Memory & Cognition (2021) 49:148-162
https://doi.org/10.3758/513421-020-01080-y

®

Phonological priming effects with same-script primes and targets ?,Z%‘:akt;‘s"
in the masked priming same-different task

Huilan Yang' - Masahiro Yoshihara? - Mariko Nakayama? - Giacomo Spinelli* - Stephen J. Lupker*

Published online: 24 August 2020
© The Psychonomic Society, Inc. 2020

Abstract

Norris, Kinoshita and colleagues (Kinoshita & Norris, Journal of Experimental Psychology: Learning, Memory, and Cognition,
35(1), 1-18, 2009; Journal of Experimental Psychology: General, 137(3), 434-455, 2010; Norris & Kinoshita, Quarterly
Journal of Experimental Psychology, 63(1), 194-204, 2008) have suggested that the masked priming same-different task
(SDT) is an excellent tool for studying the orthographic coding process because, in most circumstances, performance in that
task is driven entirely by orthographic codes. More specifically, although evidence of phonological influences (i.e., phonological
priming effects in the SDT) have been reported, Kinoshita, Gayed, and Norris (Journal of Experimental Psychology: Human
Perception and Performance, 44(11), 1661-1671, 2018) have claimed that phonological priming does not arise in the SDT when
the prime and target are written in the same script and the targets are words, the most typical experimental situation. Indeed, it
does appear that no-one has yet reported phonological priming effects in such situations. The question of whether it is possible to
observe phonological priming in such situations was more fully examined in the present experiments. Experiment 1 involved a
masked priming SDT using Japanese Kanji script in which the primes and targets were homophonic but shared no characters.
Experiment 2 was a parallel experiment using Chinese stimuli. In both experiments, phonological priming effects were observed
for both one- and two-character words. These experiments indicate that, although the priming effects in masked priming SDTs
undoubtedly have a strong orthographic basis, phonological codes also play a role even when the prime and (word) target are
written in the same script.
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Introduction

>4 Stephen J. Lupker ] ] )
lupker@uwo.ca Orthographic coding refers to the component of the reading

process that produces a representation reflecting both the letter
identities and their positions in the word being read.
Successful completion of this process is quite important in
reading as, otherwise, readers could not distinguish ortho-
graphically similar words like “trial” and “trail.” The experi-
mental paradigm most commonly used in investigations of
this process is the masked priming paradigm. In this paradigm,
Giacomo Spinelli a prime is presented for a brief period (e.g., 50 ms), so that, in
gspinel @uwo.ca general, participants cannot identify the prime or even notice
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Hangzhou 310018, Zhejiang, China make a response. The most typical response is a lexical deci-
2 Faculty of Letters, Arts, and Sciences, Waseda University, 1-24-1 sion (i.e., word-nonword) response (Forster & Davis, 1984).
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Division of Language Research, Department of International Cultural target will have some oﬁhographi.c relationship b?tween them
Studies, Tokohu University, 41 Kawauchi Aoba-ku, Sendai, Miyagi, (e.g., honse-HOUSE) and the size of the priming effect is
Japan typically taken as a measure of the degree of orthographic
Department of Psychology, University of Western Ontario, similarity of the prime and target. Researchers have assumed
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between the two stimuli and noting the size of the priming
effect that is produced, the nature of orthographic coding will
become better understood. Indeed, a number of relevant find-
ings have emerged. For instance, developing readers produced
significant honse-HOUSE type priming effects for words with
large orthographic neighborhoods (Coltheart, Davelaar,
Jonasson, & Besner, 1977), whereas skilled adult readers did
not (Castles, Davis, & Letcher, 1999). As a second example,
transposed-letter nonwords (hosue-HOUSE) produce larger
priming effects than substituted-letter nonwords (honae-
HOUSE) in many different languages (Perea & Lupker,
2003, 2004; Yang, Chen, Spinelli, & Lupker, 2019).

There are, however, some limitations to the use of this basic
technique. One is that the masked priming LDT has also been
shown to be affected by phonological (Ferrand & Grainger,
1992, 1993) and lexical (Davis & Lupker, 2006) information.
In an attempt to provide a way of examining orthographic coding
independent of phonological and lexical (and other) factors,
Norris and Kinoshita (2008) introduced the masked priming
same-different task (SDT). In this task, participants will see a
reference stimulus above a forward mask (e.g., ###H#HHt) for
1,000 ms followed by a prime for 50 ms in the same position
as the mask had been and then a target also in that same position.
The participants’ task is to decide whether the target is the same
as or different from the reference stimulus. Just like in the masked
priming LDT, the priming effects in the masked priming SDT
seem to be invariant with respect to changes in visual inputs (e.g.,
font, size, and uppercase/lowercase; Garcia-Orza, Perea, &
Murioz, 2010; Garcia-Orza, Perea, & Estudillo, 2011; Kinoshita
& Norris, 2009). More importantly, the priming effects in this
task have also been found to be independent of target frequency,
lexicality, and morphology (Dufiabeitia, Kinoshita, Carreiras, &
Norris, 2011; Kinoshita & Norris, 2009), suggesting that effects
in the masked priming SDT might be purely orthographic
(Kinoshita & Norris, 2009, 2010; Norris & Kinoshita, 2008).

If this conclusion is correct, it would have very important
implications for the investigation of most current theories of or-
thographic coding (e.g., Davis, 2010; Gémez, Perea, & Ratcliff,
2008; Grainger, Granier, Farioli, Van Assche, & Van Heuven,
2006; Grainger & Van Heuven, 2003; Norris & Kinoshita, 2012;
Norris, Kinoshita, & Van Caasteren, 2010; Schoonbaert &
Grainger, 2004; Whitney, 2001; Whitney & Marton, 2013).
Specifically, according to virtually all of these theories, the de-
gree to which any given lexical representation is activated by
reading a word is a function of the similarity of the orthographic
code that is produced by reading the word to the orthographic
information stored in the word’s lexical representation. Similarly,
in a masked priming situation, the assumption is that the ortho-
graphic code produced by the masked prime will activate the
lexical representation of a word to the extent that the orthographic
information contained in that word’s lexical representation is
similar to the orthographic code produced by prime processing.
Therefore, if it can legitimately be assumed that no other factors

affect the priming process in a particular task, the size of the
observed priming effect would document the similarity of the
prime’s and the target’s orthographic codes. As such, if it can
be demonstrated that, at least in certain situations, performance in
the SDT is totally an orthographic phenomenon, it would clearly
make that task the optimal tool for contrasting the various theo-
ries of orthographic coding, in particular, the optimal tool for
contrasting the different assumptions that those theories make
about the nature of the orthographic code.

