are four cognitive operations that Formal
Operational ﬁtage students can use when dealing with information.
In describing the;e operﬁtions, the following notation is used:

-2 = implies; v = and/or. —

-

(AvB 235)
(Faé;TRFEFQ

¥

Lo, . . . .
1. Identity Nperation. ' This operation is

a null operation that changes nothing.
The jdentify‘operation of "if z, then |

«y"is "f x, then y." Thus I (x> y)
= (xz2y). ~ o

r

2. Negation (Inversion) Operation. This operatiof negates all

. aspects of a proposition. Suppose a student has already
d¥scovered a series of facts about a problem involving

. inertia — that a freely rolling train stops because of

! friction,. air_ resistance, or. other yariab%es. This, trans-

lated into logical notation isb>fyrovn or VIf the

fraiq stops, ;hen there 18 friection, .. ”

air resistance, or other variable

operatiné.” The negation of this
proposition is. ;;?' urvgob or ol
"If there i8 no fbiction, T arr | -
" registance, or any othef
vartable operating, then
there will be no 8£opping
* .of the train.” This states NG
A the'pqinc%p]e of inertig, which cannot be observed in any
concrete form but which can Be dgrivéd by negating the
jnitial proposition. Thus, through-the negation operation
all conjunctive prbpesitiqns can become™djsjunctive pr&po-
sitions and all assertions can become negati

\
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.tional Stage of>cognitive development. The final

3. Compensation {Reciprocity) Operation: cThis fﬁg;i?
" operation generates the reciprocal of g . >
proposition. 'Suppose the variables in the

. initial proposition were weight and length,
then the proposition w - 1 (heavy and long) s
: can be transformed to the reciprocal w-T’
(1ight and short). The reciproca]'operation ’ 4?

, does ngt change conjunctive or disjunctive
[

. propositions. . _ EL

4, Correlaéioh Operation. The correlation operation a]*ers con-

junctive and disjunctive propositions. In a problem about the
flexibility of a series-of rods, the following disjunétive
. proposition might be drawn: . “If‘bending occurs, thenxgither‘

length or the matdrial or both are causing the bending"  or
b;’BI v m. The cBrZ
These two models (The General Model and The
Specific Yodel) form the core of Piaget's theon}_
about the nature of thought at the Formal Opera-

equilibrated state is based on a completely
integrated structure of propositionai aailities
comb¥ned with a completely integrated se} of the .
four operatfons. R '

57 _ ' 68
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. Researchers have carried out fewer studies on the propositiona]

_ abilities and operations re]ated to the. Formal Operational Stage of ‘

A, deve]opment "than they have on the abilities and operations related to ’ 3
other stages described by Piaget Research deaiing with thinking has
increased tremendous]y in the past few decades; however. the efforts
have been primarily directed toward the preschoo] and elementary ieveis.

' “And -although there is a large number of works on the affective and .

-

social 1ife of the ado]escent, there is Iittle available on the adoles- \

cent's thinking. b : -

a. Replication Studies ‘ R

o ‘ Carpenter'(IQSS), Lovell and Ogilivie (1960); and Elkind
(1961) were among the earlfest researchers to replicate systemit-
ically Piaget's work on Forma] Operational Stage thinking. They -
found evidence that supported the sequencing of stages and sub-
stages proposed by Piaget.

In England, Lovell (1961) repeated ten of the fifteen tasks

' originally described by Inhelder and Piaget (1958). 200 subjects,
aged 8 to 32, were°individua11y interviewed. The ten tasks wsed .
were: flexibiiity of rods, oscillation of the pendulum, falling
bodies on an inclined plane, effects of invisible magnetization,
combinations of coldrless chemical substances,.conservation of .
motion on a horizonta] p]ane equilibrium in the hydrau]ic press,
equi]ibrium in the ba]ance projection of shadows, and correla-
. ‘tions. Although the Eng]ish subjects. found the tasks more dif-

ficult than Piaget s Swiss subJects found them, Lovell's conglus-




e . » S .E

fons cenfirmed the sequence that P1aget observed in the development
of ‘propositional abilities. Lovell also found that many college
“students did not perform at the Formal Operational Stage.,. o

/)f"~\ ) Noelting (1961) conducted a longltudlnal study using the same -
Cf ‘ students and tasks used by Inhelder and Piaget. His findings ‘cor~
roborated the earlier findings. In addition he theorized that the
'structures'of,thought and those of mathematics were homo]ogous.

i
.

