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ABSTRACT 

Problems which Induce performance that has 
the fa lse appearance of success (garden path prob
lems) may be an I n e v i t a b l e consequence of the need 
( I n both human and computer problem so lv ing sys
tems) to create abs t rac t knowledge representat ions 
In order to make problem so lv ing e f f i c i e n t . An 
example is presented from s domain of physics 
problem so lv ing tasks in which a h i e r a r c h i c a l 
o rgan isa t ion of l i n e s of reasoning leads to e r ro r s 
of the garden path type. Several aspects of a 
possib le model of the problem so lv ing process In 
these tasks are b r i e f l y o u t l i n e d . 

1. INTRODUCTION 

Classes of problem so lv ing tasks ex i s t in 
which e r ro rs r e g u l a r l y occur, even among (human) 
expert problem so l ve rs . The usua l l y des i rab le 
s t ra tegy of beginning a task w i th f a i r l y g loba l 
concepts and then working towards more s p e c i f i c 
l eve l s of d e t a i l (1 ] f requent ly f a l l s when the 
s t ruc tu re of the problem is such that the I n i t i a l 
choice of g loba l representa t ion e i t he r does not 
apply or else f a l l s to emphasise the d e t a i l of 
knowledge requi red fo r a successful s o l u t i o n . 
Some types of problem s t ruc tu res have the a d d i 
t i o n a l proper ty tha t the dominant g loba l s t ra tegy 
they e l i c i t appears to be cor rec t when, in f a c t , 
it is n o t . Problems of t h i s type can be re fered 
to as "garden path problems** since they induce 
performance that has the fa lse appearance of suc
cess. 

I f garden path problems consisted merely of 
pussies or tasks In which t r i c k s or caveats had to 
be discovered in order fo r a co r rec t so l u t i on to 
be obta ined, they might be i n te res t i ng c u r i o s i 
t i e s , but the a t t e n t i o n given to them by the 
s c i e n t i f i c community would be s m a l l . What makes 
these problems i n t e r e s t i n g , however, is the fac t 
that they may e x i s t in a wide v a r i e t y of knowledge 
domains (eg . ( 2 ] ) . Thus, they are of relevance to 
the study of both cogn i t i ve science and expert 
systems. 
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2. AN EXAMPLE: MILKO 

One famous example of a garden path problem 
is found in the domain of physics problem so lv ing 
and is a t t r i b u t e d to Harvey Cohen [ 3 ] * In Cohen's 
o r i g i n a l problem (termed MILKO), a m i l k b o t t l e is 
f i l l e d w i th a mixture of m i l k and cream and l e f t 
to s tand. A f t e r a time the m i l k and cream 
separate and the cream r i s e s to the top (wi thout 
any change In volume). Cohen asks simply whether 
the pressure at the base of the b o t t l e is the same 
or d i f f e r e n t a f t e r separat ion of the two f l u i d s . 
Expert p h y s i c i s t s , as w e l l as more novice problem 
so l ve r s , f r equen t l y f a l l t o c o r r e c t l y solve the 
MILKO problem. 

D i f f i c u l t i e s w i t h the MILKO problem appear to 
be due p r i m a r i l y to Improper choices of problem 
representa t ion and l e v e l o f d e t a i l In reasoning. 
Pressure change is associated w i t h change in 
e i t he r the height or amount of f l u i d above the 
base, and since ne i the r of these change In the 
MILKO problem, there Is presumably no change In 
the pressure ( the garden path answer). What is 
not considered, however, is that the problem deals 
w i th two v a r i a b l e s : non-homogeneous f l u i d s and a 
container w i th s lanted sides ( the m i l k b o t t l e ) . 
I f one of these va r iab les is present , by i t s e l f , 
there is no pressure change (Pasca l 's P r i n c i p l e ) . 
I f both va r iab les are present , however, then the 
pressure at the base of the container is less f o l 
lowing the separat ion of the two f l u i d s . 

Understanding competence in garden path prob
lems has imp l i ca t i ons f o r both cogn i t i ve model l ing 
and e r ro r de tec t ion / recovery in formal problem 
so lv ing systems. For example, i f f o l l ow ing the 
MILKO problem, i n d i v i d u a l s are given a second 
problem In which shape is made e x p l i c i t by a draw-
ing of a f l a s k w i t h s lanted s ides , the more expert 
i n d i v i d u a l s w i l l o f ten recognise t h e i r e r r o r in 
the f i r s t problem and proceed to do both problems 
c o r r e c t l y . For some experts and most non-exper ts , 
however, the i l l u s i o n that the pressure does not 
change is so great that a t h i r d problem is neces
sary - one in which e x p l i c i t values are g iven f o r 
the var iab les of shape and f l u i d d e n s i t i e s , so 
that exact ca l cu la t i ons can be made. 

