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Introduction 10T Our system is a first step to an ideal pedagogy,which involves an

. e . . iIndividually crafted personalizedorogressionof word problems:
Word problems are notoriously difficult for children and adults alike. y P dprog P

Many people find them much more difficult than the equivalent
symbolic representations (see comparison on the right) .2 This
ohenomenon is caused by language understanding, conceptual
Knowledge, discourse comprehension,and other aspectsrequired to
build amental representation of aword problem. 23

Moreover, many students find word problems unconnectedto their
lives and artificial # This perception can be altered with problem

0.8+ A Automatic ; a mathematical model, a plot, and a discourse of a
problem are generatedautomatically from generalspecifications

A Personalized : students can set preferencesfor aword ® O Al A
setting, characters,and their relationships.

A Sensible: we enforce coherencein a synthesizedplot using a novel
technique called discoursetropes.

A Fit for scaffolding : varying requirements to different layers of a

word problem enables a tutor to scaffold a unique educational
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personalization: Individual Interest raises understanding and 0.2+ A e a A '—;-'—T—'* brogression
. . . . 1234 123456123456 :
(ejngagz_m}ggn%) a,plobl)eganoIV|ng process (I\(vhlch, mdturn,bllncregses D Change Compare
rf@r@amce).> However, personalizing word problems in a . . . .
textbook Is impractical, and would place unreasonable burden on Problem Type Word problem generation  synthesis of constrained logical graphs
teachers(who would needto be aware of every O O O A fferésts)0 ~=- Numerical form ~+= Word problem form natural language generation
A 1 problem TUtor I’equwements StUdent requwements A Fantasy setting
A Math: addition A Characters:
| A Type: counting - girl Ellie
A Simple English - boy Smaug

- adversaries

Logic generation

Our technique usesanswer set programming (ASP) ®in steps: ~ Somerelations T in C%:O,de‘l mathematical operations Plausible logical situations  Engaging story narrative!
1. Equation Generation (e.g._TothCount mo_dels 0 uwME 0t WE O e_.q!
a. Guessn equation treeO. Their union should isomorphically model the equation Q. 3. Discourse Tropes
b. DedL_Jc_aNhe_ther math requirements are Cgver.ed byO. <L & I é TotalCount s | Dl_scoursetropes_ are Ilterar)_/ cor_lstralnts on the logical graph,
c. Forbidinvalid trees that do not cover the requirements. 3 - - mined from typlf:al narratives in a settlng: Eachfact 'O
require_setting(fantasy). must be driven either by math, or by somediscoursetrope.
require_math(plus(any ,any ). ~ 2o . “ﬂ % Guess a single type for each entity. o _ o _
require_character(cAlice , ( "Alice” , female)). 1{ entity type( Entity , Type): concrete type(  Type) } 1 N entity( Entity ). Definition. Adiscourse tropé is a constraint on: of form:
require_character(cElliot , ( "Elliot” —, male)). _’m _’m instanceof( Entity , Typel) N entity_type( Entity , Type), subtype( Type, Typel). I 0. d [B (&) ma 0. Ci,lll(ﬂii:@)]
require_relationship(adversary , CAlice, cElliot ). % Guess a relation and an assignment of typed arguments for each fact.
1{ fact_relation( Fact, Rel): relation( Rel) }1 N fact( Fact). x s oS s 2@ s L s s o~ oz p N s y .
: 1{ fact_argument( Fact, K, Entity ):instanceof(  Entity , Type) } 1 N Example. O! x AOOET O Ol AUO A 111 O0OAO 11
2. Plot Generation fact_relation(  Fact, Rel), | Um N d[3 | ALUTD)* mON . g X T(@F’O)]
! ! K =1.@ arity( Rel), argument_type( Rel, K Type).
Generates dogical graph: , which represents a word
P % Deduce whether a logical graph : models an equation O, Its math : T A R BVYDYS E |
prObIem pIOt that models the equatlonQ % relations should form a subgraph whose shape is isomorphic to Q. R d5 A A hm)r] E = BQBF formUIa € NP
: : >~ dels( Eg, F N fact_relati Fact, Rel), math_skelet Rel, Skel), : - :
Definition. Alogical graph: is a tuple{¢ h h ) where: LIS ) 2ﬁgg§_an:g?éhes( anf’ Facf,) A )—_S sl REl, SEl Solvingdiscoursetrope validation in ASP
A . is asetof entities. Every entity Qif N . hasacorrespor)ding shape_matches( Eq, Fact, Skel) N A % Deduce inductively from arguments. 1. Eliminate innermost m with skolemization.
Ont_OIOgytype T. Typesform a hler?rchy tree,denoted T O T : % Forbid solutions that do not model the required equation. 2. Apply saturation technique7 to enforce™! validation:
A _ is a set of facts. Every fact ‘' = has a corresponding N equation( Ec), #count { Fact: matches(Eq, Fact) }==0. % Example discourse trope: | GRoon . o x 1(86)~ | A N OGHRHA O
ontology relation T OAI A"Q.EVety relation T has a set discourse(forall(a,b ), premise(or(owns(a,b ), acquires(a,b  )))).

