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The role of L1 translation form in
L2 compound processing: the
case of native Czech speakers
processing German noun-noun
compounds

Adam Kriz! and Denisa Bordag?®*

Hnstitute of Czech Language and Theory of Communication, Faculty of Arts, Charles University, Prague,
Czechia, ?Herder Institute, Faculty of Philology, Leipzig University, Leipzig, Germany

This study explores how Czech-German late bilinguals process German (L2)
noun-noun compounds. Using a lexical decision task combined with translation
constituent priming, we investigated two factors potentially influencing the L2
compound processing: (a) the compound translation corresponds to one derived
noun (e.g., Abendstern—vecernice, 'evening star) or to an adjective + noun
phrase (e.g., Weizenmehl—p3enicna mouka, 'wheat flour’); and (b) the compound
translation entails translations of compound constituents (L1 translation of
Abendstern, vecernice, includes only first constituent, i.e. modifier, Abend =
vecer, 'evening’; L1 translation of Weizenmehl, pSenicna mouka, includes both
constituents, Weizen = pSenice, 'wheat’, Mehl = mouka, 'flour’). Two experiments
were conducted; one focussing on head priming, the other on modifier priming.
The results are in line with non-selective bilingual access and decomposition of
L2 compounds. They reveal no influence of factor (a), while (b) affects processing.

KEYWORDS

compound processing, bilingual processing, translation constituent priming, German,
Czech

1. Introduction

The study builds on recent research exploring how bilinguals process compound
words. Compounds typically consist of two or more word bases, e.g., moonlight, where the
constituent light (referred to as the head) determines the lexical category and core meaning
of the compound, and the constituent moon (the modifier) specifies the basic meaning. The
research on bilingual compound processing deals mainly with morphological decomposition
and often relates this to the issue of the interaction between the native and non-native
language systems. The question of whether compounds are decomposed or accessed as full
forms is central to the area of compound processing (for L2 research see e.g., Hasenécker and
Schroeder, 2019; for L2 research see e.g., De Cat et al., 2015; for both L1 and L2 research see
e.g., Uygun and Giirel, 2017). In most current work, there is agreement that morphological
structure does affect word recognition, at least to a certain degree (De Cat et al., 2015; Li
et al., 2017; Libben et al., 2021; Creemers and Embick, 2022).

As for bilingual processing more generally, the predominant view is that lexical access
is language non-selective (De Groot, 2011, p. 3). Support for this assumption comes, for
example, from translation priming studies. Such work has reported that the recognition
of a given word is facilitated when preceded by its translation equivalent in the non-target
language, compared to when the word is preceded by an unrelated non-target language word
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(e.g., Meade et al., 2018). The studies examining the influence of L1
features on L2 compound processing and vice versa deliver further
evidence for the non-selective hypothesis of bilingual processing.
In particular, Bertram and Kuperman (2020) demonstrated that the
correspondences/discrepancies in spelling between L1 compounds
and their L2 translation equivalents (presented as spaced or
concatenated forms) modulate reading speed of L1 compounds.
In addition, Uygun and Giirel (2020) showed that L1 compound
processing in Turkish-English bilinguals systematically differs from
that of Turkish monolinguals.

Regarding the direction from L1 to L2, De Cat et al. (2015)
showed that the headedness of L1 compounds influences the
processing of L2 compounds. Further, Levy et al. (2006) cited
sources that reported processing advantages for compounds which
share morphological structure with their respective translations
over compounds whose translation is a single word. Similarly,
both Wang et al. (2010) and Ko et al. (2011) provided evidence
that supported the claim that the processing of an L2 compound
is affected by whether or not the L1 translation equivalents of
both its constituents form an existing L1 compound (the so-called
lexicality condition). The employed method in both studies was
a simple lexical decision task (with no priming). Ko et al. (2011)
tested advanced Korean (L1) learners of English (L2), whereas
Wang et al. (2010) concentrated on Chinese (L1) learners of
English (L2). Notably, an interaction of lexicality with frequency
of the second constituent was observed. The processing advantage
(higher accuracy rates in Ko et al., 2011; shorter reaction times
in Wang et al,, 2010) for L2 compounds with real L1 compound
translations over L2 compounds with non-existing L1 compound
translations was stronger in the case of compounds which had
a high-frequency second constituent, compared to those with a
low-frequency second constituent.

