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Competition Makes You Better or Worse: Different Processing for

Positive and Negative Emotional Words.

Shuo-Heng Li

Abstract

Mounting evidence has shown that emotion-laden stimuli are processed more
efficiently than neutral ones; for example,.emotional words (negative and positive) are
better identified than neutral words under data-limited conditions. However, it
remains unclear whether negative and positive emotional words have the same or
different processes. Here we report a series of experiments to examine whether there
is a difference in processing emotional words with single words and with two
competitive words. In Experiment 1, we replicated Zeelenberg, Wagenmakers, and
Rotteveel (2006) ’s study by using a two-alternative forced-choice (2AFC) perceptual
identification task but changed the stimuli from English words to two-character
Chinese words. In Experiment 2, we presented two words (a target word and a
competitive word) briefly in the target display to examine the processing of emotional
words in the two-competitive-words condition. One positive or negative word was

paired with one neutral word in Experiment 2a and 2D, respectively. Results showed a



competitive advantage for negative target words. In contrast, positive target words

were processed more efficiently when they were paired with a neutral competitive

word than a positive competitive word. In Experiment 3, we mixed all types of

emotional words (negative, positive, and neutral) in the same experiment. Similar

results as in Experiment 2 were found: negative-negative pair had the highest

accuracy and positive-positive pair had the lowest accuracy. In Experiment 4, we used

a dot-probe task in addition to the original 2AFC task to examine the participants’

attentional distribution. Results showed a faster response to the dot-probe when it was

presented at the location of the negative word, indicating its enjoyment of more

attentional resource. The overall results suggest that while negative words capture

attention, positive words expand attentional span and facilitate the whole context.

However, sometimes more is less—the effects of two positive words offset each other.

The different results of positive and negative emotional words may be caused by

different allocation of attentional resources.

Keywords: emotion, attentional resource, competition
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Introduction

Emotion affects information processing due to its highly relevance to survival

and thus is ecologically important. Earlier studies have shown that emotional stimuli

are easier to grasp people's attention than non-emotional stimuli (Macleod, Mathews,

& Tata, 1986; Ohman, Flykt, & Esteves, 2001; Yiend, 2010) and that emotion-laden

stimuli are processed more efficiently than neutral ones (Kissler, Herbert, Peyk, &

Junghofer, 2007; Yiend, 2010; Zeelenberg, Wagenmakers, & Rotteveel, 2006). Since

emotion is often related to important decisions relevant to survival (e.g., fear of

danger, relax of security, etc.), effective processing of emotional stimuli has an

advantage; it prompts us to make appropriate responses more quickly under critical

situations and thus increases the chance for survival in the long run.

Earlier studies showed that people are prone to process negative emotions—A

phenomenon attributed to “attentional bias” (Macleod, Mathews, & Tata, 1986). For

example, compared to neutral stimuli, negative emotional stimuli can be searched

more efficiently (Hansen & Hansen, 1988; Ohman, Flykt, & Esteves, 2001; Ohman,

Lundqvist, & Esteves, 2001) and a subsequently presented dot probe at their location

can be detected faster (Mogg, et al., 2000). Nevertheless, some studies have also



suggested that positive emotional stimuli can be processed as efficiently as negative

stimuli do (Brosch, Sander, Pourtois, & Scherer, 2008; Calvo & Nummenmaa, 2008;

Kissler & Koessler, 2011).

Despite the ability in capturing attention, recent studies indicated that processing

emotional stimuli are not automatic, but rather, it requires attention. Pessoa, Padmala

and Morland (2005) found in their fMRI data that when emotional stimuli lose their

advantage of processing under the situation of limited attentional resources, the

amygdala response to emotional stimuli became weakened. Tomasik, Ruthruff, Allen

and Lien (2009) used a dual-task paradigm to restrict the central attentional resources,

and their results also suggest that emational pracessing of faces is not fully automatic

but needs attention. Meinhardt and Pekrun (2003) used event-related potentials (ERPS)

and showed that the P3 amplitude--which is regarded as the allocation of resources to

task-processes--induced by an auditory oddball discrimination task was smaller when

participants viewed series of emotional pictures (compared to neutral ones) that

drained off task-related attentional resource.

The advantage of emotional stimuli compared to neutral ones is shown to occur

at early perceptual encoding level, rather than resulting from response selection bias

(Anderson & Phelps, 2001; Zeelenberg, et al., 2006). Zeelenberg, Wagenmakers and

Rotteveel (2006) presented a target word for a very brief duration (on an average of



26 ms), followed by a mask, and then a target frame that contained the target word

and a foil word. Their participants had to choose the one that they just saw before.

They found that both positive and negative words had better recognition accuracy

than neutral words. They reasoned that such an emotional-word advantage could be

caused either by enhanced perceptual encoding of emotional stimuli or response

biases that implicitly directed to emotional words. They tested this difference by using

a data-limited method (Norman & Bobrow, 1975) in which stimuli were presented for

only a limited time, and then compared the accuracy of different types of emotional

target words (positive, neutral, and negative) that were paired with different types of

emotional foil words (positive, neutral, and negative). Their results showed that

emotional valence of foil words did not affect recognition accuracy of the target

words, supporting the perceptual enhancement hypothesis. In addition, ERP studies

also indicate larger amplitudes of both positive and negative emotional words,

compared to neutral words, from early cortical areas (Kanske & Kotz, 2007; Kissler,

et al., 2007; Scott, O'Donnell, Leuthold, & Sereno, 2009). Taken together, these

studies suggest an early-enhanced effect of emotional stimuli that leads to an

advantage of processing.

