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Abstract

This document describes a fine-grained linguis-
tically motivated analysis of 29 machine trans-
lation systems submitted at the Shared Task
of the 7th Conference of Machine Translation
(WMT?22). This submission expands the test
suite work of previous years by adding the lan-
guage direction of English—Russian. As a re-
sult, evaluation takes place for the language di-
rections of German—English, English—-German,
and English—Russian. We find that the German—
English systems suffer in translating idioms,
some tenses of modal verbs, and resultative
predicates, the English-German ones in idioms,
transitive-past progressive, and middle voice,
whereas the English—Russian ones in pseudo-
gapping and idioms.

1 Introduction

Neural Machine Translation has seen enormous
progress and reached a quality that is helpful for
many everyday use cases. However, several meth-
ods for evaluating MT suggest that there is still
plenty of room for improvement. An evaluation
method for revealing the translation flaws in a more
structured way refers to the use of fest suites or
challenge sets. Contrary to the classical evaluation,
where test sets are drawn from random everyday
texts, test suites consist of manually devised or se-
lected sentences that focus on testing the ability
of the MT systems to translate a particular phe-
nomenon. Here, we are presenting test suite results
while analyzing the state-of-the-art systems with
regard to many linguistically-motivated phenom-
ena. The test suites' were applied to the MT sys-
tems submitted at the 7th Conference of Machine
Translation (WMT?22) for the language directions
German-English, English—-German, and English—
Russian. The test suites for the first two language

"https://github.com/DFKI-NLP/
mt-testsuite

directions have also been showcased during the pre-
vious years, whereas English—Russian is published
for the first time.

This paper is structured as follows: Section 2
goes through related papers, whereas Section 3 ex-
plains how the test suite was created and applied.
Section 4 outlines the setup of this year’s experi-
ment, whose results are detailed in Section 5. Sec-
tion 6 concludes the paper with an outlook to future
research.

2 Related Work

The first test suites were introduced as early as the
first MT systems in the 1990s (King and Falkedal,
1990; Way, 1991; Heid and Hildenbrand, 1991).
Recent years saw the rise of Deep Learning and the
drastic improvement of the quality of MT outputs,
which has led to the current revival of test suites.
Most of these test suites, however, focus on evalu-
ating specific linguistic phenomena, e.g., Guillou
and Hardmeier (2016), or on the comparison of
different MT technologies (Isabelle et al., 2017;
Burchardt et al., 2017), and Quality Estimation
methods (Avramidis et al., 2018).

Over the last few years, several test suites for
multiple language directions have emerged as a
part of the Conference on Machine Translation test
suite track. These test suites, however, focus on one
or a few different phenomena, including the works
of Popovi¢ (2019) Cinkova and Bojar (2018), Bo-
jar et al. (2018), Rysové et al. (2019), Vojtéchova
et al. (2019), Kocmi et al. (2020), Zouhar et al.
(2020), Burlot et al. (2018), Guillou et al. (2018),
Rios et al. (2018), Raganato et al. (2019), Scher-
rer et al. (2020). Our test suite, on the other hand,
performs a systematic evaluation of more than one
hundred phenomena per language direction (Mack-
etanz et al., 2022). Similar to our work, the test
suite approach and human evaluation are also used
to evaluate MT quality metrics (Freitag et al., 2021;
Avramidis and Macketanz, 2022).
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Test set  Test sentences Categories Phenomena
De-En  ~5,500 14 106

En-De  ~4,400 13 110

En-Ru  ~300 12 51

Table 1: Metadata of the language pairs in the test suite.

3 Method

We have created a large-scale test suite with the
goal of testing and comparing the performance of
MT systems. Currently, the test suite covers four
different language pairs. We will present three in
this paper: German to English, English to German,
and English to Russian (the fourth language pair
being Portuguese to English). The test suite is
based on a number of linguistic categories which
are in turn divided into more fine-grained linguistic
phenomena. The categories and phenomena are
language-specific; however, there is a significant
overlap between many of the categories and phe-
nomena across the different language pairs. Each
linguistic phenomenon in the test suite is repre-
sented by multiple test sentences. All categories,
phenomena, and test sentences are the result of
extensive research and knowledge of the syntax
and morphology of the languages under inspection.
The categories and phenomena do not follow a
specific linguistic theory, but they were created by
linguistic experts who are native speakers or highly
proficient speakers of the languages. Furthermore,
the set of categories and phenomena was reviewed
internally by linguists and experienced translators
to achieve objectivity in the classification.

