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TODAY

» Mental time travel
* Working memory
» Metacognition

* Numeracy



FIEN AL 1 IME | RAVES

 The abllity to mentally transport oneself

into the past and future




FIEN AL 1 IME | RAVES

» (Can primates relive their memories?

» (Can primates plan for the future planning ?
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Past Present Future

Time
TRENDS in Cognitive Sciences




rrES OF LONG-TERM MEMCHSS

* Procedural
* Semantic

* Episodic (mental

time travel)

Long-term memory

Procedural Declarative memories
memories ("Knowing that")
(" Knowim mw”) //\
Semantic memories Episodic memories
(General knowledge) (Personal
recollections)




reS OF LONG-T

* Procedural

-RM MEMC .

Long-term memory

Declarative memories
: ("Knowing that")
Semantic memories Episodic memories
: : (General knowledge) (Personal
* Episodic (mental recollections)

time travel)

How to test whether primates the ability to mentally travel back into
the past and forward into the future?



Without relying on introspection or language, desigh a study/experiment
to test whether an individual’s memories are episodic/autonoetic?

Design another experiment to test whether an individual is capable of
mentally projecting herself into the future.



INTERROGATION AND
PEEONS TRUCTION OF MEM @IS

* Scrub jays remember what, when, and

where they cached foods.
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WHAI-WHERE-WHEN MEMORIES IN
CHIMPANZEES

» Jested in similar paradigm to scrub jays g 1:2
g, 60 |
* Preferred reward (frozen juice) was g a0 §E
retrievable after 5 mins, but unretrievable 5 2.
after an hour 8 0 ,
£ 5 min 1 hour

BMarape Nice cube

Fig. 2 Mean percentage of choices of frozen juice and grape in the
S-min and 1-h trials

Ordas et al. 2013



WHAIT-WHO MEMORIES IN
GORILLA

* King was able to recall what
he ate and who gave It to him

Fig. 1. King, the western lowland gorilla, in his outdoor habitat.

Table 1
King’s percent correct (Schwartz et al., 2002)

Percent correct

5-min RI 24-h RI

“What” G‘Who” “What“ GCWhO”
Experiment 1 70% 82%
Experiment 2 55% 82% 73% 87%

20% is chance baseline for “what” questions; 50% is chance baseline for “who” questions.



BECUENCE OF EVENTS

Fed three different foods over |5
minutes.

Recall for food order tested

90% accurate for most recent food: 50%
for next most recent: 60% for most
distant
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Fig. 1. King, the western lowland gorilla, in his outdoor habitat.



FUTURE PLANNING

* [ he spoon test




RN APES PASS | HE SPOONTFESES

(a) Tube task
1) tool selection waiting 2) tool transport out of the test room
room
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RN APES PASS | HE SPOONTFESES

(b) Hook task

1) tool selection

waiting
room

—

2) tool transport out of the test room

delay period




RN APES PASS | HE SPOONTFESES

Experiment |: [-hour 5
5 6
delay :
S 4
Experiment 2: |4-hour :
= 21
delay :
0 n T ,
Expemment 3 Exp.1 Exp. 2 Exp.3 Exp.4
et initial delayed dissociation baseline
Apparatus not visible Total # Y 5 ¢ ¢

of trials
Experiment 4: No use
for tools, but reward
structure identical

Figure S2. Mean number of correct trials in each of the experiments.



*  Yes-ish

* Why isn't performance at [00% ?

RN APES PASS | HE SPOONTFESES




WORKING MEMORY




WORKING MEMORY

ERmps beat humans!

* Young chimps (and humans)
perform best
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METACOGNITION

* Awareness and understanding of one's own mental states (intentions,
motivations, desires, knowledge)

 [Theory of one’s own Mind



METACOGNITION

* Awareness and understanding of one's own mental states (intentions,
motivations, desires, knowledge)

 [Theory of one’s own Mind

Are monkeys aware of their own knowledge?



MISIZAG@IEINBRICING |

» Subjects shown an image in study phase
« ~30 second delay

» 2/3 of trials subjects choose or decline to take a
recall test

» |/3 of trials subjects are forced to take the recall
test

» If right in recall test, subjects get a peanut. If wrong,

nothing

» If subjects decline recall test, they get a less-
preferred food

@R REMEMBER VWHAT [FJUSHESE

Study
Phase

i
Delay
Delay

Interval
p—O 67

Choice

Test Phase
or Small
Reward — e«

Preferred Primate
@D Peanut ® oot

If Correct

Hampton 200 |



MIEIPAC@IENIARSOIN |
BEOAEREMEMBER VVHAT [FUSHESE

Dark bars=freely chosen

recall tests |
Light bars=forced recall tests g Z:
2
Subjects slightly more g Z:
accurate when choosing to i
take recall test M1 M2

Fig. 2. Accuracy on freely chosen and forced tests. Dark bars represent
accuracy on tests the monkeys chose to take. Light bars represent performance
ontrials where the animals were not given the choice of declining tests. Scores

suggests that they are more i rerem st e S
ikely to decline test when
they might get it wrong



WHAT DO PRIMATES
UNDERSTAND ABOUT NUMBERS!?




WHAT DO PRIMATES
UNDERSTAND ABOUT NUMBERS!?

