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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 
individuals can (without logical training) correctly 
solve problems that require context-independent 
reasoning, even though the members that form the 
groups cannot individually solve these problems 
correctly. 



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 stimuli that expressly call 
for this type of reasoning. 

This failure is attributed to the lack of the 
appropriate reasoning machinery in humans.
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The Stimuli

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

Given this assumption can you infer that the 
square is green?

The correct answer is ‘Yes’. 

Most individuals answer ‘No’.
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The Stimuli

Almost all individuals working alone answer 
‘There is an Ace in the hand’

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. 

The correct answer is
‘There is not an Ace in the hand’



Mental MetaLogic and the Multi-
Mind Effect

Mental MetaLogic (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. 

Such reasoners use proof-theoretic and model-
theoretic mechanisms of reasoning and move 
between them to accurately solve the stimulus 
problems.
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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. 



Experiment Design

Stage 1 
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. 

Stage 2
The individuals who did not get the right answer are randomly 
assigned to groups. The groups are then given problems that are 
isomorphic to the original problems.
We hypothesize that some of the groups will be able to accurately 
solve the isomorphic problems, i.e., the Multi-Mind effect will 
emerge.



Initial Experiments 

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

Subjects - 13 undergraduate students from 
Rensselaer Polytechnic Institute. 
One student reached the correct solution in Stage 1. 
The rest  were assigned randomly to one of four 
groups in Stage 2. 

Materials - Variants of the stimuli, the Wason 
Selection Task and the Wise Men puzzle and their 
isomorphic problems.
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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. 

What can you infer from the following premise: 

“It’s not the case that:  if Jones is over six feet 
tall, the hat is too small.”
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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: 
(1) There is a king in the hand if and only if there is an 
ace in the hand.
(2) There is a king in the hand.

Which is more likely to be in the hand, if either:  the 
king or the ace?



Proof for the King-Ace problem



Wason Selection Task 
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letter on one side, and a digit from 0 through 9 on the 
other, four cards below are dealt onto a table before you.

E T 4 7



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.

The following rule is given:
“If there is a vowel on one side, there is an even number on 
the other.”  
Which card or cards should be turned over in order to do 
your best to determine whether this rule is true?

E T 4 7



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.

The following rule is given:
“If there is a vowel on one side, there is an even number on 
the other.”  
Which card or cards should be turned over in order to do 
your best to determine whether this rule is true?

E T 4 7



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.

The following rule is given:
“If there is a vowel on one side, there is an even number on 
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Proved-Sound Algorithm for 
Generating Proof-Theoretic 
Solution to WMPn

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 
Men puzzle. 

These results, though extremely preliminary, show 
support for the presence of the Multi-Mind Effect 
in multi-agent reasoning. 



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. 

Some of the authors have previously undertaken 
research designed to simulate multi-agent reasoning, 
where the formalisms are in line with LCCM.  
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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 
based techniques.

Translation Graphs, a representation agnostic tool for 
bridging ontologies and automatically extracting 
bridging axioms and translation procedures. 



Mental MetaLogic Reasoning in 
Slate

In Slate, items in System S 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. 

This mechanism can be used to simulate model-based 
reasoning in Slate. This process of heterogeneous 
reasoning is critical to the emergence of the Multi-
Mind Effect. 



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 can be 
explored in Slate, and a process for reconciling the 
representations can be constructed. A set of bridging 
axioms can be automatically extracted from this 
translation graph enabling information exchange at the 
semantic level.



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

It can also be of importance in decision-making, 
where using only one representation or one type 
of reasoning can lead to erroneous conclusions. 



Next Steps

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

To precisely model the Multi-Mind Effect in Slate, 
following up on work previously done. 


