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Facilitation and interference of the automatic information processing

on areaction time task to threat-relevant stimuli

José L. Marcos and Jaime Redondo*
Universidad de La Corufia and * Universidad de Santiago de Compostela

The purpose of this experiment was to study if the threat-relevant stimuli receive automatic processing
when presented effectively masked in a priming paradigm. The prime consisted of an angry face (A)
as threat-relevant stimulus and a face with neutral expression (N) as threat-irrelevant stimulus. The sa-
me stimuli (A and N) were used as target (or mask), giving four masking conditions (A/A, N/N, A/N
and N/A). Furthermore, the target was considered an imperative stimulus for areaction time (RT) task.
Thirty-two subjects were exposed to 10 trials of each masking conditions with a stimulus-onset
asynchrony (SOA) of 34 milliseconds (ms). The same number of subjects received the sametrials, but
with a SOA of 51 ms, this being an unmasking presentation of the stimulus. The results demonstrate
that an effective masking presentation of a threat-relevant stimulus produces either facilitation or in-
terference with the RT task, depending on whether the target (mask) is a threat-relevant or athreat-irre-
levant stimulus.

Facilitacion e interferencia del procesamiento automatico de la informacion sobre una tarea de tiem-
po de reaccion ante estimulos amenazantes. El objetivo de este experimento era estudiar si 1os esti-
mulos amenazantes reciben procesamiento automético cuando son presentados eficazmente enmasca-
rados en un paradigma de priming. El prime consistié en un rostro con expresion amenazante (A) y
una cara con expresion neutra como estimulo irrelevante de amenaza (N). Los mismos estimulos fue-
ron utilizados como target (0 mascara), dando lugar a cuatro condiciones de enmascaramiento (A/A,
N/N, A/N'y N/A). Ademss, €l target fue utilizado como un estimulo imperativo para unatarea de tiem-
po de reaccion (TR). Treinta'y dos sujetos fueron expuestos a 10 ensayos de cada condicién de en-
mascaramiento con una asincronia del estimulo (SOA) de 34 milisegundos (ms). Otros tantos sujetos
recibieron los mismos ensayos, pero con un SOA de 51 ms. Los resultados demuestran que la presen-
tacion eficazmente enmascarada de | os estimul os amenazantes produce facilitacion o interferencia con
latarea de TR, dependiendo de si €l target (méscara) consiste en un estimulo relevante o irrelevante

de amenaza.

One of the most influential models used to study the orienting
reaction (OR) has been that proposed by Ohman (1979) for infor-
mation processing. This model makes two basic assumptions.
First, it assumes the existence of two types of memory systems,
one short-term (STM) and one long-term (LTM). Secondly, it dis-
tingui shes between automatic and controlled information process-
ing (Schneider, Dumais and Shiffrin, 1984; Shiffrin, 1988; Shiffrin
and Schneider, 1977). It is a so assumed that there are preattentive
mechanisms that automatically process input information in rela-
tion to the content of the STM. When a significant stimulus —or
a stimulus failing to find a match in the STM— is encountered,
control over processing must be handed over to the central chan-
nel, which worksin the controlled processing mode. When control
is switched between the two modes of information processing, an
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OR is dlicited and the stimulus enters the focus of attention. The
OR was associated with «a call for processing resources» in the
central channel (Ohman, Hamm and Hugdahl, 2000, p. 546). In
the original model, the call and the associated OR were assumed
to have a preattentive origin (Ohman, 1979).

However, this assumption was later modified (Ohman, 1992,
19934, 1997, 2000) using the results obtained in a series of exper-
iments with masked stimuli that could only be processed at the
presttentive level. In accordance with the new formulation, only
the ORs to biologically significant stimuli have a preattentive ori-
gin, while ORs to neutral stimuli, that do not imply any degree of
biological threat, require central processing for its elicitation.

