
• a ball is a kind of object

• slowing down is the process of 
decreasing speed

• Newton's first law of motion states 
that an object at rest will stay at rest 

and an object in motion will stay in 
motion with a constant velocity unless 
acted upon by an unbalanced force

• gravity is a kind of force
• force is a push or pull exerted on an 

object
• ….

Training Questions about 
Topic (e.g. high school physics)

H: There must have been an 
outside force acting on the 
ball is the best conclusion 

based on Newton's first law of 
motion.

Increasing the mass of
the box would most likely
require additional force
to produce the same

results

The rate of acceleration
of an object is

determined by the mass of
the object and the forces
acting on the object

The statement that best
explains why the car
stops in a shorter

distance than the truck
is that the truck has a
larger mass requiring
more force to stop

The amount of friction is
an additional information
needed to precisely
calculate the block's

mass

The cart will accelerate
at a speed of 125 m/s^2
until the student stops
applying the force

Doubling the distance
between two objects and
halving their mass will
reduce the gravitational
force between them the

most

Distance from the Sun and
mass are the two
characteristics that
affect a planet's

gravitational attraction
to the Sun

When placed at equal
distances apart the
greatest gravitational
attraction will be

between two school buses

Moving the objects to one
meter apart will increase
the gravitational force
between the two objects
that are two meters apart

The gravitational force
exerted by an object
depends on its mass

The mass would most
affect the acceleration

of an object

The net force acting on
the car is 3000 N

Mass and distance apart
are the two factors that

determine the
gravitational attraction
between two objects

If the force on the
object were increased

four times the
acceleration would
increase 4 times

A 20 newton force would
cause this object to
accelerate at 6 meters

per second^2

On a frictionless surface
a 20-N force will

accelerate a 5-kg object
at rest at 4 m/s^2

To reduce the
gravitational pull

between two objects that
are at rest and are 10
meter apart they should
be moved 15 meters apart The magnitude of the

gravitational force
between two planets
depends on the distance
between the planets

An object's mass
irrespective of speed can
affect the amount of
force needed to change
its speed or direction

Greater force is required
to stop an object with
greater mass given that
the speed is the same

Vehicles with larger mass
require greater force to

stop

The speed doesn't affect
the amount of force

needed to stop an object

Objects with a larger
mass require greater
force to stop

When the mass of an
object increases it

becomes harder to change
its speed and direction

an object is under the
influence of forces

the second law of motion
states that the force
acting on an object is
equal to the mass of that

object times its
acceleration

force equals mass times
acceleration

The net force acting on
an object is equal to its

mass times its
acceleration (F=ma)

The car and the truck are
travelling at the same

speed

A car has less mass than
a truck

a car has a smaller mass
than a truck

A truck is more massive
than a car

A car and a truck are
traveling at the same
rate of speed The

vehicles approach a stop
sign

Net force can be
calculated using the

formula F=ma where F is
the force m is the mass
and a is the acceleration

Net force can be
calculated using the
formula F=ma

In a force equation
(F=ma) if the force and
mass are known
acceleration can be

calculated

A net force of 10 newtons
causes an acceleration of
3 meters per second
squared according to
Newton's second law

Without the precise
friction value the

acceleration measurement
will not accurately

reflect the force applied
on the object

the mass of the cart is
12 kg

the force applied on the
cart is 15 N

A student pushes a
shopping cart filled with
groceries The cart has a
mass of 12 kilograms (kg)
The student pushes the
cart with a force of 15

newtons (N)

The force of gravity
between two objects

decreases as the distance
between the objects

increases

Less mass means a weaker
gravitational force

the force of gravity
between two objects
increases as the mass of
the objects increases and
decreases as the distance
between the objects

increases

The force of gravity
between two objects
increases as the mass of
the objects increases and
decreases as the distance
between the objects

increases

the amount of
gravitational force

depends on the mass of
the object

the strength of this
force is dependent on the
mass of the objects and
the distance apart

gravitational pull
decreases as distance

increases

Gravitational force is a
force that can be
affected by distance

Distances in space can
affect the forces between

objects

mass affects the
gravitational attraction
between two objects

distance from the Sun
affects the gravitational
attraction between the
Sun and a planet

Size mass and the
distance from the sun
determines the planet's
gravitational attraction

mass is a fundamental
property of matter which
affects gravitational
attraction and inertia

the characteristic in
question is mass

gravity is a fundamental
force that all objects
with mass influence

the characteristic in
question is 'affecting

acceleration'

the mass of a school bus
is more than that of a
skateboard refrigerator
or bowling ball

