
In both n t raheca  platforrns (J6 6a and J6a6b) 
strong densty n the F_ - F_ electron densty map IS 

consstent w t l i  a lneta o n  or water molecule n the 
major groove coordnated to the rbose and phos- 
phate of the 5 '  A and 3 '  A of the platform, respec- 
t~vely, and to N7 and 0 6  of the G n the G.U wobble 
belovl the motf ,  In the L5c loop platform, however, 
there 1s densty for a p~rtatve lnagneslum o n  coor- 
dnated to phosphates of the 3 A of the patfortn and 
the adjacelit A of the A.U noncanonca palr. Both 
molecules n the asyrnmetrc un~t  reflect these dffer- 
ences between the platforms. 

13. J. A. Doudna and T. R. Cech. RNA 1. 36 11 995). 
1L. The J6a.6b palred mutant has U224-A225-A226 

converted to an A-U d n ~ l c e o t d e  causng t to base 
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age rate of 0.006 i 0.003 m n - '  (mean I range of 
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loop It shovled a cleavage rate of 0.01 66 i 0 0004 
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type P4-P6 gave a rate of 0.43 5 0 . W  m ~ n - '  n 
sde-by-sde experments. Premnar,~ RNA s p c n g  
analys~s of a precursor RNA w th  a tv~o-base change 
11 the thrd adenosne platform, A1 71A172 to U-U. 
showed a tv!ofod reducton n actvlty at o w  rnagne- 
sum o n  colicentraton (5 mM) and even less of an 
effect at hgher magnesum concentratons. One ex- 
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curs n the tetraloop receptor motif of group I ntrons 
n subclasses C 1  and C 3  
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Three Cognitive Markers of Unconscious 
Sernan tic Activation 

Anthony G. Greenwald,* Sean C. Draine, Richard L. Abrams 

A "response window" technique is described and used to reliably demonstrate uncon- 
scious activation of meaning by subliminal (visually masked) words. Visually masked 
prime words were shown to influence judged meaning of following target words. This 
priming-effect marker was used to identify two additional markers of unconscious se- 
mantic activation: (i) the activation is very sholt-lived (the target word must occur within 
about 100 milliseconds of the subliminal prime); and (ii) unlike supraliminal prime-target 
pairs, a subliminal pair leaves no memory trace that can be observed in response to the 
next prime-target pair. Thus, unconscious semantic activation is shown to be a readily 
reproducible phenomenon but also very limited in the duration of its effect. 

Demonstra t ions  juiigments or actlons 
being influenced by ~111perceived stimuli ( I )  
have 170th ~nteresting and uninterest~ng 
possibilities for interpretation. T h e  uninter- 
esting possibility is that perceptual measure- 
ments have been insensitive-the critical 
stiml~li  may have heen perceived, but the  
research apparatus or procechlre faileel to 
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register that yerception. T h e  inore interest- 
ing-but also co~~troversial-possibility is 
that stimul~~s-tr~ggered cognition has in- 
ileed occurrecl without cc3nscious perception 
of the lnlt latlre stiinulu,\. Tests of the l1v- 
p ~ t h e s i s  of unaa.are perception elate f~-om 
the late 19th century (2) .  W h e n  claims of 
analvsis of semantic i~l for~nat ion from un- 
perceiveel stimuli \\.ere strongly pressed in 
the second half of the  20th century 13), 
methodological critiques (4) of the  adeiua- 
cy of el-ldence for such c l ams  resulteci in 
mrldesnread skeut~cisin about those claims. 

