
Cognition

PSYC 2040

W10: Problem solving



today’s agenda

• class survey discussion 

• midterm discussion + a note about metacognition

• literature review tutorial

• problem solving fundamentals



effective learning strategies

• effective note-taking: don’t copy off the slides, paraphrase & 

restructure!

• active recall: weekly quizzes, exit tickets, class discussions

• spacing & elaborative encoding: review regularly & find connections

• asking questions: use all resources, challenge yourself, treat your 

mistakes as learning opportunities!



metacognition

• meta-knowledge:  the knowledge individuals have of their 
own cognitive processes and their ability to monitor and 
reflect on them.

• tested via metacognitive judgments

• “offline”: past/future reflection

• interviews: answer questions regarding hypothetical situations

• learning journals: write about their learning experience and 
their thoughts on learning

• think-aloud protocols: asked to verbalize their thoughts while 
performing a problem-solving task

• meta-control: someone’s self-regulatory mechanisms, such 
as planning and adapting behavior based on outcomes

• tested via WM/attention experiments (e.g., Stroop)

• “online”: during task error monitoring



metacognitive judgments

• feelings of knowing (FOK): the belief of knowing the answer to a question or a problem 
and being able to recognize it from a list of alternatives, despite being unable to 
explicitly recall it

• after the retrieval attempt

• judgments of learning (JOL): prospective judgments during learning of one’s ability to 
successfully recall an item on subsequent testing

• before the retrieval attempt

• retrospective confidence judgments (2AFC task): 
• metacognitive sensitivity (the ability to discriminate one’s own correct and incorrect judgments)

• metacognitive bias (the overall level of confidence during a task)

• metacognitive efficiency (the level of metacognitive sensitivity when controlling for task 
performance)



importance of accurate metacognition

• when students have poor calibration and are overconfident in their 

understanding, they stop studying too early (Dunlosky & Rawson, 

2012; Karpicke, 2009; Kornell & Bjork, 2008) 

• repeated successful retrievals are important: students learn 

significantly more when they do not drop flashcards for correct 

retrievals and continue practicing beyond the first successful recall 

attempt (cf. Bahrick, 1979; Rawson et al., 2013).

paper

https://escholarship.org/content/qt9zd141fk/qt9zd141fk.pdf


wait-generate-validate

paper

https://escholarship.org/content/qt9zd141fk/qt9zd141fk_noSplash_58a55dcf87a96930f1fce9c13b76d4e8.pdf


logistics: project

• next milestone: argument

• formulate

• 3 sources per “side” of argument

• sample argument available on Canvas

• SPARK common issues

• article not being a peer-reviewed article

• writing the summary in first person 

• collaboration/accountability issues

• final presentation (3) + team skills (2)



mid-semester check-in

• calendly link

• groups

• schedule a 15-minute meeting post spring break 

• argument articles must be preliminarily “approved”

• individually

• set up an individual time to chat separately from group

https://calendly.com/abhilasha-a-kumar/meetings


types of scientific sources

peer reviewed 

• published in scientific journals 

• undergo rigorous review by field 
experts

• types:

• empirical articles

• meta-analyses

• review articles

NOT peer reviewed

• meant for a non-expert audience

• (typically) do not undergo 
rigorous review by field experts

• types

• book chapters

• dissertations/theses

• press releases



lit review avenues

• Bowdoin library database

• APA PsycNet

• Google Scholar

• Journal websites

https://bowdoin.libguides.com/psychology


lit review activity

• find your group and finalize your research question

• then look for empirical articles together



APA citations



today’s agenda

• defining problems

• restructuring

• analogy



what is a problem? 

• a state that differs from a desired goal

• well-defined problems
• clearly defined current state

• finite set of possible operations/rules

• clear goal state

• examples: chess, tower of Hanoi, etc.

