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Semantic priming and stimulus degradation: 
Implications for the role of the N400 
in language processing 
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Abstract 
Two experiments explored the effects of stimulus degradation on behavioral and event-related potential (ERP) measures of 
semantic priming. The primary goal was to help elucidate the psychological processes that underlie the N400 component. In both 
experiments, subjects made speeded lexical decisions to words and pseudowords preceded by either semantically related or 
unrelated prime words. In one block of trials, the target stimuli were intact, and in a second block they were degraded by removing 
a random 33% of the elements making up each letter of the target (Experiment 1) or by overlaying a matrix of dots on the target 
(Experiment 2). In both experiments, subjects responded faster and more accurately to related targets than to unrelated targets (be-
havioral semantic priming effect), and this priming effect was greater when the target was degraded. However, although the N400 
component was larger for unrelated than related targets (ERP semantic priming! effect), there was no evidence that this difference 
was larger in the degraded block of either experiment. These results indicate that the behavioral and ERP measures reported here 
appear to be tapping into different components of the process(es) involved in semantic priming. The implication of the results for 
the linguistic processes underlying the N400 are discussed. 

Descriptors: N400, Semantic priming, Stimulus degradation, ERP 

A growing number of studies has shown that a late event-related 
potential (ERP) negativity with a peak latency near 400 ms 
(N400) is sensitive to certain linguistic manipulations (e.g., Ben-
tin, McCarthy, & Wood, 1985; Fischler, Bloom, Childers, Rou-
cos, & Perry, 1983; Holcomb, 1988; Holcomb & Neville, 1990; 
Kutas & Hillyard, 1980, 1984, 1989; Neville, Kutas, Chesney, & 
Schmidt, 1986; Rugg, 1985, 1987; Van Petten & Kutas, 1987, 
1990, 1991). The results of several of these studies have con-
verged on the possibility that the N400 indexes some aspect of 
the operations involved in recognizing words. Much of the ev-
idence for this hypothesis has come from semantic priming 
experiments, which were first performed using traditional be-
havioral measures, such as reaction time (RT; e.g., Meyer & 
Schvaneveldt, 1971). Numerous such studies have demonstrated 
that RTs are slower to name or classify a target word (e.g., dog) 
when it is preceded by an unrelated context (e.g., the word car) 
than when it is preceded by a related context (e.g., the word cat; 
see Neely, 1991, for a recent review of this literature). However, 

This research was supported by NICHD grant number HD25889. I 
thank Colin Brown, Jane Anderson, Lee Osterhout and an anonymous 
reviewer for their helpful comments on a previous version of this paper. 

Address requests for reprints to: Phillip J. Holcomb, Department of 
Psychology, Tufts University, Medford, MA 02155. 

before delving into the evidence that N400 reflects processes in-
volved in recognizing words, the outline of a generic model of 
language processing will be presented. 

Although there is still considerable debate concerning the 
number, arrangement, and nature of the underlying mental pro-
cesses involved in language comprehension, there is a more-or-
less general consensus among psycholinguists on a core set of 
three or four basic operations. Restricting the scope of the model 
to the case of comprehension in reading, these operations include 
a feature extraction process, a lexical access process, a word 
recognition process, a syntactic process, and an integration 
process. Feature extraction is responsible for deriving elemental 
components from the word(s) to be read. Output from feature 
extraction is used by the lexical access mechanism to begin to 
locate/activate lexical information stored in long-term memory. 
One possibility is that this process involves increasing the 
activation of a "detector" associated with each lexical item as 
more evidence for that item becomes available (e.g., Morton, 
1969).1  At some point during access, one lexical item will be-
come  activated  to  the  degree that it can be said to have been rec 

1One feature of this type of mechanism is that the detectors for other 
words will receive activation in proportion to their similarity to the target 
word (e.g., Marslen-Wilson, 1987; Norris, 1986). 

47 



48 P.J. Holcomb 

ognized. This could occur when the detector for that item passes 
some preset threshold or when activity from competing items 
recedes to some background level leaving a single active item.2 
One property of these word-level processes is that they can be 
affected by any operation that changes either the rate of activation 
or the level of the recognition threshold. For example, semantic 
priming can be characterized as resulting, at least partially, from 
the spread of activation from a recently accessed lexical item 
(cat) to the detector of the target item of interest (dog), so that 
when the target word is actually presented a short time later, its 
detector is "primed" or closer to its recognition threshold (e.g., 
den Heyer, Briand, & Dannenbring, 1983; Neely, 1976, 1977).3  
An implicit assumption of this type of contextual priming effect 
is that the lexicon is organized semantically. 

To this point, the implied flow of information is bottom-up. 
This is a debatable feature. For example, in the case of the word-
level processes, there is evidence that contextual information 
from higher sources can, in certain circumstances, influence or 
"interact" with these lower level processes (e.g., Sharkey & 
Mitchell, 1985). 

After a word is "recognized," stored information (e.g., its 
meaning, its part of speech) is made available to further language 
comprehension processes that usually deal with information 
across more than one word.4 One such process is involved in 
forming a structural or syntactic analysis of the to-be-com-
prehended phrase, clause, or sentence. This process presumably 
taps information made available during word-level processes as 
well as other knowledge sources (e.g., phrase structure rules). For 
the current purposes, the final language comprehension process 
involves gathering or integrating information from several 
sources (i.e., lexical, syntactic, and pragmatic) and forming what 
has been called a discourse representation (e.g., Kintsch, 1988) or 
a mental model (e.g., Johnson-Laird, 1983).   Comprehension 
presumably is  attained  from  this  discourse  representation.   
One  property of  the  integration  process  is  that  it  is  sensitive  
to  a   wide range of contextual   influences  (e.g.,  semantic, 
syntactic,  and  pragmatic);   that   is,   information   from    lower 

2Access and recognition have been presented as two separate pro-
cesses because they can be conceptually distinguished. However, it is not 
clear whether they should, in fact, be considered as separate processes or 
as a single word-level process. For the purposes of the current study, 
either characterization will suffice because no specific claims will be 
made about the N400 with regard to access or recognition. 