»

3

- ' The works of Hotyat (1961) and Lee (1968) also confirmed
n Piaget's sequential developmental pattern. Huttenlocher (l964)
compared the thinking of adolescents with that of younger students
and found, as Piaget did, qualitative differences ‘between them.

Jackson (1965) 1nvest1gatedﬁstudents of averdge 1Q-(90-110) on
a variety of propositional ability tasks: oscillation of the .
pendulum, falling bodies on an*inclined plané, conservation of
motion on a horizontal plane, equilibrium in_the balance, commun- ,
icating vessels, and the-law of floating bodies. His students &;_
.ranged from 5 to'15 years of age. Half of the students (n = 24)
' _ at age 15 was found to be still at the pre-fonmal level of deveil-
‘ ’ opment Although the’ other ‘half was. found to be at the Formal
Operational Stage, only 5 of the students had reached the most
equilibrated substage (IIIb) :

-

Lovell (1968) conducted a study of gifted students in England , j

- to see 1f ‘they achieved the Formal Operational Stage earlier than

'students of average IQ. His SubJects, all with IQ's above 140, '
ranged 1n age® from 8 to 11.5 years. The three tasks used were:

osciilation of the pendulum, equilibrium in the'balance, and

combinations of colorless chemical substances. On these tasks,
15 of the 140 students were found to be at the Formal Operational

Stage.  Of these, 11 were only at the earliest substage (IIla).

Lovell concluded that gifted students do not acqu1re fonnal level
g abilities until at least age 12.
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. Kedsey- (1970) used five of the tasks with-females who were \ T
o ", cpllege age and beyond. The five tasks selected were: f]ex1b111ty( o }

of rods, osci]]at1on ‘of the pendu1um, fa111ng bod1es on an_ 1nc11-'
‘ned p]ane, combwnat10ns of colorless chemical sqbstancesa and qu1-
* librium in the ba]ance She found that attainment of the highest
e substage of - fonna] operat1ons was rare. College coeds and older '
women showed some structural character1st1cs of probosit1ona1
abilities, but these characteristics ~were not stable The
subjects in this study found the tasks-more diff1cu1t to perfonn . ,"

h " than did the subjects observed by Inhe]der and Piaget.

L

McK1nnon and Renner (1971) presented five tasks to co]]ege
freshmen: f1exib111ty of rods, oscillation of the pendulum, con-’
servation of quantity, angles of imcidence and réflection, and the ‘ ;
relationship of weight and volume of f]oating and sinking objects. ’ ‘
The researchefs found that only the COnservation of quantity task
was successfu11y performed by mgre than 50% of the freshmen

\]

Lepge]l and Buell (1972) used the

pendulum task and developed a hierarchy - HIERARCHY

of levels that students follow as they
solve the problem. The researchers " Quantification
c1aimedsthat the steps paralleled’'Piaget’s Verification
developmenta1 'stages. Although the Tentative Conclusions
Identification Of Factors level corres- With Exclusion
’ - ponded to Ehe ear11est stage, it was ' Identification of
beTieved that the Quantification level Dependent Variables )
' I )
- . was more advanced than the IIIb saébstage. Identification Of ‘
. ) In the study, students moved progreesive- Independent Jariab I ’
) 1y ‘along the hierarchy: from grade 7 to Ldentification 6} )
e - grade 12 (80% reached substage ITIb by , Factors
. .. ° grade 12)., . - - :

. ‘
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b. bther Studies

. Several investigators have dESigned their own tasks‘tov
examine the ‘Formal Operational Stage of developmént -

Morf (l957)‘!eveloped a-series of brief stories, each pos1ng
a problem that. required advanced reasoning for its solution. His
procedures included sets of questions and the review of a1l details
of a story until it was completely understood by the student. The
- most difficult stories were solved by only a few students at 15
years of age. °

Case and Collinson (1962) asked ‘students questions concern-‘
ing selected passages from history, geography, and literature
They then categorized the responses as to the use of intuitive,
concrete, or formal operational thought. They reported that
"between 13 and 15 years of age there is a considerable increase
in incidence of formal thought, with a correspondzng decrease ik,
concrete and intuitive level answers” (p. 107).