Similar questions were examined in Hebrew (L1)-English
(L2) bilinguals by Libben et al. (2017). The authors used cross
language constituent priming with targets (both in Hebrew and
English) as either real compounds or non-existing compounds
(elsewhere Libben et al., 2018, claim that primes in such tasks
represent free-standing words formally identical with compound
constituents rather than compound constituents themselves). The
authors observed significant cross language priming effects for both
constituents in both language directions. Further, in the analysis
of real compounds, they did not find any processing advantage for
words whose translation in the other language is a compound with
identical constituents (this is in contrast to Wang et al., 2010; Ko
etal,, 2011, who found such an advantage). However, it was revealed
that non-existing compounds whose translated constituents form
a word in the other language were responded to more slowly and
with higher error rates. The results are interpreted in relation
to the hypothesis of morphological integration, claiming that
lexical and morphological elements of bilingual lexical systems are
interconnected and coactivated. The authors explain the absence of
a processing advantage for real compounds with morphologically
identical translations by the existence of just a small number of
such compound pairs, which does not enable speakers to develop
appropriate connections between them.

The goal of the current study is to investigate the possible
impact of other formal relations between an L2 (noun-noun)
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compound and its L1 translation on L2 compound processing.
The study thus contributes to the discussion on the morphological
and formal sensitivity of bilinguals to translation equivalents in
their languages. The languages explored are L2 German and L1
Czech. German is well known as a language with frequent, very
productive and morphologically complex compounding (Libben
et al,, 2002). In contrast, Czech, a West-Slavic language, exploits
compounding to a lesser extent (Bozdéchova and Wagner, 2017).
In both language systems, compound heads represent the last
compound constituent. German noun-noun compounds can
be translated into Czech in multiple ways. We focus on (a)
“adjective + noun” translations, e.g., Weizenmehl = pSenicnd
mouka (‘wheat flour’); the adjective psenicnd is a derivation from
the noun which corresponds to the translation of the first L2
compound constituent Weizen(= psenice), the noun mouka is
the translation of the second constituent Mehl; we will refer
to these compounds as adjectival compounds (seen from the
perspective of the structure of the Czech translation) - and (b)
single noun translations which are derivations from the translation
of the first L2 constituent, e.g., Abendstern = velernice(< vecer =
Abend) (‘evening star’), the translation of the second constituent
(Stern = hvézda) is completely absent in the translation of the
compound; we will refer to these as noun-based compounds.
This material facilitates an examination of two aspects of form
The first is whether the L1 translation of an L2
compound corresponds to a non-compound word (a compound

relations.

with single noun translation - noun-based compound), or to a
two-word phrase (a compound with adjective 4+ noun translation -
adjectival compound) (structural condition). The second aspect
of form relations is whether or not the L1 translation of L2
compound constituents occurs in the L1 translation of the whole
L2 compound (overlap condition or just formal condition). These
factors were tested in two experiments using the visual lexical
decision task combined with translation constituent priming,
where targets were L2 compounds and primes were L1 translations
of their constituents. Experiment 1 focussed on head priming (e.g.,
mouka— Weizenmehl), whereas Experiment 2 focussed on modifier
priming (pSenice— Weizenmehl).

