Psychophysiology, 312000, 473—-484. Cambridge University Press. Printed in the USA.
Copyright © 2000 Society for Psychophysiological Research

Electrophysiological estimates of the time course
of semantic and phonological encoding during
implicit picture naming

BERNADETTE M. SCHMITT2? THOMAS F. MUNTE?® aND MARTA KUTAS®

aFaculty of Psychology, Department of Neurocognition, Maastricht University, The Netherlands
bDepartment of Cognitive Science and Department of Cognitive Neuroscience, University of California—San Diego, La Jolla, USA
°Department of Neurology, Medizinische Hochschule Hannover, Germany

Abstract

Two different event-related potentidERP components were used to investigate the temporal processing of semantic
and phonological encoding during implicit picture naming. Participants were shown pictures and carried out a dual
choice ggnogo decision based on semantic informatioe., whether the picture was of an object or an anjiraad
phonological informatiotii.e., whether the picture’s name starts with a vowel or a conspriaraddition to the already
established lateralized readiness poterfti®®P; related to response preparajione introduce the N200presumably

related to response inhibitipras a tool for measuring online language processing. Both, the LRP and the N200 data
indicated that semantic processing began earlier than phonological processing. The data are discussed in the context of
language production models. Therein, the LRP and N200 results, taken together, favor a serial or cascaded processing
model of language production in contrast to a parallel processing account.

Descriptors: ERP, LRP, N200, Implicit picture naming, Language production, Temporal processing of semantic and
phonological encoding

Psycholinguists interested in language production are concernems well as electrophysiological data from intact individu@fan
with how a concept in the mind comes to be a meaningful utter-Turennout, Hagoort, & Brown, 1997, 1998
ance. In general terms, theories of language production agree that To speak fluently, different kinds of knowledge about words
the process of translating an idea to an utterance involves knowhave to be accessed at a high speed, within milliseconds. Thus, one
edge at the level ofi1l) meaning,(2) syntax, such as word class, central research questionigheninformation about a word’s mean-
and(3) phonological form, such as phonemes and syllat®egk, ing, syntax, and phonology become available in real time. Behav-
1982, 1995; Dell, 1986, 1988; Garrett, 1975, 1988; Kempen &ioral data have suggested that a word’s semantic and syntactic
Huijbers, 1983; Levelt, 1989; Levelt, Roelofs, & Meyer, 1999 properties are retrieved before its phonological form is available
Moreover, it is generally acknowledged that these three processin@ell & O’Seaghdha, 1991, 1992; Levelt et al., 1991a; Peterson &
levels are distinct based on investigations of brain-damaged indiSavoy, 1998; Schriefers et al., 199&lectrophysiological studies
viduals (for a review see Garrett, 1992, 1995; Miozzo & Cara- using lateralized readiness potentidl)RP9 have supported this
mazza, 1997; Rapp & Caramazza, 199%be tip-of-the-tongue order of processing by showing that semantic information is en-
phenomenor(for a review see Brown, 1991speech errorsfor coded about 120 ms prior to phonological informatidan Turen-
example, Dell, 1986, 1990and reaction timed_evelt etal., 1991a, noutetal., 199¥and that syntactic encoding precedes phonological
1991b; Peterson & Savoy, 1998; Schriefers, Meyer, & Levelt, 1990 encoding by about 40 m@d/an Turennout et al., 1998

In this report we show that another event-related pote(E&iRP
component, namely, the N28@lso can prove useful in investi-
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has revealed N200 peak latency to be a sensitive index of thenough information available to help the person decide whether or

timing of information processing during visual percept{d@morpe,  not to respond.

Fize, & Marlot, 1996, see belowHere we have used the N200 In the present study we aimed to delineate the temporal course

effect to examine the relative time course of semantic and phonoef the availability of semantic and phonological information dur-

logical encoding during implicit picture naming, that is, during the ing implicit naming by making the gtmogo decision contingent on

process of getting access to a picture’s name. each in turn(during a binary decision involving both semantic and

phonological information processingo our knowledge, the N200

The N200 has not been used previously to examine language processing in
this way. By comparing the relative latencies of the two N200

When an individual is asked to respond to one class of stifgoli  effects, however, we believe that we can say something about

trials) and to withhold responses to anotiirogo trialg, the ERP  whether semantic encoding precedes, follows, or is coincident with

on nogo(relative to g9 trials is characterized by a large negativity phonological encoding.

(1-4 wV) between 100 and 300 ms after stimulus or($¢200),

especially over frontocentral sit¢&emba & Sasaki, 1989; Kok,

1986; Pfefferbaum et al., 1985; Sasaki, Gemba, Nambu, & MatThe LRP

suzaki, 1993; Simson, Vaughan, & Ritter, 19741though its func- The LRP is derived from the readiness potentiIP) that precedes

tional significance remains unknowgimer, 1993; Naatanen, 1982, voluntary hand movements. as in a button pressing task. The RP is
1992; Pfefferbaum et al., 1985t does appear that a frontal N200 y ha . i . | Pre 9 N
a gradually increasing negative shift, begirgih s or soprior to

is elicited when a potential S|mp_le response is Wlthhe|d. It has beerrlnovement onseffirst described by Kornhuber & Deecke, 1965
suggested that the N200 amplitude is a function of neuronal ac; .
L . . R . About 0.5 s before movement onset the RP becomes lateralized,
tivity required for “response inhibition{Jodo & Kayama, 1992; with larger amplitudes seen over the hemisphere contralateral to
Sasaki & Gemba, 1993This hypothesis is supported by the re- 9 P P

sults of studies with surface and de[§gh0—3.0 mm electrodes in tcr;ertéis(‘?:%tisTeuftar?efwilsjohnecrglr;{ngjgt:lﬁ (?ct)r?gseso(r)l\cliier: gtréemrr(;ttor
the prefrontal cortex of monkeySasaki, Gemba, & Tsujimoto, P P 9

. : ; hemispherg
1989. In this study, potentials were recorded as the animals per- The LRP is derived from the RP, but is time locked to the

formed a ggnogo tas_k on color dlscrlml_ngtlo(fe.g., pushing a stimulus to which the response is given. By averaging the lateral-
button when a green light came on and giving no response when a

red light came oh As expected, nogo trials elicited an N200 both Ized activity to responses made with the left and right higeen

. . ntralateral vs. ipsilateral recordingn mmetry that is not
at the scalp and in the prefrontal cortex. Sasaki et al. also foun&0 alateral vs. ipsilateral recordingany asymmetry that is no

- . . . related to response preparation cancels out. This is done via two
that they could mimic the brain processes associated with N200s P brep

