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(3) o rder1ng of problem yar1ab1es into" some: rank or numer1ca1 -
‘ordering scheme;

(4) collecting the logical re]at1ons 1nto a reliabTe format that”
‘Will reduce memory load and fac111tate the "where to-Took- nex*"
Dec1s1on : : .

b ] (y 3

* "This study exp]ored the ‘extent to which separate scores on these processes
cou]d pred1ct performance on d1ff1cu1t problems. .

r b

Scores on the semtence- 1og1c 1tems corre]ated well(r = .68, N = 34)- with |-
number of,reasoning problems so]ved as did,the-ofderipg-scores (v = .75).
These scores, then, presumably-are "c1oser" to the-actual performance than

-are verbal scores such as McGraw<Hi11 Reading Rates (r = .40 to .50).
Individual timing of inference respohses showed ‘that subJects often had long -
pauses during inter-sentence processing, whereas intra-sentence responding
was_relatively fast and regular. The 1nter—sentencerport1ons of the per-
fornance appeared to be key d1scr1m1nators between s§cress and failure.

(11}

s A small training exper1ment was carr1ed out w1th seven new subJects'W
. 7 who weré matched on reading stores with the previous group. These subjects.
: wére given six hours of intenstve, individual practice or the four processes;
a standard matrix format was used, and five rules and heuristics were - . .
taught which were supposed to facilitate inter-sentence reasoning.. The
trained people did show improved .sentence= logic scores (median about 40%
over the cpmparison group);. and 1$ a lagge reasoning‘problem contained
“only strightforward sentences, then the training was very effective.
In fack, all seven subjects solved correctly a.4-dimension, 5-variable,
negative-disjunction problem within a few mintites. For those problems
*which hinged ‘upon apprec1at1on of verbal subtleties, though the
training de not help at all. _ . i .

J

.q.‘g\- ) ! ‘,.—

The 1nv$st1gation supports\the idea of rapidly teaching. some "logical
triéks" -in h gher-order cogn1t1vé operat1ons, but the special training
only works .if the” prob?em material is clean and unamb1guous One obvious
extension cf the study is to see if the same increase in perfermance can ' .
be produced in a practical- reason1ng domain such as troub]eshoot1ng of

- digital devices; anothér extension is to look more closely at. the verbal

subtleties which so effect1ve1y prevent solution of some large problem.
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SUMMARY o .
;o - - . ' : . .
L '
v ot '_ In comp] ex reasomng roflems of "the who—done-1t" type, four. d1st1nct
"+ ¢ - solution processes were 1dent1f1ed
. (1) 1ntra-sentence or word-1nto—s_ymbo] processing, where the: -~
® so]ver converts the verbal information into strict 1og1ca1 '
relations; '
\ : © (2} inter;'-sentence processing, where .the subject has to combine _
® ' S the logic’ fror two or ‘more sentences in order to obta1n new.
' ' ifferences; ' .
. (3) ordering of problem variables into some rank or numer1ca1
orderﬂng scheme, ' '
® e —’ o4 coHect1n9 the logical relations 1nto a rehab]e format
_ -_’*hat will reduce the memoryyload and facﬂ1tate the .
v " : '..where—to look-next" dec151on C " " . ‘ :
‘ SRR Th1s study explored the extent to which separate scores on these _processes
o c_ou]d pred1ct- per‘Fo.rmance on difficult prob]ems. . " ’ R
B T -Scores on the sentence—]og1c items corre]ated weH (r— 68 N 34) w1th
> number of reasomng prob]ems so]ved as ‘d1d the order1ng score (r- 75)
- s1’hese scores, then, presumab]y are "c]oser" to the actua] performance than-
o . ,/ ) )
\ are verbaTscores such as McGrawsHill Reading Rates (r— ab to .50). Ind1- _
. _ . . N \
. s V1dua1 t1m1ng of 1nference reSponses showed that S'ubJects often had 1ong
pauses dur1ng mter—senténce process1ng, whereas’ 1ntra-sentence respond1ng
- v
;' was re]atwe]y fast and reguJar. The 1nter-sentence portlons of the per—
4 formance appeared to be key di scr1m1nators between success and faﬂure._
a P o “_» .’ N a;
- S~ Lo .:w' . RS . o - S
R A sma]'l tra1mng’ experment was carr1ed out with.seven new-subJects,
D _ : who were: matched on read1ng scores - w1th the preV1ous group. “These subJects .
- _ were gwen six hours of mtenswe, 1nd1v1dua1 pract1.ce on the four processes;

-
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a standard matrix formetiwas used;bgnd five rules nd heuristics were
taught. which were supposed to faci]itate ihter-sentence reasoning.’ The

tra1ned peop]e did- show improved sentence- 1og1c scores (med1an about 40%

1

over: the compar1son group); and 1f a large reasoning prob]em conta1ned
on]y straightforward sentences, then the training was veryueffective.
In fact, all seven subjects solved correctly a 4-dimensioen, 5-variable

negative-disjunction prob]em within-a few minutes. ~For those prob1ems

wh1ch h1nged upon apprec1at1on .of verbal subt]et1es, though the tra1n1ng

d1dnothev]pata11.‘ - I AR
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The 1nvest1gat1on supports the idea of rap1d1y teaching some "Togical

b -

trzcks in h1gher—order cogn1tTVe operat1ons but the special tra1n1ng

]

on]y works if the prob]em mater1a1 is c]ean and unambiguous. One obvious
extens1on of ‘the study is to see if the same 1ncrease in performance can
.;>be produced in a pract1ca1 reason1ng doma1n such as troub]eshoot1ng of

- digital devices; angther'extension is to 1ook more cTose]y at the verbal
¥

subt]et1es wh1ch SO effect1ve1y prevent so]ut1on of some 1arge prob]em.\ ‘
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- in_word puzzles: ;

-

j - 1. INTRODUCTION ‘ -
) d( ' ’ i g . <

ui_-lere is a logic problem, taken from a pub]ication which specializes

'
/

Do you know the eight men who formed the president's cabinet in 18957 -

In case you don't, the €211owing clues should enable you to-find their
names (Morton was -one’ . »2ir home states, and the. posts’ they held, in-

cluding Secretary of -~ \avy.

- a Tittle aWkwarQneés’of phrasing in Sentences 7 and 11, the words are Clear

v

’

" 1. Four of the men served the full term, 1893 to 1897, in the -
- same posts; the other fQur--Smith, the Postmaster General, - j
. the Secretary of State, and the Attorqu Gemeral--did not. *//// '
"2.° Lamont was not the SeEretafy of Agr{cdlturey;nor was he
from Nebraska. : ) S .

3. Herbert was not from Nebraska or New York.

4. -The Secretary of the Treasury wzs £rom Kentucky.

.

5. Harmon was not from West Virginia or Massachusetts.

6. The Georgian, who was the‘Seéretary :f the Interior, left '
~ his post in 1896. . _ . - . -
i. “The men from West Virginia anc Kentucky were.Carlisle and
the Postmaster General, not “ecessarily respectively. * . . 2
1N {‘ 3 ) ~ ‘ . , .
8. The ma from,ATaQE:é/was not the Secretary of War of
Agriculture. ‘ . : C

9. Neither Wilson nor the man <rom Massachusetts served from

s - 1893 to 1897 in the same pos:s. "

\

<

10. The Attorney General was from Ohio.

11, In 1895, Olmey had. only recently assumed the post he held,

~ when Harmon entered the cabinet‘to'take‘01ngy‘$-¥nﬁgiha1 post..

A§ you scan the prob]em,‘tﬁe 1anguagé seems s$imple enough; excépt for

5

“and the.meaning is definite. But this problem is difficult. -A typical

ge student, who ¥s npt familiar with this sort of thing, will nét
B B | -

L
——— -
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2

f1n1sh it in 1ess than half an hour (1n one n1ght c]ass of 22- people, not

W

a s1ng]e person got it in that t1me) Gr duate 'students and faculty will ,

probably need fifteen to twehty m1nutes,_ nd w1thout a1d the problem will
be forever 1nsoTub]e for a 1arge fra%t1on of- Amer1can adu]Is Some~of the
difficulties are quite evident: . the sheer amount of: data presented, the
multiple chains of gnference requ1red for~the answer, the memory }oad

~

There is no hope of guessing the r1ght answer and common sense is prob-

ably 1nsuff1c?ent RN

- e

Yet the\problem can-be solved readily enough,'once you know-how to
go about it. And that-is an intr{guing thino about'problems like this--
a confu51ng and difficult task may, 1t seems, be ‘made a good- dea] more ‘<
tractab]e by certain ru]es, g1mm1cks, and heur1st1cs The solver must

somehow-Structure, the problem into sbmeth1ng that can be worked on in a

"L fairly routine way. If th1s structur1ng, and the subsequent operat1ons, .

can be made 1ess var1ab1e ‘and more effigient, then some controT can be
\

—

attained oyér the-solution process. . | .

. - ~ . - -
In>comp1exit},)¥ogic probTems] Tie somewhere between syllogistic}. '+

- % AN

' reason1ng items and the read1ng of p1a1n -text; the major Tog1ca1 re]at1ons

are 1nc1us1on exclysion, and order1ng It is assumed that the s01Ver

can use the re]at1onsh1ps in ordinary. 11fe to sort ouz peop]e and th1ngs

thus, 1876 occurs befdre 1880 Monday 1s ear11er 1n the week than Thursday, :

- SIO 00 is not exact]y d1v1s1b1e by 3; mothers are oner than their sons

but not necessar11y older .than. the1r husband S nephews; a sportswrﬂter
wr1t1ng a weekly column does not work for the Daﬂy,2 a phys1c1st will

remember his h1gh-schoo] a]gebra;3 and so forth. Linear sy]]og1sms, or

o

A
Y
. r \

7 \/:2'4 | :

. - /

' ‘o : . -,

8

coe

_three-t ser1es, may be nested 1nS1de a 1arger prob]em§-for exampTe,( L ®
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- phraseology
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~ ’ L F UL o .
L ’ ’ i} & T . - . 2
f'; - . N . a . ;.‘ )
H%_ L - . .£< | » -
- X 1:' 2 ;_a . . '
. 1t may be stated that: R iy v, ‘
: ' ;-‘ ) . : -21%?3_ ?\‘ .'\ g ’. - I. |:‘ C e .
% ) B111 earns more- than Larry . A N
-7 Ted earns less than Larry. o . : ST,
e - Who earns the 1east7- R - )

" Logic prob]ems have certavn advantages for research purposes. .Th

Ny

are fun ‘to do, at 1ed§t to some people, and thus they escape the ar1d1

of the sy]]og1st1c ;eason1ng 1tem w1th its deadly "some S 15 not e

Y

If a ‘solver” uses a matr1x format, as, manx\\i-our subJect:

