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Introduzione

David H. Jonassen. Toward a Design Theory of Problem Solving.
Educational Technology Research and Development. 48(4):63-85
(2000)

Problem solving is generally regarded as the most important
cognitive activity in everyday and professional contexts.

Unfortunately, students are rarely,if ever,required to solve
meaningful problems as part of their curricula

A major reason is that we do not understand the breadth of
problem-solving activities well enough to support learners in them
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Introduzione

Problem solving is any goal-directed activity sequence of cognitive
operations

Or is it?

Manipulation of the problem space
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Problem variations66 

Figure 1 [ ]  Problem-solving skills. 
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involve s  m a p p in g  a n  e xis ting prob le m s che ma  
on to  a  p rob le m a nd  us ing the  p roce dure  tha t is  
p a rt o f the  p rob le m s che ma  to s olve  it. Exis ting 
p rob le m s che ma s  a re  the  re s ult of pre vious  
e xpe rie nce s  in  s olving pa rticu la r type s  of prob- 
le ms , e na bling le a rne rs  to  p roce e d  dire c tly to the  
imple me nta tion  s ta ge  of p rob le m s olving (Gick, 
1986) a nd  try ou t the  a ctiva te d s olution. Expe rts  
a re  good  p rob le m s olve rs  be ca us e  the y re cog- 
n ize  d iffe re nt p rob le m s ta te s  tha t invoke  ce rta in 
s olutions  (S we lle r, 1988). If the  type  of p rob le m 
is  re cognize d , th e n  little  s e a rching th rough  the  
p rob le m s pa ce  is  re quire d . Novice s , who  do  no t 
pos s e s s  we ll-de ve lope d  prob le m s che ma s , a re  
no t a ble  to  re cognize  p rob le m type s , s o the y 
mu s t re ly on  ge ne ra l p rob le m s olving s tra te gie s , 
s uch  a s  the  informa tion  proce s s ing a pproa che s , 
which  p rovide  we a k s tra te gie s  for p rob le m s olu- 
tions  (Ma ye r, 1992). 

In this  pa pe r, I a tte mpt to a rticula te  the  a ttri- 
bu te s  of p rob le ms  tha t ma ke  the m diffe re nt a s  
we ll a s  s ome  of the  a ttribute s  of p rob le m s olve rs  
tha t d is crimina te  the ir a bilitie s  a nd  dis pos itions  
to s olve  proble ms . As  de pic te d  in Figure  1, I 
be lie ve  tha t the  a bility to  s olve  proble ms  is  a  
function  of the  na tu re  of the  proble m, the  wa y 
tha t the  p rob le m is  re pre s e n te d  to the  s olve r, 
a nd  a  hos t o f ind ividua l diffe re nce s  tha t me dia te  
the  proce s s . Ea ch of the s e  fa ctors  will be  
a ddre s s e d  in tu rn , a lthough a n  e la bora te  dis cus - 
s ion of the s e  fa ctors  is  be yond  the  s cope  of a  s in- 
gle  pa pe r. 

PROBLEM VARIATIONS 

P roble ms  va ry in the ir na ture , in  the  wa y the y 
a re  p re s e n te d  or re pre s e n te d , a nd  in the ir com- 
pone nts  a nd  in te ra ctions  a m o n g  the m. Ma ye r 
a nd  Wittrock (1996) de s cribe d  p rob le ms  a s  ill- 
de fine d-we ll-de fine d  a nd  rou tine -nonrou tine . 
J ona s s e n (1997) d is tinguis he d we U-s trncture d 
from ill-s tructure d p rob le ms  a nd  a rticula te d  dif- 
fe re nce s  in  cognitive  proce s s ing e nga ge d b y 
e a ch. S mith (1991) d is tinguis he d  e xte rna l fa c- 
tors , inc luding d o m a in  a nd  comple xity, from 
inte rna l cha ra cte ris tics  o f the  p rob le m s olve r. 
The re  is  incre a s ing a gre e me nt tha t proble ms  
va ry in s ubs ta nce , s tructure , a nd  proce s s . In this  
s e ction, I brie fly de s cribe  the  wa ys  in which 
proble ms  va ry. P roble ms  va ry in te rms  of the ir 
s tructure dne s s , comple xity, a nd  a bs tra ctne s s  
(doma in s pe cificity). Although the re  is  s imila r- 
ity a mong  the s e  th re e  fa ctors , the y a re  ne ithe r 
inde pe nde n t n o r e quiva le nt. The re  is  s ufficie nt 
inde pe nde nce  a mong  the  fa ctors  to  wa rra n t s e p- 
a ra te  cons ide ra tion. 

