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Abstract or the foil. The corresponding prime conditions are termed
The authors conducted a short-term repetition priming expe target-primed, foil-primed, andneither-primed, respectively.
iment (using a visual, forced-choice word identificatioakia The preference effects revealed by Huber et al. (2001)

that compared a standard priming condition, where prime and proved to be readily manipulatable, changing in magnitude

target words appeared in the same spatial location, withkxan e ; ; ; ; ;
perimental condition in which prime and target words were and direction as a function of prime saliency (e.g., Huber,

spatially separated enough to necessitate an eye movement. Shiffrin, Quach, & Lyle, 2002; Weidemann et al., 2005; Wei-
Prime presentation duration was manipulated and, withth bo  demann, Huber, & Shiffrin, 2008). Thus, when the prime is

eye movement conditions, it was found that short primes pro- ; ; ;
duced a preference to choose a primed alternative, wheseas f made more salient, either through a longer presentation du

longer duration primes this preference was absent. Based on ration or though an active task that required responding to
the similarity between eye movement conditions, it is atgue  the prime, the conventional priming effect diminishes or in

that prime and target features from separate fixations dre st ; ; ; ; .
confusable and that evidence regarding prime feature rillist s some cases reverses. Prime saliency manipulations rasult i

be discounted. A computation model that includes thesewffs ~ reduced facilitation (or slight deficits) in target-primeain-

ting components of source confusion and discounting pesvid ditions, while leading to increased accuracy in foil-prine
an excellent account of our results. conditions
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The termpriming refers to a well-known information pro- To account for a range of findings within the 2-AFC iden-
cessing effect wherein one stimulus geéime) influences a tification paradigm, Huber et al. (2001) developed a feature
similar or related stimulus (@rget) presented at a later time. based Bayesian model of short-term priming. Tésponding
The influence the prime has on the target is usually one ofptimally to unknown sources of evidence (ROUSE) model
facilitation. In the typical priming task trial, the primg pre-  accounted for experimental priming data by incorporating
sented first followed by a target that is briefly flashed andhe two offsetting components of feature source confusion
masked. This paradigm is referred tosert-term or im-  and discounting. The source confusion portion of the model
mediate priming because primes are presented immediatelyosits that features can be carried over from the prime to
prior to the targets, with inter-stimulus intervals getigiass ~ the target percept, without source information. Thus, when
than a second. The first stimuli is called a prime because i choice word is presented, feature activations could be due
is thought to “prime the pump” for a related target, yielding to the prime presentation, the target presentation, andise
faster and more accurate responding. However, priming doesithout the source of the activation being known to the sys-
not simply result in facilitation. Previous research hadi-in tem. This factor alone can produce the standard priming ef-
cated that there is an intricate set priming effects thatiocc fect, as it causes a preference toward prime-related choice
across various situations and experimental conditiortg,(e. words. The discounting mechanism in the model can coun-
Huber, Shiffrin, Lyle, & Ruys, 2001; Weidemann, Huber, teract this preference, because this component positpehat
& Shiffrin, 2005). Some experiments find facilitation, wil ceived features are assigned evidence and feature evidence
other fail to find facilitation or even find reliable deficitee is discounted when known to have come from the prime. A
to priming. Bayesian decision process then arrives at an optimal respon