Although it is now fairly clear that the SDT is unaffected by
many nonorthographic factors, the question of whether there are
phonological influences in the SDT has been somewhat more
difficult to resolve for the reason that, in many languages, partic-
ularly in alphabetic languages, it is difficult to tease apart the
effects of orthography and orthographically driven phonology.
That is, in those languages, most letters/characters are associated
with only a single speech sound and many speech sounds can
only be represented by a single letter/character or, in alphabetic
languages, bigram. Hence, any priming effects in alphabetic lan-
guage experiments ostensibly produced by orthographic similar-
ity could have been due either to phonological similarity or, more
likely, to some interaction of orthographic and phonological in-
fluences. If either of these possibilities were to be true, the impli-
cation would be that the priming effects observed in the masked
priming SDT are providing somewhat less than an uncontami-
nated view of the orthographic coding process.

In one attempt to address the question of a potential influ-
ence of phonology in the masked priming SDT, Kinoshita and
Norris (2009), using native English speakers, reported that
repetition primes (e.g., score) facilitated target (e.g.,
SCORE) processing more than pseudohomophone (e.g.,
skore) or one-letter-different (1LD) primes (e.g., smore), and
there was no significant difference between the latter two
prime types. The lack of a difference between skore- and
smore-type primes was taken by those authors as suggesting
that phonology does not play a role in the SDT.

The difficulty with drawing such a conclusion from this
result, however, is that, as Lupker, Nakayama, and Perca
(2015) point out, Kinoshita and Norris’s (2009) manipulation
of phonology is a weak one. That is, the phonological distinc-
tion between the primes skore and smore is quite small (i.e., a
single phoneme, with skore matching SCORE at four pho-
neme positions and smore matching at three phoneme posi-
tions). Further, both primes match SCORE orthographically at
four letter positions. Therefore, both skore and smore should
be able to provide considerable priming at both the
orthographic and the phonological levels. In such a situation,
there is a reasonable possibility that the single phoneme
difference between skore and smore would not alter the
priming effect to any measureable degree.

Certainly, as Kinoshita et al. (2018) have noted, there is at
least one situation in the literature in which a single phoneme
difference can produce an effect in a masked priming
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paradigm. That is, a difference in the prime’s onset phoneme
(either matching or mismatching that of the target) is enough
to produce significantly different target latencies in a naming
task (e.g., Forster & Davis, 1991; Kinoshita, 2000). What’s
important to realize, however, is that performance in a task of
that sort is explicitly based on phonological information with a
special emphasis on the target’s onset phoneme (the sound
that triggers the voice key), a situation quite unlike the situa-
tion in the SDT. The bottom line, therefore, is that if one is
going to be able to determine whether there is also a phono-
logical component in the SDT, one needs to create a some-
what stronger manipulation of phonology. Because the prob-
lem of creating a reasonably strong manipulation of phonolo-
gy independent of the effects of orthography is difficult, if not
impossible, to overcome in alphabetic languages, Lupker and
colleagues (Lupker et al., 2015; Lupker, Nakayama, &
Yoshihara, 2018) took a different approach, examining
cross-script priming effects in the SDT and, in doing so, dem-
onstrated clear phonological priming effects.

More specifically, Lupker et al. (2015) showed that Japanese-
English bilinguals produced priming effects in the SDT using
English reference stimuli and targets with Japanese Katakana
primes (e.g., reference stimulus: south, prime: 47 Z and, target:
SOUTH, where # # Zis a nonword in Japanese that is phono-
logically similar to SOUTH). As there is no orthographic overlap
between Japanese Katakana and English, the priming effect
observed by Lupker et al. (2015) is most likely phonologically
based. In a follow-up, Lupker et al. (2018) were able to show a
similar effect using different script, but within language, primes
and targets. That is, Lupker et al. (2018) showed priming effects
using Kanji reference stimuli and targets with Hiragana transcrip-
tion primes (e.g., reference stimulus: 7.7, prime: & Z 9, target:
5L%5). These results provide additional support for the claim that
even though the priming in the masked priming SDT has a
considerable orthographic component, phonology does play a
role even when the stimuli are familiar words from a reader’s
first language.'

In their more recent follow-up, however, Kinoshita et al.
(2018) took issue with this claim.? Kinoshita et al. used the same
manipulation as Kinoshita and Norris (2009) with a new set of

! Kinoshita, Schubert, and Verdonschot (2019) also appear to have demon-
strated cross-script phonological priming in an SDT (in Japanese), using Kana
(both Katakana and Hiragana) reference stimuli and targets along with homo-
phonic Kanji primes. However, there is no report in that paper as to whether
the 17-ms priming effect was significant.

2 Actually, it is not entirely clear what “claim” Kinoshita et al. (2018) took
issue with. In their paper, they state, “Lupker et al. (2015) reported a finding
using the same-different task...which, they suggested, implies that previous
reported priming effects with the Roman alphabet may have been due to
phonological, rather than, orthographic, similarity” (p. 1662). That quote,
however, does not accurately reflect Lupker et al.’s position. Their position
was that such effects likely resulted from a combination of the impact of
phonological and orthographic similarity. As described just below, however,
Kinoshita et al. do appear to have taken issue with that position as well, at least
in situations when the targets are words.

@ Springer

stimuli created by changing the first letter in a target word in
Experiment 1 and in a target nonword in Experiment 2. In
Experiment 1, repetition primes (e.g., cult) again facilitated target
processing to a larger degree than pseudohomophone (e.g., kult)
or 1LD primes (e.g., nult), which showed, again, a 2-ms differ-
ence (i.e., this particular manipulation again produced little evi-
dence of phonological priming in English for word targets in
their Experiment 1). There was, however, evidence of phonolog-
ical priming in their Experiment 2 (for nonword targets) in which
the pseudohomophone primes produced a latency that was 13 ms
shorter than that for the 1LD primes. In the end, Kinoshita et al.
concluded that: (1) phonological priming effects when primes
and targets are from the same writing system are different than
when they come from different writing systems and, in particular,
(2) that phonology does not play a role in producing priming
effects in the masked priming SDT when the prime and target
are written in the same script, at least when words are being used
as targets (as in their Experiment 1). That is, priming effects with
same script primes and (word) targets are, instead, purely ortho-
graphically based.

Kinoshita et al. (2018) also suggested that the reason that
evidence of phonological priming had been observed when
the primes and targets are in different scripts (i.e., when the
primes do not share orthography with the targets, e.g., Lupker
etal., 2015, 2018) is because there is no orthographic compe-
tition between the prime and target letter identities in that
situation, allowing phonology to have an impact. They then
extended this argument to explain the phonological priming
effect for (same-script) nonword targets in their Experiment 2.
That is, they suggested that their phonological priming effect
for nonwords may have the same basis as the phonological
priming effect observed with primes and targets written in
different writing systems (i.e., the competition between prime
and target letter identities is minimal when the targets are
nonwords).

Kinoshita et al.’s (2018) claim that phonological priming
has not been observed in the masked priming SDT when the
primes and (word) targets are written in the same script does
appear to be consistent with the extant data. Further, the claim
is a relevant one because most of the masked priming SDT
experiments now in the literature, experiments which have
been used to draw conclusions about orthographic processing,
have been done using same-script primes and targets. Further,
most of those experiments have involved word targets,
although, as noted previously, the priming effects observed
in those previous experiments did not appear to be affected
by the lexical status of the targets, unlike the pattern Kinoshita
et al. (2018) observed.