Structuredness 

J ona s s e n (1997) d is tinguis he d we ll-s truc ture d  
from ill-s tructure d p rob le ms  a nd  re comme nde d  
diffe re nt de s ign mode ls  for e a ch, be ca us e  e a ch 
kind o f p rob le m ca lls  on  d iffe re n t skills . The  
mos t commonly e ncoun te re d  prob le ms , e s pe - 
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Structuredness

Well-defined problems

Present all elements of the problem to the learners

Require the application of a limited number of regular and
well-structured rules and principles that are organized in
predictive and prescriptive ways

Have knowable, comprehensible solutions where the
relationship between decision choices and all problem states is
known
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Structuredness

Ill-defined problems

Possess problem elements that are unknown or not known
with any degree of confidence

Possess multiple solutions, solution paths, or no solutions at
all

Possess multiple criteria for evaluating solutions, so there is
uncertainty about which concepts, rules, and principles are
necessary for the solution

Often require learners to make judgments and express personal
opinions or beliefs about the problem, so ill-structured
problems are uniquely human interpersonal activities
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Structuredness

I do not mean to imply that everyday practice does not include
well-structured problems

Ill-structured problems may become well-structured with practice

However, everyday practice is more suffused with ill-structured
problems than is educational practice

Solving ill-structured problems in a simulation called on different
skills than solving well-structured problems, including
metacognition and argumentation
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Complexity

Complexity

Problem complexity is defined by the number of issues, functions, or
variables involved in the problem; the degree of connectivity among
those properites; the type of functional relationshops among those
properties; and the stability among the properties of the problem
over time

Complexity and structuredness overlap. Ill-structured problems
tend to be more complex, especially those merging from everyday
practice
Most well-structured problems, such as textbook math and science
problems, tend to engage a constrained set of variables that behave
in predictable way
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Domain specificity

Contemporary research and theory in problem solving claims that
problem-solving skills are domain-and-context-specific
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Problem representation

An important function of designing for problem solving is deciding
how to represent the problem to novice learners.

Problems that are represented to learners in formal learning
situations are usually simulations of every day and professional
problems, so instructional designers decide which problem
components to include and how to represent them to the learner.

In order to do so, designers provide or withhold contextual cues,
prompts, or other clues about information that need to be included
in the learner’s problem space
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 Table 2 O Examples of problem types.

 Logical Problems

 Tower of Hanoi; Cannabals & Missionaries; how can I divide the water in the first jug and second jug using
 only three jugs; Rubic's Cube; draw four straight lines on 3 x 3 array of dots without removing pen from
 paper; divide triangular cake into four equal pieces

 Algorithms

 Factor quadratic equation; convert Farenheit to Celsius temperatures; bisect any given angle

 Story Problems

 How long for car A to overtake car B traveling at different speeds; apply Boyle's law to problem statement;
 calculate reagents needed to form a specific precipitate in a chemical reaction; most back-of-the-chapter
 textbook problems

 Rule-Using Problem

 Search an online catalog for best resources; expand recipes for 10 guests; how many flight hours are required
 to pay off a 777; prove angles of isosoles triangle are equal; calculating material needed for addition; change
 case to subjunctive

 Decision-Making Problems

 Should I move in order to take another job; which school should my daughter attend; which benefits package
 should I select; which strategy is appropriate for a chess board configuration; how am I going to pay this bill;
 what's the best way to get to the interstate during rush hour; how long should my story be

 Troubleshooting Problems

 Troubleshoot inoperative modem; why won't car start; determine chemicals present in qualitative analysis;
 determine why newspaper article is poorly written; identify communication breakdowns in a committee;
 determine why local economy is inflationary despite national trends; isolate cause of inadequate elasticity in
 polymer process; why are trusses showing premature stressing; why is milk production down on dairy farm

 Diagnosis-Solution Problems

 Virtually any kind of medical diagnosis and treatment; how should I study for the final exam; identifying
 and treating turfgrass problems on a golf course; develop individual plan of instruction for special education
 students

 Strategic Performance

 Flying an airplane; driving a car in different conditions; managing investment portfolio; how can I avoid
 interacting with person X; moving to next level in Pokemon game; teaching in live class; arguing points of
 law before court

 Situated Case-Policy Problems

 Harvard business cases; plan a menu for foreign dignitaries; render judgment in any tort case; develop policy
 for condominium association; evaluate performance of a stock portfolio; how should Microsoft be split up

 Design Problems

 Design instructional intervention given situation; write a short story; compose a fugue; design a bridge; make
 a paper airplane; design a dog house; design a vehicle that flies; developing curriculum for school; plan
 marketing campaign for new Internet company; develop investment strategy for money market fund

 Dilemmas

 Should abortions be banned; resolve Kosovo crisis; negotiate peace between Hutus and Tutsis in Rwanda;
 redistribute wealth through tax policies; develop bipartisan bill for U.S. Congress that will pass with 2/3
 majority

 Note: Conditions (parameters, constraints, restraints) and performance standards not included. These necessarily affect the
 structuredness, complexity, and abstractness of problems and so will affect categorization of the problems.

This content downloaded from 2.44.77.131 on Fri, 24 Apr 2020 12:23:45 UTC
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Table 2 [ ]  Examples of problem types. 