I11 this contro\,ersial domain, experi- 

mental work of the past two decades has 
foc~lsed on claimed findines of sub l imi~~a l  " 
semantic activation (5)-the claim that 
word meanings are analyzed when words are 
presented so as to evade consc io~~s  percep- 
tion. Sublilninal selnantlc activation is 
most often investigated with priming pro- 
cedures. Subjects perform a two-choice cat- 
egorization task that is supplelnented by the 
presentation of a subliminal p r i~ne  word 
shortly before each to-be-judged target 
stimulus m'ord. T h e  two categorization tasks 
that have been used most often for tests of 
subliminal p r i ~ n i ~ l g  have the subject decide 
mrhether or not a target letter string forlns a 
word (6)  or rvhether a target word is pleas- 
ant  or unpleasant in meaning (7). Pr i~ning 
is said to occur when the  meaning of the 

D 

prime affects the speed or accuracy of re- 
sponse to the target. P r i ~ n i ~ l g  is given the 
colltroversial label "subliminal" if ~t occurs 
when the prime is visually masked to reduce 
or e l i~nlnate  conscious perception (8). 

Despite numerous enlpirical demonstra- 
tions, subliminal urilnine has remained a 

u 

controversial r l ~ e ~ ~ o ~ n e ~ ~ o n  because (i)  re- 
ported findings have been statistically 
weak, (i i)  it has been difficult to provide 
convincing evidence that visually masked 
prime words are indeed not consciously per- 
ceived, (iii) published replications are rare, 
and (iv) Inany active investigators have 
accu~nu~latecl multiple unpublished and [In- 
successful attempts to replicate their orr~n or 
others' Lx~hlisl~ed findings. Against this 
background of e~npirical d~fficulty, Draine 
and Greenwald (9)  recently described a "re- 
sponse windo~v" procedure that,  in combi- 
nation with visual masking procedures that 
can he ilnple~nented easily o n  standard 
computer displays, reliably produces statis- 
tically strong subliminal priming effects. 
Here mre use the resuonse windorv urocedure 
to establish a few empirical properties of 
subliminal se~nant ic  priming. 

Subjects ( 1  0) perforlned a categorization 
task either for affectlvely polarized words 
( to  be categorized as pleasant or unpleasant 
in meaning) or for colnlnon first naines ( to  
he categorized as ~ n a l e  or female). In differ- 
ent  conditions within each exnerlment. the  
interval between start of prllne and start of 
target stim~~lus-an lnterval referred to as 
the prime-target stimulus onset asynchrony 
(S0A)-was varied through values that 
raneed from 67 to 400 ins. Subiects were 
assigned to either subliminal or supraliin~nal 
priming according to a counterbalancing 
scheme that also systeinatically varied both 
the order in which S O A  values appeared 
and w h ~ c h  of the  two item sets (male or 
female names, pleasant or unpleasant words) 
was useci in the pruning task. Each subject 
provided indirect measure (priming) data for 
tmro or three 50-trial blocks at each S O A  



value used In an  experi~ne~nt (1 1 ). Direct 
ineasures of prllne perceptibility lvere ob- 
tained from separate (later) blocks of trials 
for which instructions described tlne pre- 
and-postmask~ng procedure and asked sub- 
jects to make various cliscrimi~~ations of con- 
tent for the vlsuallv maskeci stiinmlli (1 2 ) .  

Results from several response-~vlndou. 
experlinents are s~~inrnarized as regression 
f~lnctions that relate priming to measures of 
perceptibility of the primes (Fig. 1). W h e n  
s ~ ~ c l n  regression analyses use priming and 
perceptibility measures for \\-hich zero val- 
ues indicate absence of priming and percep- 
tibility, respectively, tlne height a t  ~vhicln 
the  function crosses the vertical axis i the  
regression ~ntercept)  provides a critical test 
of tlne hypothesis that priming has occurred 
unconsciously. T h e  regression intercept es- 
timates the magnitude of priming associated 
\\-it11 zero perceptibility of the prime. W h e n  
this priming magnitude is significantl\- 
ereater than zero, there IS evidence for un- 
u 

conscious semantic activation (1 3). In  Fig. 
1,  intercepts of the  regresslon f~lnctlons 
were statistically significant for all three 
prime ciurations (17, 33, a ~ l d  50 111s). 