of named arguments A OQ D For each fact " _, every
argument dgf ¥ A O(©@ | A"QE Islassociated with an

% Assign each formal variable @M {¢hoy to some entity QN.
bind( Var, Entity ): entity( Entity ) N wvar( Var).

entity Qﬂ' N suchthat t O t written as’Q T (QFB F]Q) sat( Xs, F) N A % Deduced if B (@ holds under the current assignment @
A 1 is a set of temporal (4) or causal (#) fact connectives . valid N discourse( Xs, F),sat( Xs, F).
ACOI’]HGCtiVG&)N TS atuple "0} "QOwhere tagc‘)N {4F#} . bind( VVar, Entity ) N wvalid, var( Var), entity( Entity ). % Saturate.

N not valid.

Nondeterministically Saturate the answer set (i.e. include all possible
pick an assignment bind(Var, Entity) statements in it)

of ®to some entitiesO..

Example.. {TQ-H’Q-H& C- oo C‘-FﬁJ }

N

sat(Xs, F) andvalid

A saturated answer
are deduced

set subsumes any

Valid sat(Xs, F) andvalid oth.er answer sett
counterexample cannot be deduced .emltted only if _aII of
for B (@)e not an answer set its subsets are invalid

Owns (Ow), vg)vvvpg(’ﬂfﬁ) ), Slay§<¥0), Acquire§ ),
TotalCoun€w hw hw ), Owns,("Bw ), Unknowr(® )

ithoyas{thBaya{fhgtilhaa Ol diA N5 a

@ )
Dragon Smaug has 12 chests tveasures.

Knight Ellie has 5 chests of treasures.
Dragon Smaudhas12 chests of treasures She slays the dragon, and takes his treasures|

Knight Ellie has5 chests of treasures e How many chests does the knight have?

a. Converteachfact Q¥ to a sentenceusing a database R =
of primitive templates o =S oy Tagon omatd (or a Wizardry variation)
Knight Ellie takes 12 chests of treasures 9 )

Natural Ianguage generation 5. Reference resolution

4. Sentence ordering

{Unknown(unknown = ey), SBARQ

: How many doesKnight Ellie have? _ _
Owns(owner = ez, item = e1)) T - - A ProfessorSmaugassignsEllie to makea luck
Q A Nonrepetitive referencesDOAAOAOEAA OEA Al OEOU potion. Shehad to spend 9hours first reading

WHNP S .
WHNP B vig o : featureseveryOE | A6 the recipein the textbook.She spends several
How many o F A Unambiguous reference® A E @& AlOpther previously hours brewing 11 portions of it. The potion has
| AT OET T AA Al OEOEAOQO®G to be brewed for 3 hours per portion. How

b. Temporal and causal connectives i define a partial
ordering betweensentences Build alinear narrative.

| reference: find a minimal unambiguous subset of G many hours didEllie spendin total?
Its descriptive features?

Evaluation Findings o T
Goal: evaluategenerationtechniquesby assessingcomprehensibility V. Generatedproblems are rated equally or slightly less comprehensible [Tk
.y NTYOR S z - - ’ 101k
and solubility of the word B OT A 1 cAnier.8 than the textbook problems (...~ p W& QN T8 T 18 7
Studv desi V Generatedproblems are generally comprehensible o8 v o v. s
tudy design: il gl i I |
y g . . . . - V *SOIUbIIIty Of generated prObIemS IS IndIStInQUIShabIe from tethOOk 0 901*902 903 gO4 g05 g06 g07 g08 gO9 gO gll gl2 gl3 gl4gl5*gl6 gl7 gl8gl19*g20 g21 g22 g23 g249g25*
A Sample25 generatedword problems with sufficient variability . After removing 4 outliers with unclearlanguage
A Matchwith 25 equivalent SingaporeMath® word problems. o Corroct
A Conduct2 AmazonMechanicalTurk studies (1000 subjectseach): @ Incorrect
A. Evaluate the word problem text with respect to given guestions
on aforced-choiceLikert scalej G B 6 B 6 © 6 mappedto 1-4). IS S TSI 9 FIFT ST ESESEPTITIPTITIPTITIY
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