
William James (1890) most quoted sentence is perhaps that
«Everyone knows what attention is». However, as Styles (1997)
recently has remarked, attention is a concept that psychologists ha-
ve been hesitant to define. The point is that not all psychologists
agree what it should be understand by attention. There are diffe-
rent types of attention as there are also many varieties of memo-
ries. Attention and memory are psychological processes that appe-
ar intimately related.

S e l e c t ive attention enables the processing of re l evant stimuli, wh i-
le suppressing other irre l evant stimuli that may appear at the visual
fi e l d. Howeve r, a large number of studies have shown that selective
attention is not totally successful because human observe rs cannot al-
ways ignore irre l evant info rm ation (Ballesteros & Manga, 1996).

There is no doubt that attention during encoding has a pro-
found influence on explicit memory measured by recall and re-
cognition tests. In contrast, the influence of attention on implicit
memory assessed by repetition priming tests is a debated issue. A
number of recent studies have shown that divided attention at en-
coding has little or non-effect on perceptual implicit tests while
strongly affects performance on explicit memory tests (e.g., Eich,
1984; Mulligan, 1998; Parkin & Russo, 1990; Szymansky & Ma-
cLeod, 1996). However, these studies do not demonstrate implicit
memory without attention because the participants were instructed
to attend to all the stimuli. Very recent work on selective (focused)
attention suggest that some level of attentional processing is ne-
cessary to support perceptual implicit memory for words (Bentin,
Moscovitch, & Nirhod, 1998; Crabb & Dark, 1999; MacDonald &
MacLeod, 1998; Wood, Stadler, & Cowan, 1997) as well as for
pictures (Ballesteros & Reales, 1998a; Ballesteros, Reales, Ca-
rrasco, & García, submitted). A recent word study has shown that
when attention was controlled more effectively using a blocked
design, repetition priming was found only for attended words. Ho-
wever, in a mixed condition that made difficult to allocate atten-
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tion selectively, equivalent repetition priming was found for both
attended and unattended words (Bentin et al., 1998). In blocked
conditions, the observer was presented with two words: One prin -
ted in red and other in blue, knowing in advance which color
should be attended. So, in this condition it was easy to allocate at-
tention to those words that appeared in the designed color. Pos-
sibly these words captured almost all the attentional resources. On
the mixed condition, however, the attended color was randomly
determined in each trial. The conclusion from the above findings
suggests that a minimal amount of attention at encoding is neces-
sary to build a long-lasting representation that can support repeti-
tion priming.

The above discussion is relevant to the subject of the present
paper. That is, how the experimental design (blocked across con-
ditions versus totally randomized) can influence on processing of
compound stimuli that vary in two dimensions: color and word?

One of the most widely studied tasks in cog n i t ive psych o l ogy is
the Stroop task (Stroop, 1935). Stro o p ’s (1935) celeb rated pap e r
deals with attention and interfe rence and this wo rk is more infl u e n-
tial nowa d ays than it was at the time it was publ i s h e d. According to
MacLeod (1991), the Stroop task still fa s c i n ates re s e a rch e rs on at-
tention because it is seen as tapping in to ve ry pri m i t ive operat i o n s
of cognition. More ove r, the Stroop effect is a ve ry ro bust pheno-
menon, easy to rep l i c ate in lab o rat o ry and clinical settings. 

Stroop (1935) showed that subjets’ ability to name the ink co-
lor in which an incongruent «color-word» is printed is inhibited
compared to their ability to name the ink color of a nonword color
patch. However, the incongruent color ink does not inhibit reading
the color-word. For example, observer’s ability to name the color
of blue ink in which the word RED is printed would be inhibited.
However, under the same conditions, observer’s ability to read the
word GREEN printed in red ink would be unaffected.