What is also true, however, is that, as noted previously, to
this point, no-one has looked at phonological priming in the
masked priming SDT involving same-script primes and tar-
gets using a strong manipulation of phonology. Because, as
discussed, it is virtually impossible in alphabetic languages to
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create a strong manipulation of phonology that is independent
of orthography, in the present experiments this issue was in-
vestigated using logographic scripts, specifically, Japanese
Kanji and Chinese. In these scripts, there are many homopho-
nic characters (e.g., 4. (/hong/, red) is a homophone of %
(/hong/, big)) and those characters are, otherwise, completely
different from one another (i.e., both orthographically and
semantically). Therefore, it is possible to create homophonic
character strings that share no characters (or meaning) in both
Japanese Kanji and Chinese. Both of these scripts were used
in the present experiments. Using such a strong manipulation
of phonological relatedness (i.e., using primes and targets that
completely match in phonology) should create the optimal test
of whether masked priming effects in the SDT truly reflect
only the impact of the orthographic coding process or those
effects also reflect the impact of phonological information.

Experiment 1 involved both one- and two-character Kanji
words as reference stimuli, primes, and targets (with Japanese
native speakers) in a masked priming SDT. Experiment 2
involved one- and two-character Chinese words as reference
stimuli, primes, and targets (with Chinese native speakers as
participants), using a procedure that paralleled the procedure
used in Experiment 1. If priming effects in this task are at all
phonological, the homophone conditions should facilitate tar-
get responses on the “same” trials relative to those in the
unrelated condition. However, if priming in this task is purely
orthographic due to the fact that the primes and (word) targets
are written in the same script, there should be no homophone
priming effect because neither the homophone primes nor the
unrelated primes are orthographically similar to their targets.

Word length was included as a factor essentially because most
of the experiments examining phonological processing in
Chinese in the past have tended to do so using one-character
words (Perfetti & Tan, 1998; Perfetti & Zhang, 1995; Zhou &
Marslen-Wilson, 1999), whereas most of the experiments involv-
ing phonological processing in Japanese have tended to do so
using two-character words (e.g., Fushimi, Ijuin, Patterson, &
Tatsumi, 1999; Hino, Kusunose, Lupker, & Jared, 2013; Hino,
Miyamura, & Lupker, 2011; Tamaoka, 2007; Wydell, Patterson,
& Humphreys, 1993). If phonological priming effects do exist in
the SDT, presumably they would not be limited to either one-
character or two-character words in either language.

One final point to note is that the general consensus has been
that phonological activation is slower when reading in logo-
graphic scripts than when reading in alphabetic scripts (e.g.,
Perfetti, Liu, & Tan, 2005; Perfetti, Zhang, & Berent, 1992 ).
In fact, Li, Rayner, and Cave (2009) have suggested that, when
reading in Chinese, phonology is activated so slowly that it plays
virtually no role in the reading process in general. Therefore, any
phonological effects produced here by our logographic primes
would be expected to be somewhat small, certainly smaller than
the effects that would be obtained if we had been able to carry out
parallel experiments in an alphabetic script language.

Method - Experiment 1

Participants Thirty-six Japanese native speakers from Waseda
University (Tokyo, Japan) participated in this experiment.
They all received 500 yen (about US$4) for their participation
and indicated that they had normal or corrected-to-normal
vision with no known reading disorder.

Materials One hundred and twenty Kanji stimuli were chosen
as targets for the “same” trials. Half of the targets were one-
character Kanji words and the other half were two-character
Kanji words. For the one-character Kanji targets, the mean
character frequency (per 570,554,885) was 34,131 (range:
349-315,932) and for the two-character Kanji targets, the
mean word frequency (per 287,792,797) was 2,092 (range:
16—-17,115) according to Amano and Kondo (2003).
Although a single Kanji often has multiple pronunciations,
care was taken to make sure that all of the single Kanji char-
acter stimuli used in this experiment had only one pronuncia-
tion (according to Amano & Kondo, 2003).

We selected two types of primes for each target: (1) a
homophonic prime; (2) an unrelated prime. Homophonic
primes (e.g., reference stimulus: #l/fuku/, prime: fi/fuku/, tar-
get: Hl/fuku/, reference stimulus: i #/kaimei/, prime: fifi/
kaimei/, target: %#/kaimei/) were primes that had the same
phonology (and character length) as their targets/reference
stimuli, with there being no character or semantic overlap
between the primes and targets. The unrelated primes had no
phonological, character, or semantic overlap with their targets
(e.g., reference stimulus: #l/fuku/, prime: #%/shiN/, target: i/
fuku/, reference stimulus: %4 /kaimei/, prime: Fi%/zeiritsu/,
target: ti#4/kaimei/). The word targets were divided into two
counterbalanced lists with each list containing 30 stimuli in
each condition. Half of the participants were assigned to one
list, and the other half were assigned to the other list.

For the “different” trials, another set of 120 Kanji stimuli (60
one-character Kanji and 60 two-character Kanji words) was also
selected as targets. For the one-character Kanji targets, the mean
character frequency (per 570,554,885) was 31,281 (range: 1,046—
340,688), and for the two-character Kanji targets, the mean word
frequency (per 287,792,797) was 2,110 (range: 51-15,141) ac-
cording to Amano and Kondo (2003). In addition, a different set

3 Our selection of the sample sizes for the two experiments was based on two
considerations. First, we felt it necessary to use sample sizes (36 in Experiment
1, 54 in Experiment 2) that were at least as large as those used by Kinoshita
etal. (2018) (30 in their Experiment 1, 31 in their Experiment 2). In addition, in
order to address any more specific issues concerning power, we felt it neces-
sary to make sure that the relevant means were based on at least 1,600 data
points (Brysbaert & Stevens, 2018). Because some trials would undoubtedly
be lost as a result of errors and outliers, we compensated for that fact by having
2,160 trials (36 x 60) trials per mean in Experiment 1 and 3,240 trials (54 x 60)
per mean in Experiment 2. Note also that power analyses were done for both
experiments with their results reported in Tables 2 and 3 for Experiment 1 and
Tables 5 and 6 for Experiment 2.
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of 120 Kanji stimuli were selected to serve as reference stimuli:
60 of them were one-character Kanji words (character frequency,
M =34,048 per 570,554,885, range = 971-562,593) and the other
60 were two-character Kanji words (word frequency, M = 2,108
per 287,792,797, range = 62—15,120). The reference stimuli were
orthographically, phonologically, and semantically unrelated to
their targets (thus yielding “different” responses).

