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Abstract underlying dependencies behind superficial phe-
_ _ o nomena cannot be captured easily.
In this paper, we provide descriptive and In this paper, we propose descriptive and em-

empirical approaches to effectively ex-  pirical approaches to effective extraction of de-
tracting underlying dependencies among  pendencies among parsing errors and engage in a
parsing errors. In the descriptive ap-  deeper error analysis with them. In our descriptive
proach, we define some combinations of  approach, we define various combinations of error
error patterns and extract them from given  patterns as organized error phenomena on the ba-
errors. In the empirical approach, on the  sjs of linguistic knowledge, and then extract such
other hand, we re-parse a sentence with  combinations from given errors. In our empirical

a target error corrected and observe er-  approach, on the other and, we re-parse a sentence
rors corrected together. Experiments on  ynder the condition where a target error is cor-
an HPSG parser show that each of these  rected, and errors which are additionally corrected
approaches can clarify the dependencies gre regarded as dependent errors. By capturing de-
among individual errors from each point  pendencies among parsing errors through system-

of view. Moreover, the comparison be-  atic approaches, we can effectively collect errors
tween the results of the two approaches  which are related to the same linguistic properties.
shows that combining these approaches In the experiments, we applied both of our ap-

can achieve a more detailed error analysis.  proaches to an HPSG par&nju (Miyao and Tsu-
jii, 2005; Ninomiya et al., 2006), and then evalu-
ated the obtained error classes. After examining

For any kind of technology, analyzing causes ofthe individual approaches, we explored the com-
errors given by a system is a very helpful proces®ination of them.
for improving its performgnce. In recent SOphIStI-2 Parser and its evaluation
cated parsing technologies, the process has taken
on more and more important roles since criticalA parser is a system which interprets structures
ideas for parsing performance have already beeof given sentences from some grammatical or in
introduced and the researches are now focusing aome cases semantical viewpoints, and interpreted
exploring the rest of the pieces for making addi-structures are utilized as essential information for
tional improvements. various natural language tasks such as informa-
In most cases for parsers’ error analysis, retion extraction, machine translation, and so on.
searchers associate output errors with failures iln most cases, an output structure of a parser is
handling certain linguistic phenomena and attempbased on a certain grammatical framework such as
to avoid them by adding or modifying correspond-CFG, CCG (Steedman, 2000), LFG (Kaplan and
ing settings of their parsers. However, such arBresnan, 1995) or HPSG (Pollard and Sag, 1994).
analysis cannot been done so smoothly since par§ince such a framework can usually produce more
ing errors sometimes depend on each other and ttikan one probable structure for a sentence, a parser

1 Introduction
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ARG1 ARGl  ARG2
‘has: aux_argl2 ‘ ‘Come: verb_argl ‘ Correct answer: | watched thegirl on TV
k—N
ARG1 ARG2
ARGL  ARG2
Figure 1: Predicate argument relations [ 4
Parser output: | watched thegirl on TV
Abbr. Full Abbr. Full e e
aux auxiliary lgs logical subject
verb  verb coord coordination Obtain i T ;
prep  prepositional conj conjunction AINCONSISICNHOUPUISIaSICIOND
det determiner _argN;... take argument(s) ———
adj adjunction (Nqth, ..) ARG1
app apposition _mod modify a word Y e
relative relative Error: | watched thegirl on TV

Table 1: Descriptions for predicate types

often utilizes some kind of disambiguation model Figure 2: An example of parsing errors
for choosing the best one.

. . . ARG2
While various parsers take different manner ARGL

in capturing linguistic phenomena based on theif eror: Thebook on theshelf which | read yesterday
frameworks, they are at least required to obtai ®.... “ARGL .
_ _ N U et ARG2

