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CHAPTER 12  PROBLEM SOLVING
· Problem  occurs when there is an obstacle between a present state and a goal and it is not immediately obvious how to get around the obstacle – difficult and no immediate solution is obvious 
· 2 types of problems
· Well-defined problems
· Usually have correct answer
· Certain procedures when applied correctly will lead to a solution 
· Ill-defined problem
· Ex, relationships or career choices 
· Occurs in everyday life 
· Doesn’t have one correct answer 
· Path to solution is unclear 
THE GESTALT APPROACH: PROBLEM SOLVING AS REPRESENTATION AND RESTRUCTURING
· Gestalt psychs were interested in learning, problem solving, attitudes, beliefs, perceptions 
· For them problem solving was about 
· 1) how people represent a problem in their mind
· 2) how solving a problem involves a reorganization or restructuring of this representation 
Representing a Problem in the Mind
· Success in solving a problem is influenced by how it is represented in the person’s mind
· Gestalt psych Wolfgang Kohler asks us if the length of the circle’s radius is r, what is the length of line x?
· The problem is represented as a circle with vertical and horizontal lines that divide the circle into quarters, with a small triangle in the upper left quadrant 
· We change the last part to a small rectangle in the upper left quadrant, with x being the diagonal between the corners 
· When x is recognized as the diagonal of the rectangle, the representation can be recognized by creating the rectangle’s other diagonal 
· The diagonal is radius of circle and both diagonals of a rectangle are the same length, thus x=r
· So we are perceiving first and then representing in diff way 
· Gestalt’s called the process of changing the problem’s representation = restructuring 
Restructuring and Insight 
· Gestalt: restructuring is associated with insight  the sudden realization of a problem’s solution 
· Modern psychs debate if insight exists – lack of evidence to support specialness of insight 
· Metcalfe and Wiebe:
· Experiment showing participants’ judgements of how close they were to solving insight problems and algebra problems during the minute just before solving the problem 
· They predicted that those working on insight problem (answers comes out of nowhere) would not be good at predicting how near they are to a solution and those working on noninsight problem (methodical) would be more likely to know how near they are
· Result: there was a big difference, with the insight process you see it relatively cold and low in the beginning and then it shoots up and it the noninsight process, it gradually increased 
· Gestalt’s believed restructuring was involved in solving insight problems 
· TWO INSIGHT PROBLEMS: THE TRIANGLE PROBLEM
· How can you move 3 of the circles to get the triangle to point to bottom of page?
· CHAIN PROBLEM
· A woman has 4 pieces of chain. Each is made of 3 links. She wants to join the pieces into a single closed loop of chain. To open a link costs 2 cents and to close a link costs 3 cents. She only has 15 cents. How does she do it? All the links in one chain are cut and separated (3 cuts @ 2 cents = 6 cents) the separated links are then used to connect the other 3 pieces and then closed (3 closings @ 3 cents = 9 cents). Total = 15 cents. 
Obstacles to Problem Solving
· One obstacle is fixating focusing on a specific characteristic  of a problem that prevents you from arriving at a solution, especially if you focus on familiar uses of the object 
· Restricting use of an object to its familiar functions is called functional fixedness 
· Eex, Karl Duncker’s candle problem  you’re in a room with a corkboard on the wall. You’re given some candles, matches in a matchbox and some tacks. How do you mount a candle on the corkboard without dripping wax on the floor? Take matches out of box, use tacks to stick box to board, put candle on box and light with matchsticks 
· Solution is found when you realize the matchbox can be used as more than just a container 
· In another group he gave the peeps the same things but with empty matchbox and found that the group with full matchbox struggled more 
· Seeing the boxes as just container prohibited the first group from finding a solution 
· Maier’s two string problem  peeps task is to tie together two strings that were hanging from the ceiling 
· Your task is to tie 2 strings hanging  from the ceiling which is hard because the strings are separated so it’s impossible to reach one of them while holding the other