The priming effect would point to language non-selective
bilingual access. Moreover, if the structure of the translation
(one word vs. two words) plays a key role, as predicted by
the hypothesis of morphological integration, we would expect
stronger priming effects in adjectival compounds in both
experiments and faster processing for adjectival compounds
in priming unrelated conditions, due to the one-to-one
correspondence between L1 translation equivalents of L2
compounds and the compound constituents. However, if the
formal overlap between the L2 compound and its translation
plays a decisive role, we would expect a weaker priming effect
in noun-based compounds in head priming (Experiment 1)
and no difference in priming between noun-based compounds
and adjectival compounds in modifier priming (Experiment
2), because the translation of the noun-based compound
head does not appear in the translation of the whole L2
compound, whereas translations of modifiers in both noun-
based compounds and adjectival compounds occur in the
translation of L2 compounds.
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2. Material and method
2.1. Participants

Thirty participants (6 males), mostly university students, took
part in Experiment 1 which was conducted in the Czech Republic.
The age of the participants ranged from 19 to 35 (mean = 23.93;
median = 23). They learned and used German mainly in the Czech
environment, with five participants not having been to a German-
speaking country at all. The participant (aged 35) with the longest
stay in a German-speaking country lived in Germany for 4 years.

Twenty-seven participants (6 males) took part in Experiment 2,
none of whom were tested in Experiment 1. Their age ranged from
18 to 41 (mean = 28.26; median = 28). Ten participants who were
currently staying/living in Germany completed the experiment in
Germany, while the rest of the sessions took place in the Czech
Republic. The longest stay in a German-speaking country in this
group corresponded to 10 years (a female aged 41 who participated
in the experiment in Germany). In contrast, three participants
reported that they had never been to a German-speaking country.

The native language of all participants was Czech; they started
to learn German with 14.7 (7; 22) years on average and their
German proficiency was at B2/C1 level as assessed by two tests. The
Goethe Test which evaluated mainly grammatical knowledge and
DIALANG which focussed on vocabulary measures.

Prior to testing, participants gave informed consent and were
told that all data would be anonymized. Participants received
financial remuneration for their participation.

2.2. Materials

Fifty-two German compounds were selected from the list of
German noun-noun compounds created by Schulte im Walde et al.
(2016). To control for effects of variables other than the translation
structure of the compounds, we aimed to include an equal number
of adjectival compounds and noun-based compounds in our
sample and to ensure that the two groups were comparable and
counter-balanced in terms of key word properties.

Therefore, the chosen compounds were organized into 26 pairs,
such that each pair consisted of one compound usually translated
into Czech as adjective + noun and one compound translated into
Czech as modifier-derived single noun.

The members of each compound pair were matched for length
of both first and second constituents, compound frequency and
frequency domination (is the head or the modifier more frequent?).
The frequency counts were taken directly from Schulte im Walde
et al.’s (2016) database.

We further avoided opaque compounds and compounds
containing interfixes, and compounds containing cognates,
complex words or abstract expressions. A few exceptions
were made. They include four pairs of compounds with
interfixes (Aschenbecher—Sonnenstrahl, Ameisenbdr—Besuchstag,
Lippenstift—Firmenwagen, Blumentopf—Liebeslied), two pairs
of compounds differing by one letter in the length of the
first (Spielplatz— Windmiihle,  Schuhschrank—
Silberbesteck), a compound containing an identical cognate

constituent
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(Firma in Firmenwagen) and six abstract compounds (Besuchstag,
Hausarbeit, Hungerstreik, Pilgerfahrt, Probezeit, Sommerurlaub).
Importantly, none of the listed exceptions affected the general
pattern of results presented in the next sections. Analyses
performed without them yielded similar results as the analyses
reported containing them.

Each constituent was present only in one compound. The
Czech translation of the second constituent (Experiment 1) or of
the first constituent (Experiment 2) of each German compound was
presented as a related prime. The unrelated prime was matched
with the related prime for word class, gender, number of letters
and syllables, and corpus frequency (based on corpus syn v7 of the
Czech National Corpus; Hnatkovd et al., 2014; Kren et al., 2018).
The critical stimuli are provided in the Appendix.

In addition to the critical trials, there were also filler
prime-target pairs. The targets consisted of 50 German
compounds (mainly of a different type to the experimental
items), 45 non-compound words (e.g., Krdhe—vrdna /‘crow’/), 45
pseudowords (e.g., Liet) and 102 noun-noun pseudocompounds
(with  types
“pseudoword+pseudoword”).

