











2. System Overview

In the scope of this project, we investigate 3 different methods of exam mark classification: a naive

keyword approach in which the answers are treated as a ‘bag of words’ as described above (but
using a more standard classifier than the ‘k nearest neighbour’ technique}), an approach which
incorporates the sentence semantics, and a potential optimisation of the latter which uses a new

type of classifier. All 3 methods use a ‘supervised learning’ approach, that is, we train a classifier
with pre-marked data, and use this to mark subsequent answers.

Such a classification problem requires a number of stages:

1.

English CSV
i———l

Semantic Conversion: This takes the answers in English {a CSV file containing the answers
and marks), and converts them to a semantic representation, using the CAnd(C parser to
identify the sentence structure. This is then fed this into Boxer, producing a semantic
representation {i.e. a DRS). Clearly this step is skipped in the keyword approach. The
conversion process is described in Section 3.

Featurisation: A ‘feature’ is a singular property encompassing some fact about an answer. A
‘binary feature’ takes the value 0, denoting the feature is not present, or 1if it is. The aim of
this stage is to provide some function which maps the answer (either in its raw form for the
keyword approach, or the DRS for the semantic approach) to a set of such ‘features’ which
are satisfied. For the keyword approach, the mapping simply produces a set of words the
answer contains. For the semantic approach, the DRS is a non-linear structure and thus the
mapping is more ambiguous. The latter is dealt with in Section 4.

Data Preparation: Such features from all answers must be collated to provide a suitable
input for a classifier. This data is embodied as a file known as an ‘ARFF’. See Section 5.
Training: A suitable machine learning classifier is chosen, and is ‘trained’ with this data.

Classification: Subsequent new answers are parsed {if necessary) and featurised as before.
This is fed into the trained classifier to provide an estimated classification {i.e. a mark} for
the answer.
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{ p:String }
{ p:String }

¢(p:noun{x})
o(p:verb{x)}

For example, p(cat{x})) = { “cat” }. In addition, other unary predicates representing adjuncts can
modify such an entity; this is an adjective in the case of a noun, and an adverb in the case of a verb.
Its corresponding atoms consist of the name of the modifier and the modifier combined with the
name of the entity. The nm{x} function simply retrieves the assigned ‘name’ of the entity x.

p(p:adj(x}) { p:String , p:Stringnm{x)]}

For convenience, we define @(x) to be ail atoms associated with the entity x. We similarly take ¢ of
the whole DRS expression a as the union of sets produced by applying the function to all expressions
contained within it. That is:

P(px)) w .. wolpaix))
of{as(x})) v ... v p{a.(x)

o(x) = olpx}; ... palxh)
o{a)=play;...; o)

Binary predicates (i.e. relations) connect two entities, and typically represent averbora
prepositional modifier. In mind of providing all inferences, the resulting atoms must incorporate
every possible pair of atoms from the atom sets of the constituent entities:

o plxq, %)) = { p:String[ese;] | e1€ p(x:) A €;€ 0(x,) }

Larger DRS expressions can be combined together using a variety of conjunctives. These must be
dealt with appropriately:

plavp) = o(a)w o ()

planp) = o(a) o (B)

ola =/is B) = {“e;=e", "8y =e)" | e;€ pla) ne;e ¢{f))
ofa — B) = {“e;> & |e1e plajre;e OB}

o(-u) = p(a)

Such a function may initially seem disastrously hideous to a legician: negation is ignored, and
conjunction and disjunction are treated in a uniform way. The motivation is to have as high coverage
as possible of all inferences made by the sentence, with the only requirement being that the original
sentence can be reconstructed from some conjunctive/disjunctive/negative combination of a subset
of (p(a). Note that the equality relation is symmetric, therefore we must supply both orderings in the
string representation. We do not treat a — B as -a v p given we are only interested if the inference
was made, not if it was true vacuously when a is faise.

To demonstrate this definition, take the sentence “The big dog jumped over the lazy man.” This
could be represented in DRS by:

dog(x,) ; bigi{x,) ; man(x,) ; lazy(x;) ; jump(xs) ; agent{x;,x,) ; over(xs,x;)

In this example, the jumping is being executed by the dog {i.e. the dog is the agent of the jumping).
Using the laws above, the following atoms are produced:
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I S/ thers 1s a suffaciently smald nomber. | B
3 | B5: for(Imieger . @ bestGrouvp2)bestCroupl.addia);
24 S/ To prck which palr ol Jgroups o mergo, we | a6 £ 7. Deleote second [rom list,
25 A7 find the maxumum inter-group bond strengéd, 57 74 System.out.println("Removing "+bestCroupZ+'" from "raroups) ;
2a: Sropy cakoing the average of 31! tine elemen: parrs \ HWhH: A/ oouledn romoved QUroups. remave (Aosrnrount )
27: AAoan the oro orodict ., ‘ BEN A4 Eystem. out.printlniromoved)
28: ! 90: ser<azlolntegers> newGroups = new HashSet<Set<Integerz»(;;
23 foatureStrengthMx = MalvixUials normalzscToMax (featureStrenglhMyl ; ‘ 91 for(Set<lintegers group : groups)
10 92 if (faroup.ecgualsi{bestGroup2) ) newdrouns. add (aroun) ;
37 s First, we retove any groups thet only have one eledznt. i.e. ‘ 93: Groups = NEWGICURS;
2z // 1t has no convectron wath anything. ‘ Je:
33: Sor<lecdTalegc: »» Jroupslcny = : 35 1
34: Set<Selelnrager»»r [ {llaghSev<Set«intagevy>) groups!,clone(); .‘ el
ds5: forisel«Integers> group ; groups! | 9/ return groups;
LT ifigroup.a_zaii= iz Troy.T Yy | L
B Groups = grocosCopy; i 99: }
3 I aao:
i if featiralirenglhMA s Rows ) =featureSirens, nMx . nunCalumns () |

throw new Frror("Must have same number of rows as columns.™);
Syster, ot println("Merging into "+n+" groups.m;; ‘

whil@‘groors.eze ' on’ |

! |

47 1

48: :
',_- |

S

=) [ - T S A

F CLTUacr s Qroup? @ogroupsl I\
53 'group’ .oqualsigroaps) !