3This type of semantic priming has been referred to as spreading 
activation or automatic priming because it is a passive by-product of 
reading the prime and target words. However, another type of semantic 
priming effect has been reported. This is so-called "attentional" or 
strategic priming (e.g., den Heyer et al., 1983; Neely, 1976, 1977, 1991), 
which is presumably due to the subject intentionally focusing on the 
meaning of the prime and target words. Such focusing serves to facilitate 
the processing of the target when prime and target are related but usually 
results in inhibition when the target is unrelated to the prime (inhibition 
results from the time it takes to switch attention to the unrelated item). 
However, the locus of these attentional priming effects are unclear. Early 
reports suggested that they were word-level effects (e.g., Neely, 1976), but 
subsequent studies have argued that attentional effects are postlexical (i.e., 
after recognition) and involve decision processes (e.g., Seidenberg, 
Waters, Sanders, & Langer, 1984). 

4 The term after is not meant in any strict sense here. Lexical in-
formation may be passed on to subsequent processes prior to a word 
being fully recognized, as in a cascade type of model (e.g., McClelland, 
1979). 

levels will be easier to integrate into the discourse representation 
if it fits with what has come previously. 

Evidence that N400 amplitude reflects activity in some aspect 
of word-level processing can be seen in the data from Holcomb 
and Neville (1990). Their study, like several before it, found that 
the N400 was larger for target words preceded by unrelated prime 
words (car-cat) than to target words preceded by related primes 
(dog-cat). Moreover, this pattern of priming was present in both 
the visual and auditory modalities. If semantic priming works, in 
part, at the word level, then the amplitude of the N400 may 
reflect activity at this level. For example, N400 may reflect the 
amount (or number) of resources utilized in pushing a word's 
detector past its recognition threshold. According to this account, 
N400 is small for a word like dog when preceded by cat because 
the lexical detector for dog benefits from the spread of activation 
associated with the processing of the word cat. However, when 
dog is preceded by car, there is no such benefit and more 
resources are required to drive dog's detector past its recognition 
threshold. The utilization of these extra resources may be what is 
reflected by the larger N400 for these words. 

Another candidate for the mechanism underlying the N400 is 
a postrecognition integrative process (Rugg, 1990; Rugg, Furda, 
& Lorist, 1988; Stuss, Picton, & Cerri, 1988). There are at least 
two possibilities for how N400 could reflect priminglike 
operations at this level. First, integration may be directly affected 
by up-stream word recognition operations, such as the amount of 
resources required to activate a lexical item. For example, 
integration may receive semantic and syntactic output from the 
lexicon and data on the difficulty of activation of this 
information. Integration (and N400) would be sensitive to these 
data. However, at a functional level, this characterization does 
not differ significantly from the above proposal for a word-level 
locus of N400 priming. A more reasonable possibility, vis-a-vis 
the integration hypothesis, is that the N400 reflects the ease with 
which various knowledge sources (e.g., lexical, syntactic, and 
pragmatic) are utilized in forming a discourse representationthe 
more difficult it is to integrate a given piece of information the 
larger the N400. 

The data currently available cannot distinguish between the 
word-level and integrative accounts of the process(es) respon-
sible for generating the N400. A manipulation that is more 
clearly tied to one or the other level is needed. One such variable 
is stimulus degradation. Behavioral studies have shown that 
degrading linguistic stimuli affects the speed of word processing 
in a variety of tasks (Becker & Killion, 1977; Borowsky & 
Besner, 1991; Durgunoglu, 1988; Meyer, Schvaneveldt, & 
Ruddy, 1975; Norris, 1984; Stanovich & West, 1979, 1983). In 
almost all cases, the locus of this effect has been placed within 
word-level processes. 

Meyer et al. (1975) were the first to show that stimulus deg-
radation interacts with semantic priming. In their experiments, 
the difference in RT between target words preceded by seman-
tically related primes and targets preceded by unrelated primes 
was greater when the targets were degraded by an overlaid matrix 
of dots. This pattern of results was true for both lexical decision 
and naming latency. Based on the logic of the additive factors 
model (Sternberg, 1969), the authors suggested that semantic 
priming and degradation affect a common process, which they 
concluded was some aspect of the initial encoding of the 
stimulus. In terms of the above model, this aspect would most 
likely be the lexical access process.   More recently, Norris 
(1986)  argued  that  degradation  affects  a  postaccess   checking 
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mechanism that is similar to the recognition process in the 
above model. Also, Whittlesea and Jacoby (1990) argued that 
priming and degradation interact in a memory-retrieval process. 
However, these somewhat later loci (i.e., postencoding) still 
place the effects of degradation within the bounds of word-level 
processes. 

If the above conclusion is correct (i.e., that degradation and 
semantic priming affect word-level processes) and if N400 is 
closely tied to this level, then N400 amplitude, like RT, should 
produce a larger difference between primed and unprimed 
words when the words are degraded than when they are intact. 
However, if N400 is more closely associated with a mechanism 
that is not directly affected by degradation, such as a later in-
tegration process, then the difference between primed and un-
primed words should not necessarily increase in amplitude 
when these items are degraded. However, degradation might be 
expected to increase the overall latency of the N400 if the 
process it reflects occurs after the one affected by degradation 
(i.e., degradation might add a constant delay to this later 
process). Although there are few published reports of N400 
latency shifts, one study (Kutas, 1987) demonstrated that the 
N400 was significantly later for sentence final words when the 
interval between items was very short (100 ms vs. 700 ms). 

EXPERIMENT 1 

The current experiment explored the effects of semantic prim-
ing and stimulus degradation on the N400 and RT in a lexical 
decision task. Subjects were run in two blocks of trials that dif-
fered only in that one contained targets that were degraded by 
removing a random 33010 of the pixels from each letter position 
and the other contained targets formed from intact letters. 

Method 

Subjects 

Twelve student volunteers (six female, six male; mean age = 
18.6 years) served as subjects. All were right handed (three had 
left-handed relatives within the immediate family) and native 
speakers of English. 