· They were also given a chair and a pair of pliers 
· Peeps couldn’t figure out a solution fast because they were thinking of familiar uses of the pliers but once the researcher pushed the strings, it triggered insight into people to use the pliers as weights 
· In gestalt terms, the solution to the problem was found when peeps restructured their representation of how to achieve the solution 
· Preconceptions are a type of mental set  a preconceived notion about how to approach a problem, which is determined by a person’s experience or what has worked in the past 
· Ex, Luchin’s water jug problem
· All of the peepes who began the problem with problem 7 used the shorter solution but less than a quarter of those who had established a mental set by beginning with problem 1 used the shorter solution to solve problem 7
MODERN RESEARCH ON PROBLEM SOLVING: THE INFO-PROCESSING APPROACH
· Newell and Simon described their “logic theorist” computer program that stimulated human problem solving 
· Marked the beginning of problem solving that involves searching 
Newell and Simon’s Approach
· They saw a problem in initial state  conditions at the beginning of the problem and goal state  solution of the problem 
· Tower of Hanoi problem  3 discs stacked on left peg, and goal state is to stack discs on right peg 
· Operators  actions that take the problem from one state to another 
· Discs are moved one at a time from one peg to another
· A disc can be moved only when there are no discs on top of it
· A larger disc can never be placed on top of a smaller disc
· Intermediate state  the various conditions that exist along the pathways between initial and goal states 
· Problem space  the initial state, goal state, and all the possible intermediate states for a problem 
· You have to search the problem space to find a solution and one way to direct the search is through means-end analysis  goal to reduce the difference between the initial and goal states
· Achieved by creating subgoals  intermediate states that are closer to the goal 
· Why is this tower important?
· Illustrates means end analysis with its setting of subgoals and can be applied to real life situations 
The Importance of How a Problem is Stated
· The Acrobat Problem
· Large, medium, small 
· Beginning of act: medium on left, large in middle and small on right 
· End of act: small, medium, large from left to right 
· Rules: one 1 acrobat at a time
· Whenever 2 bats are on same flagpole, one must be standing on shoulders of the other
· Acrobat may not jump when someone is standing on his or her shoulders 
· Bigger acrobat may not stand on shoulders of smaller acrobat 
· Can be solved in 5 moves 
· Takes peeps longer to find a solution when one small change is made
· Reverse Acrobat Problem
· Same as acrobat problem except rule 4 is changed to: a smaller acrobat can’t stand on large one 
· Solved in same # of steps yet it took peeps longer 
· Why? Bc the idea of a 400 pound acrobat standing on shoulders of 40 pound acrobat is not consistent with our knowledge of reality and thus harder to envision 
· Mutilated checkerboard problem
· A problem that has been used to study how the statement of a problem influences a person’s ability to reach a solution 
· A board consists of 64 squares. These 64 can be completely covered by placing 32 dominos on the board so that each domino covers 2 squares. If we get rid of 2 corners on the board, can we now cover the remaining squares with 31 dominos?
· Kaplan and Simon	
· 4 conditions
· 1) blank – a board with blank squares
· 2) color – black and pink alternating 
· 3) black and pink – the words black and pink on the board
· 4) bread and butter – the words bread and butter on the board 
· The key to solving this is to know that when a domino is places on the board it covers just 2 squares, always 2 squares that are different (pink and black) never black and black or pink and pink 
· Thus, for 31 dominos to cover the board, there must be 31 pink squares and 31 black squares. However this isn’t the case when 2 are removed. SO the board can’t be covered by 31 dominos
· Peeps who were given boards that emphasized the difference between adjoining squares, found the problem easier to solve (bread and butter) 
· Blank board had no info about the difference because they were all the same 
· Those in bread and butter solved the problem twice as fast 
· THUS SOLVING A PROBLEM IS EASIER WHEN INFO IS GIVEN TO YOU TO SHOW A CORRECT REPRESENTATION OF THE PROBLEM 
· Kaplan and Simon  think-aloud protocol