The homophonic and unrelated primes were set up in a
similar way as was done for the “same” trials; however, only
one list of stimuli was used. For the one-character Kanji tar-
gets, 30 of them were preceded by a homophonic prime (e.g.,
reference stimulus: JiE/shou/, prime: f}/mai/, target: #/mai/)
and the other 30 by an unrelated prime (e.g., reference stimu-
lus: fit/tei/, prime: #¥/toku/, target: 5/rui/). Similarly, half of
the two-character Kanji targets were preceded by a homopho-
nic prime (e.g., reference stimulus: #k¥&/chouhatsu/, prime: %
Jiz/katei/, target: 1) i2/katei/), and the other half by an unrelated
prime (e.g., reference stimulus: %%%/shikiso/, prime: 7535/
saijou/, target: #tiE/kenkyo/). The stimuli for both experi-
ments can be found in Appendix 1.

Procedure DMDX (Forster & Forster, 2003) software was
used to control stimulus presentation and data collection.
The stimuli were presented on a 15-in. CRT monitor using a
refresh rate of 60 HZ (16.67 ms). The screen resolution was
1,024 x 768. The experimental materials were all presented in
12-pt Arial Unicode font.

The sequence of each trial was: a row of hashtags (##HH)
presented below a reference stimulus for 1,000 ms, followed
by a prime for 50 ms in the same position as the row of
hashtags and then the target in that same position as the prime
for 3,000 ms or until the participant responded. Participants
were asked to decide whether each target was the same as or
different from the reference stimulus and press the “SAME”
button on a response box if they are the same and the
“DIFFERENT” button on a response box if they are different.
They were asked to respond as quickly and as accurately as
possible. Stimulus presentation was randomized for each sub-
ject. The experimental block included 240 trials in total, 120
“same” trials and 120 “different” trials. Participants received
16 practice trials before starting the experimental block. This
experiment was approved by the Waseda University Research
Ethics Board (Protocol # 2018-216).

Method - Experiment 2

Participants Thirty-cight native Chinese speakers from
Western University (London, Ontario, Canada) and another
16 native Chinese speakers from Zhejiang Gongshang
University (Hangzhou, Zhejiang, China) participated in this
experiment. Participants from Western University received
course credit for their participation, and participants from
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Zhejiang Gongshang University received 5 Chinese dol-
lars for their participation. They all indicated that they
were highly proficient in reading simplified Chinese and
had normal or corrected-to-normal vision with no reading
disorder.

Materials One hundred and twenty simplified Chinese words
(60 one-character Chinese words and another 60 two-
character Chinese words) were chosen as the reference
stimulus/target words on the “same” trials.* The mean word
frequency (per million) of these one-character Chinese words
is 442.61 (range: 0.83-11,853.78), and the mean word fre-
quency (per million) of these two-character Chinese words is
60.62 (range: 0.06—1,824.99) according to the SUBTLEX-CH
database (Cai & Brysbaert, 2010).

As in Experiment 1, we selected two types of primes
for each word target: (1) a homophone prime and (2) an
unrelated prime. Homophone primes (e.g., reference stim-
ulus: £I/héng/, prime: %:/héng/, target: £1/hong/; reference
stimulus: #:#1/qi shi/, prime: %i+/qi shi/, target: Ei/qi
shi/) are primes that have the same phonology as the tar-
gets, with there being no character or semantic overlap
between the two character strings. Unrelated primes had
no phonological, character, or semantic overlap with their
targets (e.g., reference stimulus: £I/héng/, prime: #|/dao/,
target: £1/hong/; reference stimulus: B #)/qi shi/, prime: &
f/xiang bin/, target: B#/qi shi/). The counterbalancing
was identical to that in Experiment 1.

In addition, a different set of 240 Chinese words was selected
to serve as reference stimuli and targets on “different” trials. Half
were one-character Chinese words and the other half were two-
character Chinese words. The mean word frequency (per million)
of these one-character Chinese target words in the SUBTLEX-
CH database (Cai & Brysbaert, 2010) is 182.85 (range: 0.12—
2,034.22), and the mean word frequency (per million) of these
two-character Chinese target words is 143.75 (range: 0.15—
915.24). The mean word frequency (per million) of these
one-character Chinese reference words in the SUBTLEX-
CH database (Cai & Brysbaert, 2010) is 113.55 (range:
96.49-128), and the mean word frequency (per million)
of these two-character Chinese reference words is 109.69
(range: 95.69-132.68). The reference stimuli were ortho-
graphically, phonologically, and semantically unrelated
to their targets; however, they were the same length as
their targets. The homophone and unrelated primes were
set up in a similar way as those for the “same” trials
(e.g., homophone primes — reference stimulus: #/ji/,
prime: f#/bdo/, target: #i/bdo/; reference stimulus: #74i/da
rao/, prime: E#/mao jin/, target: E1/mao jin/; unrelated
primes — reference stimulus: Jifi/man /, prime: 7/shéng/, target:

* Most of the stimuli used in Experiment 2 were drawn from the stimuli used
by Perfetti and Tan (1998) and by Zhou and Marslen-Wilson (2000).
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[i)/jian/; reference stimulus: 444%/gl niang/, prime: H#x/mu
bido/, target: it %t/shi jie/).” However, only one list of stimuli
was used for the “different” trials.

Procedure E-prime 2.0 software (Psychology Software Tools,
Pittsburgh, PA, USA; see Schneider, Eschman, & Zuccolotto,
2002) was used for data collection. The stimuli were presented
on a 19-in. CRT monitor using a refresh rate of 60 Hz (16.67
ms). The screen resolution was 1,280 x 960.

There were three procedural differences between Experiment
2 and Experiment 1, one of which was that responses were made
using a keyboard attached to the computer with participants be-
ing asked to press the “J” button if the reference stimulus and the
target are the same and the “F” button if they are different.
Another procedural difference was that participants received
eight practice trials before starting the experimental block, instead
of 16 practice trials. Third, the primes and targets used different
font styles and sizes (35-pt Boldface font for the primes and 40-pt
Song font for the targets). The trial sequence was identical to that
of Experiment 1. This experiment was approved by the Western
University REB (Protocol # 108835).

Results

Correct response latencies less than 250 ms or more than 3
standard deviations from the participant’s mean latency (1.7%
of'the data in Experiment 1, 1.6% of the data in Experiment 2)
were excluded from the latency analyses. The data from “dif-
ferent” trials were not analyzed due to the fact that those trials
were not counterbalanced across prime type.