Stimuli and Apparatus 

The word stimuli for this study were formed from 160 pairs of 
semantically related words (e.g., doctor-nurse, table-chair) 
gathered from several sources (see Holcomb & Neville, 1990, 
for a list of these items). From this master list, four sublists of 
40 pairs were formed (Lists 1, 2, 3, and 4). Added to the 40 pairs 
of related words from List 1 were the 40 pairs from List 2, but 
with prime and target words rearranged so as to form 40 pairs of 
unrelated words (e.g., doctor-chair, table-nurse). Finally, to 
these 80 pairs of words were added 80 word-pseudoword pairs. 
Similar combinations were made for the other three lists, so that 
there were four lists of 160 pairs each (each with 40 related 
word pairs, 40 unrelated word pairs, and 80 word-pseudoword 
pairs). This arrangement of stimuli assured that each target word 
occurred in both the related and unrelated condition an equal 
number of times (across subjects), but that each subject saw 
each target word only once. All primes (the first stimulus of 
each pair) were words between two and eight letters in length 
(M = 4.4, SD = 1.18). Targets (the second stimulus of each pair) 
were both words and pseudowords between three  and  six  
letters  in  length  (M = 4.28, SD = 0.95 for both).   Pseudowords 

were formed by replacing one and sometimes two letters near 
the center of a real word (but not those used as word targets in 
this study), such that the item retained a legal orthographic and 
phonological structure (e.g., clock --> clock). 

An IBM PC-AT style computer was used for stimulus deliv-
ery. All stimuli were displayed in lowercase letters in the center 
of a 14-inch computer monitor (black letters on a white screen; 
see Holcomb, 1989, for details) and subtended between 0.75 
and 1.75 degrees of horizontal visual angle and 0.5 degrees of 
vertical visual angle. 

Experimental Procedure 

Each subject participated in two 160-trial experimental blocks, 
one with degraded target stimuli, and one with intact targets 
(order of blocks was counterbalanced across subjects). Each ex-
perimental block was preceded by a 20-trial practice block 
(practice blocks did not contain items from the experimental 
runs). Targets in the degraded block were impoverished by re-
moving 33% of the pixels from each letter position. Preliminary 
testing using an oral reading task (n = 4 subjects) with a rapidly 
presented list of content words indicated that this level of 
impoverishment slowed reading speed by approximately 25010 
but did not hinder reading accuracy. Intact targets and all 
primes were formed with a full complement of pixels for each 
letter and were easily and rapidly read by the pilot subjects. The 
four stimulus lists were assigned to the two blocks such that 
across subjects each list (and stimulus) occurred in both blocks 
an equal number of times (three), but no subject saw any list (or 
stimulus) more than once. 

The following sequence of events occurred on each trial: (a) 
a fixation point (a plus sign) in the center of the screen (500-ms 
duration); (b) a 500-ms blank screen interval; (c) a prime word 
in the center of the screen (300-ms duration); (d) a 700-ms 
blank screen interval; (e) a target letter string in the center of 
the screen (300-ms duration); (f) a 2-s blank screen interval; 
and (g) the trial ended with a message in the center of the 
screen (2.5-s duration) that reminded the subject to blink if 
necessary. The next trial started at the end of the blink interval. 
Subjects were instructed to respond rapidly but accurately to 
each target stimulus by pressing one of two buttons mounted on 
a response box resting in their lap. They were told to press the 
button labeled yes if the target was a legal English word and the 
button labeled no if it was not a legal English word. The thumb 
(right or left) used for yes responses was counterbalanced across 
subjects. Subjects were asked to refrain from blinking or 
moving until the word blink appeared. Short (1 min) breaks 
were given every 40 trials, and a 5-min break was given 
between blocks. 

Recording Procedure 

Subjects were seated in a comfortable chair, and a cap (Electro-
Cap International) containing 13 tin electrodes was fitted to 
their scalp. Four additional electrodes were attached over the 
left and right mastoids (the right was recorded actively and the 
left served as a reference for all of the other sites), below the 
left eye (for monitoring vertical eye movements and blinks) and 
to the right of the right eye (for monitoring horizontal eye 
movements). The scalp sites included seven standard 
International 10-20 system locations (O1, 02, F7, F8, Pz, Cz, 
and Fz) and six nonstandard locations, including Wernicke's 
area and its right hemisphere homologue (30% of the interaural 
distance lateral to a point 13010 of the nasion-inion distance 
posterior to Cz: WL and WR),  left and  right  temporal  (33% of  
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the interaural distance lateral to Cz: TL and TR), and left and 
right anterior temporal (one-half of the distance between F7 or 
F8 and T3 or T4: ATL and ATR). All impedances were 
maintained at less than 5 kOhm. The 16 active electrodes were 
interfaced to a Grass Model 12 amplifier system (bandpass 
0.01-100 Hz, 60-Hz notch) and the EEG was digitized (12-bit 
resolution) continuously on-line (200 Hz) throughout the 
experiment by a second IBM PC-AT style computer. Averaging 
was performed off-line after the experimental run. 

Data Analysis 

Conventional mean RT and response accuracy were calculated 
for related words, unrelated words, and pseudowords in both the 
degraded and intact trial blocks. Only trials with correct re-
sponses and with a latency between 200 and 2,000 ms were in-
cluded in mean RTs and in percentage of correct calculations. 
Pseudoword difference RTs were also calculated (pseudorelated 
and pseudo-unrelated) to allow for a more direct comparison 
with certain ERP difference wave measures. 

Average ERPs to target stimuli were formed separately for 
each of the experimental conditions (2 Blocks x 3 Target Types 
x 16 Electrode Sites) from correct response trials that were free 
of ocular and amplifier saturation artifact. The target word ERPs 
(related and unrelated words) formed in the above manner were 
quantified in two ways. First, to assess differences in amplitude, 
mean voltages (the average amplitude between two time points) 
in each of four time bands (0-150 ms, 150-300 ms, 300-500 ms, 
and 500-750 ms) were calculated for both of the target word 
conditions (related and unrelated) and for each electrode site, 
using the average of the points in the 100-ms prestimulus period 
as a baseline. The temporal extent of the measurement bands (0-
750 msec) and the windows for each range were selected 
because (a) it was unclear what the time course of a degradation 
effect might be; (b) these windows were revealing in an earlier, 
methodologically similar study (Holcomb& Neville, 1990); and 
(c) they encompass the latency ranges of the components 
typically produced in visual priming studies (Nl, P2, N400, and 
P3). 