A scientific examination of this hypothesis requires the disso-
ciation of the physiological responses from the conscious percep-
tion of the stimulus. A procedure used to achieve this goal is back-
ward masking. This procedure is used to disrupt processing of a
target stimulus by an immediately following masking stimulus.
When the stimulus-onset asynchrony (SOA) between the target
stimulus (masked stimulus) and the mask is short (about 30 ms),
conscious recognition of target facial (Esteves and Ohman, 1993;
Esteves, Dimberg and Ohman, 1994) and small animal (snakes
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and spiders; Ohman and Soares, 1993) pictorial stimuli is effec-
tively prevented (see Ohman, 1999, for a discussion of the con-
ceptual and methodological implications of perceptual masking).
This procedure seems to allow quite complete analysis of the tar-
get stimulus, but prevents its conscious representation; that is, it
allows the dissociation of the automatic processing of the con-
trolled process, since it does not allow the subject to be conscious
of the presence of the stimulus (Marcel, 1983a; 1983b; for a re-
view, see Holender, 1986; Merike and Reingold, 1992).

Severa works on classical conditioning have demonstrated that
the masked presentation of a stimulus that has been previously con-
ditioned (CS+) can dlicit an electroderma conditioned response
(CR), even when complete processing is disrupted by masking. This
effect, however, only occurred when the masked CS+ was afear-rel-
evant stimulus. These results indicate that only an automatic pro-
cessing of the fear-relevant stimuli is necessary for a previously ac-
quired electroderma CR to be produced (Esteves, Dimberg and
Ohman, 1994; Ohman, 1986, 1992; Ohman and Soares, 1993, 1994;
Parra, Esteves, Flykt and Ohman, 1997; Saban and Hugdahl, 1999).

The idea that there are perceptua systems geared to pick up po-
tentid threats from the environment at a very early stage of infor-
mation processing has also been tested by procedures involving re-
action time (RT) tasks (see Hansen and Hansen, 1988; Ohman,
1997). As Ohman (1997) indicates, «these results are consistent with
the notion that there is a perceptual system that automatically and
preattentively focuses attention on potentialy threatening stimuli,
where the threat has alikely originin biological evolution» (p. 176).

The assumption of automatic and controlled processes places
the reformulated model of Ohman (1997) within the contemporary
theories of attention. Among these theories, of special importance
is the formulation of Schneider and Shiffrin (Schneider, Dumais
and Shiffrin, 1984; Shiffrin, 1988; Shiffrin and Schneider, 1977),
mentioned above. After reviewing the corresponding empirical ev-
idence, Shiffrin (1988) points out two characteristics of the auto-
matic and controlled processes that are especialy interesting for
our purposes. 1) some automatic processes may trigger attentive
processes (such as automatic calls to the attention system) (p.
772), and 2) when a process produces interference with attentive
processes despite the subject’s attempts to eliminate the interfer-
ence, then the process in question is surely automatic (p. 765), as
occurs, for example in the Stroop phenomenon (Stroop, 1935).

These characteristics suggest that it is possible to determine if
astimulus has received automatic processing by considering its ef-
fects on the processing of a subsequent stimulus, presented imme-
diately after.

Hence, the objective of this investigation is to demonstrate if
only biological and emationally significant stimuli (such as threat-
ening stimuli) receive automatic processing, evaluating its effects
of facilitation or interference on a task requiring controlled pro-
cessing of a second stimulus (priming).

For this, a procedure will be used that combines backward
masking with a reaction time secondary task in a priming para-
digm (Shiffrin, 1988, pp. 770, 771). The backward masking pro-
cedure is used to assure the automatic processing of a prime. The
prime will consist of a picture of an angry face (as threat-relevant
stimulus) or a picture of the same face, but with a neutral expres-
sion (as threat-irrelevant stimulus). Then, with a 34-ms SOA the
target will be presented for 2.000 ms, acting as a mask of the
prime. The target constitutes the imperative stimulus for an RT
task. The same two pictures of the angry and neutral faces will be

used as target. The task of the subject consists in pressing the
white key as quickly as possible when the target consists of the an-
gry face, or the red key for the neutral face. The correct perfor-
mance of this task requires a controlled processing of the target.
From these objectives, the following hypotheses are formul ated:

1) When the prime and the target are the same stimulus, the RT
to the target will be shorter when this stimulus (the target) is
threat-relevant than when it is threat-irrelevant. At the base
of this hypothesis is the assumption that the automatic pro-
cessing of the threat-relevant stimulus will prime the con-
trolled processing of this same stimulus when it is present-
ed immediately, unmasked.