In this specific scenario
the distance between the

objects is equal
therefore the mass

determines gravitational
attraction

In an idealized scenario
where objects are equal
distant the object with
the greatest mass will
have the greatest
gravitational pull

A school bus is heavier
than a skateboard a
bowling ball and a
refrigerator

Gravitational force
depends on the distance
between two objects

gravity affects objects
in multiple ways

depending on their state
of motion their mass and
their distance from other

masses

an object exerts
gravitational force

The force of gravity does
not depend on the density
or volume of the object
but on the mass

the mass of an object
influences its
acceleration

greater mass requires
more force to achieve a
given acceleration

More mass and more
acceleration results in

more force

The mass of the car is
1500 kg and its

acceleration is 2 m/s^2

A 1500 kg car increases
its speed by 2 m/s for
each second of travel

4 times increase
indicates multiplication

by 4

Changing the force will
proportionally change the
acceleration if the mass
remains constant

When a force of 10
newtons (F) is applied to
an object it accelerates
at 3 meters per second

squared (a)

An object accelerates at
3 meters per second^2
when a 10-newton (N)
force is applied to it

when the acting force on
an object is constant the
mass and the acceleration

are inversely
proportional when the
mass increases the
acceleration decreases
and vice versa

Here force (F) is 20-N
and mass (m) is 5-kg

A 20-N force acts on a
5-kg object at rest

the objects are currently
10 meter apart

Two objects are at rest
and are 10 meter apart

Planets possess and can
be affected by

gravitational forces

as the mass of a planet
increases the gravity of
that planet increases

From Models to Microtheories: Distilling a Model’s 
Topical Knowledge for Grounded Question Answering
Nathaniel Weir, Bhavana Dalvi Mishra, Orion Weller, Oyvind Tafjord, 
Sam Hornstein, Alexander Sabol, Peter Jansen, Benjamin Van Durme, Peter Clark

Motivation

Usage OptimizationConstruction Pipeline

Chain-of-thought materializes knowledge for one question. 
What about a whole topic of questions?

Can we create a method for extracting and reasoning over 
a discrete representation of an 
LLM’s beliefs?

E.g. what does GPT-4 know about 
mechanical physics? 

Takeaways

Inspiration
Humans develop and teach each other general 
microtheories about a topic space
e.g. you learned the “magnetism” microtheory from 
your school teacher

A microtheory serves as representational buffer that 
allows us to operationalize our understanding of an 
area. Can we apply the same idea to neural reasoning 
algorithms? 

Step 1: Extract Large, Redundant Fact Pool

Application to Entailment Engine

We present a method for materializing a model’s latent, topical knowledge into a 
discrete microtheory articulating the model’s core, reusable knowledge about the topic

We explore ways to identify the most core 𝑛 facts to explain training hypotheses from a 
large knowledge pool

Microtheories can improve a entailment engine’s ability to ground hypotheses and 
correctly answer questions

Increasing the mass of
the box would most likely
require additional force
to produce the same

results

The rate of acceleration
of an object is

determined by the mass of
the object and the forces
acting on the object

The statement that best
explains why the car
stops in a shorter

distance than the truck
is that the truck has a
larger mass requiring
more force to stop

The amount of friction is
an additional information
needed to precisely
calculate the block's

mass

The cart will accelerate
at a speed of 125 m/s^2
until the student stops
applying the force

Doubling the distance
between two objects and
halving their mass will
reduce the gravitational
force between them the

most

Distance from the Sun and
mass are the two
characteristics that
affect a planet's

gravitational attraction
to the Sun

When placed at equal
distances apart the
greatest gravitational
attraction will be

between two school buses

Moving the objects to one
meter apart will increase
the gravitational force
between the two objects
that are two meters apart

The gravitational force
exerted by an object
depends on its mass

The mass would most
affect the acceleration

of an object

The net force acting on
the car is 3000 N

Mass and distance apart
are the two factors that

determine the
gravitational attraction
between two objects

If the force on the
object were increased

four times the
acceleration would
increase 4 times

A 20 newton force would
cause this object to
accelerate at 6 meters

per second^2

On a frictionless surface
a 20-N force will

accelerate a 5-kg object
at rest at 4 m/s^2

To reduce the
gravitational pull

between two objects that
are at rest and are 10
meter apart they should
be moved 15 meters apart The magnitude of the

gravitational force
between two planets
depends on the distance
between the planets