; . . A .~ “Subtractions:(1) the potential measured above the right motor
on nogo trials by stimulating the prefrontal cortex during go trials. cortex(C4') is subtracted from the potential at the corresponding
More specifically, they could suppress the overt response on 9%t motor cortex(C3), and (2) all lef-hand responses are sub-
trials by electrically stimulating the prefrontal cortex at the time tracted from right-han(’j responses. What remains is the lateralized
that an N200 would normally have developed on a nogo (sie¢ :

0 Sasl & e, 198 o acomparionfdata o umar 1 1 1° 0HosS Peentl Wt e L3P e 88 =P
and monkeys These results thus link the N200 elicited in a/go g P y

; o . related to the motor preparation of the responding hands. The LRP
nogo paradigm to response inhibition processes, occurring, at leas : .
. - allows researchers to see motor-related brain activity before an
in part, in the prefrontal cortex.

overt or go responséMiller, Riehle, & Requin 1992; Mulder,

In a go/nogo paradigm an N200 is elicited when a person doesg, ,.. : . . :
not give a response. Thus, the presence of an N200 implies that té/(\g/uers, Brookhuis, Smid, & Mulder, 1994Perhaps more impor

information, which can be used to determine whether or not aantly, the LRP also reveals motor activation even inaheence

response is to be given, must have been analyzed. Thus, one cz% any overt response. That is, the LRP reflects preparation to

. . . r nd, even when the r nse is not ex in th f
vary the information on which a gmogo decision is based, and espond, eve en the response is not executed, as in the case o

use the peak latency of the N200 effédifference between go and nogo trials(cf. Os_m_an, Bashore, Coles, Do_nchm, & Meyer, 1p92 .
. o . These characteristics make the LRP a suitable brain measure with
nogo ERP as an upper estimate wfhenthe specific information

which to study the time course of encoding of various levels of
must have been encoded.

Thorpe et al(1996 used this logic to examine the time course information during intended but not directly realized speech pro-

of visual processing of pictures. Participants were asked to Viev\sjuctlon(Van Turennout et al., 1997, 1998

complex visual scenes. They were asked to press a response button

(go trialy whenever there was an animal in the scene, and not tqhe Experimental Paradigm

respond with any button whenever the scene contained no animal

(nogo trialg. Thorpe et al. compared the ERPs elicited on go andWe measured both the N200 and the LRP in @rgmo paradigm
nogo trials, and observed an enhanced negativity for nogo trialfo determine whether semantic encoding precedes phonological
compared to go trials. The difference between nogo and go trialsencoding, as predicted by serial models of speech produdtsn
known as the N200 effect, had its maximum around 150 ms afteelt, 1989; Levelt et al., 1999 as well as by cascading models
picture onset. The authors interpreted the peak latency of the N20Mell, 1986, 1988; Dell & O’Seaghdha, 1992; Peterson & Savoy,
effect as the moment in time when sufficient visual information 1998.

was available for a person to decide whether or not to respond. In  The experiment was carried out in German. In an initial prac-
addition to the peak latency of the N200 effect we also examinedice session, participants were asked to name a series of pictures,
its latency of onset. The onset latency is the moment in time wheto make sure that they knew the intended name of the pictures,
go and nogo trial ERPs first diverge from each other at the scalpwhich were used during the recording session. During the record-
and thus can be taken as the time by which there must have beéng in the main session, participants were asked to make a binary
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decision, that is, to classify the pictures with respect to both their The logic of the dual choice googo paradigm with regard to
semantic and phonological features. the LRP was similar, albeit based on response preparation rather
The semantic decision was to determine whether the picture wathan response inhibition. We assume that people prepare to re-
that of an animal or an object, which we assume, based on the pispond as soon as they have some information available about
ture categorization literature, involves semantic activaffionare-  which hand they are going to use, and this preparation is reflected
view see Glaser, 1992The phonological decision was to determine in an LRP. If the responding hand is contingent on semantic in-
whether the depicted item’s name started with a consonant or witformation, and semantic encoding precedes phonological encoding
a vowel. The instruction was, for example, “press the left button for(as assumed by serial and cascading models of speech production
an animal and the right button for an inanimate object. Howeverthen an LRP should develop for both go and nogo trials alike.
respond only if the picture’s name starts with a vowel, and not if itHowever, as soon as the phonological information is encoded,
starts with a consonant.” Thus, depending on the outcome of thesadicating that no response is to be made, the LRPs for go and
two decisions, a response was given with either the left or right handjogo trials should diverge from each other; that is, the LRP for
or not at all(see Figure 1 for an illustration nogo trials should drop back to baseline as the preparation is
The logic of the paradigm with regard to the N200 is as follows: abandoned. In contrast, when the response contingencies are re-
In one condition, the responding hand was contingent on semantieersed(i.e., the responding hand is contingent on phonological
information(hand=semanticg and the ggnogo decision was con- information, and the gmogo decision is contingent on semantic
tingent on phonological informatiofgo/nogo=phonology. The  information, no LRP on nogo trials should develop. This differ-
timing of the N200 effecti.e., the difference between go and nogo ence is expected in both serial and cascading models, because their
responsgthen provides an upper limit on the moment in time when proponents assume that the early availability of the semantic in-
the phonological information must be available for determiningformation, indicating that no response is to be given, would effec-
whether or not to respond. In the other condition, the response coriively forestall the development of any preparation. Accordingly,
tingencies were reversed; that is, the responding hand was contimo LRP should develop on nogo trials.
gent on phonological informatiofhand=phonology, whereas the A potential concern with regard to using the dual choic¢ go
go/nogo decision was dependent on semantic informatgmoy nogo paradigm to probe language production processes is that
nogo=semantics In this case, the latency of the N200 effect can during the recording session participants merely responded to pic-
be taken as an upper limit on availability of semantic information.tures with a button press as a function of their semantic and pho-
According to either a serial or a cascading model of language pronological characteristics and did not actually name the pictures out
duction, semantic encoding is presumed to precede phonological efoud. As the responses are contingent on semantic and phonolog-
coding. It follows that the information to inhibit a response alsoical features of the object or its name, they must of necessity probe
should be available earlier when it is of a semantic than of a phothe availability of these two kinds of information. However, the
nological nature. We would expect to see this difference in avail-push button response itself may not reflect language planning pro-
ability in an earlier N200 effect when the gmogo decision was based cesses at all, but rather more generally the availability of different
on semantic than on phonological information. However, if semankinds of information, or memory codes. According to Paii@ie71),
tic and phonological information was processed simultaneously, thefor example, semantic knowledge is represented dually both by a
we would expect to see no difference in the timing of their asso~erbal and a pictorial code; task demands determine which code is
ciated N200 effects. retrieved in any given situation. Pictures are presumed to activate
both pictorial and verbal codes, whereas word stimuli are first
encoded verbally, and may or may not activate pictorial codes
depending on a number of factors. We can thus view the current
SEMANTICS task from the perspective of this dual coding hypothesis rather than
i in terms of language production. On this view, the picture would
left hand right hand activate a pictorial code, which participants could use to decide
animal object whether the picture is of an object or of an animal. In addition, the
picture would need to activate a verbal code in order for partici-
/\ pants to decide whether or not its name begins with a vowel or a
consonant. In this analysis, the LRP and the N200 measures would
7 & indicate when the two codes become available. The absence of
latency difference in these ERP measures for the two types of
decisions would mean either th@) the two codes become avail-
able at the same time, ¢2) that the dual code view is wrong, and
;’,‘»5’" » knowledge representation is more abstract, for exarfgele Pyly-
no go /{1 2 @% shyn, 1973. If, on the other hand, there is a latency difference in
word initial \ ﬂ JﬁzM‘ the ERP measures then we can infer {iathere seems to be two
I - - - i
vowel PPAYN) cm"ferent kinds of codes, rather than ju_st one ab_stract representa
hd L tion, and(2) that one type of code is available earlier than the other
Figure 1. The illustration of the experimental design shows an exampletype' -SO’ even if one assumes that code availability m the present
: experimental task does not reflect language production, the ERP