The number of test sentences, categories, and
phenomena for each language pair can be found in
Table 1. As can be seen in the table, the English—
Russian test set is considerably smaller than the
other two test sets. This is due to the fact that we
started creating the English—Russian test set only
recently. However, we are currently working on
expanding the test set by creating more phenomena
and test sentences.

In order to allow for a semi-automatic evaluation
of the test sentences, we have created a set of rules
which determine whether a test sentence is trans-
lated correctly or incorrectly. The rules consist of
hand-crafted regular expressions and fixed strings
of translation outputs. They can be applied with
the help of an internal evaluation tool (Macketanz
et al., 2022). The workflow of the preparation and
application of the test suite is depicted in Figure 1.

3.1 Application of the test suite

The thorough building and application of the test
suite can be found in the previous test suite track
papers (Macketanz et al., 2018; Avramidis et al.,
2019, 2020; Macketanz et al., 2021). This paper
gives a quick overview of the whole system. As
shown in Figure 1, the building of the test suite fol-
lows steps a to c. Once the test sentences are fed as
input to the MT systems, begins the application of
the test suite (step d). The MT outputs are then au-
tomatically evaluated by the test suite tool with the
help of the rules defined earlier by linguists and an-
notators (step e). The rules combine pre-set regular
expressions and fixed strings (correct and incorrect
translations from earlier MT system outputs). The
rules are designed to evaluate each phenomenon in
question’s correct and incorrect translations. Note
that only the phenomenon under inspection is being
evaluated, meaning that all translation errors that
are unrelated to the phenomenon are being ignored.
The test sentence is marked with a warning if the
output cannot be automatically sorted as correct or
incorrect with the predefined rules. These warn-
ings are then manually reviewed by human linguist
annotators who decide on the translation’s correct-
ness and adapt the rules accordingly (step e). After
that, the phenomenon-specific translation accuracy
is calculated by dividing the number of correctly
translated test sentences of a phenomenon by the
total number of test sentences of that phenomenon:

correct translations

accuracy = -
sum of test items

Since this evaluation aims to compare the systems
fairly, only the test items that do not contain any
warnings for any systems are included in the cal-
culation. If a test item has an unresolved warning
for any MT systems, we exclude them from the
calculation. Unfortunately, this reduces the num-
ber of test items. We see great importance in the
extensive manual evaluation and human annotators
designing rules with good coverage.

To define which system(s) perform better for
a particular phenomenon (or category), we first
identify the best scoring system in each language
direction and then compare it to other systems. To
do so, we confirm the significance of the compar-
ison with a one-tailed Z-test with o = 0.95. The
systems that do not differ significantly from the
best system are considered in the first performance
cluster and indicated with boldface in the tables.
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(]
d. M produce paradigms

f.aD

| Er las gerne Novellen. |

b. E fetch sample translations

1. He liked to read novellas.
2. He liked to read novels.

e .
C. M write regular expressions

=P | 3. He liked to read short stories|=|3.? | =|3.V
4. He liked reading novellas.
5. He liked to read a novel. 5.7

é.appl
d. 2 fetch more translations ?ggez check
1. He liked to read novellas. LV 1.V
2. He liked to read novels. 2. X 2. X

4.V 4.V

5. X

regex: (+) novellas (-) novels

Figure 1: Example of the preparation and application of the test suite for one test sentence

The boldfaces, therefore, have a meaning only for
the respective row of the table.

The average scores are computed in three ways
as each category or phenomenon has a different
number of test items. Micro-average aggregates
the contributions of all test items to compute the
average percentages. Category macro-average com-
putes the percentages independently for each cate-
gory and then averages them (i.e., treating all cate-
gories equally). Phenomenon macro-average com-
putes the percentages independently for each phe-
nomenon and then takes the average (i.e., treating
all phenomena equally).

