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planet

& We use here the definition of "planet” according to the International Astronomical Union
(see hitp://www.lau.org ) without the restriction to solar pfanets.

Every planet is a celestial-body.

Mo planet is a star.

Mo planet is a dwarf-planet.

The distinction between planet and dwarf-planet has been introduced by the
International Astronomical Union in 2006.

Mo planet is a moon.

Every planet orbits a star.

Every planet that does not orbit the Sun is an extrasolar planet.

Which planets orbit the Sun?

- Earth

- Jupiter

- Mars

- Mercury

- Neptune

- Saturn

- Uranus

- Venus

L

L R

[+ Ewvery planet is a terrestrial planet or is a gas giant.
[
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Off Topic: ACE Editor

ACE Editor  File Edit View

> John is an important customer.
+[

ACE Text Editor [x]

Every important customer can be

transitive adjective

new variable reference passive verb
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Introduction

= (Formal) Controlled Natural Languages (CNL) are designed to
be more understandable and more usable by humans than

common formal languages.
= But how do we know whether this goal is achieved?

= The only way to find out: User Studies!
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Evaluation of CNL Tools

= Many user studies have been performed to evaluate tools

that use CNL, e.g. [1]. ,,
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Bl e @ hico
=ik @ hi point

= Hard to determine how much the CNL contributes to the
understandability

= Hard to compare CNLs to other formal languages because
different languages usually require different tools

[1] Abraham Bernstein, Esther Kaufmann. GINO - A Guided Input Natural Language
Ontology Editor. ISWC 2006.
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Tool-Independent Evaluation of CNLs

= Only very few evaluations have been performed that test a
CNL independently of a particular tool.

= [2] presents a paraphrase-based approach: The subjects of
an experiment receive a CNL statement and have to choose
from four paraphrases in natural English:

Bob is an instance of an acornfly.
) Bob is a unique thing that is classified as an acornfly.

) Bab is sometimes an acornfly.
) All Bobs are types of acormflies,
) All acornflies are examples of Bab.

o Unsure

[2] Glen Hart, Martina Johnson, Catherine Dolbear. Rabbit: Developing a Controlled
Natural Language for Authoring Ontologies. ESWC 2008.
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Challenges with
Paraphrase-based Approaches

= Ambiguity of natural language

= One has to make sure that the subjects understand the
natural language paraphrases in the right way.

s Does good performance imply understanding?

= The formal statement and the paraphrases tend to look
very similar if both rely on English.

= One has to exclude that the subjects do the right thing
without understanding the statements:

= Following some syntactic patterns

= Misunderstanding both - statement and paraphrase -
In the same way

Tobias Kuhn, CNL 2009, Marettimo, Italy, 8 June 2009



My Approach: Ontograph Framework

= Using a simple graphical notation: Ontographs
= Designed to be used in experiments

= |dea: Let the subjects perform tasks on the basis of
situations depicted by diagrams (i.e. Ontographs).

.m.< @ % ' \ v Every present is bought by John.
u John

X John buys at most one present.

= Assumption: Ontographs are very easy to understand.
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Ontographs

= Ontographs consist of a
legend and a mini world.

= The legend introduces
types and relations.

= The mini world shows

the existing individuals,

their types, and their
relations.
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Ontographs: Properties

Formal language
Intuitive graphical icons
No partial knowledge
No explicit negation

No generalization

Large syntactical
distance to textual
languages
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Experiment: Goal

= The goal of the experiment was to find out whether
controlled natural languages are more understandable than
comparable common formal languages.

= CNL: Attempto Controlled English (ACE)
= Comparable language: Manchester OWL Syntax [3]:

»The syntax, which is known as the Manchester OWL Syntax, was developed in
response to a demand from a wide range of users, who do not have a
Description Logic background, for a “less logician like” syntax. The Manchester
OWL Syntax is derived from the OWL Abstract Syntax, but is less verbose and
minimises the use of brackets. This means that it is quick and easy to read and
write.«

= For a direct comparison, we defined a slightly modified version:
MLL (Manchester-like language)

[3] Matthew Horridge, Nick Drummond, John Goodwin, Alan Rector, Robert Stevens, Hai H.
Wang. The Manchester OWL Syntax. OWLED 2006.
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ACE versus MLL

Bill is not a golfer.
No golfer is a woman.

