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In this fMRI study we contrasted emotional responses to literary reading in late bilinguals'

first or second language. German participants with adequate English proficiency in their

second language (L2) English read short text passages from Harry Potter books character-

ized by a “negative” or “positive” versus “neutral” emotional valence manipulation. Pre-

vious studies have suggested that given sufficient L2 proficiency, neural substrates

involved in L1 versus L2 do not differ (Fabbro, 2001). On the other hand, the question of

attenuated emotionality of L2 language processing is still an open debate (see Conrad,

Recio, & Jacobs, 2011). Our results revealed a set of neural structures involved in the pro-

cessing of emotion-laden literature, including emotion-related amygdala and a set of

lateral prefrontal, anterior temporal, and temporo-parietal regions associated with

discourse comprehension, high-level semantic integration, and Theory-of-Mind process-

ing. Yet, consistent with post-scan emotion ratings of text passages, factorial fMRI analyses

revealed stronger hemodynamic responses to “happy” than to “neutral” in bilateral

amygdala and the left precentral cortex that were restricted to L1 reading. Furthermore,

multivariate pattern analyses (MVPA) demonstrated better classifiability of differential

patterns of brain activity elicited by passages of different emotional content in L1 than in

L2 for the whole brain level. Overall, our results suggest that reading emotion-laden texts

in our native language provides a stronger and more differentiated emotional experience

than reading in a second language.

© 2014 Elsevier Ltd. All rights reserved.
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1. Introduction

Emotion is a basic element of human communication, which

is extensively operated through language. From early on, lin-

guistic theory assigned a central role to emotion as evident

from Bühler's (1934) and Jakobson and Halle's (1969) defini-

tions of language as comprising descriptive, expressive and

appellative functions. In the field of neuroimaging, research

on emotion-language coupling (Dolan, 2002) in reading has

covered a range of materials and tasks including single words

(Kuchinke et al., 2005, 2006), and sentences (Bohrn, Altmann,

Lubrich, Menninghaus, & Jacobs, 2012; Ferstl & von Cramon,

2007), to text passages (Altmann, Bohrn, Lubrich,

Menninghaus, & Jacobs, 2014; Ferstl, Rinck, & von Cramon,

2005).

With regard to second language processing, it is still unclear

whether the emotion-cognition coupling is as efficient in L2 as

inL1.Numerous results frombehavioral orpsychophysiological

data suggested an attenuation of emotionality in L2 compared

to L1 (Bond & Lai, 1986; Gonzalez-Reigosa, 1976; Harris, 2004;

Harris, Aycicegi, & Gleason, 2003; Keysar, Hayakawa, & An,

2012; see Pavlenko, 2012, for a review), yet many recent studies

argued that emotionality in L2 is modulated by factors such as

age of acquisition, proficiency, and exposure, and can reach the

same intensity as emotionality in L1 (Ayçiçe�gi-Dinn&Caldwell-

Harris, 2009; Conrad, Recio, & Jacobs, 2011; Harris, Gleason, &

Ayçiçe�gi, 2006; Wu & Thierry, 2012).

Neuroimaging studies of bilingualism usually investigate

whether the neuroanatomical loci associated with the pro-

cessing of L1 and L2 in late bilinguals are identical or not

(Fabbro, 2001). Most studies on word and sentence processing

reported no macroanatomical differences across L1 and L2

processing (Chee, Caplan, et al., 1999; Chee, Tan,& Thiel, 1999;

Illes et al., 1999; Klein, Milner, Zatorre, Zhao, & Nikelski, 1999),

while Kim, Relkin, Lee, and Hirsch (1997) found distinct but

adjacent (about 8 mm apart) centers in the left Broca's area

subserving languageproduction in L1 versus L2. For short story

listening or reading tasks, some studies reported reduced

activation volume in group averages, and higher individual

variability in L2 than L1 (Dehaene et al., 1997; Perani et al.,

1996), while others found no systematic regional differences

when the L2 proficiency was sufficient (Perani et al., 1998).

In the present study, our neuroimaging approach on

bilingual language processing focused on the emotion-

cognition coupling in reading and its potential modulation

across L1 versus L2 reading. In particular, we investigate

whether 1) the intensity, 2) neuroanatomical localizations, or

3) the multivoxel activation patterns of emotional responses

to literature differ between L1 and L2. In order to address these

questions in a more natural reading context and to tap into

typical everyday reading experience, we presented entire text

passages from a popular book series that has entertained and

emotionally impressed numerous readers across the globe e

Harry Potter e instead of single words or sentences used as

stimuli in comparable previous studies.

Our approach involves individual emotion ratings, uni-

variate fMRI analyses comparing mean BOLD signal intensity,

and multivariate pattern analyses (MVPA) for the differentia-

tion of distributed activation patterns. Reading fiction
involves complex language-related processes including

constructive content imagination and simulation (Mar &

Oatley, 2008), perspective taking and relational inferences

(Raposo, Vicens, Clithero, Dobbins, & Huettel, 2011). There-

fore, based on previous meta-analyses, we expect extensive

involvement of the 1) Extended Language Network (ELN,

Ferstl, Neumann, Bogler,& von Cramon, 2008) associated with

discourse comprehension: left inferior frontal gyrus (IFG), left

dorsomedial prefrontal cortex (DMPFC), left middle and pos-

terior temporal cortex, bilateral anterior temporal lobe (aTL);

2) neural substrates involved in high-level/multi-modal se-

mantic integration (Binder & Desai, 2011; Binder, Desai,

Graves, & Conant, 2009): temporo-parietal junction (TPJ)

including posterior temporal cortex, angular gyrus (AG), and

inferior parietal lobule (IPL), IFG, ventromedial prefrontal

cortex (VMPFC), DMPFC, posterior cingulate cortex (PCC), and

precuneus; and 3) Theory of Mind (ToM) or mentalizing

network (Mar, 2011; Mason & Just, 2009): VMPFC, DMPFC, aTL,

posterior temporal cortex, TPJ, PCC, and left amygdala.

