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Abstract

Finnish has a very productive morphology in which a stem can give rise to several thousand
words. This study presents a visual lexical decision experiment addressing the processing con-
sequences of the huge productivity of Finnish morphology. We observed that, in Finnish, words
with larger morphological families elicited shorter response latencies. However, in contrast to
Dutch and Hebrew, it is not the complete morphological family of a complex Finnish word that
codetermines response latencies, but only the subset of words directly derived from complex word
itself. Comparisons with parallel experiments using translation equivalents in Dutch and Hebrew
showed substantial cross-language predictivity of family size between Finnish and Dutch, but
not between Finnish and Hebrew, reflecting the different ways in which the Hebrew and Finnish

morphological systems contribute to the semantic organization of concepts in the mental lexicon.



Introduction

In languages such as English and Dutch, stems differ in their productivity. Some stems give
rise to a great many complex words. For instance, in English, the stem man appears in nearly 200
complex words. Other stems hardly ever give rise to complex words, e.g., the noun scythe, which
only has its corresponding verb (to scythe) as morphological relative. Previous research has shown
that the morphological family size of a stem, defined as the number of different complex words in
which the stem appears as a constituent, is a robust predictor of response latencies in tasks such
as visual lexical decision, auditory lexical decision, and subjective familiarity rating. Words with a
larger morphological family size elicit shorter response latencies and higher subjective familiarity
scores than do words with smaller family sizes matched for frequency (Schreuder & Baayen, 1997).

The effect of family size is present when measures of word form such as orthographic neigh-
borhood size and bigram frequency are controlled for (Schreuder & Baayen, 1997). Family size
counts are highly correlated with measures of morpheme frequency (Baayen, Tweedie, & Schreuder,
2002; Schreuder & Baayen, 1997). Both factorial studies (De Jong, Schreuder, & Baayen, 2000;
Schreuder & Baayen, 1997) as well as regression studies (Baayen at al., 2002) have shown that
family size effects can be observed independent from the effects of morpheme frequency. The
family size effect is present independently of morpho-phonological inconsistency (De Jong et al.,
2000), and remains a significant predictor when age of acquisition is partialled out (De Jong, 2002;
see also Moscoso del Prado Martin, 2003).

The effect of morphological family size is well-established for Germanic languages (Dutch:
Schreuder & Baayen, 1997, Bertram, Baayen, & Schreuder, 2000, De Jong et al., 2000; English:
De Jong, Feldman, Schreuder, Pastizzo, & Baayen, 2002; German: Liideling & De Jong, 2002).

Recently, an effect of morphological family size has also been established for a Semitic language,
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Hebrew (Moscoso del Prado Martin, Deutsch, Frost, Schreuder, De Jong, & Baayen, 2003). In
this language, morphological family size is defined in terms of the number of words that share a
given consonantal root. The morphological family size in Hebrew ranges between 1 and 30, and is
therefore much more restricted than English family sizes (range 1 to 200) and Dutch family sizes
(range 1 to 550). Even though morphological families tend to be small in Hebrew, morphological
family size emerged as a reliable predictor of response latencies independently of word frequency.

The family size effect is semantic in nature (Bertram et al., 2000; De Jong, 2002). Recent evi-
dence supporting this conclusion has been obtained in Hebrew as well as for Dutch-English bilin-
guals. The Hebrew family size effect has a specific property that is particular to the Hebrew root,
namely, that for words with homonymic roots the semantically related family members lead to
facilitation while the semantically unrelated family members give rise to inhibition. In Dutch,
such an effect has not been observed for homonymic stems (De Jong, 2002). However, a simi-
lar effect has been observed for interlingual homographs for Dutch-English bilinguals (Dijkstra,
Moscoso del Prado Martin, Schulpen, Schreuder, & Baayen, 2003). Interlingual homographs are
non-cognate words with identical spelling but different meanings across two languages. For in-
stance, angel refers to a celestial being in English, and to a sting of a bee or wasp in Dutch. When
Dutch bilinguals performed a Dutch simple visual lexical decision task with interlingual homo-
graphs as target words, the number of Dutch family members of the interlingual homographs
is negatively correlated with response latencies (facilitation) while the number of English family
members is positively correlated with the response latencies (inhibition). In contrast, when partic-
ipants perform English simple lexical decision, the same homographs elicited response latencies
that correlated positively with the Dutch family counts and negatively with the English counts.