“word+pseudoword”, “pseudoword+word”,

Pseudocompounds and
pseudowords were created from existing German words employing
the Wuggy generator (Keuleers and Brysbaert, 2010).

Related and unrelated conditions were evenly presented, so that
half of the targets were preceded by a related prime and the other
half by an unrelated prime. Two lists of items were used that differ
based on whether the experimental target had a related vs. unrelated
prime. In one list, the target had an unrelated prime; in the second
list the same target had a related prime. Lists were ascribed to
participants randomly and evenly across the whole sample.

Sixteen practice items exhibiting all possible types of stimuli
were also included.

2.3. Procedure

The lexical decision task was conducted using E-Prime software
2.0 (Schneider et al, 2007). The stimuli were presented on
a computer screen in two blocks with a break in between.
The experiment started with 16 practice items followed by 294
experimental trials. Each trial started with a fixation cross in
the form of a “4” situated in the center of the screen for
500 milliseconds (ms). It was immediately followed by a prime
appearing for 250 ms. Then the screen went blank for 100 ms,
after which a target word appeared. The target word remained
on screen until the response was registered or until a timeout
of 1,600 ms. Participants were asked to respond as quickly and
accurately as possible. If they did not respond within the time limit,
the feedback “schneller” (‘faster’) appeared on screen. Responses
were executed by pressing the corresponding JA/NEIN button on
the keyboard. Both primes and targets were presented centrally in
Courier New font, bold, size 30 with primes in lowercase and targets
in uppercase.

The stimuli were pseudorandomized for each participant, with
a maximum of three items sharing word vs. non-word status or
compoundness following in succession.
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Following the lexical decision task, questionnaires relating to
the level of participants’ German language proficiency and their
sociodemographic profile were administered. The last task was to
translate all critical stimuli (compounds) into Czech and to assess
their familiarity on a 5-point scale.

3. Results

In Experiment 2, two pairs of compounds were discarded
from the subsequent analyses, because the modifier translation
of one pair did not correspond to the equivalent that appeared
in the conventional translation of the whole compound. For
both experiments, the data were processed to remove inaccurate
responses and responses to filler items. Across both experiments,
12% of responses to the experimental stimuli were not accurate.
Then, separately and specifically for each participant, data points
lying beyond two standard deviations from the mean were removed
(6% of observations in Experiment 1 and 7% of observations
in Experiment 2). In the next step, items assessed as unfamiliar
by a participant (i.e. words that they reported never to have
encountered) were excluded. The same holds for stimuli that
participants did not translate or translated in a way that deviated
from the intended equivalent. Lack of sufficient knowledge of the
experimental compounds led to the exclusion of 23% of responses
across both experiments (although it was our intention to include
compounds known to the majority of speakers with B2 level of
German, certain stimuli appeared to have a lower prevalence than
originally expected).

The reaction time values according to main conditions are
reported in Table 1.

The subsequent analyses were performed in R (R Core Team,
2017). To test the effects of our predictor variables on reaction
times, linear-mixed models were run using the ImerTest and
pbkrtest packages (Kuznetsova et al., 2017). The Kenward-Roger
approximation for the degrees of freedom was used. Participants
and targets (compounds) were modeled as crossed random effects;
random slopes for compound type were also used for the
participant random effect. In the main analyses, fixed effects were
the prime condition and the compound type (i.e. noun-based
compound- one vs. adjectival compound—two). The results are
summarized in Table 2.

The analyses revealed a significant priming effect in both
experiments, but while there was a significant interaction between
prime type and compound type in Experiment 1, no such
interaction was observed in Experiment 2. This is not to say,
however, that a priming effect was absent in one of the compound
conditions. The separate follow-up analyses showed a significant
priming effect for compounds with both types of translation in both
experiments. Regarding Experiment 1, the interaction and separate
analyses thus reveal that priming is more effective if the prime is
a head in an adjectival compound (88.9 ms) than in a noun-based
compound (38.7 ms).