To assess the effect of target type on both N400 amplitude 
and latency, two types of difference waves were computed. In 
the first (termed conventional difference waves), related-word 
ERPs were subtracted from unrelated-word ERPs, and the mean 
amplitude and peak latency of the most negative peak between 
300 and 600 ms were calculated. This type of analysis is useful 
for viewing the pure effects of semantic priming but has the 
disadvantage in the current study of collapsing across the critical 
interaction between target type and degradation. Therefore, a 
second variety of difference waves was also computed (termed 
pseudoword difference waves) in which both relatedword ERPs 
and unrelated-word ERPs were subtracted from pseudoword 
ERPs (resulting in pseudo-related and pseudounrelated 
waveforms). The rationale for this procedure is illustrated in 
Figure 1. Related-word ERPs had very little (e.g., WR) or no 
(e.g., Cz) negative-going activity between 300 and 500 ms, 
making it difficult to get an accurate measure of N400 latency in 
these waveforms. However, by first subtracting related-word 
ERPs from the pseudoword ERPs, a large and easily quantified 
negativity emerges (see Figure 3, top panel), which can then be 
contrasted with a similar negativity formed by subtracting un-
related-word ERPs from pseudoword ERPs (Figure 3, bottom 
parcel). This use of the pseudoword ERPs  is  akin  to subtract-
ing  a  baseline  or  constant  from  the two conditions of interest 

(i.e., related and unrelated). Therefore, differences in these two 
subtraction waves can be attributed to differences between the 
related and unrelated conditions. However, this approach results 
in large amplitude N400 effects in the pseudo-related than in 
the pseudo-unrelated waves because of the greater difference 
between the pseudoword and related-word ERPs. Therefore, 
only the latency of the most negative peak between 300 and 600 
ms was analyzed. This analysis was deemed appropriate be-
cause mean amplitude calculations were taken from raw ERPs 
and the conventional difference waves. 

Each of the above measures was submitted to a separate re-
peated measures analysis of variance (ANOVA) (BMDP2V) 
employing the Geisser and Greenhouse (1959) correction. 
Lateral and midline sites were analyzed separately. In lateral 
analyses, there were factors of Target Type (related word vs. 
unrelated word), Block (degraded vs. intact), Hemisphere (right 
vs. left), and Electrode Site (occipital vs. Wernicke's vs. 
temporal vs. anterior temporal vs. frontal), whereas in midline 
analyses, Electrode Site was the only distributional variable (Fz 
vs. Cz vs. Pz). 

Results 
Behavioral Findings 

Related words elicited faster responses than did unrelated words 
(see Table 1; main effect of Target Type: F[l, 11] = 41.26, 
MSE = 1, 101.8, p < .0001), and targets in the intact block 
elicited faster responses than did targets in the degraded block 
(main effect of Block: F [ 1, 11] = 7.88, MSE = 2,194.6, p < 
.017). However, these main effects were complicated by a 
Block x Target Type interaction (F [ 1, 11 ] = 12.08, MSE = 
231.4, p < .005), which indicated that priming was greater in 
the degraded block (77 ms) than in the intact block (47 ms). 
Simple' effects tests revealed that most of the difference in 
priming was due to an increase in RT for unrelated trials in the 
degraded block (block effect for unrelated: F[ 1, 11 ] = 17.98, 
MSE = 944.8, p < .0014). Related targets were not significantly 
slower in the degraded block (block effect for related: F < 
2.10). 

In the pseudoword difference RTs a similar pattern emerged 
with a significant main effect of Target Type (F[1, 11] =41.26, 
MSE = 1, 101.8, p < .00005) and a significant Target Type x 
Block interaction (F [ 1, 11 ] = 12.08, MSE = 231.4, p < .005). 
This effect reflects the greater difference between pseudorelated 
and pseudo-unrelated RTs in the degraded block (intact: 131 vs. 
85 ms; degraded: 145 vs. 68 ms). 

Turning to the percent correct measure, in comparisons in-
volving the word targets subjects were more accurate in the 
intact block than the degraded block (main effect of Block: F[ 
1, 11] = 4.98, MSE = 2.4, p < .047). Subjects also responded 
more accurately to related words than to unrelated words (main 
effect of Target Type: F [ 1, 11 ] = 20.02, MSE = 2.0, p < 
.0009), but this effect was larger in the degraded block than the 
intact block (Block x Target Type interaction: F[1, 11] = 5.25, 
MSE = 1.0, p < .043). 
ERP Findings 

Fewer than 20% of trials were rejected for artifact or incorrect 
responses in the average ERPs of each condition (related intact 
= 15% unrelated intact = 15% related degraded = 17% unrelated 
degraded = 19%). 

The grand average ERPs from the 13 scalp sites are plotted 
in Figures 1 (intact, top panel) and (degraded, bottom panel) for 
each of the three target conditions (related words, unrelated 
words, and pseudowords).  These  waveforms  are characterized 
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Figure 1. Grand mean target ERPs for related words (solid), unrelated words (dotted), and pseudowords (dashed) from the 
intact block of trials (top) and the degraded block of trials (bottom) at the 13 scalp sites from Experiment 1. Stimulus onset 
is the vertical calibration bar, and the 100-ms period prior to this was used as a baseline. WL, WR = Wernicke's left and 
right; TL, TR = temporal left and right; ATL, ATR = anterior temporal left and right. 
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Figure 2. Conventional difference waves from Experiment 1 calculated by subtracting related-word ERPs from 
unrelated-word ERPs for the intact (solid) and degraded (dashed) blocks. 

by an early central/anterior maximum negativity (N1) with a 
peak latency at approximately 120 ms. N1 was followed, at most 
sites, by a slightly larger positivity (P2) with a peak latency 
between 200 (anterior sites) and 320 (posterior sites) ms. At all 
but the most anterior sites, P2 was followed by either an ex-
tended positivity (P3/SW complex) or by a negative-going com-
ponent (N400) and a subsequent extended positivity (P3/SW). In 
the amplitude analyses that follow, only the two word conditions 
are included. 

0-150 ms and 150-300 ms. The differences between related 
words and unrelated words and between the degraded and intact 
blocks are nonexistent (0-150 ms) or very small (150-300 ms) in 
the time domain of the N1 and P2 components (all p's > .2) 
(Figure 1), which indicates that neither degradation nor priming 
elicited reliable ERP effects at these early latencies. 

Table 1. Mean (SD) Reaction Time (RT) and Percent 
Correct Responses for Targets Words in Experiment 1 

300-500 ms. Figure 1 indicates that related words and unre-
lated words produced substantial differences between 300 and 
500 ms. Unrelated words were significantly more negative than 
related words at both midline and lateral electrode placements 
(main effect of Target Type, lateral: F [ 1, 111 = 33.67, MSE = 
17.0, p < .0001; midline: F [ 1, 11 ] = 40.3, MSE = 16.2, p < 
.0001). In lateral analyses, the target type effect was significantly 
larger over the right (2.6 uV) than the left hemisphere (1.8 uV; 
Hemisphere x Target Type interaction: F [ 1, 11] = 6.1, MSE = 
4.1, p < .03) and at Wernicke's and the temporal sites (Target 
Type x Electrode Site interaction: F[4, 44] = 12.05, MSE = 2.5, p 
< .001). There was, however, no significant difference between 
the degraded and intact blocks (p > .35), nor was there a 
significant Block x Target Type interaction (lateral: p > .19; 
midline: p > .25). 