Since interlingual homographs such as angel have different meanings in the two languages, the



opposite effects of family size observed for the Dutch and English family sizes supports the hy-
pothesis that the morphological family size arises at semantic levels of lexical processing.

It is important to realize that the family size measure explores semantic relations between sets
of words (see, e.g., Moscoso del Prado Martin, Kosti¢, & Baayen, in press), while virtually all
other studies known to us focus on semantic relations between pairs of words, such as synonymy,
hyponomy, and hyperonomy, or associative measures obtained from ratings (e.g., McRae, DeSa,
& Seidenberg, 1997). In fact, the family size effect turns out to be a much stronger predictor
than such measures, see, e.g., the reanalysis of the data of McRae et al. provided by De Jong,
Schreuder, and Baayen (2003). This greater predictivity is not so surprising once it is realized
that a great many semantic relations in the lexicon are expressed morphologically. Furthermore,
semantic categorization judgements and latencies are codetermined by morphological family size
(De Jong, 2002). Finally, an information-theoretic account of the family size effect (in which the
token frequencies of the family members are also considered) can be found in Moscoso del Prado
Martin et al. (in press). This study shows that the family size count is a very good estimate of the
informational complexity of morphological paradigms.

In this study, we report an experiment addressing the possible existence of a family size in
Finnish. Finnish belongs to the Finno-Ugric language family, and is well known for its rich and
complex morphology. It combines a complex inflectional system with a great many cases with
productive derivation involving rampant stem allomorphy and very productive compounding.
In Finnish, a stem such as tyd, ‘work’, has roughly 7000 family members, including tyontekijd,
‘employee’, tyoehtosopimus, ‘'wage rate treaty’, tydstokone, ‘machine tool’, tyolis, 'laborious’, and
tyovienluokka, "'working class’. Obviously, most Finnish stems have smaller morphological fami-

lies, but many are very sizeable anyway with family sizes of some two hundred words or more.



While the Hebrew study established that family size effects generalize from Germanic con-
catenative morphology to Semitic non-concatenative morphology, the present study investigates
whether family size effects also exist in a language with agglutinative! morphology like Finnish.
It is far from evident that this would be the case. Just as the word frequency effect, the family
size effect is logarithmic in nature. Robust effects are typically observed in the range of 0—40 fam-
ily members, after which we generally have a floor effect. Given the large families counted for
Finnish stems, no effect of family size might be observed due to an overall floor effect. As we will
show below, this prediction is partially correct, requiring a more limited family size definition for
complex words.

In a previous study, Moscoso del Prado Martin et al. (2003) performed two lexical decision
experiments in Hebrew and Dutch. The materials for their Dutch experiment were the Dutch
translations of the words that were used in the Hebrew experiment. Their results showed that
Hebrew response latencies can be predicted from the Dutch family sizes of the corresponding
translation equivalents even after Hebrew frequency and Hebrew family size are partialled out,
and vice versa. This indicates that there is substantial similarity in semantic lexical organization
in Dutch and Hebrew, even though these languages are typologically fundamentally different.

A second question addressed in the current study is whether a similar cross-language pre-
dictivity might be observed for Finnish and Dutch translation equivalents, and for Finnish and
Hebrew translation equivalents. The patterns of cross-language predictivity have important im-
plications for the degree of isomorphy in semantic organization across languages with typologi-
cally different morphological systems.

The purpose of the present study can therefore be summarized as follows. First, by attesting

the role of a family size effect in Finnish, we provide further validation for this measure. Second,



by means of cross-linguistic comparisons, we further illustrate the potential of this measure as a
research tool for investigating semantic organization in the mental lexicon.