Additional esnerllnents were oerformeil 
in ivhich 50-ms primes \\-ere presented ei- 
ther with pre- and postmask~ng, m a k ~ n g  
them subliminal for   no st suhiects 114). or ~ , ,  

with no  masking, maki~lg them supraliminal 
(that IS, visible). In  these experiments (Fig. 
2) ,  subliminal pr11ni11g was generally weaker 
than suprali~ninal priming. More important- 
ly, however, the shapes of functions relatlng 
magnitude of priming to prime-target SOA 
were sharpl\- Jifferent for supraliminal and 
sublimi~lal priming. Supraliminal priming 
was consistently strong, perhaps even in- 
creasing in strength, across SOAs var\-ing 
from 100 to 400 ins. By contrast, sublim~nal 
priming was moiierated sul~stantially by 
S O A ,  being consistently strong only at a 
very short S O A  (67 ins) and decreasiqg to 
low levels for SOAs lo~leer than 1L10 ms. 
T h e  results sho\vn in Fig. 2 reveal that the 
temporal span of subliminal priming is very 
brief in compariso~l a i t h  that of supralimi- 
nal priming. In  retrospect, these finding.; 
demonstrate why s ~ ~ b l i ~ n i n a i  pri~llilng has 
been such an  elusive p h e n o ~ n e ~ l o n  in previ- 
ous research: Virtuall\- all p rev io~~s  stuLiiss of 
subliminal prinling have used SOAs that 
esceedeii 250 ms. By contrast, Fig. 2 slno\\~s 
that subliminal priming is readily obtainable 
only with SOAs of 100 111s or less. 

Another eillrirical pattern (Fig. 3) was 
founii to differentiate subliminal fronl sunra- 
liminal priming. For suprali~lli~nal priming, 
magnitude of priming nas  affected b\- the 
relation between prime and target stimuli o n  
the just-preceding trial. LXJhen the preceding 
trial \\.as a n  inconqruent prime-target pair, 
supraliminal primi~ng nas  weaker thaln n-hen 

the preceding trial was a colngruent pa r .  
T h ~ s  finding indicates that inlpact of the 
prime was affected by its recelnt use f~~h~ess  
(that is, tlne prime-target congruency), but 
only for visible prlmes; that is, supral~mmal 
(visible) priines were more potent in facili- 
tation or i~nterference on the trial just after 
one o n  ~vhicln the prime and target had been 
congruent, compared to one on lvhich they 
had been incongruent. This pattern indi- 
cates a form of memory for the preceding 
trial's prime-target configuration. By con- 
trast, inagnitllde of subliininal primi~lg was 
unaffected by the congruency or incongru- 
ency of the preced~ng prime-target pair; that 
is, sllbjects gave no  evidence of retaining 
information about the most recent prime- 
target configurat~on (15). 