Although previous studies have shown advantages of processing emotional stimuli,

whether there is a difference in processing positive and negative words still remains



elusive. In fact, there are few studies investigating the effect of positive emotional

stimuli (Anderson & Phelps, 2001; Ohman, Flykt, et al., 2001; Pessoa, et al., 2005) or

comparing the performance difference between positive and negative stimuli. Brain

imaging studies have shown that positive and negative emotional stimuli activate

different brain areas (Davidson, 2003), which suggest that positive and negative

emotional stimuli could have different processing mechanisms. Indeed, some studies

found different performance by inducing positive or negative emotional states of the

observers by films or music and thus inferred different mechanisms for positive and

negative emotional states (Fredrickson & Branigan, 2005; Rowe, Hirsh, & Anderson,

2007). However, other behavioral studies-found no difference in performance between

positive and negative emotional stimuli (Kissler, etal.;, 2007; Zeelenberg, et al., 2006).

For those studies that found no difference between positive and negative stimuli

(Kissler, et al., 2007; Zeelenberg, et al., 2006), the participants only had to process a

single target once at a time for lexical decision or word recognition. However, for

those studies that demonstrated a difference between positive and negative stimuli

(Hansen & Hansen, 1988; Mogg, et al., 2000; Ohman, Lundqvist, et al., 2001),

multiple stimuli were presented in the display simultaneously. We suspect that such

multiple-stimuli display may have caused a competition for limited attention

resources. Mogg et al. (2000) used a dot-probe task in which two images were



presented on the screen and their participants had to do a speeded response to the
probe appearing at the location that one of the two images was just presented before.
The results showed a shorter probe detection time for negative images, suggesting a
competitive advantage for attentional resources of negative stimuli, but not positive
ones. 0 hman, Lundqvist and Esteves (2001) used a visual search task also found that
both positive and negative face detection in a crowd of neutral faces were
significantly faster than neutral faces. However, when participants had to detect a
negative face among positive crowds, the reaction time was faster than to detect a
positive face among negative crowds. This result. may be caused by competition for
limited attentional resources of positive and negative stimuli.

We consider the competition.of emotional stimuli for limited attentional
resources important for the following reason. The biased competition theory
(Desimone & Duncan, 1995) states that all images presented on the visual receptive
fields would have opportunities to trigger the responses of the visual neurons.
However, when there are two or more stimuli dealt by the same neuron or by the same
local region of the visual cortex, these stimuli will begin to compete for the same
resource. And the results of such competition will be influenced by top-down and
bottom-up processing collectively. According to the biased competition theory, the

processing of the emotional words in the multiple stimuli situation will compete for



the limited attentional resources and finally cause a performance difference between

positive and negative stimuli due to their unequal competitive advantage. However, in

the single word situation, it is possible that the attentional resource allocates to each

emotional word equally to lead to the same performance for positive and negative

stimuli. This is simply because there is no competition for attentional resource

between positive and negative stimuli.

In this study, we examined whether there is a difference in processing emotional

words in the single-word condition (Experiment 1) and in the two-competitive-word

condition (Experiment 2, 3 and 4). We adopted the-two alternative-forced-choice (2

AFC) task similar to that used in Zeelenberg et al. (2006) by presenting the emotional

words very briefly (the data-limited method), and used. two-character Chinese words

instead of English words. After successfully replicating the results as in Zeelenberg et

al. (2006) using Chinese words in Experiment 1, we presented two words (one as the

target word and the other as the competitive word) in the target display and then soon

masked them in Experiments 2 to 4. There were also two words on the screen at the

end of each trial. One was the same as the target word presented before, and the other

was a foil word. Participants had to choose one word that they just saw earlier and

their response accuracy was recorded. By manipulating the competitive situations of

multiple words, we hope to simulate a presentation display that is more close to what



is seen in daily life, with more ecological validity and find the difference between
positive and negative emotional effect that may be caused by limited attentional
resources. Moreover, according to the argument of data-limited information methods
and the manipulation of target and foil proposed by Zeelenberg et al., we aim to show
that the different processing mechanisms between positive and negative emotion
words caused by the competition of limited attentional resource is the enhanced
perceptual encoding of emotional word but not response bias. We can also investigate
whether different pairing of emotional words (positive-positive, positive-neutral,

negative-negative, negative-neutral, neutral-neutral) will lead to different results.



Experiment 1

In order to test our incredulity that whether there is a difference in processing of
emotional words in the single-word condition and in the condition of two mutually
competitive words, we used the same method as in Zeelenberg et al. (2006). They
used English words as stimuli to test that the emotion effect is caused by perceptual
enhancement but not response bias. The different stimuli used in our study may cause
different results and thus, in Experiment 1, we intended to replicate their study by
using Chinese two character words. We predict the same result in this study:

Emotional Chinese words also enhance perceptual processing as English words do.

Method

Participants

Thirty undergraduate students at National Taiwan University participated in
Experiment 1 for extra course credits. All of them were with normal or

corrected-to-normal vision.



Apparatus and Stimuli

E-Prime 1 (Psychological Software Tools) was used to control the experiment on a
personal computer with a 19” CRT screen (100-Hz refresh rate). The participants
conducted this experiment in a small chamber, with their head fixed at a chin rest at a
viewing distance of 50 cm.