· Here, they asked participants to think aloud what they were thinking as they were doing a problem but were instructed not to describe what they were doing. The goal is to determine what info the person is attending to while solving a problem 
· The person was stuck at first but then noticed the words bread and butter were important 
· Think aloud reveals a shift in how the person perceived elements of the problem (ex, x=r or checkboard ADJOINING squares)
· The person learns to create a representation of the problem that makes it easier to solve
· The Russian marriage problem
· Losing 2 males makes it impossible to arrange 31 hetero marriages 
· People who read this story were able to solve the mutilated checker board problem if they realize the connection between the couples in the story and the alternating squares in the board 
· Analogy  this process of noticing connections between similar problems and applying the solution for one problem to other problems 
USING ANALOGIES TO SOLVE PROBLEMS
· Analogical problem solving  using the solution to a similar problem to guide solution of a new problem 
· Ex, using Russian marriage problem to solve checker board problem
Analogical Transfer
· Analogical transfer  the application of problem solving strategies that help transfer from one problem to another 
· Target problem  a problem to be solved. Solution can become easier when the problem-solver is exposed to an similiar source problem or story.
· Source problem  a problem or story that shares similarities to the target problem and therefore provides ways to solve the target problem 
· Ex, the checkerboard problem is the target problem and the Russian marriage problem is the source problem 
· Here it was good but good analogical transfer doesn’t always happen
Analogical Problem Solving and the Duncker Radiation Problem
· Duncker’s radiation problem: there is a tumor you need to kill. If you give full on intense radiation, it’ll kill the tumor but also harm healthy tissue. If you give low intensity, it won’t harm healthy tissue but won’t kill the tumor either 
· Solution is to bombard the tumor with a number of low intensity radiation from diff directions so it can destroy the tissue without damaging healthy tissue
· This fits gestalts idea of representation and restructuring 
· At first we were given two options (initial representation) but the restructured solution involved dividing the single ray into many smaller rays 
· The fortress story is analogous to radiation problem bc the dictators fortress corresponds to the tumor and the small groups of soldiers sent down different roads correspond to the low-intensity rays that can be directed to tumor 
· So 30% of people who read this story were able to make a connection and solve the radiation problem but 70% still had problems meaning that even when exposed to analogous problems, most ppl do not make the connection between source problem and target problem 
· But when these people were told to think about the story they read, the success rate shot to 75%
· THUS THE PROCESS OF ANALOGICAL PROBLEM SOLVING
· 1) Noticing that there is an analogous relationship between the source problem and target problem but some ppl may need prompting before they notice the connection. Most difficult step.
· Difficult bc ppl focus on surface features  specific elements that make up the problem 
· To make surface features more similar might help participants notice the relationship between the source story and target story 
· Ex, the lightbulb problem
· Has similar surface features to the radiation problem – high surface similarity between rays (radiation problem) and lasers (lightbulb problem) 
· 2) Mapping the correspondence between the source story and target problem (connecting elements – ex, dictators fortress and tumor)
· 3) Applying the mapping to generate a parallel solution to the target problem (ex, generalizing from the many small groups of soldiers to the different and many rays of light)
· THUS ANALOGIES CAN HELP WITH PROBLEM SOLVING, BUT HINTS ARE REQUIRED TO HELP PARTICIPANTS NOTICE THE PRESENCE OF THE SOURCE PROBLEM 
· Structural features  the underlying principle that governs the solution 
· Lightbulb and radiation problem have similar structural features
· a) weak laser beams are used to avoid breaking the glass bulb (light bulb problem)
· b) weak rays are used to avoid damaging healthy tissue (radiation problem)
· holyoak and koh kept surface features constant by using lightbulb problem as source problem and raditation problem as target problem and VARIED STRUCTURE by presenting 2 versions of lightbulb problem 