T h e  f ind~ngs in F~gs. 1 to 3 collectively 
establish a convergence of stimulus presen- 
tation operations and cognitive indicators 
that define unconsc~ous semantic actlva- 
tion 111 the semantic p r im~ng  experiment. 
T h e  cln~ef clefi~ll~lg ~ p e r a t i ~ n  is the use of 
visual masking to produce lorn, levels of 
prime perceptibility. T h e  definl~lg cognitive 
~ndicators of subl~ininal semantic activation 
are the  data patterns shown m Flgs. 1 to 3: 
( i )  a significant i~lterccpt effect in the re- 
gression of measures of prlming o n  measures 
of the  prime stimulus's perceptibility, (ii) 
linlitatio~l of subliminal priming to target 
stim~lli  that occur within about 100 ms of 
the visually ~nasked primes, and (iii) ab- 
sence of ally effect of the preceding trial's 
prime-target congruence on magnitude of 
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Fig 1. Magnitude of priming as a function of performance on direct measures of prime perceptibility. 
Each scatterplot point represents an ndividua subject's average periormances at both primng and 
direct-measure tasks at the indicated prme duration. Each plot shows both a best-f~tting cubic regres- 
son functon wth its 95% confidence interval 122) and a superimposed linear regression function. (A and 
B) Data are from 67-ms SOA masked-priming conditions of experiments reported by Greenwald and 
Drane (9. 21). and (C) from two addtonal experiments that Included conditions w~th 50-ms prime 
duratons and 67-ms SOAs (23). Direct measures of prime perceptibility are from separate (later) blocks 
of trials on which subjects were asked to discri!ninate either ex~cality [whether st~mul presented 
between premask and postmask were (A) words versus strngs of alternatng X's and G's (for example. 
XGXGX) or (C) words versus dgits] or semantc meaning [whether masked stimuli were (B) words of 
pleasant versus unpleasant meanng or male versus felnae frst names]. Senstivity (d') values for drect 
measures were computed by treating one category (for example, words) a s  signal and the other (for 
example, digts) a s  nose, such that guessing word n response to a digt stimulus would be treated as 
a false alarm. Indrect measure (primng) d' values were computed by scorlng a hit when (say) a 
male-name response was given on a trial with a male-name prme, and a false alarm when a male-name 
response was gven on a trial w~th a female-nalne prime. Prnted numercal intercepts are those for the 
near  regresson n the panel: IV, number of subjects (scatterplot ponts). 
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priming. Figures 2 and 3 show that the 
latter two findings for subliminal priming 
are markedly different from the data pat- 
terns obtained for priming by visible words. 

These findings relate closely to two 
long-established categories of findings: (i) 
The central nervous system monitors stim- 
uli outside its current focus of attention, as 
evidenced (for example) by humans' facility 
in switching attention to a previously unat- 
tended sensory channel when important or 
unexpected content appears in that chan- 
nel (16); and (ii) visual backward masking 
(postmasking) interrupts processes that are 
understood as the transfer of information 
from a sensory buffer to working memory. 
Both of these findings were central to the 
information-processing paradigm, developed 
in the 1950s and 1960s, that started the 
modem era of cognitive psychology (1 7). 

Stated in terms borrowed from the infor- 
mation-processing era, one can understand 
the postmask as interrupting transfer of in- 
formation about the prime stimulus from 
sensory buffer to working memory. (In the 
older paradigm, working memory was some- 
times interpreted as an equivalent of con- 
scious awareness.) This hypothesized inter- 
ruption of transfer explains both the lack of 
conscious perception of the prime and its 
lack of persisting effects, particularly the 

absence of any effect of prior-trial prime- 
target congruence on current-trial magni- 
tude of priming (Fig. 3). Although the post- 
mask disrupts conscious perception of the 
prime, it does not prevent semantic activa- 
tion. The occurrence of semantic activation 
by consciously unperceived primes indicates 
that this semantic activation does not de- 
pend on the prime reaching working mem- 
ory (awareness). However, this semantic ac- 
tivation is shown to be a very evanescent 
phenomenon by the sharply decreasing 
function (Fig. 2) that relates subliminal 
priming to SOA (18). 

The rapidity of the rise and fall of sub- 
liminal semantic activation described here 
exceeds even the briefest persistence previ- 
ously demonstrated in cognitive psycholo- 
gy-the approximately 250-ms persistence 
of unattended visual sensory memory in 
light-adapted obsewers (1 9). Although this 
approximately tenth-of-a-second flicker of 
subliminal semantic activation has been de- 
scribed here as a property of stimuli that do 
not achieve conscious awareness, it remains 
possible that it is also a property of visible 
stimuli that are masked after a brief presen- 
tation. Findings obtained with mutually 
masking rapid successions of visible stimuli 
similarly suggest a brief duration of seman- 
tic activation (20). 