In order to provide as comprehensive an evaluation of the
potential priming effect as possible, the latency data in each
experiment were analyzed using five different techniques. In
all of these techniques both Word length (one-character vs.
two-character words) and Relatedness (phonologically related
vs. phonologically unrelated) were treated as fixed effects,
whereas subjects and/or items were treated as random effects
(Baayen, 2008; Baayen, Davidson, & Bates, 2008). In addi-
tion, the relevant counterbalancing factor (groups/sets) was
also included as a fixed effect to account for variance associ-
ated with the participant groups and word sets created for
counterbalancing (Pollatsek & Well, 1995). Effects involving
that factor are of no importance to the main questions and will

> When designing “different” trials in the SDT, one can choose to create
related trials by having the primes related to either the target or the reference
stimulus. Perea, Moret-Tatay, and Carreiras (2011) refer to the latter approach
as the zero-contingency procedure and have shown that, although this proce-
dure does alter the data pattern on “different” trials, it does not affect the data
pattern on “same” trials (see also Kinoshita & Norris, 2010). In both of the
present experiments, the related condition on “different” trials was created by
selecting a prime that was related to the target rather than to the reference
stimulus. This procedure was also the procedure used by Kinoshita et al.
(2018).

not be reported. The first two techniques were the convention-
al F and F; techniques, techniques that are a regarded as being
a bit less sensitive than the mixed-effects models that have
now become more popular. The third and fourth techniques
were linear mixed-effects model (LMM) techniques. In the
third technique, raw reaction times (RTs) were analyzed
whereas in the fourth technique, a reciprocal transformation
(e.g., invRT = —1,000/RT) was used in order to normalize the
RT distributions. The fifth technique was a generalized linear
mixed-effects model (GLMM) technique based on raw RTs.
For the error data, only ANOVAs and GLMMs were conduct-
ed because LMM analyses require that the data be reasonably
well described by a normal distribution and error data are
binomial data.®

All analyses were conducted in R version 3.5.1 (R Core
Team, 2018). Prior to running the model, R-default treatment
contrasts were changed to sum-to-zero contrasts (i.e.,
contr.sum) to help interpret lower-order effects in the presence
of higher-order interactions (Levy, 2014; Singmann & Kellen,
2019). ANOVAs were run using the aov function in base R.
LMMs were run using the ImerTest function in the ImerTest
package, version 3.0-1 (Kuznetsova, Brockhoff, &
Christensen, 2017). GLMMs were run using the glmer func-
tion in the lme4 package, version 1.1-23 (Bates, Méchler,
Bolker, & Walker, 2015). For GLMMSs, a Gamma distribution
was used to fit the raw RTs, with an identity link between
fixed effects and the dependent variable (Lo & Andrews,
2015) and a binomial distribution was used to fit the error
data, with a logit link between the fixed effects and the depen-
dent variable.

Estimates of effect size were obtained, for ANOVAs, by
calculating nf, for each effect using the eta sq function in the

sjstats package, version 0.18 (Liidecke, 2020). For LMMs and
GLMMs, we calculated semipartial R? for each fixed effect
(i.e., the proportion of variance explained by each fixed effect)
using the r2beta function in the r2glmm package, version
0.1.2 (Jaeger, Edwards, Das, & Sen, 2017) with the method
proposed by Nakagawa and Schielzeth (2013) and later mod-
ified by Johnson (2014). Finally, we conducted power analy-
ses to determine the observed power for each effect. For
ANOVAs, power was determined using G*¥Power software,
version 3.1.9.6 (Faul, Erdfelder, Buchner, & Lang, 2009). For
LMMs, power was determined using the powerSim function
in the simR package, version 1.0.5 (Green & MacLeod, 2016;

6 Calculating our statistics in five different ways is, of course, not a standard
procedure. However, as many of us have discovered, the different procedures
can yield different results because the different procedures provide different
levels of power for any given sample size. Hence, depending on whether one is
trying to get a null effect or a significant effect, one may be able to find an
analysis that gives them the answer they’re looking for. Because we wanted to
avoid suspicion that something like that happened here, we chose to report the
results from all the main analysis techniques that one currently finds in the
literature.
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see also Brysbaert & Stevens, 2018) in R. The latter series of
power analyses was conducted by comparing, for each effect,
the full model with the model without that effect (and the
interactions that effect was involved in) using a likelihood-
ratio test and performing 1,000 simulations for this compari-
son. Likely due to the complexity of our GLMMs, simulations
failed in all cases for those models. Therefore, we report no
power analyses for GLMMs in either the latency or error
analyses.

In the current version of lme4, convergence failures in the
basic analysis involving mixed-effects models, especially
GLMMs, are frequent, although many of those failures reflect
false positives (Bolker, 2020). To limit the occurrence of con-
vergence failures, we kept the random structure of the mixed-
effects models as simple as possible by using only random
intercepts for subjects and items. The maximum number of
evaluations in model estimation was also increased to
1,000,000 in GLMMSs as the default number (i.e., 10,000) is
sometimes insufficient for convergence in those models. Even
so, GLMMs failed to converge in all cases in the latency
analyses. However, convergence was obtained when model
estimation was restarted from the apparent optimum (as per
the recommended troubleshooting procedure, see conver-
gence help page in R). We report the results from the
GLMMs that managed to converge. Convergence warnings
were still issued when those models were submitted to
semipartial R? calculations; however, we considered those
warnings as false positives. The scripts used for each of the
analyses are reported in Appendix 2.

Results - Experiment 1

The mean RTs and percentage error rates for the “same” tar-
gets are shown in Table 1 and the values of the test statistics
from the analyses are shown in Tables 2 (latencies) and 3
(error rates).

Table1 Mean decision latencies (reaction times (RTs), in milliseconds)
and percentage error rates for “same” trials with Japanese participants in
Experiment 1 (standard deviations in parentheses)

One-character words ~ Two-character words

RT %E RT %E
Homophone primes 454 (67) 6.1 (5) 464 (71) 6.4 (6)
Phonological unrelated 459 (65) 8.0 (6) 473 (62) 9.2 (6)
Priming 5 1.9 9 2.8

%E percentage error rate

The overall mean RT and error rate of the different trials were 481 ms and
3.6%, respectively

@ Springer

In the latency data, there was a significant Relatedness
effect in all five analyses due to the fact that targets following
homophonic primes (459 ms) were processed faster than tar-
gets following phonologically unrelated primes (466 ms).
This effect had a modest size, and, even though it was signif-
icant in all five analyses, three of the four analyses for which
power could be calculated were a bit short of the .80 power
level (range: .652—.926). The main effect of Word length was
also significant in all the analyses, reflecting the fact that one-
character target words (456 ms) were processed faster than
two-character target words (468 ms). This effect had a larger
size and virtually all of the analyses had a power level above
.80 (range: .786—-.998). Although the effect of Relatedness
was slightly larger for two-character words (9 ms) than for
one-character words (5 ms), none of the analyses suggested
an interaction, all ps > 0.1. Assuming an interaction of this size
isreal, all four of the analyses that allowed a power calculation
were severely underpowered to detect it (range .109—.293).

There was also a main effect of Relatedness in all the
error data analyses, reflecting the fact that the error rate
was lower following homophonic primes (6.3%) than fol-
lowing phonologically unrelated primes (8.7%). Neither
the main effect of Word length nor the interaction be-
tween Relatedness and Word length approached signifi-
cance, all ps > 0.3. The main effect of Relatedness was
the only effect with a power of at least .80 in the analyses
that allowed a power calculation.

Results - Experiment 2

The mean RTs and proportion error rates for the “same” tar-
gets are shown in Table 4 and the values of the test statistics
from the analyses are shown in Tables 5 (latencies) and 6
(error rates).