2) If the masked prime and the target (mask) are different stim-
uli (angry or neutral faces), the RT will be shorter when the
prime isthreat-irrelevant (neutral face) than when this stim-
ulus is threat-relevant (angry face). Indeed, if the masked
prime is threat-irrelevant it will not receive automatic pro-
cessing, so, it will not affect the controlled processing of the
target (angry face), that constitutes the imperative stimulus
for the RT task. However, if the prime is threat-relevant, it
will quickly be detected and processed by preattentive
mechanisms; this processing will produce interference with
the controlled processing of the target that consists of the
neutral stimulus. The interference will be reflected in a
slowing down of the RT.

Method
Participants

Subjects were 64 undergraduate volunteers, ages 20-30. All re-
ceived class credit for their participation in the experiment. An ad-
ditional 3 subjects were rejected for giving RTs in anticipation of
the imperative stimulus.

Simuli, materials and apparatus

The prime and target stimuli consisted of the image on a com-
puter screen of a female face showing either an angry or neutral
expression. Both stimuli were used indistinctively as prime and
target. These pictures were taken from the book of Ekman and
Friesen (1975). The pictures were processed using «lrfanView»
software to equate their visual properties of resolution, size and
color. The size of each image on the computer screen was 75 x 105
mm (millimeters).

Stimulus onset and offset, SOA, and inter-trid intervals were
controlled by an IBM-compatible microcomputer, with MEL Pro-
fessional software (Rodgers, Schneider, Pitcher and Zuccolotto,
1996; Schneider, 1996).

The RT task consisted in pressing a red key when the neutral
face appeared and awhite key when the angry face was presented.
The keys were connected to the MEL Professional system, which
allowed for the computerized register of the RTs, with a precision
of 1 ms.

Variables and design

The prime and target were an angry face and a neutral face.
Each of the two stimuli could be presented as prime or as target.
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This meant that in some assays of backward masking the same
stimulus used as prime could appear as target, while in other as-
says the prime and the target were different stimuli. Hence, the
correspondence between the prime and target was afirst indepen-
dent variable, with two levels. congruent, when the prime and tar-
get are the same stimuli, and incongruent, if they are different
stimuli. The biological and emotional relevance of the prime was
another independent variable, with two levels: angry face (A), as
threat-relevant stimulus, and neutral face (N), as threat-irrelevant
stimulus. Therefore, the backward masking can be achieve by four
possible combinations of the prime and target (A/A, N/N, A/N,
and N/A).

All subjects received 10 trials of each masking condition in
random order. Thus, correspondence, relevance of prime, and tri-
als were three within-subjects factors with repeated measures.

To adequately isolate the effects of facilitation or interference
of the automatic processing of the prime, the subjects were divid-
ed into two groups of 32 subjects in each, that differed according
to the SOA used (34 ms and 51 ms) during the backward masking.
The choice of the SOAs was established as a function of two cri-
teria: the characteristics of the hardware used and previous re-
search on this topic.

Regarding the hardware, the ‘refresh rate’ of the color monitor
used to display the stimuli determined that the minimum SOA was
17 ms. To coordinate the timing of the prime and target displays
with each other and also with the start of the response timing, the
guidelines of Mogg and Bradley (1995) were followed. Conse-
quently, the SOAs used (34 and 51 ms) were whole multiples of
the minimum SOA.

Furthermore, there is abundant empirical evidence suggesting
that the use of SOAs near 34 ms prevents the conscious recogni-
tion of the prime. Most of this research was developed in the the-
oretical framework of the Ohman model using the backward
masking procedure with angry and neutral faces as prime and tar-
get stimuli (Esteves and Ohman, 1993; Esteves, Dimberg and Oh-
man, 1994; Ohman, 1999). However, it seems clear that a SOA
near 50 ms does not prevent the conscious recognition of the prime
(Ohman, 1997; Ohman and Soares, 1993; Stone, Valentine and
Davis, 1991).