All the words were presented in black with a white background (Figure 1). Initially
each test trial started with the presentation of a column of minus sign (5.06° x 2.39°)
at the center of the screen to serveas a-warning-sign that prompted the location of the
upcoming word for 400 ms. A square (4.49°%x2.33°) was then presented at the center
for 250ms and it was changed into a thick frame square (4.43°x2.30°) as a cue for the
incoming word (3.90° x2.09°) for 50ms. After the word was presented, a mask
(5.06°x2.39°) constituted by four random-stroke patterns immediately covered the
word for 300ms. In the final frame, two words—one target and one foil—were
presented at either side of the central meridian with equal probability at the
eccentricity of 4.56°. This display would stay until the participant made a 2AFC

response as to which was the target (e.g., the left word in Figure 1).

----------------------------- Insert Figure 1 about here-------
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Design

The words used in this study were selected based on the Ministry of Education
Word Frequency database in Taiwan. There were 244 words, four was used in the
instruction phase (two were assigned randomly as targets and the others were foils),
96 in the practice phase, and 144 in the experimental phase.

There are 2 trials formed by 4 neutral words that randomly used as targets or foils
in the instruction phase. In the practice phase, 96 neutral words were divided to two
groups, one served as target words and-the other as the foils. There was no significant
difference in word frequency between these two groups. (F(1,94) = 0.023, MSE =
37.467, p > .88, 5% <.0001). There were'48 trialsiincluding 4 blocks of 12 trials each
in practice phase. In the experiment phase, each emotional type (negative, neutral and
positive) contained 48 words that were chosen from a pre-rating by 30 participants on
a valence scale of 1 (most negative) to 7 (most positive) ratings and a arousal scale of
1 (most weak) to 7 (most strong) ratings (Appendix A). The two scales were rated
separately. The rating results showed main effects of valence (F(2, 58) = 115.316,
MSE = .490, p < .01, #° = .799) and arousal (F(2, 58) = 30.149, MSE = .719, p < .01,
n? = .510). A post hoc Tukey test showed that, the valence scores among negative

words, neutral words and positive words were significantly different from each other

10



((58,3).05 =3.404, MSE = 0.490, C(.05) = 43.5%) and both positive and negative
words had higher arousal rate than neutral ones ((58,3).05 =3.404, MSE = 0.717,
C(.05) = 52.7%). There were no significant differences in word frequency (F(2,94)
= 404, MSE = 33.471, p = .669, 5> = .009) with 12 and 62 times per million words
and stroke count (F(2,190) = .122, MSE = 6.010, p = .885, 5° = .001) with the stroke
count between 4 and 24.

A target from one of the three emotion types (negative, neutral, and positive) was
paired with a foil from one of the three categories, giving rise to nine (3 x 3)
conditions, with eight target/foil pairs.in each condition. We divided each emotional
type of words into 6 groups equally. Halfof them were used as the target words paired
with three emotional types of foil.- words separately, and the others would be used as
foil words paired with three emotional types of target words. When words in a set
served as targets, this set paired with negative, positive, and neutral foils. When the
same set served as foils, it paired with negative, positive, and neutral targets. Further,
to make each word pair with the words from all categories, the six sets of words in
each category rotated to serve as targets and foils, rendering six combinations, each

being assigned to a group of participants.

11



Procedure

The experiment consisted of three phases: instruction, practice, and experiment.

Each trial began with a row of minus signs arranged vertically as warning signal for

400 ms. An outline square was presented for 250 ms afterwards, followed by a 50 ms

cue, and then the target word was presented. Before the experiment, an instruction

phase was given during which each word was presented on the screen for 200 ms to

familiarize the participant with the task. This was followed by a practice phase in

which all word were presented within 20 ms that came from pilot study to maintain at

about 75 % accuracy. In the experiment phase the target presentation time was the

same as was in the practice phase. It was saon masked for 300ms, and finally entered

into the response frame until the participant pressed the key to indicate the target.

Participants had to press the ‘‘z’” key with their left index finger to indicate they

thought that the word on the left was the target word, press the “*/*” key with their

right index finger to indicate that the word on the right was the target word.

After completion of the 2AFC task, the participant had to finish the valence ratings

for the words used in the experiment using a 1 (very negative) to 7 (very positive)

scales. This manipulation check was to ensure that the participants who conducted the

experiment rated the three categories of the words (positive, neutral, and negative)

similarly as in the pre-rating task which was conducted by another group of

12



participants.

Results and discussion

The ratings of emotion valence were significantly different among the three types
of emotional words (F(2, 58) = 579.328, MSE =.117, p < .01, 5% = .952). A post hoc
Tukey test showed that, there are significant different among negative words, neutral
words and positive words ((58,3).05 =3.404, MSE = 0.117, C(.05) = 21.3%). We
conducted a three (target: negative, neutral, or pesitive) by three (Foil: negative,
neutral, or positive) two-way repeated measures analysis of variance (ANOVA). There
was a main effect of target type (F(2, 58) = 4.858, MSE = .17, p = .011, npz =.143),
but no main effect of foil type (F(2,58) = .622, MSE =.022, p = .541, npz =.021) and
no interaction (F(4, 116) = 1.268, MSE = .024, p = .287, npz =.042). A post hoc
Tukey test showed that, the positive and negative emotional target words both had
higher accuracies than neutral target words ((58,3).05 =3.404, MSE = 0.016, C(.05) ,
= 5.8%) (Figure 2), and no difference was found for the accuracies between positive

and negative emotional target words.

----------------------------- Insert Figure 2 about here-------

13



In Experiment 1, we replicated the work of Zeelenberg et al. (2006) by using

Chinese two-character words. We demonstrated that Chinese emotional words that

were presented alone also received deeper processing than neutral words, consistent

with what was found in the study using English words (Zeelenberg, et al., 2006).