The latency data showed a significant Relatedness ef-
fect in all five analyses, reflecting the fact that targets
following homophonic primes (560 ms) were processed
faster than targets following phonologically unrelated
primes (572 ms), an effect that was slightly larger than
in Experiment 1. All of the analyses for which power
could be calculated showed a power of at least .80. The
main effect of Word length was significant in all the five
analyses, reflecting the fact that one-character words were
processed faster (560 ms) than two-character words
(572 ms). This effect had a size comparable to that of
the Relatedness effect, and all of the analyses had a power
of at least .80. Although, again, there was a numerical
tendency for a larger effect of Relatedness for two-
character words (14 ms) than for one-character words
(9 ms), none of the analyses suggested an interaction, all
ps > 0.1. While the ANOVAs were severely



Mem Cogn (2021) 49:148-162 155
Table 2  Latency analysis results from the five analysis techniques for Experiment 1 (Japanese participants)

Analysis Relatedness Length Interaction

F F(1,34)=6.90, MSE=271,p=.013, 77’2, = F(1,34)=25.57, MSE =209, p < .001, nﬁ F(1,34)=.73, MSE = 265, p = 401, 7]12,

.169, power = .724

F, F(1,116)=6.71, MSE = 653, p= 011,17,
=.055, power =.731

LMM raw data B=-3.55S8E=141,t=-251,p=.012,
semipartial R* = .001, power = .652
(95% CI1[.622, .682])
LMM transformed  3=-.02, SE = .01, 1=-3.73, p <.001,
data semipartial R* = .002, power = .926
(95% CI[.908, .942])
GLMM raw data* ~ 3=-4.23,SE=1.26,z=-3.36,p <.001,

semipartial R*=.001

=.429, power = .998

F(1,116) = 10.85, MSE = 922, p = .001,
7, = .086, power = 786

B8=-6.12, SE=1.90,1=-3.22, p=.002,
semipartial R* = .003, power = .807
(95% CI1[.781, .831])

G=-.04,SE=.01,¢t=-4.10, p < .001,
semipartial R* = .005, power = .957
(95% CI1[.943, .969])

B=-621,SE=2.24,z=-2.77, p=.006,
semipartial R* = .003

=.021, power = .132
F(1,116)= .98, MSE = 653, p = .324, 1,
=.008, power = .109
B8=124,SE=141,t= .88, p=.380,
semipartial R < .001, power = .293
(95% C1[.265, .322])
6=.01,SE=.01,t=1.19, p = 235,
semipartial R* < .001, power = .265
(95% C1[.238, .294])
B=1.76,SE=1.26,z=141,p=.160,
semipartial R* < .001

* Results from model restarted from apparent optimum (initial model failed to converge) Convergence warnings for semipartial B> calculations were

considered false positives

Table 3  Error rate analysis results from the three analysis techniques for Experiment 1 (Japanese participants)
Analysis Relatedness Length Interaction
F F(1, 34) = 10.05, MSE = .002, p = .003, 7712) = F(1, 34) = 1.02, MSE = .002, p = .321, 7712, = F(1,34)=.26, MSE = .002, p = .616, 7712) =

.228, power = .868

.029, power = .165

.007, power = .076

F, F(1,116) = 8.73, MSE = .004, p = 004, 7> = F(1, 116) = .82, MSE = .005, p = 369, 17, = F{(1, 116) = .26, MSE = .004, p = .615, 1y =

.070, power = .834

GLMM (=19, SE=.06,z=3.18, p = .001,
semipartial R* = .002

.007, power = .101

3=.05,SE=.07,z=.71, p = 476, =-.04, SE = .06, z =—.66, p = .509,
semipartial R* < .001

.002, power = .064

semipartial R* < .001

underpowered to detect such an interaction, the power of
the LMM analysis on the untransformed data did ap-
proach .80.”

In the error rate analysis, the main effect of Relatedness was
significant in all three analyses, suggesting that related trials

7 A reviewer on a previous version of this article noted that the fact that, in
both Experiment 1 and Experiment 2, phonological priming was numerically
larger for two-character words than for one-character words would be consis-
tent with the idea that longer stimuli may allow more time for phonological
activation/priming to emerge. Although not central to the present research, that
idea is certainly plausible. However, our results suggest that a very sensitive
protocol would be required to substantiate that idea in the present paradigm,
i.e., to obtain a significant Relatedness by Word length interaction. We con-
ducted additional power analyses using G*Power software (for ANOVAs;
Faul et al., 2009) and the simR package in R (for LMMs; Green &
MacLeod, 2016) to determine the sample size that would be required to
achieve a .80 power to detect an interaction of the size we found in
Experiments 1 and 2 in the latencies. For Experiment 1, a sample size of
370 participants (power = .800), 1,360 items (power = .800), 294 participants
(power =.807, 95% CI[.781, .831]), and 184 participants (power = .803, 95%
CI[.777, .827]) would have been required for the F, F;, LMM raw data and
LMM transformed data analyses, respectively, to have achieved power levels
of at least .80. For Experiment 2, a sample size of 488 participants (power =
.801), 2,180 items (power = .801), 118 participants (power = .810, 95% CI
[.784, .834]), and 70 participants (power = .807, 95% CI [.781, .831]) would
have been required for the F, F;, LMM raw data, and LMM transformed data
analyses, respectively, to have achieved power levels of at least .80. These
sample sizes exceed, often by a large margin, the sample sizes typically used in
cognitive psychology experiments.

(5.4%) produced fewer errors than unrelated trials (7.2%).
Neither the main effect of Word length nor the interaction
approached significance in any of the analyses, all ps > 0.1.
The main effect of Relatedness in the F; analysis had a power
of over .80, whereas the power in the F analysis was .655.

Discussion

The results are fairly straightforward. There were small but
significant phonological priming effects in the masked

Table4 Mean decision latencies (reaction times (RTSs), in milliseconds)
and percentage error rates for “same” trials with Chinese participants in
Experiment 2 (standard deviations in parentheses)

One-character words ~ Two-character words

RT %E RT %E
Homophone primes 556 (70) 5.6 (6) 565 (68) 52 (5)
Phonological unrelated 565 (67) 7.0 (8) 579 (64) 7.3 (8)
Priming 9 1.4 14 2.1

9%E percentage error rate

The overall mean RT and error rate of the different targets were 592 ms
and 3.1%, respectively
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Table 5 Latency analysis results from the five analysis techniques for Experiment 2 (Chinese participants)

Analysis Relatedness Length Interaction

F F(1,52)=9.40, MSE =764, p = .003, 7]127 = F(1,52)=12.98, MSE =616, p <.001, 77]2) F(1,52)=.83, MSE = 464, p = .366, nf, =
.153, power = .853 =.200, power = .943 .016, power = .147

F; F(1,116) = 8.51, MSE = 1007, p = .004, F(1, 116) = 11.68, MSE =765, p = .009, F(l,116)=.57,MSE=1007,p=.451,17[27
1, = 068, power = .823 7, =092, power = 818 =.005, power = .085