‘do, then each response entered in the matr1x can be observed and timed

\ -

w1th re]at1ve ease, and the subject can see where he is. Often, a seqd

of d1screte responses can be- 1nterpreted 1n terms of the apparent reasc

<

ing being done by the subject. If the ]og1c‘prqb1em is being solved a-

a computer terminal, the supporting software can belarranged‘to prov}de
a present-status summary, to ca]cu]ate such quant1t1es as‘“pr0port1on C
'necessary 1n¥ormat1on a1ready entered M and to suggest wh1ch sentences
ought to be comb1ned to y1e1d new 1nferences (Bond Gabr1e111, and R:gr

;1977) E]egant scor1ng systems der1ved from 1nformat1on theory can prc

‘duce ‘such 1ndexes as the “d1screte entrop1c cohes1on" ‘betweén prob]em

attémpts. (Watanabe, 1969 Gmasu, 1977).. . R

bl L]

'-f{i”' "Log1c problem" seems to have no standard mean1ng in academic psych

* Weruse the term here to représent mujti-sentence membership proble
which.aré amenable to a«ma€r1x formaﬁ. Some puzzle magazines have
regular..logic-problem section, and there are thousands.of ‘people w
are regular devotees. Books that/conta1n various brain-teasers of

~~» have Togic problems in them; but the number of sentences in their:
problems ic uwsuallv emall . and enlntsan aften hinAasc: am o espmla <
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Another reason for study1ng human performance 1ﬁ/1og1c prob]ems is’

\" X

pract1ca1 many techn1caﬂ act1V1t1es requ1re the convers1on of words

lnto str1ct symbo]s Computer programm1ng is the pr1me examp]e of y

course but there are'many others » A ma1ntenance technician who attémpts

[

to use a. tech manual must convert the words g1ven there~ 1nto d1screte

-

act1ons appropr1ate to his prob]em. And here;1s a case from the qnvenf-

. tory control doma1n (G11ders1eeve,.1970) "The f011oWing.baragraphfgﬁves;

a

_the 1ogic in narrat1ve form: ) df.f . . 7o

5 . . -

When the quant1ty ordered for,a particular item equals or -

exceeds the minimum-discount Shant1ty and the order is from

a wholesaler, give. the customer a discount and make the .
shipment. This presumes that there 1is suff1c1ent quant1ty

v on hand to fil1l the order. ‘

If the quantity ordered is less than the discount quantﬂty,

bill at regu1ar rates and make the shipment even-if the
customer is a who]esa]er Do the same if the sale is retail.

I¥there is not suff1c1ent quant1ty onhand, bill as above,
ship what can be shipped, -and backorder the remainder of the
order. It must be emphasized that, in this situation a1so, '

~even if the discount quant1ty is ordered, if the customer is
a retailer, the d1scount is not given.

A}

To tonvert this narratlve 1nto a clear act1on policy, the-gords must be

obtains, and then foT]ow the, instructions in that\coCumn.:. 3

. .3

_ . - RN . .'1 2 3 4 5°6 7
Quantity-Orderéd | Discg'unt-Quantity g Y NN =Y N -
Wholesale T Y YNNY - N

- Quantity- Ordered’ Quant1ty—0n Hand Y Y Y'Y NN N
Bill At Discount-Rate . - . ‘ X, = == X = -

- Ship Quantity-Ordered . X>X X X - -
" Bi1l At -Regular-Rate - - X. X X -.X X
~ Ship Quantity-On-Hand - = - - X X X
. Backorder Quant1ty Ordered Less Quant1ty-0n Hand - - = = X X X

F1gure 1. A Discrete-States Dec1s1on Table )

for a Word Prob]em

f
N
[}
~_
?

’ .transformedvintE a discrete-states decision tab1e, as shoWn-be]ow Then to

.

)

,carry ‘out the po11cy, a person has on]y to observe which of the e1ght states

== =< 0o

- 2 |

ot
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A Many of fhe precesses 1nfthps words -into- symbo1s process are exhubgted

~ 7
also 1n—the Tog1c problem._ Indeed we beTneve that in an 1ncreas1ngly

.
- a

d1g1t1zed wor1d “the comp1ex conveyslon from word to d1screte symbo1 is®

\ L .
§one of the most 1mportant probTemS/1n app11ed psycho1ogy SR
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A VST 1. BEHAVIORAL ANALYSIS OF LOGIC "PROBLEMS PR
7‘ ] . _We f1rst became 1nterested 1n 1og1c proBJems becaUSe of certa1n com: '
; !'.puter programs which- were des1gned to assist the so]ver who faced a we]]—
;;~ﬂf7}‘u: *structured verbal puzz]e S1nce we had worked for some years w1th com- f

N puter1zed troub]e-sh?ot1ng<a1ds and d1agrams we‘hoped that.programs
g wh1ch could handle verbal inputs wou]d Tead to more effect1ve fau]t- ; N
‘1ocat1ng.behav1or A human might, for 1nstance, 1earn to 1m1tate certa1n

i - " features of a word-proce551ng prog[am, and thereby 1mprove performance

N :‘ Q.F1nd1er s Un1versa1 Puzzle oIver (F1nd1er, 1973) aceepts Togical re]at1ons g -

- 5

among var1ab1es as ﬂ/puts, and achieves a solution v1a recurs1veifearch
:through the set of \bss1b111t1es. At present m1n1comphter speeds, F1nd1er s
c program computes a so]ut1on in a second or two. Wang's theorem—prover
.program (Wang, 1961) works by test1ng "theorems" or hypotheses aga1nst the
| .‘1nput "ax1oms" or 1og1ca1 re]at1ons The tota] number of poss1bi§ theorems
7 | is very 1arge You keep test1ng theorems unt11 you f1nd one that is. va11d
1f Propos1t1on P states that the but1Erf1s the murderer, on the basis of
. ‘1og1ca1 eV1dence, then a theorem stat1ng that ‘the but]er is the murderer
.. Will be va11d (Raphae], 1975) Inc1denta11y, the ba51c Wang a]gor1thm
"is so effect1ve that it proved a]] the 200 or sO theorems of Wh1tehead

LS

\ ' o and Russe]] s’ Pr1nc1p1a Mathemat1ca n.a few seconds, ‘on a now—outmoded d”

IBM 704 computer Both the F1nd1er and Wang programs requ1re, of course,

S a human to translate the verba] prob]em cond1t1ons into a format that the

e >

s mach1ne can process In: th1s respect F1nd1er s rout1ne is much easier
T - to use,_as 1t accepts str1ng 1nputs for the var1ab1es, and prTnts con—
R EL

stra1ned Eng]1sh sentences as output F1nd1er S program is also, an eIe-'”

: df} gant piece of work-from the_computer-science standpoint; it has a very

vt

., - A . . . . N
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compacc search rout1ne, and the who]e SNOBOL program 1s 1ess than *200 ‘ﬁ

~

-

11nES ]ong

_'-. .

Even so, when we tr1ed the F1nd1er and Wang programs w1th co]]ege )

- students, subJects were ratherxannpyed at the 1nput constra1nts, and much

preferred a paper-and pencnl env1ronment to the computerlzed ﬁ{ocedure

Th1s was part]y due, no- doubt to the slow. te]etype term1na1, qt took. a
A

‘)u

' wh1]e for the subJect to enter a 1091ca1 re]at1on,_apd 1f he wanted a
f

' summary of progress on ‘the prob1em, then- there was~aﬂother wa1t for the

Often, the student wanted a "m1cro- _,{»

7/

’ mach1ne to c]ank ot a response.
response" from-the computer, say, whether a-given re]atton :had a]ready </
2 been entered or not or a summary of "what I a]ready know“ about a single -

Var1ab1e Our BASIC vers1on of the F1nd1er program did not prov1de for

a]] quer1es of this type Thus the mach1ne "a1d" was often perce1ved

as: someth1ng of an 1ntruder rather than an ass1stant (Bond, Gabrie]]i,
it soon became ev1dent that a few ma30r‘act§v1t1es were dqscern1b1e i
,1n a11 1og1c prob]em solution attempts, regard]ess of. whether\a computer-;

1zed or. manual env1ronment was emp]oyed After -a pre11m1nary scan of

-

< the prob]em stem and the sentences to establish th& d1mens1ons, a typ1ca1

-t

so]ut1on starts .by not1ng 1og1ca1 1dent1f1cat1ons and exclus1ons from the

separate sentences

1t1es, and thus w111 fac111tate f1na1 c1ass1f1cat1on of all the var1ab1es.

kS In the reference prob]em g1ven on Page 1 of this report, .every sentence

conta1ns such 1nformat1on.

sentence 2, we can echude Lamont from e1ther Agr1cu1ture or Nebraska,

o fromjsentence 4, we can be,sure that the_Treasury man. and the Kentucky .

. N . . . M . -
v e o ' . 'A . L.
- . Y
R o |
. P e,

Each one of these may reduce the number of: poss1b11— o

Somet1mes the 1og1c 1s very s1mp1e, from R
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" man, are the same * But there .are more comp]ex«and implicit. b1t$ of .~ .-,

1nformat1on, too Sentence\J y1e1ds severaT re1at1ons, we see there

>

\ .)..‘ \!/V -

that Sm1th cannot be the Postmaster Genera1 'ecretary of State, or

the Attorney Genera1 But we can also 1nfer at S 1th and these other

% .

tenns Th1s part of . the so]ut1on attempt is 1n ra-sentente process1ng

- ) . when al] the separate sentences have been m\iked for. the1r 1og1c,

the prob]em usua]]y w111 not be. so]ved Informat1on from'two or more sen- PR

[
-

tences must be comb1ned to- get new. 1nferences In our examp]e, comb1n1ng
& ,
Sentences 1 and 6 w111 allow you to infer~ 1mmed1ate1y that Sm1th was from

Georg1a/ and_was,the*Secretary of Inter1or.- Combining sentences 1, 6
-3, 10, and 11'yie1ds (among dthers) the_firm'concTusion that-the names of

the four short-timers were Smith ﬁi1son 01ney,'and Harmon This kind ™

s

of reason1ng we. ca]l 1nter-sentence process1ng, 1t is often more comp]ex

»

than 1ntra sentence work because the 1mmed1ate memory 1oad 1s h1gher,

and because 1t is often hard to know JUSt wh1ch sentences should be put
together After watch1ng numerous so]ut1on attempts, we be11eved that

there was more var1ab111ty in the 1nter-sentence proceSSIng than 1n most '
. , . Al . N ‘ o
other aspects of the performance SRR : s o !
1 “} )

Some prob]ems have an order1ng feature, and Ege so]ut1on dependS'on _
v;how sk111fu]1y the order1ng 1nformat1on 15 extracted and hand]ed The
~"P1e Contest" shown be]ow is rather s1mp1e, as our. prob]ems go, but 1t 'i' .
1]1ustrates the'order1ng aspect 0ur ear]y observat1ons 1nd1cated that
peop]e d1ffered apprec1ab1y on th1s aspect of performance. Some peopli
‘d1d qot fu11y ut111ze the prob]em datum about the f1fth and sixth place
' | p1es § tr1s h1ndered or prevented so1ut1on We often saw subJects keeptno
w e e

@
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) f‘ ]1tt1e order notes on the marg1n*of the prob]em sheet

"iwl_t1ng var1ab1e ';. ' _ i‘ s

: W1th the problem we therefore deC1ded

R . 3 ) ] - . L . , ,b-.-\_.‘
.- - . ) N . * LI B
S Yo,

-

-

the - des1rabq11ty of separately scor1ng the order1ng behav1or
R fIE CONTEST . & -

Ann,- Bea, Dot,~Eve, and Sue won the P Sfix pr1zes in 4

. Tlast year's pie- baking. contest at the Centegvijle County L~

Fair (one 6f the womén was lucky enough to hd¥e two entries
.among the six award—w1nners) - The awards went--not necessarily

,,»respect1ve1y--to an apple p1e, ‘2 strawberry pie, and a sweet
potato pie. From the following clues, can you determine which
pie received each prize, and who baked it?