for the han@=semantics condition. The response hand was contingent on its of th t . ¢ int ti ith ft
semantic information. The go-nogo response was contingent on phonolol Esulls of the present experiments are interesting with respect 1o

ical information. In the handphonology condition, the pictures were the 1€ nature and time course of accessing dlﬁerent code types.
same but the response contingencies were reversed: The response hand was/Ve Will not review here the vast, ongoing research on code
contingent on phonological information. The go-nogo response was conavailability (see, e.g., Bavelier & Potter, 199Rather, we would
tingent on semantic informatiosee also Appendix B like to make a link between theories of code availability and mod-

go
word initial
consonant

PHONOLOGY
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els of language production. As reviewed in GlagE992, con-  participants but one were right handed. All were neurologically
temporary theories of language production are based on the ide&®althy and had normal or corrected-to-normal vision.

of Paivio and others. During the last two decades of psycholin-

guistic research, the notion of codes has been applied to languagg;muii

processing and has been elaborated in detail for language produg-cat of 120 simple black-on-white line drawings was used con-
tion (Levelt, 1989; Levelt et al., 1999If one assumes, as we do, gjsting of two semantic categories: 60 animals and 60 objects. In
that language-related codes are but some of the many differeRfych of the two categories, the names of half of the items started
types of memory codes, then whether we talk generally in terms ofith 4 vowel and the other half with a consonant. Twenty pictures
memory codes or more specifically in terms of language-relateqyere ysed as practice stimuli. The remaining 100 pictures served
codes, our push-button task probes access to these codes. Froihe target&25 pictures in each semantic and phonological con-
either theoretical perspective, the ERP signals elicited during th%ition; see Appendix A The depicted items were matched in word
go-nogo task can inform us about the time course of semantic anﬁiequency using the CELEX databa&Baayen, Piepenbrock, &

phonological information access. , , Van Rijn, 1993. The mean lemma frequency per million was 22.9
Furthermore, although the participants in our experiment Werg sp = 31) for names of animals starting with a vowel, 523D =

not required to name the pictures explicitly, nonetheless we belieng) for names of objects starting with a vowel, 44%D = 98) for
that the experiment is relevant to issues within language producismes of animals starting with a consonant ’and 4SB= 45)
tion for several reasons: First, we used pictures as targets. In pSys; names of objects starting with a consonant. Statistically these
cholinguistic experiments, pictures are the method of choice fog . groups did not differ, as shown by an analysis of variance

activating information processing in language production beca“sFANOVA) on frequency with group as factd¥(3,96 = 1.05.
they are believed to engage the same encoding processes as those m

that occur naturally in a speaker putting an abstract idea into words

(see Glaser, 19921t was our intent to interpret the ERP recordings P€Sign _ ) _ i _ )
within this framework given this assumption. Furthermore be-Each participant received eight different instruction sets, in total.

cause our participants were trained to name the pictures before tH four instruction sets, the responding hand was contingent on

main recording session was conducted, we believe that they hatfmantic information and the geogo decision was contingent on
access to the correct picture name in the main session as weffnonological information, with left- and right-hand go and nogo
Although they did not say the picture’s name out loud, it is gen_responses counterbalanced for each item. The other four instruc-

erally assumed that their internal speech planning mechanismiion sets were given for the rgversed set of response contingencies.
(implicit naming were activated automatically by the presentation N these cases, the responding hand was contingent on phonolog-

of the picture. We can take the correctness of their responses 42! information, and the gtnogo decision was dependent on se-
evidence that they accessed the correct underlying linguistic in

mantic information, again counterbalanced for left and right hand
formation, that is, the name of the picture. Finally, it has beend%/N0g0 responses for each item. Appendix B illustrates the eight
common in psycholinguistic research to use a wide range of indi~

different instruction sets and provides an example of the different
rect or non-naming tasks with picture stimuli, and to interpret the!©SPONSes to the same item, in this case the picture of a feather.
results in terms of language production per se. For example, ingiEach picture was presented eight times to each participant, that is,

rect picture categorization tasks have been used to investigate sgC€ Per condition. The order of conditions was randomized across

mantic access during language productiee Glaser, 19092 exical ~ Participants.

decision (push-button responses about real words and pseudo-

words during picture naming was chosen as a means of tapping’rocedure

into the time course of semantic and phonological access in lanParticipants were tested individually while seated in a soundproof
guage productiofisee Levelt et al., 199]aln the study by Levelt chamber in front of a computer screen. They were first familiarized
et al., the dependent variable was mean “lexical decision latenciesiith the pictures during a practice block wherein each picture was
from trials in which no overt naming took place. As it happens, theshown with its name printed below it. The participants were asked
dual choice ggnogo paradigm we chose to use in the present studyo study each picture and its name, and to proceed to the next
was based on the same logic and essentially the same paradigmgisture by pressing a button. In a second practice block the pictures
that introduced by Van Turennout et 61997, 1998for estimating  were repeated without their names and the participants were asked
the time course of semantic, syntactic, and phonological encodingo name them aloud—as fast and as accurately as possible. This
Although they did have participants directly name pictures onprocedure guaranteed that each participant knew and used the
some(filler) trials, the analyses and inferences were not based omtended names of the pictures during the experimental run.