LMM raw data B=-598,SE=149,t=-4.01,p<.001, 8=-6.058SE=1.73,t=-3.50,p<.001, =145 SE=1.49,t=0.97, p=.330,
semipartial R* = .002, power = .992 semipartial R* = .002, power = .971 semipartial R* < .001, power = .563
(95% CI [.984, .997]) (95% CI[.959, .981]) (95% CI[.532, .594])

LMM transformed [(=-.02,SE<.01,t=-557,p<.001, [B=-.02,SE=.01,1=-445p<.001, (3=.01,SE<.01,71=1.36,p=.174,

data semipartial R* = .004, power = 1 (95% semipartial R* = .004, power = .998 semipartial R* < .001, power = .757

CI[.995,1]) (95% CI1[.993, 1)) (95% CI1[.729, .783])

GLMM raw data* (3=-6.19, SE=1.33,z=-4.66,p<.001, 3=-6.05SE=2.08,z=-291,p=.004, 3=1.78, SE=1.34,7=1.33,p=.184,

semipartial R* = .002 semipartial R* = .002 semipartial R* < .001

* Results from model restarted from apparent optimum (initial model failed to converge) Convergence warnings for semipartial B> calculations were

considered false positives

priming SDT in both Japanese (using Kanji stimuli) and Chinese
in both the latency and error data. These effects represent the first
two examples of phonological priming in this task when the
prime and (word) target are written in the same script. The more
general conclusion, therefore, is that even in an experiment in
which the primes and (word) targets involve the same orthogra-
phy, phonological priming does emerge in an SDT.

General discussion

Two masked priming SDT experiments were carried out in
order to evaluate whether it is possible to obtain phonological
priming effects in that task when the prime and (word) target
are written in the same script. As Kinoshita et al. (2018) had
noted, there was no evidence that such was the case in the
extant literature. The results of both Experiment 1 (with
Japanese readers and Kanji stimuli) and Experiment 2 (with
Chinese readers) indicate that the clear answer is “yes.” These
results coupled with those of Lupker et al. (2015, 2018), who
used cross-script primes and targets, solidifies the argument
that phonological similarity does produce priming and, hence,
that phonological information does play a role, in the SDT.
The fact that phonological priming effects have now been
observed in the situation in which the prime and (word) target

are written in the same script has obvious implications for
SDT experiments in alphabetic languages. Specifically, be-
cause orthographically related primes and targets in alphabetic
languages are inevitably also phonologically related, it is,
therefore, not possible to conclude that any presumed ortho-
graphic priming effects in those languages are completely or-
thographically based. When such effects are observed, pho-
nology may very well be making some contribution and, un-
fortunately, it simply is not possible to determine how much of
a contribution it might be making based on what we now
know about the nature of the task.

Certainly, one could use the results of Lupker et al. (2015,
2018), and, to some degree, the present results, to argue that
the contribution of phonology to priming effects in the SDT is
not large. It is difficult, however, to know to what degree that
argument can be extended to situations in which both phonol-
ogy and orthography simultaneously contribute to the priming
effect in the SDT (as they inevitably would in alphabetic script
experiments). The reason is that, if those two factors are en-
hancing processing in the same way (i.e., at the same process-
ing stage), they may be interacting in a way that makes the
impact of phonology more potent. That is, the impact of pho-
nology might be combining with that of orthography to pro-
duce what is referred to as an “overadditive” interaction (see,
e.g., Pastizzo, Neely, & Tse, 2008, for a demonstration of an

Table 6  Error rate analysis results from the three analysis techniques used for Experiment 2 (Chinese participants)

Analysis Relatedness Length

Interaction

F, F(1,52) =5.75, MSE = .003, p = .020, 1} =
.100, power = .655

F(1,52) = .15, MSE = .002, p = .697, 1, =
.003, power = .067

F(1,52) = .37, MSE = .003, p = .544, 1 =
.007, power = .091

F F(1, 116) = 8.54, MSE = .002, p = .004, 7]12) = F(1,116) = .14, MSE = .002, p = .708, 7]127 = [F(1,116) = .51, MSE = .002, p = .475, 7112) =

.069, power = .828

GLMM [ =.16, SE =.05,z=3.04, p = .002,
semipartial R* = .001

.001, power = .032

B=-.04,SE=.05z=—77,p =444,
semipartial R* < .001

.004, power = .078

B=-.04,SE=.05z=—77,p=.441,
semipartial R* < .001
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overadditive interaction involving orthographic and semantic
priming in a lexical decision task).

The question of whether the impacts of orthography and
phonology actually do combine in an overadditive fashion is,
unfortunately, rather difficult to address experimentally. The
way to do so would be to create conditions in which the prim-
ing provided by each factor could be evaluated independently
and then to compare the sum of those priming effects to the
effect produced by primes in which both factors are active
simultaneously (as was done by Pastizzo et al., 2008). If
overadditivity were to be observed, the implication would be
that the impact of phonology (as a result of it combining with
the impact of orthography) was somewhat stronger than that
observed in the present data and the data of Lupker et al.
(2015, 2018). How one could actually set up an experiment
of this sort is not at all clear, however. That is, although the
present experiments did allow us to evaluate the impact of
phonological priming in the absence of orthographic influ-
ences, it is hard to envision a situation in which one could
evaluate the impact of orthographic priming in the absence
of phonological influences in virtually any language.

Another point to note when thinking about this question is that
the phonological priming effects observed here were observed in
logographic scripts. As noted above, a common assumption is
that phonological coding based on logographic characters is
more difficult (and, hence, slower) than phonological coding
based on alphabetic characters (Perfetti et al., 1992). Given that
SDT responding is typically quite rapid (as it was in the present
experiments, particularly in Experiment 1), a priori, a clear ex-
pectation would have been that even if phonology does play a
role in the SDT, one should not expect our logographic primes to
produce large phonological priming effects. One could certainly
argue, therefore, that when the primes (and targets) are written in
an alphabetic script, a script that allows more rapid activation of
phonology, the impact of phonology may be somewhat stronger
than that suggested by the effects observed here.

A further point to note when considering this question is that,
as noted above, although the Relatedness by Word length inter-
action was not significant in either experiment, in both experi-
ments, the relatedness effect was slightly larger for the two-
character words than for the one-character words (by 4 ms in
Experiment 1 and by 5 ms in Experiment 2). However, as seen in
Tables 2, 3, 5, and 6, these experiments had very little power to
detect an interaction of this size. When considering the latency
data, power estimates ranged from below .10 in the conventional
items analyses to .757 in one of the LMM analyses in
Experiment 2. Further, as reported in footnote 7, calculations of
the minimum number of participants and items needed to have
achieved a power of .80 would have been far beyond the num-
bers typically used in these types of experiments. Clearly, if this
interaction is a theoretically important one, establishing its reality
statistically will take great effort. However, if the trend in the
present data (i.e., that longer targets produce larger phonological

priming effects) is a real one, that would be a further reason to
suggest that the impact of phonology is likely larger in alphabetic
languages (in which most words are much longer than the one-
and two-character words used in the present experiments) than
the effects observed here would suggest.