To d ay, nu m e rous va ri ations of the Stroop task, called Stro o p - l i-
ke tasks, have confi rmed this Stroop asymmetry and the extent of
the effect has prompted ex t e n s ive inquire. Research e rs have pro p o-
sed seve ral theories based on automat i c i t y, re s p o n s e - c o m p at i b i l i t y,
and re l at ive speed of processing to account for the S t roop interfe -
rence effect. H oweve r, theorists are still striving to explain the effe c t
as none o them are able to account for all the empirical fi n d i n g s .

The Stroop effect is a clear example showing that unattended
stimulus dimensions are processed, at least, to a certain extent.
Many studies have shown the interfering nature of irrelevant sti -
mulus features on responses to target dimensions. The Stroop in -
terference effect is the increase in reaction time in responding to
incongruent trials in comparison with neutral trials (e.g., Dyer,
1973; MacLeod & Dunbar, 1988; Stroop, 1935). The effects ob-
tained in the Stroop task are a good example of people’s selective
attention and the capacity of certain stimuli to escape attentional
control. In the Stroop paradigm, participants are asked to respond
to stimuli that vary in two dimensions, one of which they are as-
ked to ignore. The Stroop effect shows that unattended stimulus
dimensions are processed at least to a certain extent.

The word-fragmentation-level as a new variable to study
selective attention

Many low-level behaviors such as eye-blink or other reflexes
are automatic because they occur without intention. It has been ar-
gued that some well-learnt tasks, like reading, are also automatic
in the sense that well trained reader’s process irrelevant words un-

consciously without intent. Therefore, reading the word is said to
be automatic in the sense that skilled readers cannot refrain from
extracting the meaning. Even though task instructions explicitly
ask participants to say the color in which the words were written
and not to attend to the meaning of the word, they are unable to do
so (e.g., Rayner & Pollatsek, 1989; Reisberg, 1997). Some recent
findings, however, suggest that a large amount of semantic pro-
cessing is controlled locally by elements of the task (Besner &
Stolz, 1999; Besner, Stolz, & Boutler, 1997). These results are
consistent with the idea that mental set is critical to performance
on the Stroop task. 

We have put forward a mental set interpretation to account for
a number of results from our laboratory showing the influence of
observers´s expectations on Stroop interference and facilitation.
More explicitly, when words at different fragmentation levels (see
below) were presented blocked across experimental conditions, a
response set was observed. A large Stroop interference and also fa-
cilitation appeared at all fragmentation levels. However, a rando-
mized (mixed) stimulus presentation showed that Stroop interfe-
rence appeared at fragmentation level 4, and increased linearly un-
til level 8. Fragmentation level 4 is precisely the level at which ob-
jectively words started to be readable.

Method

In a series of ex p e riments we have inve s t i gated the effect of
wo rd - f rag m e n t at i o n - l evel on Stroop interfe rence and fa c i l i t ation in
the Stroop (Ballesteros, Reales, & Manga, 1999) and the emotional
S t roop tasks (Ballesteros & Reales, 1998b). The strat egy of these
ex p e riments was to va ry the amount of irre l evant stimulus info rm a-
tion present in the color- wo rd stimulus compound and see how this
s t i mulus va ri able influenced in incongruent, congruent and contro l
s t i mulus conditions to eva l u ate this va ri able in color naming.
Twenty young adult observe rs part i c i p ated in each ex p e ri m e n t .

