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Abstract

Despite the growing interest in and use

of machine translation post-edited out-

puts, there is little research work explor-

ing different types of post-editing opera-

tions, i.e. types of translation errors cor-

rected by post-editing. This work in-

vestigates five types of post-edit oper-

ations and their relation with cognitive

post-editing effort (quality level) and post-

editing time. Our results show that for

French-to-English and English-to-Spanish

translation outputs, lexical and word or-

der edit operations require most cogni-

tive effort, lexical edits require most time,

whereas removing additions has a low im-

pact both on quality and on time. It is also

shown that the sentence length is an impor-

tant factor for the post-editing time.

1 Introduction and related work

In machine translation research, ever-increasing

amounts of post-edited translation outputs are be-

ing collected. These have been used primarily for

automatic estimation of translation quality. How-

ever, they enable a large number of applications,

such as analysis of different aspects of post-editing

effort. (Krings, 2001) defines three aspects: tem-

poral, referring to time spent on post-editing, cog-

nitive, referring to identifying the errors and the

necessary steps for correction, and technical, refer-

ring to edit operations performed in order to pro-

duce the post-edited version. These aspects of ef-

fort are not necessary equal in various situations.

c© 2014 The authors. This article is licensed under a Creative
Commons 3.0 licence, no derivative works, attribution, CC-
BY-ND.

Since the temporal aspect is important for the

practice, post-editing time is widely used for mea-

suring post-editing effort (Krings, 2001; Tatsumi,

2009; Tatsumi et Roturier, 2010; Specia, 2011).

Human quality scores based on the needed amount

of post-editing are involved as assessment of the

cognitive effort in (Specia et al., 2010; Specia,

2011). Using edit distance between the original

and the post-edited translation for assessment of

the technical effort is reported in (Tatsumi, 2009;

Tatsumi et Roturier, 2010; Temnikova, 2010; Spe-

cia, 2011; Blain et al., 2011).

More details about the technical effort can be

obtained by analysing particular edit operations.

(Blain et al., 2011) defined these operations on

a linguistic level as post-editing actions and per-

formed comparison between statistical and rule-

based systems. (Temnikova, 2010) proposed the

analysis of edit operations for controlled language

in order to explore cognitive effort for different

error types – post-editors assigned one of ten er-

ror types to each edit operation which were then

ranked by difficulty. In (Koponen, 2012) post-edit

operations are analysed in sentences with discrep-

ancy between the assigned quality score and the

number of performed post-edits. In one of the ex-

periments described in (Wisniewski et al., 2013)

an automatic analysis of post-edits based on Lev-

enshtein distance is carried out considering only

the basic level of substitutions, deletions, inser-

tions and TER shifts. These edit operations are

analysed on the lexical level in order to determine

the most frequent affected words. General user

preferences regarding different types of machine

translation errors are explored in (Kirchhoff et al.,

2012) for English-Spanish translation of texts from

publich health domain, however without any rela-

tion to post-editing task. (Popović and Ney(, 2011)
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number of quality level

sentences ok edit+ edit edit- bad

fr-en 2011 323 1559 0 544 99

en-es 2011 31 399 0 550 20

en-es 2012 200 548 856 576 74

Table 1: Corpus statistics: number of sentences as-

signed to each of the quality levels.

describe a method for automatic classification of

machine translation errors into five categories, but

only using independent human reference transla-

tions, not post-edited translation outputs.

The aim of this work is to systematically explore

the relations of five different types of edit opera-

tions with the cognitive and the temporal effort. To

the best of our knowledge, such study has not yet

been carried out. Classification of edit operations

is based on the edit distance and is performed auto-

matically, and human quality level scores are used

as a measure of cognitive effort.