-]:' The Judges awarded the app]e p1e first pr1ze and the peach
pie second; they decided the cherry pie was too sour to
p]ace in the top five. - oy

2. Bea s rank1ng was ]ower than Arn's but h1gher than Dot's.

&

“..(,,.) .

Sue did not receive e1ther f1rst or s1xth prize.

4.. Ann has never attempted a fruit p1e. .
5. The sweet-potato”pie ranked just below the chocolate‘pje
6

The woman who won f1fth place also rece1ved sixth pr1ze

@1
. \

On a’ 1arge prob]em the. solver will usua]]y need some way of. record1ng/

h1s 1nferences as he goes a]ong ‘And there- w111 be a_"co]]ectlon" phase

.where the solver Qas to. go around and "p1ck up" all the 1nferences made
’ so far. When th1s/happens, the subJect W11] often- mutter someth1ng ]1ke
.let's see Just where I am.on th1s 4yg," Schwartz;(]%71) found that

e a matr1x format was best and puzz]e mag€f1ne5'often.inc1dde a‘matrix'

provide a matr1x w1th each

hd

ﬁ%g prob]em, and to. encourage subJects to use 1t even though we knew that

q

”~th1s means, ‘we hoped to standard1ze and contro] the record1ng and colTec-

A11 th1s suggested‘

some subJects wou]d scr1bb]e other kinds of notes as they went alona By

o
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' 0bv10ué1y, these foun processés "do not exhaust the behav1ora] dona1n

— ' T ' ‘ c\ aan
5 . _ of. the 1og1t puziie Each "process" can further be separated 1nto f1ner—;
e B4 gra1ned components, the‘]evel chosen by the 1nvest1gator is often a de-

-z, 'C1s1on of conven1ence (§ternberg, et a] 1978). " Actual’ so]ut1ons are/

~ often mu1t1 Teveg affa1rs They have ep1sodes when a rather f]1cker1ng R

3

search oVer the probTem,.s carr1ed out; perhaps the subJect is try1ng to'

/ -
f1nd someth1ng,that he has- overlooked or forgotten or entered wrong]y, .

. -

'-‘.-he can ]ook for Tines and co]umns that ar%rnear]y filled up skor he may ﬂ?\

':’ change levels" and attempt to get’ be]ow -the superficial membersh1p con-
j;:-.' r dit;j S. Nobody seems to have stud1ed 1magery in logic prob]ems, and
h _: though our subJects usua]]y do nof‘report strong v1sua1 1magery, tggif

may we]] v1sua]1ze spat1al ]1sts and arrays when they are attempt1ng to

“

order th1ngs e : 5 R
- . - - . S .

An expert ]og1c prob1em subJect may not need a'nwtr1x aTd and may s

2]

not do much in the way of record1ng Cons1der aga1n our Cab1net problem

7

.on Page ] ‘After the usua] qu1ck scan through 1t the expert'w1]] oftéq

. ' focus on h1gh-1nformat1on sentences--those that mention severa] variables.
4 ’ -
' The expert will qu1ck]y perce1ve ‘the 1mportance of the f1rst sentence,

wh1ch effect1ve]y Sp11ts the eight cabinet members into two groups of-

<

Jég'ﬁour men. Four men f1n1shed the ]893—92i;erm, four d1dn t., The short-

t1mers, then are - s .f'
'Sm1tn ' o T e .
Postmaster General” -~ - e -
. Secretary of State
Attorney General

What e1se do we know about the short—t1mers? From Sentence 6 the Sec—

P

retary of the Interior, who was from Georg1a was a]so one of th1s group

- -
~ -
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- of” four, and the can only’be, Smith. Also, frop Sentence 10 the Attorney
AL PR ¥ o i : . ‘ ~
 @eneral is fram-Ohio. Now we have: . = L
‘”ﬁ' S T h‘{. i ' , ' o R~
- - .Smith---Interior---Georgia~ . _ - : .
' .Y " Postmaster General o .
S Secretary of State. =~ , | . '
Attorney'Genera]---Ohio 5.
P : N -

F“onr%enteﬁte 9 the Secretary of State 1s from Massachusetts, and cannot

be Smith, w1]son, o(\\armon (Sentence 5);- 50 he 1s Olney. Then Harmon RS

~ must be the Attorney Genera] with Wilson as Postmaster Genera] So.our

. short t1mer tab}eau is already comp]ete - oo _'. :

ot

@
- Sm1th---1nter1or---Georg1a : B ‘ e
‘Wilson---Postmaster---West Virginia ~ ..
Olney---Secretary of. State---Massachusetts
. Harmon---Attorney sGeneral---0hio

" The rema1nder of the" ‘problem now breaks eas11y (Lamont, Herbert and
Carlisle are not from Nebraska, so Morton 1s) But th1s rap1d "expert“
so]ut1on wh1ch actua]Ty was performed by'a staff menber, ut1]:zed a

rather spec1a1 focus Bn the f1rst sentence cha1n of reaSOnlng ' Th1s par-
/

t1quar so]ver ]1ked to find a solution’ w1thout us1ng a matrix or elabor-
—~ :

ate notation and SO. was espec1a1]y tuned to cues that encouraged’]ong-

{

" butt rap1d.anference chaining. Much pract1ce,_and perhaps hundreds of

: prob]emfattempts, were'requiredﬁto Qainlthis faci]ity An eXperienced

=

[ .
.solver may evén recogn1ze the "sty]e" of the puzzle author, one of our

staff members be]1eves that he can- 1dent&fy~prob]ems 1n De]] Crossword

-,magaz1ne wh1ch are written by Randa]] Wh1pﬁey when he sees that Wh1pkey '

- is the author he 1mmed1ate]y Jobks for some obscure l1tt1e verba] cue

‘ in the prob]em, and fo]]ows that 1ntens1vely, in the hope of ]ocat1ng an

T{1nformat1ve "catch d

.\- . ) . . /

- )4 .

-
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so]uttons 11ke the one Just out11ned we f1rst wanted to see whether ;"T'

. K- '
separate scores of 1ntra-sentence, ﬁnter-sentence, and order1ng behavior - .

Fou )
}’cou]d pred1ct 1eve]s of performance on moderate]y d1ff1cu]t prob1ems. I£5

L

'1nto f1ner cdmponents Schwartz (1971) had reported that a regulgr.

"log1c test" “not s1gh1f1c£htjy correlated with performance on hard T
\]og1c prob]ems, but we hypothes1zed that'h1s 1og1c test may have been

too sy]To/lst'cj/TZog1c prob1ems do, of course, fol]ow the ru]es of.

'sy11og1st1c reason1ng, but the structur1ng of the prob1em the word- into--

- symbo] trans]at1ons, the arrangement;éf 1nferences, and the assumpt1ons .

-

about the wor]d--these th1ngs are not str1ct1y sy]]og1st1c processes
/ .

..
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A. Predictor Variableg = S L o

'} Sentence Scores. We wanted. thrée. separate indicators of word=

into—symbo] proeessing' 1ntra sentence, 1nter—sentence “and order1ng

f-f from a set of e]even sentence sheets Each sheet had some sentence

L were taken from prob]ems hich were not used elsewhere in the study Six -

of the sheets “had only a s1ng]e senten;e, and the subject's task was to
enter 1nto a prob]em matr1x a]] the dots (def1n3te "yes") and X's ‘
(def1n1te "no") that cou]d be 1nfer ed from that bne sentence. The last
f1ve of the sheets had two or three sentences on them, and ‘there the
subJect had first to enter the 1og1c from the separate sentences and

- then to combine 1nformat1on across sentences for new dots and X S. Four

~ of the sentence sheets had ordering 1mp11cat1ons, so that order-related

<k\\ - responses cou]d be separate]y 1dent1f1ed and evaluated As far as the )

subject was concerned, no spec1a1 1nstruct1ons .were g1Ven w1th regard to

l

the order1ng var1ab1e Two: of the sentence sheets are shown in Append1x

A; the second one has an order1ng feature.

T ) . Scoring of-the sentence-sheet matr1ces was done by*counting each

dot as ong po1nt- each correct X that was separate]y inferrable was a]so

4'

‘ counted as one pomnt -No add1tfod:} po1nts were g1ven for row and col-

umn Xt s that fo]]owed automat1ca11y from the enter1ng of a dot. In\the .

-order1ng score, on]y those responses were counted on which at 1easttone

d1mens1on (e. g s money, age, days of the week) was c]ear]y ordered - and

*

where the- order1ng was necessary for prob]em solutiom. : p

-
-

beled response matr1x AI] the sentences ‘-(

)3

Y

?{:f

-



, recorded by . an unobtrus1ve observgr who used a free runn1ng second

'_pa1r Aa has name 1dent1ty, and the members of pa1r AB differ in both

Toe

: " : ¢ I e o .
The time each subject spent on eac2>iin;ence sheet was individua]]y
N .
h S—_

counter These t1mes are accura e~t§>w1th1n a second or two. SubJects

’ /

were urged to wogk a]ong stead1] but not to rush the1r work Once a

’subJect.had f1n1shed W1th sheet, he cou]d not go back to 1t. Exactly

110 1nferences cou]d be Jlogically dediced for the whoTe set of e]even

‘sheets, 36 of these Were order—related 1nferences, and 19 were- str1ct1y

r'd - -

: 1nter-sentence responses

’

' ._2.‘ Read1ng Scores{\ As a reference measure of verbal ab111ty, the
McGraw-H1]1 Read1ng Test g1ven to a]] subJects Th1s test fakes about

two hours to comp]ete, 1t y1e1ds six separate scores, of wh]ch two are

T

faread1ng rates (McGraw—H111 1972)

3. D1scr1m1nat1on Scores Posner showed that c]osely-t1med c]ass1—

fication tasks cou]d be separated into- add1t1ve components (Posner &

Keele, 1967).: H1s exper1menta1 parad1gm d1st1ngu1shes d1fferent Tevels

. of process1ng, for examp]e, the Tetter pa1r AA. shows phy51ca1 1dent1ty,,

- ~
phys1ca] and name aspects Typ1ca11y; the phys1ca11y 1dent1ca1 pa1r AA

1s c]ass1f1ed as "same" some’ 50 o more m11]1seconds faster than is the
) v

Aa pair. Hunt and others have plored the poss1b111ty that th1s d1ffer—

-~

ence in "code access" time m1ght 1nd1cate the basic 1nformat1on pro— .

cessing ability of individuals (Hunt et a] 1973) We decided to Jn- '

2

clgde a Posner-type c]ass1f1cat1on as one of the tasks each subJect

-

comp]eted I ,-

“

Our setup used the same ]etter d1scr1m1nat1on pa1rs descr1bed by
Posner & Keele (1967) the maJor technrcal\djfference was tﬁ(j
. ’ . ’ . .l - \l.'\ ' P\ ‘.
. - -14- .
P . o ) 2‘_“ 5

at our

¥



X timfﬁg was voice-keyed tnstead of-ftngerékeyedgf)After‘a two second.
warning, he s+1mu1us pair was presented and the t1mer was started.
:The subject 1ooked Aat twolst1mu1us f1gures in the d1sp1ay, said same"
Cor "d1fferent,“ and the voca] reSponse keyed an automat1c d1g1ta] t1mer
“After a ser1es of ca11brat1on and)pract1ce trials to smooth out the »
respbnses, a couqterba]anced set of 48 data-tak1ng trials was g;ven.

for Physically Identical Name-Identica], and Different pairs., A1l

sessions were 1nd1v1dua]]y conducted, in a qu1et 1aboratory room.

