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Motiv ation and Goal of the Project

Assume that a 2 X.
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Architecture of DIAWOZ-II

Aufgabe W Aufgabe A Aufgabe B AufgsbeC  Aufgabo B

undo/redo

Favaseeaved| Heogaspluny

x| O L3t A

ltutor | Damitist Aufgabe W geloest. Begi ic nun mit Aufgab
ftutor | Seien R, S und T Relationen in ciner belicbigen Menge M. Es gilt:

(RUS)oT=(RoT)U(SoT)
[Fuchren Sie den Beweis nun interaktiv mit dem System; Sic haben ca. 25min Zeit.

tudent 8] (RU S) ist definiert als { (z, )] (z,y) € RV (z,y) € S}

iutor | korrekt.

tudent 9] (RU S) o Tist dann {(z, y)32( € MA ((z,) €RV (2,4) € S) A (y,2) €T).

ltutor | nicht korrekt. Vermutlich liegt der Fehler nach der letzten "und” — Verknuepfung,

tudent 10] (RUS) o Tistdann {(z,)|32(z € M A ((z,4) € RV (2,4) € S) A (,2) €T)}.

ftutor | nicht korrekt,

tudent 11] (RUS) o T'istdann {(z, y)|32(z € M A ((z,3) € RUS) A (y,2) €T)}

ftutor | nicht korrekt. Thre Variablen — ind nicht konsist

tudent 12] (RUS) o T istdann{(z, y) 3z(z € M A ((2,2) € RUS) A (z,y) €T)}.

ftutor ] Sehr schoen. Sic haben ihren Fehler verbessert. Eingabe korrekt.

N
student 13]]
4
& 7 >
generic keyed wozforms waz2005 init math roman 10 [idle] woz default prog userame=student turnaking ue
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More than a con (-
urable chat tool for
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L2 20050706-10: <
Aufgabe W Aufgabe A Aufgabe B AufgabeC  Aufgabe B

undo/redo

#ovaseeaveg|tldcocalop|uny s

x| 3]s a0

tutor ] Damit ist Aufgabe I¥ gelocst. Beginnen Sie nun mit der naechsten Aufgabe.
ltutor ] Seien R,.S und T Relationen in einer belicbigen Menge M. Es gilt:
(RUS)oT=(RoT)U(SoT)
[Fuehren Sie den Beweis nun interaktiv mit dem System; Sie haben ca, 25min Zeit.]
tudent 8] (RU ) st definiert als { (z, )| (v, y) € RV (z,y) € S}.
ftutor | korrekt.
tudent 9] (RU S) o T'ist dann {(z, y)[3z(z € M A ((z,3) € RV (z,5) € S)A (3, 2) € T).
ftutor | nicht korrekt. Vermutlich liegt der Fehler nach der letzten "und” — Verknuepfung.
tudent 10] (RUS) o Tistdann {(z, y)[32(2 € M A ((z, 4) € RV (z,4) € §) A(y,2) €T)}.
futor | nicht korrekt.
tudent 11] (RUS) o Tistdann {(z, y)[32(z € M A ((z, 1) € RUS) A(y,2) €T)}
ltutor ] nicht korrekt. Thre Variablen —
tudent 12] (RUS) o Tistdann {(z, y)[32(z € M A ((z,2) € RUS) A (2, 1) €T)}.
futor ] Sehr schoen. Sie haben ihren Fehler verbessert. Eingabe korrekt. e

ind nicht konsistent

tudent 13]1

|
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& ] =
generic keyed wozforms woz2005-init math roman 10 [idle] woz default prog-username=student turntaking-test=true
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Corpus Example: 1. Experiment (2003) | BN

T1: Bitte zeigen Sie: K((A[ B)\ (C[ D)) = (K(A)\ K(B)) [ (K(C)\ K(D))!
[Please show: K((A[ B)\ (C[ D)) = (K(A)\ K(B)) [ (K(C)\ K(D))]
S1: nach deMorgan-Regel-2 ist K((A[ B)\ (C[ D)) = (K(A[ B)[ K(C[ D)).
[by deMorgan-Rule-2 K((A[ B)\ (C[ D)) = (K(A[ B)[ K(C[ D)) holds.]
T2: Das ist richtig!
[This is correct!]
S2: K(A[ B) ist laut deMorgan-1 K(A)\ K(B)
[K(A[ B) is K(A)\ K(B) according to deMorgan-1]
T3: Das stimmt auch.
[That is also right.]