Yudin and Kates (1963) investigated adolescents' attainment
of concepts. They found that. at age 14 - 16, there were fewer
perceptual errors and significantly more consistent and integrated
strategies than at age 12. The finding$ were interpreted as being
consistent with Pigget s-assertion that formal thought begins at
about age 12 and that the prop951tional abilities are generally
well developed by ages l4 - 16.

Using a sample of students whose IQ's ranged from 80 to 130,
Yudin (1966) reaffirmed his previous conclusions He reasserted
the constancy of Piaget's developmental sequence but pointed out
variation in the rate at which the stages develop. For example,

" students’in the lowest 1Q range did, not begin to employ proposi-

tional abilities until the ages of 1 16, but they' did show ~

significant gains during these two years. ‘ .o,
' V4 .

s




" other tasks to check on Inhelder and Piaget's conclusions. Among

class of wearing apparel) and the finding of second order rela— ..

" reasoning because it clearly requires second-level re]ationships.

. LA
Lunzer (1965) analyzed Inhelder and Piaget's original tasks
and classified them into two sets. One set required considering N
one variable while holding all others constant; the other set :
required an understanding of proportionality. He then constructed

the tasks were verbal and rumerical analogies. For exampie, a-
multiple choice statement required the student to finish.the
phrase "leather is to shoe as wool ie to ..." .wi th- the word :
"eardigan.” To Lunzer, such an analogy depends upon the abstrac-
_tion of several relationships (Leather and wool might be united ..
in the class of raw materials; shoe and cardigan might be 1; the

-~ ” ¥

tionships or conceptual intersections between the first two
concepfs and the last two. After testing 153 English studentg
between 9 and 17 .years of age, he concluded that both verbal_and
numerical analogies require the application of formal reasoning
and that formal reasoning is qualitatively distinct from concrete

< -

Gyr' and Fleisher (1967) devised an apparatus which helped them : -
examine college students' ability‘to solve a problem. Their data
clearly distinquished Ic;els similar .to Piaget's stages. They f0und’
that 84% of the sample preferred to solve the problem at a éoncrete, ‘
pre-formal level-and only 14% solved it uéing Formal Operational
Level thought; however, when students were asked to solve theuprdﬁ;
lem in as few trials as possible, 50% exhibited Formal Operational
Level thinking.

!

In his work on adolescent fhinking, Peel (1960) found that
even _capable students were likely to use concrete and less abstract
methods because they required less cognitive effort.

' Kessen (1960) indicates that, although the student mayqﬂave

0 . , ‘ -~

,/ .
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the capacity to use'prbpositionai‘abilities he és not compelled .
to do so. He may revert to any of the earlier- levels of abilities,
" for earlier levels, are not eradicated but instead are integrgted

into later stages, o . L |

Wason’ (1968) devised 3 task whf"h involyed the fo]lowing con-
d**iona'l statement "If there is8 a D on one side of anu aard then
there is a three (3) on the ,Other.” When represented in 1ogica1
terms (d .>t), the following statements are possible: (d - t),
(d-t), (d-%T), (d-t). .Only the third possibility is logically  *
false given that (d>t). The-subjects, all universfty students, ,
were then 'asked to prove whether the statement was true or false
for a set of cards provided by thé experimenter. Since this task

p involves a statement of the forth "if d, then t," the so]ution
requires selection of variables ‘and combinatorial’ reasoning Waspn
found that the students performed far below the level expected.
Students genera]ly were not able to isolate variab]es and-subject
them to combinatorial reasoning Wason further raised the question.

