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~~~ L .available to a reasoner was limited by virtue of being incomplete .
Zhe incompleteness in the information arose because , as is /
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possible logical expressions tha t could be formulated from a
number of independent dimensions were assigned truth values.

~~~ Empirical studies wi th college students were carried out.with a
previously formulated concept-attainment model that allowed for
multiple concept solutions. Using both a concept—production and

~~~ a concept-recognition format several factors influencing success
in concept 3ttainment. were isolated .

P. novel logical model for instance deduction , the obtaining of
‘.r alii instances from concepts , was formulated . The model

~~~ complemented the previous concept-attainment model. Extensive

~~~ empirical studies were carried out based on the instance deduction
model. P. case—stud y approach to seve ra l sessions of perform ing
instance deduc tions was undert aken as well as production and
recognit ion experiments with groups of observers. CThe conclusion
was reaci.~ed that the instance—deduction treatment described by the
model  --- ~‘~ ich was in acco~ ’1 with acknowledged canons of formal
leqic - - cou ld easily be acqui red by untrained part icipants and lead
to quick i niproveme1~t i n making practical deductions. Theoretical
analv~;is concen~- rated on two comparisons in the logical structure
oi pr ~ 1ons: (1) between conjunctive and disjunctive concepts7 ‘ . J
(2) between conjunctive and disjunctive instances. Only the
second dist i nctior i was found to be important.~~~Factors were
described that relate to the difficulties indi¼ ~iduals experienced
in dealing with disjunctive instances.
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TO: Chief of Naval Research, Arlington , V i rginia 22217
At tention : Engineering Psychology Programs , Code 455
DrS. M . A. Tolcott and J. J. O’Hare

FROM : D r . Bruce M. Ross , Center fo r Rcsearch in Thinking and
L a n g u a g e , Depar tment  of Psychology
The C a t h o l i c  U n i v e r s i t y  of Amer ica , W a s h i n g t o n , D . C .  20064

SUBJECT : Final repo rt of work completed under the support of
Contract N00014—75—C—0913, Work Unit No. NR 197— 025,
between the Ca t h o l i c  Un iv e r s i t y  of Amer ica and thn
Eng ineering Psychology Programs , Office of Naval Research.

I. This report constitutes a final descript ion  of work comp leted
under the support of Contract No. N00014—75—C—0983, Work Unit
Number NR 197—025 , between the Catholic University of America
and the Engineering Psychology Programs , Office of Naval
Research. The contract was initiated 1 May 197 3 and (wi th a
nine-months , no-cost extension) terminated 31 January 1977.

II . The a im of the contract was to study deduc t ive thinking under
conditions of limited information from both a theoretical and
emp irical standpoint. The theoretical perspective resulted
in logical models of deduction that were used in designing and
analyzing problems administered to observer s in the empirical
phase of the research . Four technical reports , listed at the
end of the present report , were completed and dis tributed .

III. The present report is divided into five sections . Three short
• sec t ions (A , B, and ID) are concerned wi th the rationale and

justification of the research . Two longer sections (C and E)
describe the empir ical wo rk carried out under the contrac t .
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4 k 
A. General Rationale for Studying Deductive Problem Solving

I n d iv i d u a l s  o f t e n  have i n f o r m a t i o n  ava i l abl e  to them from which
they  should be able to draw s t r a ig h t f o r w a r d  conc lus ions  w i t h
log i ca l  c e r t a i n t y .  Yet they f r er iu e n t l y  f a i l  to do so, even though
memory is not involved and v a l i d  implications are placed in a l i s t
among othe r s o l u t i o n  a l t e r n a t i v e s .  In our research  these
c o n s i d e r a t i o n s  led to an a t t emp t  to answer th ree  genera l cues t ions :
( a )  what  k i n d  of biases  prevent  imp l i c a t i o n s  f rom be ing  eva lua t ed
co r rec t ly?  (b) What  type s of problem solving s t r a t e g i e s  are
commonl y invoked? (c)  To what  extent  can the use of t hr ee  or
f o u r  s imple  r u l e s  f o r  deduc t ion  f a c i l i t a t e  correct deduct ions?