14



Experiment 2a and 2b

In Experiment 2, we examined whether there is a difference in the processing of
positive and negative emotional words under two competitive words. We used the
same procedure as in Experiment 1, but presented two words (a real target and a
competitive target). We compared positive and neutral words in Experiment 2a, and
compared negative and neutral words in Experiment 2b. If the competitive situation
is the reason why positive or negative emotional words advantage were discovered,
then the different performances in the two tasks should demonstrate the different

processing mechanisms for positive and negative words.

Method

Participants

Twenty-eight college students participated in Experiment 2a and 2b respectively for
extra course credits. They were recruited from National Taiwan University and all of

them have normal or corrected-to-normal vision.

15



Apparatus and Stimuli

In Experiment 2, two words (one target word and one competitive target word)

were presented (Figure 3). The row of minus signs in the warning signal and the mask

characters were also changed from one column to two columns accordingly. The

outline square and the cue were replaced by a 4.49°x4.66° square and a 4.43°x4.60°

square to cover these words. The refresh rate was also changed from 100-Hz to 75-Hz

and the two words were presented within 26 ms that came from a pilot study that

showed that this was the time for maintaining-at about 75 % accuracy.

----------------------------- Insert Figure 3-about here-------

Design

In Experiment 2a and 2b, only positive words and negative words that paired with

neutral words were used respectively. In addition, we had already shown that the

advantage of emotional words was caused by perceptual enhancement but not

response bias, and thus we did not manipulate the emotional type of the foil words in

this experiment. Now the target and foil words in the response display were always of
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the same emotional type.

The number of the word of each emotional type in this experiment was changed
from 48 to 64, so there were 292 words, 4 were used in the instruction phase, 96 in the
practice phase, and 192 in the experiment phase.

The designs of instruction phase and practice phase were the same as in Experiment
1. In the experiment phase, each emotional type (negative, neutral, and positive)
contained 64 words that were chosen from a pre-rating by a valence scale of 1 (most
negative) to 7 (most positive) ratings and a arousal scale of 1 (most weak) to 7 (most
strong) ratings (Appendix B). There were main effects of emotion category (F(2, 282)
= 127.646, MSE = .481, p < .01, 4* = .815)-and arousal category (F(2, 58) = 30.329,
MSE = .773, p < .01, 4° = .511). A post hoc Tukey test showed that, there are
significant different valence among negative words, neutral words and positive words
((58,3).05 =3.404, MSE = 0.481, C(.05) , = 43.1%) and both positive and negative
words had higher arousal rate than neutral ones ((58,3).05 =3.404, MSE = 0.773,
C(.05) , = 54.7%). There were no significant differences in word frequency (F(2, 126)
= 3.038, MSE = 70.162, p > .05, 772 =.046) with 12 and 126 times per million words
and with the stroke count (F(2, 254) = .093, MSE = 8.744, p > .05, 772 =.001) with the
stroke count between 3 and 24.

A target from one of the two emotion categories (positive and neutral in 2a,
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negative and neutral in 2b) was paired with a competitive target from one of the two

categories, giving rise to 4 (2 x 2) conditions, with 16 target/ competitive target pairs

in each condition. The competitive target words were chosen from the foil words used

in Experiment 1. They were presented with equal probability at each side of the

vertical meridian, and the competitive words were never the same as the foil words in

a trial. We divided each emotional type of words into 4 groups equally. Half of them

were used as the target words that were paired with three emotional types of

competitive target separately, and the others were used as foil and competitive target

words that were paired with three emaotional types-of target words. Each one of words

would be presented twice (at the stimulus-and recognition stage). Further, to make

each word pair come the words from all categories, the four sets of words in each

category rotated to serve as targets and foils, rendering four combinations, each being

assigned to a group of participants.

Procedure

The procedure of Experiment 2 was similar to that in Experiment 1, except that

but two words (one target and one competitive target) were presented in the stimulus

display. There were 64 trials in one block, and the block would repeat four times.

There were a total of 256 trials in each of Experiment 2a and 2b.
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Results and discussion

In Experiment 2a, the rating scores made by the participants after the experiment
were significantly different (F(2, 54) = 187.037, MSE = .288, p < .01, npz =.874)
among negative words, neutral words, and positive words ((54,3).05 =3.412, MSE =
0.288, C(.05) , = 43.7%). A two (target: positive or neutral) by two (competitive target:
positive or neutral) repeated measures ANOVA revealed no main effects of target type
(F(1, 27) = .911, MSE = .005, p =.348, npz =.033) and competitive target type (F(1,
27) = 1.227, MSE = .004, p = .278, ;1,,2 =.043), but the target by competitive target
type interaction was significant (F(1, 27) = 8.783, MSE = .002, p < .01, npz = .245).
Both positive and neutral target words had higher accuracies when they were under a
positive-neutral pair. The positive-positive pair had the lowest accuracy (Figure 4).

In Experiment 2b, We found a statistically significant in emotion valence rating
(F(2,54) = 211.102, MSE = .266, p < .01, npz = .887) among negative words, neutral
words, and positive words ((54,3).05 =3.412, MSE = 0.333, C(.05) , = 47.0%). A two
(target: negative or neutral) by two (competitive target: negative or neutral) two-way
repeated measures ANOVA was performed. There was a main effect of target type
(F(1, 27) =5.37, MSE = .002, p = .028, npz =.166) but not of competitive target type

(F(1, 27) = .055, MSE =.003, p = .816, npz =.002), and there was no interaction (F(1,

19



27) =.349, MSE =.002, p = .559, npz =.013). Negative target words had higher

accuracy than neutral target words (Figure 4).