data from these “naming” filler trials but rather from button presses  During the recording session, the participants did not name the
on trials in which no direct—but delayed—naming was involved. pictures aloud, but rather were asked to carry out a dual choice
Van Turennout et al. argued that their results relate to languaggo/nogo task. Because there were eight different instructions, each
production proper, that is, to intrinsic access of the picture’s namgoarticipant carried out eight different dual choice tasks, one per
upon its appearance needed to perform the required judgments. Véxperimental conditiorisee Appendix B

appeal to the same logic in our study, however, not only for the Each condition began with 40 practice trigls0 pictures of

LRP as they did but also for the N200. each semantjphonological categoyy followed by 100 experi-
mental trials25 pictures for each semantghonological category,
presented in two blocks of 50 trialBetween blocks there was a
short break. Each block started with three warm-up trials that were
Subjects excluded from further analysis. The order of the instructions was
Fifteen native speakers of German participated in the experimermandomized across participants and the sequence of pictures was
(4 women and 11 men, 26-36 years of age, mean 29 yedls  randomized in every block and for every participant. Each exper-

Methods
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imental block lasted about 5 min. The entire experiment lastedeft mastoid electrode as a reference and re-referenced offline to
about 2 hr. the mean of the activity at the two mastoid processes. Blinks and

A trial began with the presentation of a fixation point in the vertical eye movements were monitored by electrodes placed on
middle of a high-resolution 21" computer screen. After a random-the right and left lower orbital ridge, also referred to the left
ized interval of 1,500-3,000 ms, the picture was presented in thenastoid. Lateral eye movements were monitored by a bipolar mon-
center of the screen for 1,500 ms. Pictures subtended abait 8 tage using two electrodes placed on the right and left external
visual angle in height and°8n width (viewing distance 1.10 jn  canthus. The eye movements were recorded in order to allow for
The picture was replaced immediately by the fixation point, indi- later offline rejection. Electrode impedances were kept belo® 5 k
cating the start of a new trial. for the EEG and eye-movement recording.

Participants were instructed to rest their arms and hands on the Signals were amplified with a bandpass from 0.01 to 100 Hz
elbow rest of the armchair and to hold their thumbs on the left ancand digitized at 250 H#4 ms resolution Averages were obtained
right response button. On go trials, participants responded by presfr 2,048 ms epochs including a 300-ms prestimulus baseline pe-
ing one of the two buttons as quickly as possible. On nogo trialgiod. This epoch was chosen so that it began 200 ms before the
they did not press any of the buttons. Participants were instructedritical statistical baseline intervahich was defined as 100-0
not to speak, blink, or move their eyes while the picture was on thens before stimulus onsetThe epoch also extended the picture

screen. presentation timg0—-1,500 mg by 200 ms. The extended time
window was chosen to guarantee an artifact-free baseline and re-
Apparatus and Recordings sponse signal.

Push-button response latencies were measured from picture onset 111als Of correct responses were inspected visually. Trials con-
with the timeout pointthe moment in time after which responses t@minated by eye movements or amplifier blocking within the
were registered as missinget at 1,500 ms. Timeouts and errors, critical time window were rejected from averaging by a computer
that is, wrong responses, were excluded from further analyseBrogram using individualized rejection criteria. The number of
(about 14%, see Results for detils rejections did not reliably differ for the two response contingency

The electroencephalografEEG) was recorded from 26 scalp cond?t?ons. On average, 22% 01_‘ the trials in the hasdmantics
sites using tin electrodes mounted in an electrode (@pctro-  condition and 21% of the trials in the hanghonology were ex-
Cap with reference electrodes placed at the mastoids. The electrodé&luded from further analysiéncluding ERP artifacts and incorrect
sites were spaced in a geodesic fashisee Figure 2 for a [esponses

comparison to the 10-20 systenSignals were collected using the Both the LRP and the N_200 were calculated fpr all 32 electrode
sites. The LRPs were derived from the ERP signal by two sub-

tractions(as described in the IntroductiprFor the LRP analysis
only those electrode sites close to’@Ghd C3 were investigated,
as these yield the largest RPs for hand movements, Kutas &
Donchin, 1974. These were the middle central sidekectrodes 24
and 22, about 1 cm more dorsal and central from & C3, see
Fpz Figure 2. For the N200 ERP analysis only frontal electrode sites
Fpd- 1 [Fp2 1, 2, and 10 were investigated, as these yield the largest N200
2. 10 effect(Thorpe et al., 1996

Results

9 Push-Button Reaction Times

S Pretest.The mean reaction times for simple choice Jefjht hand

C4- 18 T4 responses were collected in a pre{d& German speakers, differ-

B : ent from the participants of the main sesgiorhe results in this

= pretest should indicate how long it takes in general to make a
-8 phonological decisiofe.g., press the left button, if the name starts
g with a vowel, press the right button if it starts with a consohant

a semantic decisiofe.g., press left if the picture is that of an

animal, press right if it is an objectThe same material was used

as in the main recording session. Response hands were counter-

balanced insofar as possible across participants. Efiess than

02 2%) were excluded from the analysis. The mean reaction time for
the phonological task was 841 rfSD = 136). The mean reaction
time for the semantic task was 617 ¢8D = 138). The observed

Figure 2. Schematic of the electrode array used in the experim@nitk 224-ms difference was significart{12) = —8.66,p < .01, indi-

labely. The electrodes are arranged on a series of four equally spacedating that the simple choice based on semantics could be carried

concentric rings. The outermost two rings are composed of 10 equallyyt faster than the choice based on phonology.

spaced electrodes. The third ring is composed of five electrodes, and the

last one is composed of a single electrode. The electrode sites correspond-

ing to the International 10-20 system have been superimposed for com- Main experimentThe mean reaction times for correct go re-

parison(thin label3. Note that electrode 1 corresponds exactly to Fpz in the Sponses in the dual choice gwgo task were averaged across left

10-20 system, electrode 6 to Oz, and electrode 26 to Cz. and right responses for 15 subje@bout 200 trials per condition