500-750 ms. As in the two earliest epochs, there were no 
reliable differences between the target types or blocks in this 
window. 

Conventional difference waves. The conventional 
difference waves (produced by subtracting related words from 
unrelated words) for the two trial blocks are plotted in Figure 2. 
The resulting waveforms in both blocks contained a prominent 
central/parietal negativity with a peak latency near 400 ms. 
Analyses of the average amplitude between 300 and 600 ms did 
not reveal a significant amplitude  difference  between the blocks 



Priming, degradation, and N400 53 

(lateral: p > .14; midline, p > .19), although the latency of the 
most negative point in this epoch indicated that the N400 peak 
was significantly delayed in the degraded block (mean latency, 
lateral = 442 ms, midline = 432 ms) relative to the intact block 
(mean latency, lateral = 412 ms, midline = 388 ms; main effect 
of Block on N400 latency, lateral sites: F [ 1, 111 = 7.9, MSE 
= 7,185.3, p < .017; midline: F [ 1, 11] = 7.92, MSE = 4,378.3, 
p < .017). Analyses of the 300-600-ms mean amplitude measure 
indicated that the N400 was larger over the right than the left 
hemisphere (main effect of Hemisphere: F [ 1, 111 = 4.48, 
MSE= 7.8, p < .058) and at temporal and Wernicke's sites than 
at occipital and anterior sites (main effect of Electrode Site, 
lateral: F [4, 44] = 7.63, MSE = 4.1, p < .006). 

Pseudoword difference waves. The pseudoword difference 
waves (pseudo-related in the top panel and pseudo-unrelated in 
the bottom panel) for the two trial blocks are plotted in Figure 
3. (In this figure, because of differences at time zero between 
the intact and degraded waves, a poststimulus baseline was used 
to better align the N400s between blocks.) All of the waves 
contain a prominent and widely distributed negativity with a 
peak latency between 400 and 500 ms. This negativity will be 
referred to as the "N400 effect." The N400 effect peaked later in 
pseudo-unrelated waves (lateral = 497 ms, midline = 486 ms) 
than in pseudo-related waves (lateral = 459 ms, midline = 446 
ms; main effect of Target Type, lateral: F[1, 11] = 9.75, MSE 
= 17,565.4, p < .01; midline: F[1, 11] = 19.1, MSE = 3,035.9, 
p < .001). Figure 3 also suggests that the N400 effect is slightly 
prolonged in the degraded block (lateral = 486 ms, midline = 
479 ms) compared with the intact block (lateral = 470 ms, 
midline = 454 ms), although the ANOVAs on these data did not 
reach conventional significance levels (lateral: F < 1.25; 
midline: F [ 1, 11] = 3.8, MSE = 6, 060.0, p < .077). However, 
unlike RT, this figure does not suggest a difference in the 
latency of the N400 effect for the two target types going from 
the intact to the degraded block (Block x Target Type in-
teractions, lateral and midline: F's < 1.0). 

Discussion 

The behavioral results from this study replicate the basic deg-
radation/priming interaction seen in several previous reports 
(Becker & Killion, 1977; Durgunoglu, 1988; Meyer et al., 1975; 
Stanovich & West, 1979, 1983). The difference in lexical deci-
sion speed and accuracy between related words and unrelated 
words was significantly greater when the target was physically 
impoverished. Most of this difference was due to slower re-
sponses (and more errors) for unrelated words in the degraded 
block, which is similar to the pattern reported by Becker and 
Killion (1977). Similar increases in semantic priming were not 
reliably mirrored in the ERP results. Average amplitude and 
peak latency analyses in raw ERPs and two kinds of difference 
waves indicated that although degrading the target had an effect 
on the time course of the N400 (i.e., overall N400 was later 
when the target was degraded), there was no difference in the 
size of the ERP priming effects (amplitude or latency) for intact 
and degraded targets. Moreover, this lack of a priming by 
degradation interaction was accompanied by a large main effect 
of priming on N400 (amplitude and latency). 

The absence of evidence for an N400 indicant of increased 
priming under degradation suggests that the process(es) respon-
sible for generating this ERP is  not  identical  to  those  impact 

ing the speed and accuracy of the button pressing response; both 
of these overt behavioral measures produced such an effect. 
However, care must be taken in drawing conclusions from such 
"null" results. Failure to find an ERP effect (i.e., a Target Type 
x Block interaction) may have been due to procedural or 
methodological factors, such as a lack of statistical power, 
sampling bias, and inappropriate experimental manipulations. 
Lack of sufficient statistical power would be a strong possibility 
if the ERP priming effect had been small or statistically weak. 
However, this was not the case-the average amplitude of the 
N400 priming effect was greater than 2 uV at midline sites and 
greater than 1.5 u V at lateral sites in both the degraded and the 
intact blocks. Also the main effect of Target Type was highly 
significant (p < .0001 for amplitude and p < .01 for latency) in 
both lateral and midline analyses. Although a sample of un-
representative subjects (ones who do not show or who show 
only a weak degradation effect) could account for the absence of 
an ERP effect, the presence of a reliable degradation effect in 
the behavioral measures argues against this possibility. The 
absence of an ERP effect in the presence of a behavioral effect 
also argues against the possibility that inappropriate stimulus 
parameters were the reason for the lack of an ERP effect. This 
explanation also seems unlikely because previous behavioral 
studies have shown the degradation priming effect across a va-
riety of impoverishment procedures, including backward mask-
ing (e.g., Durgunoglu, 1988), an overlay of noise (Meyer et al., 
1975), and lowered intensity (Becker & Killion, 1977). 
However, the current study was the first study we are aware of 
that used stimuli degraded by removing pixels from each 
character. 