J'CouZd it .then be that the atate of formal operatwne 18 not. .
compZeteZy achi, eved ul ariolew.o wce, eden amang -Lntelltgent‘ indi- )

& viduals?” K : i o e L ' "

4

i°

- Stone and Ausubel (1969) attempted to determine if the
transition from the concrete to the fonnal stage occurs simu]tan-
. eously in all content. areas. To find outyvthey asked students to.
' read three difficult 1earning passages and to answer mu]tLple
choice questions Tenth grade students performed at’ significantly
higher levels than.did 7tp grade. students with comparable IQ's.
- " The researchers. conc]uded that funﬂa} tnought in any subJect is
not possibie unti) sufficient concrete backgroundnexperience has

been attained in each content area.
° b
Bart (1970) presented a set of tasks de51gned to be adminis-
" tered to groups of ado]escents "The tasks involved readings and

. »
’ P .. * '/.
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questionnaires covering three subject matter areas — biology,
istory, and ljiterature. He _adminigtered the group tasks to
‘/students who were 13, 16, and 13 years of age and supplemented
this' by administering four of the'Piagetian formal operational ‘
tasks to each student individually..The correlation coefficients
/ between the P1aget1an tasks and each of the subJect area
questlonnaires were 'moderate” according to Bart. He described
/ his work as ’bomewhat eucceeefuZ" and stated that no valid group
| testing tool for the  Formal 0peratlona§ Stage was in existance
) ~ f at that time. ’

-

-

.

: . Buell and Bradley (l972) presented frigh school chemistry

" students with a graph of solubilities and requested that, they
"// - interpret the graph and ,tell how they neached their conclusions.
’ The researchers appl1ed the 16 binary propositions in analyzing
responses’ and found 4% of the students to be at theesonerete
stage and l4% at the formal stage. The remainqer were in-trans-
ition. Following two weeks of instructioy.on solubilities, the
researchers found 1ittle change in the percentages Students
could perform less complex binary operafions (e“g , conjunction,.*
- . rec1proc1ty) hut not the more complex ones (e.g., implication,

tautology) . _ - | . C )

-

L)

Lynch (1973) developed a technigue for determining levels
e of large groups of indiViduals The group-administered technique
‘ obtained more information in a shorter period of time than the
usual individually-administered tasks. Lynch found that the ‘
techn1que, a film and questionnaire was eQuivalent to_Piaget's
pendulum task. . ' z

E3

.
-

~

Karplus and various collaborators (1970 1970, 1972, 1973) .
developed and tested tasks dealing with deductive reasoning and .
proportional reasoning. The deductive reasoning task required
a kind-of thinking primarily concerned with the logical, coherence

e e e~ a
.
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of a group of propos1tions ——-inferences were to be drawn on]y
““after having made an hypothesis as regards the truth of a propo-
sition in question, given that another set of propositions (clues)

.+ Were true The ability to do this type of reasoning was present
..in only ]0% of a large sample of teachers of science (n = 152), a

¢ sample composed entirely of persons who teach the principles em-
bodied in many of Inhelder and Piaget's formal reasoning tasks
The-proportional reasoning.task 1nvo]veq direct proportions and )
revealed that consistent and correct use of this ability 4s not
yet attained by the majorit above average 15 year oid students.

having attained levels of at allow sen51tivity to f

form regardless of content, it -must be co‘ciude‘;frgg_thef’tudents

lack of consistency on a variety of tasks that they were "°t~§§

the Formal Operational Stage. - In fact, these ‘researchers have tpeb
impression that a stage of formal reasoning, as characterized by
Piaget, may not exist.. Their longitudinal research indicates that
students' responses improve with age, but that there 'is-no evi-

dence for the existence of an’ 1nvar1ant sequence of response
» J& ‘h

s

categories.