4 Experiment Setup

In this paper, we present the evaluation of 29 sys-
tems with our test suite. The systems are part of the
news translation task of the Seventh Conference
on Machine Translation (WMT22). The systems
cover three different language pairs: nine systems
for German—English, nine systems for English—
German, and 11 systems for English—Russian.
This year is the second time that the English—
German systems are being evaluated and the first
time that the English—Russian systems are being
evaluated with our test suite. Every year, manual
work is involved upon receiving the system trans-
lations as there are usually a number of translation
outputs that are not yet covered by the existing rules
in the database (the warnings). This year, there
were on average 7.8 % of warnings for German—
English, 9.7 % for English—-German, and 20,6 %
for English—Russian. It is not surprising that the
English-Russian test set had a comparably bigger
amount of warnings as this was the first time the
test set was evaluated and therefore, the database
of evaluation rules for this language pair was still

rather small. It was also expected that English—
German would have a higher amount of warnings
than German—English as the German—English test
set has the largest rules database since this language
pair has been evaluated five years in a row.

Two annotators with extensive linguistic knowl-
edge of the three languages under investigation
conducted the manual evaluation of the warnings.
No inter-annotator agreement was calculated; how-
ever, problematic cases were discussed with several
linguistic experts to exclude subjectivity. The man-
ual evaluation took around four weeks and involved
around 50 person-hours. After the manual evalua-
tion, there were on average 1.2 % of warnings left
for German—English, 3.2 % for English—-German,
and 0.7 % for English-Russian.

As mentioned above, test sentences with at least
one warning by one system were excluded from the
analysis to achieve a fair comparison between the
systems under inspection. As a result, our analysis
was conducted on 5049 (91 %) test sentences for
German-English, 3723 (83 %) test sentences for
English—German, and 300 (97 %) test sentences
for English—Russian.

5 Results

All result tables can be found in the Appendix.

5.1 System comparison

For German-English, two systems have the high-
est micro-average (85 %), Online-W and Online-
A, whereas when considering the macro-average,
three more systems also achieve the highest scores
(89-90 %), Online-B, Land-Bridge, and JDExplore-
Academy.

For English—-German, two systems have the
highest micro-average (97 %), Online-B and Lan-
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Bridge. However, on the macro-average, a different
system displays the highest score (94 %), JDEx-
ploreAcademy. The system with the lowest micro-
and macro-average, Online-Y, still achieves scores
of 84 % for both averages.

For English-Russian, the same four systems
achieve the highest scores on both the micro- (78-
81 %) and the macro-average (82-85 %), Online-W,
Online-G, Online-B, and JDExploreAcademy. The
average scores of English—-Russian on the category
level are comparably smaller than the scores of
German-English and English—-German. One plau-
sible explanation is that English and Russian are
more distant from a typological perspective than
English and German.

5.2 Category-level analysis

For German-English, the categories with the high-
est average by all systems (> 90 %) are composition,
coordination & ellipses, named entity & terminol-
0gy, negation, and non-verbal agreement. The cate-
gory with the lowest average score (77.2 %) is false
friends.

For English—-German, the categories with the
highest average scores (> 96 %) are function words,
negation, non-verbal agreement, subordination,
and verb tense/aspect/mood. The category with
the lowest average score (77.8 %) is punctuation.

For English-Russian, the category with the
highest average score (92 %) is punctuation, with
seven of the 11 systems achieving 100 % of accu-
racy, followed by ambiguity, function words, nega-
tion, and subordination (all > 80 %). The category
with the lowest accuracies is coordination & ellip-
sis, followed by false friends.

5.3 Phenomenon-level analysis

For German-English, there are many phenom-
ena that reach an average of 90-100 %, while the
phenomenon macro-average reaches 85 %. Phe-
nomena that reach more than 95 % of accuracy
are gapping, sluicing, polar question, verbal MWE,
date, measuring unit, negation, internal posses-
sor, comma, infinitive clause, object clause, several
verb tenses in ditransitive, intransitive, transitive,
and modal verbs, and passive voice.