----------------------------- Insert Figure 4 about here-------

Taken together, different result patterns were found for positive and negative words
when they were paired with neutral words, suggesting possible different processing
mechanisms for positive and negative words. In Experiment 2a, both positive and
neutral target words led to higher accuracy in the positive-neutral pair compared to the
positive-positive pair which had the lowest accuracy. In Experiment 2b, accuracy was
higher for negative emotional target words than neutral target words. This result
seems to demonstrate that negative emotional words have a competitive advantage of
capturing attention (Macleod, et al., 1986). As for positive emotional words,
surprisingly, under the condition when both words were positive in emotional valence,
performance was worse than when positive target words were paired with neutral
words. That means that two positive words will compete with each other and suppress

each other, and thus lead to a poorer performance than a positive-neutral pair.
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Experiment 3

In Experiment 2, a difference in performance for positive and negative words in the
condition of two competitive words was found. However, this result was based on the
fact that positive and negative emotional words were paired with neutral words
respectively. In order to confirm whether similar results still could be obtained when
the positive and negative emotional words were put together, In Experiment 3 we used
both positive and negative emotional words.in one task. In this case, we expect that
the result should be the same as what was found in Experiment 2: The deteriorating

effect of double positive words-and the facilitation effect of negative words.

Method

Participants

Thirty-six college students participated in Experiment 3 for extra course credits. All
of them were recruited from National Taiwan University with normal or

corrected-to-normal vision.
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Design and Procedure

The procedure of Experiment 3 was similar to Experiment 2, but all the three
emotional type (negative, positive, and neutral) were used in the task. The number of
the word of each emotional type in this experiment was changed from 64 to 72, so
there were 316 words, four was used in the instruction phase, 96 in the practice phase,
and 216 in the experimental phase.

The designs of instruction phase and practice phase were the same as Experiment 1
and 2 did. In the experiment phase, each emotional type (negative, neutral and
positive) contained 72 words that were-chosenfrom a pre-rating by 30 participants on
a valence scale of 1 (most negative) to 7 (most positive) ratings and a arousal scale of
1 (most weak) to 7 (most strong) ratings (Appendix C). There were main effects of
emotion category (F(2, 58) = 135.441, MSE = .474, p < .01, 4* = .824) and arousal
category (F(2, 58) = 9.961, MSE = .647, p < .01, 5° = .256). A post hoc Tukey test
showed that, there are significant different valence among negative words, neutral
words and positive words ((58,3).05 =3.404, MSE = 0.474, C(.05) , = 53.9%) and both
positive and negative words had higher arousal rate than neutral ones ((58,3).05
=3.404, MSE = 0.647, C(.05) , = 63.0%). There were no significant differences in
word frequency (F(2,142) = 1.295, MSE = 68.276, p = .277, ;12 =.018) with 2 and 126

times per million words and stroke count (F(2,286) = .296, MSE = 9.044, p = .744, *
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=.02) with the stroke count between 3 and 24.

A target from one of the three emotion types (negative, positive, and neutral) was
paired with a competitive target from one of the three categories, giving rise to 9 (3 x
3) conditions, with twelve target/competitive target pairs in each condition. We
divided each emotional type of words into 6 groups equally. Half of them were used
as the target words that were paired with three emotional types of competitive target
separately, and the others were used as foil and competitive target words paired with
three emotional types of target words. Further, to make each word pair with the words
from all categories, the six sets of words in each category rotated to serve as targets
and foils, rendering six combinations, each being assigned to a group of participants.

There were 108 trials in one block, and the black would repeat three times so there

were a total of 324 trials for Experiment 3.

Results and discussion

We found a statistically significant in emotion valence rating (F(2, 70) = 432.785,
MSE = .222, p < .01, #* = .925) among negative words, neutral words, and positive
words ((70,3).05 =3.393, MSE = 0.222, C(.05) , = 33.5%). A three (target: negative,

neutral or positive) by three (competitive target: negative, neutral or positive)
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two-way repeated measures ANOVA was performed. There was the main effect in
target type (F(2, 70) = 7.078, MSE = .006, p <.01, npz =.168) but not the main effect
of competitive target type (F(2, 70) = 0.446, MSE = .006, p = .642, npz =.013). The
negative target words had higher accuracy than neutral and positive target words
(Figure 5).

We also found the target by competitive target type interaction effect (F(4, 140) =
4.301, MSE =.005, p < .01, np2 =.109). When the target words were paired with
neutral competitive target words, positive target words and negative target words both
had higher accuracy than neutral target words (F(2, 210) = 8.22, MSE =.005, p < .01,
npz =.167). Also, when neutral target words were coupled with positive competitive
target words, the accuracy was higher than that when coupled with neutral
competitive target words (F(2, 210) = 3.619, MSE =.005, p = .03, npz =.099). More
importantly, we found negative target words paired with negative words had better
performance than neutral and positive target words paired with negative words (F(2,
210) =5.223, MSE =.005, p < .01, npz =.132) and positive target words paired with
neutral words had better performance than paired with positive words (F(2, 210) =

3.779, MSE =.005, p = .02, ,° = .091).

----------------------------- Insert Figure 5 about here-------

24



In Experiment 3, once again, we found that negative emotional target words had
better performance than positive and neutral target words. This result demonstrated
that the negative emotional words have a competitive advantage of attentional capture.
As for positive emotional words, they effectively facilitated the performance of
neutral target words that paired with them. It seems to indicate that positive words can
broaden the focus of attention (Fredrickson & Branigan, 2005). Moreover, negative
target words had the best performance when paired with negative words but not
positive and neutral ones. On the contrary, in the.condition when both words were
positive in emotional valence, warse performance than positive target words paired

with neutral words was found again.
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Experiment 4

In the above experiments, we found different result patterns for positive and
negative emotional words. Kim and Cave (1995) used a dot-probe task to measure the
distribution of spatial attention in a visual search task. They asked participants to do a
speeded response to the probe after a visual search display and the probe appeared in a
position formerly occupied by either the target or a distractor. To examine whether
different emotional words have different attentional distributions that lead to different
task performances, in Experiment 4, we used the dot-probe task similar to that used in

Kim and Cave to explore the participants’ attentional distribution in our 2AFC task.

