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INTRODUCTION

� “Automated Theorem Proving” ; the Theorema System

� “in the Classroom” ; � Used in teaching a logic course

� at undergraduate university level

� for computer science & AI students
� Geometry? ; � No geometry, sorry.

� Only predicate logic & mathematics
� Assumption:

Teaching proving with the help of software is still interesting in this community.
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A NEW MODERN LOGIC COURSE

� Modern topics in addition to traditional ones . . .
� Module Propositional Logic + SAT
� Module Predicate Logic

+ Pragmatics: How to specify problems? How to do real mathematical proofs?How to do
real mathematical proofs?

� Module Satisfiability Modulo Theories (SMT)

� Modern presentation by showing “logic in action” with logic software.
� Limboole (SAT solver)
� RISC-AL
� TheoremaTheorema
� Z3, Yices, CVC4, Boolector (SMT Solvers)

� Modern grading
� Minitests, bonus exercises, lab exercises.
� No final exam.
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WHY AUTOMATED THEOREM PROVING IN THE COURSE?

� One of the teaching goals of the course (Module Predicate Logic):
Students should be able to do (simple) mathematical proofs
by hand correctly and completely.

� Method:
Use software (Theorema) as tutoring system for students
on a voluntary basis in the frame of bonus exercises.
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THEOREMA DEMO
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THEOREMA DEMO
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HOW THEOREMA IS USED IN THE COURSE

� Structure of Module Predicate Logic B:

Week 1 Week 2 Week 3 Week 4 Week 5
Unit 1 L1/E1 M1/B1 L
Unit 2 L2/E2 M2/B2 A
Unit 3 L3/E3 M3/B3 B

� Theorema only in voluntary parts (bonus and lab exercises).

� Bonus exercises: students submit automated proofs for problems of previous
exercise, which they already did by hand.

� Lab exercise: students generate automated proof and submit a proof done by hand
for the same problem.
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TYPICAL PROBLEMS WITH PROVING

� At the beginning of a proof, students often have no idea how to start.

� They are uncertain, whether particular steps are allowed or not.

� They are uncertain, what step to do next.

� They are uncertain whether the proof is finished or not.

Our “recipe” for the above difficulties:

� Write down all formulas in exact syntax and be careful to use the correct structure.

� Try to do a formal proof, simplify it, and present it in natural language.

� In every step, concentrate on the syntactical structure of the formulas and carefully
check, which rules can be applied and which not.

� Watch out to close all branches of the tree through application of an appropriate rule.
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THEOREMA AS A PROOF TUTOR

� Theorema does exactly this!

� Students are trained to proceed like this in the bonus exercises.

� Students can try it out themselves in the lab exercise.

We try to avoid difficulties in handling the Theorema system by

� providing notebooks containing all formulas and by

� providing hints for the prover configuration (if necessary).
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PERFORMANCE IN MINITESTS

We show p-values of a one-sided Student T-Test testing for equal mean values,
i.e. p ≤ 0.05 says that mean values differ statistically significantly.

� Minitest 2: Group “Bonus 1” is better than all others whereas Group “no Bonus” is
worse even than average.

� All Bonus 1

All (307) 3.28 — —
Bonus 1 (139) 3.62 0.002 —
no Bonus (168) 3.00 0.006 1.21× 10−6

� Population of groups (in parentheses) high ; no random numbers!

W. Windsteiger 9/22



PERFORMANCE IN MINITESTS

� Minitest 3: Group “Bonus 1+2” is significantly better than Group “no Bonus”.

� All Bonus 1 Bonus 1+2

All (286) 3.34 — — —
Bonus 1 (135) 3.42 0.20 — —
Bonus 1+2 (104) 3.47 0.10 0.33 —
no Bonus (141) 3.26 0.22 0.08 0.04

� Group “Bonus 1” is almost significantly better than Group “no Bonus”.

� Group “Bonus 1+2” is almost significantly better than average.
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IMPACT ON MATHEMATICS SKILLS IN GENERAL

� Exam Discrete Structures: Group “all Bonus exercises” is significantly better than
Group “no Bonus” and better than average.

