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WRITING COMPOUND WORDS

Abstract

The debate about whether compound words are accessed as whole-words or via their
constituents remains unresolved, especially in the field of language production. In the present
study, three experiments using a copying task examined whether compound words are
accessed via their constituents in handwriting production. In Experiment 1, production of
compound words and noncompounds was compared. The last inter-letter interval within the
first constituent of compounds was observed to be shorter than the same interval in
noncompounds, revealing that writing durations are sensitive to morphological processing. In
Experiments 2 and 3, the first and second constituent frequency was manipulated
respectively. The frequency of both constituents affected writing onset times. Interestingly,
the interval between the last two letters of the first constituent was shorter when the second
constituent was of high-frequency, suggesting that the effect obtained in this position in
Experiment 1 was related to the anticipation of the second constituent. Our findings indicate
that both constituents are activated before the initiation of the written response and that the

second component is reactivated before the production of the first constituent has finished.

Keywords: compound words, writing onset time, writing durations, morphology, language

production
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Compounds are a specific type of morphologically complex words in which two or
more lexemes are included (Vergara-Martinez, Dufiabeitia, Laka, & Carreiras, 2009). The
issue of how compound words are processed has been of particular interest in language
comprehension and spoken production research due to its relevance for theories of
morphological processing. According to the so-called full-form representation hypothesis, a
compound word (for example, birthday) would be processed as a whole-word form, just as a
monomorphemic word. Conversely, from the point of view of the decomposition hypothesis
(Fiorentino & Poeppel, 2013; Dunabeitia, Perea, & Carreiras, 2007; Pollatsek, Hyond, &
Bertram, 2000) compounds would be accessed via their constituent lexemes (birth and day).
It has been also proposed that compound words processing may rely on two different routes:
one based on the whole-word form and another based on morphological decomposition
(Caramazza, Laudanna, & Romani, 1988; Schreuder, & Baayen, 1997). The relative impact
of each route would depend on certain characteristics of the task (Janssen, Pajtas, &
Caramazza, 2014), such as the type of stimulus used to elicit the response. According to this
point of view, stimuli transparently including the constituent lexemes (i.e., if words were
presented visually or aurally) would lead to morphological decomposition, while the name of
a picture would be accessed as a whole word. In the present study we investigate the nature

and timecourse of the morphological processing of compound words in written production.

In language comprehension research, it is widely agreed that compound words are
accessed via their constituents (Dufabeitia, Marin, Avilés, Perea, & Carreiras, 2009;
Dunabeitia, et al., 2007; Janssen et al., 2014; Juhasz, Starr, Inhoff, & Placke, 2003; Vergara-
Martinez, et al., 2009). Most of the evidence supporting this claim has come from studies
comparing the effects produced by the frequency of the compound and the frequency of the

constituents on reaction times. Effects of constituent frequency are interpreted as indicative
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of morphological decomposition, while effects of whole-word frequency are considered to
reflect holistic processing of the compound. The frequency of the constituents have been
often reported to affect reaction times in lexical decision (Dunabeitia et al., 2007; Janssen, et
al., 2014; Juhasz et al., 2003) and reading tasks (Juhasz et al., 2003; Pollatsek et al., 2000),
suggesting that compound words are morphologically decomposed during these tasks. For
example, Dufiabeitia et al. (2007) obtained significant effects of the frequency of the second
constituent in lexical decision both in Spanish and Basque despite the important differences

between these languages’ morphologies (e.g., the level of morpheme agglutination allowed).

Less clear is whether or not compounds are accessed via their constituents in language
production. Although effects of the frequency of the first or second constituent have been
observed in several studies using spoken production tasks (Bien, Levelt, & Baayen, 2005),
some findings strongly support the idea that compounds are retrieved as whole-word forms
(Bertram, Tennessen, Stromqvist, Hyond, & Niemi, 2015; Janssen, Bi, & Caramazza, 2008).
In a study conducted in English and Chinese, Janssen et al. (2008) observed that naming
latencies in a picture naming task were sensitive to the compounds’ surface frequency (or
whole-word frequency), but not to the frequency of the first or second constituents. These
findings were confirmed by Janssen et al. (2014) in another study conducted with English
speakers. Interestingly, these authors also carried out an analysis on the lexical decision times
available in the English Lexicon Project (Balota et al., 2007). In this case, latencies were
found to be sensitive to the compound’s surface frequency but also to the first and second
constituent frequency. Janssen and colleagues proposed that this pattern of results, together
with previous findings obtained in language comprehension, could be accounted for by a
dual-route system which is affected by the characteristics of the task. Specifically, they
claimed that the use of a whole-word form route or a route based on morphological