Fig. 2. Magnitude of subliminal A B 
and supraliminal priming as a - 
function of prime-target SOA. The 
measure of priming is the same .t Subliminal 

signal-detection measure of sen- .g 
(N  = 42) 

a 
sitivity of target responses to 0.5 .;; 0.4 

prime meaning shown in Fig. 1. $ w g 0.2 
Error bars give 95% confidence Z .- 
intewals. Data are from experi- G-0.5 6 0 

ments in which (A) both supralim- 2 -1 lmm3m4m immrn4m I - 0 . 2  ' 67 I, Is & 
inal and subliminal priming were stimulus onset asynchrony (SOA) Stimulus onset asynchrony (SOA) 
measured and (B) only subliminal 2 
priming was measured. Prime du- 

0.8 ration was constant at 50 ms in a11 l.:Fd 
' 

Subliminal .- Subliminal 

experiments. The results show ., ( N =  24) .g 0.6 (N = 47) 

supraliminal priming to be ob- 0.5 
P 
5 0.4 

tained strongly at SOAs as long as w 

400 ms, whereas subliminal prim- 2 O 

w 3 0.2 ... .- 
ing decreased sharply at SOAs &-0.5 0 
>I00 ms. 2 -1 -0.2 

Im 1% rn im isa m 67 ~33 1, 117 
Stimulus onset asynchrony (SOA) Stlmulus onset asynchrony (SOA) 

Fig. 3. Magnitude of priming after immediately prior congruent 
versus incongruent priming trials. Priming magnitudes are pre- 
sented in the same format as those in Fig. 2. The supraliminal 
priming data are from nonmasked conditions in which prime 
duration was 50 ms and SOA was 150 ms, whereas the sub- 
liminal priming data are from visually masked conditions that 
produced largest subliminal priming effects (prime duration = 
50 ms, SOA = 67 ms). The results show that for supraliminal 
priming (but not subliminal priming), a prior incongruent trial 
weakens priming relative to a prior congruent trial. 

Supraliminal 
prlmlng 

(N=  106) 
Subliminal 

prlmtng 
(N  = 89) 

prior trial type 
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A. G. Greenwald and S. C. Draine, paper presented 
at the 36th Annual Meeting of the Psychonomic So- 
ciety, Los Angeles, CA, 10 to 12 November, 1995. 
Subjects, all of whom were University of Washington 
undergraduates, gave consent to participation after 
having read a preliminary description of experimental 
procedures. 
On each trial of the task, a prime word (either a male 
or female name, or a pleasant or unpleasant word) 
was briefly displayed and, after a variable short delay, 
the target word (a different first name or a different 
affectively polarized word) was presented. Prime and 
target words were randomly selected on each trial 
with two constraints: (i) no target was presented 
twice in any block of 50 trials, and (ii) the proportion 
of congruent trials (prime and target having the same 
affective meaning, or prime and target having the 
same name gender) was amstrained to an average 
of 50%. One hundred different stimuli (words or 
names) were used for each categorization task. In 
each taskone subset of 50 served as primes and the 
remaining 50 served as targets, with these assign- 
ments appropriately counterbalanced across sub- 
jects. Examples of stimuli are as follows: unpleasant 
(vomit, kill, bomb), pleasant (honor, happy, kiss), 
male (mike, david, kevin), and female (kate, mary, 
sarah). The subject's instructed task was to classify 
the target word by pressing a key on the left or right 
side of a computer keyboard (for example, left key to 
indicate unpleasant and right key for pleasant). After 
a few blocks of 10 to 20 trials each for practice with 
the categorization task, subjects started to practice 
producing their responses during a "response win- 
dow" that was initially established as the interval 
from 383 to 51 7 ms after start of presentation of the 
target word. Some of the experiments took advan- 
tage of speed-accuracy trade-offs [W. A. Wickd- 
gren, Acta Psychol. 41, 67 (1977); B. A. Dosher, 
Cognit Psychol. 13, 551 (1 98111 by shifting the tem- 
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poral poston of the response v:lndow to a shorter or 
longer value, dependng on the subject's a b t y  to 
perform (for example, shortenng t f subjects were 
makng fev: errors). The response wndovi procedure 
obged  subjects to respond at speeds that d ~ d  not 
permlt h~gh levels of accuracy and, consequently. 
error rates were substanta! (Mean atences of Iilghy 
mot~vated subjects under nstructlons to respotid 
rapdy are typcaly between 550 and 650 ms.) The 
producton of reatvey hgh error rates alovied rhe 
prlmng effect-that IS, the effect of the prme s con- 
gruence versus Incongruence w th  the target's mean- 
ng-to be obsewed In subjects error rates rather 
than In ther response atences to targets. W~ th  ths  
response v:lndow procedure, prlmng took the form 
of lower error rates for congruent prlmlng than for 
ncongruent prmng,  refectng some combnaton of 
factation by congruent prlmes and Interference by 
ncongruent prmes Prmng was therefore measur- 
able by obsev~ng the dfferetice betvieen these error 
rates Even though the procedure v:as desgned to 
constrain response atencles to approx~mately the 
range of val~ies that deflne the response w~ndow, 
response accuracy was analyzed for a trals except 
for a small percentage w~ th  latencies greater than 
1500 ms, a value substantay longer than the tme  
elapsed at the end of the v:lndov: nten/a. The prma- 