The conclusion about the higher priming effectiveness in
adjectival compounds vs. noun-based compounds when priming
the head, but not the modifier is corroborated by the analysis
covering both experiments as a specific predictor. The analysis
showed a significant three-way interaction between prime type
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(related vs. unrelated), translation type (adjectival compound vs.
noun-based compound) and experiment (Experiment 1 focused on
head priming vs. Experiment 2 focused on modifier priming). See
Table 3 for more detail.

The interaction remains significant even after the inclusion
of compound frequency, first constituent frequency and second
constituent frequency as additional predictors into the final model.
All three frequency variables were log-transformed. The result of
the model demonstrates that compound frequency has a facilitatory
effect on the participants’ responses (see Table 4), which is in line
with Smolka and Libben’s (2017) results, among others.

4. Discussion

The priming effects observed in all conditions in both
experiments support the view of language non-selective bilingual
access and decomposition of L2 compounds. However, the priming
effects for the two types of stimuli (adjectival compounds vs.
noun-based compounds) were not the same in all conditions.
The priming effect for noun-based compounds was weaker
than the effect for adjectival compounds when priming heads.
Taken together, these results lead to the interpretation that the
structure of the translation (L1 translation with one word vs.
two words) does not affect the processing of German (L2) noun-
noun compounds. If such a factor played a role, we would expect
stronger priming effects for adjectival compounds in modifier
priming as well. This is also supported by the results from the
unrelated prime condition. In the case of the decisive role of the
translation structure, adjectival compounds compared to noun-
based compounds would have displayed faster processing times
given the one-to-one correspondence between the L1 translation
equivalent of L2 compounds and the compound constituents
in these types of compounds. A similar interpretation with
observed processing differences between two types of stimuli
can be found in Wang et al. (2010) and Ko et al. (2011).
However, in contrast to their studies, our study has not revealed
any significant differences between processing compounds with
structurally different translations.

Hence, the pattern of priming effects can be explained rather
by the overlap between the form of the L2 compound and its
translation. It is striking that the difference in priming effects
was observed only in the condition where one of the compound
types (namely noun-based compounds) does not have a translation
containing the translation of a primed constituent. Therefore, it
seems plausible that the L2 compound recognition rests on the
mechanism of checking the L1 equivalent, which is stimulated
by the experimental design. Priming effects such as these can
be explained by two possible sources. First, a Czech prime (e.g.,
vecer) activates the corresponding L1 entry, which then activates its
L2 German translation equivalent (e.g., Abend). The preactivation
of one of the L2 compound constituents speeds up compound
(Abendstern) decomposition and its processing (as shown by
priming being observed in all conditions). Second, the activation
of the L1 entry through a Czech prime also helps the processing of
the L1 representation of L2 compound equivalents (e.g., vecernice),
activated by the target L2 compound. When the translation of
the L2 compound does not share the form with the prime form
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TABLE 1 Reaction times to the main experimental conditions (in milliseconds).

Prime condition Translation type Mean RT Difference between Standard deviation

prime conditions

Experiment 1 (head priming)

Related Noun-based compound 867.3 38.7 184.2
Unrelated Noun-based compound 906 176.5
Related Adjectival compound 834 889 185.3
Unrelated Adjectival compound 922.9 186.4

Experiment 2 (modifier priming)

Related Noun-based compound 818.5 81.7 187.3
Unrelated Noun-based compound 900.2 209.6
Related Adjectival compound 865.7 51.3 221.5
Unrelated Adjectival compound 917 207

TABLE 2 Fixed effects of the variables predicting response latencies (in milliseconds).