2 Method and data

Experiments are carried out on 2525 French-to-

English and 1000 English-to-Spanish translated

sentences described in (Specia, 2011) as well

as 2254 English-to-Spanish sentences used for

training in the 2013 Quality Estimation shared

task (Callison-Burch et al., 2012). All translation

outputs were generated by statistical machine sys-

tems. For each sentence in these corpora, a human

annotator assigned one of four or five quality levels

as a measure for the cognitive effort:

• acceptable (ok)

• almost acceptable, easy to post-edit (edit+)

• possible to edit (edit)

• still possible to edit, better than from scratch

(edit-)

• very low quality, better to translate from

scratch than try to post-edit (bad)

Numbers of sentences assigned to each quality

level are presented in Table 1.

All sentences were post-edited by the same two

human translators1 which were instructed to per-

form the minimum number of edits necessary to

1One for French-English and one for English-Spanish output.

make the translation acceptable. Post-editing time

is measured on the sentence level in a controlled

way in order to isolate factors such as pauses be-

tween sentences.

The technical effort is represented by following

five types of edit operations:

• correcting word form

• correcting word order

• adding omission

• deleting addition

• correcting lexical choice

The performed edit operations are classified on

the word level using the Hjerson automatic tool

(Popović, 2011) for error analysis. The post-edited

translation output was used as a reference transla-

tion, and the results are available in the form of

raw counts and edit rates for each category. Edit

rate is defined as the raw count of edited words

normalised over the total number of words i.e. sen-

tence length of the given translation output.

3 Results

3.1 Edit operations and quality level

The distributions of five edit rates for different

quality levels are presented in Figure 1. All edit

rates increase with the decrease of quality, lexi-

cal choice and word order being the most promi-

nent. The main difference between two edit types

is that the number of lexical edits increases mono-

tonically whereas the number of reordering edits

is relatively low for high quality translations and

relatively high for low quality translations.

Impact of reordering distance: In addition to

five basic error types, we analysed reordering dis-

tances, i.e., the number of word positions by which

a particular word is shifted. Reordering distances

for different quality levels are presented in Fig-

ure 2. It can be seen that the distant reorder-

ings are not an important issue, even for low qual-

ity translations, whereas the number of local and

longer range reorderings both increase as quality

decreases. The increase of longer ones, however,

is more prominent for the low-quality translations:

this relationship means that the increase of overall

reordering errors presented in Figure 1 is primarily

due to these reorderings. It should be noted that the

experiments were carried out only on the language
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Figure 1: Distribution of five edit types for differ-

ent quality levels in (a) one French-to-English and

(b) two English-to-Spanish translation outputs.

pairs with prevailing local structure differences –

future experiments should include languages with

different structure, such as German.
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Figure 2: Distribution of reordering distances

for different quality levels in (a) one French-to-

English and (b),(c) two English-to-Spanish trans-

lation outputs.

3.1.1 Almost acceptable translations

In addition to exploring different quality levels,

we carried out an analysis only on almost accept-

able translations for different language pairs. Al-

most acceptable translations are of the special in-
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terest for high-quality machine translation – they

are namely close to perfect translations and do not

require much post-editing effort. The main ques-

tion is which types of errors are keeping these

translations from perfect.

For analysis of almost acceptable translations,

apart from the sentences assigned to the “edit+”

category in Table 1, an additional corpus was avail-

able, namely a portion of the German-to-English

(778 sentences) and English-to-German (955 sen-

tences) translations obtained by the best ranked

statistical and rule based systems in the frame-

work of the 2011 shared task (Callison-Burch et

al., 2011).
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Figure 3: Distribution of (a) five edit operations

and (b) reordering distances in almost accept-

able translations: French-to-English, two English-

to-Spanish, German-to-English and English-to-

German outputs.

Distributions of five edit types as well as re-

ordering distances in five almost acceptable sets

are shown in Figure 3 and it can be seen that they

are largely dependent on language pair and trans-

lation direction. The lexical edits are the most

prominent for all translation directions indicating

that even in the high-quality translations, large por-

tions of texts are mistranslated. Inflectional errors

are rare in high-quality English outputs, but still

relatively high in Spanish and German translations.