decomposition would depend on whether or not the compound’s constituents are
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transparently contained in the input used in the task. Thus, effects consistent with a
decomposition procedure would be observed in language comprehension studies, where the
constituents are unavoidably included in the input (whether this is a visual or acoustic
representation of the compound word). The same would apply to production studies in which
the constituents are somewhat presented to the participants. This could be a picture-word
interference task or any paradigm in which participants are exposed to the compound word,
and thus to its constituents. However, in a task such as picture naming the full form of the
compound would be accessed and no effects of the characteristics of the constituents should
be found. This explanation seems to fit the findings reported in a wide range of spoken
production tasks. For example, studies using priming paradigms or picture-word interference
have usually obtained evidence supporting that compounds are accessed via their constituents
(Dohmes, Zwitserlood, & Bolte, 2004; Koester, & Schiller, 2008). In picture naming tasks
though, response latencies seem to be explained only by the frequency of the compound word

(Cohen-Goldberg, 2013; Janssen et al., 2008; 2014).

To our knowledge, there is only one study that has investigated this issue in written
production. Bertram et al. (2015) asked Finnish participants to perform a typewritten picture
naming task in which picture names were compound words varying in the frequency of the
constituents and in whole-word frequency. Results revealed that writing onset times were
sensitive to the compound frequency, but not to the frequency of the first or the second
constituent. This finding could be interpreted as evidence of compounds being accessed as
whole-words in writing tasks. However, Bertram and colleagues suggested that, given the
pervasiveness of the constituent frequency effects in language comprehension research, their
findings might be better integrated by the dual-route system proposed by Janssen et al.
(2014). Thus, they predicted that constituent frequency effects would be observed in a writing

task in which the constituents were transparently included in the input, such as a word
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copying task. If constituent frequency can be obtained in certain writing tasks, written
production research could provide a unique opportunity to investigate to what extent all the
constituents of a compound are planned before the response is initiated. This question may be
addressed more easily in written than in spoken production because writing not only takes
longer to be produced but it is also less practised than speaking. This fact may leave more
scope for high-level processes to affect motor processes in handwriting (Delattre, Bonin, &

Barry, 2006).

Assuming that morphological decomposition may occur during compound word
written production, it still remains unclear how and when each constituent would be
retrieved. It is possible to conceive that both constituents must be planned before the motor
modules are engaged in order to emit a response. However, it may also be the case that only
the first constituent needs to be planned in order to initiate the response, while the second
constituent could be planned during the production of the first constituent. Since handwritten
production is a very slow process compared to spoken production, it is possible to measure
the duration of a written response and even the duration of a specific segment of the response.
In recent years, evidence has accumulated indicating that writing durations are sensitive to
different types of linguistic variables (Afonso, Alvarez, & Kandel, 2015; Alvarez, Cottrell, &
Afonso, 2009; Kandel, Peereman, & Ghimenton, 2014; Kandel & Perret, 2015; Roux,
McKeeff, Grosjacques, Afonso, & Kandel, 2013), including morphological variables
(Kandel, Alvarez, & Vallée, 2008; Kandel, Spinelli, Tremblay, Guerassimovitch, & Alvarez,
2012). Kandel et al. (2008) reported than an inter-letter interval (henceforth, ILI) was longer
if preceded a suffix (e.g., in boul ette) than when the same sequence of letters was not a
suffix (e.g., in goél ette). These findings seem to confirm that linguistic (central) levels of
processing are not necessarily finished when motor (peripheral) processes start. Moreover,

they indicate that some kind of morphological decomposition may take place during writing
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production. Thus, by measuring writing onset times and writing durations it may be possible
to establish whether both constituents are fully planned before writing starts or, on the
contrary, if the second constituent is retrieved during the actual production of the response. In
their typewriting study, Bertram and colleagues (2015) did not observe a pattern of results
supporting a decomposition account in writing onset times, but they did obtain some evidence
of morphological processing in the duration of the inter-key intervals (henceforth, IKI).
Specifically, they observed longer IKI durations for intervals that represented a morpheme
boundary than for intervals that did not represent a morpheme boundary. The authors
interpreted this finding as evidence of the impact of morphology on written production,
although it was unclear from their results if this effect was related to the late processing of the

first constituent or the anticipation of the second constituent.