measure used w~th  these data v:as sgna detecton 
theory s d' measure of sens~tvlty of the target word's 
response to the prme word's meanng [see the fur- 
ther explanat~on In the legend to F I ~  l .  and D. M 
Green and J A Sviets, Signai Detection Theow and 
Psychophys~cs ( CVey, New York 1967)l Results for 
t hs  senstvlty measure v:ere s m a r  to those obtatied 
~'11th varlous alternative measures such as the n -  
crease In error rate for ncongruent reatve to congru- 
ent prmes or measured nformaton transmtted from 
prlme stmuus to target response Prlme v:ords v:ere 
presented for 17 33 or 50 ms at a centered dsplay 
ocaton to v:hch s~~bjec ts  were Instructed to attend. 
In the v~sually tnasked (submnal) prme condtlon 
the prme was both preceded and followed, at tlie 
same screen ocatlon, by strngs of consonants that 
served as foward mask (premask) and backward 
Inask (postmask) (An example of a mask stlmuus 1s 
the letter strlng GKQHYTPDGFQBYLG) The pre- 
mask prlme, postmask, and target stlmul~ viere pre- 
sented as black letters on a gray background The 
premask lasted 100 ms and the postmask 17 ms 
(Other pilot studes had shovin that maskng effec- 
tlveness v:as unaltered by Increases n postmask du- 
ratlon beyond 17 ms. the mlnmum value obtanable 
vilth the 60-Hz computer display used ~n thls re- 
searcli ) Subjects vlev:ed the cotnputer vdeo dlsplay 
through a devlce that presented Images from le t  and 
r~glit halves of tlie dsplay screen separately to eft  
and rlght eyes Although t h s  dchoptlc presenta- 
t o n  was not needed for the present procedures 
(v:hch presented ldentca s t l m u  to both eyes at all 
tmes), t s  use has been found to Increase mlldly the 
effectveness of visual maskng The comblnatlon of 
premask and postmask made the prlme words dlf- 
f lcut or lmposslble to see for almost a Subjects By 
contrast, In suprallmlna condltlons the masklng 
consonant strngs were replaced by blanks (that IS, 
the screen background color), as a consequence 
of v:hch the prlme v:ords were easly leg~ble de- 
sp te  ther short (50 ms) duratlon 