Huber et al. (2001) began to systematically examine thaiven it is operating on this noisy and discounted evidence.
effects of priming using a two-alternative forced-choi2e ( The implication here is that making the prime more salient
AFC) testing procedure with the goal of separating the per{e.g., long presentation duration) leads to increaseadise
ceptual and decisional components involved in priming. Ob-ing of prime feature evidence. Thus, discounting mechasism
servers were asked to correctly identify a previously fldshe can explain a lack of, or a reversalin, the typical primingfpr
target word when given a choice between it and an incorreatrence.
foil word. This study indicated that priming largely arises In the ROUSE model, choice words are represented as
from preferences to choose whatever has been primed. Far feature vector, typically consisting of 20 binary fea-
example, in repetition priming (priming in which the prime tures (Huber et al., 2001). Features can be independently
can be the same word as either the target or foil), it wasctivated by the prime, with a probability, by the target,
found was that with short prime presentation durationsnpri - with a probabilityf3, or be activated due to noise, with a prob-
ing with the target increases accuracy and priming with theability y. The system is assumed to only have access to what
foil decreases accuracy, when both are compared to a contrfdatures are active and not the source of their activatien (i
condition in which the prime is unrelated to either the targe source confusion), therefore the probabilistic effectipff
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not counteracted, will result in a preference toward primedhe purposes of the present study.
choice words. This preference is counteracted by a deci- The focus of this research is how spatial proximity effects
sion process that assigns lower levels of evidence to festur priming. We are interested in knowing if feature confusions
that might have been activated by the prime word (i.e., disdiscounting, or both are location dependent. In the present
counting). To discount features optimally, the system seedstudy, the location at which the prime and target were pre-
to know the probabilities that features are active due te parsented were sometimes spatially separated at ai0al an-
ticular sources (i.eq, B, andy). However, it is assumed that gle. Visual acuity drops to roughly 25% (of central visioh) a
the decisional system does not have access to the exact prabvisual eccentricity of 10(Low, 1951). Given diminished
abilities and therefore uses estimata§, 8, andy. These visual acuity with this spatial separation, we are effeaiv
estimates, which reflect the amount of discounting appbed t enforcing an eye movement between viewing the prime word
particular sources, are used to evaluate evidence. These efd the target word, if both are to be seen. Not only will the
timates are theorized to be close to their true values, laut thtarget appear in a different location than the prime, builit w
model’s behavior depends critically on the magnitude and dialso appear in a different eye fixation.
rection of the difference betweenand its estimate. Under- The goal of the present experiment is to see if features are
discounting ¢’ < a) results in a preference for primed choice carried over from a prime fixation to a target fixation when the
words and over-discounting/{ > a) produces a preference fixation locations are relatively distant spatially. We webu
against primed choice words. like to see if features from the prime join with the target-per
Given the estimated source probabilities, the optimal recept at the new location (i.e., will there still be source con
sponse among choice words can be computed by combiningsion when an eye movement is made). Discounting could
feature evidence. Feature evidence takes the form of a&likel 51sg be affected by our eye movement manipulation. If there
hood ratio that SpeCiﬁeS the probablllty that a featureasifr is some source confusion across eye movements, it is con-
the target word over the probability the feature is part @f th cejvable that prime features could be discounted completel
foil, given the feature’s current activation state and \kleet (i.e., little evidence from the prime would be used in mak-
or not the feature appeared in the prime. Assuming featurgg the target identification decision). Then again, gives t
independence, these likelihood ratios can be multiplied topresence of some source confusion, it is also possible état b
gether across all word features to produce an overall fikeliter estimates of feature activations due the prime can bemad
hood that the choice word is the target. The likelihoods ef th when the prime and target appear at Separate and distimet loc
two words can then be compared with the larger being identions. This would reduce or eliminate under-discounting an
tified as the target. In the case of ties, a random selection iéver-discounting of prime evidence. The ROUSE model will
made between the choice words. be used to provide an indication of the relative contribut®

The above description of the ROUSE model is only in-source confusion and discounting across eye movement con-
tended as a brief summary, which means a number of detailgjtions.

large and small, have been left out. For a more comprehen-

sive presentation of the ROUSE model, the reader is referred Priming Across Eye M ovements Experiment
to Huber et al. (2001) for the original stochastic versiod an

Huber (2006) for a later analytic version. We designed the current experiment to investigate howapati
separation between prime and target affects priming. The ex
Feature carry-over across eye movements periment compared an eye movement condition to an appro-

The ROUSE model has been useful in accounting for angriately matched control condition in which all words were
predicting priming data, but there is still much uncertpint presented in the center of the screen (i.e., the stereatypic
about how its key components, source confusion and disshort-term priming paradigm). For all trials, the prime dor
counting, actually perform their theorized functions. Man was presented in the center of the screen. As with our previ-
questions remain unanswered regarding what causes or &us studies, prime salience was manipulated by adjusting th
lows both feature confusions and discounting. Source conprime presentation duration, which was either short (50 ms)
fusion could be the result of a number of candidate cause®r long (1000 ms). On any particular trial, the prime word it-
e.g., spatial or temporal proximity between prime and tar-self could be either the same as the target, the foil, or egith
get, or similarity between prime and target on any numbegorresponding to the prime conditions discussed earliee. T
of dimensions. Similarity relations (semantic, orthodriap  target word was flashed in the center of the display on half
etc.) between target and prime have received considerable 40 the trials and on the other half it appeared equally often i
tention elsewhere and will be set aside for present purposegne of four locations, directly above, below, left or right o
Temporal proximity does appear to be important as incrgasinthe center. The participant’s task was to identify the fldshe
the inter-stimulus intervals (1SIs) between prime andeatg ~ target given a 2-AFC test at the end of each trial.