' B. Cr1ter1on Variable s
_S]x probJems were chosen~from materials-we had worked with in the
‘past; a]]hwere,taken from published puzzle collections,. though we made
. some minor changes te reduce ambiguities: Everybody took the'problems
1n the same order, with problems of h1ghest expected d1ff1cu]ty at the'
.end. Every prob]em was 1nd1v1dua11y t1med for ‘each - sybject, with 35-

m1nute time ]1m1ts on the later prob]ems 1n the series; pretests had

‘shown that half an hour is a pract1ca1 maX1mum ﬁor a problem, W1th

undergraduate subJects T . fa <

C. SubJects S I ) '; S

The subJects were 39 undergraduate psycho]ogy students at a large
,Western un1vers1ty, each one rece1ved sub3ect poo] credit, and a]so was‘
”pa1d $2 73 per hour for part1c1pat1ng Five subJects were e11m1nated
two because they apparent]y could not solve the s1mp1est 1oguc prob]em . ",

correct]y, and three:because they.had incomplete data.-‘ . _ik ’/)

" D. Adm1n1strat1on R B “~

- The McGraw-H1]1 Read1ng Test was' given in two group sess1ons, a]]

~ other materials were adm1n1stered 1nd1V1du 11y, or 1n small groups w1th

- “ . -~ -]5.-‘ ... 25 | | .




Severé;.obserwers in the rpom |
1og1c.prob1ems before, about an
was - g1ven,_dur1ng th1s per1od
. and the matrix format was 111us
to f1n1sh a rea] prob]em wh11e
- observed the dots and X‘s be1ng
_l-1nd1v1dua1 dnfferences, of cour
| apprec1ated/'but a\l subJects h
~on to the scored mater1a?
The sentences and the cr1t
menta] time, with each subject

“segments of the study "On aver

measurements, a subJect spent a total of about twe]ve hours, and appeared

L//-/,1-'or five or Six exper1menta1 se
N g1ven about every 390 m1nutes.

seemed to experience some frust

the cr1ter1on prob]ems Many r

"":‘ . . I felt like I was close

cou]dn/t get another b1g dot "4

B . A
e .
. P

i /.‘~

w\/ - 1

S1nce no subJects had" regu]ar]y worked :

g
hour and a ha]f of break—1n 1nstruct1on

severa] simple preblems were worked out
trated and pract1ced
the observers wa]ked around the room and

entered 1nto the" matr1x. There were

se, in how qu1ck1y the’ 1nstruct1ons were

ad to be work1ng eff1c1ent1y before go1ng

¢

erion prob]ems took, most of the experq—:
requ1r1ng severa] hours each on these

age, to comp]ete the eptire ser1es of -

ss1ons. 0v%r a 1ong sess1on, breaks were
A]l subJects appeared ‘to try hard most
rat1on, and occa510na1 elat1on dur1ng '
emarks were heard to the effect that

to break1ng that prob]em, but I Just

- - - I

s

4., In computer—a1ded prob]em
: problem matrix for "percen

print out this parameter to-the solver- Sometimes the soTver already _L

has entered enough data in
" has not S'collected" the re
co]]ect1on failure may exp
“Jects; perhaps they had al
realize it, because. the da
and co]umns

presentat1on, it is poss1b1e to score.a
t information already achieved," -and to

the matrix to get a.full solution, but
lations efficiently. This 1nformat1on-

lain some of the frustration of our sub- -

ready Ysolved" the problem, but didn't
ta had not been put together across rows

-16-
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IV. RESULTS .

The pr1nc1pa1 data of. the study cons1st of f1fteen scores—from each

subJect, these fifteen scores were.a

R

Cr1ter1on Problems Solved-
Intra-Sentence Score
Inter-Sentence Score
. Ordering Sentence ‘Score
) - McGraw-Hi11 Reading (6 scores)
- Posner -type D1scr1m1nat1on (5 time scores)

v,

~

Means, var1ances, and 1ntercorre1at1ons of these 15 scores are shown in:

' Tab]e 1.

A. Criterion Proklems

The number of\crsterlon prob]ems so]ved correct]y ranged from 0 to 5

o out of 2 max1mum*poss1b]e of six. With an average solution score of

-

1. 5 the prob]ems were obv1ous]y qu1te d1ff1cu]t for th1s group of peop]e

'_Nobody solved the f1na1 prob]em in the set of s1x, and on]y two of the

_§f1na1 set of 34 persons got f1ve correct._ In genera], our pred1cted

order of prob]em d1ff1cu]ty was accurate, w1th most of the so]ut1ons

be1ng ach1eved on the f1rst two. S1nce the subJects f111ed out a matr1x

'»for‘each prob]em, it was posS1b1e to calculate part scores on each prob- ‘

lem, and then to sum these over prob]ems ¢,Ihese part scores, however,

jproved to be very h1gh]y corre]ated wWith a s1mp1e count of number so]ved,

' SO we S1mp1y ‘used number so]ved as the cr1ter1on variable.

~
~’}

‘B. Sentence Scores .o

.- A1l three sentence scores had rather h1gh var1ances there are

: marked 1nd1v1dua] d1fferences in trans]at1ng words 1nto symbo]s and

' fa]] three were h1gh1y re]ated to the number of problems so]ved with

r s rang1ng from .61 to about 7535 tWo of the, scatter pﬁots are shown '

an F1gures 2 and 3 )r o “e : -dl



\. | | .
‘
u . \ ‘ \ - | .
B Viriable - “Hean{  S.D. | :
1. Criterion Provs | "3.57| 14669 [ 2560 at faan] W55 | 8 )32 |-tz a1 |20} -us3 | <28
2 Sehtences 60 | 18.85 IR IR R
[,3. Ordering 15 8.46 1| 40 L6 W56 | W59 | b LB W29 w09 ) W23 .33 '_',39?
4. Inter-sentence |~ 27| 1.81 I3 | .22 | e b p 26 ] ) a03) -5 -005) 30 20
j. 4GH RR1 48.3 |- 8,92 26| A3 ] k9| 267 L6 -89 ~o3L | =l | =33 -.usﬁ
[6. MGH RR2 S0 | 9.78 39 [ o2v | 10 [ w25 -235] 010 |-v23 [ -5 [ 37
7. HGHT Fol | 9:89) * e S S
Ta. MGH-IT -51'_-4*- 8,46 0 33 ] 483 -e537] =039 | o6 |[-u26 1 =431
E. HGH-IIL 1 5751 9.29 88| -2t [-u15 | =015 |-a13: .-.ou:
10. NGH-2L '.55.5.‘ - 8.64 |« 1 1 R 1. =l |26 -, 30 301_2_
11, Letters (Diff) 729.3 1 101.12 | - : 831 861731 .15
.1-2.-11;1:_1:3'8 (PI) ° 647.3 | 100,82°] . 93 |-.27 | .15
13, Letters (NI) | 717.1 | 11492 . . o] 50
D-PL 83.3 | 57.18 ) | o2
15, 0.4 | k1.9 T
— _ ,
d .Table'.l“.' Means, Standard Deviétions & Correlation & R
I e Ak \ 3
28 . - 9
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The h1ghest correTat1on obtained w1th number of probTems soTved
was. w1th the Tynear order1ng sentence score, which had an'r of nearTy
.75. The pred1ctab111ty at the h1gh end of F1gure 3 1s-renarkab1e,, ' .

.;of the e1ght peopTe who ‘solved three or more cr1ter1on probTems, all

- were above the mean on ordering. And only one subJect who had an

~‘l

- order1ng score of 16 or more fa11ed to get at Teast 3 cr1terlon prob-

Jems. In fact, the pred1ctab111ty of overaTT cr1ter1on performance

" from sentence 1nference is so high that scores from a 1ng]e sentence

1 Were corre1a+ed .74 with the criterion probTems.: ' 3‘ oo o,

Altogether, the data 1nd1cate@that a rather high sentence score .
is a necessary but insufficient condition for solving the, Criterion
probTems Q,We were surpr1sed at the generally Tow proport1on of 1nfer-,

- ences that the subJects atta1ned from the s1ng1e sgntences, the med1an -

‘subJect managed to get onTy a 11tt]e more than 5 % of the totaT number

. of correct dots and X! s that were Tog1ca11y der1vab1e, ‘the top score

ach1eved was: 94 out of TTO or about 85% of those poss1b1e. Many sub-
iJects, then, had troubTe extract]ng the Tog1c from the English sentences, :
- and so their 1ater.solut1on efforts on compTete probTems were dodmed to

fai]ure. There were some very Tow sentence scores, for 1nstance, f1ve

peopTe got zero on the 1nter-sentence measure, which means that they |

“dﬁm1ssed aTT the 1nferences-der1ved “from-two or. more sentences, S0 all

.'h f1ve ‘would be expected to fa11 any problem wh1ch depended on this k1nd

5

“of process The generaTTy h1gh correTat1ons between sentences and prob-

Tems suggested to us that the teaching of "Tog1c extract]on" m1ght be
. i

~

'the best way’ to promote exceTTent performance on Tog1c pr

LN

?
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'.1! sentence 2, and so forth were

Al .. ) - \ .
glntercorrEIations among sentEnc

1nstance sentence 6 had a med1an

-

generally pos1t1ve and moderate, fq
correlat1on of .46 w1th the other ‘ten sentences. There was one excep-
tion to this: "Sentence A " the seventh in the ser1es and the f1rst
Lmu1t1 sentence sheet, was corre]ated neg]1g1b1y w1th most other measures.
| Perhaps the material on th1s sheet had a techn1ca] or. semant1c defect
more 1ikely, the 1nter-sentence skills are more d1ff1cu1t and ]ess prac-
._t1ced ‘and the SubJeCtS exper1enced some cogn1t1ve stra1n when f1rst
‘encounter1ng comb1nat1ons of sentences In any case, these moderate
| corre]at1ons between sentence sheets suggest the’ esttence of a reliable

d1mens1on for assesS1ng and pred1ct1ng prob]em performance.