Yet there are some phenomena with a very low
accuracy: The phenomena idiom, modal pluperfect,
modal pluperfect subjunctive 11 modal negated plu-
perfect, modal negated pluperfect subjunctive II,
and resultative predicates are the phenomena with
the lowest averages, ranging only between 20-57 %

Idiom
Er macht aus einer Miicke immer gleich
einen Elefanten.

It always makes out of a mosquito an elephant. fail
He always turns a gnat into an elephant. fail
He always makes a mountain out of a molehill. pass
Modal negated pluperfect

Ich hatte nicht lesen sollen.

I wasn’t supposed to read. fail
I shouldn’t have read. fail
I didn’t want to read. fail

Right node raising

Lena soll und Tim will den Vertrag kiindigen.

Lena will and Tim will terminate the contract. fail
L. should and T. want to terminate the contract.  fail
L. should and T. wants to terminate the contract.  pass

Table 2: Examples of German—English linguistic phe-
nomena with passing and failing MT outputs.

accuracy. This result goes hand in hand with last
year’s result where the phenomena modal pluper-
fect, resultative predicates, and idioms reached the
lowest accuracy.

Table 2 contains example outputs from three dif-
ferent phenomena for German—English. The first
example is from the phenomenon idiom. Idioms
are multiword expressions whose meaning goes be-
yond the meaning of their separate elements. This
also means that a simple literal translation into an-
other language is usually incorrect. In our example
at hand, the German idiom “aus einer Miicke einen
Elefanten machen” means “to blow something out
of proportion”. A literal translation like the first
and second outputs leads to an incorrect English
meaning. What is further interesting about the in-
correct outputs is that while the second one (“turns
a gnat into an elephant”) is at least grammatically
correct, the first one (“makes out of a mosquito
an elephant”) is also grammatically incorrect. The
translation of “Miicke” (“mosquito”) as the term
“gnat” is also unexpected. Only the third translation
“makes a mountain out of a molehill” is a correct
translation of this idiom.

The second example contains a negated modal
verb in the pluperfect tense. The German sentence
“Ich hatte nicht lesen sollen.” can only be correctly
translated as “I had not been supposed to read”.
This year, all systems failed to produce this cor-
rect output. Instead, there were different incorrect
outputs with incorrect tenses (“I wasn’t supposed
to read.”, “I shouldn’t have read.”) or incorrect
translations of the modal verb (“I didn’t want to
read.”).

The third example sentence contains an elliptical
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right node raising construction. Right node raising
constructions often consist of parallel coordinate
sentences (sentences joined by “and”) in which two
conjuncts share some material on the right side of
the structure. In the example sentence, the two con-
juncts “Lena soll” (“Lena should”) and “Tim will”
(“Tim wants to”) are sharing the material “den Ver-
trag kiindigen” (“terminate the contract”) on the
right side of the construction. In the first incor-
rect example, the verbs “soll” and “will” are both
translated as “will” which is an incorrect transla-
tion for both verbs. In the second incorrect output,
the verbs are translated correctly, however, the verb
“want” is incorrectly conjugated, missing the third
person singular ending. Surprisingly, there were
multiple systems that created this incorrectly con-
jugated translation.

At this point, it is also interesting to mention
that there was one system that often incorrectly
conjugated the verb “to sleep” in the past tense:
Instead of “slept”, the outputs by that particular
system often contained the non-existing conjuga-
tion “sleeped”.

For English-German, the phenomenon-level
macro-average is similarly high as for the other
language direction with 93 %. The phenomena for
which all systems reach 100 % accuracy are ques-
tion tag, compound, prepositional MWE, subject
clause, intransitive - present perfect progressive,
present perfect simple, simple present, and transi-
tive - future I progressive.

The phenomena with the lowest accuracies, rang-
ing between 35-61 %, are idioms, transitive - past
progressive, and middle voice. These results are
more in line with last year’s results, as idioms and
middle voice were also among the lowest accuracy
phenomena.