One final point to note concerning the sizes of these priming
effects is that, unlike in most SDT experiments, the reference
stimuli and targets in the present experiments were physically
identical. In alphabetic language SDT experiments (e.g.,
Kinoshita et al., 2018; Kinoshita & Norris, 2009), the standard
manipulation is to present the reference stimulus in one case (e.g.,
lowercase — face) and the target in the other (e.g., uppercase —
FACE). Doing so prevents participants from carrying out the
matching process based on low-level featural similarity and,
hence, potentially reducing the size of the priming effect from
higher level (e.g., orthographic, phonological) factors.
Unfortunately, the same could not be done here because both
Chinese and Kanji characters can only be written in one case. As
such, although it’s not possible to determine whether participants
were able to use a feature-matching strategy in the present exper-
iments, to the extent that they were able to do so the impact
would have been to reduce the sizes of the priming effects.
This fact also supports the idea that the impact of phonological
priming in the SDT in alphabetic languages (in which the refer-
ence stimulus and target are presented in different cases) is prob-
ably larger than the effect sizes reported here might suggest.

The basic conclusion that the present data offer, therefore, is
simply that even when using same-script primes and (word)
targets in a masked priming SDT, the overall priming effect is
likely some combination of the impacts of orthography and pho-
nology. Hence, priming effects in such experiments cannot be
assumed to provide an uncontaminated view of the orthographic
coding process. Let us be clear, however, that the argument is not
that these effects are purely phonologically based or even that
phonology is the major player in producing priming effects in the
SDT. Orthographic processing very likely plays a more central
role in that process, which implies that the masked priming SDT
should certainly be used as one of multiple tools in investigations
of models of orthographic coding. Nevertheless, one should keep
in mind that at least some component of the priming is likely
phonologically based when interpreting the data from masked
priming SDT experiments.
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Appendix 1 Target HP  UP Target HP  UP
o . = ¥ K mE E£EA BE

Word stimuli used in Experiment 1
I BER BT BT
pe il soslu o nEpemat LIPSy g gy AN E R
B F my EA BA
Target HP  UP Target HP UP  # B BN BE Re
) G Bl BT OE M % & TI BA 2
w8 BE TE mm % &K WER BHR AL
B B & g g AE 0 & B 0% Py ORA B
8 Tz BER EE Hp Wom R AR {7 #E
B o= BE FE AE B BH S A
B OE a5 g o B9 B 28 B
% & & mx mx sy ¢ X OB e =R =i
5 X = o s =2 ° = % EE R ek
85 B 5B B% W E@ i ; . Zg Ez Ef
= B we sw xx o ¢ E e RF AR
i s % % M R BE A
# T B BE N EE 5 oy g BO WE B
U RE T2 BT 4 n @ RS BE OTE
7 E £ B+ WX WA o B w AR HEE B
= %= B& A BFE B BO# 2 B mT EE
E ® Tt FH E=E = £ A% HE R
g E B fEfh T2 UF @ B T EF B8
4 K M BE K RE B B B IR i EE
B R B BE OB B O M #t EF B5Lb XEE
B ¥ M BH OKE B =T O OB BE @i KB
" OE B e K2 By T = R BE B8 an
B ' M XE Bl B 2 OB K #E B’IL T
" KR F wR o xm KOR T SR BE ER
B B B wE s ompy RO ®E LR =E
T 5 = ww @ My & % OB BA XE e
2 o7 = R EM 455
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Word stimuli used in Experiment 2 Target HP  UP Target HP  UP
i Ehr BUR ML
These stimuli served as word targets in Experiment 2. HP = i P * fEbe pUE HlE
homophone prime, UP = unrelated prime. A | ik Y E4 #HFE
il PN iR YR PEE AER
Target HP UP Target HP  UP p 3 W WA &t s
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Appendix 2

Scripts

Analysis Latency Errors

F; RT bysj aov = aov(RT ~ Relatedness*Length*Group + ER Dbysj aov = aov(accuracy ~ Relatedness*Length*Group +

Error(Subject/(Relatedness*Length)), aggregate(RT ~
Relatedness+Length+Group, data_without errors, mean))
eta_sq(RT bysj aov, partial = T)

F; RT byitem_aov = aov(RT ~ Relatedness*Length*Set +
Error(Target/Relatedness), aggregate(RT ~ Relatedness+
Length+Set, data_without_errors, mean))

eta sq(RT byitem aov, partial = T)

RT Imm_raw = Imer(RT ~ Relatedness*Length*Group +
(1|Subject) + (1|Target), data_without errors)

2RT_Imm_raw = r2beta(RT_lmm_raw, method="nsj’,
partial=T)

powerSim(RT_Imm_raw, fcompare(~ Length*Group, “Ir”),
nsim = 1000)

powerSIm(RT Imm_raw, fcompare(~ Relatedness*Group,
“Ir”’), nsim = 1000)

powerSIm(RT Imm_raw, fcompare(~ Relatedness + Length +
Group + Relatedness:Group + Length:Group, “Ir”), nsim =
1000)

RT Imm_tra = Imer(—1000/RT ~ Relatedness*Length*Group
+ (1|Subject) + (1|Target), data_without errors)

r2RT Imm_tra = r2beta(RT Imm_tra, method="‘nsj’,
partial=T)

powerSim(RT_Imm_tra, fcompare(~ Length*Group, “Ir”),
nsim = 1000)

powerSim(RT_Imm tra, fcompare(~ Relatedness*Group,
“Ir””), nsim = 1000)

powerSim(RT_Imm _tra, fcompare(~ Relatedness + Length +
Group + Relatedness:Group + Length:Group, “Ir”), nsim =
1000)

RT glmm = glmer(RT ~ Relatedness*Length*Group +
(1/|Subject) + (1|Target), data_without errors, family =
Gamma(link = “identity”),
control=glmerControl(optCtrl=list(maxfun=1e6)))

RT glmm.restart = update(RT glmm,start= getME(RT _
glmm,c(“theta”,“fixef”)))

r2RT glmm.restart = r2beta(RT glmm.restart,method="nsj’,
partial=T)

LMM raw data

LMM transformed
data

GLMM raw data
(including syntax
for restarting)

Error(Subject/(Relatedness*Length)), aggregate(accuracy ~
Relatedness+Length+Group, data_with_errors, mean))

eta_sq(ER bysj aov, partial = T)

ER_byitem_aov = aov(accuracy ~ Relatedness*Length*Set +
Error(Target/Relatedness), aggregate(accuracy ~
Relatedness+Length+Set, data with_errors, mean))

eta sq(ER byitem aov, partial = T)

ER_glmm = glmer(accuracy ~ Relatedness*Length*Group +
(1|Subject) + (1|Target), data_with_errors, family = binomial,
control=glmerControl(optCtrl=list(maxfun=1e6)))

r2ER_glmm = r2beta(ER_glmm, method="nsj’, partial=T)
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