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During Che sevencies maChemaCics education researchers devoced more 
atCention to problem solving than any other topic i n the mathematics 
curriculum and there i s every indication that th i s condition w i l l exist for 
some time. While there i s some evidence that problem-solving research is 
beginning to be investigated i n a syscemacic way, ic is d i f f i c u l t to 
synthesize the myriad of studies due Co such facCors as lack of agreement on 
what constitutes problem solving, how per formance should be.measured, whac 
Casks should be used, and what the key variables influencing behavior are. 
Indeed, the nature of mathematical problem solving appears to a certain extent 
to be so complex and subtle as Co defy descripcion and analysis. However, 
chere are some facCors (variables) associaced wiCh problem solving ChaC are 
inexcricably linked cogeCher. These facCors can be c l a s s i f i e d into four 
cacegories wich each category involving many parts. Ic is immediaCely evidenc 
ChaC these cacegories are noC d i s j o i n c ; i n facC Chey are so closely relaced 
ChaC ic ofCen i s d i f f i c u l c Co deCermine to which category a particular factor 
belongs. The four categories are: 

I . Subject Factors - what the individual brings to a problem. 
I I . Task Factors - factors associated with the nature of the 

problem. 
I I I . Process Factors - the overt and covert behavior of the 

individual during problem solving. 
IV. Environment Factors - features of Che Cask environment 

which are external to the problem 
and the problem solver; instruc-
t i o n a l factors comprise an important 
class of factors. 

Categories I and I I I are so closely related that some further 
c l a r i f i c a t i o n i s warranted. Variables within the Subject Factors category are 
associated wich individual Craits and background (e.g., previous mathematical 
background, age, sex, cognitive s t y l e , f a m i l i a r i t y with certain problem 
types). Variables i n thi s category serve to characterize Che subjecC. 
CaCegory I I I variables (Process FacCors) relace direccly Co the behavior of 
che individual during problem solving. The manner in which che problem solver 
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Issue I I I . CharacCeriscics of problem solvers greaCly affecc behavior 
and consequently severly l i m i t g e n e r a l i z a b i l i t y of results. The kinds of 
subjecCs to use in problem-solving research is a topic of much discussion. 
For example, while knowledge about the processes good problem solvers use is 
clear l y imporcanC, i t i s less clear that average a b i l i t y problem solvers can 
be taught to use these processes. Should subjects used in mathematical 
problem-solving research be "mathematically talented" or of "average" a b i l i t y ? 

InsCruetion-Related Issues. 

There i s every reason to believe a substantial portion of future 
problem-solving research w i l l focus on instruccion. For chis reason i t i s 
appropriaCe to point out the key issues direccly associaCed with i n s t r u c t i o n . 

Issue .IV. There is l i t t l e agreement regarding how best to improve 
problem-solving performance beyond the obvious fact that attempting Co solve 
problems is a necessary ingredient. Common points of view regarding 
problem-solving i n s t r u c t i o n include: 

a. Having students solve many problems - no direct 
insCruccion; 

b. Teaching uniCary s k i l l s ( t o o l s k i l l s ) ; 
c. Teaching heuriscic strategies; 
d. Modelling good problem-solving behavior and having 

studenCs imiCaCe Chis behavior; 
e. Some combinacion of Che above. 

Issue V. In addicion Co a lack of consensus regarding the best ways to 
enhance problem solving, chere i s no accord abouC whac should be Che nature of 
problem-solving improvement. Some researchers interested i n problem-solving 
i n s t r u c t i o n have focused on Che improvemenC of studencs' a b i l i c i e s to use 
parcicular sCraCegies or s k i l l s , while others have considered improvement only 
in terms of an increase in the number of correct solutions. Also, in many 
cases no attention has been given to whether newly acquired f a c i l i t y i n 
solving a par t i c u l a r type of problem transfers to solving a d i f f e r e n t Cype of 
problem- Indeed, Che exCenC Co which various types of transfer of Craining 
should be expecCed i s an open quesCion-

Issue VI. The exCenC of insCrucCional CreaCmenCs in recent maChematical 
problem-solving research varies from abouC one week Co several months with 
r e l a t i v e l y short treatments being the most common. Treatments should be 
extensive enough to allow not only for f u l l explication of ideas and 
procedures, but also to provide ample opportunity for studencs Co practise che 
procedures being taught. 

Research Methodology Issue. 

There i s a single issue related to research methodology. Typically, 
methodological issues become less important when a sound theoretical basis 
guides the conduct of inquiry. However, the present lack of adequate 
problem-solving theories makes issue V I I a current, alchough possibly 
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shorC-Cerm, concern. This issue is neicher the unique domain of 
problem-solving researchers, nor of Che same level of imporCance as Che firsC 
six issues buC ic is imporCanC enough Co warranC serious accencion. 

Issue V I I . There are no generally accepted methods or instruments for 
measuring performance or observing behavior during problem solving which are 
clearly r e l i a b l e and v a l i d . Thus, the kind of instrumencaCion which i s 
appropriaCe for a particular purpose remains an issue. The most popular 
instruments are of two types: paper-and-pencil tests and protocol analysis 
based on "thinking aloud" or retrospection. Each of these types has serious 
weaknesses. Paper-and-pencil tests are notoriously unreliable measures of 
problem-solving processes and often use only routine problems. Protocol 
analysis suffers equally serious limicacions. Forcing the problem solver to 
Chink aloud during problem solving may have a deleterious effect on 
performance and the problem solver t y p i c a l l y i s unable to a r t i c u l a t e a l l , or 
even the most important, chought processes. Retrospective analysis is often 
c r i t i c i z e d for the u n r e l i a b i l i t y of accounts of behavior,•including a l l che 
cognicive processes used, which are reconstructed by a problem solver after an 
attempt to solve a problem. Should more or less emphasis be given to the 
development of paper-and-pencil tests? Should more or less emphasis be placed 
on the development of procedures for c o l l e c t i n g and analyzing problem-solving 
protocols? 

The individual researcher musC make personal decisions regarding some, or 
a l l , of Chese issues before underCaking problem-solving research. At the same 
time the problem-solving research communicy as a whole should- give overC 
aCCenCion Co discussion of the controversies involved with these issues. I t 
is only Chrough the open exchange of ideas and points of view ChaC progress 
can be made coward building a large and sCable body of knowledge abouC che 
naCure of machemac i c a l problem solving. 

* The ideas expressed i n chis paper are absCracted from "Problem Solving 
Research," in (R.J. Shumway, Ed,) Research in MaChemaCics Educacion, ResCon, 
VA: NCTM, 1980. 
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