EXPERIMENT 2 
Lack of an ERP degradation effect in the presence of a behav-
ioral effect in Experiment 1 may have been due to some as yet 
unknown compensatory factor that differentially affects the 
process responsible for generating the N400. Experiment 2 was 
run both as a replication of Experiment 1 and to determine if the 
procedure used to impoverish stimuli in Experiment 1 somehow 
interfered with the occurrence of an ERP degradation effect. 
The experimental protocol was identical to that of Experiment 1 
with the exception that target stimuli in the degraded block were 
impoverished by overlaying each character cell with a random 
pattern of dots (noise overlay). This overlay was accomplished 
by turning on a random 33% of all pixels in each character cell 
in addition to those of the individual letters of the stimulus. This 
procedure is similar to that used by Meyer et al. (1975). 

Method 
Subjects 

Twelve new student volunteers (six female, six male; mean age 
= 19.9 years) served as subjects. All were right handed (four 
had a left-handed relative within the immediate family) and 
native speakers of English. 
Stimuli 

The stimuli were the same as in Experiment 1, with the exception 
that targets in the degraded block were impoverished by overlaying 
a random pattern of dots on each character cell of the target (the dot 
pattern extended one character to the left and right of each 
stimulus). The dot pattern onset and offset simultaneously with the 
letters of the target stimulus. 
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Figure 3. Pseudoword difference waves calculated by subtracting related-word ERPs from pseudoword ERPs (top) and un-
related-word ERPs from the pseudoword ERPs (bottom) for the intact (solid) and degraded (dashed) blocks in Experiment 
1. A poststimulus baseline (50-100 ms) was used for these data because of differences between intact and degraded 
waveforms at time zero. 
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Table 2. Mean (SD) Reaction Time (RT) and Percent 
Correct Responses for Targets Words in Experiment 2 

 

Procedure 

The timing and ordering of materials, as well as location of scalp 
electrodes was the same as in Experiment 1. The same analysis 
procedures also were used in this experiment. 

Results 
Behavioral Findings 

As in Experiment 1, related words elicited faster responses than did 
unrelated words (see Table 2; main effect of Target Type: F [ 1, 111 
= 17.54, MSE = 1, 147.2, p < .0015). Also, the effects of priming 
were greater in the degraded block (54 ms) than in the intact block 
(28 ms; Block x Target Type interaction: F [ 1, 11] = 11.27, MSE = 
177.7, p < .0064). Simple effects tests demonstrated that, as in 
Experiment 1, the larger degraded block priming was due to a greater 
increase in reaction time for unrelated words (Block effect, unrelated 
words: F[1,11] = 7.19, MSE = 833.6, p < .021) than for related words 
(Block effect, related words: F < 1.0). 

The pseudoword difference RTs demonstrated a similar trend. 
There was a significant difference between related and unrelated 
targets (F[1, 11] = 17.54, MSE= 1,147.2, p < .0015), and this 
difference was greater in the degraded block (F [ 1, 11 ] = 11.27, 
MSE = 177.7, p < .0064; intact: 127 vs. 99 ms, degraded: 132 vs. 78 
ms). 

The percent correct measure indicated that related words were 
responded to more accurately than were unrelated words (main effect 
of Target Type: F [ 1, 111 = 10.22, MSE = 2.4, p < .0085), but unlike 
Experiment 1, this measure did not differ significantly for the two 
blocks (Table 2). 

ERP Findings 

As in Experiment 1, fewer than 20% of trials were rejected for 
artifact or incorrect responses in the average ERPs of each condition 
in Experiment 2 (related intact = 12%, unrelated intact = 15%, related 
degraded = 12%, unrelated degraded = 19%). 

The grand average ERPs from this study are plotted in Figure 4 
(intact, top panel; degraded, bottom panel) for the three target types. 
The overall morphology of these waveforms is similar to those of 
Experiment 1. In the amplitude analyses that follow only the two-
word conditions are included. 

0-150 ms. As in Experiment 1, there were no reliable differences 
between the blocks or between target types in this epoch (Figure 4). 

150-300 ms. Unlike  Experiment  1,  this  epoch  revealed  a    
difference   between  related-word  and  unrelated-word  targets  
(main  effect  of  Target  Type,  lateral:   F[1, 11] = 13.7, MSE = 11.2, 

p < .0035; midline: F[1, 11] = 5.30, MSE = 12.3, p < .042); unrelated 
words were more negative than related words (lateral: 1.23 vs. 2.35 u 
V; midline: 2.01 vs. 3.36 uV). At lateral sites, this difference was 
larger over the right (2.46 uV) than the left (0.84 uV) hemisphere 
(Hemisphere x Target Type interaction: F [ 1, 11 ] = 16.9, MSE = 1.2, 
p < .002). There was no Block or Block x Target Type interaction 
(lateral and midline F's < 1.3). 

300-500 ms. Similar to Experiment 1, unrelated words were 
more negative than related words in this epoch (main effect of Target 
Type, lateral: F [ 1, 11 ] = 31.25, MSE = 36.8, p < .0002; midline: F [ 
1, 11] = 25.73, MSE = 31.2, p < .0004). Also as in Experiment 1, in 
the lateral analyses this difference was significantly larger over the 
right hemisphere (Hemisphere x Target Type interaction: F [ 1, 11 ] = 
7.6, MSE = 3.7, p < .019) and at Wernicke's and the posterior 
temporal sites (Target Type x Electrode Site interaction: F[4, 44] = 
10.37, MSE = 2.8, p < .0019). Again, however, there was no 
significant difference between the degraded and intact blocks (lateral 
and midline F's < 1.0), and there was no significant interaction 
between the Block and Target Type variables (lateral and midline F's 
< 1.1). 

500-750 ms. Unlike Experiment 1, target differences extended 
into this later epoch. As in the two earlier epochs, unrelated words 
were significantly more negative than related words (main effect of 
Target Type, lateral: F [ 1, 11 ] = 12.85, MSE = 15.0, p < .004; 
midline: F [ 1, 11 ] = 9.78, MSE = 9.0, p < .004). Overall, the right 
hemisphere was more positive in this epoch (main effect of 
Hemisphere: F [ 1, 1 1 ] = 9.79, MSE = 52.4, p < .01), but there was 
no reliable asymmetry for the two target types nor was there any 
Target Type x Block interaction (lateral and midline F's < 1.0). 