©z
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The means were 1,053 rfSD= 137) for the hand-phonology con- Onset latenciesThe onset latencies were analyzed by a frac-
dition, and 1,097 m$SD = 161) for the hané=semantics condi- tional peak latency analysisee, for example, Smulders, Kene-
tion. A paired sampletest of the reaction times for the two conditions mans, & Kok, 1998. The latency of the onset of the N200 effect
did not reveal a significant differencg14) = 1.6,p = .12. was defined as the latency when the potential reached 10% fraction
Incorrect responsedimeouts, i.e., reaction times longer than of the peak amplitude; these were determined separately for the elec-
1,500 ms, and wrong hand responsesre excluded from the analy- trode sites 1, 2, and 1(&ee Figure 2 For the onset latencies, an
sis. The error proportions did not differ for the two response con-ANOVAwas carried out with response preparatiband=semantics
tingencies; handsemantics: 15.5%SD= 5.2), hand=phonology:  vs. handphonology and electrodeéhe three frontal electrodgs
13.1%(SD= 3.4), according to a paired samgleest,t(14) = 2.04, as repeated-measures factors. There was a significant main effect of

p = .06. response preparatioR{1,14) = 19.7,p < .01. When the génogo
decision was contingent on semantic informatiasit was the case
N200 Analysis for the haneé=phonology response preparatidhe mean onset la-

We assumed that the increased negativity for nogo trials in comtency of the N200 effect was 206 f8D= 65 ms. In contrast, when
parison with go trials reflected the moment in time by which the the gg/nogo decision was contingent on phonological information
relevant information necessary to withhold a response must havéhand=semanti¢ the mean onset latency of the N200 effect was
been encoded. The time it takes to encode the relevant informatio825 ms(SD= 100 m3. The mean onset latency differen@eross
might, therefore, be reflected in the peak latencies of the N20@he three electrode sitesf the two N200 effects was 119 ms. As for
effect, as discussed in the Introduction. In addition to the analysishe peak analysis, in the onset analysis neither the main effect of elec-
of the peak of the effect we were also interested in the moment inrodes nor the interaction of Electrodefkesponse Preparation was
time when the N200 effect started to emerge, that is, in its onsesignificant.
latency, which can add to the information about the temporal course Despite visual appearances, the positivity in the difference ERP
of information processing. prior to the N200(see Figure 3, top rightwas not significantly

Of greatest interest was whether the temporal characteristics different from baseline. This finding was analyzed by means of
the N200 effect differed reliably for the two response preparationone-tailed serial tests against zero mean. Theests were carried
conditions(responding hand determined by semantics vs. respondsut stepwise with a step size of 4 ms. For each test from 0 to
ing hand determined by phonolog¥RP differencdnogo minus 1,100 ms after picture onset, data were averaged across a 40-ms
go) waveforms were calculated for each of the two response prepwindow (i.e., = 20 ms relative to the measurement paigignif-
aration conditions. Figure 3 shows grand-average ERPs for 1fant divergence from baseline was defined as the point at which
participants at midline sitggjoing from the front to the back of the four consecutive tests showed a significant difference from zero.
head. Both response contingency conditions showed an N8&@  In the time interval encompassing the positive dip, no significant
left and middle column of Figure)3with nogo trials being more difference was obtained. Thistest analysis revealed a 112-ms
negative than go trials. However, as can be seen in the differencdifference in the duration of the two N200 effects, with a duration
waveforms(nogo minus gb for both conditions(right panel of  of about 276 ms in the gmogo=semantics condition versus 164 ms
Figure 3, the two N200 effects were strikingly different. The in the gg/nogo=phonology condition.
N200 effect in the “hangphonology, ggnogo=semantics” con-
dition preceded that in the “hartsemantics, gtnogo=phonology”  LRP Analysis
condition. LRPs of 13 of the 15 participants were analyzed. Two participants

The description of the pattern of results was supported by stawere excluded from the analysis, because they did not generate a
tistical comparison of the ERP difference waveforms at three frontypical go LRP response. Four average LRP waveforms were cal-
tal electrodegelectrodes 1, 2, 10, see FiguePhe frontal electrode  culated for each participantl) hand=semantics, gephonology,
sites were chosen based on previous studies reporting a fronté2) hand=semantics, nogephonology, (3) hand=phonology,
maximum for the N200 as a component of response inhibition. go=semantics, an¢4) hand=phonology, noge-semantics.

Figure 4 shows the grand average of go and nogo L@B8

Peak latenciesThe ERP difference wave@ogo minus gp trials per condition, minus about 21% rejected tiidts the two
were quantified by mean amplitude measures relative to the preresponse preparation conditions: hasg@manticgtop panel, and
stimulus baseling—100 to 0 ms before picture ongeFor each  hand=phonology(bottom panél at middle central electrode sites
participant, the peak latencies of the N200 effect were measuretelectrodes 24 and 22, see Figune Bhe typical LRP pattern for
between 200 and 700 ms at each frontal electrode. For the peao trials were obtained in both conditioridand=semantics,
latencies, an ANOVA was carried out with response preparatiorhand=phonology. A development of nogo LRPs was evident in
(hand=semantics vs. harebhonology and electrodegthe three  the hanésemantics condition, butot in the hane=phonology
frontal electrodesas repeated-measures factors. The main effectondition.
of response preparation was significaftl, 14 = 12.3,p < .01, The statistics support this descriptive analysis. LRPs were quan-
reflecting a difference in peak latencies. When thérgmgo deci- tified by mean amplitude measures relative to the prestimulus base-
sion was contingent on semantic informati@s was the case for line (—100 to 0 ms before picture ong€eTheir onset latency was
the hand=phonology response preparatidthe mean peak latency determined by using one-tailed seriatests against zero mean
of the N200 effect was 384 n{SD= 83 m9. In contrast, whenthe between 300 and 800 ms after picture onset, as described in the
go/nogo decision was contingent on phonological informationsection of the N200 onset latencies.
(hand=semanti¢ the mean peak latency of the N200 effect was  The mean onset latency for the go LRPs in the Raseimantics
473 ms(SD = 108 m3. The mean latency differendecross the condition was 440 ms after picture ong&bom that time on all
three electrode sitg¢®f the two N200 effects was 89 ms. Neither t(12) < —1.85, allp < .05). The mean onset latency for the go
the main effect of electrodes nor the interaction of Electrodes LRP in the hanephonology condition was 384 ms after picture
Response Preparation was significant. onset (from that time on allt(12) < —1.87, allp < .05. A
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GO/NOGO =  GO/NOGO =  RESPONSE INHIBITION
PHONOLOGY SEMANTICS (NOGO — GO)

— go/nogo =
pho'n.ogog'y

........... nogo seereseens TULOGO go/nogo =
semantics

Figure 3. Grand-average event-related potenti@&P$ on go and nogo trials in the hargemantics conditiofleft column, and

the hand=phonology conditiorimiddle column. The ERPs were time locked to picture onset. Data of 15 participants were averaged
(200 trials per condition per subject, minus rejected tyjalad displayed for four midline electrodes. Both conditions were associated
with a frontal negativity N200) that was more negative for nogo than for go trials. In the right column, the “nogo minus go” difference
wave (interpreted as response inhibitjoior the two conditions are shown superimposed.
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onset: from that moment on al{12) < —2.24, allp < .05, two
tailed.