AT

C. Read1ng and D1scr1m1nat1on Scores

~

As -can be seen from the corre]at1on matﬂ*x 1n Tab]e ]’ McGraw-H111
rRead1ng scores corre]ated from .11 to .55 w1th number of prob]ems so]ved,
Q'ffﬁw;ﬂfﬂ"jth1s was a 11tt1e thher than we expected, in a co11ege popu1at1on wh1ch
was presumab]y se]ected on read1ng T1me scores on the Posner—type
ciass1f1cat10n task a]so correlated negat1ve1y'w1th.prob1ems so]ved and

corre] ted’]ess w1th sentence‘scores, for ]ater ana]yses,-the d1scr1m1n—

t

-"good” score. In accordance w1th Posner S resu]ts, phys1ca11y-'

_:,_,-—-—'—“—-H’—

' 1et¢er pa1rs y;e]ded the shortest response—t1me med1ans

’;1dent1;

__*,s,-——~;"f6ﬁ7""5“f£n¢;nc1denta1 f1nd1ng here was that d1scr1m1nat1on response {
o times for fema]e subJects tended to be- sl1ght1y Iower than those for
iima]es Two d1fference scores were ca]cu]ated Name Identical - Phys-

. ..F?'1ca11y Ident1ca1 and D1fferent = Phys1ca11y Idenf1ca1 The rel1ab1]1f&
. of these d1fference scores should be apprec1ab]y lower than the con-

e

- st1uent d1scr1m1nat1on scores. .

: ..

-
.

( .

__t1ne scores were. subtracted from a constant, so that a h1gh score ™ -
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D 'sj:’eéfﬁc Responses in Sentence and. Pr°b]em Mamces

-

.

W)

: - With a mean sentence response score. of on]y about‘ha]f of the

poss1b1e 1nferences, and w1th -a. d1ff1cu1t cr1ter1on set, it was 1nev1t-

@b]e that some* 1n¥brences would se]dom or. never be ach1ev%d cThus was

the case- w1th severa] of the inter- sentence re]at1ons, aga1n, the data',‘-

~ show that people have trouble 1n comb1n1ng log1c across sentences, and:

in convert1ng this logic 1nto a matr1x record As we rev1eWed the answer

smatr1ces, it often seemed that subJects preferred to stay at a super- _);

] o

f1c1a1 Tlevel when comb1n1ng sentences, and avoided the "deeper" and more

r& -

comp]ex relationships. Maybe they d1d this because 2 superf1c1a1 “one- ff

pass -reading. was often suff1c1ent to oet some 1nferences, and so-the - -

subJect wou]d be re1nforced for such reading R1ght now, th1s 15 on]y =

a conJecture, but the matter shou]d be subJect to exper1menta1 1nvest1-

gat1on of the "depth" var1ab1e- '"Depth of process1ng" has been shown to

a

-affect memorab111ty of 1Earned 11st mater1a1 (Cra1k & Lockha 1972)
j”perhaps a subJect s "log1caT depth‘" or quency An sh1ft1ng.from'one

' ~1eve1 to another, can 1nf1uence so]ut1on eff1c1ency Maybe.exp11c1t

Uy
tra1n1ng in ana1y21ng phrases and sentences at d1fferent "depths" would

a]ert subaect% to the poss1b111ty of*pursu1ng more than one 1eve§>§f

ana]ysIS, and would promote better so]ut1ons we have enough mate 1

- - '.

'_to score prob]ems for depth requ1red to solve, and we- genera]]y know

-fwhether a g1ven matr1x entry 1s der1vab1e from superf1c1a1 or: subt]e

'cons1derat1ons

Each subJect contr1b%ted hundreds of t1med responses And there
are so’ many sequences and response rates 1n the records that we have not"
yet thorough1y~ana1yzed them Ear]y in the studya we decided not to

¥
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' . preséure the'subjects undu]y‘about their rates‘of responding; but
often there were unm1stakab]e s]owdowns when 1nter—sentence process1ng
, p , ,
began B
E. Factor Pattern.r ) \y»
"—} ’*:'“ . h , One shou]d not take ser1ous]y i}factor ana]ys1s of more than a ,
fido;en scores. on 34 subJects but we d1d put the" correIat1ons from
_ ‘Table ] through a pr1nc1pa1 components‘ana]ys1s and Var1max rotat1on, '
‘using the Ca11forn1a State Un1vers1ty packages The_doad1ngs on-the~
f1rst three factors are shown in Table 2. | L
g\/ S ‘ Factér 1 Factor 2. Factor 3
Variable N . - .
1. . Criterion Prob]ems . -63 - - -06"- -.10
2. - Sentences - - 3 -.32 - -.05 .0
. 3. Ordering |, - ' .15 o .22 +.13
- .. 4, Inter-sentence - T =43 0 =3 -.05-
~ .. 5.7 MGH RR1 - N .o - 067 -.41 -.70
. 6. MGHRRZ2 - S A8 e 27 =89
7. MGH -1 - ' 08 =18 Sy =28
SR (¢ e O U e 1< I, o B o | R
- 10. MGH - Total. =~ [ 1 . ~.27 -.07 -
o 11. Letters (Diff) - -.29 -.80 "-.33 .
ON\J12. Letters (PI) -1 -.96 -.05
. 3. Letters (NI): -:10 -.96 -.1
1 D-~-PI -.29 ©.28 -.64
15. NI - PI -.01 ° - =31 -.42
R . Table 2. - Varimex Rotation of
S Three Pr1nc1pa1 Component D1mens1ons ;
T S e sy EEERU ] )
ST N 34 e A S
The factor pattern certa1n1y seems plaus1b]e Prob]em variates
(cr1ter1on puzz]es and sentence’ scores) def1ne Factor 1. ?actoh-Z is'
. o g
- ‘clear1y a Posner d1scr1m1nant d1mens1on w1th three ]oad1ngs from .80 to

96 Factor 3 has two high we1ghts ( 70 and §9) for the McGraw—H111

. ¢ . . . : N
Q N - : ‘ -\ﬁ o
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~r‘ead1ng scores. ﬂuo of the Posner d1fference scores a]so ]oad on th1s |

factor, | _ . _

) Accord1ng to the "discontinuity hypothes1s," there is a rather
c]ear demarcat1on between fast ,Y overlearned, automatized processes, such
as the_djscr1m1nat1on skills’ in the Posner task, and Tess well:pract1ced

‘mental operations:such as our sentencellogic-extractfon._ The'factor
structure obta1ned above is genera]ly in accord with the’ d1scont1nu1ty
1dea and we have noted before how slow and halting- is. the inter-senténce .

-

exp]orat1on and translat1on.’ There are apprec1ab1e corre]at1ons between _"
"good" sco;es, whether the scores represent "fast" or "s]ow'l operat1ons, -
" but the scores do cluster 1nto rather distinct c]asses.;."l "_
- We were surpr1sed at the Zg\and .46 1oad1ngs of Var1ab1es 14-and 15
~ on Factor 3. If Factor. 3 is pr1mar11y a. read1ng-sk1115/d1mens1on, then
- why shou]d d1fference scores from Posner c]ass1f1cat1on Tead SO. h1gh1y on
Assum+ﬂg that the .28 and 46 1oad1ngs are not artifacts, we: con-
i :'t:and 1dent1f1cat1on of the other st1mu11 1oads pr1mar1]y because of rate
| cor1ng features in the scores 1nvo]ved, Factor 3 h;s 1ts on]y two h1gh‘;
.1oad1ngs on McGraw-H11] "Read1ng Rates s not on McGraw-H111 total, or~.'
’r_ﬁii o McGraw-H1]1 vocabu]ary._ Perhaps the, scann1ng featu#es that determ1ne"""
. Readlng Rate have some basic oper t1ons in common with Posner d1fference:'.

;scores The data from Hunt et al (1973) a]so suggest that some t1me- .

'dj Obv1ous1y, a next step 1n th1s area is to conf1rm the d1fference score

“A'phenomenon on a Iarger data set, and tojcontrol exper1menta1]y the scan-‘A

8

- ‘n1ng requ1rements 1n read1ng and 1n c]ass1f1cat1on tasks.f The-search.

-, ., -
.. Cen .
. . . . . . e . R
) . - ‘ ~ q .
—_ ' - .

"'Jecture that t1me d1fference between Phys1ca1]y Ident1ca] 1dent1f1cat1on .l;"*'

"d1fference scores can be more qnformat1ve than s1mp1e react1on t1me. = 'J e



'-~and perhaps see1ng a new 1nference or two wh1]e dr1V1ng home In our

up matr1x was a S1gn that a cr1ter1on prob¥em was about to break A .

- extends qu1te beyond the Ze1garn1k effect. - N

." wr..-:}' — ._-,_.‘-
P I

,for bas1c 1nﬁormat1on process1ng parameters&;s tanta11z1ng and e]us1ve

5 S
McGraw-Hx]] Read1ng Rates are determ1ned on the bas1s of rap1d

A

word recogn1t1on, so 1f F subJect were operat1ng under a h1gh-speed ‘

1nstruct1on, it wou]d not be necessary for the subJect ‘to" comprehend

-the McGraw-H1]1 sentences~1n the1r ent1rety !Snstead the subJect could -

search for a ciitical key word or two and give h1s 1tem response as

! N

_soon as.a key term was obserged There might, then be natura] s1m1-

larities to the Posner d1fference scores because a.“fast not1cer" on

the. Read1ng Rate’ should be one W1th a low d1fference score from the s

—.Phy51ca1 Ident1ca1 base11ne Th1s 1nterpretat1on deserves check1ng

under d1ffer1ng Read1nc Rate t1me pressures ‘ We shoutld expect that the

-,

1oad1ngs of the Posner tasks shou]d be reduced as the McGraw H11T task B

b4

sh1fts from emphasvs on speed to comprehen51on

~

F. Practice Effects vfn, S , i . .

o

Both prob]ems and sentences got harder as the sess1ons went a]ong,,'

-

so*we cannot assess accurate]y the 1mpacb of - the severa] hours of prac- f:l:

t1ce A]] su%aects, though were qu1te comfortab]e w1th~the matr1x format

‘after a few sentence sheets, and they all learned.that a near]yafI]]ed-. .

few students came back and asked to finish prob]ems that they had not

.comp]eted and _some sa1d thatvtﬁéy had gotten into a prob]em so much

that, later that day, they found themse]ves St]]T th1nk1ng about 1t

a

"exper1ence, th1s k1nd of.nhterest 1n an: exper1menta] task 1s rare, and

%N

gl 35 .-
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V. A TRAINING DEMONSTRATION

~

- »

Once we knew that cr1ter1on prob]ems were SO highly dependent on’
sentence—process1ng components, it seemed worthwh11e to try to teach
these skills.to a fresh set g4 ubJects In a few hours, we'probably

could not. mater1a11y 1mprove McGraw—H11] Reading or Posner—type C1aSST-

| f1cat1on capabilitiesy but we thought that the word-into- -symbol actwmes

n

| ;m1ght be subgect to some rap1d tra1n1ng In our own work1ng andscod1ng

- of many 1og1c puzz]es, we had deve10ped a 11tt1e set of rules and heur—

G

-skxlls. R ‘f.. o 11:1 IR TR

1st1cs which we had found to be effective; and these techn1ques seemed _
to be.eminently def1nahJe and.teachable. |

| .fhe demonstration.was anned.for on1y seven Subjects;'on the.
ground that, 1f you can it demonstrate y0ur techanue on a handfu] of
peop]e, then th\he is. 11tt1e reason to th1nk y0u Can d0 it thh a hundred »

people. . We chose seven more undergraduate psych0109y students whose

“imean McGraw—H11] Read1ng Scores were matched co those of the or1g1na1

set of 34 subJeNts This group rece1ved exact1y the same break in and <://
Pe

cr1ter1on -problem procedures as, the prev1ous grOUD, but they a]so went

. through six hours (one day) of 1ntens1ve training in sentence PFOCESSTHQ

>

Dur1ng the tra1n1ng, typ1ca1 prob]em sentences were taken one at.