12 Because pre111nlnat-y f~ndings revealed :hat dlrect 
measure performance was depressed by the re- 
q~irement to respond rapldly, the response wlndovi 
procedure vias not used durlng blocks of trlals that 
obtaned dlrect measures Different dscrlmlnatons 
on v~sually masked stlmul were requested ~n differ- 
ent experiments to allow opportuntes to demon- 
strate that some types of ~nformat~on m~ght pene- 
trate vsua maskng more readlly than others Tlie 
basc propertes of the results shovin In F I ~  1 d d  not 
vary ~~11 th  the different dlrect measures, addlng to 
confidence In generalty of concusons 

13. The conclus~on that unconscous cognlton 1s lnd- 
cated by the presence of statstcaly sgnfcant nter- 
cept effects ~n the regresslon analyses of Fg. 1 rests 
on a methodolog~cal anayss by A. G. Greenviald M 
R.  Kllnger, and E S. Schuh [J Exp Psychol Gen 

124 22 (I 995)l that extends the o g c  of an anayss 
ntroduced by P. M. Merkle and E M Rengod [J. 
Exp. Psychoi. Learn. iWem. Cognrt. 17, 224 (1991)l 
Aconcern In nterpretlng such ntercept effects s the 
poss~b~l~ty that aspurous Intercept may be produced 
when the predctor (In ths  Instance the drect mea- 
sure of prme perceptb!ty) IS mperfecty measured. 
However, the regresslon analyses In Fig. 1 do not 
have the propertes that can produce such splirous 
Intercept effects Such propertes Include both pos- 
t ~ v e  regresson slopes and average predctor scores 
substantay above zero, In contrast, the regresson 
slopes that we obtaned were approxmatey flat and 
predctor scores (that IS, drect measures) viere no- 
tceaby above zero only v:~th prme duraton of 50 
ms. For a more deta!ed d~scuss~on of the poss~b~l~ty 
of spurlous Intercept effects see (21) 

14. The e v e  of percept~bty  of masked 50-ms prltnes 
can be read from the Iiorzonta ds t rbuton of values 
In the ovier panel of F g  1. A and C Levels of drect 
measure performance correspondng to n'  values 
<I 0 are commonly assocated ~ ~ 1 1 t h  self-reports of 
t i e  or no perceptb ty .  Fndngs of SOA effects 
closely resembng those n Fg. 2 8  v:ere obtaned 
when the plotted varabe was changed to magnl- 
tude of ntercept effect from regresson anayss. that 
1s s ta ts t~cay sgnfcant ntercept effects were found 
only for the 67-ms SOA The ntercept-effect aterna- 
tlve analysis conf~rms that the pattern n Fig 2B for 
subl~m~nal p rmng  as a f~ inc ton of SOA IS Indeed a 
pattern for unconscous prmng.  The plotted analy- 
sls In Fig. 28,  whch ncudes a subjects who re- 
celved masked p rmng  1s properly cotnparabe to 
the analys~s In F I ~  2A for supra mlna prlming (for 
v:hlch regresslon analysis 1s not an appropriate 
merhod). 

15. The result shown In F g  3 1s related to one prevousy 
reported by J Cheesman and P. M. Merlkle [Can. 
J. Psyc/lol. 40 343 (1 986)]. They shovied that supra- 
m n a  prmng v:as greater when there was a Pgher 
proporton of congruent prmng t ras  n a block of 
trals. but sub~mnal  prmlng shov:ed no sucli effect 
Tlier flndng could be explained by the difference ~n 
two-trla sequenta effects shov:n In Flg 3 

16 D E Broadbent, Perception and Commun~cat~or~ 
(Pergamoti London 1958); E C Cherry, J. Aco~ist. 
Soc. Am. 25, 975 (1 953). A M. Tresman Q. J. Exp. 
Psycho/. 12 242 (1 960) 

17 U Nelsser Cognitive Psychoiogv (Appleton-Cen- 
tury-Crofts. Nev:York, 1967) See also G. Sperng. 
Acta Psyclio:. 27, 285 (1967), D A Norman Psy- 
c/lol Rev. 75, 522 (1968) The language of nfor- 
maton-processng stages used n t h s  descrpton 
has now surrendered paradg~natc  center stage to 
neural network models However, the emp1r:cal 
phenomena captured In t h s  lang~rage reman s o -  
dly estabshed. 