Note that at frontal sites there was no LRP evident. Further-
more, the LRP did not seem to be influenced by the N200, because
(1) there was no N200 effect at electrode site$ &% C4, and(2)
the changes in the latency of the N200 with condition did not effect

hand = semantics

2 uv P
’“ P the onsets of the go LRPs.
= B A Discussion
RT=1097 The main goal of this study was to capitalize on the high temporal
resolution of electrophysiological measures to estimate the time
g0 course of semantic and phonological information encoding during

picture processing. To this end, we measured both the LRP, which
has been used previously to address these issues, and the N200,
which has not. As detailed in the Introduction, we chose to use the
dual-choice ggnogo decision task to probe the accessibility of two
different kinds of information, and our results show that in this task
with pictures, semantic information becomes available prior to

hand = phonology

nogo phonological information.
el I~ B Pttt e J Even if the results of this dual choice gmgo decision task
0 400 800 1\ had no bearing on language-producti@fanning processes, they

RT=1053 have revealed a clear difference in the availability of semantic and
phonological codes, with semantic information becoming avail-
able approximately 90 ms prior to phonological information. Our
and phonological decision on picture nan(3 participants, 100 trials per results are thus consistent with a_V'eW of semantlc memc_)ry Wherein
condition, minus rejected triglsThe LRP is time locked to picture onset. the knOWIGdge relatgd to the picture god 'ts_ name m!ght be

The two vertical lines indicate the nogo-effect. represented in two different ways—as a readily accessible seman-
tic representation and a somewhat less accesibiewise pho-
nological representation. These results are in line with the suggestion
that there are different representations, and at odds with a view that
holds that pictures are represented in memory in a general, abstract
éorm.

As mentioned in the Introduction, we would prefer to interpret
our results in relation to current theories of language production.
Our experimental task required that participants access the pic-
ture’s name, and although the pictures were not named overtly, we
buy into the common assumption that the processes accessing the
picture’s name in this type of task is for all intents and purposes no
different than it is during overt naming. The theoretical advantage
of this assumption is that there is only one knowledge represen-
c}ation for semantics and only one representation, albeit a different
one, for phonology. As a consequence, different kinds of tasks such
as naming or push-button responses give access to the same codes,
thereby obviating the need for multiple, redundant semantic codes
or multiple phonological codesuch as one for overt naming, one
for implicit naming, and one for a dual-choice decision, etOf
course, this is an assumption and thus can undergo further testing;
however, it is a simplifying assumption that has been made by
""""""""""" many researchers in the field of language production. To reiterate,
the following discussion of our results in terms of various language

Figure 4. Grand-average lateralized readiness potefitiaP) on go(solid
lines) and nogo trailg§dashed linesin the dual task that involves semantic

comparison of the two go LRPs via a serial paired sarhf@st “go

vs. go” revealed no difference of onset latencies, but a differenc
in slope(see Figure b The two go LRPs diverged significantly
from each other between 728 and 752 ms, with the ggmantics
condition being more negative, @ll12) > 2.19, allp < .05, two
tailed.

Similar analyses for the onset of nogo LRPs revealed a signif
icant divergence from baseline for the hargbmantics condition
starting at 380 ms, which lasted until 436 ms after picture ofiiset
this time interval allt(12) < —1.85, allp < .05). In contrast, no
significant divergence from baseline was obtained for the nog
LRP in the hane-phonology condition. A comparison of the go
and nogo LRPs of the hardemantics condition showed that they
diverged from each other significantly at 460 ms after picture

_ production theories is based on the assumptions that implicit ac-
[ cess to the name of the pictufi@ our task does not differ from
2 uv accessing the name during overt picture naming, and does not

differ from accessing the information during a decision task.

o 400 800 1200 ms  LRp
One goal of this study was to replicate the results of Van Turennout
—— go=phonology, hand=semantics et al.(1997), that is, the relative time courses of semantic and pho-

nological encoding. Instead of a between-subject design, as used by
Van Turennout et al., we chose a within-subject design, to compare
Figure 5. Comparison of the two go lateralized readiness poter(lift®s. the two different response preparation taskand=semantics,

---------- go=semantics, hand=phonology
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hand=phonology. We replicated Van Turennout et al.’s basic find- ceded those based on phonological processing because the seman-
ing: a development of a nogo LRP in the harskmantics condi- tic task was easier, in this case. On this account, both semantic and
tion, but not in the handphonology condition. Whereas Van phonological processing might start at the same time, but semantic
Turennout et al. used word-initial phonen{&xperiment 1 and2  information would be encoded first simply because the analysis
or word final phoneme&Experiment 3, our task required a vowel operations and choices for the semantic task could be carried out
versus consonant categorization. This slightly different task alsanore quickly than for the phonological task. As a result, the N200
yielded the outcome predicted by serial and cascading models of lareffect would begin and peak earlier when the/igogo decision
guage production that semantic encoding would precede phonologvas based on semantic than phonological information by virtue of
ical encoding. Our finding thus generalizes the argument of Varthe particular task parameters used rather than the order of oper-
Turennout et al., for the temporal course of processes during larations during language production in general. This interpretation
guage production based on the LRP. gets some support from a direct comparison of the two go LRPs
In the present study the go and nogo LRPs were indistinguishtsee Figure b It appears that the go LRPs in the two conditions do
able for approximately 80 m@.e., between 380 and 460 ms after begin at about the same time. Moreover, the steeper slope of the
picture onsgtand diverged thereafter. In line with van Turennout LRP in the ge=semantics than that in the gphonology condition
et al., we suggest that during this interval one of the hands wag consistent with faster aridr easier semantic processing. The
prepped to respond unaffected by phonological information, whictpattern of reaction times from the pretest also suggests that the
apparently was not yet available for the/gogo decision. How- semantic task was easier than the phonological task. Specifically,
ever, after about 80 m&@60 ms after picture ongethe phonolog-  with our materials and task, a simple l&fght-hand decision based
ical information necessary to favor a go versus nogo decisioron the semantic information was about 224 ms faster than the
seems to have become available, as reflected in the reliable divedecision based on phonological information. However, if this

gence of the go and nogo LRPs. were the entire explanation for the observed pattern of effects in
the main(dual choice experiment, then we would expect the go