Conventional difference waves. As in Experiment 1 (Figure 2), 
there is a substantial N400 effect in both blocks (Figure 5). Also as in 
Experiment 1, the difference between the blocks appears to be 
primarily a latency difference (degraded later than intact) as opposed 
to a difference in amplitude. Analyses of the average amplitude and 
peak latency between 300 and 600 ms confirmed this impression. The 
intact block (mean latency, lateral = 408 ms, midline = 410 ms) 
produced a significantly earlier N400 peak than the degraded block 
(mean latency, lateral = 446 ms, midline = 441 ms; main effect of 
Block, lateral sites: F [ 1, 11] = 14.66, MSE = 5,807. 1, p < .003; 
midline: F [ 1, 11 ] = 9.13, MSE = 5,506.4, p < .012). However, there 
was no difference between the blocks in the mean amplitude between 
300 and 600 ms (lateral: p > .23; midline: p > .28). 

Pseudoword difference waves. The pseudo-related (Figure 6A) 
and pseudo-unrelated (Figure 6B) difference waves for the two trial 
blocks are plotted in Figure 6. (Unlike Experiment 1, a prestimulus 
baseline was employed for this figure.) As in Experiment 1, all of the 
difference waves contain a prominent and widely distributed 
negativity with a peak latency between 400 and 500 ms. Figure 6 
(like Figure 3) indicates that the N400 effect was later in pseudo-
unrelated waves (lateral = 490 ms, midline = 502 ms) than in pseudo-
related waves (lateral = 447 ms, midline = 438 ms; main effect of 
Target Type, lateral: F[ 1, 11] = 15.58, MSE = 18,009.8, p < .002; 
midline: F[1, 11] =14.75, MSE=10,092.7,p<.003). Figure 6 shows 
that the N400 effect peaks later in the  degraded  block  (lateral  =  
490  ms,  midline =  507  ms)  compared  with  the  intact  block  (lat- 
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Figure 4. Grand mean target ERPs for related words (solid), unrelated words (dotted), and pseudowords (dashed) from the 
intact block of trials (top) and the degraded block of trials (bottom) at the 13 scalp sites from Experiment 2. 
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Figure 5. Conventional difference waves from Experiment 2 calculated by subtracting related-word ERPs from 
unrelated-word ERPs for the intact (solid) and degraded (dashed) blocks. 

eral = 452 ms, midline = 433 ms). However, unlike Experiment 
1, these differences were statistically reliable (main effect of 
Block, lateral: F [ l, 11] = 19.82, MSE = 8, 540.9, p < .001; 
midline: F [ 1, 11 ] = 22.86, MSE = 8, 631.4, p < .0006). The 
waves in Figure 6 do not suggest that there is a difference in the 
latency of the N400 effect for the two target types going from 
the intact to the degraded block (Block x Target Type 
interactions, lateral and midline: F's < 1.0). 

a significant difference between related words and unrelated 
words starting in the 150-300-ms range and continuing on into 
the 500-750-ms range. Only the 300-500-ms range was reliable 
in Experiment 1. Because the intact blocks were identical be-
tween the experiments, this increase in the duration of the N400 
effect indicates a possible difference in the sample of subjects. 

GENERAL DISCUSSION Discussion 

In most ways, the results of Experiment 2 replicated those of 
Experiment 1. Although there was behavioral (RT) evidence of 
differential priming for degraded and intact target words, there 
was again no evidence for a similar effect in the amplitude or 
latency of the N400 or any other ERP component. The only dif-
ference between the degraded and intact blocks in Experiment 2 
was that the peak of the N400 function was significantly later in 
time in the degraded condition (both in the conventional and 
pseudoword difference waves). Also, like Experiment 1, the 
difference between related words and unrelated words was 
larger over central and parietal-temporal sites than over 
extreme anterior (F7, 178) and posterior (O1, 02) sites. This 
difference was also larger over the right than the left 
hemisphere. 

The temporal span of the N400 effect was greater in Exper-
iment 2 than in the first experiment.   There  was  evidence  of 

These experiments replicated the basic semantic priming effect 
seen in several previous ERP reports (e.g., Bentin, 1987; Bentin 
et al., 1985; Holcomb, 1988; Holcomb & Neville, 1990; Kutas 
& Hillyard, 1989; Rugg, 1985, 1987; Stuss et al., 1988). A 
negativity with a peak near 400 ms was smaller for target words 
that were preceded by semantically related primes than it was 
for target words preceded by unrelated primes. 

The component reflecting the above differences appears to 
be a member of the N400 family of negativities reported in pre-
vious sentence and single word reading tasks, an idea supported 
by the anterior-posterior and lateral scalp distribution of this 
component. The difference between related words and unrelated 
words was largest at central, temporal, and parietal locations 
and was slightly but significantly larger over the right 
hemisphere in both studies. This distribution is very similar to 
that seen in most of the previous  studies,  which  have  reported 
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Figure 6. Pseudoword difference waves calculated by subtracting related-word ERPs from pseudoword ERPs 
(top) and unrelated-word ERPs from the pseudoword ERPs (bottom) for the intact (solid) and degraded (dashed) 
blocks in Experiment 2. 



 

 

a shift in response bias) and priming (i.e., attentional priming). 
N400, however, would have to reflect a second priming mech-
anism, one that is not sensitive to the decision process, such as 
automatic spreading activation (Collins & Loftus, 1975), which 
presumably works at the word level. This places the N400 
mechanism prior to the locus of the behavioral effects. 

There are at least two problems with the above characteriza-
tion. First, degradation interacts with priming effects in tasks 
where priming is thought to be primarily limited to predecision 
or word-level processes (e.g., the pronunciation task; Meyer et 
al., 1975; Durgunoglu, 1988; Stanovich & West, 1979). The 
similarity of the pronunciation and lexical decision findings 
suggests that the locus of the RT interaction is also primarily 
predecision in the lexical decision task, which brings us back to 
the question of why there is no N400 priming/degradation 
interaction if it reflects the same predecision word-level 
processes as RT. A second problem is that degradation delayed 
the N400 in Experiment 2 (nonsignificantly in Experiment 1, 
but in the right direction). If the process reflected by the N400 
comes before the process that resulted in the degradation by 
priming interaction on RT, then this finding indicates that 
degradation must also influence a prelexical process, one which 
delays the N400 process without interacting with it (e.g., feature 
extraction). To rescue this explanation of the findings, both 
priming and degradation must be assumed to effect two 
processes, one in common (decision) and two that are separate 
(feature extraction and lexical access). 

