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Abstract

Sixteen right-handed male students were administered a unilateral lexical decision task in 4 conditions: a baseline
condition and three sound conditions. In the sound conditions, the participants listened to noise, to music with a
positive emotional valence, and to music with a negative emotional valence, while performing the visual half-field
task. In the baseline condition, the noise condition, and the positive music condition, lexical decision latencies were
shorter to right than to left visual field presentations. In the negative music condition, there was a selective
enhancement of left visual field performance, which cancelled the visual field advantage completely. None of the
concurrent sounds affected autonomic arousal as measured by heart rate. The results demonstrated that music with a
negative emotional valence can alter the half-field asymmetry of a verbal task. The outcome was discussed in terms
of right hemisphere priming due to negative emotional experiedtdS(1997,3, 473-479.)
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INTRODUCTION respective of valence (Heilman et al., 1993). Where the ex-
n|r3erience of emotion is concerned, there is consistent

Ther_e are tW_O main neuropsychqloglcal hypotheses co experimental evidence that the left hemisphere is more en-
cerning the differential representation of positive (pleasantE

and negative (unpleasant) emotions in the cerebral hem
spheres. These hypotheses areritjlet hemisphere hypoth-
esisand thevalence hypothesi@Borod, 1993). The right

aged during positive emotional states, while the right hemi-
phere is more engaged during negative emotional states (for
review, see Davidson, 1993).

. ; : : Evidence for the valence hypothesis implies evidence for
hemisphere hypothesis postulates that the right hem'SpheE'?‘;ludality. That is, the hemispheric specialization for emo-

Is spgcialized for emotion, regardless .Of the valence Of,th%on not only varies along the leftersusright dimension,
emoFlon. Th? valen'cej hypothesis ma!nta|ns th?‘ th? rlghEJut also along the anteri@ersusposterior dimension. Dif-
hemisphere is specialized for therceptionof emotion, ir- ferential lateralization as a function of valence occurs for

(rje_zfsfpect[{\_/e”of Its v_alle_ncg,fwrj[ﬁreas the two gemlsphe_res Ahterior regions, while right hemispheric dominance for the
erentially specialized for thexperiencendexpression perception of emotion, irrespective of valence, is limited to

of g?fri]tive etmd rrwlega;cir:/e em(i:on. | hvpothesi posterior regions (Davidson, 1984; Borod, 1993).
ese two hypo'neses, the valence Nypotnesis appears,,q o (1993) pointed out that emotions can be defined

to be the most plausible. Regarding the perception of emoby two dimensions; arousal and valence. Heller postulated

tion, clinical studies and studies with normals have demon;

trated riaht hemisoh iority f ina faci fhat the right parietotemporal regions not only are special-
strated 1g emisphere superiority for processing taciaj, oy ¢o the perception of emotion, but also modulate auto-

affect and processing emotional intonations of speech, Momic arousal. Measures of autonomic arousal such as heart
rate, electrodermal response, and cortisol secretion are more
) ) " affected by emotional stimuli presented to the right than to
Reprint requests to: Jan W. Van Strien, Department of Clinical Psy- he left h isoh The f | . h her hand
chology, Vrije Universiteit, De Boelelaan 1109, C-141, 1081 HV Amster- the e t em|sp ere. e. ronta reg'PnS' on the ot er. and,
dam, The Netherlands. E-mail: jw.van.strien@psy.vu.nl. are involved in modulation of emotional valence. Higher