To avoid m i sun d e r s ta nd in g , i t  should  be emph a s i z e d  t ha t  deduc t ive
reasoning  in  the  form tha t  we have s tud ied  i t  is u s u a l l y  at a
simp ler level t h a n  that  under taken  w i th  p r o b a b i l i s t i c  decision
making . Indeed , some deduc t ions  ar e  o f t e n  necessary before
p r o b a b i l i t y  ca l cu la t ions  are worth pe r fo rming . F u r t h e r , in many
s i t u a t i o n s  i t  is des i rable  to know the q u a l i t a t i v e  p o s s i b i l i t i e s
tha t  are log ica l ly  feas ib le  w i th  regard to whether  a q u a n t i t a t i v e
p robab i l i t y  can be attached to each i n d i v i d u a l  p o s s i b i l i t y .  That
is to say ,  d r a w i n g  deduct ions  sometimes y ie lds  a f i r s t  approxi-
mation in describing problem solutions where only partial
information is available. With strong time pressure this approxi-
mation can be in itself sometime s sufficient to encourage or
eliminate a course of action .

A pract ical example of drawing deduct ive conclusions i n a
• nautical setting was furnished by describ ing the use of deduct ion

in target surveillance based on multi ple sight ings. In such an
example the deductive basis for drawing conclusions is not always
limited to cases where physical objects exist , since negative
examples (nonex istent configurations) can also play a role in
deductive inferences.

B. Advantages of the Deductive Models used in the Experiments

In the first experiments work was based on a previously formulated
logical model for presenting concept—attainment problems (Mott
& Ross , 196 3 ) .  B~ concept—attainment is meant the deduction of
logically val id concepts from sets of positive and /or negative
instances. In work performed under the contract a model was also
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ii
developed for concept instantiation (instance deduction) problems
(Mott & Ross, 1975). Instance deduction refers to the identifi—
cation of valid instances of a set of one or more concepts.
This instance deduction model was applied to the later experiments
of the contract . (Gurney & Ross, 1977; Ross & Gurney, 1975).

major advantages for the design and analysis of deductive problem
In general , both of the above logical models incorporated three

solving experiments over previous paradigms described in the
psychological literature .

-
, 

- 
These advantages are :
(1) Multi ple correct solutions , often of different logical types,

were correct within the same problem .
(2) Both concepts and instances (and therefore problem solutions)

could be either coniunctive or disjunctive in form depending
on the problem design the experimenter chose .

(3) Valid solutions could be drawn from incomplete instantiations.
This generalization meant that, in accord with most real life
situations , only a sample of all possible instances (concepts)
needed to be specified as positive or negative, and yet
logically consistent solutions could be determined .

• C. ~~pirical Results for Concept Attainment

1. Concept-Attainment Production Experiment
Observers (N=24) were presented problems (sets of instances)
that each allowed two or more correct concepts to be

• attained. Minimal instructions were given to present possible
solution types rather than to illustrate deductive rules to
follow . Two conditions were administered , a Specified condition
where the number of correct solutions that could be obtained
for each problem was printed and an Unspecified condition where
no solution numbers were printed . (Note that partici pants in
this experiment and all others to be reported were male and
female college students with the exception of the addition of a
few university staff members in one experiment.) Four
conclusions were reached . One, the Specified group produced
many more correct and incorrect solutions than the Unspecified
group. This was especially true for the production of correct
1st-order conjunctive concepts (A and B). Second , there was
a marked reluctance on the part of individuals in the
Unspecified group to produce more than two concepts per problem
regardless of the number of correct concepts. Third , both