The following visual lexical decision experiment addresses the questions raised above. It is
designed along the lines of the Hebrew and Dutch experiments reported by Moscoso del Prado
Martin et al. (2003), and makes use of translation equivalents of the Hebrew and Dutch words

used in that study.

Experiment

Method

Participants. Twenty-six undergraduate students of the University of Turku participated in the
experiment. All were native speakers of Finnish and had normal or corrected-to-normal vision.

Materials. The materials of these studies are the translation equivalents of the Hebrew and
Dutch words used in the experiments reported in Moscoso del Prado Martin et al. (2003). As
our point of departure, we took the 162 Dutch words from their Experiment 2, and translated
them into Finnish. The translations were done using a Dutch-Finnish Dictionary (Suomi-Hollanti-
Suomi taskusanakirja, Porvoo: WSQY, 1992), and they were extensively validated by the second
and third author. When a word had different possible translations into Finnish with different
meanings, we included all translation possibilities in the Experiment. Four of the original Dutch
words could only be translated into Finnish using multi-word utterances, and were excluded from
the experiment as well. In this way we obtained a set of 167 Finnish words. Of these words,
71 were morphologically simple, 81 were derived words, and 15 were compounds. Within the
derived words there are only three that contain a suffix for which a base frequency effect has

ever been reported in the literature (Bertram, Baayen, Schreuder, Laine & Hyo6nd, 2000; Jarvikivi,



Bertram, & Niemi, 2003; Vannest, Bertram, Jarvikivi, & Niemi, 2002).

Frequency counts for these words are based on the unpublished computerized Turun Sanomat
Finnish newspaper corpus of 22.7 million word forms accessed with the help of the WordMill
database program of Laine and Virtanen (1999). Morphological family size counts were also based
on this database, with each of the potential family members evaluated by the third author, in
some occasions aided by a dictionary (Nykysuomen sanakirja, Porvoo: WSQOY, 1978). Each of
these words was paired with a pseudo-word whose phonotactics did not violate the phonology
of Finnish. The pseudo-words were derived from the experimental target words by changing 2
to 7 characters. Monomorphemic words were predominantly changed into pseudo-words with-
out any morphological structure (e.g., jalka 'leg’ was transformed into solka, varas "thief” became
turas), occasionally we pseudo-words created with a real stem but no suffix (e.g., vaalia "to take
care’ became puulia, which contains the stem puu "tree’). For derived words, only the stem was al-
tered into a pseudostem, but the suffix remained intact (e.g., hivyton 'shameless’ became selytin in
which -ton corresponds to "-less”). For compound words, sometimes the first or second constituent
was replaced by an alternative existing constituent (e.g., first constituent: lampunvarjostin "lamp-
shade” was transformed into lennonvormostin in which lennon means ‘flight” (in genitive); second
constituent: nenirengas 'nose ring’ became nypitkangas in which kangas means "textile’), sometimes
the whole word was changed so that no sublexical morphological structure was present anymore
(e.g., itsemurha "self murder, suicide’” became istekorha).

Twenty practice trials, ten words and ten pseudo-words were run before the actual experi-
ment. We constructed three different permutations and their corresponding reversed versions
of the original word list for counterbalancing. Table 1 provides a summary of the distributional

properties of the data set.



Procedure. Participants were tested in noise-attenuated experimental rooms. They were asked
to decide as quickly and accurately as possible whether the letter string appearing on the computer
screen was a real Finnish word. Following a pause after the test trials, the experiment was run
with two further pauses, dividing the experiment into three blocks, each containing one third of
the materials. Items were preceded by a fixation mark in the middle of the screen for 500 ms. After
500 ms., the stimulus appeared at the same position. Stimuli were presented in white lowercase
12 point Helvetica letters on a dark background and they remained on the screen for 1500 ms. The
maximum time span allowed for a response was 2000 ms. from stimulus onset.

Results and Discussion

All participants in this experiment performed with an error rate of less than 15%. One item
elicited errors for more than 30% of the participants, and was thus excluded from the analyses.
Additionally, we excluded four items that elicited response latencies of more than two and a half

standard deviations above or below the mean.