Hence, it is assumed that the group with the 34-ms SOA carries
out an automatic processing of the prime only when the stimulus
is threat-relevant (A/N and A/A conditions), whereas the 51-ms
SOA is sufficiently long to allow for the identification or process-
ing in the central channel of the prime, when it is a threat-relevant
stimulus aswell aswhen it isathreat-irrelevant stimulus. The con-
trolled processing will produce an interference effect, both under
the A/N condition and the N/A condition. That is, the use of an
SOA of 51 ms constitutes an unmasking condition. Therefore,
SOA was a between-subjects factor with two levels: 34 and 51 ms.

The dependent variable was the time (RT) it took the subject to
press the key when shown the neutral face or the angry face. The
experiment was thus designed according to a2 (SOA) x 2 (corre-
spondence between the prime and target) x 2 (relevance of prime)
x 10 (trias) factorial model with repeated measures on the last
three factors.

Procedure

For the experiment, the subject would sit in front of a comput-
er screen placing hisher dominant hand on the response box.

Then, the instructions would appear on the computer screen, in-
forming the subject to press as quickly as possible, the white key
when the face of athreatening woman appeared on the screen, and
the red key when the same face was presented but with a neutral
expression. To help the subject become familiarized with the task,
two practice trials, one with each image, were done.

Then, if the subject had no doubts about the task, the backward
masking trials would begin. The sequence of trials was run ran-
domly, with the restriction that none of the four masking condi-
tions could be presented more than two consecutive times. The in-
terval between trials was 10 seconds.

When the experiment was finished, the subjects from both
groups were asked questions to confirm whether the backward
masking procedure had avoided the processing of the prime in the
central channel. The questions were general and avoided giving
any type of information about the prime/target combinations used
in the experiment. So, first, the subjects were asked to describe
what they had seen on the screen. If they indicated having seen
something before the target, they were asked to describeit. In cas-
es where they commented having seen another face before the tar-
get, they were asked to specify what the face was like.

Scoring and analysis

Reaction times were scored automatically using aMEL Profes-
sional system. To evaluate the reliability of effects on the RTS,
ANOVAs were calculated. Greenhouse-Geisser epsilon correc-
tions were used to adjust probabilities for repeated measures ef-
fects (Jennings, 1987). Test of multiple mean differences were cal-
culated by apriori t-test formula, corrected for degrees of freedom
(Kirk, 1968). A rejection region of p<0.05 was used for al main
effects and interactions.

Results

The subjects’ answers to the questions asked at the end of the
experimental session revealed that in the 34-ms SOA group none
of the subjects adverted that before the imperative stimulus of the
RT task another image was presented during a brief period of time.
However, in the 51-ms SOA group, 84% of the subjects stated they
had seen (or thought they had seen) the prime.

Reaction time data were subject to a mixed-model ANOVA.
The factors included in the analysis were SOA x correspondence
between the prime and target x relevance of prime x trials. This
ANOVA vyielded a significant main effect of correspondence be-
tween the prime/target, [F(1/62)= 22.41, p<0.01], the A/A condi-
tion being where the subjects responded more quickly (M= 623),
and the A/N condition showing slower RTs (M= 682). There was
agenera diminution of RTs over trials, [F(9/558)= 41.86, p<0.01,
e= 0.67].

The interaction between correspondence of prime/target and
relevance of prime was highly significant, [F(1/62)= 26.56,
p<0.01]. The apriori tests showed significant differencesin al the
possible prime/target combinations, except between the N/N and
N/A conditions. The interaction between SOA, correspondence of
prime/target, and threat-relevance of prime was also significant
[F(1/62)= 6.98, p<.05]. The post-hoc test to analyze this interac-
tion revealed that the 34 SOA group exhibited a faster RT in the
N/A masking condition than the 51 SOA group [F(1/62)= 7.08,
p<0.01, ¢= 0.62]. The groups did not differ significantly in re-
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sponding to the other three masking conditions. In Table 1 the
means and standard deviations of the two groups in the four mask-
ing conditions are seen.

Separate analyses for each of the SOA groups with correspon-
dence of prime/target, threat relevance of prime, and trials as the
factors were carried out. Results of ANOVA for the 34 SOA group
showed that the main effect of correspondence between the prime
and target was significant [F(1/31)= 6.76, p<.05], but the prime rel-
evance effect was not. However, the interaction between these fac-
tors was highly significant, [F(1 /31)= 25.91, p<0.01]. As seenin
Table 2, comparisons using apriori testsreveaed highly significant
differences between N/N and A/A [(F(1/31)= 12.35, p<0.01)], A/N
and N/A [(F(1/31)= 13.57, p<0.01)], and A/N and A/A [(F(1/31)=
28.29, p<0.01)] masking conditions. In addition, a significant trials
factor effect was observed, [F(9/279)= 35.79, p<0.01, e= 0.54],
which was caused by adiminution in RT with trials.