be greater than 250 ms has been shown to disrupt and dimin- The experiment was a within-subject design that crossed
ish priming (Hochhaus & Marohn, 1991). In the following the 2 levels of prime presentation duration (short and long)
experiment, we chose ISIs to be less than 250 ms so that weith 3 levels of prime condition (target, foil, or neither
can effectively ignore the temporal dynamics of priming for primed) and crossed both with 5 different target locatiquis s
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850 ms

~100 ms (individually adjusted)

500 ms - target flash

2-AFC (untimed)

Figure 1: An example sequence of events in the present enpeti This figure shows both short and long prime duration
conditions for one particular peripheral target locatitadt (of center). The duration for each frame is presentecherright.

The left sequence corresponds to a short prime durationittamdwvhereas the right sequence shows a long prime duratio
sequence where the total time the prime is presented is 18{8%0 ms+100 ms+50 ms). Both sequences were preceded by a
500 ms presentation of a fixation cross in the center of theescgnot shown). The positions of the target and foil wordhan t

last frame were randomized.

into 2 general categories (center and peripheral [toppbtt  resolution of 800x 600 pixels. The experiment was pro-
left, and right]). A schematic of two example trials is pre- grammed using the Vision Egg library for the python pro-
sented in Figure 1. A more detailed description of our exacgramming language (Straw, 2008). The display was synchro-

experimental procedure is below. nized to the vertical refresh of the monitor providing déspl
increments of 8.33 ms.
Methods Participants sat individually in a dimly lit, ventilated,

ound-dampened booth. Participants were asked to sit up

traight to keep the distance from their eyes to the monitor
at approximately 50 cm., but no head restraint was used to
enforce this viewing distance. This viewing distance eegur
Materials and Apparatus We used two pools of 1,100 that peripheral targets would appear at least aviual an-
five-letter and 1,300 six-letter words with a written-laage  gle away from the center of the screen. Participant response
frequency of at least 4 per millions as defined by Ku€era andvere collected using a standard computer keyboard. In a
Francis (1967). All words were presented in uppercase using-AFC test, participants were asked to press the “F” key to
the fixed-width “Courier Bold” 17-point font. Throughoutth choose the left alternative or the “J” key to choose the right
experiment, stimulus words were sampled randomly withou

Participants Fifty one undergraduate students volunteere
to participate for partial credit in an introductory psytdgy
course at Indiana University.

}Drocedure The procedure used in the present experiment

replacement with the only constraint being that 5 and 6rette fully desianed as t : tal di
word never appeared together in the same block of trials. alfvas caretully designed as to compare an experimental conai-
tion involving eye movements to an appropriate control that

masking was done with two rows of six “@" signs presented . " . ; . .
in “Arial Narrow Bold” 13-point font. This ensured dense maintained important aspects of the experimental conditio

coverage of the prime and target. The stimulus words Werénamely timing and tper_lt_:ﬁptual m_asklntg), wh(;le _not rde(gwr- d
presented in white against a black background. Ing a eye movement. € experiment was designed base