INSERT TABLE 1 AROUND HERE

Table 1 provides the medians, means, standard deviations, and ranges for the frequency, family
size, and word length counts for this data set, and the average response latencies in the experiment
after excluding the four outliers. In addition, it lists details about the error scores. As the analyses
of the error data revealed the same pattern of results as the reaction times, separate analyses of the
errors will not be reported.

A multilevel regression model (Pinheiro & Bates, 2000, Baayen et al., 2002, a more powerful
extension of the technique described by Lorch & Myers, 1990) fit to the dataset, with log response

latency as dependent variable and log frequency, log family size, and word length as independent



variables revealed a facilitatory main effect for word frequency (F'(1,3625) = 521.86, p < 0.0001),
an inhibitory main effect of word length (£'(1, 3625) = 137.66, p < 0.0001, after partialling out the
effect of frequency), and a facilitatory main effect of family size (F'(1,3625) = 24.62,p < 0.0001),
after partialling out the effects of frequency and word length. We also observed a significant inter-
action between word length and word frequency (F'(1, 3625) = 89.21, p < 0.0001), after partialling
out the main effects: Longer words elicited longer response latencies, but only for lower-frequency
words.

These results document, for the first time, the presence of a morphological family size effect in
Finnish. As in English, German, and Dutch, and as in Hebrew, words with larger families give rise
to shorter response latencies than words with smaller families. The presence of a morphological
family size effect in three genetically unrelated language families, Indo-European, Hamo-Semitic,
and Finno-Ugric, shows that, across typologically very different morphological systems, the or-
ganization of related words in morphological paradigms (i.e., the set of all the words that share a
given morphological constituent) is an important factor in lexical processing.

Thus far, it would seem that the possibility we considered in the introduction, namely, that
the large family sizes of Finnish compared to English or Dutch would lead to a floor effect, is not
borne out. However, consider a selection of the members of the morphological family of kirja,

‘book’ in Finnish:

kirja book

viitoskirja dissertation
muistikirja notebook
paivikirja diary, notebook
romaanikirjallisuus novel literature
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atkakauskirja journal

kirjasto library
lainakirjasto public library
kirjastonhoitaja librarian

kirjoitus writing
kirjoitusjirjestelmi writing system
kirjepaino paper weight
kirjailija author
kirjailijantoiminta authorship
asiakirja document

kirjailla embroider
kirjoittaa write

kirje letter (a written communication)
kirjain letter (the symbol)
kirjeenkantaja postman
kirjeenvaihtaja correspondent
kirjeenvaihtotoveri pen-pal
kirjoittautua register
kirjoituskone typewriter

Note that while there is a family member that has a translation in English that contains the stem

book (notebook), all other family members require translations with quite different stems in En-
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glish, ranging from author to library and from register to dissertation. Note furthermore that some
family members form semantically cohesive clusters, such as the words for library, librarian, and
public library. This suggests the possibility that the family size effect in Finnish might be carried
predominantly or perhaps even exclusively by the semantically more closely related family mem-
bers.

One way of obtaining an objective and replicable way of defining the notion of being more
closely related semantically, is to make a distinction between the family members of a word that
are its direct descendants (its dominated family) and the other family members (its non-dominated
family). Figure 1 illustrates the distinction between the dominated and non-dominated family size
for the Finnish family of tyoliinen (‘worker”). The dominated family size of tydliinen consists of
the words that are shown in bold in the figure. Its non-dominated family size consists of the
remaining words. Note that the dominated family members are in general more closely related
in meaning to each other than is the case for the non-dominated family members. This leads to
the hypothesis that in Finnish, the morphological family size might be carried predominantly or

perhaps exclusively by the dominated family size.