& t1me, and the 1nstructor worked w1th the tra1nee unt1] all 1nferences o

‘were correct]y extracted Somet1mes it was necessary to-g1ve h1nts and .

-

prompts A]] tra1nees 1earned to work very carer11y and rather s]ow]y, |

”f=s1nce they saw that the cr1ter1on was "tccal correct -dots and X 5"

rather than some speed index. During the ]ast.ha1f of.theJtra1n1ng,_ : '

Y

- v
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on the board

' that have: . o

1 .
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three ‘complete problems were worked“n if the tra1nee 9ot hung up, then

. the 1nstructor gave only. enough ofa, h1nt to get the process going

again; sometimes it was suff1c1ent to po1nt to one of the heur1st1cs

“A. The Tra1n1ng Program S .'; - } A ',\;-.

‘ F1ve ruﬁes were expT1C1t1y taught for a1d1ng the 1nter-sentence

and data ~Co ect1on aSpects of so]ut1on ~These:rules were. -

-~ -

1._' Dot Comb1nat1on Suppose a dot (def1n1te "yes") is entered

in a prob]em matr1x to. use our cab1net problem again,-you d1scover that
- Smith is from Georo1a and was Secretary of the Interior. It then fo]]ows

that "Sm1th 1s everyth1ng that. Georg1a 1s,“ and vice versa. For examp]e,

'1f Sm1th and Georg1a were on two rows, then everyfdot and every X 1n

' Sm1th s row now app11es to the Georg1a row. Th1s ru]e may appea% o v1ous,

but we d1scovered that many of: our SubJects did not app]y it fu]]y or h

‘systemat1ca11y ﬁperhaps because one of the dotted varTables wou]d be 1n

a2 row, and the other in a co]umn There 1s a b1t of a knack to app1y1ng

the rule rap1d1y 1n a 1arge matr1x, and of course 1f there are ‘many dots,

;tsyou have to keep track of the ones you have covered We taught our sub- '

_Jeots to use t1ck-check marks for th1s purpose o : | | ,

2. Ch0051ng Sentences to Comb1ne Suppose‘you‘have'already‘

entered all your 1ntra sentence 1og1c into ‘the matr1x Now to f1nd out d

.whetha;;);.comb1ne two sentences, say A and B, }o”k‘for those sentences R

<

(a) one or more shared var1ab1es, SO S

(b) the shared var1ab1e has to be a- "pos1t1ve" in A,
- .and a "negative" in B; if this is true, then a
.. ‘new inference can be‘obtained by combining A and. .
"B otherW1se noth1ng can be learned from comb1n1ng;



’

. . . .
.. . . ; . , o
. . g R .
. - . - . 4 .
. ) N ) . v . .
s e . 4
e e e Y e e et & e e e ~ - . -~ '

. . . . e e e e e et o g e e e el e e e e

. o

':?: ‘p - This rule is eas11y genera11zed to three ‘or more sentences, in
- nfact, a computer pr;hram was wr1tten wh1ch does this automat1ca11y “for
~a given data’ matr1x (students did not use this program as an aid; if
. they had solut1on wou]d often have been 1nstantaneous) ‘59 : ‘
3. . H1gh Informat1on Sentences. Many prob]ems have a long sehtence '

<

or two in wh1ch every d1men51on, er near]y every var1ab1e, is 1nc1yded \¢/—j}>

" These shou]d be especna]]y stud1ed because they often "sp11t the prob-
‘Tem” 1nto two parts,“ or otherw1se 1ead to exc]us1ons that produce many

‘matrix entr1es.~ One examp]e 1s Sentence 1 in the problem on Page 1.
. oL ' 3 -
Here's another illustration: - . = i

The Collins and the Jones boys won évents before ) - . - 5\jﬁ ’
Brenda S son, but after Steve and _the Allen boy ) v

’f'_ If there are five boys in th1s problem, and a]] f1ve are ment1oned

here, there are many 1nferences that f]ow from this one. sentence. A

‘o.

c]ose look at the ordering data 1nd1cates that Brenda s son must have
been 1ast that ne1ther Steve nor the Al]en boy can be 1ower than second,u
w1th Co]11ns and.Jones in th1rd and fourth p]aces. “‘7 “f,

4.. Part1a1 but. Effect1ve Exc]us1on. You are Wor ing a'problem

¢ o -

s w1t9 a f1ve—var1ab1e set of peop]e who work for f1ve d1ffenent newspapers, I

and you know that one- of the f1ve, say J1m, is e1ther on the Da11y or the

.- Press, but you~don t yet know wh1ch one of these it m1ght be._ Now you _'ﬁ’__

can echude from J1m any shared exc]us1on between ‘the Da11y and the o o

Press. If both the Da11y and the Press, for exanp]e, do not have a: o
;-soccer—column wr1ter, then th does not wr1te the soccer co]umn, regard- '

less.of rhether he ends up ‘on the Da11y or the Press. ThTS 1og1ca1 rule j»:
“.1s not-often recogn1zed by the ord1nary educated person. In th1s respect ‘y {gsf‘

:

~ .
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it resembles Wasbn's modus to]]ens inference task (Johnson Laird & L

.‘ Wason, 1970 Wason, ]968) wh1ch is. extraord1nar1]y d1ff1cu]t for
4 ' X . . .- R o
educated adu]ts o~ ’ S

ot . 5.~' Partial Ordering. Trainees are encouraged to Set'upjljttle'vl“”"

) T L » ' J
order1ng schemes, where tha§;1s poss1b1e _As_orie examp]e“ ' T

[

. " John! s everit was before the horizontal bar event, LT
there were three events between them.. . -
’? ﬁf -Now if the solver kngws that there are f1ve evemts and rea11zes-
\\ S fu]]y the 1mp]1cat1ons of this sentence he w111 see- that John S event :
o 1,} " was f1£§t and the hor1zonta] bar compet1t1on was 1ast Qﬂnc1denta11y, a
-~ .f ’\when this sentence s combined with the one about Brenda s son, just ) __7 . )

-<above, we see that John must be John AI]en, that Steve was the second
.compet1tor and that Brenda S son was in the hor1zohta] bar event)
A%
In the course of the tra1n1ng day, numerous cases arose when these

CIEE
-

-five ru]es c0u]d be app]1ed A 11st of them was put on the board and/ jﬁ

-fﬁyi‘ ' the student was: adv1sed to refer to the list, and perhaps work thFOUQh

NG AN /

1t whenever a- prob]em was at a st1ck1ng p01nt._ Dur1ng the 1ast hour or Q

s
S0 of tra1n1ng, a. moderate]y d1ff1cu]t_prob]em'was worked.by the traﬂnee,

_.1usua11y w1thout help. = : .”v, T‘““é . ;"T;y: T

\._._ - - . .. . N . +

After the1r day of spec1a] tra1n1ng, the subJects ‘took the same
six criterion prob]ems attempted by the ear11er group They a]so took

ftwo add1t1ona] prob]ems, wh1ch Schwartz (197]) had g1ven to 38 Ss at -

5

--waynePState Un1vers1ty One of these extra prob]ems was - "conJunct1ve--17 .

' 'pos1t1ve, W1th three d1mensvons and f1ve va]ues, the other was "conJunc—>

't1ve-negat1ve," with four d1mens1ons and f1ve va]ues These prob]ems

- Actually, the “negat1ve" prob]em as*pub11shed by Schwartz §s - garb]ed

- and insoluble; perhaps there .was a cTerical error in transcribing
R . it for the journal. Our rev1sed vers1on conta1ned 13 sentencés, and- _
e . is shown in Append1x B BN f} . | ca

. ) - lj : . e ’ B ‘._,‘

.=29- . s . B




'“were added because they were ]arge but they were a so "c]ean“--that is,

-

"\

there were no verbal subleties: 1n the sentences descr1b1ng the’ relat1ons

Here is a sentence from the negat1ve canunct1ve prob]em' .

Neither the Japanese nor thejEnngshman owns a hyena.

-~

The matr1x entr1es here are obv1ous, and will be done by near]y every

wdll be 11tt1e hes1tat1on in’ ‘entering the dots and X's, “ . \

1

[

B ResuTts

“} The tra1ned peopTe entered correct]y 73% of the possmb]e sentence

-

1nferences--a notab]e ga1n over the 50% or so correct in the or1g1na1

group o On the o]d criterion set they "came closer” to filling up

matr1ces and gett1ng prob]ems, on the ‘average; but the1r performance
~

- -

tota] comp]et10n scores were 1dent1ca1 to those of the prev1ous group of

RREN subJects (aVQrage of T, 5 so]ved out of six poss1b1e-so]ut1ons) On the

Ky

,*rap1d and perfect performance on those two prob]ems Our or1g1na1 cri-

two “Targe but c]ean“ Schwartz prob]ems, however all seven SubJeCtS

P

so]ved each prob]em, perfeqt]y and\qu1ck1y.
We - 1nterpret the main resu]t as fo]]ows The Schwartz prob]ems,
though Targe and unw1e1dy to a ne0phyte, y1e1d read11y to the matr1x

techn1que and the five: process1ng tr1cxs that we taught _Hence, we got

7 \ S

‘ter1on prob]ems, -though, often rest ‘on fa1rjy/9bscure re]at1ons which

'can be understood by the subJects when they are po1nted out but cannot

“a]ways be perce1ved read11y by the subJects These more subtle factors :

tra1ned subJect So even ‘though there ‘are 13’ sentences 11ke th1s, there .