some kinds of relations between the words in sens
tences. On the basis of the requirements, a parser
is usually evaluated on how correctly it gives in-
tended linguistic relations. “Predicate argument
relation” is one of the most common evaluationeffort. Since the errors are output according to
measurements for a parser since it is a very funa given evaluation measurement such as “predi-
damental linguistic behavior and is less dependertate argument relation,” we researchers carefully
on parser systems. This measure divides linguisexplore them and infer the linguistic phenom-
tic structural phenomena in a sentence into minena which cause the erroneous outputs. Figure 2
imal predicative events. In one predicate argushows an example of parsing errors for sentemce “
ment relation, a word which represents an evenvatched the girl on TV.Note that the errors are
(predicate) takes some words as participants (argipased on predicate argument relations as shown
ments). Although no fixed formulation exists for above and that the predicate types are abbreviated
the relations, there are to a large extent commoimn this figure. When we focus on the error output,
conceptions for them based on linguistic knowl-we can observe that “ARG1” of predicaten’
edge among researchers. was mistaken by the parser. In this case, “ARG1”

Figure 1 shows an example of predicate argurepresents a modifiee of the preposition, and we
ment relations given b¥nju. In the sentence then conclude that the ill attachment of a prepo-
“John has com& “has is a predicate of type sitional phrase caused this error. By continuing
“auxargl?’ and takes Johri and “come as the such error analysis, weak points of the parser are
first and second argumentxdmé is also a pred- revealed and can be useful clues for further im-
icate of the type Verh.argl” and takes Johr as  provements.
the first and the only argument. In this formalism, However, in most researches on parsing tech-
each predicate type is represented as a combinaelogies, error analysis has been limited to narrow
tion of “the grammatical nature of a word” and and shallow explorations since there are various
“the arguments which it takes,” which are repre-dependencies behind erroneous outputs. In Fig-
sented by the descriptions in Table Aukargl2”  ure 3, for example, two errors were given: wrong
in Figure 1 indicates that it is an auxiliary word outputs for “ARG1” of ‘which’ and “ARG2" of
and takes two arguments “ARG1” and “ARG2.” “read” Both of these two errors originated from

In order to improve the performance of a parserthe fact that the relative clause took a wrong an-
analyzing parsing errors is very much worth thetecedent the shelf In this sentence, the former

Figure 3: Co-occurring parsing errors
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T Erroneous phenomena Matched patterns
g‘%&E::N\\\\ [Argument selection]
Error:  They completed thesale of it to him for $1,000 Prepositional attachment | ARG1 of preparg
w... g S Adjunction attachment ARGL1 ofadj.arg
b Conjunction attachment ARG ofconjarg
Head selection for ARGL1 ofdetarg
. noun phrase
Can each error occur independently? Coordination ARG1/2 ofcoorctarg
[Predicate type selection]
(" Analysis 1: (Possible) ~RGI 2 Prepaosition/Adjunction preparg/ adj.arg
m Gerund acts as modifier/not verb.modarg/ verb.arg
They completed thesadle of it to him for $1,000 Coordination/conjunction | coord.arg/ conj.arg
b Y. ARGL.." S # of arguments N prep.argX/ prep.argY
e ARG _ forprepositon | (X 7 Y)
o TmmedenRRe 9% Adjunction/adjunctive noun| adj.arg/ nounarg
o ) ™~ [More structural errors]
Analysis 2: (Impossible) ARGL To-infinitive for see Figure 7
‘41%%;:::\\\\\ modifier/argument of verh
They completed thesale of it to him for $1,000 Subject for passive sentencg see Figure 8
> > - - or not
ARG e i e ARG1 [Others]
\_ J Comma any error around “,”
Relative clause attachment| see Figure 9

Figure 4: Sketch of error propagation i o
Table 2: Patterns defined for descriptive approach