The2 x 2 x 10 ANOVA (prime/target correspondence x threat-
relevance of prime x trials) with RT data from subjects of the 51
SOA group showed that the main effect of correspondence be-
tween the prime/target was significant [F(1/31)= 15.93, p<0.01.
However, a significant effect was not detected for prime rele-
vance. The a priori tests indicated that all comparisons were sig-
nificant, except for the comparison between A/N and N/A mask-
ing conditions. Asin the previous ANOVAs, amain effect of trials
was also observed. None of the interactions were significant.

Discussion

The experimental results show that the previous presentation of
the masked prime (34 ms SOA) affectsthe RT task to atarget stim-
ulus that serves as mask. This effect can be seen as either as a
diminution or an increasein the RT to target, depending on two in-
terrelated factors: 1) The biological and emotional relevance of the
prime (an angry face as threat-relevant stimulus versus a face with
a neutral expression as threat-irrelevant stimulus) and 2) the cor-
respondence between the prime and the target, that is, if dealing

Table1
Mean and standard deviation of the RT data for each masking condition
in the 34-ms SOA and 51-ms SOA groups

SOA MASKING CONDITIONS

N/N A/A N/A AN

M SD. M SD. M SD. M SD.

34ms 655 12 612 9 632 115 677 122
51ms 660 129 634 105 684 134 687 119

Table2
F-Values obtained in the comparisons of masking conditions in the 34-ms SOA
group (in bold) and in the 51-ms SOA group (in italics). *p<.05; ** p<.01

N/N AIA N/A AN
N/N - 12.35+* 3.53 325
AIA 6.33* - 2,67 28.29+*
N/A 5.85* 24.36%* - 13.57%*
AIN 7.08* 26.82+* 0.06 -

with the same stimulus, or with two stimuli of different biological
and emotional significance. The two possibilitieswill be discussed
Separately.

Correspondence between the prime and the target . When a 34-
ms SOA is used the RT is shorter when the target stimulus is
threat-relevant (A/A condition) than when it is threat-irrelevant
(N/N condition). This indicates that the prime is processed preat-
tentively, but only when this stimulus is threat-relevant. The auto-
matic processing of this stimulus primes the emission of a faster
RT to this same stimulus when it is presented immediately after as
imperative stimulus (target).

In the 51-ms SOA group the same effect is observed, although
more attenuated, since in this group the prime receives controlled
processing, when it is threat-relevant, as well as when it is threat-
irrelevant. Nonetheless, the fact that the subjects respond faster to
the A/A than to the N/N masking condition seems to indicate that
the relevant biological and emotional stimuli are processed more
quickly, as the experiments of Hansen and Hansen (1988) and of
Ohman (1997) show. Therefore, the big difference between these
two conditions, in the 34-ms SOA group, could be due to the ad-
ditional facilitation effect of the automatic processing of the prime
in the A/A masking condition.

The prime and target have different biological and emotional
relevance. When the prime and the target are different, various ef-
fects are observed in the 34-ms SOA group.

First, a clear dowing down of the RT is observed when the
prime is threat-relevant (A/N masking condition), in relation to
what occurs when the prime and the target are the two threat-rele-
vant stimuli (A/A masking condition). This result is consistent
with the idea that the prime has been processed preattentively, cre-
ating a response disposition to this stimulus. If the target is the
same stimulus, the RT will be shorter because it has previously
been processed. However, if the target is different, the response
disposition produced by the automatic processing of the primein-
terferes with the adequate response to the new imperative stimulus
(the target), which is reflected by a lowing down of the RT.