Li Specified and Unspecified groups produced few 1st—order
disjunctions (A or B), but they produced far too many 2nd-order

~~~~~~~~ 
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d i s j u n c t i o n s  (AB or C~ AB or CD) t h a t  were needless ly  complex .
This frequent listing of nonessential values among attained
concepts suggested that observers often confused concept
instances with the concepts themselves. Fourth, individual
performance range was very wide; from 2 to 19 correct concepts
were obtained out of a possible 24.

(Technical Report CRTL-TR-l)

2. Concept-Attainment Recognition Experiment
Instructions were more detailed than for the previous

~xperiment . Four worked-out practice problems, w i t h  four
concepts for each problem , were included in the instructions.
A t o t a l  of 20 correct  and 22 incorrect concepts were distrib—
uted over 10 concept—aLtainment problems . Observers (N=40)
encircled Yes or No, giving a 50% chance leve l of correctness.

An approximate S0~’. or better level of correctness was
obtained for 0—order concepts (A alone), 1st—order conjunctive
concepts (both with 2 and with 3 values), and 1st order
disjunctions (both with 2 and with 3 values) . Again partici pants
did poorly with 2nd-order disjunctions recoqnizing correctly
only 58% of these concepts. It was concluded that naive
observers performing with a recognition format can assimilate
logical instructions sufficiently to attain concepts with a
single logical operator at a satisfactory level of proficiency.

(Technical Report CRTL-TR-l)

D. Specific Rationale for Studying Instance Deduc t ion

The other studies performed under the contract were devoted to
theoretical and empirical investi gations of instance deduction .

t This area has received little previous attention in the psycho—
logica l literature . Usually instances have been defined in such
a narrow range, most often as 2—dimensional conjunctive concepts,
that to ask for instance deduction would be trivial. With the
present deductive system , however, permitting both disjunctive and

• conjunctive instances of both the 1st— and 2nd—order, the
deduction and identification of positive and negative instances
can be a challenging problem .

6 



Nevertheless , there are two ways in which instance deduction is a
simpler, more direct process than concept attainment. This being
the case , stud ying instance deduction can often he a better
vehicle for understanding partici pants ’ reasoning than concept attain—
ment . p~t the same time the study of instance deduction is of
interest in its own right since individuals can hard ly be consid—
ered to understand a concept if they can ’t clearly identif y
positive and negative instances of the concept . The first way in
which instance deduction is m o o  direct is that each concept is

- 

• considered individuall y as possessing multi ple instances. Thus
deduction is on a single—step basis even when instances must be

• valid for several concepts. In contrast , concept attainment is
more complex in that (except for redundant instances) all instances
are interrelated with a modification in implied concepts for each
new instance tha t is added .

The second way in which the instance deduction process is simpler
than concept attainment is that negative instances do not have to
be considered simultaneously with positive instances , nor is
all-negative instantiation a feasible procedure as i t . is  with
concept attainment. Negative instances for instance deduction
are just the remaining instances that are not valid for any concepts
after determination of whether such instances can be positive for
these concepts. Since there is little flexibility in procedure

~ when performing instance deduction , deductive processes are more
straightforward and possibly easier to understand than they are
for concept attainment where a variety of approaches is possible
in solving the same problem . •.

(Technical Report CRTL—TR—3 presents an account and just ifica tion
of instance deduction in formal—logic terminology.)

—— 
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E .  E m p i r i c a l  R e s u l t s  fo r  I n s t a n c e  D e d u c t i o n