“ARG1" directly corresponds to the antecedent
while the latter “ARG2” indirectly referred to the
same antecedent as the object of the vedad” 3
The two predicate argument relations thus took the
same word as their common arguments, and therén this section, we propose two approaches for er-
fore the two errors co-occurred. ror analysis which enable us to capture underlying
On the other hand, one-way inductive relationsdependencies among parsing errors. Our descrip-
also exist among errors. In Figure 4, “ARG1” of tive approach matches the patterns of error com-
“for” and “to” were mistaken by a parser. We canbinations with given parsing errors and collects
know that each of the errors was caused by an ilmatched erroneous participants. Our empirical ap-
attachment of a prepositional phrase with the samproach, on the other hand, detects co-occurring
analysis as shown in Figure 2. What is importanterrors by re-parsing a sentence under a situation
in this example is the manner in their occurrenceswhere each of the errors is forcibly corrected.
The former error can appear by itself (Analysis 1) o
while the latter cannot because of the structurap-l Descriptive approach
conflict with the former error (Analysis 2). The Our descriptive approach for capturing dependen-
appearance of the latter error thus induces that afies among parsing errors is to extract certain rep-
the former error. In error analysis, we have to corresentative structures of errors and collect the er-
rectly capture such various relations, which leadsors which involve them. Parsing errors have a ten-
us to a costly and less rewarding analysis. dency to occur with certain patterns of structures
In order to make advancements on this probfepresenting linguistic phenomena. We first define
lem, we propose two types of approaches to realsuch patterns through observations with a part of
izing a deeper error analysis on parsing. In the exerror outputs, and then match them with the rest.
periments, we examine our approaches for actual Table 2 summarizes the patterns for erroneous
errors which are given by the HPSG par&aju  phenomena which we defined for matching in
(Miyao and Tsuijii, 2005; Ninomiya et al., 2006). the experiments. In the table, the patterns for
Enjuwas developed for capturing detailed syntac-14 phenomena are given and classified into four
tic or semantic properties and relations for a sentypes according to their matching manners. Each
tence with an HPSG framework (Pollard and Sagof the patterns for “Argument selection” examine
1994). In this research, we focus on error analysisvhether a focusedrgumentfor a certainpredi-
based on predicate argument relations, and in theate typeis erroneous or not. Figure 5 shows the
experiments witlEnju, utilize the relations which pattern for “Prepositional attachment,” which col-

are represented in parsed tree structures.

Two approaches for error analysis
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Pattern: Pattern: i
Parser output: attern: (Patterns of correct answer and parser output can be interchanged)
........... Correct output: ‘ to : aux_mod_arg12 ‘ ‘verbz‘
A1 ™ol
Example: ARG
Unknown subject
Correct output:
Parser output: ‘verbl‘ \to: aux_arg12 ‘ ‘verbz‘
They completed ‘the wle‘ of it ‘to: prep_arg12 ‘ him ‘ for : prep_arg12 ‘ $1000 [ [ e ARG3 ...
ARG1
ARG1
Parser output: Example:
. " C t . i adj :
They [completed| the sale of it ‘to: prep_arglz‘ him ‘ for - prep_arglz‘ $1,000 orrect answer: The figures wergdjusted || to : aux_mod_arg12 ||remove|
.. ARGL e 3

Pattern:  (Patterns of correct answer and parser output can be interchanged)
. A w T .
Corect anower: | garund: verb_mod_arg Figure 7: Pattern for “To-infinitive for modi-
H ”
Parseroutput: [gerund: _verb_arg fier/argument of verb
Example: Pattern: (Patterns of correct answer and parser output can be interchanged)
Correct output:
s ARG1 ARG3 Correct output: verby| ... Igs_arg2 | ...
V ARG2
The customers walk in the door ‘expecting: verbimodiarg123‘you to have ARG1
Parser output: ‘Verbl‘ ‘prep_arglz‘ ‘ ‘
MOD ARG2 ARGL.“W.. ARGI .~
a package for them Unknown subject === e
Parser output:
P Not exist @===sssenenis) { MOD) LWARGS
............................. A Example:

____________ Correct answer: A 50-state stud&dea%d‘in Septembér by Igs_arg12 HFriends‘
..................................... =

ARG1 ARG2 ARG2 ARG1
a package for them

Figure 6: Pattern for “Gerund acts as modifier or Unknown subject -+ T ARG
not”
Figure 8: Pattern for “Subject for passive sentence

or not”
lects wrong ARG1 foipredicate typé€ prep.arg”.