Detect ion of e r ro r s occurs when i n d i v i d u a l s 
in the second problem take e x p l i c i t no t i ce of the 
s lanted sides o f the con ta ine r , o r in the t h i r d 
problem are faced w i t h c a l c u l a t i o n s tha t show tha t 
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the pressure In the separated s ta te is l e s s . 
Recovery from e r ro r In e i t h e r esse cons is ts of 
choosing sn s l t e r n a t l v e problem represen ta t ion , a 
more de ta i l ed l i n e of reasoning, or bo th . When 
experts working on problems of t h i s type see 
e r ro rs In t h e i r t h i n k i n g , they not on ly recover 
end sdopt the cor rec t approach to the lowedlate 
p rob lea , but they a lso f requen t l y genera l ise t h i s 
recovery both backwards and forwards. Not only Is 
the previous e r ro r recognised, but a d d i t i o n a l 
problems of the same type are solved c o r r e c t l y . 
Novices, by c o n t r s s t , do not genera l ize e i t he r 
backward or forward and w i l l f requen t l y abandon a 
cor rec t approach when given a new prob lea. 

2' A FRAMEWORK FOR MODELLING 

Observstions of human performance on e r ro r 
prone tasks provide important In fo rmat ion fo r the 
development of formal models of problem s o l v i n g . 
Not only can the l i m i t s of competency be i n v e s t i 
gated, but it is o f t en ess ier to probe f o r the 
under ly ing mechanisms when the problem so lv ing 
process hss been perturbed by apply ing it to 
s i t u a t i o n s l i k e l y to r e s u l t in incorrect dec is ions 
[4]. Studying the d i f fe rences in performance 
between experts snd novices on the same c lass of 
tssks g ives a d d i t i o n a l ins ight by a l low ing compar-
isons of problem so lv ing using d i f f e r e n t knowledge 
bases. We heve been i n v e s t i g a t i n g the performance 
of human subjects on a v a r i e t y of e r r o r prone 
problem so lv ing tssks in physics w i th the sim of 
developing s computat ional model of t h i s process. 
Our p re l im ina ry r eau l t s i nd i ca te tha t a h i e r a r c h i 
ca l planning process [ 5 ] is employed in so lv ing 
these problems. Unl ike previous work in t h i s 
area, however, we f i n d tha t there is no c lear 
l e v e l o f p r i m i t i v e ac t ions a t which the v a l i d i t y 
of a plan can be conf i rmed. 

3 .1 . H ie ra rch i ca l l i n e s o f reasoning 

To solve all but the most t r i v i a l problems, 
I n d i v i d u a l ac t ions must be organised In an e f f i 
c i en t way. For many teak domains, expert (human) 
problem so lvers o f t en s t ruc tu re t h e i r knowledge 
I n t o " l i n e s o f reasoning" - p a r t i a l l y o r f u l l y 
ordered sequences of conceptual ac t ions which are 
use fu l f o r s p e c i f i c types of problems [6 ,7 ] . S ig 
n i f i c a n t e f f i c i e n c i e s a r i se becsuse these 
sequences are predetermined and need not be 
rediscovered f o r each new va r ian t of a problem. A 
general c laas of teaks w i l l t y p i c a l l y have many 
l i n e s o f reasoning associated w i t h I t . These 
l i n e s of reasoning can be character ised by the 
categor ies of knowledge used and by the l e v e l of 
d e t a i l w i t h which tha t knowledge Is represented. 
Problem so l v ing occurs by i d e n t i f y i n g an adequate 
l i n e of reason ing, mapping the problem s p e c i f i c a 
t i o n i n t o the appropr ia te rep reaen ta t l on , and then 
execut ing the impl ied Inference s teps . 

I f problem so lv ing knowledge i s s t ruc tu red In 
terms o f l e v e l s o f d e t a i l , then I t i s o f t en poss i 
b le to f u r t h e r reduce the set of ac t ions which 
must be searched In order to f i n d a s o l u t i o n . 
Problems can be f i r s t solved at an abat rac t l e v e l 
of representa t ion and t h l a s o l u t i o n can then uaed 
to cons t ra in the p o s s i b i l i t i e s a t more d e t a i l e d 

leve ls (5J . The garden path e r ro rs In our example 
occur becsuse many problems sre approached using s 
h ierarchy of l i n e s of ressoning n which the more 
de ta i l ed u n i t s of knowlsdge sre o f ten never exsn-
lned . Such en organ isa t ion appears necesssry f o r 
so lv ing complex problems w i t h l i m i t e d computa
t i o n a l resources. E f f i c i ency is schleved by t e r -
minat ing the sesrch through the h le rs rchy whenever 
i t sppesrs ths t the ( s b s t r s c t ) so l u t i on is l i k e l y 
to be c o r r e c t . Thus, garden path e r ro rs represent 
examples of the f a i l u r e of powerful h e u r i s t i c s 
t h s t , fo r the most p s r t , g r e s t l y extend the e f f e c 
t iveness of s problem so lv ing system. 

