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Abstract

This study analyzes whether word frequency and length effects differ between second language (L2) and first lan-

guage (L1) speakers. The eye movements of Japanese learners and native speakers of English, specifically first fixation

duration and gaze duration during silent reading of English sentences containing target words, were measured. The

target words consisted of four categories: long high-frequency words, short high-frequency words, long low-frequency

words, and short low-frequency words. The findings revealed that both native and non-native speaker groups demon-

strated significantly longer fixations for infrequent words than frequent words in gaze duration. More importantly, the

results showed stronger word frequency and length effects for non-native speakers with non-alphabetical L1 than for

the native speakers. An additional analysis was conducted by including individual vocabulary sizes to verify the influ-

ence on the discrepancy. The analysis showed that the participant’s vocabulary size did not eliminate this differential

impact, demonstrating that an additional factor must be involved to explain the difference. The findings posit a signifi-

cant discrepancy in L1 and L2 single-word processing and require further explanation beyond individual vocabulary

sizes.

1. Introduction

It is widely accepted that word frequency and
length are influential variables in first language (L1)
and second language (L.2) sentence processing. High-
frequency words are generally recognized faster than
low-frequency words (Forster & Chambers, 1973).
Longer fixations have been found for low-frequency
words in eye-tracking research (Inhoff & Rayner,
1986; Rayner, 1998, 2009; Rayner & Duffy, 1986).
Non-native speakers (NNS) demonstrated a stronger
word frequency effect than native speakers (NS) (Cop
et al., 2015; Whitford & Titone, 2012 for the eye-

tracking paradigm: Gollan et al., 2008 for picture-
naming tasks; Duyck et al., 2008 for lexical decision
tasks). Diependaele et al. (2013) proposed two
hypotheses to explain the effect of different degrees of
frequency: language competition and lexical
entrenchment accounts. Language competition entails
that L2 lexical processing is slower, owing to the
existence of two languages in the mental lexicon. If
words are orthographically similar between L1 and
L2, the bilingual individual first needs to distinguish
the words from their LL1 and L2. According to the

language competition account, Japanese speakers
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with non-alphabetical L1 would show a subtle
difference or no frequency effect difference between
L1 and L2, due to the absence of orthographical
language competition. Japanese has a script that is
different from English and does not contain
orthographically similar words, so the expectation is
that they do not generally need to distinguish English
from their mother tongue to process L2 words in their
mental lexicon.

The lexical entrenchment argument anticipates
that the different effects in word frequency are
because of language exposure to the target language.
The hypothesis is based on the lexical representation
of use-based theory involved in the amount of
language exposure. NNS of English normally have a
small L2 vocabulary and less exposure to English.
NNS are less exposed to particularly infrequent
words; therefore, it is time-consuming for them to
process these words, owing to their reduced exposure
and low proficiency (Brysbaert et al., 2017).
Diependaele et al. (2013) found that the difference in
magnitude disappeared by considering vocabulary
size as a predictor. However, some studies have
challenged the influence of vocabulary size, and
reported that vocabulary size had a null impact on L2
speakers’ greater frequency effect (e.g., Cop et al.,
2015; Whitford & Titone, 2012). In summary,
although a larger word frequency effect among NNS
is confirmed, there have been conflicting results about
the mechanism. In addition, there is little research on
the different impacts of different-script NNS (see also
Mor & Prior, 2021). Ishida (2022) revealed that word
frequency effects were more prominent in NNS than
NS. At this time, it is unclear what could explain the
difference.

In terms of the word length effect, long words are
processed more slowly and receive longer and
multiple fixations (Kliegl et al., 2004: Barton et al.,
2015 for review). Young children show a larger length
effect than adults (Tiffin-Richards & Schroeder,
2015), with a larger length effect for L2 than L1
children (Schrioter & Schroeder, 2018). Word length

effects can be explained by the dual-route models of
word recognition suggested by Coltheart et al. (2001).
According to Tiffin-Richards and Schroeder (2015),
the models suggest a sublexical route in which words
are decoded letter-by-letter, and a lexical route
whereby words are directly linked to representation
in memory. Using the sublexical route takes more
time to process and is sensitive to word length.
However, no study has addressed the different
magnitudes of word length effect for NNS with non-
alphabetical L1 and the influence of vocabulary
knowledge on the discrepancy.