An object's mass
irrespective of speed can
affect the amount of
force needed to change
its speed or direction

Greater force is required
to stop an object with
greater mass given that
the speed is the same

Vehicles with larger mass
require greater force to

stop

The speed doesn't affect
the amount of force

needed to stop an object

Objects with a larger
mass require greater
force to stop

When the mass of an
object increases it

becomes harder to change
its speed and direction

an object is under the
influence of forces

the second law of motion
states that the force
acting on an object is
equal to the mass of that

object times its
acceleration

force equals mass times
acceleration

The net force acting on
an object is equal to its

mass times its
acceleration (F=ma)

The car and the truck are
travelling at the same

speed

A car has less mass than
a truck

a car has a smaller mass
than a truck

A truck is more massive
than a car

A car and a truck are
traveling at the same
rate of speed The

vehicles approach a stop
sign

Net force can be
calculated using the

formula F=ma where F is
the force m is the mass
and a is the acceleration

Net force can be
calculated using the
formula F=ma

In a force equation
(F=ma) if the force and
mass are known
acceleration can be

calculated

A net force of 10 newtons
causes an acceleration of
3 meters per second
squared according to
Newton's second law

Without the precise
friction value the

acceleration measurement
will not accurately

reflect the force applied
on the object

the mass of the cart is
12 kg

the force applied on the
cart is 15 N

A student pushes a
shopping cart filled with
groceries The cart has a
mass of 12 kilograms (kg)
The student pushes the
cart with a force of 15

newtons (N)

The force of gravity
between two objects

decreases as the distance
between the objects

increases

Less mass means a weaker
gravitational force

the force of gravity
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increases as the mass of
the objects increases and
decreases as the distance
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increases

The force of gravity
between two objects
increases as the mass of
the objects increases and
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between the objects

increases

the amount of
gravitational force

depends on the mass of
the object

the strength of this
force is dependent on the
mass of the objects and
the distance apart

gravitational pull
decreases as distance

increases

Gravitational force is a
force that can be
affected by distance

Distances in space can
affect the forces between

objects

mass affects the
gravitational attraction
between two objects

distance from the Sun
affects the gravitational
attraction between the
Sun and a planet

Size mass and the
distance from the sun
determines the planet's
gravitational attraction

mass is a fundamental
property of matter which
affects gravitational
attraction and inertia

the characteristic in
question is mass

gravity is a fundamental
force that all objects
with mass influence

the characteristic in
question is 'affecting

acceleration'

the mass of a school bus
is more than that of a
skateboard refrigerator
or bowling ball

In this specific scenario
the distance between the

objects is equal
therefore the mass

determines gravitational
attraction

In an idealized scenario
where objects are equal
distant the object with
the greatest mass will
have the greatest
gravitational pull

A school bus is heavier
than a skateboard a
bowling ball and a
refrigerator

Gravitational force
depends on the distance
between two objects

gravity affects objects
in multiple ways

depending on their state
of motion their mass and
their distance from other

masses

an object exerts
gravitational force

The force of gravity does
not depend on the density
or volume of the object
but on the mass

the mass of an object
influences its
acceleration

greater mass requires
more force to achieve a
given acceleration

More mass and more
acceleration results in

more force

The mass of the car is
1500 kg and its

acceleration is 2 m/s^2

A 1500 kg car increases
its speed by 2 m/s for
each second of travel

4 times increase
indicates multiplication

by 4

Changing the force will
proportionally change the
acceleration if the mass
remains constant

When a force of 10
newtons (F) is applied to
an object it accelerates
at 3 meters per second

squared (a)

An object accelerates at
3 meters per second^2
when a 10-newton (N)
force is applied to it

when the acting force on
an object is constant the
mass and the acceleration

are inversely
proportional when the
mass increases the
acceleration decreases
and vice versa

Here force (F) is 20-N
and mass (m) is 5-kg

A 20-N force acts on a
5-kg object at rest

the objects are currently
10 meter apart

Two objects are at rest
and are 10 meter apart

Planets possess and can
be affected by

gravitational forces

as the mass of a planet
increases the gravity of
that planet increases

Increasing the mass of
the box would most likely
require additional force
to produce the same

results

The rate of acceleration
of an object is

determined by the mass of
the object and the forces
acting on the object

The statement that best
explains why the car
stops in a shorter

distance than the truck
is that the truck has a
larger mass requiring
more force to stop

The amount of friction is
an additional information
needed to precisely
calculate the block's

mass

The cart will accelerate
at a speed of 125 m/s^2
until the student stops
applying the force