Table 3 contains correct and incorrect translation
examples from English—German. The first example
contains a coreference. While many English nouns
are gender-neutral, the same German nouns are in
most cases gender specific. This can lead to trans-
lation errors if the context of a sentence clarifies
the gender in English yet the German translation
contains the incorrect gender. The test sentence
at hand provides a clear context of the nurse be-
ing male. Yet, many systems incorrectly translated
“nurse” as the female “Krankenschwester’ instead
of the male “Krankenpfleger”. 2

2We are aware that genders and their translation are a large
topic on their own which we can only scratch on the surface

Coreference

My brother is a nurse in the local hospital.

Mein Bruder ist Krankenschwester im

ortlichen Krankenhaus. fail
Mein Bruder ist Krankenpfleger im

ortlichen Krankenhaus. pass
Verbal MWE

She takes after her mother.

Sie nimmt nach ihrer Mutter. fail
Sie hinterlédsst ihre Mutter. fail
Sie kommt nach ihrer Mutter. pass
Transitive future II progressive

I will have been playing the piano.

Ich wiirde Klavier gespielt haben. fail
Ich habe Klavier gespielt. fail
Ich werde Klavier gespielt haben. pass

Table 3: Examples of English-German linguistic phe-
nomena with passing and failing MT outputs.

The second example contains the verbal mul-
tiword expression “to take after somebody”. As
explained above, multiword expressions cannot be
translated literally as their meaning goes beyond
their separate elements. The first incorrect output
“Sie nimmt nach ihrer Mutter.” is, however, a literal
translation of this multiword expression. The sec-
ond incorrect output “Sie hinterldsst ihre Mutter.”
is not a literal translation, yet still incorrect as it
means “She leaves her mother behind”. Only the
translation “Sie kommt nach ihrer Mutter.”, which
is the German equivalent of this multiword expres-
sion, is correct.

The third example output contains a transitive
verb in the tense future Il progressive. The fu-
ture II tense was often mistranslated as a condi-
tional II tense “wiirde gespielt haben” (“would have
played”) instead of the correct form “werde”. The
second incorrect output contains a completely in-
correct tense, the present perfect “habe gespielt”
(“have played”).

For English—Russian, the phenomenon level
macro-average accuracy lies at 76 %. Also for this
language pair, there are some phenomena which
reach 100 % accuracy for all systems, like nominal
MWE, prepositional MWE, contact clause, indi-
rect speech, and passive voice. On the other hand,
there are quite a few phenomena that reach a very
low accuracy, ranging between 30-50 %: gapping,
pseudogapping, idioms, verbal MWE, anaphora
agreement, intransitive verbs, and middle voice.
The low accuracies of idioms and verbal MWESs are

within the scope of our test suite. We would like to point the
interested reader to the following research: (Hardmeier et al.,
2022)
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Collocation
She is careful to eat light and exercise often.
Omna crapaercst eCTh JIETKYIO IHUILY 1

YaCTO 3aHUMAETCS CIOPTOM. pass
Ona crapaeTcst eCTh CBET U

9aCTO TPEHUPYETCH. fail

OHa OCTOPOXKHO €CT JIETKO U

9acTO 3aHUMAETCS CIIOPTOM. fail

Omna ciequT 3a TeM, YTOOBI €CTh MaJiO 1

YaCTO 3aHUMATHCS CIIOPTOM. pass
Pseudogapping

I don’t know that and don’t think you do.

41 sToro He 3HAIO U HE TYyMAao,

9TO BBL 9TO JEJIaeTe. fail

4l sToro He 3HAIO U HE TYyMAao,

9TO 3HAEIIb. fail

¢l He 3HAIO TOrO U HE JYyMAalo,

YTO BbI 3HAETE. pass
Resultative

He read the children to sleep.

