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Tolman, E. C. (1927). A behaviorist's 

definition of consciousness. Psychological 

Review, 34, 433-439
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Morgan’s Canon (1906, p. 53)

“In no case may we interpret an action as the 

outcome of the exercise of a higher psychical 

faculty, if it can be interpreted as the outcome 

of the exercise of one which stands lower in 

the psychological scale.”



Smith, J. D., Beran, M. J., Couchman, J. J., & 

Coutinho, M. V. C.  (2008).  The comparative study of 

metacognition:  Sharper paradigms, safer inferences.  

Psychonomic Bulletin and Review, 15, 679-691.
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2. Sharper Paradigms, Safer Inferences
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Rewarded Uncertainty Responses



Center Value = 7

r = -.97

0

10

20

30

40

50

60

70

80

90

100

1 2 3 4 5 6 7 8 9

Quantity Presented

P
e
r
c
e
n

ta
g

e
 o

f 
T

r
ia

ls

Correct

Uncertain

b

r

e

a

k

p

o

i

n

t

0

0.2

0.4

0.6

0.8

1

0 6 12 18 24 30 36 42

Density Level

Correct

Uncertain

Coutinho et al.

(in preparation)

Beran et al. (2006)

JEP: Anim B 32 (111)



Couchman et al

(submitted)

Smith et al. (2006)

JEP: Gen 135 (282)

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 4 8 12 16 20 24

Density Bin    

A.

Uncertain

C. Gale: Ellipse Task

0

0.2

0.4

0.6

0.8

1

0 3 6 9 12 15 18 21

Bin

Uncertain



Smith, J. D., Redford, J. S., Beran, M. J., & 

Washburn, D. A.  (in press).  Monkeys adaptively 

monitor uncertainty while multi-tasking.  Animal 

Cognition.
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Smith, J. D. (2009). The study of animal 

metacognition. Trends in Cognitive Sciences, 13, 389-

396.



Washburn, D. A., Gulledge, J. P., Beran, M. J., & 

Smith, J. D. (2009). With his memory magnetically 

erased, a monkey knows he is uncertain. In press, 

Biology Letters.





3. Species Differences in Animal Metacognition



Beran, M. J., Smith, J. D., Coutinho, M. V. C., 

Couchman, J. J., & Boomer, J.  (2009).  The 

psychological organization of “uncertainty” responses and 

“middle” responses:  A dissociation in capuchin monkeys 

(Cebus apella).  Journal of Experimental Psychology: 

Animal Behavior Processes, 35, 371-381.





Sparse-Uncertain-Dense Task

Sparse Stimuli Dense Stimuli
Easy EasyDiff.Diff.

Breakpoint

• One discrimination breakpoint

• Two stimulus classes

• Respond: Sparse-Uncertain-Dense



• Two discrimination breakpoints

• Three stimulus classes

• Respond: Sparse-Middle-Dense

Sparse DenseBreakpoint Middle Breakpoint

Sparse-Middle-Dense Task
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Performance Costs

• Absence of URs meant:

– 1651 errors in the uncertainty task

• 20 s timeout for each error

– 33,020 s 

– More than 9 hours of timeouts

– More than 25% of time on task
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Metacognition in Capuchins?

Paukner et al. (2006) Anim. Cognit. 9 (110)

Basile et al. (2008) Anim. Cognit. 12 (169) 

Fujita (2009) Anim. Cognit. 12 (575) 



Metacognition in Pigeons?

Inman et al. (1999) J. Exp. Psych.: Anim. B. 25 (389)

Sutton et al. (2008) J. Exp. Psych.: Anim. B. 34 (266)

Roberts et al. (2009) J. Exp. Psych.: Anim. B. 35 (129)



Beran, M. J., Evans, T., & Smith, J. D. (in 

preparation). The studious macaque.









4. Executive-Attentional Uncertainty and 

Metacognition
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What number was the larger quantity?

or

What number was the larger font?



What number was the larger quantity?

or

What number was the larger font?
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Thanks!