L4

1

' c. Teaching Studies

e

»

Aebli ( 1951) dQVised an experiment to test the idea that if
teaching imitated the operationa] nature of éhought learning would
take place. Students were taught a sequence}of lessons on the
perimeter and area of a rectang]e by operationa] or by non-opera-

- tional ‘methods. Students experiencing the operational method ex-’
plored and experimented w1th physical materials and progressed to’
discussion and .exposition of ideas NOTE:" Aebli was not promoting
simple activity,. but act1v1ty that was mobile and reversib]e and
reproduced the operational nature of sthe concept. It was -
found that operational teaching produced more learning than non-

L

-~
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a3 students.

-~ delayed post- test

operational teaching for average and be]ow-average students.

Lovell (1961) attempted to ascertain the effecz of irstruction’
on the level of thinking. His Mesults indicated thét know]edge )
gained by 1nstructidn prior to th eve]opment of the dppropriateq
1eVe1 of thinking ejther. disappears or, 1f“it remapns, does so as -

.rote know]edge.

Boyer (1969) ach1eved success when he used symbols of 1ogic

with abstruse log1caT statemehts to’deuelop 1ogica1 thxnking in

-

~ 3

Keasey (1970) found that her training pnocedure was very

‘effective 1n changing problem solving behaviar between pretest

and the 1mmed1ate post -test, but that there were no gains on a

McKenzie (1972) was successful when he attempted to develop
logical th1nk1ng in social studies by giving quizzes that requ1red

inferential thinking. e / - .

"Marek and Renner (1972) used some of
tasks in a statewide 1nvest1gat1on of thinking ab111t1es of 588 ’ .
seventh through twelfth- grade students n klahoma schools. They
found that the capab1]1ty to' think at the Prma] level 1mproves

[nheﬂder and P1aget s

-through the. grades ‘They also found that (Oklahoma's current science

program in bfology, which requires the stujent to separate variables,
see implications, use the principle of exclusion, and reason with the
”zf oo then-. S therefbre ... " construct, |was appropriate for only
27% of the students enrolled in the program. They recommended that:
teacfiers must better select the curriculumon the basis of the

students' learning characteristics. S AR
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A]xhough.P1aget 3 work suggests that ‘the student moves from the

Concrete Staqe to the . Forma] Stage in the per1od between the ages of,

1 and 16 ‘other research suggests that 'the 1eve1 may not be reached‘

until co]lege aqe, and even then it may never become the preferred

»

-

wmode of cognitive operation for some 1nd1v1duals. In sp1te of the

’ differences 1n ages at wh1ch the stage and substages appear the

sequence or order of appearance of the abilities seems to have been

l . ‘

well corroborated. . . .

¥
- . . l .

Research has not shown clearly whether the Formal Stage'can be

o v

e aecelerated by . 1nstruct1on. 'Ihere is a general indication, however,

QT that the selection of what i€ to be taught should be bétter matched

to the student s level of development.

- "

- We need ‘to learn much more about ado]escent th1nk1ng.

-
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Motivation, interest, and persistence often contribute somewhat to

the attainment of solutions to propositional problems such as those given ’

in WOrkshop F. e .

The following are exambples .of various types of prob] ems related to
propositional abilities. If you T1ike thinking through péssibilities or
combining deduction with analysis, and if you enjoy tasks which require
persistence you and your students might try the following problems.

Although no solutions or analyses are provided for Qhe problems,
some references to solutions are given, and staff members will gladly .
disciss with you whatever you work out.

- i
! . ’
i

~

Probabilistic Reasoning Probleins

Flipping Coins

' Find the probability of three pennies falling all heads

s vhen tossed simultaneously. - 3
A . . . Pl ' . : T
* Rolling Dice .
- ~ ’ H

‘Find the probability of a 5 turning up in one ‘toss of a
pair of dice. ) ) i

- 1] 4 °

_ Combinatorial Reasdning Problems _ '

-* Choosing Sockp ) " ‘ ]

S -™

[N

4

‘ A draver contains two red socks, two green socks, and two
. blue socks. What is the least number of socks you can

take from the drawer, wi your eyes closed, and be sure

you have a pair that’ matches?

r L4

Making Changel . ) - :

- ) A

In ‘how many different weys can & dolla.r be cha.nged with .
. an - unlimited supply of halves, quarters, dimes, nickéls,
and pennles’?