One possibility for the mechanism underlying the N400 is a 
relatively late (post-word-level) integrative process. In most 
psycholinguistic models, integrative processes are used by the 
language comprehension system to help coalesce information 
provided by a variety of "lower" processes (e.g., lexical/seman-
tic, syntactic, pragmatic, etc.) into an ongoing discourse repre-
sentation (e.g., Kintsch, 1988). This type of interpretation of the 
process underlying the N400 is consistent with much of the sen-
tence processing literature on this component and with the re-
sults of the current study. According to this characterization, 
N400 amplitude for words in the middle of sentences (e.g., Van 
Petten & Kutas, 1990) and words at the end of sentences (e.g., 
Kutas & Hillyard, 1980, 1984; Osterhout & Holcomb, 1992) 
would reflect the ease with which the integrative process is able 
to fit information associated with a given word into the current 
discourse. The more difficult the task of placing this informa-
tion (e.g., weak or absent context), the larger the N400. Con-
versely, if there is no context (4s early in a sentence) or an 
ambiguous or misleading context (e.g., in the case of a semantic 
anomaly; Kutas & Hillyard, 1980), then N400 would be large 
because the integrative process will have difficulty fitting infor-
mation into the discourse representation .6 

What kind of integrative operation would be going on during 
the processing of isolated word pairs? One possibility is that the 
integrator is activated whenever groups of words are antic-
ipated. The system might "automatically" do this because the 
goal of reading or listening to words is almost always compre-
hension  (see  Kintsch,  1988,  for  a  more detailed account of a 

large N400s for visually presented words (see Kutas & Van Pet-
ten, 1988). 

The ERP difference waves (Figures 2, 3, 5, and 6) indicate 
that the only difference between blocks was in the overall time 
course of the N400-it was later in the degraded than in the intact 
block for both related and unrelated words.5 More importantly, 
none of the average amplitude measures of the N400 region 
(i.e., the ERP semantic priming effect) revealed significant 
differences between the degraded and intact blocks. These 
findings along with the significant priming by degradation in-
teraction found with RT in both the conventional and pseudo-
word difference analyses, would appear to support the position 
that the type of priming indexed by changes in the amplitude of 
the N400 is, at least in some ways, distinct from the type of 
priming indexed by button-pressing behavior in a lexical deci-
sion task. 

Recently we have demonstrated another dissociation 
between RT and N400 amplitude (Holcomb & Kounios, 1990; 
Kounios & Holcomb, 1992). In that study, which used a 
sentence verification task ("Is this sentence true?"), N400 
amplitude for sentence final words was inversely proportional to 
the semantic relationship between the subject of the sentence 
and the final word (e.g., All dogs are animals. vs. All dogs are 
instruments.), a finding that replicated previous work by 
Fischler et al. (1983). RTs to verify these same sentences 
showed the opposite effectrelated final words were responded to 
more slowly than were unrelated final words. This dissociation 
prompted the conclusion that the N400 was sensitive to 
structural properties of stored semantic information and that RT 
was sensitive to "downstream" processes important for verifying 
the truth value of the sentence. Taken together, the Kounios and 
Holcomb (1992) study and the current two experiments support 
the conclusion that RT and N400 do not necessarily reflect an 
identical set of cognitive operations. 

There are at least two ways to interpret the pattern of results 
obtained in the current study. First, if it is assumed that behav-
ioral semantic priming and degradation effects are due, in part, 
to some aspect of the processes associated with word-level op-
erations, then the above findings are incompatible with the view 
that the N400 also indexes these same processes. Further, the 
fact that N400 latency was sensitive to degradation (significant 
only in Experiment 2) suggests that N400 occurs after at least 
one process that is directly affected by degradation and there-
fore after the process associated with the behavioral priming ef-
fect. This interpretation assumes a single locus for degradation 
and at least two loci for the effects of semantic priming. Ac-
cording to this view, semantic priming and degradation impact a 
relatively early word-level process (as indicated by the behav-
ioral results) and priming also impacts a second post-word-level 
process (as indicated by the N400 results). 

A second interpretation of the obtained pattern of results is 
that the RT degradation by priming interaction was due to a 
post-word-level process associated with making the lexical de-
cision. Several researchers have made a case for postlexical in-
fluences in the lexical decision task (Balota & Chumbley, 1984; 
Seidenberg et al., 1984). According to this view, the decision 
process  might  be  influenced  by  both degradation (e.g., due to 
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5This trend can only be discerned in the pseudoword difference 
waves because the conventional difference waves cannot be used to as-
sess the separate contribution of the related and unrelated conditions to 
N400 latency. 

6It is not clear what types or levels of knowledge guide or 
constrain such a mechanism. Van Petten and Kutas (1991) have shown 
that semantic, but not syntactic, contextual information plays a role in 
determining N400 amplitude to open-class words in the middle of 
sentences, which suggests either that integration is more sensitive to 
semantic factors or that N400 reflects a semantic component of 
integration. 
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model that uses a "dumb" automatic integration process). An-
other related possibility is that readers (listeners) consciously 
activate the integrative process whenever they perceive that the 
task at hand would benefit from the comprehension of the target 
words. This view suggests that conscious comprehension results 
from or is closely associated with the integration process itself. 
However, if N400 does reflect activity in such an integration 
process, the process itself (and therefore the presence of an 
N400) cannot be taken as a direct index of "comprehension" per 
se because large N400s can be obtained from stimuli that cannot 
be directly comprehended, at least in any typical sense (e.g., 
pseudowords-see Figures 1 and 4). Rather, integration is as-
sumed to build the representation(s) that provides the basis for 
comprehension, and N400 is assumed to be directly proportional 
to the effort required by this process to fit each item into the 
representation-the largest N400s are elicited when the in 

tegration process has extreme difficulty (e.g., with anomalous 
words) or fails outright (e.g., as would be expected with pseu-
dowords). 

There are several alternative explanations for the pattern of 
results observed in this and other studies. Another possibility is 
that the N400 may reflect neither a word recognition nor an 
integrative process but rather may be associated with the oper-
ation of a process that sits somewhere in between recognition and 
integration. For example, N400 might index activation of 
meaning in a postlexical semantic memory system (see Forster, 
1979, for an example of a model with separate lexical and se-
mantic memory systems). A clearer picture of the relationship 
between N400 and integrative and other linguistic processes will 
be available only when a larger number of studies have been 
performed that more carefully manipulate variables that impact 
these processes. 
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