� Group “Lab+Bonus” is spoiled by one weak participant, otherwise . . .
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SELF-ASSESSMENT QUESTIONS: SUCCESSFUL PROOF
1. I did not try or was not able to do the examples by hand, but now I think would be able to do them.

2. I did not try or was not able to do the examples by hand. I think I would still not be able to do such proofs.

3. I had no problems doing the proofs by hand. However, they are different from the Theorema proofs and I’m
confused now whether my proofs are wrong.

4. I had no problems doing the proofs by hand. However, they are slightly different from the Theorema proofs
because Theorema uses certain rules that I did not know. Still, I think my proofs are fine.

5. I had no problems doing the proofs by hand. However, they are slightly different from the Theorema proofs
and in the future I would do my proofs differently.

6. I had no problems doing the proofs by hand. After doing the proofs with Theorema I realized that at least
one of my original proofs was wrong.

7. I had a hard time doing the proofs by hand. However, I think when doing the next proof by hand, it will be
equally difficult, doing the proof with Theorema did not help me for improving my own skills.

8. I had a hard time doing the proofs by hand. After doing the proof with Theorema I understand much better
how all of this works. I feel that my own skills improved by using Theorema.

9. I don’t see any connection between the examples from the exercises and the Bonus Exercise with
Theorema
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SELF-ASSESSMENT QUESTIONS: PROOF FAILURE

10. I did not try or was not able to do these examples by hand. I wanted to see how Theorema does the proofs,
but I failed to produce a compete proof.

11. I did not try or was not able to do these examples by hand. Theorema is much too complicated for me to
use it for such exercises.

12. I had no problems doing the proofs by hand. Unfortunately, I failed to produce a complete proof with
Theorema. It would have been interesting to compare.

13. I had no problems doing the proofs by hand. I’m not interested how an automated proof looks, I have done
them by hand anyway.

14. I had a hard time doing the proofs by hand. Unfortunately, I failed to produce a complete proof with
Theorema. It would have been interesting to compare.

15. I had a hard time doing the proofs by hand. I’m not interested how an automated proof looks, I have done
them by hand anyway.

16. I don’t see any connection between the examples from the exercises and the Bonus Exercise with
Theorema.
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SELF-ASSESSMENT OF STUDENTS: GROUP SIZES

� by hand: 1–2 not able, 3–6 no problems, 7–8 hard time, 9 no connection
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SELF-ASSESSMENT: GROUP SIZE DEVELOPMENT

� Top 4 vs. rest always 3:1
� In bonus 3 the top answer is 1: “not able by hand but now I would be”.
� Big gains in bonus 3: 1,7,8 (not able/hard time), drop: 4–6 (no problems).
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SELF-ASSESSMENT VS. PERFORMANCE

� Interesting: A.8 (hard time by hand but after Theorema yes): rank 14→ rank 4.
� Interesting: A.9 (no connection): rank 8→ rank 1.
� A.1 (not able by hand but after Theorema yes): rank 10 (but second-biggest group!).
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SELF-ASSESSMENT OF STUDENTS: GROUP SIZES

� by hand: 10–11 not able, 12–13 no problems, 14–15 hard time, 16 no connection
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SELF-ASSESSMENT: GROUP SIZE DEVELOPMENT

� Less clear picture.
� Big drop bonus 3: B.12 (no problems by hand, wanted to compare).
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SELF-ASSESSMENT VS. PERFORMANCE

� Interesting: B.14 (hard time by hand, wanted to compare): rank 15→ rank 3.

W. Windsteiger 19/22



ALL DATA: MINITEST 2
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ALL DATA: MINITEST 3
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CONCLUSION

� Classroom experiment using the automated theorem proving software Theorema in
the teaching of logic.

� Software is applied to aid the learning process of students.

� Tutoring-by-software correlates with students’ performance.

� Students’ experiences being tutored by software.

� Those who had a hard time doing proofs by hand and claimed an improvement of
their understanding through being tutored by software showed a significant
improvement from one exam to the next.
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