Nobody who is a man or who is a golfer
is an officer and is a traveler.

Every man buys a present.
Lisa helps at most 1 person.

If X helps Y then Y does not love X.
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Bill HasType not golfer
golfer DisjointWith woman

man or golfer SubTypeOf not (officer
and traveler)

man SubTypeOf buys some present
Lisa HasType helps max 1 person

helps DisjointWith inverse loves
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Learning Time

understanding

A

controlled natural language
common formal language

>

0 20 min 4 h 2 weeks 1 year learning time

4
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4 Series of Ontographs

Miniworld  Legen d Miniword -~... Legem d
Y
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Statements in ACE and MLL
for each Ontograph

at most 1 person.

ONTOGRAPH STATEMENTS
Mini World Legend ID ACE MLL
la- |Everything that sees something is an officer. sees HasDomain officer
percon .
1b+ |Everything that loves something is a person. loves HasDomain person
2a- |Everything that is loved by something is a person. loves HasRange person
t he
- ﬂ e 2b+ |Everything that is bought by something is a present. buys HasRange present
H H = 3a- |Everything that loves something is a traveler or is an | loves HasDomain traveler or officer
officer officer.
3b+ |Everything that sees something is an officer or is a sees HasDomain officer or traveler
9 E ) traveler.
aguarium
4a+ |Everything that is seen by something is a traveler or is | sees HasRange traveler or aquarium
% an aguarium.
present
4b- |Everything that is bought by something is an aguarium | buys HasRange aguarium or officer
@ loves or is an officer.
5a+ |Tom loves at least 2 officers. Tom HasType loves min 2 officer
seec
— . 5b- |Sue sees at least 2 persons. Sue HasType sees min 2 person
= buys ba- |Lisa buys at most 1 present. Lisa HasType buys max 1 present
L J B6b+ |Bill loves at most 1 person. Bill HasType loves max 1 person
7a+ |Every traveler sees at least 2 aguariums. traveler SubTypeOf sees min 2
aquarium
7b- |Every officer buys at least 2 presents. officer SubTypeOf buys min 2 present
B8a+ |Everything that buys at least 2 presents is an officer. buys min 2 present SubTypeOf officer
Bb- |Ewverything that loves at least 2 officers is a traveler. love min 2 officer SubTypeOf traveler
9a+ |Every officer sees at most 1 aguarium. officer SubTypeOf sees max 1
aguarium
Sb- |Every person buys at most 1 present. person SubTypeOf buys max 1 present
10a- |Everything that is a traveler or that is an officer sees traveler or officer SubTypeOf sees max
at most 1 aguarium. 1 aquarium
10b+ | Everything that is an officer or that is a traveler loves |officer or traveler SubTypeOf loves

max 1 person
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Experiment: Subjects

= Requirements:

= Students, but no computer scientists or logicians

= At |east intermediate level in written German and English
= Recruitment of 64 subjects:

= Broad variety of fields of study

= On average 22 years old

= 42% female, 58% male

= The subject were equally distributed into eight groups:
(Series 1, Series 2, Series 3, Series 4) x (ACE first, MLL first)
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Experiment: Procedure

1. Subjects read an instruction sheet that explains the
procedure, the pay-out, and the ontograph notation.

2. The subjects answer control questions in order to check
whether they understood the instructions.

3. During a learning phase that lasts at most 16 minutes, the
subjects read a language description sheet (of either ACE or
MLL) and see on the screen an ontograph together with 10
statements marked as “true” and 10 marked as “false”.