Logical Problems 
Towe r of Ha no i; Ca nna ba ls  & Mis s iona rie s ; h o w ca n I d ivide  the  wa te r in  the  firs t ju g  a n d  s e cond  jug  us ing  
on ly th re e  jugs ; Rubic 's  Cube ; d ra w four s tra ight line s  on  3 x 3 a rra y of do ts  with o u t re m o vin g  p e n  fro m  
pa pe r; d ivid e  tria ngu la r ca ke  in to  fou r e qua l p ie ce s  

Algorithms  
Fa ctor qua d ra tic  e qua tion ; conve rt Fa re nhe it to  Ce ls ius  te mpe ra ture s ; b is e ct a n y g ive n  a n g le  

S tory Problems 
Ho w lo ng  for ca r A to  ove rta ke  ca r B tra ve ling  a t d iffe re nt s pe e ds ; a p p ly Boyle 's  la w to  p ro b le m  s ta te me nt; 
ca lcula te  re a ge n ts  ne e de d  to  fo rm a  s pe cific  pre c ip ita te  in a  che mica l re a ction; mos t ba ck-of-the -cha pte r 
te xtbook p ro b le m s  

Rule-Using Problem 
S e a rch a n  on line  ca ta log for be s t re s ource s ; e xpa nd  re cipe s  for 10 gue s ts ; h o w m a n y fligh t hou rs  a re  re qu ire d  
to p a y off a  777; p ro ve  a ngle s  of is os ole s  tTiangle  a re  e qua l; ca lcula ting  ma te ria l n e e d e d  for a ddition ; cha nge  
ca s e  to  s ub junc tive  

Decis ion-Making Problems 
S hould  I m o ve  in  o rde r to  ta ke  a no the r job; wh ich  s chool s hou ld  m y da ugh te r a tte nd; wh ic h  be ne fits  pa cka ge  
s hou ld  I s e le ct; wh ich  s tra te gy is  a ppropria te  for a  che s s  boa rd  configura tion; h o w a m  I g o in g  to  p a y th is  bill; 
wh a t's  the  be s t wa y to  ge t to  the  in te rs ta te  du ring  ru s h  hour; h o w long  s hou ld  m y s to ry be  

Troubleshooting Problems 
Troub le s hoo t inope ra tive  m o d e m ; wh y wo n ' t  ca r s ta rt; de te rmine  che mica ls  p re s e n t in  qua lita tive  a na lys is ; 
de te rmine  wh y n e ws p a p e r a rtic le  is  poo rly writte n ; ide ntify communica tion  b re a kd o wn s  in  a  committe e ; 
de te rmine  wh y loca l e conomy is  infla tiona ry de s pite  na tiona l tre nds ; is ola te  ca us e  o f ina de qua te  e la s tic ity in  
p o lym e r proce s s ; wh y a re  trus s e s  s howing  p re m a tu re  s tre s s ing; wh y is  milk p ro d u c tio n  d o wn  o n  da iry fa rm 

Diagnosis-S olution Problems 
Virtua lly a n y kind  of me d ica l d ia gnos is  a nd  tre a tme nt; h o w s hou ld  I s tu d y for the  fina l e xa m; ide n tifying  
a n d  tre a ting  turfgra s s  p rob le ms  o n  a  go lf cours e ; de ve lop  in d ivid u a l p la n  of ins truc tion  for s pe cia l e duca tion  
s tude n ts  

S trategic Performance 
Flying  a n  a irp la ne ; d rivin g  a  ca r in  d iffe re n t conditions ; ma na g ing  inve s tme n t portfo lio ; h o w ca n  I a vo id  
in te ra c ting  with  pe rs on  X; m o vin g  to  ne xt le ve l in  P oke mon ga me ; te a ch ing  in  live  cla s s ; a rg u in g  po in ts  o f 
la w be fore  c o u rt 

S ituated Case-Policy Problems 
Ha rva rd  bus ine s s  ca s e s ; p la n  a  m e n u  for fo re ign  dignita rie s ; re nd e r ju d g m e n t in  a ny to rt ca s e ; de ve lop  policy 
for c o n d o m in iu m  a s s ocia tion; e va lua te  pe rfo rma nce  of a  s tock portfo lio ; h o w s hou ld  Micros oft be  s p lit u p  

Design Problems 
De s ign  ins truc tiona l in te rve n tion  g ive n  s itua tion; write  a  s hort s tory; compos e  a  fugue ; de s ign  a  bridge ; ma ke  
a  p a p e r a irp la ne ; de s ign  a  d o g  hous e ; de s ign  a  ve h ic le  tha t flie s ; d e ve lo p in g  cu rricu lum for s chool; p la n  
ma rke ting  c a m p a ig n  for n e w In te rne t compa ny; d e ve lo p  inve s tme n t s tra te gy for m o n e y ma rke t fund  

Dilemmas 
S hould  a bortions  be  ba nne d ; re s o lve  Kos ovo  cris is ; ne gotia te  pe a ce  b e twe e n  Hu tu s  a n d  Tuts is  in  Rwa nda ; 
re d is tribu te  we a lth  th rough  ta x policie s ; de ve lop  b ipa rtis a n  bill fo r U.S . Congre s s  tha t will pa s s  with  2/3 
ma jority 

Note : Conditions  (parameters , cons tra ints , res tra ints ) and performance  s tandards  not included. These  necessarily a ffect the  
s tructuredness , complexity, and abs tractness  of problems a nd so will a ffect ca tegoriza tion of the  problems. 
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