The current study contributes to existing literature
by examining word frequency and length effects in L1
and L2 eye movements. We employ an analysis of
first fixation duration and gaze duration. The first
fixation duration is the length of the first fixation in
an interest area, and gaze duration is the sum of all
the fixations made in the interest area until the eyes
leave the interest region (Godfroid, 2020). This study
uses these measures because they reflect the early
measure of lexical access; other eye-movement
measures (e.g., total reading time) are complicated,

reflecting different processes.

The two research questions are:

1) Are stronger frequency and length effects
observed for NNS with non-alphabetical L.1?

2) If there is a different impact indicating NNS
receive the greater effects of word frequency
and length, how does the individual vocabulary

size affect the difference?

2. Methods
2.1. Participants

The participants included 17 native speakers of
English and 14 Japanese learners of English as a
foreign language. Data from one native speaker and
one Japanese learner were excluded owing to a
procedural failure. The remaining 16 native speakers
(6 males and 10 females) and 13 non-native speakers

(4 males and 9 females) were either undergraduate or



postgraduate students at a national university. All
participants stayed in Japan at the time of the
experiment. Most of the native English participants
were exchange students who had been in Japan about
a couple of months. The Japanese participants had
studied English through formal education for more

than 6 years. Table 1 shows the two groups’

it
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characteristics administrated in a questionnaire
conducted before the experiment. All participants’
English vocabulary size was measured with LexTALE
(Lemhofer & Broersma, 2012). The mean scores of
LexTALE for NNS were 64.42%, which could be

regarded as an intermediate level.

Table 1. Characteristics of participants (standard deviations in parentheses)

Native speakers (N=16)

Non-native speakers (N=13)

Age 21.82 (2.43) 24.15 (8.54)
LexTALE (%) 93.60 (5.52) 64.42 (12.19)
Age started English learning 10.46 (4.31)
Self-reported proficiency

Speaking 5.85 (1.95)

Listening 6.62 (2.10)

Reading 6.85 (1.63)

Writing 5.69 (1.38)

Note. Self-reported proficiency on a 10-point scale.

2.2. Materials

This study chose 96 target noun words within the
most frequent 5000 words level (the standard
university level in Japanese education) in the JACET
list of 8000 Basic Words (JACET Committee of Basic
Words Revision, 2003), including short (3—5 letters),
long (8—14 letters), high frequency (219.22 per
million), and low frequency (18.85 per million) words
in the British National Corpus (BNC Consortium,
2001). The target words consisted of four categories:
24 long M = 10.33, SD = 1.43) high-frequency words
M = 2.31, SD = 2.11 log10 frequency), 24 short (M =
3.96, SD= 0.46) high-frequency words (M = 2.44, SD =
2.47 logl10 frequency), 24 long (M = 9.71, SD = 1.37)
low-frequency words (M = 1.22, SD = 0.62 logl0
frequency), and 24 short (M= 4.41, SD= 0.76) low-
frequency words (M = 1.23, SD = 0.47 logl0
frequency). Sentences were 10-12 words (M = 11.32,
SD = 0.75) and target words were positioned fifth in
the experimental sentences. The frequency and
length of words preceding target words did not differ
in different conditions of length (p = 0.40) or

frequency (p = 0.83). Examples of sentence stimuli

with embedded target words are as follows.

Long high-frequency word (information)
He left all his information with the guard at the
front desk.

Short high-frequency word (list)
I always make a list before going to the grocery

store.

Long low-frequency word (management)
I relied on the management to help me solve the

problem.

Short low-frequency word (inn)
We stopped at the inn after driving for 10 hours
that day.

In addition to the main sentences, 24 filler sentences
were constructed. A yes—no comprehension question
followed every three sentences to keep participants

focused.
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2.3. Procedure

Participants took the test individually in a quiet
room. They were asked to fill in a questionnaire about
their language skills and educational background.
Then, their eye movements were recorded using
EyeLink 1000 (SR Research, Canada). The
participants silently read the sentences on the
computer screen using a chin rest. The participants
pressed the space bar when they finished reading the
whole sentence. The eye-tracker was calibrated by
employing nine fixation points across the entire
screen. Eye movements were recorded from only the
right eye. To ensure that participants sustained
attention while they read, yes—no comprehension
questions per three experimental sentences appeared
on the screen. The order of stimulus presentation was
randomized. Ten practice trials were conducted given
prior to the main experimental session. After the eye-
tracking experiment, all the participants took the

LexTALE to measure their vocabulary knowledge.

