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LN THE EYE OF THE BEHOLD[R
WHICH PROOFS ARE BEST?



HOW T0 EAPLAIN A DECISION MADE BY
AN AUTOMATED SYSTEM!

gment

formal proofs!



CHALLENGE

FORMAL PROOFS™ ARE NOT EASY
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RESEARCH QUESTION(S)

How to measure
understandabilityj

Can the users
overestimate their
understanding?

Who are these

usersk

What do
we want
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DL THEORY™:

Bird, Cage, Egg Concept Names

e sitsIn, lays -
e dsitsIn.Cage = Complex Concepts
o Vlays.Egg

e Bird 'l dsitsIn.Cage

Tweety £ CageBird =«

CageBird = Bird 'l IsitsIn.Cage /

*ALSO FORMALLY DEFINED IN THE PREVIOUS TALK “FINDING PROOFS FOR DESCRIPTION LOGIC ENTATLMENTS IN PRACTICE”




AN EXAMPLE OF AN ONTOLOGY

Penguin = dhasPart.Wings M NotFlying
Bird C dhasPart.Wings M Vlays.Egg
CageBird = Bird M dsitsIn.Cage
Tweety C CageBird
Tweety C NotFlying

Ontology axioms



AN EXAMPLE OF AN ONTOLOGY

Penguin = dhasPart.Wings M NotFlying
Bird C dhasPart.Wings M Vlays.Egg

CageBird = Bird M dsitsIn.Cage
I TweetylLPenguin I
9

Ontology axioms

Tweety C CageBird
Tweety C NotFlying




AN EXAMPLE OF CONSEQUENCE-BASED REASONING RULES




AN EXAMPLE OF CONSEQUENCE-BASED REASONING RULES




AN EXAMPLE OF A FORMAL PROOF

CageBird = Bird M 3sitsIn.Cage
Tweety C CageBird  CageBird C Bird M JsitsIn.Cage

Tweety C Bird M dsitsIn.Cage Bird C JhasPart.Wings M Vlays.Egg
Tweety C Bird Bird C JhasPart.Wings
Tweety C JhasPart.Wings Tweety C NotFlying

Penguin = JhasPart.Wings M NotFlying

Tweety C JhasPart.Wings M NotFlying

JhasPart.Wings M NotFlying C Penguin

| Tweety E Penguin |

1.2



AN EXAMPLE OF A FORMAL PROOF

CageBird = Bird M JsitsIn.Cage
CageBird C Bird M dsitsIn.Cage

I'weety C Bird M JsitsIn.Cage Bird C JhasPart.Wings M Vlays.Egg
Tweety C Bird 3
Tweety C JhasPart.Wings | Tweety C NotFlyin lPenguin = EhasPart.WinEs r NotFIxinEI
Tweety C JhasPart.Wings M NotFlying JhasPart.Wings M NotFlying C Penguin

i |weety L Penguin |

i3



AN EXAMPLE OF FORMAL PROOF SHORTENING

CageBird = Bird M 3sitsIn.Cage

CageBird C Bird M dsitsIn.Cage

Tweety C CageBird

weety C Bird M JsitsIn.Cage Bird C JhasPart.Wings M Vlays.Egg
Tweety C Bird 3
Tweety C JhasPart.Wings I Tweety T NotFlyin lPenguin = HhasPart.WinEs M NotleinEI
Tweety C JhasPart.Wings M NotFlying JhasPart.Wings M NotFlying C Penguin

I |weety L Penguin |

Non-trivial inference steps (
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AN EXAMPLE OF FORMAL PROOF SHORTENING

CageBird = Bird M 3sitsIn.Cage

CageBird C Bird I JsitsIn.Cage

weety C Bird M 3sitsIn.Cage I Bird C JhasPart.Wings M Vlays.Egg I
Tweety C Bird ird C dhasPart.Wings

Tweety C JhasPart.Wings I Tweety T NotFlyin IPensuin = EihasPart.WinEs M NotFIzingI

Tweety C JhasPart.Wings M NotFlying JhasPart.Wings M NotFlying C Penguin
I |weety L Penguin |

e ‘=’ implies ‘L’
e intermediate elements in a chain of transitive rules,
e ‘M’ on the right side.

Instances of 3 types of inference steps: (
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AN EXAMPLE OF FORMAL PROOF SHORTENING

ITweety C CageBird ICageBird = Bird M 3sitsIn.Cage | Bird C 3hasPart.Wings M Vlays.Egg I

Tweety C JhasPart.Wings
Tweety C JhasPart.Wings M NotFlying | Penguin = EIhasPart.WinEs r NotFIxing
Tweety C Penguin |
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AXTOM VERBALISATION

Tweety C dhasPart.Wings ' NotFlying |penguin — Eﬁaspart.Wings M NotF|yin|;
l! weety C Penguml

SINCE / FROM THE FACTS THAT

Tweety has a penguin s a synonym ’
wings and AND | for something that has |
does not fly wings and does not fly

Tweety 1is a penguin. ( ‘

.7




WHICH PROOFS ARE BEST?