C o l o r- wo rd stimuli we re fragmented at 8 diffe rent levels using
the Snodgrass and Poster´s (1992) algo rithm. Each color- wo rd wa s
s t o red as fragmented stimuli at 8 diffe rent levels of completion
f rom level 1 (the most fragmented stimulus condition) to level 8,
wh i ch corresponded to the complete color- wo rd. Fi g u re 1 show s
some examples corresponding to the ve rtical trials at the 8 frag-
m e n t ation levels. Examples shown in Fi g u re 1 correspond to some
of the ex p e rimental conditions manipulated in the ex p e riments: the
C o n gruent condition, the Incongruent condition and the Ort h o-
graphic condition. The stimuli we re upper-case four to five letter
wo rds presented ve rtical or hori zo n t a l ly for 144 ms at the center of
the screen of a 486 PC (640 x 480 pixels resolution) in color re d,
blue or green. The computer was interfaced with a Lafayette 63040
vocal key to re c o rd reaction time, wh i ch was measured from the
p re s e n t ation of the wo rd on the screen to the vocal re s p o n s e. Th e
task was to name the color of the wo rds as soon as possible wh i l e
t rying no to make erro rs. The ex p e rimenter re c o rded fa l s e - t ri gge re d
responses and erro rs, wh i ch we re ve ry small. Five ex p e ri m e n t a l
conditions we re va ried across the ex p e riments on the Stroop para-
digm but we will concentrate here only in the incongruent, con-
gruent and control conditions. In the incongruent condition, color
wo rds ap p e a red at a diffe rent color (i.e., BLUE in re d, RED in gre-
en, GREEN in blue). In the congruent condition wo rds and colors
m at ched (i.e., RED in re d, BLUE in bl u e, GREEN in green). Fi-
n a l ly, in the control condition a series of consonant letters we re
s h own (e. g., RXTX in bl u e, VXNDT in re d, XZXR in gre e n ) .
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In experiments on the emotional Stroop task paradigm, addi-
tional to the usual congruent, incongruent and control conditions,
emotional negative (e.g., CANCER in blue, DEATH in green) and
positive words (e.g., LOVE in red, HOUSE in green) were also in-
cluded as experimental conditions. We tested several predictions:
if only emotional negative but not emotional positive words pro-
duce a cost, interterference should be found for negative but not
for positive words. On the other hand, if both type of words inte-
rrupt the processing it should be observed interference for negati-
ve as well as for positive words. Finally, an increase in the interfe-
rence for emotional words (either positive o negative words) as
word-fragmentation-level increases making easier to read the
word would favor the semantic hypothesis. That is, as more and
more information is accruing about the word presented at the scre-
en, interference and facilitation would increase.

Results

We re fer here just to two crucial results: The effect of stimu l u s
f rag m e n t ation and the effect of type of design on Stroop and emo-
tional Stroop interfe rence and fa c i l i t ation effects. In these ex p e ri-
ments lat e n cy was the main va ri abl e. The mean number of erro rs
was lower than 1% and was equally distri buted across ex p e ri m e n t a l
conditions. In bl o cked ex p e rimental designs, the expected Stroop in-
t e r fe rence and fa c i l i t ation effects we re found (p < .001). Incon-
gruent color- wo rds (mean 750 ms) we re processed slower than con-
t rol stimuli (mean 650 ms) while congruent color- wo rds (mean 560
ms) we re processed faster than control wo rds (all ps < .01). The va-
ri able level of frag m e n t ation was not significant as a main effect bu t
the interaction condition x frag m e n t ation level was significant (p <
.001). Level of frag m e n t ation did not influence the neutral condition
but it did the other conditions. Howeve r, interfe rence and fa c i l i t at i o n

we re obtained even at frag m e n t ation levels at wh i ch wo rds we re not
re a d able (frag m e n t ation levels 1 to 3). More ove r, interfe rence sho-
wed a linear trend and was the largest at frag m e n t ation level 8.

Similar results were found in the emotional Stroop task using
as well a blocked design. Condition was highly significant as a
main effect (p < .001). Incongruent trials were slower than all the
other conditions (congruent, neutral, positive emotional and nega-
tive emotional). Again, fragmentation level was not significant but
it was the interaction between the two variables (p < .001). Positi-
ve as well as negative emotional words showed equal amount of
interference. The linear trend suggests that as the possibility to
capture the emotional meaning increases so do interference. It se-
ems that emotional words capture attention independently of its
positive or negative valence. However, even at fragmentation level
2 at which is nearly impossible to read the word, interference was
about 85 ms. For negative and positive words a 20 ms interferen-
ce was found at fragmentation level 2 and increased to nearly 60
ms at fragmentation level 8 (the complete word). 