3. Results and discussion

Fixation durations of less than 100 ms in duration
were removed for the analysis, resulting in the loss of
3.2% of NS data and 3.6% of NNS data. The
comprehension questions were answered with an
average accuracy of 91% for NS and 81% for NNS.
Table 2 shows three dependent eye-tracking
measures for all words used in the experiment. NNS

fixated longer and more than NS in all measures (p <

0.001). In the current experiments, three separate
analyses were conducted to investigate the effects of
word frequency and length: (1) the first model verified
the word frequency and length effects for each group;
(2) the second model examined the different impacts
of the effects between NS and NNS; and (3) the third
model investigated the influence of vocabulary
knowledge by adding individual vocabulary
knowledge as a predictor to the second analysis.

All data of first fixation durations and gaze
durations for target words were analyzed with a
linear mixed-effects model (LME) with cross random-
effect factors using R version 4.1.1 (R Development
Core Team, 2013) and R package Ime4 (Baayen et al.,
2008). The models included predictors, random slopes
of the predictors, and random intercepts associated
with participants and items. All fixations were log-
adjusted. The mixed-effect models included fixed
effects for group (NS vs. NNS), logarithmic lengths
and frequencies of target words (continuous), and
logarithmic lengths and frequency of preceding target
words (continuous). All continuous measures were
centered. The best model was selected, including the
interaction of group and logarithmic lengths and
frequencies of target words by backward selection.

In the analysis of eye-tracking data, Table 3
illustrates the effect of frequency and length of the
target words, including average durations for both
groups. Main effects and interactions of word

frequency and length are summarized in Table 4.

Table 2. Mean first fixation duration, gaze duration, and total reading time for all words in the stimulus sentences

NNS

First fixation duration (ms)
Gaze duration (ms)

Total reading time (ms)

198.33 (104.01)
223.15 (133.30)

287.71 (212.80)

257.03 (136.75)
385.33 (371.55)

574.33 (564.51)

Note. Standard deviations are in parentheses.
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Table 3. Mean fixation durations on word frequency and length (standard deviations in parentheses)

High frequency Low frequency
NS Short Long Short Long
First fixation duration (ms) 185.56 180.62 189.78 184.76
(54.34) (64.24) (71.60) (51.79)
Gaze duration (ms) 211.13 223.27 225.48 265.82
(92.65) (112.24) (109.68) (160.48)
NNS
First fixation duration (ms) 287.13 265.52 299.67 262.09
(139.57) (124.09) (176.41) (130.70)
Gaze duration (ms) 486.76 734.34 682.54 1201.17
(396.65) (594.77) (599.83) (1068.83)

Table 4. Main effects and interactions of word frequency and length for NS and NNS in first fixation and gaze durations’

First fixation duration

Gaze duration

t p t p

Frequency 0.81 0.42 -2.51 0.01
Length 2.13 0.04 10.56. <0.001
Group -6.59 <0.001 -4.78 <0.001
Pre-target length -1.75 0.08 -0.48 0.63
Pre-target frequency 0.30 0.77 0.73 0.47
Frequency X Group 0.00 1.00 2.39 0.02
Length X Group 0.43 0.66 -10.37 <0.001
Frequency X Length 2.90 <0.01 1.06 0.29
Length X Frequency X Group -0.32 0.75

3.1 Frequency effects

In the separate analysis for each group, NS
demonstrated significantly longer fixations for
infrequent words than for frequent words ( § = 7.82,
SE =1.54,t=5.06, p < 0.001) as did NNS ( 8 =0.37,
SE = 0.05, t = 7.68, p < 0.001) in gaze duration. The
word frequency affected eye-movements for both

groups during sentence reading. In first fixation

durations, there were no main effects for NS ( f
0.02, SE = 0.01, ¢ = 1.73, p = 0.09) and for NNS (
0.01, SE =0.02, t = 0.45, p = 0.65).

As shown in Table 4, in terms of the first fixation
durations, no interaction of group and word frequency
was obtained ( 8 = 0.00, SE =0.02, ¢t = 0.00 p = 1.00).

This result is similar to that in Tiffin-Richards and

Schroeder’s (2015) work. Importantly, the statistical
analysis obtained a larger frequency effect for NNS
than for NS ( f = 0.31, SE = 0.13, ¢ = 2.39, p = 0.02)
in the gaze duration. The result is consistent with the
prediction of the lexical entrenchment account, since
even Japanese participants, with a different-script
L1, displayed a greater frequency effect than NS did.
It provides explicit evidence for the differential

magnitude of word frequency effects.