Predictor Estimate Standard error t-value p-value

Experiment 1 (head priming)

Intercept 890.65 26.04 34.204 <2e-16*
Prime condition 45.35 14.29 3.173 0.00156**
Translation type —48.40 29.75 —1.627 0.10924

Prime x Translation 58.91 19.45 3.029 0.00253**

Experiment 2 (modifier priming)

Intercept 844.30 3295 25.624 <2e-16"*
Prime condition 91.04 16.23 5.611 2.87e-08**
Translation type 38.37 28.63 1.34 0.186
Prime x Translation —27.80 21.56 —1.289 0.198

The reference level is “related” for Prime condition/Prime, “noun-based compound” for Translation type/Translation.
Significance: **p < 0.001; **p < 0.01.

TABLE 3 Fixed effects of the variables predicting response latencies (in milliseconds) in both experiments.

Predictor Estimate Standard error t-value p-value
Experiment 1 and Experiment 2 combined

Intercept 892.72 29.01 30.774 <2e-16*
Prime condition 46.37 15.44 3.003 0.00271**
Translation type —54.45 28.90 —1.884 0.06415
Experiment —43.67 32.93 —1.326 0.18940
Prime x Translation 59.69 20.84 2.865 0.00423**
Prime x Experiment 42.97 22.38 1.920 0.05499
Translation x Experiment 87.76 20.18 4.348 2.38e-05""*
Prime x Translation x Experiment —83.05 29.96 —2.772 0.00563**

The reference level is “related” for Prime condition/Prime, “noun-based compound” for Translation type/Translation, “Experiment 1 (focused on head priming)” for Experiment.
Significance: **p < 0.001; **p < 0.01.

(i.e. the translation of one constituent; e.g., the form velernice, ~ L2 compound processing is based on the morphological analysis
does not overlap with the translation of the second L2 compound  of the L1 compound equivalent. The parts of morphologically
constituent Stern/= hvézdal), no such help is provided (i.e. reduced = analyzed compound translations can boost the activation to the
head priming in noun-based compounds). We assume that the  corresponding constituents of L2 compounds in a processing
relevance of the L1 representation of an L2 compound for the  circle (e.g., velernice, activated by the L2 target Abendstern, is
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TABLE 4 Fixed effects of the variables predicting response latencies (in milliseconds) in both experiments, including frequency variables.

Predictor Estimate Standard error t-value p-value
Experiment 1 and Experiment 2 combined

Intercept 1,470.389 132.330 11.112 6.17e-15%*
Prime condition 46.442 15.424 3.011 0.0027**
Translation type —59.8 24.189 —2.472 0.0159*
Experiment —43.74 32.99 —1.326 0.1895
First constituent frequency 3.185 7.77 0.41 0.6839
Second constituent frequency —12.439 7.937 —1.567 0.1249
Compound frequency —47.765 10.601 —4.506 4.87e-05*"*
Prime x Translation 59.914 20.814 2.878 0.0041**
Prime x Experiment 43.256 22.354 1.935 0.0532
Translation x Experiment 88.042 20.169 4.365 2.22e-05**
Prime x Translation x Experiment —83.824 29.931 —2.801 0.0052**

The reference level is “related” for Prime condition/Prime, “noun-based compound” for Translation type/Translation, “Experiment 1 (focused on head priming)” for Experiment. First
constituent frequency, second constituent frequency, compound frequency are logarithmic transformed.

Significance: ***p < 0.001; **p < 0.01; *p < 0.05.

morphologically analyzed to vecer + nice, root + affix, and the part
vecer sends additional activation to the constituent Abend in the L2
compound Abendstern).

In sum, our study indicates that L2 compound processing
involves morphological analysis of both the L2 compound and its
L1 translation equivalent and that it is affected by the form overlap
between the two. On the other hand, L2 compound processing
does not seem to be affected by the structural correspondence
(one word vs. two words) between the L2 compound and
its L1 translation. While this is the point which shows that
our results are not fully compatible with the hypothesis of
morphological integration, cross language constituent priming
effects (and indicated parallel morphological analysis in both
languages) points to the interconnectedness of morphological
elements in the bilingual lexicon, which deserves more attention
in future research.
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