PORE formal proofs . [lORg textual proofs

Short formal proofs . Short textual proofs‘
18




YPOTHESIS

& It is easier to understand a BROFE, concise explanation
than a - version (in the same representation
format).

% Users with |[CEESESCE GGl YIgfd can understand the
PONEEr text better than a BHOFE formal proof.

% Users with IR GCEImEC-IRliYqf¢ can understand a -

formal proof better than a [lONg text.

19



SOLUTION FOUND: DL MEETS PSYCHOLOGY!

Let’s ask peepte students!

{“Cell Culture”,

“DNA”
“T—Cellé” e Training Phase
b
: Study Phase:
“Amputation”} ¢ ..
X —D —D Explaining
+
{long,short} |
x [ Proof Rating,
Ranking ]

{text,formal}

20



BONUS SLIDE 1/3: “AMPUTATION” EXAMPLE

AmputationOfFinger = Amputation M dlocatedIn.FingerStructure
AmputationOfHand = Amputation ' dlocatedIn.HandStructure

PartOfHand C HandStructure M dpartOf.EntireHand
FingerStructure C PartOfHand

1. Amputation of a finger 1is a synonym for an amputation that is located in a
finger structure.

2. Amputation of a hand is a synonym for an amputation that is located in a
hand structure.

3. Every part of a hand is a hand structure that is part of an entire hand.

4. Every finger structure is a part of a hand. o



BONUS SLIDE 2/3: “AMPUTATION” EXAMPLE

The ontology above implies that every amputation of a finger 1is an
amputation of a hand:

FingerStructure C PartOfHand ~ PartOfHand C HandStructure M 3partOf.EntireHand
AmputationOfFinger = Amputation M 3locatedIn.FingerStructure FingerStructure C HandStructure

AmputationOfFinger C Amputation M 3locatedIn.HandStructure AmputationOfHand = Amputation M JlocatedIn.HandStructure
AmputationOfFinger C AmputationOfHand

formal >



BONUS SLIDE 3/3: “AMPUTATION” EXAMPLE

Since every finger structure is a part of a hand and every part of a hand is a
hand structure that is part of an entire hand, every finger structure is a
hand structure.

Since amputation of a finger is a synonym for an amputation that is located 1in
a finger structure and every finger structure is a hand structure, every
amputation of a finger is an amputation that is located in a hand structure.

Since every amputation of a finger is an amputation that is located in a hand
structure and amputation of a hand is a synonym for an amputation that is
located in a hand structure, every amputation of a finger 1is an amputation of
a hand.

textual
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PROCEDURE

Where: Online with Zoom and Go2Meeting

Who: 16 students with some experience in formal logic,
Mean Age = 23, SD = 1.71

Statistics: Multiple linear regression with contrast coding,
Friedman’s ANOVA for the ranking

Mean SD  Range

Propositional Logic 3.25 1.00 1-5
First-Order Logic 294 068 24
Description Logic 231 079 14

24



QUANTITATIVE RESULTS
e Hypothesis 1: _ proofs rated as easier than the
e

- ones (independent of the presentation format)

o 14.2% explained variance in the rating after each proof,
R> = .14, F(3,60) = 3.30, p < .05, B = -.29, t(60) = -2.42, p < .05

Experience with Logic

e Hypothesis 2: l ,l
Long Text vs. )
Short Formal =p Proof Rating
Experience with Logic l
e Hypothesis 3: l
Long Text vs. 1
Long Formal wmmlp Proof Rating .




QUANTITATIVE RESULTS - RANKING

Long Text Short Text
p<.01; moderate effect size

Mdn=3.5
(Kendall’s W=.32) — I .

- Text > - Text 1. Rank 2. Rank 3. Rank 4. Rank 1. Rank 2. Rank 3. Rank 4. Rank

Chosen rank Chosen rank
= 1.53, p<.008, Moderate effect
size, r=0.38

Long Formal Short Formal
- Formal > - Text.

Mdn=2

Significant model, x2(3) = 15.29,

Number of participants
Q=N W bs o W
Number of participants
OB NWw bk o

8 8
= g7 g7
1.50, p<.008, Moderate effect £ Mdn=2 g Mdn=1.5
B3 B3

size, r=0.38 g° i°
3 2 5 2
g3 ] | | ‘, p 3
£ N — - £2

L ;i il
0 0

1. Rank 2. Rank 3. Rank 4. Rank 1. Rank 2. Rank 3. Rank 4. Rank

Chosen rank Chosen rank
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QUALITATIVE RESULTS

e Formal proofs preferred over textual proofs

Formal Proof

Textual Proof

“easier to understand”
“clearer”

“easier to find certain parts”
“orientation 1is better” within
the proof

“easy to follow the proof”

Inconvenient

“less understandable”
“hard to understand”
“annoying”

27



Combination of
graphical and
textual elements

CONCLUSION chortening

proofs

Experts vs.
0O

novices

Compare other
Future Work

representations

OC9
o
O

Between-subjects

design User as an active

element
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THANK YOU

FOR YOUR ATTENTION