Vonkeys presented choice
between two amounts of
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WHAT DO PRIMATES
UNDERSTAND ABOUT NUMBERS!?
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experiment 1: conditions
Figure 1. The results from experiment 1. Fifteen subjects were run in each condition in experiment 1 and the y-axis plots the
number of subjects picking the larger (striped bars) over the smaller number (black bars) of apple slices. Statistical significance
was tested with a one-tailed sign test, with significance set at the p <0.05 level. Condition A involved the presentation of one slice
of apple (one-eighth of an apple; F =food) versus one rock (NF =non-food). All other conditions in experiment 1 involved the
presentation of different food quantities, some sets differing by only one apple slice (conditions A—F), while others differed by as
much as two or more times the quantity in the other box (conditions G—]J). All quantities were presented sequentially.

$<0.001, *p<0.004. |—|auser‘ i al (ZOOO)



WHAT DO PRIMATES
UNDERSTAND ABOUT NUMBERS!?
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Interpretation of these results?



WHAT
UNDERSTAN

BlGH

MATES

EREICGISe nlumber concept

* Approximate number system

* Mixing food and numbers!?

D ABOU

T NUMBERS?




PRECISE UN

DERSTAN

DING OF NUMBERS

single eggplant screen
eggplant added  lifted

seconds

»GZ

about
3to4

S 5econd5

; unexpected
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PRECISE UNDERSTANDING OF NUMBERS

single eggplant screen
eggplant added lifted
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Seem to have a precise representation
ERNIERDErS Upi to 3 (maybe 4)



HOW MANY STARS ARE THERE?



HOW MANY STARS ARE THERE!?

*
*

*



HOW MANY STARS ARE THERE?



HOW MANY STARS ARE THERE!?




HOW MANY STARS ARE THERE?



SUBITIZATION

» Rapid, precise, accurate judgments of amounts up to 3 or 4

« May account for primates precise understanding of small
numbers

* Similar across all primates



APPROXIMATE NUMBER SYSTEM

» Numerical understanding based on comparison of
magnrtudes



Humans and monkeys seem to
have same approximate number

system

Accuracy declines as ratio
between quantities approaches |

APPROXIMATE NUMBER SYSTEM
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WEBER'S LAW




WEBER'S LAW

20 120



WEBER'S LAW

“Simple differential sensitivity Is
inversely proportional to the
size of the components of the
difference; relative differential
sensitivity remains the same
regardless of size.’
10
Ratios, not precise numbers,
determine ability to discriminate
two quantities

20



APPROXIMATE NUMBER SYSTEM

a) Number vs. Shape

Sample Choices

Standard Trial o

« Compare salience of number to other object
properties (1.e., color and surface area)

Sample Choices

Probe Trial | & SR ‘

b) Number vs. Color

Sample Choices
Standard Trial **: **’; :*
Sample Choices

Probe Trial ‘t ** o *

Ak | [ KK *

c) Number vs. Surface Area

Sample Choices

|
Standard Trial . . [ L

|
Sample Choices
|
Probe Trial . o B
- |

Catlon and Brannon 2007/



PPROXIMATE NUMBER SYSTEM

Number-Experienced Monkeys Number-Naive Monkeys
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Figure 2. Performance of number-experienced monkeys on the three experimental conditions (number vs.
shape, number vs. color, and number vs. surface area) during standard trials (a) and probe trials (b) as a function
of the ratio between the numerical values of the two choice stimuli. On standard trials (a), accuracy for choosing
the matching stimulus is plotted. For probe trials (b), the probability of choosing a numerical match is plotted
(chance = .5). Standard error bars reflect variance between the three monkeys. Performance of number-naive
monkey on the three experimental conditions (number vs. shape, number vs. color, and number vs. surface area)
was a function of numerical ratio. On standard trials (c), accuracy for choosing the matching stimulus is plotted.
For probe trials (d), the probability of choosing a numerical match is plotted (chance = .5).

Catlon and Brannon 2007/



D NUMBERS

* Do food rewards help or
hinder numerical abilities!




» Performance on comparison task

with food Is often bad

» Reverse-reward task impossible

with food

D NUM




FOOD AND NUMBERS

REVERSE-REWARD TASK

«  Chimps cannot choose the smaller amount 10 —
of food, even when 1t results in a larger © ---- Amays
2 o8t
reward & /
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Numerical Disparity Between Choices



FOOD AND NUMBERS

Mere sight of food impairs cognitive ARTICLE
f‘ un C.tl O n? Received 10 Nov 2010 | Accepted 2 Mar 2011 | Published 29 Mar 2011

Representational format determines numerical
competence in monkeys

Vanessa Schmitt"? & Julia Fischer'?

Using the stimuli as the reward
impairs cognitive function?
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« EVEN when the stimuli are the same

INHIBITORY CONTROL IN QUANTITY

« Performance improved when the stimuli

(0]
(&)

are not the reward

exact food, but just not the pieces that
will be given to the monkey

Larger amount chosen (%)

65
el . 60 -
» Inhibitory control depends on internal
representation of stimuli, not just the
50

properties of the stimuli
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DISCRIMINATION

Food

Pebbles Food replaced



SUMMARY

 Dual representation is difficult (e.g.,, my mind vs your mind;
present vs. future; food as stimuli vs food as food)

* Inhibrtory control can interfere with measurement of cognitive
tasks
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