4. During the test phase that lasts at most 6 minutes, the
subjects see another ontograph on the screen an have to
classify 10 statements as “true”, “false”, or “don't know”.

5. The steps 3 and 4 are repeated with the other language.

6. The subjects fill out a questionnaire.
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Language Instruction Sheets
ACE versus MLL

Sprache A

Cin Spracka & bastaht sus Sussmgen in Englisch mit bart Aagaln. Die e dissen
Zhtan dan dae Vil d-sm-mmmmdmmud&mm
an der Ralet = Folgender warden run dis irtsrprataticns-Sagein erclbet

something” | .everything” 7 .nothing”

Cim Warter _somashing”. .-ur_rthmn und _rathing™ kiznen -:hr-r—r-uch wuf E i arweze
wiirde mmn hi e d au bazisban. Man wirds stetkdesses

body” oder ] An-huu--hl—:mhmh ll.ryll.\qu mﬁmg’hd-Spr-:l-A
=ardan Ringegan _somathing”. _evarsthing ™ und onething” so interpretisct. duss Parzonen immar suck singaschicssen

sird. _jokn lovas averything™ badeutst zus Bsizpisl dezs jchn srma Joves™-Sslwtion zu jeder Persse und such au
ndwm mrderan Indedidoum het

Lnathing but
Dazx Wort _but™ wrd nur in der Combrabon nothing but” verssndak saz _nichis susser” bsdsutst _john raaz
rething but momas” badeutet zum Bempiel. deiz john entweder ger kera _swes"-Relstics au sinem snderen hdm-

duws hat cder wenn doch. denn cur 2o Preven. Oder scders geasg®: Dax Bl—l badwutet. duzs jobe losine - sems”
Ralwtion zu sinem iedividuum het. des keica Fre izt

Intuitive Interpretation
.M-urwhnuhr-n-:hb-d- s ch winm basti Anzznge i dar Sprache & richtip oder falach st
stakz auf dim dis man slz lizzh S du Purmen intuitic suz der Auzssge hersusbest.

Sprache B

Dim Sprachs B baztaht suz Aszzagan. wis -umb-dmﬁnnmd -&I.htw-dm.n:n-:uu-m:mdu-&ﬂ-
swbwdrtere und dan Nemen dar dar Dim var-
wardaten Schlisseheirter sind _HaaTrpa©. w -nek”, zoma” und Leely.

Aussagen
Jueda Auzzage kamn antemder wahr sdar falsch swie. jads Auzzspe der Sprackae B kat da Pore sines der vier Schamea,
dis hisr baschrisbss wardan. Bz izt oo bsschien. deza Trpan komplex asin kinnen (zishe nlichater Abacknitt].

Fautive mefacte dussagen HusType-Eussages

Schema: Egiatiar 7 HaaTrps | Tes

Beipis: | jeha sess Mary Beipisi:  |lshs HaaTrpe man

Eridirung: | O zeaitive alrhichs baztent sur wal| |Erdlrong:  [Ene MesType-dusssgs veris -n [LT MET
Indivizusn und siner Rsistian end aEgt AU 83 urdl wires Tz urldnflul rp-
diuz srate indleidzum sits srbpeechends Reistarn Indbdduum um rtlrL T ozig|
Tum zwsiten indlvkdun et a3 chigs Debmpial Bsipisl aagt aun mn-h
u.lt w2z, duzz Jabn wire ssar-Aslsbizn zo Macy
b 2 .

