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Plan for Today
Introduction to Lurch (slides)

Three examples of Lurch uses (hands-on)

Algebra and calculus

Classical propositional logic

High-school geometry

Break

Adding new topics to Lurch (discussion)



What is Lurch?

Lurch is a math word processor that 
checks the steps of the user’s work.

Not computational software
(Lurch does not do the work.)

Not online grading software
(Lurch checks more than a final answer.)





What is a step?
A step is any part of a Lurch document 
to which a reason is attached.

Usually a step is a single mathematical 
expression (e.g., a statement in a proof, a 
line in an integration problem).

This definition does not require the 
reason to be correct, or even meaningful.





What is a reason?
A reason is a reference to a means Lurch 
can use to check whether the reason 
justifies the step to which it is attached.

Mathematical example:
A name of a theorem already encountered

Computer example:
A script that, if run, will report whether or 
not the reason justifies the step.





“Check” is just an informal way to say 
“validate.”

The purpose of Lurch is
validating student work.

We distinguish between two types of 
validation, explicit and implicit.

What is “checking a step?”



Types of Validation
If the user creates a step of work and 
Lurch later validates it, we call that 
“explicit validation.”  The user created 
the work, so Lurch must check it.

If the user directs Lurch to create a step 
of work, we call that “implicit 
validation.”  Lurch should guarantee the 
validity of steps of work it creates.



Hands-on Example 1:
Algebra and Calculus

Refer to handout to get started with:

Launching Lurch Lite

Opening the Algebra and Calculus topic

Trying some math problems



Thinking about Example 1
How much is the user free/constrained 
by the software, and in what ways?

What are the advantages/disadvantages 
of those freedoms and constraints?

What educational benefits might this 
have?  When should students use it?

What additional features would make 
this math topic more broadly useful?



Type of Validation



Explicit Validation

(Example 1, Algebra/
Calculus topic)

Type of Validation



Explicit Validation

(Example 1, Algebra/
Calculus topic)

Implicit Validation

(Example 2, Classical 
Propositional Logic)

Type of Validation



Hands-on Example 2:
Classical Propositional Logic

Refer to handout to get started with:

Opening the Classical Propositional 
Logic topic

Learning the basics of the formal system

Writing a few proofs



Thinking about Example 2
How do the user’s freedoms/constraints 
compare to those in Example 1?

Which types of educational needs/goals 
benefit from one style vs. the other?

What educational benefits might this 
have?  When should students use it?

What additional features would make 
this math topic more broadly useful?



Testing Results: Quotes
Constant feedback
“It helped me learn how to do proofs 
through trial and error.”
“...I liked using Lurch because I was able 
to see what was needed for rules to work.”
“It told me if I was right or wrong”

Interface
“It was also easier to move lines around 
than erasing everything on paper.”



Testing Results: Likert

I used Lurch for experimentation;
I tinkered to learn the results of various actions.

Strongly                Neither Agree               Strongly
Disagree  Disagree  nor Disagree    Agree    Agree

|                |                |                |                |

4.6



Testing Results: Likert

It is possible to do a proof in Lurch by experimental 
clicking and typing, without thinking.

Strongly                Neither Agree               Strongly
Disagree  Disagree  nor Disagree    Agree    Agree

|                |                |                |                |

3.2



Testing Results: Likert

This early version of Lurch is not yet beneficial to 
students.

Strongly                Neither Agree               Strongly
Disagree  Disagree  nor Disagree    Agree    Agree

|                |                |                |                |

2



Testing Results: Likert

The constant feedback Lurch provides about my 
work is valuable.

Strongly                Neither Agree               Strongly
Disagree  Disagree  nor Disagree    Agree    Agree

|                |                |                |                |

4.2



Testing Results: Likert

It was helpful that proofs in Lurch looked just like 
proofs in our textbook.

Strongly                Neither Agree               Strongly
Disagree  Disagree  nor Disagree    Agree    Agree

|                |                |                |                |

4.2



Testing Results: Likert

Learning to use Lurch took a lot of time that I could 
have spent learning logic instead.

Strongly                Neither Agree               Strongly
Disagree  Disagree  nor Disagree    Agree    Agree

|                |                |                |                |

2.2



Explicit Validation

(Example 1, Algebra/
Calculus topic)

Implicit Validation

(Example 2, Classical 
Propositional Logic)

Type of Validation



Explicit Validation

(Example 1, Algebra/
Calculus topic)

Implicit Validation

(Example 2, Classical 
Propositional Logic)
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Explicit Validation

(Example 1, Algebra/
Calculus topic)

Implicit Validation

(Example 2, Classical 
Propositional Logic)

No Validation (just a math word processor)
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Explicit Validation

(Example 1, Algebra/
Calculus topic)

Implicit Validation

(Example 2, Classical 
Propositional Logic)

No Validation (just a math word processor)

Very Little Validation (line numbers)

Type of Validation
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Hands-on Example 3:
High School Geometry

Refer to handout to get started with:

Opening the Line-Numbered Proofs 
topic

Learning the basics of the math word 
processor (based on LaTeX)

Writing the lines of a short proof



Thinking about Example 3
In what ways might the minimal 
constraints imposed by this math topic 
have value to students?

What learning objectives might be 
served by having students use this math 
topic?

What additional features would make 
this math topic more useful?



Lurch is infrastructure

Lurch
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Explicit Validation

(Example 1, Algebra/
Calculus topic)

Implicit Validation

(Example 2, Classical 
Propositional Logic)

No Validation (just a math word processor)

Very Little Validation (line numbers)
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Explicit Validation

(Example 1, Algebra/
Calculus topic)

Implicit Validation

(Example 2, Classical 
Propositional Logic)

No Validation (just a math word processor)

Very Little Validation (line numbers)
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Mission Statements (1)

Lurch should provide the software 
infrastructure the mathematical 
community needs for validating rigorous 
mathematics.
That is, it should validate mathematical 
content created by the user⎯a “spell-
checker” for mathematical rigor.



Mission Statements (2)

Lurch should be as indistinguishable 
from the ordinary activities of 
mathematics as possible, except for the 
additional services it provides.
That is, it should only add to your math 
experience, not change your math 
experience.



Achieving Our Goals

Help Wanted!

Testing in courses (and reporting on it)

Feedback from users (bugs, enhancements)

Programmers (JavaScript and/or C++)

Writers (tutorials, user manual)

Student projects (math and/or CS)



Break



Customization
Things instructors should find easy

Change the notation in an existing math 
topic to match that of your course/
preference/textbook

Define new functions or relations for your 
students to work with (e.g., Stirling 
numbers, Gamma function, etc.)

Add new theorems, rules, axioms, etc. to 
an existing logical system



Customization
Advanced instructor customizations

Define new validation mechanisms using 
simple logical expressions or scripts

Define a parser for a new language/syntax

Define new document structures (e.g., 
proofs using ascending trees)

What kinds would you use/like to see?



Customization

Students creating new formal systems

Circle-dot logic game

Ken Monks uses it to introduce formal systems

Students learn to use a simple formal system

Students are asked to analyze that formal system

Why should they not create their own?