W ' 73
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Making,A Magic Square2

- Hoy can nine digits (1 2, 3, 4, 5 6, N
T, 8, 9) be placed in a square array
Yo form eight intersecting sets of

-

. ‘three digits (rows, columns, and main - - —t , .
diagonals), each suming to the same :
ansver? i .

Pfinﬁing Iicense Plates

. - v oea
s

i“ How many different license plates can be made if a letter of
" the alphabet is followed by a three-digit number on gach?

\
4 €

\

Propos1i ti onal. Beasoning-Problems o,

e

In the mountains there is a path where it is forbidden to pass
when it is night and when you do not have a lantern. You can
pass during the night when you have a lantern or without a lan-
tern when it is daytime. May each of the following‘people pass-
or'.not pass along the path: 1) A tourist who arrives at night
‘with a lantern? 2) A person who comes during the night and
. does not have a lantern? 3) Someone who has a lantern but it
cL "is daytime? 4) A tourist who comes during the day and has no
lantern? |

Identifying The Beadsh

>
L3

A king possqssed a coffer filled wibh large and small ads of
many different colors. In the interior of the coffer he placed
a small golden box which contained the most precious “of\his
beads and which were also of many different colors and dizes'.
One day he let his friend look at his beads and pick them up.
Since he trusted his friend, he left him alone: But something
unfortunate occurred. . The friend let the golden box fall into
the coffer,and the most precious beads fell among the others.
: It became no longer possible to distinguish them. The friend _
» called the king's treasurer because he was afratd to tell the
’ " king what had Happened. He asked the treasurer for a counsel.
But the treasurer did not want to explain how the beads had
been arranged and only said to him, "The pink beads which were
in the:box were not little. There were also some small ones,
but they were not pink." The friend tried to manage with that
information. He first took a large pink bead and asked himself

»
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if it could have fa.llen from the box. He did thé same yith a L.
A . small white bead, then e small pink bead, and finally a“bead
‘ " vhich was neither large nor pink. What did the friend decide . ..
. |« g for each of 'these beads? . - S . . o

g . . ‘ [ )
] >0 2

Controﬂing and Maninulating Variables ProbIems

o T Identit‘yiqg Combinations of Variabless .

» * 4

A hamster As timed to see how fast he can find his wa.y through
o a maze. At the start of the experiment, the first thing the -
' ‘ animal must do is pass through either a blue door-or a green'
door. When it has done this, it must pass-through a door * .
. marked A, a door marked B,.or-a der marked C. Finally,:dt.” -~
- ’ must go through. either a door numbered-4 or one numbéredr 5.,
foee . Once the hamster passes through.any door, it cannot:go ba.ck
o again. Identify all the different three-door paths that the
hamster can take to get through-the maze (Bemember that ‘each
pa.th has & colored door, a lettered door a.nd 8 numbered door)

’ ! - ’ ' 4 "" ) \:: i ‘” . .« . . ) .
: Controlling Varia.bles6 R ’ o C
An’ agricultural reSea.rcb‘er is pla.nning to test three -poisons" _:' St
labeled 40k, 606, and 707 on two insect peésts that are iden- . - | -

-

- tified as type & and type B. If he can use each poison by *Cf.

itself and mix.them together'in any way, wpite th,e ‘experiments -
that must be made to test‘ every poison a.nd ‘goison combina.tdon
- on each pest. ot . - . ) SN
¢ ke ’ . ’ . N e . HE T W ! ‘ *
- L. Deductive Reasoning Problems - S R o :
' - The 'I‘z‘za.inmen7 7 L L g s . t

P L ‘ PR

. Smlth Jones, and Robinson‘ are the engineer, brakeman, and fire~ ., °~ .

‘ ’ man on a train, but not necedsarily in that order. Riding the
train are three passengers with the game three siirnaemes, to be
{.identified in the following premises by a "Mr " before their
names., .