54: ) |
=5 wnt l:in<Zounl - 0y |
G double .- EENE

= for (Tnreqsr - groupl’

- v ForiIinieder oo aroupi,

A SarvesTigirSoaret |
ol Tem .
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import Java.ut:

albribu=s.ada,inefatis. . | ;
if (lattripuces.a L
throw new Erc.

LTrigwtes [ olhelsht

'This mark scheme file is not

package | a3t int -=C;
i et while L:.zesdy
import H | = N
import ‘ Line = pr,icadlanesi);
import , T
import e LESTr1ING> 4L DLT2S = New L _[iKalil.isTad L3
import -av a1l | 4 Reading attributes
import -avas.util ! T jine = line.sumstringl’, iLihe.lengtie, ;-0
import | avo.utal ! T Stringl] Linfrnerte : Loud.spl ", H
Jioimport Cava.ut:l : for{aint |=u; .<iinefirts.lengthy -
\
|
|

1T e ]

Tr 7 Provides utilities with regards to readlog matk scheme/li1st ! "compatible with the training madel. ™ -
The * Fales, | "Ensure that their attributes are the same.");
61 ® @author Jamie |
AR | ) else |
18w/ | 7 Remove [
19: public class Bchemalbils | | iine = jine.substring! ,.1ne. lepngthi{l-7);
20 public static void print (Sercuet<integers>» grovps, | String.j l.neFar+s = lins.sclisi, "y
20 Lisl<String> reacurgkaties) | Ser new fHaszhisbtoInteger>();
22z { | ts.lenglh; J+4+3
23: for{Ssr<lnteger> group  groups) I civzter.addnew Infeger{linefarrs{y]});
24 { | ciustars.add{zlustery;
25 Systor.our.prant {{"{ "y, !
g - s Prant each group 0
7 int < . O; | Ty
ia: forl{icteger 1 : group: | I
ray f |
i .our.prant (™, "i; | return clusters;
rint{featuoreNames.get (i} ) ; |  eatch!Freeption 2)1{
| throw new ¥rror{"Problem reading mark scheme file":;
! ]
Sysgtem_~ur prantin(™ }";
] | 98:
g¢: .
public static void printiLlistcSet«Integers>> groups, } LR EIN Liste<Stryng» attriputes, int nunClustor
Lista8trapgs FeatureNamneg) | Tul: Listefobeinteger»» clusters = new Lon<ss
{ | 1 foriint 1=0; i<numClusters; 1-rjclastors.addinew Has

[ I e
J R 5o oo

ERE for (Get«Tntesgers Jroup o graups) | H Mau<atrrong, Set<lnteger»> groupMappin =
42: . ‘ T Schemaidtils . netdroupMapn ngs coapotf 2 lel )
AR Everor rut praint ({"{ "1 ‘ TGz
Aq: 4f Pramt oach group : LN 47 We have Lo combine ‘attoit ‘groupMappings” fo obhtarn
A5 int - = 07 ! T s/ relusterss. In the markirgt (ile, groups nomers oo from 1 oto oo,
AR for(lntager 1 @ group) I G 4 whereas ipn 11515 we rererence § to a-T', =0 we deduct 7
A f ! g A/ aceordingly.
A ifiex0)dystem.out .prant (", "i; | 110 for{int 1=0; i<altriputes.sisde,; —--
System.out .print(reaturelNares . .gec (1)) ; | (I [
A+ | 112 Ser<Integer> graups
T I 13 foarilnteaysr Qrodp
system.out.priptia:t™ 3V I 114 t
+ | T
1 I 16 return clustevs;
static j.ist<8eL<.ntegers> M cilel | 117 t
L1STEBTIANgY ATLILDuwies (CLAGaK,) | (-
L | 1°9; st
LoETn IlustirEs = new rked | 1gd: * Produces
1 e - o res
ol try ! VAL b APUT
o . [ Ty
vl =i ader kx new DorfaredReasdsrs‘new P LeReade: pnatliie, Y public static STrlfe LGRS
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T2 : '

VLS Moanebr oo, Bor o Toregoer>y oMot gl =
T27s new _: R I P !
Tin: try |
LA

3. S.zlimrg =: I+ = pew Z_JCoreliftalsr new Ci_chosoasrtinratiolen)y I
TET: while ot .ready (@} |
iy |
RS Sorrngll line mr,raadline O osn e SN
134: String altIibure l.ne|l;;
113: StT_miyll FEife = |
S line "l.subetronall, Jone' 11 lengthii-1) cenlar (M, Mg |
T3T: arosupMappilogs. pub ot ik, Dew TIsesir<inieger >, | ;
! if{: ooyl R |

il
cm

for{int 1 0; :«<groups,length; o+ |
aroupkappings.gec - .
new Trteger lorowpsiyi) ) |
TEZ |
1432 ' !
T © catchiFxczption o) |
“45: oot LRt BtackiTace ()
Tah: ' \
1472 return groupkoppings; !
Gt K

1¥r

S
=1

a.





