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In experimental psycholinguistics, one clue into the architecture of lexical memory comes
from the presence of robust frequency effects in lexical decision task (LDT), in which subjects
Judge whether a written stimulus is a real word or a nonword, and processing complexity is
measured by reaction time (RT). For example, in LDT the visual word recognition process
is facilitated (or inhibited) by word frequency as measured from the representative corpus.
Our study verifies the word frequency effect in standard (“yes/no task”) LDT performed
by Khalkha Mongolian subjects. The results showed strong weight of word frequency as
RTs predictor (R? = .631, F (1, 28) = 50.57, p < .000, = .802, t = 7.111, p < .000). Our
experimental results also correspond to experimental findings on word frequency effects for
Japanese Katakana (syllabic) and Kanji (logographic) words in standard LDT. Such lexical
decision “script moderation” could be the actual clue for further LDT experiments (e. g.,
relatively “deep” Mongolian script vs. “shallow” Cyrillic Mongolian).
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Introduction

Frequency effects have long been known to account for a large amount of variance
in lexical decision latencies (Howes & Solomon, 1951). Proponents of dual-route
models (e. g., Baayen et al., 1997; Baayen & Schreuder, 1999; Caramazza et al., 1988)
emphasize the role of whole word frequency in word recognition.

Traditionally, the word frequency effect is based on the findings that high-
frequency words are responded faster than low-frequency ones in almost any lexical
processing task, including lexical decision, reading aloud, semantic categorization, and
picture naming (Duyck et al., 2008). This effect is one of the most robust and well-
known in word recognition research in different languages (Monsell et al., 1989; Allen
et al., 1995; Lien et al., 2012; Kwon et al., 2006). The lexical decision task (LDT) is
widely used to reveal this effect. According to Gardner et al. (1987), the difference
in reaction times (RTs) is due to the differing frequency of high- and low-frequency
words in the general language. This would imply that people making a lexical decision
are influenced by their experience with the lexicon, and that greater experience leads
to faster decisions. There is also another possible explanation of the word frequency
effect. Landauer and Streeter (1973) showed that a number of lexical dimensions are
correlated with word frequency. For instance, common and rare words have different
distributions of phonemes and graphemes. A number of other differences exist as well.
In Coltheart's DRC model the effect of neighborhood size in LDT is proposed (Coltheart
et al., 2001). N-value (the number of orthographic neighbors') actually may be one of
the robust independent variable in studying visual word recognition in LDT. Also,
bigram or sound clusters frequencies can significantly affect RTs. But these factors
were not taken into account in our study due to the lack of any appropriate databases
in Khalkha Mongolian.

Another potential predictor of RTs is word length which can be based both on
orthographic measures (number of letters) or phonological measures (number of
phonemes and syllables). These different measures are generally highly intercorrelated,
and they also correlate with other variables (such as the number of orthographic
neighbors and the printed frequency) that influence word recognition.

Recent visual word recognition studies (such as perceptual identification,
lexical decision, naming, and eye movement recording) include word length as an

independent variable (New et al., 2006). Experiments in English, Dutch, French and

' An orthographic neighbor is defined as a word of the same length that differs from the original string by only

one letter.
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German yielded a mixture of null effects and inhibitory length effects. Investigating
French word length and frequency effects, O’Regan and Jacobs (1992) found reliable
inhibitory length effects in lexical decision and naming with words ranging from 4 to
11 letters. The effect size was around 15-19 msec per letter both in lexical decision
and in naming. Furthermore, the authors showed that frequency and length did not
interact. In eye movement study (Vitu et al., 1990) there was also no frequency and
length interaction. In Balota, Cortese, Sergent-Marshall, Spieler, and Yap study (2004)
the length effect was moderated by word frequency: it was significantly larger for low-
frequency words than for high-frequency words. For university students, the length
effect was even facilitatory when the analysis was limited to high frequency words
and lexical decision. Another important result of Balota et al. (2004) was that their
length effect was obtained after partialling out the length in phonemes, suggesting that
the letter length effect is not a phoneme length effect in disguise. The results of other
different studies tend to be inconsistent (New et al., 2006).

Related works

LaCross's study (2012) is one of the first research in Khalkha Mongolian providing
interesting findings on word frequency and vowel pattern frequency effects on RTs
and familiarity ratings. The author's results offer the first empirical support to the idea
of separate lexical entries for non-adjacent phonological dependencies. Generally,
word-familiarity task showed that Khalkha Mongolian subjects rated highest and
responded fastest to high-frequency words with high frequency vowel patterns (such
as,a a,e e,09,0 0,a 1,0 a,al i,u e, 1 e, 11 1,0 1, ee_e, vu_uU, 9 29). But there
was no significant effect of word frequency on RTs to high vs. low frequency words.
Additionally, no significant effect of vowel pattern frequency was found either on
subjects’ ratings or RTs. As LaCross revealed the vowel pattern frequency effect
only in nonword ratings and RTs, we assume that in real words recognition more
frequent patterns of vowels (graphemes) might be less informative than less frequent
ones as declares in (New & Grainger, 2011: 326). Thus, LaCross hypothesized that
real word frequency effects obscured and confounded any possible effects of vowel
pattern frequency. Also, such findings can be explained by unrepresentative corpus
size LaCross used in the study.