o ) _ on some knowledge of the timing of eye movements or sac-
A"_ St'mu!' were _dlsplayed on 16-in. (40.6 cm) PC CRT cades. A 10saccade would take less than 50 ms to complete
monitors with vertical refresh rates of 120 Hz and a screen
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once initiated, but takes more than 150 ms to plan and inisizes. Reaction times were collected and used to eliminate
tiate (Irwin, Brown, & Sun, 1988). As such, having the tar- deviant trials in the data. Trials in which the participagt r
get flash appear in the periphery immediately after the primsponded in less than 100 ms or took more than 3-s to re-
would make it impossible to see. To remedy this, we prespond were eliminated. Approximately 1% of the data was
ceded the target with a cue that indicated the correct logati thrown out by this criterion. The first block of trials, whigf
where the target would appear. This target indicator cue apzluded practice and calibration trials, were not includethie
peared 250 ms before the target flash. We left a 100 ms inanalysis. Remaining experimental data were analyzed with a
terval between the prime offset and the target onset. Durin@ x 2 x 2 (Priming Condition< Prime Durationx Target Lo-
this 100 ms interval the prime was post-masked while the tareation) repeated measures analysis of variance (ANOVA).
get was pre-masked. This timing is reflected in the example There were large main effects of prime condition,
sequences presented in Figure 1. F (2,100 = 167.6, p < .001, and prime duratioif; (1,50) =
Each trial began with a fixation cross appearing in the cen1355,p < .001. Also, these two variables interacted,
ter of the screen for 500 ms. In long prime duration condi-F(2,100) = 12137, p < .001. The main effect of target lo-
tions, the prime is presented (in duplicate) for 850 ms thercation was not significant, however this variable had a sig-
the prime and target indicator appear together for 150 ms. Inificant interaction with both prime conditiof,(2,100) =
trials with short prime durations, the target indicatore@s  20.43 p < .001, and prime duratiorf; (1,50) = 8.637,p <
first by itself for 100 ms, then the prime and the target indica .005. Finally, there was a significant 3-way (Priming Con-
tor appear together for 50 ms. Participants should not be abldition x Prime Durationx Target Location) interaction,
to plan and initiate a saccade in under 100 ms, therefore thie(2,100) = 48.57, p < .001.
prime will be viewed; the prime is ‘snuck-in’ before the eyes  Average accuracy across all conditions is shown graphi-
have a chance to move. After the prime and the 100 ms inteially in Figure 2. The dots in the figure give ROUSE model
vening mask, the target is flashed. The target is post-maskgstedictions which will be discussed in the next section. As
and then the 2-AFC options are presented to the immediatean be seen from Figure 2, the typical priming effect was
left and right of the location where the target appeared. Aound when the target and a short prime were both presented
peripheral target word can appear at the top, bottom, left, oin the center of the screen. When the prime was presented for
right of the screen. Center target location trials have #imees  a longer duration this prime preference disappeared. When
timing as peripheral target trials. Besides the actualetarg the target was presented in the periphery after a centradly p
location, the only differences between center and peraher sented prime, the trend remained largely the same, although
trials are that the target indicator appears in the centéreof the magnitude of the priming effect decreased.
screen (surrounding the prime) and the prime post-mask and
the target pre-mask are one in the same. On each trial, once®#Pplying the ROUSE model

2-AFC selection is made, feedback is provided. Fitting the ROUSE model to the current experiment involved
Each participant went though 672 priming trials bro"enestimating the following eight parameters:

into 7 blocks of 96. The first 32 trials were neither-primed 7 he probability that a choice word feature is activated by
practice trials with long target durations (150 ms) to get pa the prime €)

ticipants used to the task. These practice trials werevi@tb 5 he estimated probability that a feature is activated by a
by 64 neither-primed calibration trials. Target word digas short prime when the prime and target are located in the
were individually adjusted for each subject such that accu-  anter (sc)

racy was roughly 75% on neither primed conditions. This 3 the estimated probability that a feature is activated by a
calibration was done separately for the center and pergbher long prime located in the centen/( )

target locations using a staircase method. As with previous 4 - the estimated probability that a feature is activated by a
studies (e.g., Huber et al., 2001; Weidemann et al., 2005),  gnort prime from a previous fixation, )

there were large individual differences. For center tamget 5 ihe estimated probability that a feature is activated by a
als, target flash times ranged from 25 ms to 91.7 ms with a long prime from a previous fixatior{ p)

median of 50 ms. For peripheral targets, flash times ranged g he probability that a feature is activated due to thestarg
from 33.3 ms to 200 ms (the maximum allowed) with a me- flash @)

dian of 91.7 ms. The increased variance in target flash times ;7 i, probability that a feature is activated due to noise
for peripheral locations is likely due to individual difesrces given a short prime presentatioys), and

in saccade latency on top of individual differences in targe g “the probability that a feature is activated due to noise

processing time, i.e., some participants may have fixated on given a long prime durationy()*

the target later and took longer to process the target.