473

https://doi.org/10.1017/51355617797004736 Published online by Cambridge University Press


https://doi.org/10.1017/S1355617797004736

474 J.W. Van Strien and C.A. Boon

left than right frontal electrophysiologic activity is associ- pants identified more letters correctly in the RVF than in
ated with positive valence, whereas the reverse is assodihe LVF. In the threatening concurrent word condition, each
ated with negative valence. In Heller’s view, the left andlateral three letter presentation was preceded by a threaten-
right frontal lobes are not specialized for positive and neg-ing negative word in the central visual field. Participants
ative emotions. Rather, the relative activation of these rehad to recall the word after reporting the three letter set.
gions with reference to each other is associated with a certaiAnxiety research has demonstrated that words like “injury”
valence. According to Heller, emotional states depend omnd “criticized” contain physically or socially threatening
the diverse and changeable activation patterns of frontal (vanformation (MacLeod et al., 1986). As was expected, the
lence) and right parietotemporal (arousal) regions. concurrent presentation of threatening words resulted in su-
Heller’s distinction between emotional valence and arousaperior letter identification performance in the LVF. The con-
is important to a discussion of the results of those studiesurrent presentation of nonthreatening, positive words (such
that have demonstrated that negative emotions can primas “harmony” or “wonderful”) resulted in a selective en-
the right hemisphere, and thus change the standard pattenancement of RVF performances. These results were repli-
of hemispheric laterality. Asbjornsen et al. (1992) demon-cated in the Van Strien and Heijt (1995) study. Because the
strated that during a high incentive negative arousal condithreatening words did not give rise to a robust increase in
tion (threatening participants with electric shocks), the rightarousal, we believe that the right hemisphere priming was a
ear advantage for dichotic listening to consonant—vowel syleonsequence of the negative emotional valence of the words
lables was cancelled. The reduced ear difference was thather than of higher autonomic arousal. Although some of
result of both an increase in left ear performance and a dehe participants in our experiments felt a bit uncomfortable
crease in right ear performance. A low incentive negativeduring the presentation of the negative words and com-
(threatening participants with noise bursts) and high and lownented that these were nasty words, they were not really
incentive positive (monetary rewards) arousal conditions hadnxious. In neither study however, did we measure psycho-
no effect on the right ear advantage. Interestingly, their parphysiological responses to the words. For this reason, the
ticipants exhibited a significant increase in heart rate durpossibility that arousal was the underlying cause of right
ing the high negative condition only. This suggests thathemisphere priming cannot be ruled out. To explore the rel-
arousal rather than emotional valence was the critical factoative importance of the valence and arousal dimensions to
for priming the right hemisphere. right hemisphere priming, heart rate (HR) was measured
Gruzelier and Phelan (1991) found that a stressful situaduring each condition of the present study.
tion (testing medical students 1 or 2 days before an exam) An unresolved issue in our previous experiments is the
induced a reversal of visual field asymmetry. A lexical taskinfluence of the verbal nature of the concurrent words on
that required discrimination of consonants from vowels rethe changes in asymmetry patterns. The concurrent presen-
sulted in a right visual field (RVF) advantage in the neutraltation of nonthreatening words resulted in selective RVF per-
condition, whereas this task resulted in a left visual fieldformance improvement. It is not clear whether this is a
(LVF) advantage in the stressful condition. Gruzelier andconsequence of the positive valence of the nonthreatening
Phelan explained this outcome as an interplay of structuralords or is a consequence of the verbal nature of the words
and dynamic processes that determine visual field asymmépriming the verbal left hemisphere). In an earlier study (Van
tries. Structural processes give rise to a RVF advantage fdgtrien & Bouma, 1990), we also found RVF letter-naming
lexical stimuli (as a consequence of contralateral specialimprovement as a consequence of the concurrent presenta-
ization for verbal abilities), but dynamic processes, such ation of neutralwords. Van Strien and Heijt (1995) hypoth-
the priming of the right hemisphere due to stress, reversesized that, with threatening words, left hemisphere priming
this asymmetry. The participants of Gruzelier and Phelan’slue to the verbal nature of the words is inhibited by right
study showed slower electrodermal habituation in the stressiemisphere priming due to the negative valence of the words.
ful condition. Again, arousal rather than emotional valencen this report we examined whether concurrent nonverbal
may have been the determining factor in priming the rightstimuli with negative or positive emotional valence yielded
hemisphere. comparable alterations in visual half-field asymmetry as did
The influence of threatening information on visual field emotional words. We used a lateral lexical decision task as
asymmetries was also demonstrated by our own researdhe visual half-field task. We choose this verbal task be-
(Van Strien & Morpurgo, 1992; Van Strien & Heijt, 1995). cause it yielded a robust structural RVF advantage in a for-
Van Strien and Morpurgo (1992) primed the right hemi- mer study (Geerlings et al., 1995). We employed music
sphere by presenting threatening words in the central visudtagments that are known to have a specific positive or neg-
field. It was expected that right hemisphere priming wouldative emotional impact on the listeners. We expected that
provoke a leftward attentional bias (Kinsbourne, 1970) andhe concurrent presentation of the threatening, unpleasant
therefore would yield a LVF performance improvement. music fragment (negative valence) would prime the right
Structural asymmetries were investigated using a unilaterdiemisphere as evidenced by selective LVF shortening of la-
letter naming task. In each trial, three consonants were prdencies for lexical decision. The impact of the joyful music
sented for 100 ms to the LVF or to the RVF. In the controlfragment (positive valence) on visual asymmetry can shed
condition (no concurrent presentation of words), partici-some light on the positive emotiorersusverbal nature is-
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sue of the preceding research with nonthreatening words. Wle of the word) of approximately 2>Teft or right from the