As for reordering errors, for French-English and

English-Spanish translations the reordering edit

rates are low, less than 4%, however for German-

to-English translations it is almost 8% being not

much lower than the lexical edit rate. This high

rate indicates that, for this translation direction,

even high-quality translations contain a significant

number of syntactic errors. English-to-German,

conversely, is quite difficult in general and the re-

ordering edit rate is comparable to the rates for

other types of operations; since all the edit rates

are similar, improving any of them should lead to

quality increase. As for reordering distances, short

range reorderings are dominant in all high-quality

translations, and the main difference for German-

to-English outputs is due longer range reordering

edits. Further analysis (e.g. based on POS tags)

is needed to determine exact nature of reordering

problems in the high quality translations.

3.2 Edit operations and post-editing time

Post-editing times are available for the 2011 data

(first two rows in Table 1). The post-editing times

for the English output are much shorter than for

the Spanish output, probably due to language dif-

ferences and/or to the different annotators. In any

case, this difference does not represent an issue for

estimating distribution of post-editing time over

five edit operation classes. For each edit operation

type, average post-editing time is calculated in the

following way:

• for each sentence, divide the raw count of

each edit type by the total number of edit op-

erations thus obtaining weights;

• for each edit type in the sentence, estimate its

post-editing time by multiplicating its weight

with the whole sentence post-editing time;

• finally, for each edit type average the post-

editing time over all sentences.

It should be noted that using uniform weights

might be debatable on the sentence level but is suf-

ficiently reliable on the document level. For exam-

ple, if one sentence contains two lexical errors and
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one word order error and the editing took 30 sec-

onds, the estimated time for correcting each error

type in this sentence is 10 seconds. However, it is

theoretically possible that the reordering error ac-

tually took 20s and each of the lexical errors took

only 5s. Nevertheless, many other sentences with

different error distributions will be able to reflect

this correctly. Therefore, averaging over all sen-

tences gives a good estimate of post-editing time

distribution over edit types. Distribution of post-

editing time over reordering distances is calculated

in a similar way, and all the results are presented in

Figure 4.

It can be seen that the lexical edits require the

largest portion of the time for both outputs. For

the English translation output, the shortest time is

needed for correction of the word form, and the

times for other three edit types are similar. For

the Spanish output, the deletion of extra words re-

quires much less time than other edit types. As for

reordering distances, as expected, longer reorder-

ings require more time.

3.3 Quality level and post-editing time

In previous sections, we compared five edit oper-

ation types with cognitive effort and with tempo-

ral effort separately. Nevertheless, the relation be-

tween these two aspects in the given context is also

important to better understand all effects.

Post-editing times for different quality levels for

the 2011 data are presented in Figure 5. Although

an overall increase of the post-editing time can be

observed when quality level decreases (i.e. cogni-

tive effort increases), there is a discrepance for a

significant number of sentences, especially for the

sentences with low quality level score. In order to

explore the reasons for differences between cogni-

tive and temporal effort, further analysis of edit op-

erations is carried out taking into accout both qual-

ity level and post-editing time.

3.4 Analysis of discrepances

In order to examine differences between the cog-

nitive and the temporal effort, we divided the texts

in four parts:

• create two quality subsets: high-quality

(edit+ and ok) and low-quality (edit- and bad)

sentences

• calculate median post-editing time for low-

quality sentences (which is 40 seconds for the
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Figure 4: Average post-editing time (a) for

five types of edit operations and (b) for differ-

ent reordering distances: French-to-English and

English-to-Spanish translation outputs.
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English and 100 seconds for the Spanish out-

put) and use it as a threshold

• create two time subsets for both quality sub-

sets according to this threshold: “short-time”

and “long-time” sentences.
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As a first step, edit rates for each subset are cal-

cuated and the results are shown in Figure 6. The

distributions for the same quality are very close

– all edit rates are higher for the low-quality sen-

tences regardless of the post-editing time. This in-

dicates that the cognitive effort is tightly related to

the amount of particular translation errors, mainly

lexical and reordering errors, as already stated in

Section 3.1.
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Figure 6: Edit rates for five edit operations –

analysing discrepances between quality and time;

(a) French-to-English and (b) English-to-Spanish

output.