From the sentence in the figure, we can obtain )

two errors for “Prepositional attachment” aroundtional phrases as a subject.

prepositions to” and “for.” On the other hand, Since these patterns are based on linguistic
each “Predicate type selection” pattern collects erknowledge given by a human, the process could
rors around a word whosgeredicate typds erro- provide a relatively precise analysis with a lower
neous. Figure 6 shows the pattern for “GerundFost than a totally manual analysis.

acts as modifier or not,” which collects errors N

around gerunds whosgredicate typesare erro- 3:2 Empirical approach

neous. From the example sentence in the figureyur empirical approach, on the other hand, briefly
we can obtain an erroneous predicate type &¢“ traces the parsing process which results in each of
pectind and collect errors around it for “Gerund the target errors. We collect co-occurring errors
acts as modifier or not.” as strongly relevant ones, and then extract depen-
We can implement more structural errors thandencies among the obtained groups. Parsing errors
simpleargumenibr predicate typeselections. Fig- could originate from wrong processing at certain
ures 7 and 8 show the patterns for “To-infinitive stages in the parsing, and errors with a common
for modifier/argument of verb” and “Subject for origin would by necessity appear together. We re-
passive sentence or not” respectively. The patparse atarget sentence under the condition where a
tern for the latter phenomenon collects errors ortertain error is forcibly corrected and then collect
recognitions of prepositional phrases which be-errors which are corrected together as theld-
have as subjects for passive expressions. The paive” ones. An error group where all errors are
tern collects errors not only around prepositiongelative to each other can be regarded as a “co-
but also around the verbs which take the preposieccurring error group.” Errors in the same co-
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Pattern: ST ARGLS

Parser output: ..
[j relative_argl D

Example:

Correct answer:
ARG2

Thebook| on theshelf |which: relative_argl| | yesterday

ARG1

Figure 9: Pattern for “Relative clause attachment”

~

Correct answer:

It has no bearing on our work force today
ARG2 ARG1 ARGL ARG

Parser output: ‘ Error 1 ‘ ‘ Error 2‘ ‘ Error 3‘ ‘ Error 4 ‘ ‘ Error 5 ‘

It has no bearing on our work force today
. . G e .. ARGlq

i

Re-parse a sentence under the condition where
each error is forcibly corrected

Vs
Correct ‘ Error 1 ‘—>‘ Error 2 H Error 3 H Error 4 ‘ corrected together

Correct ‘ Error 2 ‘—»‘ Error 1 H Error 3 H Error 4 ‘ corrected together

Correct ‘ Error 3 ‘—" Error 1 H Error 2 H Error 4 ‘corrected together

Correct ‘ Error 4 ‘—»‘ Error 1 H Error 2 H Error 3 ‘ corrected together

Correct ‘ Error 5 ‘—»‘ Error 1 H Error 2 H Error 3 H Error 4 ‘corrected together
- J

l Extract co-occurring error groups and inductive relations

Co-occurring error group Co-occurring error group

U Error 1 ‘ ‘ Error 2 ‘ ‘ Error 3 ‘ ‘ Error 4 ”‘W

Figure 10: An image of our empirical approach

# of
Error types Errors | Paiterns
- Analyzed 2,078 1,671
[Argument selection]
Prepositional attachment 579 579
Adjunction attachment 261 261
Conjunction attachment 43 40
Head selection for noun phrasge 30 30
Coordination 202 184
[Predicate type selection]
Preposition/Adjunction 108 54
Gerund acts as modifier or not 84 31
Coordination/conjunction 54 27
# of arguments for preposition 51 17
Adjunction/adjunctive noun 13 13
[More structural errors]
To-infinitive for 120 22
modifier/argument of verb
Subject for passive sentence 8 3
or not
[Others]
Comma 444 372
Relative clause attachment 102 38
- Unanalyzed 2,631 —
Total 4,709 —

Table 3: Errors extracted with descriptive analysis

inductive relation is given from error 5 to the co-
occurring error group. We can then finally obtain
the inductive relations as shown at the bottom of
Figure 10. This approach can trace the actual be-
havior of the parser precisely, and can therefore
capture underlying dependencies which cannot be
found only by observing error outputs.

4 Experiments

We applied our approaches to parsing errors given
by the HPSG parsdEnju, which was trained on

occurring error group are expected to participatdhe Penn Treebank (Marcus et al., 1994) section
in the same phenomenon. Dependencies amorg21. We first examined each approach, and then
errors are then expected to be summarized with inexplored the combination of the approaches.

ductions among co-occurring error groups.