Doubling the distance
between two objects and
halving their mass will
reduce the gravitational
force between them the

most

Distance from the Sun and
mass are the two
characteristics that
affect a planet's

gravitational attraction
to the Sun

When placed at equal
distances apart the
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attraction will be

between two school buses

Moving the objects to one
meter apart will increase
the gravitational force
between the two objects
that are two meters apart

The gravitational force
exerted by an object
depends on its mass

The mass would most
affect the acceleration

of an object

The net force acting on
the car is 3000 N

Mass and distance apart
are the two factors that

determine the
gravitational attraction
between two objects

If the force on the
object were increased

four times the
acceleration would
increase 4 times

A 20 newton force would
cause this object to
accelerate at 6 meters

per second^2

On a frictionless surface
a 20-N force will

accelerate a 5-kg object
at rest at 4 m/s^2

To reduce the
gravitational pull

between two objects that
are at rest and are 10
meter apart they should
be moved 15 meters apart The magnitude of the

gravitational force
between two planets
depends on the distance
between the planets

An object's mass
irrespective of speed can
affect the amount of
force needed to change
its speed or direction

Greater force is required
to stop an object with
greater mass given that
the speed is the same

Vehicles with larger mass
require greater force to

stop

The speed doesn't affect
the amount of force

needed to stop an object

Objects with a larger
mass require greater
force to stop

When the mass of an
object increases it

becomes harder to change
its speed and direction

an object is under the
influence of forces

the second law of motion
states that the force
acting on an object is
equal to the mass of that

object times its
acceleration

force equals mass times
acceleration

The net force acting on
an object is equal to its

mass times its
acceleration (F=ma)

The car and the truck are
travelling at the same

speed

A car has less mass than
a truck

a car has a smaller mass
than a truck

A truck is more massive
than a car

A car and a truck are
traveling at the same
rate of speed The

vehicles approach a stop
sign

Net force can be
calculated using the

formula F=ma where F is
the force m is the mass
and a is the acceleration

Net force can be
calculated using the
formula F=ma

In a force equation
(F=ma) if the force and
mass are known
acceleration can be

calculated

A net force of 10 newtons
causes an acceleration of
3 meters per second
squared according to
Newton's second law

Without the precise
friction value the

acceleration measurement
will not accurately

reflect the force applied
on the object

the mass of the cart is
12 kg

the force applied on the
cart is 15 N

A student pushes a
shopping cart filled with
groceries The cart has a
mass of 12 kilograms (kg)
The student pushes the
cart with a force of 15

newtons (N)
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force that can be
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Distances in space can
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acceleration'

the mass of a school bus
is more than that of a
skateboard refrigerator
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In this specific scenario
the distance between the

objects is equal
therefore the mass
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where objects are equal
distant the object with
the greatest mass will
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Gravitational force
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The force of gravity does
not depend on the density
or volume of the object
but on the mass

the mass of an object
influences its
acceleration

greater mass requires
more force to achieve a
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More mass and more
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The mass of the car is
1500 kg and its

acceleration is 2 m/s^2

A 1500 kg car increases
its speed by 2 m/s for
each second of travel

4 times increase
indicates multiplication

by 4

Changing the force will
proportionally change the
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When a force of 10
newtons (F) is applied to
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squared (a)

An object accelerates at
3 meters per second^2
when a 10-newton (N)
force is applied to it

when the acting force on
an object is constant the
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are inversely
proportional when the
mass increases the
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and vice versa

Here force (F) is 20-N
and mass (m) is 5-kg

A 20-N force acts on a
5-kg object at rest

the objects are currently
10 meter apart

Two objects are at rest
and are 10 meter apart

Planets possess and can
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that planet increases

Increasing the mass of
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to produce the same

results

The rate of acceleration
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increases

Gravitational force is a
force that can be
affected by distance

Distances in space can
affect the forces between

objects

mass affects the
gravitational attraction
between two objects

distance from the Sun
affects the gravitational
attraction between the
Sun and a planet

Size mass and the
distance from the sun
determines the planet's
gravitational attraction

mass is a fundamental
property of matter which
affects gravitational
attraction and inertia
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question is mass

gravity is a fundamental
force that all objects
with mass influence

the characteristic in
question is 'affecting

acceleration'

the mass of a school bus
is more than that of a
skateboard refrigerator
or bowling ball

In this specific scenario
the distance between the

objects is equal
therefore the mass

determines gravitational
attraction

In an idealized scenario
where objects are equal
distant the object with
the greatest mass will
have the greatest
gravitational pull