the concurrent presentation of pleasant music yields a seenter of the screen.

lective RVF improvement, then the left hemisphere can be In the noise condition, the participants listened to pink
primed by a stimulus with positive emotional valence with- noise while performing the lateral lexical decision task. Pink
out a verbal component. noise is a random noise source, created by passing white
noise (which contains equal amounts of all audible frequen-
cies) throudp a 3 dB/octave rolloff filter. Because pink noise
sounds richer in low frequencies than white noise, we thought
it the preferred control sound in relation to the music frag-
ments. In the joyful music condition, the participants lis-
Sixteen strongly right-handed male students volunteered farened toJupiter, the Bringer of Jollitfrom The Planetdy

the experiment and were paid for their participation. Par-Gustav Holst (Philips 442 408-2, Berlin Philharmonic Or-
ticipants ranged in age from 20 to 29 years, with a mean agehestra conducted by Sir Colin Davis). In the threatening
of 24 years. Strength of hand preference was measured usimgusic condition, they listened fbhrenody for the Victims

a 10-item handedness questionnaire, with scores rangingf Hiroshimaby Krysztof Penderecki (EMI 5 65077 2, Pol-
from —10 (extreme preference for the left hgrtd 10 x- ish Radio National Symphony Orchestra conducted by
treme preference for the right hapdhll participants had a  Krysztof Penderecki). The two music fragmeniggiterand
hand preference score of at leas3. Threnody were chosen because the validity of their emo-
tional appeal has been demonstrated by VanderArk and Ely
(1992, 1993, 1994).

Noise and music fragments were recorded on analog CrO
HR was recorded on an ambulatory monitoring system detape with Dolby C noise reduction and played back with an
veloped by the division for instrumentation of our faculty Aiwa AD-F800 cassette player, a Sony TA-F120 stereo am-
(for description see Willemsen et al., 1996). Interbeat interplifier and a pair of Sennheiser HD250 headphones. In the
vals were stored continuously during the entire experimentoise condition, the sound pressure level was 70 dB (A-
For further statistical analysis, HR data (number of heartweighted). In the music conditions, the sound pressure level
beats per min) were averaged across six 1-min samples duranged from 40 to 91 dB. The sound pressure level was mea-
ing each condition. sured with a Briel and Kjaer Type 4152 artificial ear.

The lateral lexical decision task was presented on a NEC
5FGe monitor that was connected to a MS-DOS computer.