Figure 10 shows an image of this approach. In4

.1 Evaluation of descriptive approach

this example, today' should modify noun phrase We examined our descriptive approach. We first

“our work forcé while the parser decided thatid-

parsed sentences in the Penn Treebank section 22

day’' was also in the noun phrase. As a result, theravith Enju, and then observed the errors. Based on
are five errors: three wrong outputs for “ARG2” the observation, we next described the patterns as

of “on” (Error 1) and “ARGL1" of “our” (Error 2)

shown in Section 3. After that, we parsed section

and ‘work’ (Error 3), excess relation “ARG1” of 0 and then applied the patterns to the errors.

“force’ (Error 4), and missing relation “ARG1” for

Table 3 summarizes the extracted errors. As the

“today’ (Error 5). By correcting each of the errors table shows, with the 14 error patterns, we suc-
1, 2, 3 and 4, all of these errors are corrected toeessfully matched 1,671 locations in error outputs
gether, and therefore classified into the same cand covered 2,078 of 4,709 errors, which com-
occurring error group. Although error 5 cannotprised of more than 40% of the total errors. This
participate in the group, correcting error 5 can corwas the first step of the application of our ap-
rect all of the errors in the group, and therefore arproach, and in the future work we would like to
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Evaluated sentences (erroneous) 1,811 (1,009) Sentence: The asbestos fib@, crocidolite , is unusuaksilient once it enters thel
Errors (Correctable) 4,709 (3,085) \uGi{ Wi even brief exposirés to it siap symptoms tht show up decdes )
Co-occurrl.ng errors . 1,978 . researchers said © C)
Extracted inductive relations 501

F-score (LP/LR) 90.69 (9078/9359) @ (Correctanswer: fiber crocidolite

ARG ARG2
Table 4: Summary of our empirical approach Parser output: fiber crocidolite
Y. ARGL e ARG
.
1500
®) ( correct answer: i
> ARG1
ARG1

2 1000
g Parser output:  is usually resilient ... the IungsD
o R .ARGLS
© 500 — — ——— 1 T ARG1
& \

© (COrrectanswer' sym h ‘ h b 1 ‘ ‘ é |
0 : symptoms that| showerb_arg up |decades late
ARG1 ARG1
1 2 3 4 5 6 7 8 9 10
. . Parser output: symptoms that‘ showerb_arglz‘ up ‘decadés late
Size of co-occurring error group | W ARGL, ..o S ARG2... ¥
-

. . @ ( . ; d
Figure 11: Frequency of each size of co-occurring” | corestansver: it causing symptoms - that r
error group Parser output: It caus€19 symptoms that show whcades

........................... ARGL .oorurnereese™”

.

add more patterns for capturing more phenomena.
When we focused on individual patterns, we
could observe that the simple error phenomena

such as the attachments were dominant. The firgfrgyment relation for reducing the cost of parsing.
reason for this would be that such phenomengy thjs research, we ignored the errors which were
were among minimal linguistic events. This would subject to such “cut off” asuncorrectablé ones,
make the phenomena components of other morgnqg focused only on the remainingdirectable
complex ones. The second reason for the doMgyrors. In our future work, we would like to con-
inance would be that the patterns for these errogiger the tincorrectablé errors.

phenomena were easy to implement only with ar- tap|e 4 shows the summary of the analysis with
gumentinconsistencies, and only one or a few Patyyy approach Enju gave 4,709 errors for section
terns could cover every probable error. Amongy among these errors, tiorrectableerrors were
these dominant error types, the number of prepo ggs and from these errors, we successfully ob-
sitional attachments was outstanding. The ergyineq 1,978 co-occurring error groups and 501 in-
ror types which required matching with predicatey,ctjve relations. Figure 11 shows the frequency
types were fewer than the attachment errors sincg, e4ch size of co-occurring groups. About a half
the limited patterns on the predicate types wouldst the groups contains only single errors, which
narrow the possible linguistic behavior of the can-, 44 indicate that the errors could have only one-
didate words. When we focus on more structuraly oy inductive relations with other errors. The rest
errors, the table shows that t_he rates of the particigs this section explores examples of the obtained
pant errors to matched locations were much 1argeg,_qccurring error groups and inductive relations.
than those for simpler pattern errors. Once our pat- Figure 12 shows an example of the extracted co-
terns matches, they could collect many errors aE)ccurring error groups. For the sentence shown at