A school bus is heavier
than a skateboard a
bowling ball and a
refrigerator

Gravitational force
depends on the distance
between two objects

gravity affects objects
in multiple ways

depending on their state
of motion their mass and
their distance from other

masses

an object exerts
gravitational force

The force of gravity does
not depend on the density
or volume of the object
but on the mass

the mass of an object
influences its
acceleration

greater mass requires
more force to achieve a
given acceleration

More mass and more
acceleration results in

more force

The mass of the car is
1500 kg and its

acceleration is 2 m/s^2

A 1500 kg car increases
its speed by 2 m/s for
each second of travel

4 times increase
indicates multiplication

by 4

Changing the force will
proportionally change the
acceleration if the mass
remains constant

When a force of 10
newtons (F) is applied to
an object it accelerates
at 3 meters per second

squared (a)

An object accelerates at
3 meters per second^2
when a 10-newton (N)
force is applied to it

when the acting force on
an object is constant the
mass and the acceleration

are inversely
proportional when the
mass increases the
acceleration decreases
and vice versa

Here force (F) is 20-N
and mass (m) is 5-kg

A 20-N force acts on a
5-kg object at rest

the objects are currently
10 meter apart

Two objects are at rest
and are 10 meter apart

Planets possess and can
be affected by

gravitational forces

as the mass of a planet
increases the gravity of
that planet increases
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Microtheory

: the car stops in
a shorter distance

than the truck

: A car and a truck
traveling at the same speed

approach a stop sign

: The object drops
slower than it would

on Earth

: The planet with more
mass experiences a

stronger gravitational pull

: An astronaut on
the International

Space Station drops a
1 kg object

: The cart will accelerate at a
speed of 125 m/s  until the

student stops applying the force

Training
Questions ......

: A student pushes
a 12kg shopping

cart with a force of
15 newtons (N)

: Two planets
with different

masses orbit a 
star at the same

distance

Test
Hypotheses

Newton's 2nd law of
motion states that the

force equals mass times
its acceleration

The force of gravity between
two objects increases with the

mass of the objects
 and decreases with the

distance between the objects

We define a microtheory as a 
concise, generalizable set of core facts 
about a domain

Q: A ball rolling on the ground is 
observed to slow down and stop. 
Based on Newton's first law of 
motion, what is the best conclusion? 

Fact Pool (𝓕) 
(10Ks of raw facts)

We don’t just want the union of all explanation 
facts for all questions: many are redundant

The Cyc project used a 
Similar idea in the 90s/00s

SBERT Deduplication

NLI Condensation

(add to retrieval index)
Microtheory

Step 2: Distill out semantic 
redundancies and find 𝑛 
best coverage facts

The algorithm finds the 
core, generalizable facts 

1. Using GPT-4 entailment engine, find all combinations of facts from condensed fact pool 𝒞  
that are an “argumentative basis” for each train hypothesis 

𝐿! = [fact" , fact# , fact$ , … ]
2. Linear program finds optimal 𝑛  facts for max partial coverage (PC) of a vector for each 

hypothesis
(We also tried full question coverage (QC) and sorting by question usage frequency, those work less well)

Usage 
Optimization

(Linear Program)

Relevance Evaluation
Human: 
We recruited senior medical students to 
annotate relevance of MedQA microtheory 
facts

Microtheory optimized for partial coverage 
(PC) has higher scores than random 
selection or sorting by usage frequency  

Automatic: 
We asked GPT-4 whether at least one fact 
in a microtheory is useful for answering a 
test question correctly 

PC-optimized microtheory has substantially 
higher relevance rate than random

Adding 1000-fact Mts improves QA 
w/Engine by 4%

Adding full fact pool (ℱ ) improves 
QA by 9%

Microtheory
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Does this hypothesis follow from this 
knowledge corpus? (and with what 
confidence?)
• Hooks up to any text retrieval 

corpus

• Uses LLMs/classifiers for 
generating + verifying 
decompositions

• Accepts a hypothesis if it can 
fully ground it to the corpus
• Identifies different 

“argumentative bases” for 
supporting hypothesis

• As you give it more (useful) 
facts, it should reason better

Unselected 
Fact Pool Facts

Training 
Hypotheses

Entailment 
Tree Nodes

Selected 
Microtheory 

Facts

Question 
Contexts

Subgraph from an entailment network for ~750 hypotheses

Engine QA Evaluation

Check out 
the paper!