Stimulus presentations and response registration were pr&esign
grammed using the Experimental Run Time System soft;, ..., . . .
ware package (Beringer, 1994). The participants were seatevc\{'thm each run, trials were presented in a pseudorandom-

at a distance of 50 cm from the screen. They responded bEed predetermined order with no more than three succes-

. . . 'Sive presentations in the same visual field and no more than
manually by pressing response keys for index and midd hree successive presentations of the same word type (word
fingers. Half of the participants responded with both index P P

. o : . , or nonword). The order of conditions was counterbalanced
fingers forword decisions and with both middle fingers for . ; .
across subjects in such a way that the two emotional con-

nonwo_rddecmons. The other participants responded in theolitions were always separated by either the noise or the base-
opposite manner. line condition

There were four conditions, each with a block of 48 tri- '
als. These conditions were (1) baseline, (2) concurrent pre-
sentation of noise, (3) concurrent presentation of joyful

. : : Procedure

music, and (4) concurrent presentation of threatening mu-
sic. In each block there were 24 word trials (12 LVF, 12 Each condition was initiated by the experimenter. In the noise
RVF) and 24 nonword trials (12 LVF, 12 RVF). For the 192 and music conditions, the participants listened to the tape
experimental trials, 48 real words (16 four-letter words, 16for 1 min before starting with the lexical decision task. The
five-letter words, and 16 six-letter words) and 48 nonwordsnoise or music continued during this task.
were used. Nonwords were obtained by replacing one or The sequence for each trial was (1) a visual warning sig-

METHOD

Research Participants

Apparatus and Stimuli

letter words, and three letters of the six-letter words. Withinpresentation of the fixation dot, (3) the 180-ms unilateral
each experimental block, a word or nonword was presentedresentation of the word or nonword, and (4) the 2000-ms
twice (in a random sequence); once to the LVF and once tpresentation of the fixation dot.
the RVF. The four series were matched for word length, word Preceding the experimental run, the participants received
frequency, and imageability. 48 training trials with words and nonwords that were not
The words and nonwords subtended°1(f®ur-letter  used in the experimental run. At the end of a music condi-
words) to 2.8 (six-letter words) of visual angle horizon- tion, the participants rated, on a seven-item questionnaire,
tally and were presented at an angle (measured at the mithe emotional impact of the music fragment concerned.
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Table 1. Mean response times (in ms) for the lexical decision
task as a function of condition and word type

Lexical Decision

Response latencies were averaged across hands. Incorr€cndition

responses and outliers within each participant’s dataseéaseline
(i.e., latencies more than 33Ds deviations away from a \ise
participant’s mean) were omitted. The overall error rate wagypiter
8.0%, and the overall rate of outliers was 0.7%. For eacthrhrenody

Words Nonwords
M (SD) M (SD
869 (203.4) 892 (152.9)
818 (159.0) 885 (171.3)
835 (165.9) 898 (175.6)
806 (148.6) 915 (177.5)

participant, mean reaction times were computed as a func-=
tion of condition, word type, and visual field. An analysis
of variance was performed on these means with Condition

(baseline, noisejupiter, Threnody X Word Type (word,
nonword) X Visual Field (LVF, RVF) as factors within
participants.

Besides a significant main effect for Word Type
[F(1,15) = 8.07,p < .02], with shorter latencies to word
(M = 832 ms) than to nonword = 897 ms) presenta-
tions, a nearly significant main effect for visual field
[F(1,15) = 3.90,p < .07] was found. Across conditions,
participants tended to respond faster to R¥WF= 854 ms)

than to LVF M = 876 ms) presentations. The interaction of

ConditionX Visual Field was significantf(3,45) = 2.97,
p < .05]. This interaction is depicted in Fig. 1.

Lexical Decision

RT in ms

940 “® Baseline
~ Noise

920 *Jupiter'
™ Threnody'

900

880

860

8400

820

800 : '

LVF RVF

Fig. 1. Mean response times (in ms) for the lexical decision taskjupiter

as a function of condition and visual field (L\AF left visual field;
RVF = right visual field).
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From this figure, it can be seen that the baseline condi-
tion resulted in a RVF advantage. The noise condition and
theJupitercondition did not yield asymmetric performance
changes. Th&hrenodycondition, however, resulted in a
selective LVF performance enhancement, which cancelled
the RVF advantage. This was reflected by the analysis of
partial interactions (i.e., for noises baseline Jupiter vs
baseline, and@ hrenody vsbaseline), which showed that the
interaction of Conditionx Visual Field was only signifi-
cant for theThrenody vsbaseline comparisori-[1,15) =
7.51,p < .02].