1. Mr. Robinson lives in Los Angeles.

v

] - . 2. The brakemen lives in Omaha.'. T

3. Mr. Jones long ago forgot all the .algebra he s
lee.rned in high gchool. Lo - . )

N ‘

L. Smith beat the fireman' wnt billia.rds~. .

' - -
. . . .

-2
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5. The passenger.whose name is the same aﬁ the.brukeman's
s ‘lives in Chicago. . ’ ’

6 The brakeman and one of the paasengerz& a distinguished ot
‘ <0, uuwhematical physicist gttend the same church. oo )

' Wﬁo is the engineer? I cell 'K-

» A J “ E ) ' e,

; s, . ) - / . ) . ;,‘. >
8 % . . . .

The Homeowners .

ﬁse the following facts to solve £his problem. - : y
,.; ] " 1. There are five- houses, each of a different coIor,endi h ‘ .
Poell inhabited By men of different nntionalities \ﬂéfh j p ,0'- ,
S '\ different pets drinks, -and cigarettes. R )
" 2. The Englistman lives in the red house, o S e
A 3. The Spaniard owns the dog. L ) : P
‘ b Coffee is drunk in ‘the green house. — .
. X . . . L e . -
- S The Ukrainian drinks tea. ) ~,‘ ’ : S
.o 6. The green houge is immediately~to the right (your .
. .  Tight) of the ivory house. - , S
. -1, The 014 Gold smoker"owns snails.' i ‘"
' 8. Kools are smoked in the yellow houde. ' e T - ‘

9 Milk is arunk fn the middle House.
10 The Norwegian lives in the first house on the left.’

11..The man whoé smokes Chesterfieids lives in the house
where the horse is kept.

12. ‘Kools are smpked in the.house’ next to the house oo -
: where the horse is _kept. . ‘ : e

,l3 The Lucky Strike simoker drinks drange Juice. '
, 1k. The Japanesensmokes Parliaments. ; ' ‘
15. 'Thé Norwegian lives next to the blue house. - .

Now; who drinks water? And who owns thé zebfa? .
¥ - . S .‘", ‘e v . M

The Ping Pong Contest !

’
ey

In & ping pong cOntest Ken beat Rich and Bill; Rich beat Beth, - ! ,
‘ Naricy, and Bill; Nancy beat Ken and Beth; Beth beat Ken and )
E . Bill; and Bill beat Nancy. Rank the players»according to their - -

? . winhing ability.
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'Who's With Whom?® .
A couple of times 'a year, in the province of Outer, Suburbia,
-* " there's a get‘together of five congenial families - the ALLISONS, |
the BAKERS, the CONNORS', the DAVIDSONS, and the ELLENDERS. ) P
Naturally, all the adults are on a rirst-name basis. _The wiyes ‘
are FRANCINE, GLORIA, HELEN, ISABEL, ‘and JUDITH. Their husbands 1
.. (not respectively!) are KENNE'I‘H LEON:, MICHAEL NORMAN, ahd |
R OSCAR . 1
LY As it Happéns, each of the adults is presently ma.rried ror the |
second time; and what's more, each has been divorced from a |
‘member of the' group. Each marriage produced one child, and each |
‘of the ten adults is the parent of.one boy and one girl. The
, children vhose parents are divorced live with their mothers. The
get-togethers are "attended by all ten children - 'PETER, QUENTIN,
RUTHIE, ‘SANDRA ‘TED, UKSULA, VINCENT, WILMA, XAVIER, and YETTA.
’ . ' . Here are a few‘ facts about the most recent bash: "-
) 1. Each couple arriVed separately, a:ccompanied by their
child ahd the wife's child by her previous marriage. c,
& 'Helen and’ Xavier vere among the oceupants or the
' first car. . - " .
© oy, Ursuia and Vincent arrived in the second car.. ' .
- ¢\ Leon and Sandra were smong' those in' the third car.’ .
‘ 4. Mrs. Allison and Ted were in the foutth car.’ »
DR ) e. The party was held in the house where Norman and
o . Wilma reside. h : , LA LT )
‘2. In the ladies table tennis competition the doubles
' " match was won by Michael's wife and ¥avier's mother, '
.o .who defeated - the team of Mrs. Connors and Judith
P e ;.a. The two members of the winning team then opposed .
IE ‘ each .other. in'a singles match in which Yetta's
N mother defeated Francine. . N ’
. < " b. The:members o: the losing doubles team also played
- . + ° singles against emch. other, and Kenneth's wife . PN
" "~ defeated Sandra . mother. .\ ‘ T :
v ‘'c. .The winners of the singles matches then opposed
’ ‘ I each' other for the championship After some :
“- o, brillian‘b volleying, the former Mrs. Baker finally' , g
. ‘ _ redged out Gloria. ¢
rd ',? i N
; 7 ]