Recent studies (Brysbaert et al., 2011) claim that word frequency measures should
be based on a representative corpus, but the quality of word frequency measures should

be ascertained by correlating them with behavioral word processing data.
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Thus, the best way to verify LaCross’s findings is to take into account the General
Corpus of the Modern Mongolian Language and related databases to compute word

frequency (Krylov, 2012).

Experiment

To compute word frequency we used the General Corpus of Mongolian (Krylov,
2012). It is the first resource of such type in Mongolian and contains 966 texts of
different genres (1155583 words length). The corpus is lemmatized and glossed (in the
script of the Leipzig glossing rules). The morphological analyzer (working within
the Starling software) is on the experimental stage, 97 % of text word forms (which
correspond to 76 % of the word forms which are inputs in the concordance of word
forms) can be effectively analyzed. There are also frequency dictionaries of different
types, presented on the Starling'.

The LDT was performed by Khalkha Mongolian adult skilled readers, monolinguals
(n=48, 21 males and 27 females).

The list of items consisted of 30 real Khalkha Mongolian words (nouns) with length
between 2 and 8 letters. In our study we restrict our analysis to lemmatized words
to avoid morphological factor, since complex words frequency could be determined
by their components (base, suffixes). Also 30 nonwords were used from the previous
studies (Trofimova et al., 2011). The word frequency was computed with “Alphabetical
frequency dictionary of Modern Mongolian lexemes with quantitative properties of
their grammatical manifestations in corpus™. The whole item list is presented in
Table 1.

While a vast number of RT predictors have been proposed in the literature, here
we chose predictors which either reflect well-known properties of speeded reading
or measure possible frequency effects at different levels of lexical memory. They are
word frequency, orthographic word length, number of syllables. It is assumed that
word frequency represents the most important predictor of lexical decision latencies
(Lignos and Gorman, 2012).

! Search for data in: Alphabetical frequency dictionary of Modern Mongolian lexemes with quantitative proper-
ties of their grammatical manifestations in corpus. Available at: http://starling.rinet.ru/cgi-bin/query.cgi?root=
mongqrs&morpho=0&basename=mongqrs\mwf02fla&encoding=utf-eng ©Krylov

2 Krylov, S.A.. “Quantitative Instance-Oriented Grammatical Dictionary of Modern Mongolian” database.
Available at: http://starling.rinet.ru/cgi-bin/main.cgi?root=mongqrs ©Krylov

= 1957 -



Mikhail S. Vlasov, Tumee Odonchimeg,.. Word Frequency Effect in Lexical Decision Task: Evidence from Khalkha Mongolian

Table 1. Experimental item list

Word Word frequency Char;;: tets, Syn;}) les, Nonwords
aapyyn 34 6 2 Oxamt
anuM 30 4 2 Haaras
asra 192 4 2 BHBH
Oai 22 3 1 caps
Baap 39 4 1 raHcaH
BaHJIaH 12 6 2 HUHUHU
rejer 37 5 2 G6ampyr
0oM00 15 5 2 JTacuy
KYH3 6 4 1 napn
33BCAT 134 6 2 JuMap
naa 28 3 1 KHUMH
MOpb 1487 4 1 KaJIIIn
HaBY 137 4 1 aMH
HUICIIDI 44 7 2 psiab
HYPYY 348 5 2 OOPOHXYIIPH
©oBOO 95 4 2 apxbop0Orax
op 285 2 1 HCOJICOX
OpoOJT 9 6 2 BOZYYyJILIaH
coéo 32 4 2 30MUTaHy
cOPId 15 5 2 yHap
TIM33 417 5 2 KIXPTYY
yyia 625 3 1 cauxpax
YYD 143 3 1 rpoaj
XUBC 36 4 1 XpacT
IPIPIAT 43 8 3 mapp6ro
YUII9H 22 6 2 XpOHCY
9BIP 90 4 2 axpaIHe
M3 84 4 2 o1paxiod
yc 202 2 1 MOOHI66T
Xxaajura 318 6 2 XYYJIYY

We used the typical (yes/no) LDT experimental design. As dependent variables,
we measured the RTs (in milliseconds) and error rates (in percentages). Stimuli
presentation and data collection were controlled by HP ProBook 470 G2 using Inquisit
4 Lab software for Windows (Millisecond Software™). The strings of letters were
presented in the center of the screen and in lowercase type. Each trial consisted of a

50-ms blank and the target (word or nonword). Words and nonwords were presented
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separately and randomly until the subject decided whether the string of characters was
a real Mongolian word. The response keys (“Yes/”No”) were located at the extreme
left and right ends of the bottom row of the keyboard. A practice list preceded the test

phase in order to familiarize the subjects with the task and to standardize the RTs.