On the other hand, when the prime is threat-irrelevant a signifi-
cant difference in responding to the target is not detected, indepen-
dently of whether the target be the same stimulus (N/N masking
condition) or a threat-relevant stimulus (N/A masking condition).
This result suggests that the prime has not received automatic pro-
cessing, since it does not produce an interference or a slowing

700 7
675 —
650 —
625 —

600 —

Reaction Time (milliseconds)

575 .
34 ms SOA 51 ms SOA

Own Oaa Enva EAN

Figure 1. Mean reaction times for each masking condition in the 34-ms
SOA and 51-ms SOA groups
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down of the RT in the N/A condition compared with the N/N con-
dition. Thisresult constitutes further proof that only the relevant bi-
ological and emotional stimuli receive automatic processing when
they are effectively masked.

In total agreement with the previous explanations, the results
also show that when the prime and the target are both of different
biological relevance, the subjects take longer in responding when
the prime is threat-relevant (A/N masking condition) than when it
is athreat-irrelevant stimulus (N/A masking condition). Again the
results are consistent with the explanation that only the threat-rel-
evant stimuli are processed preattentively when they are masked,
producing interference in the response (slowing down of the RT)
when the imperative stimulus (the target) has different biological
and emotional significance. However, when the masked primes
are neutral, automatic processing is not received, and therefore
they do not interfere with the RT task to the target, even if this
stimulusiis of different biological significance.

The results obtained in the 51-ms SOA group support thisin-
terpretation of the results. As observed in Table 2, the subjects
take longer in responding when the prime and the target are of
different biological and emotional relevance, with respect to what
occurs when they are the same stimulus, independently of
whether the prime is a threat-relevant or a threat-irrelevant stim-
ulus. The explanation is very simple: a 51-ms SOA is sufficient-
ly long to alow for controlled processing of the prime, indepen-
dently of its biological and emotional significance. In agreement
with the considerations of Shiffrin (1988), the controlled process-
ing of the prime will produce interference with the processing, al-
so controlled, of the imperative stimulus (target). This interfer-
ence is reflected in a slowing down of the RT. Moreover, the fact
that adifferenceis not detected between N/A and A/N conditions
supports this same interpretation, since it is assumed that in both
cases the prime receives controlled processing, in the central
channel, such that interference with the RT task in both condi-
tions will be produced.

Other considerations. Finally, the results of the general ANO-
VA (SOA x correspondence of prime/target x relevance of prime
x trials) show that the subjects exhibit the fastest RT to the A/A

condition, which could be explained as being a result of the addi-
tion of the two effects: the facilitation effect of the prior process-
ing of the prime and the effect of a faster processing of the target,
since it is a biologically relevant stimulus (Hansen and Hansen,
1988). On the other hand, the slowest RT is produced in the A/N
condition, which can easily be explained as being a result of the
interference of the prior processing of the prime to the controlled
processing of the target. Moreover, the post-hoc test to analyse the
interaction between SOA and masking condition showed that the
34-ms SOA group exhibited afaster RT in the N/A condition than
the 51-ms SOA group. This result can adequately be explained by
recurring once more to the fact that in the 34-ms SOA group the
prime has not received any type of processing, sinceiit is a threat-
irrelevant stimulus, hence, it will not interfere with the later pro-
cessing of thetarget. However, in the 51-ms SOA group, the prime
receives controlled processing that interferes with the later pro-
cessing of the target, since it isa stimulus with different biological
and emational significance.

In conclusion, the results confirm the two hypotheses formu-
lated in this experiment and are consistent with the assumption of
the model of Ohman (1992, 1993a, 1997) that only the biological-
ly significant stimuli receive automatic processing. Also, in accor-
dance with the predictions derived from the model of Schneider
and Shiffrin (Schneider, Dumais and Shiffirn, 1984; Shiffrin,
1988; Shiffrin and Schneider, 1977), it was possible to prove that
the automatic processing of the stimulus can prime the controlled
processing of the same stimulus when it is presented right after, or
it can interfere with the processing of other stimuli of different bi-
ological significance.

Lastly, it is worth noting the importance of the experimental
technique used in this investigation. As described before, this
technique derives from the combination of the procedure of back-
ward masking of the prime with atask of RT to the target. There-
sults show that this technique is highly effective in isolating the
automatic processing from the controlled processing, and also ex-
hibits an elevated sensitivity to the effects of facilitation and inter-
ference of the processing to RT tasks. Due to these characteristics,
its use in future investigations is recommended.
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