Wapative enfacts dussigen Schema: | Tred SsETypeif Tred

= [y —— Deaps: getar SubType0f man

[ Wary nat heizs 81 Ercdirung:  |Eine ScbTypsltiusssgs varisngt el Tyzen wad)

amgt wez. daza jeckes Incivicusm Sz sraben|

Eridirurg: | Dirs regetve sirfscts Sazaags basteht sus zae Tep gehErt. such Tar swsRen Typ getEe: Inber

Irdvizuen cnd aber Palation. wate der Faltion nikht 1w TallE eahtl. Omz o
Sun Schiloas wost Aok vorengarbalt izt Flne mk Baizpisl 2age suz daoy [wder indheideun. dux
:Mﬁ-lpl‘ﬂ-}l ﬁndlﬂm G P~ lrt. wech min Mans bi

Tum Twe b Ird bl
o w_nu.upm.-pu angt suz. dazs Mary
el nas _halza-Aslabzn xu B het

Typ-Operatoren

Judur Typ Gsinfech oder kemplacl staht for sre gewizss Grupps von Indviduen, Enfichs Typsn snd Do Beizpisl
sweman oder _golfer. Nskan sinfuchen Typen gibt ez aber such komplem Typen. die durch die hisr baschrisbsres

Trp-Oparatoren sussmmengezmist warden. _seas onky golfer st zum Baispial sin kamplace Ty, B3 istau beachtan,

daza zclchae k lurm Typar mch i % zain kinnan. In dissss Fall warden Kemmaem serwandet

um diw Strukborau v-d-.rli:h-n zum Bemgisl -not doves some womenl®,

at-Opsrator maly-Opsrator

Sctame: [ not[Tee Scharms: | Bslabiar ooly Tim

Banpis:  [not garer Beapis:  [hsize saly weman

Eridirung: Dwr rext-Opanacsr srangt ner ainen Typ. Der a1t Eroimrung: Car sniy-Ozerwtcr varis sine Falatan ung|
stetends kompisss Te meht fr wle bdtvkdues siras Typ. Dar an tarpacs Tre bt

dim alcat aum gegessren Trs gehdinen. Des chigs
Daizziel sehi f3r alm indliidemn. die Celne Soler

o mile brdlekdues. dm srkweder gar belve ek
sprachends Mslsbzn zu enem snderes Indbel-|

aind deuT hater cdes wenn Soch. Sman mus 3u indhe-|
demn dar
abevt Ar wie indheidown. d
moma-Opsrwtar i¥ail dbmrtaspt soranse 0
[rr— Eeator wome e Couz Bainpisl bsinaakisk siac sils Indleldues mzzer
|sras. gis siza _hsizs~-Ssisbicn Tu sivem indh
Balapll: laVEr BamE ea e deum Eszen. des osine Frau bt
Dar sz variangt sl

s-Coaraizr

siras Typ. Car aabtsnsnds unpm 'up stant
fOr wie Idlvldues. gl size sntaprectarce Sels-
Han zu mikietene ik I des o
baran Trps asben. Cus chigs Deiszisl

ah ndldidomt. de sine . lover -Asdetian 3o nie-
dartena airar Frau haban.
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Experiment: Learning Phase

Learning Phase

Mini World Legend
person
F
B =
Mary

i% 2 —

E picture

% @ ==

=l > @08 |[®

Y

True statements:

Mary not sees Tom

Mary HasType not (sees some man)
John HasType buys some (not present)
John sees Tom

Tom HasType sees only woman

buys some present SubTypeOf man
woman SubTypeOf buys only picture
buys only picture SubTypeOf woman
John HasType buys some present

man SubTypeOf buys some present

False statements:

John HasType sees only man

man SubTypeOf buys only present
sees some woman SubTypeOf man
Tom HasType buys some picture

John HasType not (sees some woman)
Tom not sees Lisa

woman SubTypeOf buys some picture
sees only woman SubTypeOf man

Tom HasType sees some (not woman)
Lisa sees Mary

time left for this page: 15:42

Next
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Experiment: Testing Phase

Testing Phase

Mini World Legend
i —@—04 o
@ traveler

Tom ﬂ

I
officer

© k@_.%

aquarium

letter

inspects

admires

PO

Which of the statements are true and which are false?