• ill-defined problems
• underspecified current/goal state and/or rules

• examples: finding a partner, writing a poem, etc.



tower of Hanoi

• a well-defined transformation problem 

• solved via means-end analysis (problem solver 
gradually reduces the difference between the 
initial and goal state)

• typically used to assess frontal lobe and 
executive functioning deficits

• optimal solution: 7 moves (2n – 1)

• n = number of discs

• strategies: 

• remembering move sequences

• using sub-goals 

• step-by-step instructions

• trial-and-error

• no strategy

https://www.youtube.com/watch?v=GxYQCQB4CDM 

https://www.youtube.com/watch?v=GxYQCQB4CDM


activity

• connect all 9 dots with four lines, 

without picking up your writing 

instrument



approaches to problem solving

• reproductive thinking

• guided by past experience 

• productive thinking 

• something new and different

• involves insight (aha moment)



candle problem (Duncker, 1945)

• you are given a book of matches, a box of 

tacks, and a candle 

• on the wall of the room, there is a 

corkboard. 

• your task is to fix the candle to the 

corkboard in such a way that no wax will 

drop on the floor when the candle is lit.



• when the usual function of 

an object is emphasized, it 

will be far more difficult for a 

person to use that object in 

a novel manner

functional fixation



• on a lake, the area covered by 

water lilies doubles every 24 hours 

• it takes 60 days to cover the whole 

lake

• how many days does it take to 

cover half the lake?

lilypad problem



• inaccurate interpretation, or 

representation, of the problem

• is the error due to sloppiness or 

incorrect representation?

• error feedback should help if error 

was due to sloppiness but only 

effective 1/3rd of the time 

(Dominowski & Dallob, 1995)

mental fixation



activity

• group 1 (first names A-L): close your eyes

• group 2 (first names M-Z): look at the screen



• examples can lead to mental fixation 

(Smith et al., 1993) but can be avoided if 

explicitly asked to avoid common 

examples (George & Wiley, 2020)

• overcoming mental fixation = 

incubation!

mental fixation



activity

• As a doctor you have to treat a patient with a malignant, inoperable 

tumor, buried deep inside the body. There exists a special kind of ray 

which is harmless at a low intensity, but at sufficiently high intensity 

is able to destroy the tumor. At such high intensity, however, the ray 

will also destroy the healthy tissue it passes through on the way to 

the tumor. What can be done to destroy the tumor while preserving 

the healthy tissue?



activity

• A general wanted to capture his enemy’s fortress. He gathered a large 
army to launch a full-scale direct attack, but then learned that all the roads 
leading directly towards the fortress were blocked by landmines. These 
roadblocks were designed in such a way that it was possible for small 
groups of the fortress-owner’s men to pass over them safely, but a large 
group of men would set them off. The general devised the following plan: 
He divided his troops into several smaller groups and ordered each of them 
to march down a different road, timed in such a way that the entire army 
would reunite exactly when reaching the fortress and could hit with full 
strength.



Gick & Holyoak (1980) 

• Duncker (1945): base (fortress) and target (radiation) problem

• 10% were able to solve the problem right away, but 30% could 

solve it when they read the story of the general before. After 

being given an additional hint — to use the story as help — 75% 

of them solved the problem.

• solution involves recognizing and mapping

• schema induction can be helpful 



experts vs. novices

• experts focus on deeper shared principles 
whereas novices focus on superficial 
structural similarities

• Chi, Feltovich, and Glaser (1981): physics 
(conservation of momentum vs. ramps/pulleys)

• Stains and Talanquer (2008): chemistry (acid-
base reaction vs. water as a product of a 
reaction)

• experts are better able to spontaneously 
retrieve prior examples that share key 
domain principles



analogy generation task

• give people a target 
phenomenon and ask them to 
produce a similar phenomenon 
and to explain their rationale 

• what people produce as 
analogous tells us something 
about how their knowledge is 
encoded. 

• open-ended vs. prompted task

paper

https://onlinelibrary.wiley.com/doi/pdf/10.1111/cogs.13036


activity



curse of expertise
balloon cold

• scientists have more scientific 
explanatory knowledge than 
novice nonscientists

• scientists only spontaneously 
apply their explanatory 
knowledge specific to their 
domain of expertise (“curse of 
expertise”)

• “practicing connections”

paper

https://onlinelibrary.wiley.com/doi/pdf/10.1111/cogs.13036
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