Results and Discussion

Firstly, we examined the relation between each of the three predictors (word
frequency, word length in characters and word length in syllables) and the standardized
RTs (in correct responses only), expecting the increase of RTs to the words with lower
frequency and greater length (inhibitory effect). As it is assumed that RT distribution
generally doesn’t correspond to Gaussian distribution (McGill, 1963) we calculated a
nonparametric coefficient of correlation (R for Spearman) for each pair of variables.
It was not significant either for word length in characters (r,= .228, n=30, p = .225), or
for word length in syllables (r,=.026, n=30, p = .890). But we revealed strong negative
correlation for RTs and word frequency (r,=— .622, n=30, p <.0001) (Fig. 1).

Standardized_RTs

1,00

50

-0 T T T
0 500 1000 1500

Word_Frequency

Fig. 1. Results of regression analysis of RTs:
inverse linearity between RTs and Word Frequency
as a predictor
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To verify this, we computed the regression analysis in reciprocal-X model: Y =a +
b/X. The results showed strong weight of word frequency as RTs predictor (R? = .631,
F (1, 28) = 50.57, p < .0001, B = .802, t = 7.111, p < .0001).

The findings correspond to traditional thesis of Balota and Chumbley (1984) that lexical-
selection process might be frequency sensitive precisely in standard LDT. Our findings are also
appropriate for dual-route models since it is assumed that the lexical route directly accesses
word entries in the mental lexicon in a holistic fashion and is affected by word frequency
(Coltheart et al., 2001).

Such “heavy weight” of word frequency as RTs predictor could be also explained with
the orthographic depth hypothesis: relatively shallow orthographies with high grapheme-to-
phoneme and phoneme-to-grapheme correspondence (such as Cyrillic Mongolian) are more
able to easily support a word recognition process that involves the language phonology. In
contrast, deep orthographies encourage a reader to process printed words by referring to
their morphology via printed word’s visual orthographic structure (Katz and Frost, 1992). For
instance, in English (with its relatively deep orthography) printed word frequency, number of
syllables, and number of orthographic neighbors all make independent contributions to lexical
decision (New et al., 2006). Recent research in French (also with relatively deep orthography)
revealed letter frequency effects (New & Grainger, 2011).

To a certain extent, our experimental results also correspond to Hino and Lupker findings
on word frequency effects for Japanese Katakana (syllabic) and Kanji (logographic) words in
standard LDT. In their study, except the main effect of word frequency, another effect of script
type was obtained: RTs were faster for Katakana word as well as nonwords than for Kanji
ones. Hino and Lupker emphasize that in standard LDT such effects are specific for lexical-
selection process only while the decision-making process involves retrieving phonological,
syntactic, semantic information. We suppose that such lexical decision “script moderation”
could be the actual clue for further LDT experiments in modern Mongolian speakers living
in Mongolia and Inner Mongolia (e. g., relatively “deep” Hudum Mongol Bichig (Mongolian
script) vs. “shallow” Cyrillic Mongolian). Thus, lexical decision process requires more
analytic processing and needs to verify in different lexical tasks as presented in (Hino and

Lupker, 1998).

Conclusion
Our experiment revealed a negative correlation between Khalkha Mongolian
(Cyrillic) word frequency and RTs in standard LDT. The results replicated the word

frequency effect on visual word recognition obtained in most of the previous studies
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in other languages. The substantial portion of the word frequency effect on RTs was
due to quantity of word occurrences in corpus. This is close to LaCross’s findings in
familiarity ratings task: Khalkha Mongolian speakers rated high frequency words as
significantly more familiar than low frequency ones (LaCross, 2012).