1. In s t ance -Deduc t i on  P r o d u c t i o n  E x p e r i m e n t
Ten problems t h a t  l i s t e d  sets of concepts were presented to
observers (N=30) who were required to supply two instances
per problem. Whether instances were to he conjunctive or
d i s j u n c t i v e  was s p e c i f i ed ~ si’e of the  problems s p e c i f i e d  a
m i x  of one c o n j u n c t i v e  and one d i s j u n c t i v e  i n s t a n c e .  Four
m a t c h i n g  ru l e s  were suppl ied  to t h e  p a r t i c ip a n t s  r e l a t i n g  to
the  f o u r  possible c o m b i n a t i o n s  of c o n j u n c t iv e  and d i sj u n c t i v e
i n s t a n c e s  and concepts .  The number  of correct  i n s t a n c e s
given per individual ranged from 2 for two obser”ers to a
perfect 20 for three observers. The two individuals who scored
onl y 2 woul d have produced 8 correct ins tances i f  a mi no r er ror
of i ncomple t e ly specif y ing  a l l  d i m e n s i o n s  was over looked .
However scored , i t  was e v i d e n t  t h a t  t h i s  e x p e r i m e n t  l i ke  the
c o n c e p t — a t t a i n m e n t  p roduc t i on  e x p e r i m e n t  r e s u l t e d  in  a ve ry
large range of scores making the draw ing of general
conclusions from production expe r iments more d i ff icult than
r e c o g n i t i o n  e x p e r i m e n t s .

Mean accuracy reached was qui te high, as migh t he expected
since each set of concept s had many more than two co rrec t
i n s t a n c e s .  N o t w i t h s t a n di ng , a si g n i f i c a n t  d i f f e r e n c e  was
found  between correct p r o d u c t i o n  of c o n j u n c t i v e  i n s t a n c e s  (34  ~

)
and di sjunctive instances (71%) . Greater mean accuracy was
also shown for production of conjunctive instances on a per
problem basis when both conjunctive and disjunctive instances
were reques ted in the same problem . On the other hand
di sjunctive concepts did no t appear to be more d i f f icult to
deduce instances from than were conjunct ive concepts.
These results suggested that it was not di f f ic ulty in under-
standing disjunctive conc€~pts per se that cause d problem
difficulty in the expanded instance-deduction experiment to
be described next or in the following instance-recognition
experiments. More exact comparisons based on this theme were
made at a descriptive level. Two factors were especiall\’
noted as produc ing errors in instance deJuction . One was the
obvi ous tendency for errors to increase as numbe r of concepts
increased. More interesting was the finding that heteroqenity

8



of concept levels i n  the same l i s t  (a m i x t u r e  of 0 — o r d e r ,
1 s t — o r d e r , and 2 n d — o r d e r  concept  s) t ended  to cause  more e r ro r
t h a n  when a l l  concepts  were at the same level (cg., a l l
1s t—order  concep t s)

(Technical Report CRTL-TR-l)

The t o t a l  N fo r  the  above e x p e r i m e n t  was inc reased  to 54 by
a d d i n g  22 more col lege  s t u d e n t s  as observers .  Three of t hr- 10
i n s - a n c e — p r o d u c t i o n  problems were o F  i n t e r e s t  in o rder  to
make a c lear  compar i son  between d i f f i c u i t y  ~~f conjunctions
and d i sj u n c t i o n s .  In a be tween—prob lem c o m p a r i s o n  (3  d i sj u n c —
t i ’ e  concepts g i v e n  and 2 c o n j u n c t i v e  i n s t a n c e s  recuested
versus a second problem wit~ 3 c o n j u n c t i v e  concepts g i v e n  and
2 disjunct i’..’o instances requesLed) significantl y fewer errors
;~ere made with conjunctive instances. The same result was
obtaine d wi th an i ntrap roblem comparison where both
disjunctive and conjunctive concepts were listed and both
types of instances were requested . Another point to emphasize
is that the more accurate production of conjunctive instances
went counter to p r o b a b i l i t y  e x p e c t a t i o n s  since there  were
a lmos t  a lways many  more v a l i d  d i s j u n c t i v e  t h a n  c o n j u n c t i v e
i n s t a n c e s .  It  was concluded t h a t  w i t h  these r a the r  t i g h t ly
c o n t r o l l e d  compar i sons  it was not the m i s u n de r s t a n d i n g  of
di~~j u n c t i on  as such but  the s p e c i f i c  i n a b i l i t y  of the