INSERT FIGURE 1 AROUND HERE

In order to test this hypothesis, we selected the 83 complex Finnish words in our dataset.
(We excluded the monomorphemic words from the analysis, as for monomorphemic words the
family size as a whole is identical to the dominated family size, the non-dominated family size
being an empty set.) For these complex words, we determined the dominated and non-dominated
family size. We then carried out a regression analysis, with log word frequency, word length,

log dominated family size, and log non-dominated family size as independent variables, and log
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response latencies as the dependent variable. A multilevel regression analysis revealed a highly
significant effect for the dominated family size (F'(1,2127) = 20.25,p < 0.0001) and no effect
whatsoever for the non-dominated family size (/' < 1). In fact, it turns out that the total family
size is not a good predictor for the complex words in our data. This shows that adding the non-
dominated family members to the family size count for complex words in Finnish amounts to
adding so much noise that the effect of the true predictor, the dominated family size, is completely
masked.

The non-existence of a family size effect for the non-dominated family is partly in line with
the intuition outlined in the introduction that with the large family sizes of Finnish the family size
effect might be reduced due to a floor effect. However, restriction of the effect to the dominated
family suggests that the degree of semantic relatedness in the family might be the key determi-
nant rather than size as such. To gain further insight into the weight of these two factors, the
magnitude of the family on the one hand, and its semantic cohesion on the other, we reanalysed
the Dutch analogue of the present experiment reported in Moscoso del Prado et al. (2003), in
which the translation equivalents of the Finnish words studied in the present paper were anal-
ysed. From their Dutch items, we selected the 59 words that were morphologically complex. A
multilevel regression model revealed significant effects of both dominated and non-dominated
family size, although the beta weight for the dominated family size (3 = —0.085, standard error
= 0.017,¢(2018) = —4.875,p < 0.0001) was more than twice as large as the beta weight of the
non-dominated family size (3 = —0.030, standard error = 0.011, t(2018) = —2.790, p = 0.0053).

This result suggests that the dominated family size is the prime carrier of the family size,
but that the non-dominated family size may also have some predictive power, at least in Dutch.

This is probably due to the relatively small sizes (at least compared to Finnish) of morphological
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families in Dutch. Within these small families, there is enough semantic similarity between the
non-dominated and the dominated family members to allow a non-dominated family size effect
to emerge. In Finnish, by contrast, the range of meanings covered by the non-dominated family
is too broad, leading to semantic neighborhoods that are too sparsely populated to give rise to a
measurable family size effect in the response latencies.

At this point, it should be made explicit that we do not claim that the distinction between the
dominated and the non-dominated family is an absolute distinction for Finnish. To the contrary,
we believe that closely related non-dominated family members will also contribute to the family
size effect. However, we leave it to further research to establish principled ways in which the
contributing non-dominated family members might be ascertained.

Summing up, the crucial contribution of the present experiment to our knowledge of the family
size effect in human cognition is that by examing the family size effect in a highly productive
agglutinative language such as Finnish, the semantic nature of the effect is clarified in more detail.
If the family size effect were just a form effect, the distinction between the dominated and non-
dominated family should not have been relevant, contrary to fact. This shows that the family size
effect depends on the combination of shared morphological form and shared semantics. When the
condition of semantic overlap is not met, as for most non-dominated family members in Finnish,

those family members no longer contribute to the effect.

Cross-language Analyses

As mentioned in the introduction, Moscoso del Prado Martin et al. (2003) observed that He-
brew response latencies can be predicted from the Dutch family sizes of the corresponding trans-

lation equivalents even after Hebrew frequency and Hebrew family size have been partialled out
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first, and vice versa. This result is indicative of substantial similarity in semantic lexical organiza-
tion in Dutch and Hebrew, even though these languages are fundamentally different typologically.
We now turn to investigate whether a similar cross-language predictivity might be observed for
Finnish and Dutch translation equivalents, and also for Finnish and Hebrew translation equiv-
alents. This will allow us to obtain insight in the extent of cross-language predictivity across
typologically unrelated languages and its implications for the degree of isomorphy in semantic
organization across radically different morphological systems.

For this cross-language multiple regression analysis, we selected those items that elicited less
than 30% errors in the three experiments in Hebrew, Dutch, and Finnish. In this way, we obtained a
total of 131 items, each with three response latencies. For each word in each of the three languages,
we added as predictors length (in letters), word frequency, and morphological family size in that
language. The key question of interest is whether length, frequency, and family size of, e.g., Dutch,
predict response latencies in Finnish, even after the effects of Finnish frequency, Finnish word
length, and Finnish family size, have been partialled out first.