In the present study we report three experiments using a copying task designed to gain
information about these issues. This series of experiments were set out to determine whether
or not compound words are accessed via their constituents during a copying task, as predicted
by a dual-route procedure as that proposed by Janssen et al. (2014). In Experiment 1,
compound words were compared to noncompound words to elucidate whether or not
handwritten production is affected by morphological complexity. In Experiment 2 the
frequency of the first constituent of compound words was manipulated and both the whole-
word frequency and the second constituent frequency were kept constant. In Experiment 3 the
frequency of the second constituent was manipulated while the frequency of the first
constituent and the compound frequency were kept constant. Both writing onset times and
ILIs were measured to explore when the different constituents are planned for production. If
an effect of morphological decomposition is actually observed in online writing measures,
then the manipulation of the frequency of each constituent may provide information about

whether this effect is related to the processing of the first or the second constituent.
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Experiment 1

Method

Participants. Thirty-two students (24 females) between 18 and 28 years of age (mean
=19 years and 3 months; SD = 1 year and 7 months) from introductory courses of the
University of La Laguna took part in this experiment to fulfil a course credit requirement. All
of them were native Spanish speakers and with no known motor or perceptive disorders.
Before the study, all participants read and signed an informed consent form in accordance

with the Declaration of Helsinki.

Materials. Forty Spanish words were selected as experimental stimuli. Twenty were
compounds (e.g, TOCA.DISCOS, record player; henceforth, the dot represents the position
of the morpheme boundary) and twenty were noncompounds (PESADUMBRE, sorrow).
Although a number of noncompound words were morphologically complex, none of these
words could be segmented into two strings of letters, both of them with lexical status. Across
conditions, words were matched by the identity of the bigram located at the position
corresponding to the morpheme boundary in compounds and the equivalent position in
noncompounds (TOCA.DISCOS, PESADUMBRE respectively). In none of the
noncompounds did this position represent a morphological boundary. Moreover, word
frequency, word length (in number of letters and syllables), orthographic neighbourhood,
mean bigram frequency and the frequency of the bigram previous to the morpheme boundary
(i.e., TOC_A.DISCOS) were controlled for (all ts < 2) according to the values provided by
EsPal (Duchon, Perea, Sebastian-Gallés, Marti, & Carreiras, 2013), a web repository of
Spanish words based on a 300 million token written database. The full list of materials used

in Experiment 1 and the values for these controlled variables are given in Appendix A.
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Apparatus. Stimulus presentation and the recording of the written response were
controlled by Ductus (Guinet & Kandel, 2010). The experiment was run on an Asus
F9Eseries laptop. A WACOM Intuos 5 graphic tablet connected to the laptop and an Intuos
Inking Pen (ink removed) were used to register the participants’ responses.

Procedure. Participants were asked to perform a copying task. Each trial started with
a 500-ms fixation point (+) in the centre of the screen, which was immediately followed by
the presentation of a centred word (written in 16-point size low case Times New Roman font)
that disappeared after 500 ms. This procedure was chosen to avoid participants reading the
stimulus during writing production. This ensured that any potential effect obtained in writing
durations could be attributed to production processes rather than to reading processes.
Participants had to write the word in uppercase (print handwriting was not enforced) on a line
draw in a sheet of paper placed over the graphic tablet as quickly and accurately as possible.
They were instructed to tap with the tip of the pen a square located at the bottom right of the
response sheet to initiate the next trial and then quickly place the pen over the response line
without making any contact with the paper. The experiment was conducted individually in a
soundproof room and lasted around 15 min.

Statistical analyses. Writing onset times, the duration of the critical letters and the
duration of the intervals previous to these letters were analysed. Writing onset times were
measured as the time between the appearance of the stimulus on the screen and the first
contact of the pen with the paper. The critical letters (henceforth, L1 and L2) were those
located at the morpheme boundary in compounds (TOCA.DISCOS) and the same letters in
noncompounds (PESADUMBRE). The two ILIs measured were: a) ILI1, located before the
last letter of the first constituent in compounds (TOC_A.DISCOS) and in the same position in
noncompounds (PES_ ADUMBRE), and b) ILI2, located in the morpheme boundary in