When in another ex p e riment a ra n d o m i zed ex p e rimental design
was used in wh i ch stimuli we re mixed across ex p e rimental condi-
tions and frag m e n t ation levels both va ri ables, condition and frag-
m e n t ation level we re significant (p < .001). The interaction betwe e n
these two va ri ables was also significant (p < .001). Th e re was not in-
t e r fe rence until level 4 (about 60 ms). Previous results from our la-
b o rat o ry showed that level 4 is the level at wh i ch objective ly the
wo rd was identifi e d. Stroop interfe rence increased linearly from le-
vel 4 to level 8 (150 ms) while Stroop fa c i l i t ation was not signifi c a n t .

Conclusions

In a series of ex p e riments we inve s t i gated the influence of sti-
mulus frag m e n t ation in interfe rence and fa c i l i t ation on Stroop and
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Figura 1. Examples of words used in the Stroop experiments showing the eight fragmentation levels from level 1, the most incomplete, to level 8 the com -
plete word. In the first row are shown congruent stimuli, in the middle row control stimuli, and at the bottom row incongruent stimuli
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S t ro o p - l i ke tasks. This manipulation allowed us to study the way in
wh i ch quantity of stimulus info rm ation influenced interfe re n c e
and/or fa c i l i t ation on selective attention tasks. More ove r, the mani-
p u l ation of ex p e rimental design (bl o cked ve rsus ra n d o m i zed) allo-
wed us to inve s t i gate whether or not exist a response set. The ra-
tionale was that when all trials corresponding to the same ex p e ri-
mental condition (e. g., incongruent condition) are presented in the
same bl o ck at diffe rent fragmented levels, observe rs will be pre d i s-
posed to respond in a certain way to stimuli that might appear at a
ve ry fragmented level. Our results suggest that the response set pro-
duced interfe re n c e, even at frag m e n t ation levels at wh i ch objecti-
ve ly it was impossible to cap t u re the wo rd semantic info rm ation. In
c o n t rast, when stimuli at all frag m e n t ation levels we re ra n d o m i ze d
a c ross ex p e rimental conditions, the response set disap p e a re d. In-
t e r fe rence started to be significant only at frag m e n t ation level 4 and
i n c reased linearly until level 8 (the complete wo rd). The fi n d i n g s
s h owed the importance of how diffe rent trials are presented to ob-
s e rve rs. The manipulation of the ex p e rimental design allows to pre-
dicting when response set will ap p e a r. In pre s e n t ations bl o cked by
condition, observe rs implemented a mental set that made re s p o n s e s
s l ower at congruent or faster at incongruent conditions. 

Our findings suggest that a mental set rise by stimulus expec-
tation is responsible for large amounts of interference and facilita-
tion under blocked conditions. Congruent and incongruent condi-
tions create a contextual effect in which more readable words in-
fluence expectations for less readable words. As a result, interfe-

rence and facilitation appeared when responding to stimuli that ob-
jectively are not seen. When expectations are aborted, interferen-
ce showed only when stimulus semantic information is enough to
make words readable. Moreover, interference increases linearly
until the presentation of the complete word. Note that precisely
this is the usual way of showing color-words in hundreds of expe-
riments using the Stroop paradigm.

Finally, it is important to specify the conditions under which a
response set influence performance because the differential effects
of expectations on attention are against theories of the Stroop ef-
fect based on automaticity. Moreover, as pointed out in the Intro-
duction, blocked versus mixed study conditions influence the role
of attention on implicit memory. The finding that in blocked study
conditions in which control of attention is more rigorous, memory
is only found for attended stimuli may serve to resolve inconsis-
tencies in the relationship between attention and memory literatu-
re. Contrary to the idea that automatic sensory processing without
attention deployment to the stimuli is enough for implicit but not
for explicit memory, recent findings may resolve inconsistencies
in the attention/memory literature. These findings suggest that im-
plicit memory as Stroop interference is not totally automatic.
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