Table 2 summarizes the results obtained for the 6 pairwise comparisions (Hebrew to Dutch,
Hebrew to Finnish, Dutch to Hebrew, Dutch to Finnish, Finnish to Hebrew, and Finnish to Dutch).
When predicting from language A to language B, we took the best multilevel regression model
titted to the data from language B as point of departure. The columns of Table 2 list the language
for which the response latencies are predicted. The rows of Table 2 list the language from which
an additional predictor (frequency, length, or family size) is taken. Each F-statistic and associ-
ated p-value corresponds to a separate analysis including the within-language variables and one
additional predictor from another language. (Including more than one additional predictor at a

time would have led to a serious collinearity problem.) For the details of the within-language
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regression models for Hebrew and Dutch, the reader is referred to Moscoso del Prado Martin et
al. (2003). For the Finnish data, the within-language model incorporates the effects of word fre-
quency, length in letters, and family size: the full family size for the monomorphemic words, and
the dominated family size for the complex words. The third row of Table 2 shows that Finnish
frequency is an excellent predictor of Dutch response latencies, after having partialled out the ef-
fect of Dutch length, frequency, and family size. Finnish family size likewise emerged as a highly

significant predictor, and even Finnish length turned out to have some predictive value.

INSERT TABLE 2 AROUND HERE

What Table 2 shows is that frequency is an excellent additional predictor in five out of six
cases. The only instance in which frequency fails to have additional predictivity is when Finnish
frequency is used to predict Hebrew reaction times. Note that, in turns of stem productivity, the
typological distance is greatest between Hebrew and Finnish, with Dutch taking an intermediate
position. Family size emerges alongside with word frequency as a remarkable explanatory vari-
able in four out of six cases. The two cases where family size fails as a cross-language predictor
is from Finnish family size to Hebrew reaction times and from Hebrew family size to Finnish re-
action times. Again, cross-language predictivity breaks down where the typological difference in
morphological structure and stem productivity is greatest. Finally, even word length shows some
cross-language predictivity. The only language pair for which word length is predictive in both
directions is Finnish and Dutch. The small differences in word length in Hebrew seem not to be
predictive for Dutch but predictive for Finnish. Conversely, the big differences in word lengths in

Finnish emerge as predictive for Dutch but not for Hebrew.

INSERT FIGURE 2 APPROXIMATELY HERE
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Figure 2 summarizes the family size effects for the three languages by means of non-parametric
regression lines. Note that the effect of family size is greatest for lower family sizes across all three
languages, and that it levels off for greater family counts. The point of inflection is different for
the three languages. For Hebrew, it is around 7.4 (e?), for Dutch, it is around 20.1 (e3), and for
Finnish, it is around 148 (e’). Although, arguing from Dutch, the large families of Finnish might
have given rise to an early floor effect, we actually observe a floor effect only at a much larger

family size.

General Discussion

The questions addressed in this study were, first, whether the family size effect might be ob-
served in Finnish, and second, to what extent Finnish might participate in the cross-language pre-
dictivity of family size observed for Hebrew and Dutch. As to the first question, a visual lexical
decision experiment revealed that, as in Germanic languages such as Dutch, English, and German,
and as in Hebrew (Semitic), the morphological family size is also relevant for lexical processing
in Finnish, a Finno-Ugric language. This finding provides further evidence for the cross-linguistic
generality of the family size effect.

Earlier studies (De Jong, 2002; Moscoso del Prado Martin et al., 2003) established that the ob-
served effect of the morphological family size probably arises at the level of semantic processing.
These studies also established that semantic similarity shared between the family members is cru-
cial for the effect to emerge.? Inspection of morphological families in Finnish, however, suggests
that the larger families as a whole are semantically fairly diverse. To obtain further insight into the
role of semantic similarity, we introduced the notion of the dominated versus the non-dominant

family size for complex words. The dominated family size (consisting of the semantically more
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similar morphological descendants of a complex word) turned out to be the crucial predictor for
Finnish. A reanalysis of Dutch data showed both dominant and non-dominant family size to be
relevant in this language. Given that morphological families in Dutch are both smaller and se-
mantically more cohesive, we argued that this result supported the hypothesis that the family
size effect crucially depends on semantic similarity. The operationalization of semantic similarity
in terms of dominated versus non-dominated family size is a first objective and replicable oper-
ationalization for differentiating between clusters of semantically related words. We leave it to
future research to develop more fine-grained operationalizations of semantic relatedness within
morphological families.