compounds (TOCA_DISCOS) and in the same position in noncompounds
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(PESA_DUMBRE). Each measure was submitted to a different 7-test analysis. In the analysis
by participants (¢1), means across items for each subject were included in the analysis with the
type of word (compound versus noncompound) as a within-subject variable. In the analysis
by items (#2), means across subjects for each item were included with the type of word as a
between-subjects variable. Responses containing misspellings, self-corrections or those
where a technical error occurred were removed from the analyses (4.61%; 2.95% for
compounds; 6.25% for noncompounds). In the analyses conducted on the ILIs, those intervals
in which participants did not lift the pen between letters were also disregarded. For ILI1,
8.98% of the punctuations were removed for this reason overall (8.59% for compounds and
9.37% for noncompounds). For ILI2, 4.06% of the punctuations were removed (2.66% for
compound words and 5.47% for noncompounds). Table 1 shows the mean values and
standard deviations obtained for writing onset times and for the durations of L1, L2, ILI1, and

ILI2 for compounds and noncompounds.

Table 1 about here

Results and discussion

A main effect of compoundness was observed only in ILI1, #(31) =3.23, p =.003, d
=.57; 1(35.94) =2.13, p = .040, d = .67. This interval was shorter in compounds than in
noncompounds. Remaining effects were not significant, all #s < 2. Although compoundness
did not affect writing onset time, participants produced a shorter interval when this was the
last interval of a word (i.e., the first constituent) than in noncompounds. This finding is in line
with the fact that writing durations seem to be shorter at the end of words (Kandel & Perret,
2015). Participants seem to process the constituents of the compounds as lexemes. These

results may be comparable to those obtained by Bertram and colleagues (2015) in the interval
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located at the morpheme boundary when typing compound words in response to pictures.
However, and as stated by these authors in relation to their results, it is unclear whether this
effect was related to late reactivation of the first constituent or to anticipation of the second
constituent. In Experiment 2, we manipulated the frequency of the first constituent of the
compounds, while the frequency of the second constituent and the frequency of the
compound were controlled. In Experiment 3, the frequency of the second constituent was
manipulated while keeping constant the frequency of the first constituent and the frequency
of the compound. If the effect obtained in ILII is related to the access to the first or the
second constituent, the duration of this interval should be sensitive to the frequency of the

constituent in question.

Experiment 2

Method

Participants. Thirty-two students (22 females) between 18 and 31 years of age (mean
= 19 years and 4 months; SD = 2 years and 0 months) from introductory courses of the
University of La Laguna took part in Experiment 2. Before the study, all participants read and
signed an informed consent form in accordance with the Declaration of Helsinki. They were
native Spanish speakers with no known motor or perceptive disorders. None of them

participated in Experiment 1.

Materials. Thirty-eight compounds were selected as experimental stimuli. Half of the
compounds had a high-frequency first constituent (MEDIA.NOCHE, midnight) and half had
a low-frequency first constituent (CASCA.NUECES, nutcracker). Compounds were assigned
to the high-frequency condition (henceforth, HF) if their first constituent had a word
frequency per million above 75 according to EsPal (Duchon et al., 2013). Compounds with a

first constituent with a lexical frequency below 40 were assigned to the low-frequency (LF)
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condition. For example, media (half) has a word frequency of 183.72 occurrences per million,
while casca (cracks) has a word frequency of 0.16 per million. Across conditions, words
were matched by the identity of the bigram located at the position corresponding to the
morpheme boundary (ILI2). Mean values of whole-word frequency, the frequency of the
second constituent, mean bigram frequency, ILI1 bigram frequency, orthographic
neighbourhood and word length (number of syllables and letters) were controlled across
conditions (all zs < 1). The full set of stimuli used in Experiment 2 and mean values of

manipulated and controlled variables are given in Appendix B.

Apparatus, procedure and statistical analysis. Two stimuli were removed from the
analyses because an item selected as one of the words included in the high-frequency first
constituent condition was a proper noun which has been wrongly identified as a common
noun. This word (campofrio) and its counterpart in the low-frequency first constituent
condition were removed form the final analyses. The same apparatus, procedure and
dependent variables described in Experiment 1 apply for Experiment 2. T-tests were
performed with the first constituent frequency as within-subject variable in the analysis by
participants and as a between-subjects variable in the analysis by items. Following the same
exclusion criteria than in Experiment 1, 4.52% of the punctuations in the writing onset time
and letter durations analyses were excluded. For ILI1, participants did not produce an interval
in 11.18% of the observations (10.03% and 12.33% in HF and LF, respectively). For ILI2, an
overall 7.9% of punctuations were additionally removed due to the absence of an interval

(7.23% and 8.55% for HF and LF, respectively).