OH 3a4UTBIBAJ JEeTel ClIaTh. fail

OH yuTaJ IeTsaM CIaTh. fail

OH yuTaI AETAM TEPE] CHOM. pass

Table 4: Examples of English—Russian linguistic phe-
nomena with passing and failing MT outputs.

not surprising as multiword expressions generally
tend to cause translation errors across all language
pairs. What is interesting is that the accuracy of
intransitive verbs is considerably lower than the
accuracies of the other verb types. One potential
reason might be that in our small-scale English—
Russian test suite the intransitives are presented by
the verb of motion “to go”, which has a number
of equivalents in Russian that can convey various
aspects such as tense, frequency, or incomplete-
ness. This ambiguity increases the overall number
of equivalents in the training data which could lead
to faulty results when analyzing the translations
with respect to specific phenomena.

Table 4 covers example translations of some low-
accuracy phenomena for English—Russian. The
first example contains the collocation “to eat light”
that does not have an exact equivalent in Russian.
The word “light” poses some extra difficulty, as it
is lexically and semantically ambiguous in both lan-
guages. In different contexts, it could function as
an adverb, adjective, or noun. This year, a typical
incorrect output is “ecTb cBetr” (est’ svet) meaning
to consume light as in electromagnetic radiation,
and “ects/mmrarnes serko’ (est’/pitat’sya legko),
a combination of the verb to eat with an ill-passing
adverb. Some possible translations would be Rus-
sian equivalents “to eat light food” or “to eat little”
that we see in the first and fourth translations.

The second example is taken from the phe-

nomenon of pseudogapping. Pseudogapping is
an ellipsis mechanism in which a part of the verb
phrase is omitted. In the example at hand, the non-
finite verb part “know” is omitted in the second
conjunct of the construction. Instead, the auxil-
iary verb “do” is used as a substitute for the full
verb. Verbal substitution is not common in Rus-
sian. Moreover, Russian does not employ auxiliary
verbs (such as “to do” or “to be”) to form parallel
elliptical constructions standard in English. The
verb “does” in the second part of the sentence is
translated as “caesaer” (sdelaet) in the first incor-
rect Russian translation, leading to an impossible
Russian phrasing. The second translation leaves
out the subject “you” or “Tor” (ty) in the conjunct
resulting in a syntactically incorrect construction.

The last example contains a resultative predi-
cate. Resultatives contain a verb with an adjective
describing the result of the verb action. Resultative
predicates usually require a significant construction
change to get an equivalent translation in the target
language. “He read the children to sleep” would be
transformed in Russian as “on chital detyam pered
snom” meaning “he read to the children before they
were going to bed,” as in the third translation in
the table or as “on chital detyam, chtobi oni spali”
meaning “he read to the children so that they would
sleep”.

5.4 Comparison with previous years

The progress of the systems’ accuracy for partic-
ular categories through the last years can be seen
in Table 6 for German-English (since 2018) and
Table 9 for English-German (since 2021). The cal-
culation has been done based on the common test
items without warnings over all these years, which
is 4307 items for German-English and 3616 items
for English-German. The general trend of this year
suggests small but steady improvements for most
systems and categories. In a few cases where the
accuracies deteriorated, this is only for very few
percentage points.

6 Conclusions and Outlook

This paper presents a fine-grained, linguistically
motivated test suite to evaluate machine transla-
tion outputs. The test suite was applied to evaluate
and compare the outputs of 29 machine translation
systems in three different language pairs: German—
English, English—German, and (for the first time)
English—Russian. Altogether, almost 7,000 test sen-
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tences, structured in various linguistic categories
and phenomena, were evaluated altogether across
the three language pairs. Additionally, a compari-
son to the evaluation in previous years for the lan-
guage pairs German—English and English—-German
was drawn.

The average accuracy for most categories and
phenomena is relatively high for German—English
and English—German, with only about 5 % room
for improvement. As compared to last year, this
is an improvement of around 5 %. For English—
Russian, the average accuracy is not as high, yet
still around 80 %.

The high average accuracies do not necessarily
mean that the respective categories and phenom-
ena no longer pose difficulties for MT. Instead, it
could mean that the difficulty of the test sentences
has become too easy over the past few years and
should thus be increased. Therefore, we are cur-
rently constructing more complex test sentences
for German—English and English—-German. Further
work also includes expanding the English—Russian
test suite with more phenomena and more test sen-
tences.
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