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The Multi-Mind Effect

Extensive prior research has shown that logically
untrained individuals cannot accurately solve
problems that require context-independent
reasoning.

 The Multi-Mind Effect shows that groups of
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Dearth of Context-Independent
Reasoning

Studies of human reasoning have shown that
logically untrained humans systematically fail to
reason in a context-independent manner, even
| when presented with stlmull that expressly caII St
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The Stimuli




The Stimuli

Assume that

(1) It is false that ‘If the square is green, the
circle is red’.
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The Stimuli




The Stimuli

Assume that

‘If there is a King in the hand then there is an Ace

in the hand’,|or|’If there is not a King in the hand,
both.

then there is an Ace in the ha_nd’ but not
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The Stimuli

Assume that

‘If there is a King in the hand then there is an Ace
in the hand’,|or|’If there is not a King in the hand,

then there is an Ace in the hand’| but not both.
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The Stimuli

Assume that
‘If there is a King in the hand then there is an Ace
in the hand’,|or|‘If there is not a King in the hand,
then there is an Ace in the hand’|but not both.




Mental Metalogic and the Multi-
Mind Effect

Mental MetalLogic (MML) predicts the phenomenon
of heterogeneous reasoning, where an individual
reasoner or groups of reasoners leverage different
reasoning mechanisms to reach the normatively
correct solution to such problems.
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Experiment Design




Experiment Design

Stage |
Subjects - A group of logically untrained individuals.
Materials - Problems that are deemed ‘unsolvable’.

Any individuals that can accurately solve the problems are identified
and are not included in the next stage of the experiment.
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Initial Experiments

Three pilot experiments were carried out to test for
the Multi-Mind Effect.

Subjects - |3 undergraduate students from
Rensselaer Polytechnic Institute.

One student reached the correct solutlon in Stage .
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Experimental Items

The following item is a sample of the items used
in the experiments. It is similar to the first
stimulus problem.
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Experimental Items




Experimental Items

The King Ace Problem described earlier was used in
these experiments. Another example of a problem in
this paradigm is given below.

If one of the following assertions is true then so is the
other:
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Proof for the King-Ace problem

(2 (K < A)
= K
TK A=A v (K A A)
YK A A
¥ A
3K v = a Elim

@ n v = L Intro

o A ¢ = - Intro

v 7 & Elim

¢ = v Elim




Wason Selection Task




Wason Selection Task

From a deck of cards, where each card has a capital Roman
letter on one side, and a digit from 0 through 9 on the
other, four cards below are dealt onto a table before you.
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Wason Selection Task

From a deck of cards, where each card has a capital Roman
letter on one side, and a digit from 0 through 9 on the
other, four cards below are dealt onto a table before you.
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Wason Selection Task

From a deck of cards, where each card has a capital Roman
letter on one side, and a digit from 0 through 9 on the
other, four cards below are dealt onto a table before you.
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Metareasoning for multi-agent epistemic log

Abstract, Wa prasant an encoding of a saquent caleulus for a monlti-
agent epistemic logie in Athena, an interaetive theorem proving system
for many-sortad frst-order logie, We then use Athena as a metalanguage
in arder to reason about the multi-agent logic an as object language.
Thiz facilitates theorem proving in the muli-agent logie in ssveral ways,
rst, it lets s marshal the highly aflcient theorem provers for o
sical Arst-order logie that are integrated with Athena for the purpese
of daoing proofE in the multi-agent logie, Second, unlike model-theorstie
ambaddings of modal logics into classical frst-ordar I alir proods are
diraetly comvertible into native epistemic logic proofs. Third, becanse we
are ahle to oquankify over propositions 'md agents, we got much of the
generality and power of highar-ordar logie aven thongh we are noa frst-
ardar satting, Finally, wa ara able to nss Athena’s versatile tactics for
proof automation in the multi-agent logic. Wa illustrate by developing T T TS T R T eI, 1K] e =P‘
tactie for solving the generalizad version of the wiss men problem. FalBea i+ [LalRi Xatd)] ks

Metareasoning for multi-agent epistemic logics

AP o Jo-E]
. O IO = KalF)
Introduction [Befles,
[ Refle,

. : O : o
Multi-agent modal logics are widely vsed in Computer Seience and AL Mulei- P HIOP =)= [C(P) =0 T'FOP)=C(Kal 1 o [Reflen, noFy
()= KalP) 2 [K],=-E

agent epistemic logies, in particnlar, have found applications i fields ranging )= KalF) 3 4, Lemma 2
from Al domaine such ss mobaties, planning, and motivation analysis in natu- alP)=-Q e

. PR B ; PR Fig. 2. Inferenee rulas for the apistamic oparators. =
ral language [13); to negotiation and game theory in economics; to distributed k : ; 2 5 E
systems analysis and protocal authentieation in computer security [16,31]. The _
reason is simple—intelligent agents must be able to reason aboot knowledge. Tt e P £ Inbuiivaly, thaija s judgment stating thit Fofplkows e 1. Ve wil ; : :
et e e e i write P\ [or 1, P) us an abbreviation for ' U {P}. The soquent ealeulus that b s not entirely low-level becanse most steps combine
.I:-u Lhe ||| l(JI d nll[\:t:_lllﬂnl Ilu Ir'i\lnll( i IlllI me Flls for perform I. .r mnl(- llnnl |I| lnHJ.nnll;x we will use comsists of a collection of inference rules for deriving judgments of lo applications in the mterest of brevity.
m =uch logics. ile the validity problem for most propazitional modal logies 1= e form I - P. Figure 15 - mference ruks deal wi : ;