Results and discussion

Mean values and standard deviations for writing onset times and ILI1, ILI12, L1, and

L2 durations for compounds with HF and LF first constituents are given in Table 2. T-tests

12
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revealed a significant effect of the frequency of the first constituent on writing onset times in
the analysis by participants, #1(31) = 3.5, p =.001, d = .62 that was marginally significant in
the analysis by items, 2(17) = 1.56, p = .068, d = .37. No other differences were significant

(all zs < 1)1.

Table 2 about here

This result supports the idea that access to the orthographic representation of
compounds is mediated by the activation of the first constituent, in line with a decomposition
account. This finding is also in agreement with previous studies conducted in language
comprehension (Dufiabeitia, Laka, Perea, & Carreiras, 2009; Koester, Gunter, & Wagner,
2007; Vergara-Martinez et al., 2009) and with several studies conducted in spoken production
(Bien et al., 2005; Koester & Schiller, 2008). Moreover, it can be integrated within a dual-
route model by which a decomposition route is preferred when constituents are previously
activated by the context of the task, as proposed by Janssen et al. (2014). According to this
idea, and even though they failed to observe a significant effect of the frequency of the
constituents in latencies when a typewritten picture naming task was used, Bertram et al.
(2015) predicted that a significant effect of the frequency of the constituents might be found
if a copying task was employed. Results from Experiment 2 confirmed this prediction.
Moreover, these findings suggest that the retrieval of the first constituent is finished (at the
latest) before the interval previous to its last letter (MEDI_A.NOCHE). Neither ILIs nor
letters durations were affected by the frequency of the first constituent. This includes ILII,

which showed a significant effect of compoundness in Experiment 1. Also insensitive to the

1 We thank Professor Jon Andoni Dufiabeitia for noticing the undue inclusion of campofiio as a compound word
in Experiment 2 and Experiment 3 on earlier drafts. Analyses obtained with the full list of stimuli were similar
to those reported here. Constituent frequency significantly affected writing onset times, #(31) = 3.6, p =.000, d
=.64; 1(29.21) = 1.79, p < .042, d = .58, and was only marginally significant in the analysis conducted by
participants on L1 durations, #1(31) = 1.65, p = .055, d =.029; #, < 1. No other differences were significant.

13
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frequency of the first constituent was the duration of ILI2 (the morpheme boundary), where
Bertram et al. (2015) observed longer durations in comparison to other ILIs without a
morpheme boundary. Thus, results from Experiment 2 do not support the idea that the
significant effects obtained in ILI1 in Experiment 1 and Experiment 3 might be due to the late
processing of the first constituent of the compound. However, it is possible that the effect
observed in ILI1 duration is related to the anticipation of the second constituent (Bertram et
al., 2015). If this is the case, we should find that the frequency of the second constituent
modulates the duration of this ILI. Specifically, we predict that this ILI will be shorter for

compounds with HF second constituents than for compounds with LF second constituents.

Experiment 3

Method

Participants. Forty-four students (31 females) between 18 and 35 years of age (mean
=19 years and 3 months; SD = 2 years and 8 months) from introductory courses of the
University of La Laguna participated in Experiment 3. They were native Spanish speakers
with no known motor or perceptive disorders. Before the study, all participants read and
signed an informed consent form in accordance with the Declaration of Helsinki. None of

them participated in Experiment 1 or Experiment 2.

Materials. Forty-six compounds were selected as experimental stimuli. Half of the
compounds had a high-frequency second constituent (PISA.PAPELES, paperweight) and half
had a low-frequency second constituent (PICA.PEDRERO, stonecutter). Across conditions,
words were matched by the identity of the bigram located at the position corresponding to the

morpheme boundary (ILI2). In this experiment it was necessary to select compound words

14
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with less contrastive frequency values across conditions than those included in Experiment 2,
due the limited number of potential stimuli available in Spanish. Compounds were assigned
to the high-frequency condition if their second constituent had a word frequency above 33
occurrences per million according to EsPal (Duchon et al., 2013), and to the low-frequency
condition if the second constituent had a word frequency below 22 occurrences per million.
However, the difference between conditions in the frequency of the second component was
significant, #21) = 6.01, p = 0.000. Differences between conditions in mean values of whole-
word frequency, the frequency of the first constituent, ILI1 bigram frequency, orthographic
neighbourhood and word length (number of syllables and letters) were not significant (all s <
1). The full set of stimuli used in Experiment 3 and mean values of manipulated and

controlled variables are given in Appendix C.