the same time. the top of the figureEnju gave seven errors. By
introducing our empirical approach, these errors
were definitely classified into four co-occurring er-
Next, we applied our empirical approach in theror groups (a) to (d), and there were no inductive
same settings as in the previous section. We firgielations detected among them. Group (a) contains
parsed sentences in section 0 and then applied otwo errors on the comma’s local behavior as ap-
approach to the obtained errors. In the experiposition or coordination. Group (b) contains the
ments, some errors could not be forcibly correctegrrors on the words which gave almost the same
by our approach. The parserut off' less proba- attachment behaviors. Group (c) contains the er-
ble parse substructures before giving the predicaters on whether the verbshow took “decade’

Figure 12: Obtained co-occurring error groups

4.2 Evaluation of empirical approach
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Error types # of correctable errors | # of independent errors | Correction effect (errors)
[Argument selection]

Prepositional attachment 531 397 766

Adjunction attachment 196 111 352

Conjunction attachment 33 12 79

Head selection for noun phrase 22 0 84

Coordination 146 62 323
[Predicate type selection]

Preposition/Adjunction 72 30 114

Gerund acts as modifier or not 39 18 62

Coordination/conjunction 36 16 61

# of arguments for preposition 24 23 26

Adjunction/adjunctive noun 8 6 10
[More structural errors]

To-infinitive for 75 27 87

modifier/argument of verh

Subject for passive sentence or npt 8 3 9
[Others]

Comma 372 147 723

Relative clause attachment 84 27 119
Total 1,646 979 —

Table 5: Induction relations between errors for each linguistic phenomenon and other errors

Sentence: She says she offered Mrs. Yeargin a quieymaton

occurring error groups (a) and (b), and our ap-

proach showed that correction in group (a) re-
sulted in correcting group (b) together. The errors

X ookl oo atgts | e her waching cenica i1 GTOUP (&) Were on whethehelp’ behaved as an

ARG2 ARGZ auxiliary or pure verbal role. The errors in group
(b) were on whethersave took only one object
“her teaching certificattor two objects ‘her’ and
“teaching certificaté Between group (a) and (b),

o0 “structural” conflict could be found when cor-
recting only each of the groups. We could then
guess that the inductive relation between these two
groups was implicitly given by the disambigua-

(a) (b)
and [thought she could hHIp save]her teacluedificate

(a)

(Correct answer:

‘ Correcting (a) induced correcting (b)

G

(COH'BC'[ answer:

ARG1
... thought she could help saveerb_argl2 teaching certificate
ARG1 ARG2

Parser output: . L
.. thought she could hmgteachmg certificate _tlon mOdeI Of the parser' By qIVIdlng the errors
L e ARGL e RG2N  pag into minimum units and clarifying the effects of

correcting a target error, error analysis with our

Figure 13: Inductive relation between obtained co€Mmpirical approach could suggest some policy for
occurring error groups parser improvements.

4.3 Combination of two approaches

as its object or not. Group (d) contains an error oo the basis of the experiments shown in the pre-

the attachment of the adverkater”. Regardless yijous sections, we would like to explore possibili-

of the overlap of the regions in the sentence fokjes for obtaining a more detailed analysis by com-

(c) and (d), our approach successfully classifieghining the two approaches.