Bates et al. (2003) studied response latencies in picture naming across a broad range of lan-
guages. They observed that picture naming latencies in one language could be predicted from the
frequency and word length counts in another language. They interpreted these results as arguing
in favor of a substantial semantic component to the word frequency effect. Following the line
of research developed by Bates et al. (2003) for the cross-linguistic predictivity of frequency in
picture naming, and the cross-linguistic predictivity of frequency and family size in Moscoso del
Prado Martin et al. (2003), we investigated the cross-language predictivity of frequency and fam-
ily size across Finnish, Dutch, and Hebrew.? We observed substantial cross-language predictivity
for frequency across the three languages, and more limited cross-language predictivity for word
length. This suggests that there is considerable similarity in concept frequency in these languages,
and that Zipt’s observation that more frequent words tend to be shorter holds to some extent even
across unrelated languages. Following Bates et al. (2003), we interpret these results as another
indication of a substantial semantic component to the word frequency effect.

The most important cross-linguistic finding, however, is that the cross-language predictivity
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of family size is absent when the distance between the morphological systems, as reflected in
the degree of stem productivity, becomes very large. Finnish and Hebrew, the languages with
the greatest and the smallest stem productivity, showed no additional predictivity for family size
once the within-language measures (frequency, length, and family size) have been taken into ac-
count. This lack of predictivity contrasts markedly with the significant predictivity of family size
from Hebrew to Dutch and vice versa. This suggests to us that there is a higher degree of overlap
between the semantic organization in the mental lexicon of morphologically related words in He-
brew and Dutch, and in Finnish and Dutch, than there is for Finnish and Hebrew. Given that we
have thus far only investigated three language families, and only very few languages within these
families, this line of explanation remains necesarily tentative, and requires further research.
Although the cross-language predictivity of family size suggests that there may be consider-
able overlap in semantic organization, in the sense that words in dense morphological neighbor-
hoods tend to have translation equivalents that also have dense morphological neighborhoods, the
absence of such predictivity for Finnish and Hebrew suggests that there are limits to this cross-
language predictivity. To understand why these limits might arise, consider, for instance, the
consequences of the different degrees of productivity of compounding in Finnish, Dutch, and He-
brew. In Finnish, compounding is extremely productive, in Dutch, it is productive, and in Hebrew,
it is marginally productive at best. Thus, complex concepts expressed by compounds in Finnish
will have lexical (instead of phrasal) counterparts in Dutch relatively often, but very seldom in
Hebrew. In Hebrew, many Finnish words will require phrasal translations. Consequently, the pat-
terns of lexical co-activation in Finnish will resemble the coactivation patterns of their translation
equivalents to a much larger degree in Dutch than in Hebrew. If, as has been argued by De Jong

et al. (2003), the co-activation of the morphological family members indeed co-determines the
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semantic percept of a word, then the present results support the Whorfian view of language, ac-
cording to which language co-determines thought (see, e.g., Boroditsky, 2001). For languages with
similar morphologies, the morphology might guide thought along similar paths, thereby giving
rise to considerable cross-language predictivity of family size. When morphological systems are
very different, as for Hebrew and Finnish, the well-worn paths along which morphology might
lead thought become notably different, as witnessed by the breakdown of the cross-linguistic pre-

dictivity of family size for these languages.
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Footnotes

1. Agglutinative languages are languages with an especially rich concatenative morphology in
which grammatical functions tend to be expressed by separate affixes. For instance, the Finnish
word Taloissanikinko translates into the English sentence (Do you mean) in my houses, too?” and

consists of the morphemes talo-i-ssa-ni-kin-ko.