Apparatus, procedure and statistical analysis. The same apparatus, procedure and
statistical analysis described in Experiment 2 were applied to Experiment 3, but with the
frequency of the second constituent as within-subject variable in the analysis by participants
and as a between-subjects variable in the analysis by items. Following the same exclusion
criteria than in Experiment 1 and Experiment 2, 2.17% of the writing onset times and letter
durations were excluded from the analyses. An 8.60% of the punctuations were removed for
ILI1 because participants did not produce an interval (7.37% and 9.83% in HF and LF,
respectively). For ILI2, an overall 8.36% were removed according to this criterion (6.99%

and 9.73% for HF and LF, respectively).

Results and discussion

Mean values and standard deviations obtained in Experiment 3 in writing onset times
and ILI1, ILI2, L1, and L2 durations for compounds with HF and LF second constituents are

shown in Table 3. A main effect of frequency of the second constituent was found in the
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writing onset times, #1(45) = 7.76, p = .000, d = 1.14; £»(21) = 3.02, p = .003, d = 0.64.
Responses were initiated faster in compounds with high-frequency second constituents. A
significant effect of this variable was also observed in ILI1, #1(45) = 3.26, p = .001, d = 0.48;
H(21)=1.74, p = .048, d = 0.37. The last ILI within the first constituent was shorter when the
second constituent was a high-frequency word. The effect of the constituent frequency in
ILI2 reached significance in the analysis conducted by-participants, #1(45) =2.16, p = .018, d

=(0.32, but not in the analysis by-items, #(21) = 1.29, p = .105, d = .282.

Table 3 about here

These results confirm that compounds are initially accessed via their constituents in a
copying task. Writing onset times were affected not only by the frequency of the first
constituent (Experiment 2), but also by the frequency of the second constituent. This suggests
that morphological decomposition takes place before the response has been initiated.
Moreover, the effect obtained in ILI1 in Experiment 3 suggests that the effect observed in this
position in Experiment 1 is related to the anticipation of the second constituent. When this
constituent is of high-frequency, ILII is shorter. This pattern of results indicates that the
second constituent is not fully planned before the initiation of the written response and that it

must be activated (or reactivated) by the end of the production of the first constituent.

2 Analyses obtained with the initial, full list of stimuli (including campofrio and hidrofobia) were largely similar
to those reported here. A main effect of frequency of the second constituent was found in the writing onset
times, #(45) =7.74, p = .000, d = 1.14; ©(35.9) =3.21, p = .001, d = 0.95. A significant effect was also observed
in ILI1, #1(45) = 3.08, p = .002, d = 0.45; £»(31.44) = 1.86, p = .036, d = 0.45. The last ILI within the first
constituent was shorter when the second constituent was a high-frequency word. The effect of the constituent
frequency in ILI2 reached significance in the analysis conducted by-participants, #1(45) =2.22, p =.016,d =
0.33, but not in the analysis by-items, £(34.45) = 1.33, p = .09.

16
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General discussion

Previous research on language comprehension and speech production has usually
shown that compounds are accessed via their constituents. However, some authors have
reported evidence supporting that the retrieval of compound words is based only on the
compound frequency rather than on the frequency of its constituents in spoken picture
naming (Janssen et al., 2008; 2014) and written picture naming (Bertram et al., 2015). These
apparently conflicting results have been integrated within a dual-route model of compounds
processing, where a whole-word route is used in the absence of previous context or activation
of the constituents (i.e., picture naming task) and a decomposition route is preferred when
constituents are pre-activated in some manner by the input (i.e., priming or visual
presentation of the stimulus). In the present study, we address this issue for the first time in

handwritten compound production by using a copying task.

Results from Experiment 1 revealed that compounds are not produced in the same
way than noncompounds. Namely, the inter-letter interval immediately preceding the
morpheme boundary (ILI1) in compound words was shorter than the same interval in
noncompounds. Experiment 2 and Experiment 3 showed that the frequency of both
constituents affected writing onset times. Compound words with high-frequency first and
second constituents were initiated faster than compounds with low-frequency constituents.
Moreover, ILI1 was observed to be shorter for high-frequency second constituents,
suggesting that the second constituent is activated before the production of the first
constituent has finished. These results confirm the prediction made by Bertram et al., (2015)
based on the dual-route procedure of compound words processing (Janssen et al., 2014).
When a copying task is used, writing onset times seem to be affected by the frequency of
both the first and second constituents. Although Bertram and colleagues did not observe a

significant effect of the frequency of the constituents in writing onset times in a typewritten
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picture naming task, these authors suggested that this effect might be found if a copying task
was used. According to these authors, a decomposition route would be activated in any task
in which compound words are visually presented (as in the copying task used in the present
study), because the input used to trigger the response would transparently contain the
compound’s constituents. However, in a written picture naming task compounds would be

retrieved holistically.