5

Q0 Q Q0000 O0O

Qo OO0 O00O00O0

Q0O QOO0 00O0

Sue HasType admires some (not traveler)
traveler SubTypeOf inspects some letter
Tom HasType inspects only letter

Lisa not admires Tom

officer SubTypeOf inspects only aquarium
Tom inspects Lisa

admires only persocn SubTypeOf officer
inspects some aguarium SubTypeOf officer
Paul HasType not (admires some officer)

Lisa HasType admires some officer

time left for this page: 5:39

Next
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Experiment: Pay-out

= Every subject got 20.00 CHF for participation.

= Furthermore, they got 0.60 CHF for every correctly classified
statement and 0.30 CHF for every “don't know”.

= Thus, every subject earned between 20 and 32 CHF.

Tobias Kuhn, CNL 2009, Marettimo, Italy, 8 June 2009
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Evaluation: Ontograph Framework

= Did the Ontograph framework work? Answer: Yes!

= The subjects performed very well in the experiment (8.9
correct classifications out of 10)

= They found the ontographs very easy to understand
(questionnaire score of 2.7 where 0 is “very hard to
understand” and 3 is “very easy to understand”)

5 6 7 8 9 10
Correct Classifications per Test Phase

0 1 2 3
Ontograph Understandability
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Evaluation: ACE vs MLL

= Which language performed better?

m Answer: ACE was understood better, within shorter time, and
was liked better by the subjects than MLL!

B ACE Wllp-values. obtginedkbty .
> 6 7 8 9 10 0.003421

Correct Classifications per Test Phase

0 2 4 6 8 10 12 14 16 18 20 22 1.493e-10
Time in Minutes for Learn and Test Phase '

0 1 2

Questionnaire Score for Understandability 3.24e-07
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Evaluation: First/Second Language

B ACE
B MLL

ACE-MLL

MLL-ACE

5 6 7 8 9 10
Correct Classifications per Test Phase

ACE-MLL

MLL-ACE

0 2 4 6 8 10 12 14 16 18 20 22
Time in Minutes for Learn and Test Phase

ACE-MLL

MLL-ACE

==

1 2 3
Questionnaire Score for Understandability
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Evaluation: Series 1/2/3/4

B ACE
B MLL

Series 1

Series 2

Series 3

Series 4

0 2 4 6 8 10 12 14 16 18 20 22

Time in Minutes for Learn and Test Phase
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Series 1

Series 2

Series 3

Series 4

i

6 7 8 9 10

Correct Classifications per Test Phase

Series 1

Series 2

Series 3

Series 4

o

1 2 3

Questionnaire Score for Understandability
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Evaluation: Regression

= Regression on the 128 test phase results with the normalized
classification score (-5 to 5) as the dependent variable

= Baseline: testing MLL as second language on series 1, male
subject of 18 years with good (but not very good) English

skills

| Robust
sc_norm | Coef.  Std. Err. t P>|t]
_______________ | = m e
ace | .5156250 .1800104 2.86 0.006
first lang | .2187500 .1800104 -1.22 0.229
series 2 | .4802784  .3371105 -1.42  0.159
series 3 | .2776878 .3485605 -0.80 0.429
series 4 | .8795029 5219091 -1.69 0.097
female | .1413201 .2982032 0.47 0.637
age above 18 | .0724091 0296851 -2.44 0.018
very good engl | .2031366 .2967447 0.68 0.496
_cons | 4.302329 .3251371 13.23 0.000
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Conclusions

= The Ontograph framework seems to be suitable for
understandability experiments for CNLs.

m ACE is understood significantly better than MLL.

= There is no reason to believe that another logic syntax
(except CNLs) would have performed better than MLL.

= Furthermore, ACE requires significantly less time to be
learned and was liked better by the subjects.
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Resources for the
Ontograph Framework

= The resources for the Ontograph framework are available
freely under a Creative Commons license:

m http://attempto.ifi.uzh.ch/site/docs/ontograph/
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http://attempto.ifi.uzh.ch/site/docs/ontograph/

Thank you for your attention!

Questions/Discussion
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