2. In this study, we have used word length as a means for assessing the effect of family size while
controlling for an important variable relating to word form. Other measures, such as neighbor-
hood size and orthographic bigram frequency, were not included in our analyses, for two reasons.
First of all, Schreuder & Baayen (1997) showed that the family size effect is not confounded with
neither neighborhood size nor with orthographic bigram frequency. Second, adding such mea-
sures to the regression models leads to a very large increase in collinearity, with the condition
number (Belsley, 1991; Belsley, Kuh, & Welsch, 1980) increasing from 12 to 79 when just bigram
frequency is added. With such high collinearity the coefficients of the regression model become
unstable. When a regression model with bigram frequency as an additional predictor is neverthe-
less fitted to the response latencies of the Dutch experiment, the effects of frequency, word length,

and family size remain highly significant.

3. The cross-linguistic comparisons in this study are based on experimental data from highly-
educated participants with at least a working knowledge of English. Thus, it might be possi-
ble that some of the Dutch-Hebrew and Dutch-Finnish cross-linguistic predicitivity is due to this
shared knowledge. More precisely, it is possible that the knowledge of English induces a more

‘Dutch-like” (since Dutch and English have comparable morphologies) representation of the cor-
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responding concepts in the Hebrew and Finnish mental lexicon. Note that such an explanation is
perfectly in line with our main argument, that the morphology of the languages one knows does

indeed shape ones semantic representations.
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median mean standard deviation range

frequency 670 3,155 7,097 1-56,193
word length 7 7.2 2.3 3-14
family size 298 620 892 8-6,029
dominated family size 88 273 485 0-3,080
non-dominated family size 29 347 762 0-5,835
response latency 604 ms. 617 ms. 63 ms. 530-808 ms.
error rates 0.000 0.017 0.033 0.000-0.192

Table 1: Medians, means, standard deviations, and ranges for the different counts, response laten-

cies, and error rates in Experiment 1, after excluding four outliers.
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Hebrew Dutch Finnish

frequency - F(1,4603) = 7.39**  F(1,3263) = 20.57***
Hebrew word length - F(1,4603) = 2.53 F(1,3263) = 11.51**
related family size - F(1,4603) = 20.22*** F(1,3263) = 1.38
frequency F(1,3184) = 15.28"** - F(1,3263) = 35.99***
Dutch  word length F(1,3184) =6.17* - F(1,3263) = 56.94***
family size F(1,3184) = 15.03** - F(1,3263) = 18.62***
frequency F(1,3184) = 2.20 F(1,4603) = 15.98*** -
Finnish ~ word length F <1 F(1,4603) = 4.90* -
family size F(1,3184) = 1.52  F(1,4603) = 16.75* -

Table 2: Cross language predictivity of word frequency, word length, and morphological family
size between translation equivalents in Hebrew, Dutch, and Finnish, in sequential analyses of
variance in multilevel regression analyses. Significance codes are: *p < 0.0500, **p < 0.0050, and
“**p < 0.0005. The columns specify the language for which the response latencies are predicted,
the rows indicate the languages from which the independent variables are taken. The value listed
in a given cell specifies the significance of the predictor listed in the row of the cell after partialing

out the within-language effects of frequency, length, and family size.
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tyd

“wrork”
tyGkalu tihuty & tydllistaa tydlainen tydlas urotyd ywhieistyd tydskennella
"tool” “vandalic act” o employ” "worker” "laborious” "heroic deed” "co-gperation” "o work”
kaivostyblidinen kasityblainen tydlaisluokka tydlaiskoti tydskentely
"miner” "craftsman” "working class” "working-class home” "wiorking”
kasitydladismuseo tybskentelytapa
"handicraft museum” "wiorking method”

Figure 1: The position of tyoliinen (‘'worker’) in the family of tyo (‘'work’). The items in bold

represent the dominated family of tyoliinen, the rest of the items are the non-dominated family.
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Figure 2: Response latency (RT) against family size for Hebrew, Dutch, and Finnish using non-

parametric regression (Cleveland, 1979).
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