,w,w..—.wv..v,...w-«..
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3 Later there was some really great singing by a quartet
consisting of Mr.. Davidson, Gloria's Husband, Peter's
. father and Glcria 8 former, husband. . !

‘a. After their second number, Mr. Dayidson and one
other member of the*grqup decided to take a break,

- 8o the remaining two members_did a couple of
selections with their daughters. Everyone agreed
that Ursula, Michael Ruthie and Mr Ellender were
prétty good. .

b. Then the two members of the original quartet who
had taken a breather returned to the spotlight and
* did a number with their sons. When they finished,
, & round of applause went to Kenneth Quentin, "
Qvincent and Helen's husband.

w , Finally, the four youngsters who had sung with their
dads did some rock 'n' roll improvisations, and thb
biggest hand of the day went to Quentin, Michael's

t daughter, Kenneth's son and Ruthie. }

4. The only ones who didn't enjoy the day to the fullest
were: the Bakers.

a. Mr. Baker had guch' an acute case of 1 itis tHat
he had to borrow a pen from his son Xafier in order
“to communicate by written note.

<A
b. Mrs. Baker had sprained her le the day before,
and even while leaning hea¢ily on her son Quentin' 8 |
am, ahe wvas clearly in agony. < x

dn the basis of these facts, you are now réhdy to_figure‘od%

a
(1) the full nemes, of the five husbands ; -
3

/

* (2) who's presently married to whom
(3) whom they had previously been.married to
(k) which child is the product of each marriage.

‘
J

Proportional Reasoning ‘Problems
Findiqg»Values ’ T
- . If y varies directly as x and s 18 when T = 6 find the value
of y:if x = 2, . , .

"y
W 2
- e

o~ -




Paintiqg,Fence Posts o,

Taking Photographs . 1 . R .

. . : ' ! ‘

-

The amount of paint needed to paint the’ sides «°T a cylindric317

ly shaped fence post varies Jjointly: as the radius~and Height ‘o
the post. Compare.the ambunt of paint needed for a post 5 feet ° Pe
high of radius 1/2 foot with that needed for a post 6 feet highl .
of radius 173 foot. . . . .

y C . o,

v

Bendlng'BAns e, £ S
S ’ ) -
The &mount that a bar will bénd under a glven force varies ' .
inversely as the width of the- bar when the thicknegs and lengé% Y .

Meesuring Distances - o - , .

The exposure time necessary to obtain a good photographic
negative varies directly as the square of the f dumber of the
camera lens. If an exposure ofi:1/50 second produces a good | .
negative at f 16, what exposire time would be necessary at a '
lens setting of f 8% . . N L

.
S . . ) . ,
[l . 2 * . s .
" X . . 4
\

of the bar remain the same. If a bar 2.5 inches wide will bend

7° under a certain force, what is'the width of a bar of the I
same material, length, and thickness that will bend 5° under

the same force? % ‘

Fy

¢ . coh- . .
. o
4 '
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_ lution about the sun. .t ; v

One of Kepler s laws states that the square of the time in

,- days. required by a planet to make one revolution -abput the .

sun varies directly as the cube of the average distance of , ¢ .,
. the planet from the sun. If Mars is 1 1/2 times as far

from the Qyn on tqe average ,.as the earth is, find the

approximate number:of days required for it to make ‘a revo-
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