subjects to formulate disjunctions as instances of concepts
tha t increa sed er rors.

(Technical Report CRTL-TR-2)

2. Tns tance-Deduction Recognition Experiment
This experiment was carried out on a larger scale than the
others with a total N of 155 observers. There were 10 problems
wi th a total o f 42 inst ance recognit ions. Pa rti c i pan t s were
div ided into three groups. A Double—Scan Rule qroup (N=53)
had available the four rules used in the instance-pr lucti on
experiment . A Double-Scan Naive group (N~~~~) and a Sinqie—Scan
Naive group (N=38 had no deduction rules available to them.
The diff erence between the double—scan and sinqie-scan
procedures was that with the double-scan procedure partici pan t s
made two passes through the problems .

9
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On the first pass observers indicated whether an instance was
or was not a positi ve instance of all the l .i. stec] concepts~
on the second pass they indicated whether the rema~ ninq concepts
were instances of some or none of the concepts (although they
could also change their minds about their original iudqments).
W~.th the single scan procedure all , some , or none judgments
were made on the initial reading of a problem .

There was a si gn i f ican t l y  be tter pe r fo rmance f o r  the ru le
conditions with 30.9% error , as compa red to 39.0% error for
the Double—Scan Naive group and 38.4/ error for the Single—Scan
Naive group. Interesting differences were found in response
usage. Rule—using observers tended to overusc the affirmative
“all ” response while naive observers underused it . For the
naive groups , the single—scan group overused some ’ and the
Icwhle— scan qroup the none ” response . Thus to some extent a
psychological set appeared to be induced that was only partl y
dependent on performance level. At the same time , though
favor ing the yes response , the rule group had errors fairly
eve n ly d i s t r ibuted ov er the th ree  response categories , an
Outcome that mirrored correct response proportions. The findinq,
noted above in the instance—production experiment , of much
easier identification of conjunctive instances from disjunc—
ti”e co .cepts as compa red to the converse identification of
disjunctive instances from conjunctive concepts was hi ghl y
supported fo r the recogn i t i o n  resul ts .

The real force of the compar son I tween disjunctive and
conjunctive instances in the production and recognition
expe r iments wa s that the matching ruler g iven to observers to
make bo th compa ri sons were a lmo st id en t ical ; th e on ly  d i f f erence
was that there was a reversal of concept and instance as to
which was disjunctive and which conjunctive . (In the four
rules given in the instructions the rules involved were Nos.
2 and 3 . )  Taken a l toge the r, the results suggested that it was
the use of disjunctions as solution outcomes that made for
performance d i f f iculty rather than fa i lure to comprehend the
meaning of disjunction . A descriptive model was outlined in
which sub jeLts first treated all instances as conjunctions and
subsequently, i f  required , derived disjunc ti ons from these
conjunctions. In this model , it is the fact that obtaining
disjunctive instances is frequently a two—step process that
increase s errors.

(Technical Report CRTL-TR-2)

10
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3 . Intensive Analysis of Observers ’ Performance of Instance—
Deduction Recognition

Five major contrasts can he drawn between this experiment and
the previousl y reported experiments . One , problems were
presented at the observer ’ s convenience on a CRT-scope disp l ay
and answers  we re a u t o m a t i c a l ly recorded . T h i s  is in c o n t r a s t
to the paper—and—pencil booklet• format of pr e ’ious experiments.
h owever , pri nted matching rules were again available as they
had been in the prior experiments. Two , correctness feedback
was (j~ ven automatically following eve ry instance recognition
(all , some, or none responses) while no feedback ~.as
administered in earlier experiments . Three , problems were