Method

Participants

Thirty college students participated in Experiment 4 for extra credits. They were
recruited from National Taiwan University and all of them had normal or

corrected-to-normal vision.
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Stimuli and Procedure

The procedure of Experiment 4 was identical to that of Experiment 3, except for

using a 0.5°x0.5° black dot as the probe in this study (Figure 6). The duration of

masking changed from 300ms to 30ms, and the probe would appear 30ms after the

mask and 30ms blank, and Participants had to press the space bar if they saw the dot

probe as quickly as possible. There was 1500 ms for them to do the probe response,

and afterwards they still had to finish the recognition task. The word groups of

Experiment 4 used were the same as in‘Experiment 1, and thus there were 72 trials in

one block. Experiment 4 contained four-blocks; with a total of 288 trials. Participants

had to do the probe detection task in half of trials and didn’t have to do any response

until the recognition display presented on the other half. The position of the probe

appeared at the left or right side was counterbalanced between participants.

----------------------------- Insert Figure 6 about here-------

Results and discussion

We found a statistically significant in emotion valence rating (F(2, 58) = 455.754,

MSE =.197, p < .01, npz =.940) among negative words, neutral words, and positive
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words ((58,3).05 =3.404, MSE =0.197, C(.05) , = 34.8%) In Experiment 4, we
conducted a two (target: negative, neutral, or positive) by two (competitive target:
negative, neutral, or positive) repeated measures ANOVA. For the correct RTs of
probe detection, there was a main effect of target type (F(2, 58) = 3.944, MSE =
1221.101, p =.025, npz =.120). A post hoc Tukey test showed that, the detection time
of probe appeared on negative target word position was faster than that appeared on
positive and neutral target word positions ((58,3).05 =3.404, MSE = 1221.101, C(.05) ,
= 15.80%) (Figure 7). There was no effect of competitive target type (F(2, 58) = .344,
MSE =1375.19, p =.711, np2 =.012) and no interaction of target by competitive

target type (F(4, 116) = .982, MSE = 1587.236, p = .42, 5,° = .033).

We also used a 2 (target: negative, neutral or positive) X 2 (competitive target:
negative, neutral or positive) ANOVA to analysis accuracy data. There was no main
effect of target (F(2, 58) = .751, MSE =.008, p = .476, npz =.025), competitive target
(F(2, 58) = .53, MSE = .007, p =.592, npz =.018) and target x competitive target

interaction (F(4, 116) =.097, MSE = .006, p = .983, npz =.003).

----------------------------- Insert Figure 7 about here-------

In Experiment 4, the result of the dot-probe task showed that compared to neutral
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words, the probe that was presented after the negative emotional words took shorter
time to detect, indicating that negative emotional words have the advantage of
attentional capture. However, we did not find any similar effect in positive emotional
words and this may be due to that positive emotional words are non-threatening
stimuli and no urgent reaction is required (Brosch, et al., 2008). Moreover, in the
recognition task we could not replicate the emotional effects found in Experiment 2
and 3. This may be due to the interference of the dual task paradigm that a shortage of
attentional resources occurred and finally caused the emotional effects to disappear
(Pessoa, et al., 2005). Furthermore, the time interval from the target display to the
response display was probably too long (1:6 seconds) and this may also cause the

absence of the emotional effects found in previous experiments.
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General discussion

In this study, we showed that there were different task performances between

positive and negative words in the condition of two competitive words. In the 2AFC

task that we used here, participants had to choose one word that had appeared before.

In Experiment 1, we replicated Zeelenberg et al. (2006) ’s study that both positive and

negative emotional words had better performance than neutral words under the

single-word condition. Namely, the effect of enhanced perceptual encoding of

emotional words can also be observed with Chinese words. In Experiment 2a and 2b,

we used positive words and negative words to pair with neutral words respectively. In

Experiment 3, we used all emotional types of words in the same task. In Experiment 2

and Experiment 3, we found different performances for positive and negative

emotional words. Negative target words had higher accuracy than neutral target words.

Although both positive and neutral target words had higher accuracy in the

positive-neutral pairs, paradoxically, the negative-negative pairs led to the best but

positive-positive pairs led to the worse performance. In Experiment 4 by using the

dot-probe task, we found a shorter detection time of the probe that appeared at the

position that negative emotional words just appeared before.
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These results suggest that when there were multiple words competing for limited

attentional resources, different processing mechanisms are revealed for positive and

negative emotional words. Many previous studies showed that emotional stimuli

could be processed more quickly (Calvo & Nummenmaa, 2008; Macleod, et al., 1986;

Mogg, et al., 2000; Ohman, Flykt, et al., 2001). Theoretically speaking, the rapid

processing was influenced by attention, and such effect may disappear under the

situation that lacks attentional resources (Pessoa, et al., 2005; Tomasik, et al., 2009).

These results can also be found in our Experiment 4. After we added a dot-probe

detection task, the emotional effects ho longer existed. However, the emotional effects

were still there with limited attentional resources as in our Experiments 2 and 3. We

can observe that the motional words compete far limited attentional resources with the

adjacent word, resulting in a different performance between words of positive and

negative emotional type.