3.2 Length effects

In gaze duration, there was a strong main effect for
NNS ( 8 =0.62, SE = 0.08, t = 7.83, p < 0.001), but
not for NS ( f = 0.01, SE = 0.01, ¢t = 1.54, p = 0.36).

The absence of an explicit main length effect for NS

1 The model including a three-way interaction of length X frequency X group in gaze duration failed to converge.
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might be attributed to high language proficiency and
the target words selected from the JACET list used
for Japanese learners. Schrioter and Schroeder (2018)
pointed out that the sensitivity to word length
decreased as reading skill developed. It is noteworthy
that the length effect for NNS was larger than for NS
(B = -0.63, SE =0.06, t = -10.37, p < 0.001). This
significant interaction of Group X Length indicates
that increasing word length has a stronger impact on
NNS than NS. It can be argued that NNS tend to rely
on a low sublexical route in which word recognition is
primarily achieved through letter-by-letter decoding,
while NS directly match word spelling with
representation, effectively making use of a lexical
route. Kurokawa et al. (2014) found that less skilled
children utilizing letter-by-letter processing became
more reliant on lexical processing as language
competence increased. Long infrequent words are
likely to be processed via a sublexical route, whereas
short frequent words appear to successfully match
spelling with representation. It is reasonable to
assume that NNS could not employ the lexical route
to process long infrequent words because of low
proficiency and the lack of exposure to English.

As for first fixation durations, NS fixations were
shorter for long target words than for short ones.
There was a main effect of word length ( f# =0.16, SE
= 0.07, t = 2.48, p = 0.01) and an interaction of word
Length X Frequency ( f =0.34, SE=0.14, t = 2.50, p
= 0.01). For NNS, no main effect was found in first

fixation duration ( 8 = 0.15, SE =0.16, t = 0.95, p =
0.35). We also found no significant interaction for
NNS ( 8 = 0.46, SE = 0.32, ¢ = 1.45, p = 0.16). People
normally fixate more than once for longer words;
therefore, the first fixations seem short (Tiffin-
Richards & Schroeder, 2015).

3.3 Vocabulary size effect

To investigate whether vocabulary size affects the
difference of frequency and length effects, additional
analysis was conducted to submit individual
vocabulary size to LME. Table 5 shows that the
Length X Group and Frequency X Group persisted
after controlling for vocabulary size. Vocabulary
knowledge did not eliminate these interactions. The
result is consistent with Whitford and Titone's (2012)
findings, indicating that an additional factor must be
involved. Brysbaert et al. (2017) stated that an
adequate amount of exposure to the target language,
and especially to infrequent words, would lead to
decreased lexical access time. The present study
employed LexTALE score as a measurement for
amount of exposure to English. The findings in the
present study indicate that the discrepancy of word
frequency effects between L1 and L2 requires further
explanation above and beyond individual vocabulary
knowledge. Cop et al. (2015) discussed that subjective
frequency for L2 participants is likely to differ from
corpus-based objective frequency which is normally

used in behavioral experiments. Inadequate exposure

Table 5. Main effects and interactions of word frequency and length for NS and NNS with vocabulary size in gaze durations

Gaze duration

Frequency

Length

Group

Vocabulary

Frequency X Group

Length X Group

Vocabulary X Group
Frequency X Vocabulary
Length X Vocabulary

Length X Vocabulary X Group

t p
-2.53 0.01
5.45 <0.001
-2.05 0.04
-4.52 <0.001
2.51 0.01
-5.33 <0.001
2.80 <0.01
1.69 0.09
-2.43 0.01
2.23 0.03




to specific L2 words would result in word frequency
differences between NS and NNS. Using a subjective
measurement, such as familiarity rate, would be

beneficial for future research.

4. Conclusion

In this eye-tracking study, NNS showed larger
frequency effects of word frequency and length over
NS. Our findings revealed the stronger effects for
participants with non-alphabetical L1, supporting the
lexical entrenchment account. However, the results
also suggested that vocabulary size did not provide a
satisfactory explanation for this difference. The
explanation of different magnitude might not be
restricted to a single factor.

The current study did not directly address the
issues of dual-route models, since multiple additional
measures (e.g., fixation counts and landing positions)
would be required for such an analysis. Future
research should address these gaps to deepen our

understanding of L2 processing.
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