: o 1l ! & 3 F ’I I 15T PIOpasItons ". - J:—- 5 th form 1 FP ||,.,|||_t 1 .||_cw_r>~l||c n_||'|t nos ||||(T-lhnl_ Ic_\ll \nllh_lllc_ standard 4 agent o and proositions P,¢). Define By and R
of intractable theoretieal complexity!, several approaches have been investigated propsitional connectives. This part is standard {e.g., it is very siilar to the Pv, and et 5, = C[R,) for i .2,3. Then
in recent years that have resulbed in systems that appear 1o wark well in prac _wr|||v!|l. c-nlc-nlw!s of |'.lJlIJIIIg|I£|\I.~'. et .x.ll. [15]]. In addition, we have some rules

: A B i SAT. B pertaining 1o K, and ©, shown m Figure 2.
tioe, These approaches include tableau-based provers, SAT-hased algorithms, Rule [K] is the sequent formulation of the well-known Kriphe ariom stating P and eonsider the fallowing derivation:
and translations to Arst-order logic conpled wich che wse of resclution-based au- that the knowledge operator distributes aver comditionals. Rule |Cy| is the eor- [ Refier]
lumnlwl thecram provers (ATPs). Some repressutative systems are FaCT" [24], responding principle for the commen knowledge operator. Rule [T] i the “truth [Peefted
5 = 1 S axiom”: an agent eannot know false propasitions. Rule [C] is an introduction [Fecfler]
KsatC [14], TA [25], LWB [23], and MSPASS [37). ruke for common knowledge: if a propesition P follows from the empty s=t of = Pl Larmma da

Itanslation-based approaches {such as that of MSPASS) have the advantage hypotheses, ie., if it s a tamology, then it is comuonly known. This is the v ) 5{{“"{51’{],5' .

of kveraging the tremendous implementation progress that has oceurred over common-knowledge version of the “omnisciencs axiom” for single-agent knowl- ‘JJ!,: R=R
I L edge which says that I+ Ko (P) ean be derived from @ = P We do not need to : !,j +OlKa(-Q=P))

! For instanee, the walidity problem for multi-agent propesitional epistemic logic is postulate that axiom in our formolatic ve it fallows from [C-1] and [ g =Py e

1 .

PSPACE-romplete [18]; adding a cormmon knowlsdge oparator makes the problam The latter cays that if it commen kncwledge that P then any '_- ery | agent AR} O
EXPTIM npleta [21], lencws P, while [ R] says that ifit is common knowledge that P then it i= common 1A Ra) =Q
kncwledge that (any) agent a knowes it. [R] is a reiteration role that allows os to
eapture the recursive behavior of € which is usually expressad via the so-called
Hinduetion axiom”

Metareasoning for multi-agent epistemic

uj

C(P=E(F]|= [P=C[P)] n W, =]
where s the shared-knowkdge operator. Since we do not weed E for our
purpases, we omit ite formalization and “unfold” € via rule |R] instead. = out that the last—(n + 1)*—wise man knows he is
We ztate a fow lemimas chat will come handy lacer: wiss men is simple. The reasoning runs essentially by
Lemma 1 (Cut). If I F P and 15, P P then Dy U, B Py 1 wies man reasans as follows:
Proof: Assume I F B and In, B F Py Then, by [=-1], we get Iz - Py = P harked. Then wy would have seen chis, and knowing
Further, by dilution, we have I, U1y F Bo= P oand I u i F P Henee, by 5 is he would have inferred that he was
[=-E], we obtain I} UT F Py, 5] = expressed ignarance; therefome, 1 must be
The proofs of the remaining lemmas are equally simple exercises: —
Fn = 3 wise men wy, wy, wy. After w; anmounees that
e is marked, ws swd wy both mfer that at least one of
Lither wy nor wy were marked, w, would have seem this
bd—smd etated—that he was the marked one, since he
b the thres is marl At this point the pumle reduces
b w; and wy know chat at least one of them is marked,

All human-authored
proofs machine-checked.




Initial Results

All the groups reached the correct solution for the

problems isomorphic to the stimuli problems and
the Wason Selection Task.

- One group managed to correctly solve the Wise
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Computational Cognitive Modeling
of the Multi-Mind Effect

Logic-based Computational Cognitive Modeling

(LCCM) is the formal modeling approach that

underlies top-down, declarative modeling. We use this
- approach to model the Multi-Mind effect
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Slate

WwWw.cogsci.rpi.edu/slate

Slate was designed and developed by:
Selmer Bringsjord
Andrew Shilliday
|oshua Taylor

With valuable suggestions from:
Marc Destefano, Wayne Gray,
Michael Schoelles, Jason Wadicka,
and Micah Clark

Slate is the property of Rensselaer Polytechnic Institute (RPI) and the Rensselaer Artificial
Intelligence and Reasoning (RAIR) Lab. When officially released, sponsors and general
contractors enjoy an unrestricted license to the system.