N200 reaction times to be significantly faster when the/mogo deci-

In addition to the data related to response prepardtien LRP), sion was contingent on semantic than on phonological informa-

the results of our study can be related to the time course of infortion. This was not the case. The go response times for the two
mation related to response inhibitidiN200). The N200 effect response conditions in the main experiment did not differ signif-
(response difference “nogo minus gaéflects the time by which icantly; there was only a slight trend for go decisions in th¢ go
information about whether or not to respond must have becomeogo=semantics condition to be about 44 ms faster than in the
available. We examined two different aspects of the N200 effectgo/nogo=phonology condition.
(1) its mean peak latency, arf@) its latency of onset. In the extant Neither simple choice nor dual reaction times nor LRP onsets
literature(see Introductiof) the peak latency has been taken as themirrored the pattern of N200 onset and peak latencies. Moreover,
moment in time by which specific information is available to sup- the differential slopes for the two go LRPs occurred much later
port the decision for a particular response to be given or withheldthan their associated N200s. Thus, although the differential diffi-
However, in terms of temporal course of information processingculty of semantic versus phonological processing may account for
the onset of the effe¢bf any effect in the ERP signaiight be as  the simple reaction times and LRP slope differences, it remains to
relevant as its peakmaximumn). The average peak latency of the be shown whether, and if so, to what extent, the N200 effect per se
N200 effect was 89 ms earlier when the/gogo response was is sensitive to such a difference in task difficulty. More importantly
contingent on semantic information than when it was contingenfor present purposes, however, even if we were to accept a parallel
on phonological information. The mean difference in the latenciegprocessing account of the difference in latency of the N200 effects
of the onsets of the two N200 effects was 119 ms. in the two experimental conditions, it would be at odds with the
This difference in the timing of the N200 effects in the two observed pattern of LRP data. As discussed previously, the devel-
conditions accords well with the relative timing of the observedopment of a nogo LRP only in the hardemanticgand not in the
LRP results. Both the N200 latency data and LRP data suggest thAand=phonology condition is most consistent with some type of
in this experiment semantic information was available ahead oferial or cascade processing account of language production.
phonological information by about 80-90 rt@w about 112 ms if Clearly the two dual choice gmogo tasks we asked the par-
one considers the onset of the N200 as relevant ticipants to perform are not pure instances of language production
Taken together, the LRP and N200 data reveal the temporal cours® even information processing but decision tasks from which we
of semantic and phonological information processing in this experdrew inferences about the temporal course of information process-
iment. As mentioned in the Introduction, we believe that these datang during (implicit) language production. Our aim was to get an
are relevant to the time course of language production because th@gtimate of when specific types of information became available.
index information access during intrinsic picture name processingAdmittedly, it is on the decisions that we focused. However, these
If this assumption is granted, our data support any model of speecttecisions were based on two different types of informafiee
production that is based on semantic encoding beginning prior tanantic and phonologicatthat are considered to be essential for
phonological encoding; these include any serial processing model®utine and accurate language production. Following Thorpe et al.
(Levelt et al., 1991a, 199%s well as various models of cascaded (1996, we interpreted the observed N200 peak as the moment in
processing Dell & O’'Seaghdha, 1992; Peterson & Savoy, 1998 time when information was available andt merely the moment
Our interpretation of the results outlined above is predicated orof a certain decision. At minimum, our data show that a decision
the assumption that the N200 effects in the two experimental conbased on semantic information is processed faster than a decision
ditions reflect nothing but the availability and use of semantic andbased on phonological information. We viewed the presence of an
phonological information during this intrinsic language produc- N200 as evidence that the information on which N200 elicitation
tion. However, there is at least one other possible explanationwas contingenti.e., information determining whether or not a
namely, that the N200 effects based on semantic processing preesponse was to be madeust have been analyzed, at least to
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some extent. Accordingly, we took the onset Aurdthe peak la- LRPonset  simple RT dual RT
tency of the N200 effect as an estimate of the time by which the N200 peak
specific information needed to make a correct decision must have

been encoded. We think it but a small and logical inference that thego/nogo =
information on which a decision is based is available somewhatsemantics
prior to and certainly by the moment that decision is rendered.
Thus, it seems not unreasonable to view the moment of the deci-
sion as providing an upper limit on the time of semantic and

phonological encoding during implicit naming.

The present study also shows that it is possible to partial out the
processing of specific information types while a presumably au- et tos
tomatic process, such as implicit access to a picture’s name, runs
its course. The N200 effect seems to be especially useful in re-
vealing the relative timing of the various subcomponents of a
complex cognitive task such as language production. Traditionally,
psycholinguistic theories have made no distinction between the
automaticity of visual and linguistic encoding, presuming all “stages”
to be highly automatic. Hence we can use the N200 to get access
to intermediate linguistic information in the same way that it was £o/nogo =
used by Thorpe et al1996 to gain intermediate access to non- phonology
linguistic, visual information. For the present study, we assumed
that the two N200 effects we observed reflected two intermediate *

products during language production, namely those of semantic N

and phonological information encoding. The LRP data, likewise, W-v’
reflect intermediate or partial linguistic output during the highly

automatic processes @elayed implicit naming as first argued by -1V

Van Turennout et al(1997, 1998. —|

PLEL LN I F e

LRP

*

Q...___
-

v
‘0

N200

'
'
'
'
|
|
|
'
'
'
|
'
1
1
'
1
'
'
1
1
'

anmgpuw i

e
-
PR

Interesting, but thus far unexplained, is the observed difference
in the duration of the two N200 effects. Its duration is about
276 ms in the ggnogo=semantics condition versus 164 ms in the
go/nogo=phonology condition—a 112 ms difference. Together Figure 6. Timeline of N200, lateralized readiness potentiaRP), and
with the difference in duration of the N200 effects there is also areaction times for the harephonology condition(top panel and the
difference in their amplitudes, with that of the fmogo=semantics  hand=semantics conditioiibottom panel
being about twice the size of that in the /gogo=phonology
condition(see Figure B8 This amplitude difference may be related
to processing speed, as suggested by Sasaki and G&983,
who found that prefrontal potentialgelated to voluntary move- cues. Thus, future studies are needed to support that aspect of
ments of a monkey’s handvere larger for quick than for slow this proposed timing.
movements. We too found this pattern: faster semantic processes Note that although the N200 and the LRP are plotted on the
were associated with higher amplitudes than the slower phonologsame timeline in Figure 6, their values were measured at different
ical processes. However, for the moment, we have no explanatioelectrode sites. In the literature, the N200 and LRP are considered