Negative words have the advantage in capturing attention. In Experiments 2b and

Experiment 3, the results indicated that negative emotional words showed a better

performance than positive and neutral words when the attentional resources were

limited or scarce. Many studies have also found that negative emotional words had

better processing efficiency and it was inferred that the results may be caused by its

advantage of attracting attention (Hansen & Hansen, 1988; Macleod, et al., 1986;
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Mogg, et al., 2000). This advantage should be related to the specificity of negative

stimuli, such as in the phenomenon of weapon-focus (Loftus, Loftus, & Messo, 1987).

Negative emotional stimuli are often related to dangerous and negative experiences.

In order to avoid the risk of danger, people are inclined to allocate more attentional

resources to the negative emotional stimuli and therefore cause the exclusion of other

peripheral information. Some researchers also argued that negative emotions narrow

the scope of attention (Fredrickson & Branigan, 2005). Our results in Experiment 4

also support the argument that emotional words had the advantage of attentional

capture, and enjoyed a faster response to the paosition of the negative emotional word.

On the contrary, positive emotional words can expand attentional span and facilitate

the processing of the whole context. It was found that positive emotion could broaden

the scope of attention and the amount of cognitive strategies (Fredrickson & Branigan,

2005; Rowe, Hirsh, & Anderson, 2007). Fredrickson and Branigan (2005) used video

films to trigger people's emotion states and found that positive emotion states can

increase the scope of attention span and cognitive strategies. Rowe et al.(2007) used

music to trigger subjects’ emotion states and found similar results. Note that these

increases of attentional span were caused by changing participants’ emotional states.

In our Experiment 2a and 3, the only use of positive words could immediately

increase the attentional span. When there were positive emotional words appearing on
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the screen, the neutral target words’ performance was as good as that of positive

emotional target words.

The processing of positive word could also be influenced by the adjacent word:

Two positive effects counteract each other. In Experiments 2a and 3, the participants

had a relatively poor task performance for positive emotional target words when two

positive words were presented simultaneously. Why the advantage caused by positive

emotional words that can broaden attentional span and strengthen the peripheral

stimuli processing disappeared under the positive-positive pairs? Kanske and Kotz

(2011) presented multiple positive emeotional words simultaneously and participants

were asked to judge the color of the central word. Their result showed that even in the

condition that the colors of the flanker words and target words were inconsistent; the

effect of positive words would moderate the conflicting processing of different colors

and led to correct identification of the colors of target words. The facilitation effect of

the positive emotional words should not disappear even under the multiple positive

words pairs like Kanske and Kotz’s study, therefore the worse performance of double

positive words can not just attributed to the two-words condition we used here.

One possibility is that positive emotional words have expanded the breadth of the

attentional scope; they might be influenced by the peripheral words and therefore

resulted in a different task performance. We infer that the worse performance of
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positive-positive word pairs was caused by the overlapping use of the attentional

resource, which led to the competition of the limited attentional resource shared by

the two positive emotional words, and such competition caused the relatively low

recognition rate in Experiments 2a and 3. That is, the negative effect due to the double

positive words we report here is caused by the positive target word competing with

adjacent positive word and offset each other. When both adjacent words are neutral or

negative, because of their different valences relative to positive emotional target

words and therefore will not offset the processing of effect of emotional words.

Kanske and Kotz’s (2011) results may .also be attributed to the different cognitive

resource of word and color, thus the positive emotion effect did not disappear. In

addition, the results may also be due to the slack of attention caused by the positive

words. Positive emotional words make people seeing things in a more relaxed way, so

when the positive words are presented on the screen, they may make people feel

relaxed and induce the poor processing of semantic information (Brosch, et al., 2008).

Our results indicate that negative and positive emotional words can influence the

allocation of attentional resources, thus causing the different performances under

multiple-word situation. Because of the narrowing of attention scope, the negative

emotional effect would not be influenced by the peripheral words. The narrow scope

of attention also causes the narrow area of attentional resources that do not overlap
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with the area of attentional resources of other words. Therefore, even the

negative-negative words pair will not have to compete with each other for the same

limited attentional resources and this could enhance both words’ perceptual encoding

and lead to the best performance among the other word pairs. The positive emotional

words have broadened the scope of attention that may also expand the area of

attentional resource. As a whole, the words presented on the screen will acquire an

enhancement of perceptual encoding. However, the extended region will let positive

words be influenced by adjacent words that the results showed the positive words

have to compete for the limited resources with the other positive words. It thus leads

to a worse performance.

The difference between positive and negative words can also be illustrated by the

extent to which attentional resources is concentrated That is, the negative words may

highly concentrate attentional focus. Thus, the two negative words in the current study

may be processed more efficiently. On the other hand, the positive words may diffuse

attentional resources spatially; consequently these words are processed less efficiently.

The emotional stimuli induce different performances under the no-competitive and

competitive condition. Zeelenberg et al. (2006) argued that the emotional effects were

caused by the enhanced perceptual encoding of emotional stimuli, and this argument

is also supported in our Experiment 1. That is, both the positive and negative
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emotional words were enhanced similarly when only one word was presented where

there was no any competition. However, in our Experiments 2 and 3, the effect of

emotional words were not only influenced by enhanced perceptual encoding of

emotional stimuli but also affected by the limited attentional resource. We believe that

this is due to the competitive condition and induce the difference between positive and

negative stimuli.

