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Rationale

= Common ancestor
= Origins of human math ability
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Establishing Numerical Abilities |l

= False assumption (Hurford, 1987)

= Many species possess numerical abilities (Boysen &

Capaldi 1993, David & Perusse 1988, Dehaene 1997, Cohen et al
1998)

= Capable of pairing (Terrace 1998)



Analysis of Number

= Counting vs. Subitizing
= Probably subitizing (David & Perusse 1988)

= Three important counting principles (Gelman & Gallistel 1978)
= One-to-One
= Stable Ordering

= Cardinal



Representation of Number

= Nominal vs. Ordinal

= NO consensus

= Ordinal is more complex

= Conflicting evidence (Brannon & Terrace 2000)



Skinner 1938

p)
X 9
) &

+—
© o
T-m
=
©
e
(&)
-
(7))
7p]
(D)
(&)
®)
>
7))
|

I®)
=

C

LL
m

ing

Chain



Chaining Tasks Improved

= Simultaneous chaining paradigm (SCP)

= Better
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Original Research

= Natural stimuli have never been used to represent
numerosity




1) Will the decision making of Rhesus monkeys be influenced when
natural stimuli are used as opposed to when non-natural stimuli are

used?

Research Questions

2) Is there a difference in the accuracies of the chaining tasks that
require the monkeys to use only numerical knowledge as opposed to
the tasks that require categorical abilities coupled with numerical

knowledge?



Hypotheses

= H1: The monkeys’ decision making will be influenced
when the natural stimuli are used as opposed to when
the non-natural stimuli are used.

= H2: There will be a difference in the accuracies of the
chaining tasks that require the monkeys to use only
numerical knowledge as opposed to the tasks that
require the monkeys to use their categorical abilities
coupled with numerical knowledge.

= HO: Neither the natural stimuli nor the tasks with
different knowledge bases will have an effect on the
accuracies of the chaining tasks.



Methods

= Two male rhesus monkeys
= Ebbinghaus, 15 years
= Macduff, 18 years

= New York State Psychiatric Institute (IACUC 200Q)

= Did not directly handle subjects
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Methods

= Mac computer

= Two operant chambers

= Control room

= Touch screen

= Pellet Dispenser




Trial Type [

= Bl
1 NG

Task 1: Category Apple Chain Task 2: Cardinal Numeral

Chain

Task 3: Category Numeral Chain



Tasks

= Feedback

= Auditory (two possible noises)
= Visual (two possible backgrounds)

= Edible (pellet)

= Inter-trial interval (1 or 3 seconds)

= Chance = 0.04




Accuracy

%

Results

Ebbinghaus's Learning Curve for Categgory Chain with Apples over
27 Sessions
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Results

MacDuff's Learning Curve for Category Chain with Apples over 24
Sessions
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Accuracy

Accuracy

Results

Ebbinghaus's Accuracies Across

Four Tasks
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Major Finding

= Rhesus Monkeys’ decision making is not influenced when
natural stimuli are used as opposed to non-natural stimuli

= During this experiment, it is possible the subjects used
categorical and numerical knowledge in different ways to
perform the tasks



Discussion

= Food not a distractor

= When physically present, food affects results (Beran et al 2008)

= Evidence of differentiation

= Confirms prior research (Judge et al 2005)




Limitations Future Research |.

= Small sample = Manipulate fruit stimuli

= Only two subjects = Size

= Limited data = Heterogeneous



Acknowledgements

= Thank you to everyone who helped me and mentored me
throughout this science research process.

= Special thanks to:
= Drew Altschul
= Mr. Inglis
= Dr. Cohen



Bibliography

Brannon, E.M.,, & Terrace, H.S. (2000). Representation of numerosities 1-9 by rhesus macaques (Macaca mulatta). Journal of Experimental Psychology:
Animal Behavior Processes, 26, 31-49.

Brannon, E.M., Cantlon, J.F., & Terrace, H.S. (2006). The role of reference points in ordinal numerical comparisons by rhesus macaques (Macaca mulatta).
Journal of Experimental Psychology: Animal Behavior Processes, 24, 84-97.

Bosysen, S.T., & Bernston, G.G. (1990). Development of numerical skills in the chimpanzee

Capaldi, E.J. (1933). Animal number abilities: Implications for a hierarchical approach to instrumental learning. In S.J. Boysen & E.J. Capaldi (Eds.) The
development of nhumerical competence: Animal and human models (pp. 191-209). Hillsdale, NJ: Lawrence Erlbaum Associates, Inc.

Capaldi, E.J., & Miller, D.J. (1988). Counting in rats: Its functional significance and the
independent cognitive processes which comprise it. Journal of Experimental Psychology,
103, 1131-1136.

Chen, S., Swartz, K.B., & Terrace, H.S. (1997). Knowledge of the ordinal position of list items
in rhesus monkeys. Psychological Science, 8, 80-86.

Chomsky, N. (1957) Syntactic Structures. The Hague: Mouton.

Davis, H., & Perusse, R. (1988). Numerical competence in animals: Definitional issues, current evidence, and a new research agenda. Behavioral and Brain
Sciences, 11, 566-574.

Dayan, P. (2002) Reinforcement Learning, Steven’s Handbook of Experimental Psychology
Fooden J.(2000) Systematic review of the rhesus macaque, Macaca mulatta, Field Zool
Gelman, R., & Gallistel, C.R. (1978). The child’s concept of number. Cambridge, MA: Harvard
University Press.

Macphail, E.M. (1982). Brain and Intelligence in Vertebrates. Oxford: Clarendon.

Pinker, S. (1994). The Language Instinct. New York: Penguin.

Miller, D.J. (1993). Do animals subitize? In S.J. Boysen & E.J. Capaldi (Eds.) The development of numerical competence: Animal and human models (pp. 149-
169). Hillsdale, NJ: Lawrence Erlbaum Associates, Inc.

Terrace, H.S. (1986). A nonverbal organism’s knowledge of ordinal position in a serial learning task. Journal of Experimental Psychology: Animal behavior
Processes, 12, 202-214.

Terrace, H. (2005) The Simultaneous Chain: A New Approach to Serial Learning, TRENDS in
Cognitive Sciences

Skinner, BF (1938) The Behavior of Organisms, Appleton-Century-Crofts

Terrace, H. S., Son, L.K., & Brannon, E.M. (2003). Serial expertise of rhesus macaques.
Psychological Science, 14, 66-73.

S.T. Parker & K.R. Gibson (Eds.), “Language” and intelligence in monkeys and apes.
Cambridge, England: Cambridge University Press.

Meck, W.H., & Church, R.M. (1983). A mode control model of counting and timing processes.
Journal of the Experimental Psychology: Animal Behavior Processes, 9, 320-334.

Mandler, G., & Shebo, B. (1982). Subitizing: An analysis of its component processes. Journal of
Experimental Psychology, 111, 1-22.

Trick, L.M., & Pylyshyn, ZW. (1994). Why are small and large numbers enumerated
differentlv? A limited capacitv preattentive staage in vision. Psvcholoaical Review. 101.




Major Finding

= Rhesus Monkeys’ decision making is not influenced when
natural stimuli are used as opposed to non-natural stimuli

= During this experiment, it is possible the subjects used
categorical and numerical knowledge in different ways to
perform the tasks

= Questions?
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