1 I
400 800 ms

for the amplitude difference of the effects. to be independent ERP components, where components are de-
fined in terms of their neural generators. In our data, this indepen-
Timeline of LRP, N200, and Reaction Times dence is reflected in their different distribution across the scalp; the

Figure 6 depicts a timeline along which the five dependent vari-LRP is not present at frontal sites, and the N200 is not present at
ables can be compared descriptivélye., the N200 onset and central sitegsee Figure 8 Furthermore, because the N200 also
peak, the go LRP onsets, the simple choice reaction times fromprecedes the LRP in the ERP signal, we think it unlikely that the
the pretest, and the dual choice reaction times for go responsewo signals actually influence each other or that the measurement
in the main experimeit The timeline shows clearly that the of one of them is contaminated by overlap from the other. That
mean latencies for all dependent measures are shorter in thgaid, we do not rule out the possibility of a functional dependency
go/nogo=semantics condition(top panel than in the gg¢ between the two insofar as they reflect response inhibition and
nogo=phonology conditionbottom panel Thus, overall, a go response preparation processes.

nogo decision based on semantics is processed faster than a The timeline in Figure 6 reflects the temporal sequence of
decision that is based on phonology. In terms of a psycholinnheural response inhibition and motor preparation similar to that
guistic model of speech processing the data show that semantiescribed by Fustef1997). Fuster argued that following early
information of a picture is available earlier than phonological visual processing in the parietal and inferotemporal cortex, the
information of the picture’s name, and is therefore more in lineinformation is evaluated by the prefrontal cortex. Our frontal N200
with serial and cascade models of speech production, which asffect may reflect this evaluation. According to Fuster, once eval-
sume(1) early visual encoding, followed b§2) semantic encod- uated the information is sent by the prefrontal cortex to the motor
ing, and(3) phonological information processing. However, we cortex. Itis this activity that is presumed to be reflected in the LRP.
admit that in the present experiments, the semantic decision mighhis scenario, if accurate, would suggest a functional dependence
have been based on visual cues rather than nonvisual semantetween response preparatit@o LRP and response inhibition
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(N200 processes. Functional dependence of this sort might béetween these two ERP components and their associated neural
reflected in the N200 amplitude and the slope of the go LRP, agenerators awaits further investigation.

shown in Figure 6. In the hamdgohonology condition the N200 In summary, we used two different ERP components to inves-
amplitude was greater and the LRP slope was steeper than in thigate the temporal processing of semantic and phonological en-
hand=semantics conditions. This functional dependency might alsa@oding during language processing. In addition to the previously
be reflected in the latency of the N200 and the LRP slope. Lateproposed LRRrelated to response preparaiccomponent, we
response inhibitiorias in the handgsemantics condition for ex- introduced the N200 effedtrelated to response inhibitipras a
ample, could lead to a go LRP that is not as steep as that followingowerful tool for measuring online processing of language pro-
early response inhibitiothand=phonology. Interestingly, the la-  cessing. Both the LRP and the N200 results indicate earlier onset
tency difference in the N200 effects across the conditions did nobf semantic processing compared with phonological processing.
seem to impact the onset of the go LRPs, which were similar innsofar as the task employed involves implicit picture nanesg

both conditions. We should not forget, however, that the N200is assumel the results are relevant to theories of language pro-
effect is a difference between ERPs elicited by go and nogo trialsguction. We found that the LRP and N200 together favor a serial
whereas the go LRP reflects preparation for a movement that isr cascaded processing model of language production in contrast

eventually executed. Thus, the exact nature of the relationshipo a parallel processing account.
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APPENDIX A
Pictures Used in the Experiment

Animal names starting

Animal names starting

Object names starting

Object names starting

with vowel with consonant with vowel with consonant
Aal (eel Bar (beap Akkordion (accordion Banane(banana
Adler (eagle Biene (bee Achse(axle) Besen(broom
Affe (monkey Fliege (fly) Ampel (traffic light) Blume (flower)
Alligator (alligaton Frosch(frog) Ananas(pineapple Brezel(pretze)
Ameise(anf Giraffe (giraffe) Angel (rod) Brunnen(well)
Amsel (blackbird) Hyane(hyena Anker (anchoy Buigel (hangey
Amobe (amoeba Hahn (roostey Apfel (apple Brille (glasses
Antilope (antilope Hai (shark Ass (ace Bus (bus
Assel (wood louse Hirsch (deep Ast (branch Drachen(kite)
Auerhahn(wood grousg Katze (caf) Auspuff (muffler) Feder(feathei
Eber(boap Kaulquappetadpole Ei (egg Gitarre (guitan
Echse(lizard) Kuh (cow) Eis (ice cream Hammer(hammey
Eichhdrnchen(squirre) Libelle (dragon fly) Ellipse (oval) Hose(pants
Einhorn (unicorn Léwe (lion) Erdbeergstrawberry Hut (hat
Elch (elk) Maus (mouse Erdnuss(peanut Kaktus (cactus
Elefant (elephant Mucke (mosquitg Iglu (igloo) Kanone(cannon
Elster (magpig Pelikan(pelican Insel (island) Kamm (comb
Emu (emu Pfau (peacock Oboe(oboe Pfeife (pipe)
Ente (duck Schlange(snake Ofen (oven Pyramide(pyramid
Esel(donkey Schneckesnail Ohrring (earring Reifen (tire)
Eule (owl) Schwan(swan Olive (olive) Schere(scissory
Igel (hedgehoy Spinne(spide) Orange(orange Spritze(syringe
Oktopus(octopus Tiger (tigen U-Boot (submaring Trompete(trumpe}
Opossum(opossum Wal (whale Ufo (ufo) Trichter (funnel)
Otter (otten Ziege (goal Urne (urn) Zange(a pair of tongs

APPENDIX B

lllustration of the Eight Different Instructions for the Example of Presenting the Picture “Feather”

Executed response of the picture

8 different instructiong1-4 hand-semantics; 5—8 hargphonology “feather” (object, consonait

Press left if animal, press right if object; press only if its name starts with a consonant
Press right if animal, press left if object; press only if its name starts with a consonant
Press left if animal, press right if object; press only if its name starts with a vowel
Press right if animal, press left if object; press only if its name starts with a vowel
Press right if consonant, press left if vowel; press only if object

Press right if vowel, press left if consonant; Press only if object

Press left if vowel, press right if consonant; Press only if animal

Press left if consonant, press right if vowel; Press only if animal

Semantics right, phonology GO
Semantics left, phonology GO
Semantics right, phonology NOGO
Semantics left, phonology NOGO
Phonology right, semantics GO
Phonology left, semantics GO
Phonology right, semantics NOGO
Phonology left, semantics NOGO
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