· 1) fragile glass version 
· Structural features are similar
	PROBLEMS
	SURFACE FEATURES
	STRUCTURAL FEATURES

	Source problem: fragile-glass version of lightbulb problem: glass will break if laser is too strong
	Laser beam and filament
	Need high intensity radiation to ix filament w/o damaging surrounding glass w/ high intensity  beam

	Target problem: radiation problem
	Rays and tumors
	Need high-intensity radiation to fix tumor w/o damaging surrounding body w/ a high intensity beam 


 
· 2)insufficient-intensity version
· Structural features are different 
	· PROBLEMS
	SURFACE FEATURES
	STRUCTURAL FEATURES

	Source problem: insufficient-intensity version of lightbulb problem: laser beams are too weak to fuse filament 
	Laser beam and filament
	Need high intensity radiation but intensity of individual laser is too low

	Target problem: radiation problem
	Rays and tumors
	Need high-intensity radiation to fix tumor w/o damaging surrounding body w/ a high intensity beam 


 
· Thus, analogical transfer is better when structural features of the source and target problems are more similar (fragile glass) 
· Even by making surface features and structural features similar, people still have difficulty applying analogies to solve problems. One way to help notice structural similarities is through analogical encoding
Analogical Encoding
· When learners compare cases, they become more likely to see the underlying structure 
· Gentner and Meadow
· Experiment about negotiation 
· Ppl taught negotiation strategies of trade off and contingency 
· Trade off: sisters fighting over an orange. So they decide to do half/half. Later realize one sis wants the juice, the other wants the peel so they trade. This works out better than the original compromise for them. 
· Contingency: author wants 18% royalties but publisher only wants to pay 12% so the compromise solution would be 15. But the contingent solution would be to tie royalties to sales. So if rates are low, it’ll  be 12 and go higher if sales increase
· Peeps tend to use negotiating strategy emphasized in sample cases they read – gentner concluded that when people compare source stories, it’s a more effective way to get them to pay attention to structural features that enhance their ability to solve other problems 
Analogy in the Real World
· Real world examples illustrate what Kevin Dunbar called the analogical paradox: ppl in labs focus on surface features whereas ppl in real world use deeper, more structural features 
· Concluded this with vivo problem solving search
· In vivo problem solving search
· Observing ppl to determine how they solve problems in real world-situations 
· Pro: Captures thinking in naturalistic settings 
· Con: time consuming and difficult to isolate and control variables 
· We use analogies a lot 
HOW EXPERTS SOLVE PROBLEMS
· Experts ppl who, by devoting a large amount of time to learning about a field and practicing and applying that learning, are acknowledge as being extremely knowledgeable or skilled in the particular field 
Differences between how experts and non experts solve problems
· Experts solve faster 
· Experts have more knowledge about their fields
· Ex, chess masters excel when pieces are positioned in actual game positions but did no better than novices when positioned randomly. This is bc chess masters were able to recognize these specific actual game positions 
· It’s not just that their knowledge  is huge, it’s also organized
· Experts knowledge is organized differently than novices
· Sort problems on structural features (ex, general principles of physics)
· Novices categorize based on surface features (appearance) and experts categorize based on deep structure (underlying principle)
· Experts spend more time analyzing problems
· Experts start off slow on a problem bc they spend time trying to understand the problem rather than immediately trying to solve it 
· Slow at the beginning but more effective
Experts is only an advantage in the expert’s specialty
· Differences between experts and novices only appear when problems are within an expert’s field 
· So superior performance of experts occurs largely bc they have a large and better organized store of knowledge about their specific field 
· Con: knowing about all the theories and such make experts less open minded to other theories which is why younger scientists are always the ones for revolutionary discoveries 
· So being an expert can be a bad thing when it comes to flexibility 
CREATIVE PROBLEM SOLVING
· Creativity involves innovative thinking, generating novel ideas, or making new connections between existing ideas to create something new 
· Associated with divergent thinking  thinking that is open ended with lots of solutions and no correct answer
· Ill-defined problems
· Convergent thinking  thinking that usually has a correct answer 
· Thinking converges on the correct answer 
· Well defined problems
· Design fixation: presenting a sample design influences the creation of new designs 
· Ex, sample design for coffee cup 
· Ronald Finke and creative cognition  train people to think creatively 
· Creating an object 
· Finke called these inventions preinventive form bc they are ideas that precede the creation of a finished creative product 
· Prinventive forms need to be developed further before becoming useful inventions 
· More likely to come up with creative used for preinventive objects they have created themselves then for objects created by others 
· Fixations can prevent problem solving but having ppl combine objects rapidly w/o reference to uses lessens the chance of fixation 
DOES LARGE WORKING MEMORY CAPACITY RESULT IN BETTER PROBLEM SOLVING? IT DEPENDS
· [bookmark: _GoBack]High working memory ppl choke under pressure while low working memory people don’t (math)
· Ppl with hwm favor complex strategies for solving problems 
· They use algorithms whereas lwm ppl use shortcuts 
· So under low pressure, hwm people have a greater advantage bc they do the more complex and accurate calculation but when under pressure, they switch to faster but less accurate rules 
· It causes anxiety 
· One way to direct attn. away from stress is to talk out what you’re doing 