- 4

¢ \1-\-';

are ca]]ed 1mp11¢1t relations by Polich &QSchwartz (1974) those authors;*f.,,

found that errors in formu]at1ng these’ reTat1ons were much more frequent

’ i .
- ) ’ . .

<

o ‘-'.':‘ ',’l- - _ - SN S =30-
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y
and much more dec1s1ve;.than#the<exp]1cit or'surface re]at1ons in the
'f,i prob]em. It is true that our tra1n1ng he]ped even 1n ‘the subt]e prob—
]ems, the tra1ned people correctly made ‘a ]arger proportIon of the’ |
} _matr1x entr1es, they made fewer errors, they kept work1ng, the ]1st of
_.af.f1ve rules a]ways gave them something to do,- and so they made progress.
"fBut they~st11] m1ssed a- key 1nferenc§;ﬁ’ftwo, enough to prevent total
::"ZT;;_!E'squt1on. . _. B S |
0rder1ng scores and 1nter-sentence scores were a]so notably )
R .r,1mproved in the tra1ned subJects There were no zero scores, and
| "rather few erroneous 1nferences, near]y a]] mistakes were om1sslons
" On one of the cr1ter1on ‘problems, an observer sat. next to each
'so]ver and t1med every matr1x entry. that was ‘made. The resu]t1ng record
then gave a t1med solutxon trace through the problem, ‘and perm1tted i'
.uresponse-rate determ1nat1on at d1fferent stages. There are strong .
-h1nts in this mater1a1 that for the d1rect dec]arat1ve ]og1c from the
..ﬂksentences, the response rates are fa1r]y typ1ca1 across subJects. |
F1gure 4 shows fragments of t1me records for two subgects who worked
\\on the p1e—contest prob]em. In both cases, the early, regu]ar entr1es__h
are due to the stra1ghtforward record1ng from the sentences. After th1s

-

"_chore ‘has beep accomp]1shed by the solver, there are often some de]ays,

.o,

. »'presumably, the t1me is spent in organ121ng an 1nter-sentence search

- .strategy The effect1venéss of a spec1a] techn1que or aid can be, eva]- _
fiated by the contro] that is. ach1eved over such de]ays, in the present
vf1gstance, there wis st1]] much uncerta1nty by the tra1ned subJects after

"‘;the easy matr1x entr1es were sk1nmed_off the top, they took a lot of t1me

f_to figure out what todo next. SRR ;"

—— .’
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S qua]itat1ve rev1ew of the records, though suggests that J. L was not

-'dsu‘f _ Both of the two rformances in F1gure 4. show the typ1ca1 ”ear]ye |

fspurt“ of 1nferences, fo]lowed by 1ater pauses of many seconds A

?onlngo1ng faster 1n the ear]y stages. h1s so]ut1on had a better sense

of d1rect1on and focus, and h1s search for "th1ngs to comb1ne seems to
:Sbe eas1er to fo]]ow, and to make more sense. .SubJect L. L. was mak1ng
_d1nferences, a]] r1ght but they were 1og1ca11y "Jerky,"-and not we]]

| - connected w1th each other So, L. L cou]d not f1"o the cruc1a1 "dots" el
;_he needed and d1d not have a sharp search p]an when h1s separate thS f

of 1nformat1on proved to be 1nsuff1c1ent

h

S

It s easy to become fasc1nated w1th’t1med protoco] data 11ke th1s,
,and to see processes that may not be genera] However we must ment1on -,3;
L A_onegth1ng wh1ch struck us as we went over’ the records It 15 th1s :fd*r'zf

aj_When a SUbJECt starts to enter dots and X.s 1n the matr1x, he or she ) -.“‘; |

.,;?.does th1s for awh11e, and then s]ows down Our most successfu] peop]e L

.’;deseem'to be those who gggp“gglng, and keep enterrng th}ngs : we th1ng

- now that this var1ab1e may be part mot1vat1ona1 part hab1tua1 and

tipart cogn1t1ve, and is the sort of aspect usua11y referred to as _;:'
concentrat10n," or determ1natnon, or menta] energy Perhaps this

: aspect of. performance a]so would be subJect to mod1f1cat1on, v1a train-

1ng and 1m1tat1on of prob]em-solv1ng "mode]s" whoaenter data at steady f'\?f

'"rates

fi;;"4“.'

Ty
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Our resu]ts were pos1t1ve in demonstrat1ng the centra11ty of _'.éi Lo

"'_ sentence process1ng in ]og1c prob]ems and somewhat encourag1ng w1th
=¥ ,\
- respect to. rad1ca]]y and qu1ck]y 1mprov1ng these process1ng sk1]Ts 1n -

e

d]ff1cu]t prob]ems._ It cou]d be that our tra1n1ng method, 1f cont1nued ~ }
‘: over severa] days or weeks, would have f1na11y produced much better - |
performance on d1ff1cu1t, subt]e prob]ems we are - 1nc11ned to the v1ew .55
that, 1f the verba] and semant1c subt]eties are caus1ng many of the
prob]em hangups, then ana]ys1s shou]d be d1rected to the subt]et1es them—»,u

se]ves A ]og1cah—neut prOJect, then, wou]d be to assemb]e the hardest- ,t

to-ach1eve 1nferences from the present data, to frame p]aus1b]e conJec--}hf,

A

tures about the reasons for d1ff1cu1ty, and to test tﬁe conjectures by
: l'i-fﬁ' systemat1c @ar1at1on of the ma;er1a]s.- We a]ready know that fau1ty
sy]]og1stnc reason1ng, though 1t undoubted]y occurs, is not a maaor

. source of fam]ure to our subgects.' L. JE:
| lth-f E The attempt to teach prob]em solv1ng had an 1mpress1ve transfer o

";( . to the. two. Schwartz prob]ems. perfect performance was attalneéi when

~

" our. matdix method and heur1st1cs were, app]1ed to a comp]1cated tota]

. s1tuat1on wh1ch was made up of many 51mp]e sentences. If th1s resu}t

14

....

?'!;;,‘_)3 can be coanrmed on a°1arger samp]e of pe0p]e, 1t shou]d be mean1ngfu1

to app]1cat1ons 1n such areas as troub]eshootwng Troub]eshoot1ng 1n

et -

e]ectron1c and mechan1ca1 equ1pment 1s often a d1ff1 ]t and cr1t1ca]1y

I 1mportant task° much t1me 1s spent on tra1n1ng, on tech manua]s, and

-

on a1ds of one k1nd or another Yet good troub]eshooters are ‘as’ hard

to.f1nd as ever The a1ds prov1ded to them are often 1neffect1ve,

- . . L o
- f




"'5f.source mater1a1 we coqu then, 1n pr1nc1p1e at Teast, est1mate the

and the crises, continue. Whe" a’ draft CORy Of th1s report was be1ng

"nreproduced four Xerox techn1c1ans were work1n§§on a reca1c1trant
- copy1ng mach1ne, and they anaTTy caTTed their off1ce for further hekg\

In our present framework the eTectron1c techn1c1an who is taught

f"how to troubTeshoot" is 11ke one of our Mtrained” subJects.~ The tech- -
“f"n1c1an rea11zes the 1091c of fau]t 1soTat1on pretty well; he knows

< ;generaTTy how to 1nterrupt a s1gnaT cha1n wfth cr1t1ca1 tests, but he

" s operat1ng on a compTex "set of sentences" in h1s head and in h1s :
'?manuaTS, These sentences may conta1n 1arge amounts of 1nformat1on,
'taTl r1ght and the techn1c1an extracts some of 1t buf’there are subt]e-

?j,ties in’ h1s "sentences" wh1ch he has not yet apprec1ated or has for— i"

RN

.'Hgotten As ]ong as these ex1st no Tog1ca] tr1cks w111 work the
'"probTem matr1x will remain 1n an. 1ncomp1ete state, and the troub]e W111

"_{not be 10cated When effect1ve troub]eshoot1ng dev1ces are produced

'Lfas occas1ona11y happens, they work Just because the "sentences" under-
;:Ty1ng them are ‘clean and c]ear and the fau]t 1501ation bebaV1or can pro-

-

ceed w1th the. certa1ntv that 1t 1s converg1ng on the prob]em The

. qua11ty of the g1ven techn1c1an,s "sentences" cou]d be assessed by the

';'proport1on of correct lnferences that coqu be drawn from h1s ava1lab1e

B

-

v

17ke11hood of a g1ven techn1c1an ever f1nd1ng certa1n k1nds of troub]e. R

.- Certaqn]y the peop]e who depend ‘on techn1C1ans and who prov1de the1r

: tra1n1ng and reference manua]s, shou]d be 1nterested in such an est1mate'

More research sroqu be done on. the h1gh1y-pract1ced and eff1c1ent

_solver of TOQTC prob]ems, s1nce the behav1ors exh1b1ted there are reaTTy

. w : &

-
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f<fj week or ]ess of 1nten51ve pract1ce, and hen the course cou]d go on- to

" subtle re]at1ons
| 'haSSOC1ates,have ana1yzed sy11og1st1c

hﬂloperat1on (Sternberg, 1978a 1978b)"

i:cons1derab1y more comp1ex than h1s

‘fﬁ p1vot search " for examp]e, requ1res the subgect to estab11sh 2 term

_fthe "ava11aba]1ty“ of a solutnon eIement is somet1mes a funct1on of B

what tﬁe\applted psycho]og1st wants We noted ear11er one "expert" )

7_iso]ut1on to. the Cab1net prob1em- that performance had a flow and

“elegance that seems to be 1ack1ng 1n our rather pedestr1an matr1x

¢ ~

'techn1que, Maybe our matr1x sk11ls, wh1ch me have shown.are qu1te oo

teachab]e, shou]d be cons1dered as a prerequ151te to @ smoother and

:_ more- rap1a expert approach From our staff exper1ence, there is

'reason to be11eve that people who become very. fasf on the matr1x bu51-_

ness can go on. to expert-tﬁbe so]ut1ons If th1s proves to be genera]]y

so, then the matr1x techn1que wou]d be support1ve ‘to the other- cogn1t1ve

_,operat1ons, and wou]d not be the major techn1que used by the so]ver

' Perhaps rea] f1uency in the. matr1x sk1lTs could be taught in, say,_;--

S .: In an 1mpre551ve series of stud1e , Robert Sternberg and his.