S3: und K(C[ D) ist ebenfalls laut deMorgan-1 K(C) \ K(D)
[and K(C[ D) is also K(C)\ K(D) according to deMorgan-1]
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Corpus Example: 2. Experiment (2005) |
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Project A

S0O: was ist

TO: Das Relationenprodukt, auch Komposition von Relationen genannt.
Bitte schauen Sie sich die De nition unter Abschnitt 4 an. (k.A;;
KA., kA)

SL: (R S) *={zxXj9y((xy)2 R" (v.2) 2 S}

T1: Das ist korrekt. (korrekt; angemessen; relevant)

S2: R *={(xy)i(yx) 2 R}

T2: Ebenfalls korrekt. (korrekt; angemessen; relevant)

S3: AlsoistS ' R '={(vx)jv2S 1~x2R 1!}

T3: Nein. Auch die inversen Relationen,S fund R !, sind binaere
Relationen! (inkorrekt; angemessen; relevant)

S4: AlsoistS ' R '={(vx)j9z((v.z)2S ~(z,x)2R !}

T4: ...
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Diff erent Corpora Dirios A
Observation in 2005 corpus:

Two dialog fragments for exercise W: (R §) t=S ! R 1
Student A
student] One needs to show equality between two sets
tutor] That's right! How do you proceed?

student] | use the extensionality principle

tutor] That's correct!
Student B
student] (R 9 '=f(xyjly;x)2 (R 9g
tutor] correct
student] (R S = f(xyj(y;x) 2 f(xy)j9z(z2 M~ (x;2) 2 R
(zy) 2 S99

tutor] okay, but can be done simpler.
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The DIALOG System and Components _
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Project A

GUI
in [STDOUT | in [STDIN
_‘:.. - based on DIAWOZ tool _‘:.. - based on DIAWOZ tool
=} - receives system output =} - typed user input
2 string 2 | - converts into textual
g - displays system output 8 representation
\l/ string \l/
out \ system_out \ out \ user_in
Input Analyzer
in \ user_in \
é. - meaning representation,
s domain-specific semantics
2*. - underspecified proof step
S - uses domain-motivated
\L linguistic resources
out [LM, LU \
NL Generator
in [SDMS |
_‘.. - flexible NL verbalization
c .
=} of dialog moves
2», - NL recapitulation of
g the proof
\L - employs P.rex system
out \system_out
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Tutoring Manager

in [PSI, DMS, LS |
é. - uses input evaluation
= user model, and pedagogic:
8_ al knowledge
g - socratic algorithm prod.
Q/ pedagogical feedback, hintg . ..
| | Dialog Move Recognitior
R out | TMS
Dialog Managment Platform in [LMm \
—‘C.. - identifies function of utter-
g rt. dial text
Information State Bl “Cast ovs xonomy
S extended by TASK
) - di .
Dialog Manager 1 [user in | | Ldmension
in [TMs, DMs | 2 [LM ‘ out [DMS
| 3 [LU |
— | - controls module inter-
% action and IS updates 4 ‘ LS ‘
= | - determines the appropri-
8 ate SDMS based on ) ‘ DMS ‘
| Lthe Tvs and bms 6 [PS | Proof Manager
out [SDMS 7 [T™MS | in [LU
8 ‘ SDMS ‘ \ _‘.. - resolve underspecification
% - evaluate user proof step
9 ‘ system_out ‘ 2. | -is proof completed?
g - remaining proof steps?
- I OMEGA-CORE
N Domain Info Manager e
_ out (LS
in [LU, LS |
é. - determine relev. concept
= - uses tutorial knowledge
2 |- employs LS proof step
S
out \ PSI
UNIVERSITAT

&' SAARLANDES
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Challeng e: Mathural Analysis
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Challeng e: Proof Step Evaluation DiaLos &

Perspective of Mathematical Domain Reasoning (MDR):

Proof Step Evaluation 2
\‘
Soundness: prog «0\0‘ 211 ab le by formal system?