the errors into the two independent groups. With

our approach, it would be empirically shown that4.3.1 Interactions between a target linguistic

the errors in each group actually co-occurred and phenomenon and other errors

the group was independent. This would enable u®ur descriptive approach could classify the pars-

to concentrate on each of the co-occurring erroing errors according to the linguistic phenomena

groups without paying attention to the influencesthey participated in. We then attempt to reveal how

from the errors in other groups. such classified errors interacted with other errors
Figure 13 shows another example of the analfrom the viewpoints of our empirical approach. In

ysis with our empirical approach. In this case, 8order to enable the analysis by our empirical ap-

errors for a sentence were classified into two coproach, we focused only on tleerrectableerrors.
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Sentence: It invests heavily in dollar-denominated securities|overseas|and is Sentence: Clark J. Vitulli was named senior vice president and general manager
currently waiving management femits yield (@) of this U.S. sa]&s marketing arm of Japanese auto Maker Mazda Motor Corp
(b) (b) (@
r N
@ Error: ARG1 @ Error: N )
It invests heavily in dollar-denominated securities |overseas:adj_argl ARG2 S
». .... /.A.R‘(.B_]_-..-"' /\
_ manager ‘and :coord_arg12 ‘ marketing arm of
‘l Pattern matched: “Adjunction attachment” |

< J

~ £
®) (Error'
: oY ARG1 ‘ Pattern matched: “Coordination” (fragment),
7 ARG1 “Head selection of noun phrase”
is currently waiving management fees I its yield
: ‘ Correcting (a) induced correcting (b)

ARG g -
friaeie
Error: ARG
senior vice president and general manager of this U.S. sales|and :coord_argl2
V-

M ARGL_."ARG1

Figure 14: Combination of results given by de- ‘lpanem matched: “Coordination” (fragmen)|
scriptive and empirical approaches (1)

.

- ®)
-l Pattern matched: “Comma” , “Relative clause attachment” |

Figure 15: Combination of results given by de-

. _scripti irical hes (2
Table 5 reports the degree to which the cIaSS|-ScnptNe and empirical approaches (2)