Our study cannot by itself confirm or rule out a dual-route account of compounds
production. Given the scarcity of compounds words that can be found in Spanish, it would be
extremely difficult to find well-controlled materials suitable for a written picture naming task.
Moreover, most of the Spanish compound words have a low-frequency of use. Thus, whole-
word frequency could hardly be orthogonally manipulated to the frequency of the
constituents. Nevertheless, if considered in connection with results reported by Bertram and
colleagues (2015), the present findings may be taken as suggestive of a dual-route system.
Although the dual-route account of compound processing was proposed for spoken
production (and there is little evidence supporting that compound words are produced in a
similar way in both production modalities), evidence obtained in Bertram’s et al.’s study and
in the present study could be easily accommodated by this account. This fact does not
preclude that differences between Bertram et al.’s study and the present findings might be
related to other factors, such as the language used or temporal differences between
handwriting and typewriting (see discussion of this issue below). It is also possible that our
findings are at least partially due to the low whole-word frequency of the compound words
used. The lexical representation of these compounds might be weak, promoting
decomposition into their constituents. In order to clarify this issue, future research directly

comparing copying and written picture naming needs to be conducted in a language with a
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larger number of compounds (for example, English). In any case, our results are consistent

with the idea that Spanish compounds are accessed via their constituents in the copying task.

Writing onset times were affected by the frequency of the first and the second
constituent, indicating that both constituents are activated before writing is initiated.
Although it would be reasonable to predict that only the first constituent would need to be
retrieved in order to start the response, high-frequency second constituents did also affect
writing onset times. Both effects were large, but the size of the second constituent frequency
effect (n,”> = .4) was in fact larger than that of the first constituent frequency effect (n,> = .17).
This is not surprising if we consider that Spanish compounds tend to have an ending head
(Dufiabeitia et al., 2007). This means that the meaning of the second constituent generally has
a more direct relation with the meaning of the compound. Thus, the retrieval of the second
constituent before writing onset may be especially relevant in languages such as Spanish.
More evidence is necessary to determine if both constituents are activated also in languages

with initial head (for example, French).

These effects obtained in the word onset times are also in line with the results
reported in spoken production studies. The frequency of both the first and the second
constituent has been found to affect response latencies also in spoken naming tasks (Bien et
al., 2005; Juhasz et al., 2003). This might indicate that compounds are processed in a similar
way during written and spoken production. However, caution needs to be taken given the lack
of evidence supporting the idea that both production modalities recruit similar processes.
Systematic comparisons between speech and writing production are missing in the literature,
but it seems that there is a number of effects that cannot be generalised from one modality to
the other (Rapp, Benzing, & Caramazza, 1997; Zhang & Wang, 2014). Orthographic and

phonological representations are quite different in nature, so it is still uncertain if they are
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processed in equivalent ways. Moreover, producing an orthographic form requires
considerably more time than producing a spoken word. This means that in writing research
intervals between sublexical units (such as consecutive letters within a word) can be
measured relatively easily, while a similar measure in spoken production will be challenging
to obtain or too small to be informative. Thus, it is difficult to hypothesise if an effect similar
to that found in the present study in ILI1 could be observed in spoken production. It may well
be the case that compounds are accessed in a similar way in both output modalities, but with
writers (but not speakers) needing to reactivate the lexical representation of the second
constituent of compounds during production given the length of the utterance. Alternatively,
orthographic and phonological representations may be encoded in different ways, although
accessed in the lexicon rather similarly. This is certainly a relevant issue warranting future
research, but at this point it is not possible to ensure if evidence obtained in writing research
can be generalised to our understanding of the spoken production of compound words. In any
case, the fact that similar constituent frequency effects had been reported in writing and
speech production research might actually indicate commonalities in the process of accessing

compound words in both modalities of language production.