A general c lass of tasks w i l l t y p i c a l l y have 
many l i n e s of ressonlng sssoclated w i th it. These 
l i nes of reasoning can be character ized by the 
categor ies of knowledge used and by the leve l of 
d e t a i l w i t h which that knowledge is represented. 
For example, two major l i n e s of reasoning are sug
gested by the MILKO problem. One is bssed upon 
pressure, f o r ces , and cross sec t iona l area and is 
formal ised by P - F/A. The other is based upon 
pressure, dens i t y , g r a v i t y , and f l u i d height and 
is formal ised by P - pgh . E i ther l i n e of reason
ing lesds to f a i l u r e when appl ied at the g loba l 
l e v e l where concepts in the corresponding equa
t ions are i n s t a n t i a t e d in terms o f the t o t a l f l u i d 
in the con ta iner . E i ther l i n e of reasoning can 
lead to success when appl ied at a more de ta i l ed 
l e v e l where concepts are spec i f i ed in terms of 
decomposed problem s ta tes . 

3.2. Contro l Issues 

The manner in which con t ro l is exercised 
w i t h i n snd among l i n e s of ressonlng is c e n t r s l to 
the modeling of expert problem so lv ing behavior. 
The des i rab le breadth of search has been a con
t i n u i n g top ic among the a r t i f i c i a l I n t e l l i g e n c e 
community. Nsrrowly s t ruc tu red sesrehes promise 
p o t e n t i a l e f f i c i e n c y , but e a s i l y r esu l t In garden 
path e r r o r s . Brosder search s a c r i f i c e s "bes t -
case" e f f i c i e n c y f o r Improvements in accuracy. 
Our s tud ies of human problem so lv ing suggest that 
breadth of search is s f unc t i on of both problem 
type and l e v e l of exper t i se [8]. 111 s t ruc tu red 
problems or those fo r which l i m i t e d knowledge 
(expe r t i se ) i s ava i l ab le w i l l r esu l t in less 
e f f e c t i v e h e u r i s t i c s f o r recognis ing the app rop r i 
ate l i n e of reasoning. This must be compenssted 
f o r by c o n t r o l func t ions ths t lesd to greater 
breadth in the seerch process snd thus a l low fo r 
the simultaneous cons iders t ion of more p o s s i b i l i 
t i e s . 

In human problem s o l v i n g , d i f f e rences appear 
In the ways in which experts snd novices implement 
l i n e s of ressonlng. If a novice abandons a par
t i c u l a r l i n e o f reasoning snd then re tu rns to i t 
I a t e r in the problea so lv ing process, the l i n e o f 
ressonlng Is usua l l y re inves t iga ted from the 
beginn ing. Both the space ssvlngs snd time i n e f 
f i c i e n c i e s of c l s s s l c s l bscktrsck programming sre 
present . Few ln termedlete r e s u l t s need be remem
bered, but many sub-problems may- be re-eolved 
severel d i f f e r e n t t imes. Exper ts , on the other 
hand, seem to u t i l i s e some sor t of corout ine 
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s t r u c t u r e . Lines of reasoning are reac t i va ted 
e s s e n t i a l l y at the po in t at which they were 
suspended. This Bay be possib le because nore 
f i n e l y developed con t ro l h e u r i s t i c s r e s u l t In con
s i de ra t i on of f a r fewer p o s s i b i l i t i e s , a l low ing a 
small set of p a r t i a l r esu l t s to be preserved. 

4. SUMMARY 

Garden path problems have been I d e n t i f i e d and 
studied In task domains as diverse as physics and 
medicine [8]. Such problems may be a na tu ra l 
consequence of h i e r a r c h i c a l l y organised l i n e s of 
reasoning created to support expert problem so l v 
i n g . We hope that our ana lys is can eventua l ly 
lead to Improved frameworks fo r knowledge 
engineer ing e f f o r t s as we l l as more complete 
models of cogn i t i ve behavior In problem s o l v i n g . 
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