. N
Granularitye@

— declarative abstract level sketches >

Communication Gap

| << procedural calculus level proofs —

Q)

i

il
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MDR as a basis for Tutoring
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Notion of Under speci cation

(DM-1)... | Given: (DM-1) X[ Y= X\'Y
(DM-2) ... (DM-2) X\ Y= X[ Y

?
(G) ... Task: Please show (A[ B)\ (C[ D)= (A\ B)[ (C\ D)

AR By deMorgan (A[ B)\ (C[ D) = (A[ B)[ (C[ D).

C-Tag - p.13
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Semantics In Math-DIALOG

DIALOG
Project A ‘
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Semantics In Math-DIALOG
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Semantics In Math-DIALOG
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Semantics in Math-DIALOG ‘
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Semantics in Math-DIALOG DIALOC A

Generic Language for Proof Objects: Encoding of Reading-1

Assume In

Fact DM-1: 8X;Y:(X[ Y) = X\ Y by Hyp from Set-Theory;

Fact DM-2: 8X;Y:(X\ Y) = X[ Y by Hyp from Set-Theory;

Fact New: (A] B)\ (C[ D)= (A[ B)[ (C[ D) by Assertion
from DM-2;

to obtain Task: (A[ B)\ (C[ D) = (A\ B)[ (C\ D) by. from

C-Tag — p.18
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Semantics in Math-DIALOG DIALOC A

Generic Language for Proof Objects: Encoding of Reading-2

Assume In
Fact DM-1: 8X;Y:(X[ Y) = X\ Y by Hyp from Set-Theory;
Fact DM-2: 8X;Y:(X\ Y) = X[ Y by Hyp from Set-Theory;
Fact New: (A[ B)\ (C[ D) = (A[ B)[ (C[ D) by .

from . ;
to obtain Task: (A[ B)\ (C[ D) = (A\ B)[ (C\ D) by
Assertion from New;

C-Tag — p.19



Standar d Notion of Underspeci cation _| N

Project /A

Utterance: Every man loves a woman.

“Semantics":
8x:man(x) ! 9y:(woman(y) * lovex;y)

gy:woman(y) A 8x:(man(x) ! love(x;y)

.. propably many more ...

A representation (+ inference support) that avoids enumeration

of these readings:

Iove
var var

Sl DEs
¢ Benzmiiller & DIALOG Team 2006 SR C-Tag - p.20
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Underspeci cation in MathDIALOG | EEEN

Utterance: By deMorgan (A[ B)\ (C[ D) = (A[ B)[ (C[ D).
“Semantics'

Partial-Proof-1 (see slide before)

Partial-Proof-2 (see slide before)

... propably many more ...

A representation (+ inference support) that avoids enumeration
of these readings:

Assume In

Fact DM-1: 8X;Y:(X[ Y) = X\ Y by Hyp from Set-Theory:;
Fact DM-2: 8X;Y:(X\ Y) = X[ Y by Hyp from Set-Theory:;
Fact New: (A[ B)\ (C[ D)= (A[ B)[ (C[ D) by DM from .;
to obtain Task: (A[ B)\ (C[ D) = (A\ B)[ (C\ D) by. from

C-Tag — p.21



Are the Notions
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Are the Notions
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Are the Notions so Different?

Translatable into Type Theory?
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Are the Notions so Different? DiaLos
Choose some Base Types: fo(for F); S; A;N; P;:::g

De ne HOL Signature: :S

Trivial : S

Al SIS

Fact by from:(N! o! H)! List(R)! List(tR)! A

Or:List(S§! A
0
N
P

And then our proof objects can be turned into HOL-terms of type S.

¢ Benzmiuller & DIALOG Team 2006 C-Tag — p.25



Discussion seamed) \

We can encode our proof objects (i.e., the semantical objects
of interest in MathDIALOG) as terms of some logic L.

L probably needs to be more expressive than FOL.

If do such an encoding, what can the 'standard

underspeci cation approach' of Chorus offer to us?

Would it be adaptable to more expressive logics than FOL?
Would the inference support we would obtain be stronger than
our self-baken ones?
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