Resul 1Two separate noise parameters were included to account for
esults trend in the data that performance is better on neithergufitrials

Data from all peripheral target locations were combined forvhen prime duration is long compared to when the prime dumas
the purooses of analvsis. creating two taraet location ond short. They values from the to-be-discussed model fit indicate there
purp ySIS, g g is higher noise in the short prime conditions when compaoédrtg

tions, central and peripheral, that initially had equal pem  prime conditions. This is somewhat sensible given the ierret-
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Figure 2: Forced choice performance and corresponding HEw&dictions (represented by the dots). The bar heights sho
the mean proportions of correct target identification cesi@rror bars sho#t95% confidence intervals) within each condition.
Panel A shows accuracy for centrally located targets andlBBashows accuracy when the target was presented in a paalphe
location. Each panel is further subdivided by prime duratiad priming condition. The dashed horizontal line indésat5%
performance; the accuracy participants should roughlyeaeton neither-primed trials due to the target duratiofbcation
procedure.

As in previous work (e.g., Huber et al., 2001; Weidemann etvere allowed to have separate freely estimatgghrameters
al., 2005), it is assumed that estimates of feature aabwati it produced virtually no fit improvement. This could be taken
due to targets and noise are equal to the actual values (i.es evidence that source confusion was the same at peripheral
pB'=Randy =vy). locations as at the center. Howeveft,was fit separately for
The parameters listed above were estimated to generate teach condition and changes in these values can compensate
ROUSE model fit that appears in Figure 2. The parametefor possible underlying differences in source confusimh (
estimates used were:=.12,05. =.032,0{ o =.65,a5p = Given the relationship between the (it values, it does
10,0] p = .20, =.064,ys = .067, andy. = 0.011. Itis  appear that the magnitude of discounting decreased when the
important to stress that exact values of these parameters aarget was moved to a novel location. The estimates of primed
relatively immaterial, especially the exact values ofdhend  feature intrusion contracted closer to optimal in the perip
a’ parameters, as it is their relative magnitudes that dictateral conditions (i.e.0gc < 0gp < a (optimal) < af p <
the behavior of the model. Multiple model fits were doneq ), which means there was less under-discounting for short
with both more and less parameters free to vary, but this fiprimes and less over-discounting for long primes when the
provided the most satisfying account to the data. The larg@rime and the target did not appear in the same spatial loca-
number of parameters (8 parameters for 12 data points) arntébn.
possible over-fitting should be somewhat of a concern here, ] ]
but since the model is largely descriptive, these compfexit Discussion
concerns are left unaddressed in the present context. In the present research, we investigated whether spatiat pr
As can be seen in Figure 2, the ROUSE model provides émity of prime and target was necessary to find priming ef-
very good gualitative and quantitative description of thenp ~ fects, particularly when there was a large spatial distance
ing data we collected. Interpretation of the fit parametér va between the two requiring an eye movement. Our findings
ues can be a tricky, because attending to the exact magnitudtedicated that even after a relatively large eye movement (a
can be deceptive. For example, the saimealue was used 10° visual angle), participants showed similar priming prefer
to fit all conditions. When the 2 target location conditionsences as when they viewed all stimuli in one location. More
ture of short duration priming trial (i.e., the target iraor, prime, spe<_:|f_|cally, in both eye movement and control cor_1d|t|ons,
mask, and target all appear in rapid succession) which dodlsce ~ Participants showed a preference to choose the prime word
noise in the system. This seems especially true in neitiergd ~ when the prime duration was short. Further, this prime prefe

trials where all prime features presented are effectiveigen In-  ence was undetectable when the prime was made more salient
creasing noiseyj in the model decreases accuracy and unlformlyb . L ion d .

translates all performance predictions down. Sepd3giarameters Y INCreasing its presentation duration.

could be used similarly to selectively increase and deerpasfor- The ROUSE model provided an excellent account of our
mance across short and long prime duration conditions, dyil§  experimental data. The model's success, the resultindibest

that there is an increased probability of target featuresgoacti- . . .
vated for long prime durations provides a much less seneipe-  ting parameters, and data themselves all provide evideate t

nation of the results. across eye movements (a) source confusion is still present,
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