Copyright (c) 2003-2006 Rensselaer Polytechnic Institute. All rights reserved.
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Deduction ¥

Deduction ¥

. A wioman succeeds in climbing

| Deduction ¥] | Deduction ¥|

Fellini is ltalian.

Deduction ¥

Fellini is an ltalian director awarded an honorary Oscar.

Deduction ¥

An ltalian director is awarded an honorary Oscar.

Fellini is a director.

0 &) Proof

It follows immediately from the first sentence in the
premise that the following conjunction holds: Fellini
was ltalian, was a film-maker, and was awarded an
honorary Oscar. Since from any conjunction each of
the elements conjoined can be inferred, it can be
inferred in this case that Fellini was a film-maker.
Since if x is a film-maker, x is a director, it follows that
Fellini was a director. Assembling a new conjunction,
we can deduce that Fellini was Italian, was a director,
and was awarded an honorary Oscar. Generalizing,
we can from this deduce that an ltalian director was
awarded an honorary Oscar.|
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5.3 Integrating New Ontologies into Translation Graphs

Let’s introduce a fifth company, x, who tracks only those phone calls made by

its employees to its customers. These
shown, an excerpt of which is shown i
in Figure 4. Suppose that x has dec
data, and to omit the associations

to reason, then, that the consumers ¢
about the specifics of each phone ¢
placed at particular times and with j

43
234
173

Fig. 4. A possible signatur

Provability-Based Semantic Interoperability
via Translation Graphs

Joshua Taylor and Andrew Shilliday and Selmer Bringsjord

tayloj,shilla,selmer@rpi.edu
Rensselaer Al & Reasoning (RAIR) Lab
Departments of Cognitive and Computer Science
Rensselaer Polytechnic Institute (RPI), Troy NY 12180, USA

Abstract. Provability-based semantic interoperability is a kind of inter-
operability that transcends mere syntactic translation to allow for robust,
meaningful information exchange across systems employing otherwise
unresolvable ontologies, and which can be evaluated by provability-based
(PB) queries. We introduce a system of translation graphs to formalize
the relationships between diverse ontologies and knowledge representa-
tion and reasoning systems, and to automatically generate the translation
axioms governing PB information exchange and inter-system reasoning.
We demonstrate the use of translation graphs on a small number of sys-
tems to achieve interoperability.

Provability-Based Semantic
Interoperability via Translation Graphs

for ONISW2007



Provability-Based Semantic Interoperability via Translation
Graphs introduces:

Provability-Based Semantic Interoperability (PBSI), a
description of interoperability at the semantic level,

and why it can only be achieved using provability
sed techniques.




Mental Metalogic Reasoning in
Slate

In Slate, items in System $ are connected with
argument links to graphically depict an argument
from some set of premises to a particular
conclusion. Arguments can be supported by witness

objects, viz. models, proofs or databases.




Multi-Agent Reasoning in Slate

Slate can be used to model multi-agent reasoning
analogous to the interactions between human
reasoners.

Given translation graphs, the relationships between the
- representations used by the different agents canbe




With translation graphs, bridges
are built between representation
schema and ontologies. Bridging
axioms are then extracted from

the paths connecting systems.




Empty Signature

Sorts:

With translation graphs, bridges
e are built between representation
oy schema and ontologies. Bridging
" axioms are then extracted from
the paths connecting systems.

- % (define-relation
(P_4tl abi2)

(P_1abtl t2))

....... \ ORI

+ Sorts: Time, Person |

| 4

Group 4

Sorts: Time, Person

Functions:

| »

Intertheory

Sorts: Time, Person

Functions:
Pl

(define-relation
(P3xy)

* (exists (t1 2} (P4l x y 2)))

E(rcmm'e-t‘unclur P_I)

........ S

* Sorts: Time, Person .

L _-'( remove-sort Time)
y

Group 3

Sorts: Person

Functions:
F 3

,"fadd—l"unclnr E_I)

(define-relation

(P_2xy)

.'-_(cti.-il:-i (t1 23 ) (and (P_1 el x y 123 (P_I 3 y x t41)))

L. YORRRR

+ Soris: Time, Person |

:(remu\'c-i'unulur P_D

AU

+ Sorts: Time, Person .

s(remove-sort Time)

>

Group 2

Sorts: Person

Functions:
F 2

(define-relation
(P_1xytl)

" (exists (12) (P_Ttl x y 123))

_('rcmm'c-l'unulnr P

| 4

Group 1

Sorts: Time, Person

Functions:
FP_l

Agent 4

Agent 5



Pedagogical Implications of the
Multi-Mind Effect

The Multi-Mind Effect can be very effective in
creating tools that leverage multiple forms of
reasoning to engage in context-independent,
normatively correct reasoning. These tools can be
. used to improve human and machine reasoning,
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Next Steps

To study the Multi-Mind Effect in a extremely
rigorous manner, through controlled experiments.