18 The brevty of unconscous semantc actvaton mea- 
sured by tile prme-target SOA should not be con- 
fused ~ ~ 1 1 t h  the latency after masked prme presenta- 
t o n  at whch semantc nformaton 1s avaabe.  Se- 
mantc actvaton 1s presumed to occur after p rem-  
nary operations that may requre a few hundred 
ni~ll~seconds for subl~m~nal prme words (as v:e as 
for v s b e  target v:ords). 

19 G Sperng Psyc/loi. Monogr 74 11, (1 960), T. A. 
Busey and G. R.  Lotus Psychoi. Rev 101. 446 
(1 994). V d L o o  and P. Dlxon, J. Exp. Psychoi 
H ~ i m .  Percept. Perform. 1 4  671 (1 988). 

20 M C Potter Mem Cognit. 21. 156 (1 993) 
21 A G. Greenwald and S. C Drane, In 25th Carnegie 

Symposiu:ii on Cogriit~on: Scient~iic App/oaches to 
the Questron of Consooijsness J. D Cohen and J. 
CV. Schooer, Eds. (Erbaum, Mahv:ah, NJ, In press) 

22. Cubc polynom~al regresson functons viere used to 
capture possbe nonnear trends n the data. Hovi 
ever, t can be seen n the flgure that ntercept effects 
for these nonnear functons v:ere smiar  to those 
estmated by near  regresson functons 

23. R L. Abrams. S C. Dralne A G Greenv:ald, paper 
presented at the 36th Annual Meetng of the Psy- 
chonomc Socety. Los Angees. CA. 10 to 12 No- 
vember, 1995 

24 Supported bv grants from the Nat~otial nstltute o i  
Mental Health (MH-41328) and Natlona Sclence 
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Parallel and An ti parallel (GoGC), Triple Helix 
Fragments in a Crystal Structure 

Dominique Vlieghe, Luc Van Meervelt, Alain Dautant, 
Bernard Gallois, Gilles Precigoux, Olga Kennard* 

Nucleic acid triplexes are formed by sequence-specific interactions between single- 
stranded polynucleotides and the double helix. These triplexes are implicated in genetic 
recombination in vivo and have application to areas that include genome analysis and 
antigene therapy. Despite the importance of the triple helix, only limited high-resolution 
structural information is available. The x-ray crystal structure of the oligonucleotide 
d(GGCCAATTGG) is described; it was designed to contain the d(G.GC), fragment and 
thus provide the basic repeat unit of a DNA triple helix. Parameters derived from this 
crystal structure have made it possible to construct models of both parallel and anti- 
parallel triple helices. 

Colllhinations of three R N A  or D N A  
strands produce triple helices that have heen 
charncterlzeii 111 terlns o t  base complemen- 
tarity and thr  relative orientations of sugar- 
phosphate hackbones ( 1 ) .  Hyiirogen bo~lds  
are formed hetween the avallahle f~inctional 
groups of each base pair In a Watson-Cr~ck 
double helix and those of the th~r i l  (Hoog- 
steen) stranil located 111 its major groove. 
T h e  sequence recognit1011 that t h ~ s  allows 

has been arplled 111 the precise targeting of 
sequences III double-stranded D N A  to ex- 
clude D N A  h~nd ing  proteins, i nc l~~d ing  gene 
promoters ( 2 ) ,  from then  specif~c b lnd~ng  
sltes, and to d ~ r e c t  single-s~te cleavage In 
chromosomal D N A  (3). T r ~ p l e  helix forma- 
tion has also been nresented as a mechanism 
for a l ~ g n ~ l l e ~ l t  of h o ~ n o l o g o ~ s  sequences be- 
fore genetlc reconlhinat~on (4) anil 11Tdy 
take place 111 vivo (5). 
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