' ason1ng 1hto a series of about

',_ten 0perat1ons, and have been ab]e td est1mate the t1me spent on each

0ur prob]em mater1a1 is often ;;

-‘,Jseveral p]aces where the processes seem to be 51m11ar Sternberg s

" wh1ch w111 perm1t the comb1nat10n ‘of two prem1ses 1nto a s1ng]e ordered L
ofarray, th1s may take several seconds, 1n h1s s1tuat1on Our so]vers o

"must f1nd Tog1ca1 “p1vots" too, but the number of adm1?sable alterna-

t1ves is often much’ 1arger than 1n the three term case, so° d1scovery |

___‘may requ1re many seconds, or even some m1nutes., In Sternbero S mode]s,

. -36-

hree term syTTog1sms but: there are o
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'memory from»the'immediate1y"preceding'operation. This”factorﬂmight be
o "1; 3perat1ve in our 1og1c prob]ems. If sentences are phrased or "bunched"';
e . ;fﬂ~56739>to facilitate’ apprec1at1on of a dnmens1on (age, order, etc. ), e
| ) then 1ncreased ava1Iab1I1ty of 1nc1us1ons and exc]us1ons should show o
o up in the probIem matr1x " We have tr1ed a few prob]em var1at1ons of |
P th1s k1nd on sma11 grab samp]es of subJects and occas1ona11y n effect"
. l- “can be obta1ned '}n one vers1on of our "Murderer" prob]emof;o:d '7
'Gabr1e]11, & R1gney, 1977), we put certain sentences w1th a shared
_ §§1mens1on next to each other, in the hope that apprec1at1on of that
- dimension’ wou]d be enhanced The effect we found was only s]1ght, but
'q§Ere is 50 much comp]ex1ty 1n our prob]ems, and s0 many ways for the
”:subJect to work that such effects are often masked by. the var1ab111ty .d
?Sternberg gets much of h1s data from h1gh1y pract1ced subJects on. con- .
Jibstra1ned problems, so perhaps a "component1a1"'attack on our’ 1og1c _
) prob]ems would- proceed best with expert so]vers.. " | ‘t |
| ‘One of the most powerfu] features of Sternberg s work 1s his est1—;;b
mat1on of the accuracy of var1ous performance mode]s, he gets R2 's ‘on f"'ﬁ
the: order of 90 and better for some of h1s mode]s. Sternberg used thev'
B R2 parameters to dec1de wh1ch of severa] mode]s 1s best, and to suggest
.what proport1on of var1ance 1s yet to be eXp1a1ned It 1s p0551b1e to |
'.'~pred1ct performance in our 1og1c prob]ems rather we]] from sentence-
-1og1c extract1on act1v1ty, as-we have - seen above But it 1s also
poss1b1e to pred1ct genera] d1ff1cu1ty of the prob]ems from superf1c1a1
fdfeatures such as number of sentences in “the problem,rnumber of- var1ab1es, 7

" -and number of sentence comb1nat1ons requ1red for. so]ut1on we get rt in:”j:

‘:the 60 s or h1gher for th1s k1nd of pred1ct1on.'

-~




K We be]1eve that a measure of ]og1ca1 "depth" is- needed for the:

1nferences 1n our problems, and we are now exp]or1ng a s1mp]e-three—f
| Jevel: depth gcore If th1s scor1ng scheme works, then probab1]1ty of '
“'--_2 so]u;1on in a g1ven prob]em m1ght be a funct1on of a person s- average ;f';.
rea]12ed depth" 1n severa] s1m11ar prob]ems G1ven a person S ab111ty |
.jv,1n perce1v1ng re]at1ons at var1ous Iog1ca1 depths we cou]d mode] h1s/ ':J
: . her performance on any g1ven prob]em, via the depth parameters of the . )
i_;'“"prob]em, and a d1g1ta1 s1mu]at1on ) ram. _pi 'f_ ' .
| Data from our prob]ems have some s1gn1f1cance for 1nd1v1dua] d1ffer—
| ences 1n cogn1t1on.. H1gh verba] ab1]1ty peop]e tend to be faster at. |
o - nak1ng "name" magches than .are ]ow verba] ab1]1ty subJects (Hunt Frost, )
'"f& Lunneborg, ]973) and h1gh verba]s are a]so much faster than- peopTe .
5w1th 1ow-verba1 ab1]1ty 1n mak1ng taxonomxc category matches and homo— .""'
'fphone 1dent1ty matches (Go]dberg, Schwartz & Stewart 1977) Our re-
- su]ts suggest that apprec1atlon of the str1ct Iog1ca] re]at1ons 1mp]1ed
.‘1n a sentence 1s a]so re]ated to verba] ab1]1ty Perhaps the "Iog1c
i encod1ng rate"‘w111 turn out to be a usefu] 1nformat1on process1ng
- parameter for 1nd1v1duals._>'{» _ S P
o Hayes et a] (]977) emp]oyed log1c prob]ems 1n 2 51mu]at1on study
= of human reason1ng The1r work is in the Carneg1e Me]]on "product1on,f't
m>system" trad1t1on F1rst they asked human subJects to make re]evancy
'.,fJudgments about the materfal in each of the prob]em sentences As
.-;;r;i"f'lexpected the subJects were ab]e to 1gnore extraneous 1nformat1on, and
.to focus on the key e]ements of the prob]em. The 1nvest1gators then '
~"_hypothes1zed that three prob]em—structur1ng processes were operat1ng

o \K_\‘(]) a SETS heur1st1c wh1ch 1dent1f1es groups of 1tems, (2) a TIME heur— .

o 1st1c wh1ch tags 1tems conta1n1ng t1me-re1ated phrases such as "yesterday'"

—38- 48 DR .»c




o

: and (3) a,QUESTION heur1st1c wh1ch places great re]evancy-va1ue on .

ﬂJtems wh1ch are in a query mode, and wh1ch tend to def1ne a so]ut1on

s

tO-the prob]em A SNOBOL computer program was wr1tten to 1m1tatepthese -

processes and the program output of "re]evancy" or .meanjng resemb]ed o

L‘,the human Judgments rather c]ose]y

Our’ data certa1n]y conf1rm the cr1t1ca1 1mportance of act1v1t1es

o 11ke SETS‘ and the powerfu1 or1ent1nc effects of QUESTION,sentences

Indeed we be11eve ‘that sk111 1n rap1d]y.def1n1ng sets, and 1n separ-"

,at1ng Targe sets 1nto subsets, is a d1st1nct1Ve mark of the good prob-

MRS _—-

letm soTver For an 1nexper1enced subJect, the set def1n1ng act1v1t1es‘

: _may be observed from the very begxnn1ng of the so]ut1on’proc:ss. There
\';15 a]so a c1ose resemb]ance between the Hayes IIME heur1st1c and our
o order1ng“ var1ab]e. One of the f1rst thlngs an eXpert so]ver ]ooks o

B ‘for 1s 1nformat1on about- ordered arrays 1n the, sentences.‘ And 1f order

data are there, the expert genera]]y hopes ‘to f1nd that one or two probf _

”1em sentences are- espec1a11y r1ch 1n the order “subset" 1og1c, often,

- too the "b1g§ order1ng sentence ]eads rather d1rect1y to "sma1]er" N

exclus1on statements, So- the sentence comb1n1ng dec1s1ons are eas1er

“ Qur. seven tra1ned subJects, we be11eve wou1d so1ve the Hayes ~.»j

'"Aﬂ1 sports“ prob1ems very. qu1ck]y Th1s 1s because all’ the sets and

- re]at1ons are ‘obvious (even though some are 1rre1evant), and because

I8
/

I :pa1r1ngs. o

There appearssto be no 1ntr1n51c barr1er to cod1ng\prob1em sen— '

tences for their semantxc contents w1th a re1at1ve1y fu11 l1st1ng of 77';]”

mea”’"Q categor1es for each term in a sentence. If th1s can actua]1y;'“

. . : Y
P . P -

BtV 4. T- S

.our matrix sk1]]s wou1d afford rap1d exc]us1ons of the (few) name-sport fgfi'
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be done, then product1on-system models and a1d1ng programs cou1d cap-

-

}ture the essent1a1 behav10rs in: ]og1ca1 prob1em solving. The resu]ts -

o T 'of the present study 1nd1cate that, the actua] Process1ng of prob]em ;

. -

data can be rout1n12ed bnce su1tab]e 1nputs are rzgorded 1nto a. matr1x,_

v

T or into some other kind of memory We know hoW'to teach, and to ass1st'
-r”l

C . via computer, the’ Togical- 1nference part of the problem. BUt there are Z._ ‘

st1]1 many technical 1ssues in gett1ng good data from the sentences
1nto tne 1ogxca] processor, and these must be nastered before an a1ded'

’-.f ".probTem-so]v1ng system can be conf1dent of solution in rea11y d1fferent

-‘prob1ems._ '
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F1V9 women received SPEC161 honors at the annua] awards 1uh¢heon-°
the 1ad1es hosp1ta1 aux111ary : R L Y

7%3A;'tf'“ﬁe . T., "Ann. and, Mrs Trask each work one day a week ‘Bea, Ms Qu1nn, and
"7 the wo who received the ribbon all work two days, each day of -
-the wee S worked by at Ieast one of. the f1ve. ' :

\

2. ‘The woman who recéived’ the r1bbon works with- Ms Ross on Tuesdays
"7 " _and with the’ armband w1nner -on Mondays. ' - o Cs
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. The f1ve men in order of the1r sa]ar1es from 1east to

. : greatest are: the Arm.y's émployee, Mark (whose las name is not
=~ . . " Reiner), the shoe-salesman, David, and Mr. Dixon (who does not se11

T Jewe1ry ) I .
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S | Medified Sehwariz Problem

1. The hyena s owner- doesn t 11ve in the wh1te, yeT]ow, red or green’ house.

2. Neither the Japanese, the Ind1an, nor the Englishman 11ves in the green
“ house. -

13. Ne1ther the American nor Canadian owns a zebra : : : e

4, . The tea drinker doesn't live. 1n the b]ue house, and doesn t own a
- turtle, hyena, ox, or horse.- - ; . o

'5,' Neither the Japanese nor the Eng]1shman owns a hyena

6. The beer drinker isn! t Eng11sh doesn t Tive 1n-the red house, and
doesn't own an ox. . .

7. The zebra's owner doesn t 11ve in the yellow or red house, and doesn t.
dr1nk milk. .

'8. The coffee dr1nker doesn t own a. zebra, or an 0X, 11ve in the- yeT]ow,
blue, or red house ' : . .

=9. The Japanese doesn t 11ve “in the ‘réd, bTue, gree, or ye11ow house
10. The Amer1can "doesn’ t: 11Ve in_the red, bTue, or green house o

q -

1. One of the men drinks wh1skey' e R A
. "12. 'The Q?er1can does not drink, wh1skey or itk -and does not own a’ hoyse
R '3'13,‘;The 1k drinker does not Tive ima b]ue house ﬂ o et
.°,ET'5‘ - 17ﬁ/’7. c jf':; o ’.'»xz*‘:  \»:1 e S
s R ] — Q -Q - [ e : o s-. -ﬁ x,v QQ_)
L . £ & £ 2% @2 x 55 & 8= = %
= > (L] o = N T o - = — o = =+ O
. Japanese . ‘ 1
- . Englishman - : | : s
American = .} | : . _ : .
"% Canadian -] : B | o
Vo —
" Tea 1
_Beer ] . I v I -
coweiskey L o T | S RO