fied errors were related to other individual errors.
The leftmost numbers show the numberscof- The “correction effectfor a focused linguistic
rectableerrors, which were the focused errors inphenomenon can be obtained by counting errors in
the experiments. The central numbers show thehe union of thecorrectableerror set for the phe-
numbers of independeriterrors, that is, the errors nomenon and the error sets which were induced by
which could be corrected only by correcting them-the individual errors in the set. We would show an
selves. The rightmost numbers shoeofrection  example ofcorrection effecin Figure 15. In the
effects’ that is, the number of errors which would figure, the parser had six errors for the sentence
consequently be corrected if all of the errors forat the top: three false outputs for ARG1 @irid]”
the focused phenomena were forcibly corrected. “this’ and “U.S,” two false outputs for ARG2 of
“Independeriterrors are obtained by collecting “of’ and “and” and missing output for ARG1 of
error phenomena groups which consist of unionssales’ Our empirical approach classified these
of co-occurring error groups and each error inerrors into two co-occurring error groups (a) and
which is not induced by other errors. Figure 14(b), and extracted an inductive relation from (a) to
shows an example ofifdependeriterrors. For (b). Our descriptive approach, on the other hand,
the sentence at the top of the figure, the parser hadatched two errors oreéhd’ with pattern “Coor-
four errors on ARGL1 of 6verseag the comma, dination” and one error onthis’ with “Head se-
“which’ and “boosts’ Our empirical approach lection for noun phrase.” When we focus on the
then classified these errors into two co-occurringerror for “Head selection of noun phrase” in co-
error groups (a) and (b), and there was no induceccurring group (a), the correction of the error in-
tive relation between the groups. Our descrip-duced the rest of the errors in (a), and further in-
tive approach, on the other hand, matched all ofluced the error in (b) according to the inductive
the errors with the patterns for “Adjunction at- relation from (a) to (b). Therefore, abtrrection
tachment,” “Comma” and “Relative clause attach-effect for the error results in six errors.
ment.” Since the error for the “Adjunction attach- Table 5 shows that, for “Conjunction attach-
ment” equals to a co-occurring group (a) and is noinent,” “Head selection for noun phrase” and “Co-
induced by other errors, the error inependent  ordination,” each torrection effect results in
Table 5 shows that, for “Prepositional attach-more than twice the forcibly corrected errors. Im-
ment”, “Adjunction attachments,” “# of argu- proving the parser so that it can resolve shigh-
ments for preposition” and “Adjunction/adjunctive correction-effecterroneous phenomena may ad-
noun,” more than half of the errors for the focusedditionally improve the parsing performances to a
phenomena areridependerit Containing many great extent. On the other hand, “Head selection
“independeriterrors would mean that the parser for noun phrase” contains narndependeriterror,
should handle these phenomena further more irand therefore could not be handled independently
tensively as an independent event. of other erroneous phenomena at all. Consider-
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ing the effects from outer events might make theapproaches to our empirical analysis. They al-
treatment of “Head selection for noun phrase” alowed a parser to give only structures given by
more complicated process than other phenomenthe parsers. They implemented the ideas for eval-
regardless of its highcbrrection effect uating the parser’s potentials whereas we imple-
Table 5 would thus suggest which phenomenormented the ideas for observing error propagations.
we should resolve preferentially from the three Dredze et al. (2007) showed the possibility
points of view: the number of errors, the numberthat many parsing errors in the domain adaptation
of “independeriterrors and its torrection effect  tasks came from inconsistencies between annota-
Considering these points, “Prepositional attachtion manners of training resources. Such findings
ment” seems most preferable for handling first. would further suggest that, comparing given errors
without considering the inconsistencies could lead
4.3.2 Possibilities for further analysis to the misunderstanding of what occurs in domain
Since the errors for the phenomenon were systentransitions. The summarized error dependencies
atically collected with our descriptive approach,given by our approaches would be useful clues for
we can work on further focused error analysesxtracting such domain-dependent error phenom-
which would answer such questions as “Whichena.
preposition causes most errors in attachments?”, Giménez and Mrquez (2008) proposed an au-
“Which pair of a correct answer and an erroneougomatic error analysis approach in machine trans-
output for predicate argument relations can occulation (MT) technologies. They were developing
most frequently?”, and so on. Our descriptive ap-@ metric set which could capture features in MT
proach would enable us to thoroughly obtain suctputputs at different linguistic levels with different
analyses with more closely-defined patterns. Idevels of granularity. As we considered the parsing
addition, our empirical approach would clarify the systems, they explored the way to resolve costly
influences of the obtained error properties on thénd non-rewarding error analysis in the MT field.
parser's behaviors. The results of the focused anafone of their objectives was to enable researchers
yses might reasonably lead us to the features th&® easily access detailed linguistic reports on their
can be captured as parameters for model trainingystems and to concentrate only on analyses for
or policies for re-ranking the parse candidates. the systemimprovements. From this point of view,
The combination of our approaches would giveour research might provide an introduction into
us interesting clues for planning effective strate-such rewarding analysis in parsing.
gies for improving the parser. Our challenges for

combining the two approaches are now in the pre® ~ Conclusions

liminary stage and there would be many possibili-ye proposed empirical and descriptive approaches

ties for further detailed analysis. to extracting dependencies among parsing errors.
In the experiments, with each of our approaches,
5 Related work we successfully obtained relevant errors. More-

Although there have been many researches whicR e the possibility was shown that the combina-

. . ?on of our approaches would give a more detailed
analyzed errors on their own systems in the part o ) ) ;
. error analysis which would bring us useful clues
the experiments, there have been few research(?s 4
: ) . or parser improvements.
which focused mainly on error analysis itself.

In the field of parsing, McDonald and Nivre In our future work, we wil Improve the per-
formance of our approaches by adding more pat-

(2007) comparep! parsing errors between grapP} ns for the descriptive approach and by handling
based and transition-based parsers. They observe y

. . . tncorrectableerrors for the empirical approach.
the accuracy transitions from various points of

. . L \With the obtained robust information, we will ex-
view, and the obtained statistical data suggested . :
lore rewarding ways for parser improvements.

that error propagation seemed to occur in thé)
graph structures of parsing outputs. Our researcpcknowledgments

proceeded for one step in this point, and attempted

to reveal the way of the propagations. In exam-This work was partially supported by Grant-in-Aid
ining the combination of the two types of pars-for Specially Promoted Research (MEXT, Japan).
ing, McDonald and Nivre (2007) utilized similar
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