There was also a significant interaction of Conditign
Word Type F(3,45) = 4.22,p = .01]. Table 1 shows the
mean latencies as a function of condition and word type.

From this table, it can be seen that the three sound con-
ditions, when compared to the baseline condition, resulted
in shorter latencies to words but not to nonwords. Addi-
tional analyses of variance in which the three sound condi-
tions (noise Jupiter, Threnody were pooled revealed that
across the sound conditiord (= 820 ms), words were rec-
ognized significantly faster than in the baseline condition
[M = 869 ms,F(1,15) = 5.28,p < .05]. For nonwords,
there was no difference between the sound conditibhs (
899 ms) and the baseline conditioM[= 892 ms),
F(1,15)= .31, ns].

Heart Rate

An analysis of variance on the HR data revealed no signif-
icant effect for conditionf (3,45) = 2.08,p < .12]. From
Table 2, it can be seen that the HR did not change as a func-
tion of the experimental conditions.

Table 2. Mean heart rate in beats per minute (BPM) as a
function of condition

Condition Mean BPM score O
Baseline 71.77 (10.38)
Noise 73.94 (10.85)
72.06 (11.22)
Threnody 72.90 (10.72)
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Emotional Impact tem. Although the sound conditions did not affect overall

Ei 5 displavs th ticinants’ rati for the th @erformance, the significant interaction of ConditietWord
'gure £ dispiays the participants ratings for the three soun ype revealed that, during the sound conditions, the laten-
fragments on the seven-item questionnaire.

Th d ted sianificantl @ cies to existing words were shorter than during the baseline
005 rtenoty}ivatljsv\r;il ed signi |tcz?]n dy more _annt()jylng)k( test condition. We can only speculate about the reason why la-
-0U, two-tared Vilicoxon matched-pairs Signed-ranks tes )tencies to existing words in particular shortened when con-

sad (p < '05).’ dramfatic b = -005), and threg_teningp(< current sounds were heard. There may be a differential effect
2002) tharjupiter, while Jupiterwas rated significantly more of sounds on the visual and phonological systems of word
jolly (p < .001) and serenep(< .005) thariThrenody recognition. It is possible that the concurrent sounds inter-

fered with the phonological system in particular. As a con-
DISCUSSION sequence, the rapid direct visual recognition of existing
words was favored.
In the baseline condition, the lexical decision task yielded As was expected, the concurrent presentation of unpleas-
the typical RVF advantage that can be anticipated when emant music resulted in shorter latencies to LVF presenta-
ploying a verbal task. The absence of a main effect for contions, which cancelled the baseline RVF advantage. The
dition indicates that, across visual fields and word typesputcome is comparable with the results of our studies with
music and noise did not distract our participants. The reathreatening words, in which also selective LVF perfor-
son for this outcome may be that the lexical decision tasknance improvements were found (Van Strien & Morpurgo,
was relatively easy to perform. Noise and music will be morel992; Van Strien & Heijt, 1995).
distracting during complicated than during easy tasks. Fur- Like noise and joyful music, unpleasant music did not
thermore, our noise source had a continuous sound levedlifferentially affect HR in our participants. Apparently, the
which is much less distracting than separate noise burstssound stimuli did not provoke a notable change in auto-
Across all four conditions, latencies were shorter to wordshomic arousal. In the VanderArk and Ely (1992, 1993, 1994)
than to nonwords, as was reflected by the significant mairstudies, cortisol, biochemical, and electrodermal indices of
effect for word type. This is in agreement with other lexical arousal in biology majors were, in general, not affected by
decision studies. The faster recognition for words than foipositive or negative emotional music. In music majors, by
nonwords can be explained by a dual-route model of woratontrast, plasma cortisol levels raised significantly after lis-
recognition (e.g., Ellis, 1984). According to this model, ex-tening to eithedupiteror Threnody Also, when compared
isting words will be mainly processed by a rapid matchingto biology majors, music majors exhibited significantly more
of the visual word image as a whole, whereas nonwords mugalvanic skin response peaks during bdthpiter and
be processed by a slower, sequential phonological systeifhrenody From VanderArk and Ely’s studies, it can be con-
before they can be further processed by the semantic systuded that musicians exhibit higher autonomic arousal in