administered to the same individuals for f i v e  sessions (actually
there were eight sessions in all but three early se ss i ons
administering easier problems were omitted from analysis)

• rather than the single—session administration of the other
experiments . Four , reaction—time measures from time of disp lay
to time of responding were taken , whereas non” had been taken
previousl y .  F i ve , all li sted concepts fo r  wh ich i n s tances
were to he identified were comp lex in that they wer e al l
either 2nd—order conjunctions or 2nd—order disjunctions.
Concepts for a particular problem were all—conjunctive ,
all—disjunctive , or mixed . Previous experiments had only a
few problems consisting exclusively of 2nd-order concepts.
The present experiment had 13 problems with the same 10
instances listed for each problem , making a total of 130
instance recognitions for each session . The price that was
paid for the large amount of data generated by each observer
was to restrict the number of par t ic i pants to t hree , wh ich put
analysis on a case—study hasi.s rather than that of statis-
tical averages as had been true for the earlier experiments.

Two diverse styles of problem solvinq were delineated by
ohser’-’er performance . As sessions progrosse.1 , two of the
partici pan t s appe ared to tak e an “abstract approach leading
to large step increases in accuracy, p articular ly in co rrect ly
identifyin g disjun ctive instances. The ot her observer pursued
a more concrete ” rote learning approach with gradual ,
t hough significant accuracy increases. Further , this
i ndividua l dii not show any especially large improvement with
disjunctive ins tances. The “abstract” obser ers terminated
with an overall success rate of near 90/- while the ‘concrete ”
observer achieved 68% correctness in the last session . Thus
some success was achieved even wi th an inferior approach.

11



The r e su l t . s o b t a i n e d  f rom er r o r  t a l l ie s  w er e  par allel ed by
react ion—time mea ru  r e m e n t  s comp i l ed  separa t  e ly fo r  each
se ss i on and p rob lem ty p e  . The conc r ot e ” obse rve  r who
res~.on led fart or  t h a n  the  “ a l u t  rant observers  on l y d u r i ng
the  f i r r t  s e s s ion  a l s o  giv-~A’e l  less d i f f e i e n t i a t i o n  i n
r e s p o n d i n g  o d i s j u n c t ice an ct  co n j m ct i v e  inst ances  t h r o u g h -
ou t  a l l  ~er s ion s .  For a l l  par t.. ~~~~~~~~ t H e i  e ‘as a ~ t . e ady

e ’r ea s e  in  react ion t im es  f r o m  thr- first I )  t h ird ~o :~;sjons
ollewe i by q i i i te l ev e l  mean react ion Limes for t h e  rr-~i a in i n ;

t w o  r o s s i o n s .  t~ea ct i on  t i m e s  d i . d nut completely r e f l ect
observer  p or t  or ~I i n c e  s i n c e  c o r r e c t n e s s  c o n t i n  i d  to lmpro e
j
~ ~ e~~Sj O ~~5 d and 5 for oiie “ ab st r a c t ’ obser ci a n d  the
“ conci  o t  e ” o b s e rv e r .  The o t h e r  “ ahst rac t “ c l s or v e r  l ad
o t t  a j o e . 1 n e a r  pe r f e c t  c o r r e c t n e s s  by sessi on 3 .

Ii. s~ p;o~rt of the  n o t i o n  t h a t  concepts , i n  c o n t r a s t  to
in~ tances , are at about . the  same l eve l  of d i f f i c u l t y  w h e t h e r
d i sj u n c t i v e  or c o n j u n c t i ve ,  no r e a c t i o n — t i m e  differences wore
f o u n d  b e tween a l l — d i s j un c t i v e  and a l l — c o n  j~~~ict I e concoct .
p r o b l e m s .  As ompar ed  to the previousl y obtained results
achieve 1 on a one—session basis (CRTL—TR—2), a successful
demonstration was given , that the described system of instance
(1ecI ic t ion whose o n l y  pedagog i c a l  f e a t u r e  w t u  knowled ge of
results si inifi cant l y reduced errors for unt ti ined ohser’-ers
dealing with moderatel y complex concepts. Therefore a main
c o n c l u s i o n  was t h a t  g i v e n  matc hing instruct ions , e : . : p o u o e  t o
p rob l ems , a n - I  c o r r e c t ne s s  feedback  c o n s i d e r a b l e  instance—

e du c t  ion i m p r o ve m e n t  can occur  wit . hoat the  need f o r  any
i n d i v i d u a l i z e d  i n s t r u c ti o n .

(Technical Report CRTL—TR—4)
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