Psycholinguistic studies on this topic tend to be more accessible in Khalkha
Mongolian due to the providing statistical usage-based information about the
language, e. g. the General Corpus of the Modern Mongolian Language (Krylov, 2012)
and Mongolian Corpus project (Loglo and Sarula, 2011). Creating the corpora and
frequency databases in Mongolian (both for Mongolian script and Cyrillic Mongolian)
with behavioral word processing data could facilitate special lexical projects, such as
English Lexicon Project', French Lexicon Project?, Chinese Lexicon Project (Sze et al.,
2014). Also, subsequent behavioral and psychophysiological auditory and visual word
processing studies in agglutinative languages could provide new evidence from word

frequency x vowel harmony interaction.
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AP PekT YACTOTHOCTH CJI0BA B 3aIaHUHU
HA JIEKCHYeCcKoe pellieHue:
JIKCIIEPUMEHTAJIbHbIE J0KA3aTeJIbCTBA

Ha MaTepHualjic Xxajixa-MOHI'0JIbCKOI'0 si3blKa

M.C. Baacos?, T. Ononuumoar?,

B. Caunbasip®, T. U. I'pomorinacosa®
“‘Uncmumym 2ymMaHumapho2o oo6pa3osanus
Anmaiickuii 20cy0apcmeenHblll 2yMaAHUMapHo-neoa2oeutecKull
yuusepcumem um. B. M. [llykwuna

Poccus, 659333, buuck, yn. Koponenko, 53
°[lIkona coyuanbHbiX U 2yMAHUMAPHBLX HAYK
XosOckuti 2ocyoapcmeeHHblil YHUgepcumem
Mowneonus, 84000, Xoeo, yr. ’Kapeananm
‘Hogocubupckuti 20cyoapcmeeHHblil YHugepcumem
9KOHOMUKU U YNPABTIeHUS

Poccus, 630099, Hosocubupck, ya. Kamenckas, 56

B oxcnepumenmanvholl nCuxoaunesucmuKe 00Ul U3 Kalouesblx 91eMeHmos MOOeIUpo8aniis
JIEKCUYECKOU NAMSIMU OCHOBbIBACMCS HA MOWHBIX 9(DPeKmax uacmomnocmu npu GblnoiHe-
Huu 3a0anutl Ha aexcudeckoe peuwienue (LDT), 6 komopwix cyOvbekmvl oyenusaiom, seisem-
€51 U NUCLMEHHBLIL CIMUMYJL PEATbHBIM CL080M WU HECTIOBOM, A CIOJICHOCTL 0OPAOOMKU U3-
mepsiemces epemenem peakyuu (RT). Pacnosunasanue cios obnecuaemcs (uiu nooasisemcs)
Yacmomou ux ynompeonenust 6 sizvlke, UsMEPEHHOU NO penpesenmamuenomy kopnycy. Hawe
uccnedosanue nposepsiem eausHue IPphexma uacmomnocmu ciog 8 CIMaHOApmHOM mecne
LDT, binoanennom HOCUMENSAMU XAAXA-MOH2OIbCKO20 A3blKa. Pezyibmamvl noomeepounu
BHAYUMOCTb YACMOMHOCMU CI08A KAK NPeOUKmopa CKOPOCmuU pacno3HAGAHUs C106A (8pe-
menu peaxyuu) (R° = 0,631, F (1, 28) = 50,57, p <.000, B = .802, t = 7.111, p <.000). Hawu
IKCHEPUMEHMATLHBLE PE3VIbIMAMbL MAKICe COOMHOCAMCSL ¢ Pe3YIbmamamu 0py2020 Kcne-
PUMEHMATLHO20 UCCIeO08AHUS IPPeKma uacmomHoCmuy Ha Mamepuane SNOHCKUX 1eKCu-
YeCKUX eOUHUY, HANUCAHHBIX HA KAMaKaHne (C102080M nucbme) u Kanosu (102oepagpuieckom
nucbme) 6 cmanoapmuom mecme LDT. Jlannas mooughuxayus npoyecca ieKcuueckoeo pe-
weHUst haxmopom NUCbMEHHOCU MOJCEN CIAMb AKMYATbHbLM 60NPOCOM 015 OATbHEUUUX
IKCHEPUMEHMATLHBIX UCCIe008AHULL (HANpUMep, Ha Mamepuane cl08 HA OMHOCUMETbHO
«eyboxkom» (c bonee crabvimu OYKEEHHO-38VKOBBIMU COOMBEMCMBUAMU) CIAPOMOHEOIb-
CKOM NUCbME U CIO8 HA «NOBEPXHOCMHOMY (C bonee paszgumvimu 6YK8eHHO-36YKOGbIMU COONI-
BEMCMBUAMU) COBPEMEHHOM KUPUTLIUYECKOM MOH2OIbCKOM RUCbME.

Kniouesvie cnosa: obpabomra nexcuueckoll ungopmayuu, npoyecc nPUHAmMUs 1eKCUYecKo2o
pewienus, 3¢hghexm 4acmomrHocmu cio8a, MOH2ONbCKUL A3bIK.

Uccnedosanue npogedeno npu noodepixcke POOU u MunOHKC Moneonuu (npoexm
Ne 16-23—-03005).

Hayunas cneyuanonocmo: 10.02.00 — nunesucmuxa.