[ I I

annovingW+—r
, 1
ol

I

serene

1 L] Noise
3% 'Jupiter'
sad - | ‘Threnody'

active -

dramatic

threatening

[ I I T

1 2 3 4 5

Participants' Ratings

Fig. 2. Participants’ ratings of the impact of the three sound fragments (bt at all; 5 = highly).
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response to music than do nonmusicians. Since none of o@motional valence rather than the noveltyrafenodyprimed
participants was a student in music, the music conditionshe right hemisphere.
did not affect their arousal levels. The outcome of the present research is in partial support
It seems reasonable to infer that the negative emotionadf the valence hypothesis. We could demonstrate a right fron-
valence of the unpleasant music rather than a higher leveal activation under the negative emotional condition, but
of arousal provoked the altered visual field asymmetry inno left frontal activation under the positive emotional con-
our participants. Given the differential specialization of thedition. Tucker (e.g., Tucker et al., 1995) has proposed an
anterior regions for emotional experience as a function oflternative hypothesis concerning emotional experience and
valence, unpleasant music will be accompanied by right fronthe frontal regions. In his view, the left frontal region inhib-
tal activation. In our view, the priming of the right frontal its left hemisphere limbic and subcortical contributions to
regions provoked a leftward attentional bias and thereformegative affect. This places a processing load on the left
yielded reduced latencies to LVF presentations. hemisphere, which may impair RVF processing (Tucker,
The concurrent presentation of noise or joyful music did1981). Impaired RVF processing (i.e., longer latencies) as a
not affect the RVF advantage. According to the valence hyfesult of negative emotions will also result in a cancellation
pothesis, joyful music should be accompanied by left fron-of the lexical RVF advantage. When compared to the base-
tal activation. However, we did not observe significantly line or joyful music condition, the unpleasant condition did
reduced latencies to RVF presentations during the positiveot result in impaired RVF processing. However, when com-
music condition. It may well be that the positive emotionspared to the RVF latencies under the noise condition, RVF
elicited by joyful music were only modest, resulting in mar- latencies under the unpleasant music condition were longer.
ginal left frontal activation. The absence of a selective RVFIf neutral noise can be subtracted from unpleasant music to
performance improvement in the joyful music (positive) con-evaluate the impact of negative valence without sound, it
dition is at variance with the selective RVF improvement offollows that the negative valence interfered with left hemi-
letter naming performance as a consequence of concurreaphere processing. We doubt that pink noise and music dif-
presentation of nonthreatening (positive) words. Given thder only in emotional valence. The continuous sound level
present results, it seems likely that, in our preceding reof the noise condition may have affected the lexical deci-
search, the selective RVF improvement was caused by th&on process in other ways than the dynamics of a neutral
verbal nature rather than the positive emotional content opiece of music would have done. For this reason, and given
the words. the experimental evidence from our own previous research
The participants’ ratings of the sound fragments con-and that of others (e.g., Gruzelier & Phelan, 1991), we take
firmed the hypothesized differential impact of both piecesthe view that the altered visual field asymmetries as a result
of music. Jupiter had a jolly and serene effect, whereas of concurrent negative emotional stimulation support the no-
Threnodyhad a annoying, sad, dramatic, and threatenindion that negative emotional experience results in right fron-
effect. It should be noted that in the present study, the hemital activation rather than left frontal inhibition.
spheric control of music processing was not investigated.
Our subjects merely listened to the music (while perform-
ing the IeX|ca_I de_C|S|0n tas_k), Whgreas in s_tqdles CONCeM/ EFERENCES
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