The amount of emotion category can also be the interpretation of the results in this

study. The category of negative stimuli were more numerous and complicated than the

category of positive stimuli. \We believe that under-these conditions, thus the

negative-negative pair’s similarity was /lowerthan positive stimuli, so the

discrimination and recognition of negative stimuli were easier. In contrast,

positive-positive pair’s similarity was relatively higher, leading to relatively poor

identification performance. Future experiments should try to manipulate the number

of emotional stimulus category and the semantic similarity between them and to see

whether recognition of positive and negative stimuli will differ when these factors are

equated.

Many recent studies have found the emotional effect was mostly induced by the

arousal of emotional intensity but less affected by emotional valence (Kissler, et al.,

2007). Our finding indicates that the effect of emotional valence could generate a
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difference between positive and negative emotional words under the condition with
limited attentional resources. We did not explore the arousal of emotional intensity.
We predict that the different arousal levels of emotional intensity may lead to different
processing efficiency of emotional words. The stronger the stimulus intensity, the
more powerful results we will find in this experiment. It is a direction for future
research.

The current findings have important implications for in the field of reading and
emotion studies. Past studies adopting the priming, lexical decision task (LDT) and
recognition tasks used a single word (Kissler, etal.; 2007; Tomasik, et al., 2009;
Zeelenberg, et al., 2006). Our study used multiple words that would be closer to daily
life and gained better ecological validity. By bearing the discovered processing
mechanism for the positive and negative words in mind, people can understand the
meaning of one sentence or an article efficiently by making the best use of the
different advantage of emotional words under various demanding situations. This may
improve the efficiency during reading. Moreover, the different processing
mechanisms of positive and negative emotion stimuli we suggested here can lead to

further testing in future work.
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Figure 1. The procedure of the 2AFC task in Experiment 1.
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Figure 2. Mean accuracy of target recognition:in Experiment 1. Error bars represent
standard errors from the mean.
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Figure 4. Mean accuracy of target recognition in Experiment 2a and 2b. Error bars
represent standard errors from the mean.
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Figure 5. Mean accuracy of target recognition in Experiment 3. Error bars represent
standard errors from the mean.
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Figure 6.The procedure of the dot-probe task and 2AFC task in Experiment 4.
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Figure 7. Mean reaction time of probe detection in.Experiment 4. Error bars
represent one standard error from the mean.
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Appendix

(A) The stimuli used in Experiment 1 and 4. The unit of word frequency is times per

million words.
Emotional valence
Negative Neutral Positive
R e R REE WRE IRERIR P
HE G SR FR BT R OBY W Wi
AR eIl Y MR Bk R o R &
Bk R PHL PE WS R AP BB Ry
s RE CTRE HEM EhE PR B PR R
BEE R fiee R S BE A gE fims
Ere e | RSOSRE | KDL B B R R
W R ey || BERL pER e sy wg
sLie A mge || Wh L EE& EE 2D B
ESE BE R ik e W PE G
WY i R R BRE mE R PR wp
B EF AR FiE sk ER WE P A
A A BEE W W R R ) B
B B R O RS ErE RA| W
e T T
G SE EY R BB PR A PR
Valence 2.58 4.02 5.32
Arousal 4.49 2.94 431
Frequency 33.0 33.88 32.92
Stroke Number 13/13 14/13 13/13
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(B)The stimuli used in Experiment 2. The unit of word frequency is times per million

words.

Emotional valence

Negative Neutral Positive

RAEL U REREL FRE VM owEr
HE A BR e HE Wi
2HE GHA R FE O B9
Eab pHNl RPH WE 4 R
S M e Bk R
BEE PR OER %S AN PR
E TR 4R B AT B
R e PESR FER A
RS Pl AN KER ER AR
S EEn B B AR FiE
= T
g AU Ml O gmEe BrEl A
R Mg e RS EE BE
Bl . SR TR RRE
R OHOERE FRE R M
= fielte A THAe PR
g T BRI EP R
P t% gm EW wwm B
A dEm By apl FEEOBe
AR BT S R Ik
B 2 pdE TH B i
BRI B PR R HE
T e W i B oo
B Tl FE OB &Y T
RE OB WR I SRR G
wip dEE sk HE EE e
HiE jem EBRE @ SR ER
BE B Bk R HE R
2e W W A W e




5k A TR ms B A

ﬁgf’@? ®E bt arys ,%9 @Héﬁ

W B BEH R A W
Valence 2.50 4.09 5.36
Arousal 4.53 2.89 4.29
Frequency 37.66 36.56 40.13
Stroke Number 13/13 14/13 13/13
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(C) The stimuli used in Experiment 3. The unit of word frequency is times per million

words.
Emotional valence
Negative Neutral Positive
ST
HE B 2% FP R EF AY EP f
ZHE GHE ESE iR ERF APl O PR Be
ERBE M TH Bk BE AE HE R
g e R M e T BB P
Y RN Tl
ke R e Ul R dE EE oo
W A ATl R B OB IR A TR
el B AR il R sE ihie
I S R R A I
WS EY | R CRES | FLE . W R B BT
ol YR AR B R W B B
I (s ok mUE | s T RPE B el
B bk AL WS @S R Fus A
% B B ANR D EhE UE & FUOP #e
i O U L T Y
pEr B OB RRE e PR B i
FUBe W o) R S (S5 wW B %
W ORE OAPE BOR B R R PR
AR R B ER OEm BER RB RR
BT ORI PR RS T PR B8 R
R VN B SR ATR WM SRR R
N i ECECE N TR
WA pIRl RE A HE Bd PR O
Valence 2.50 4.11 5.34
Arousal 4.49 2.85 4.28
Frequency 35.11 35.00 36.97
Stroke Number 13/13 12/13 13/13
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