The next step was the analysis of post-editing

time – what are the causes of long post-editing

time for high quality translations and short post-

editing time for low quality translations? For each

sentence subset, average time distributions over

five edit operation types are calculated as described

in Section 3.2 and presented in Figure 7. The

same tendencies can be observed for both trans-

lation outputs:

• all edit types required significantly more time

in the long-time sentences than in the short-

time sentences regardless of the quality level;

• low-quality translations required more time

than high-quality translations in the same

time subset;

– this effect is larger for the long-time sen-

tences,

– especially for reordering errors, omis-

sions and lexical corrections.
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Figure 7: Average post-editing times for five

edit operations – analysing discrepances between

quality and time; (a) French-to-English and (b)

English-to-Spanish output.

The results confirm that the lexical and reorder-

ing errors require more post-editing effort than the

others. In addition, post-editing time for low-

quality translations is also affected by omissions,

whereas this class has no significant importance in

the high-quality translations.

These results also indicate the importance of the

sentence length for the post-editing time (which
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has also been observed in other studies, e.g. (Tat-

sumi, 2009; Koponen, 2012)). Edit rates are

namely raw counts of edit operations normalised

over the sentence length: since there is no sig-

nificant variation of edit rates between the long-

time and the short-time subset, the only remaining

factor is the sentence length. On the other hand,

a number of high-quality sentences require long

post-editing time despite of low edit rates: the pos-

sible reason is that those sentences are longer.

In order to confirm this assumption, average

sentence lengths were calculated for each sentence

subset and the results are given in Table 2. As ex-

pected, long-time sentences are longer than short-

time sentences regardless of the quality level. In

addition, the relations of the sentence length with

post-editing time and with quality level are pre-

sented in Figure 8: the post-editing time increases

almost linearly with the increase of the sentence

length, whereas the correspondence between the

sentence length and the quality level is not straight-

forward, mainly due to the large number of short

low-quality sentences.

quality time fr-en en-es

high short 22.7 19.6

long 43.2 31.4

low short 21.2 19.0

long 40.6 35.5

Table 2: Average sentence lengths for four sen-

tence subsets based on different quality levels and

post-editing times.

4 Summary and outlook

We presented an experiment aiming to explore the

relations of five different types of post-edit oper-

ations with the cognitive and the temporal post-

editing effort. We performed automatic analysis

of edit operations for different quality levels and

estimated post-editing time for each of the five cat-

egories. The results showed that the reordering

edits (shifts) and correcting mistranslations corre-

lated most strongly with quality level i.e. cogni-

tive effort, as well as that the lexical errors require

the largest portion of post-editing time. Analysis

of reordering distances showed that longer range

reorderings have more effects both to the quality

level and to the post-editing time, however very

long ranges do not represent an issue.

In addition, we analysed the edit operations and

reordering distances in almost acceptable transla-

tions in order to investigate which error types are

present in almost perfect high-quality translations

preventing them to be completely perfect. It is

shown that the error distributions are dependent

on the language pair and the translation direction:

however, mistranslations are the dominant error

type for all translation outputs.

Furthermore, we showed that the edit rates, es-

pecially for mistranslations and reorderings, cor-

relate strongly with quality level regardless of the

time spent on post-editing. On the other hand,

post-editing time strongly depends on the sentence

length.

Our experiment offers many directions for fu-

ture work. First of all, it should be kept in mind

that the French-English and English-Spanish lan-

guage pairs are very similar in the terms of struc-

ture and morphology – word order differences are

mostly of the local character, and both French and

Spanish morphologies are rich mostly due to verbs.

In future work, languages with more distinct struc-

tural differences (such as German) and richer mor-

phology (such as Czech or Finnish) should be anal-

ysed. Furthermore, more details about edit opera-

tion types can be obtained by the use of additional

knowledge such as POS tags.
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