It is worth noting that, since to-be-written words were visually presented, it could be
argued that the effects obtained in writing onset times could be due to reading rather than to
writing processes. However, the fact that shorter ILIs were observed before the last letter of
the first constituent in compounds than in the same position in noncompounds (ILI1) would
be difficult to conciliate with an explanation only in terms of reading processes. Target words
would have disappeared a minimum of 2,500 milliseconds before the production of this
interval. Thus, this effect is better explained in relation to writing than to reading processes.
Moreover, the fact that the duration of this interval was modulated only by the frequency of

the second constituent suggests that this effect is related to the anticipation of this constituent
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and not to a late reactivation of the first constituent. This effect could be related to the effect
reported by Bertram et al. (2015) in the morpheme boundary. These authors observed that
longer IKIs were produced when the interval represented a morpheme boundary. Although
the effect obtained in the present study appeared in the previous interval and in the opposite
direction (with shorter durations for compounds than noncompounds), we think that these
differences might be related to the fact that handwriting is slower than typewriting. While
processing of the second component may occur in ILI2 in typing, there might be time enough

for this to occur around ILI1 in handwriting.

Moreover, anticipation of forthcoming units may not be the same in both writing
modalities. It is widely accepted in the literature that handwritten production strongly relies
on anticipatory processes (Kandel & Perret, 2014; Maggio, Lété, Chenu, Jisa, & Fayol, 2012;
Orliaguet & Boé¢, 1990; Van Galen, 1991). The influential model of handwriting proposed by
Van Galen (1991) established that all the hierarchically-organised modules involved in
handwriting production were active in parallel, with modules higher in the hierarchy being
engaged with units further ahead in the response. In a sentence writing study, Maggio et al.
(2015) observed that the processing of a given word started when the previous word was
being produced. This result is in line with our finding that the frequency of the second
constituent affects the duration of the last ILI of the first constituent. Similarly to the
production of consecutive words in a sentence, the second constituent of a compound word
seems to be processed while the first component is being written. Whether or not the scope of
motor planning in typewriting and handwriting are comparable is an important question that
may explain differences observed between studies, and it requires further research. In any
case, the results obtained for ILI1 in the present study agree with the concept of anticipation

widely accepted in handwriting production research.
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Finally, our results confirm that writing durations can be affected by linguistic
variables. The influence of central levels of processing on the execution of motor processes
during handwriting production it seems to be a pervasive phenomenon largely independent of
the characteristics of the task or the writing modality. The fact that the frequency of the
second constituent affected writing onset times but also ILI durations, suggests that even
processes that have already affected the access to the orthographic representation before the
initiation of the response may continue to modulate handwriting movements during

production.

In sum, the present study provides evidence of morphological decomposition of
compound words in handwritten production. As predicted by dual-route models, constituent
frequency effects were observed when a copying task was used. Moreover, the pattern of
results obtained suggests that both constituents are activated before writing begins and that
the second constituent is accessed again when the production of the first constituent is almost

finished.
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Table 1. Mean values (in milliseconds) and standard deviations (in parentheses) obtained for
writing onset time, writing durations of the two critical letters (LI and L2), and durations of
the previous inter-letters intervals (ILI1, ILI2) for compound and noncompound words in
Experiment 1.

Measures (ms) Compounds Noncompounds
Writing onset time 1086 (342) 1088 (365)
L1 422 (138) 424 (144)
L2 318 (136) 312 (140)
ILI1 89 (49) 98 (70)
ILI2 126 (87) 128 (94)
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Table 2. Mean values (in milliseconds) and standard deviations (in parentheses) obtained for
writing onset time, writing durations of the two critical letters (LI and L2), and durations of
the previous inter-letters intervals (ILI1, ILI2) for compound words with high-frequency (HF)
first constituents and low-frequency (LF) first constituents in Experiment 2.

Measures (ms) HF LF
Writing onset time 1052 (347) 1105 (418)
L1 308 (74) 312 (74)
L2 270 (93) 275 (97)
ILI1 70 (27) 70 (33)
ILI12 91 (53) 92 (49)
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Table 3. Mean values (in milliseconds) and standard deviations (in parentheses) obtained for
writing onset time, writing durations of the two critical letters (LI and L2), and durations of
the previous inter-letters intervals (ILI1, ILI2) for compound words with high-frequency (HF)
second constituents and low-frequency (LF) second constituents in Experiment 3.

Measures (ms) HF LF
1116 1267
Writing onset time
(382) (339)
328 327
L1
(87) (83)
277 278
L2
(95) (111)
77 82
ILT1
(34) (54)
110 117
IL12
(79) (93)
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