Concerning the effects of emotionality in texts, Ferstl et al.

(2005) were the first to show that listening to emotion-laden

text passages activates emotion-related brain areas like the

left amygdala, VMPFC, and the pons.We further expect to find

activation in neural substrates associated with 1) Core Affects,

including orbitofrontal cortex (OFC), anterior cingulate cortex

(ACC), and subcortical structures including amygdala;

2) emotion conceptualization, including VMPFC and DMPFC,

hippocampal and parahippocampal cortex (PHC), and PCC;

and 3) emotional semantic processing, including aTL, VMPFC,

OFC, and PCC as suggested in the meta-analyses of Lindquist,

Wager, Kober, Bliss-Moreau, and Barrett (2012) and Binder and

Desai (2011).

Given the specific role of the amygdala in core affect pro-

cessing, detecting emotional saliency, and mentalizing

(Lindquist et al., 2012; Mar, 2011; Murphy, Nimmo-Smith, &

Lawrence, 2003; Phan, Wager, Taylor, & Liberzon, 2002; Seeley

et al., 2007), we hypothesize that an attenuated emotionality

of L2 processing, if observable, should result in decreased

sensitivity of this structure to the emotion manipulation in

the L2 text passages.
2. Materials and methods

2.1. Participants

Twenty-four right-handed native German speakers (all were

university students, sixteen female) gave written consent to

take part in the experiment, which was approved of by the

ethics committee of Freie Universit€at Berlin, and conducted in

compliance with the Code of Ethics of the World Medical

Association (Declaration of Helsinki). To assure a high level of

L2 proficiency, four participants were excluded based on their

relatively weak L2 proficiency suggested by the language test

score or task performance inside the scanner. Age of the

twenty remaining participants ranged from 19 to 31

(mean ± SD ¼ 23.85 ± 3.58), and their age of acquisition of

English ranged from 6 to 14, (mean ± SD ¼ 10.6 ± 1.88). Par-

ticipants without recent previous English-competence exam-

ination results (IELTS, CAE, TOEFL) underwent an academic

http://dx.doi.org/10.1016/j.cortex.2014.09.002
http://dx.doi.org/10.1016/j.cortex.2014.09.002


c o r t e x 6 3 ( 2 0 1 5 ) 2 8 2e2 9 5284
proficiency test in English (DIALANG; Alderson, 2005). All 20

participants who finally entered the analyses had English

reading competency scores above B2 (Vantage or upper in-

termediate: can understand themain ideas of complex text on

both concrete and abstract topics, including technical dis-

cussions in his/her field of specialization) according to Com-

mon European Framework (www.coe.int/lang-CEFR). All

participants were highly familiar with the Harry Potter (HP)

book series. They had read on average three books of the se-

ries both in German and in English, and had no problems

understanding the novel-specific content in either of the two

languages. All of them had normal or corrected-to-normal

vision, and reported no neurological or psychiatric disorder.

Participants were properly compensated monetarily or with

course credits for their participation.

2.2. Stimuli

To prepare our stimulus material we screened all seven HP

novels (Rowling, 1997, 1998, 1999, 2000, 2003, 2005, 2007) for

text passages representing either strongly emotional or

particularly neutral moments or events, resulting in a pre-

selection of 239 potentially suitable passages, each one

about 4 lines in length. In a pilot study, we collected emotional

ratings on the four dimensions: valence, scaled from �3 (very

negative) to þ3 (very positive, see V~o, Jacobs, & Conrad, 2006);

arousal, scaled from 1 (very calming) to 5 (very arousing, see

Bradley & Lang, 1999; V~o et al., 2009, V~o, Jacobs, & Conrad,

2006); fearfulness, scaled from 1 (not fear-inducing at all) to

5 (very fear-inducing); and happiness, scaled from 1 (not

happy at all) to 5 (very happy). Fifteen German native speakers

rated the German version of these passages, taken from

published German translations (by Klaus Fritz, Carlsen Verlag,

Hamburg).

According to the correspondingmean values, we realized a

most parsimonious contrast of emotional content of text

passages resulting in three discrete conditions, the definition

ofwhich takes into account different emotion dimensions and
Table 1 eMeans and standard deviations, F, and p values fromm
different emotion conditions (Emo.) on four emotional dimensio

F(2,2394) p

Valence Overall 3911.37 <.00
L1

L2

Emo. � Lang. 11.33 <.00
Arousal Overall 635.94 <.00

L1

L2

Emo. � Lang. .52 .59

Fear Overall 3237.70 <.00
L1

L2

Emo. � Lang. 3.02 .04

Happiness Overall 2252.35 <.00
L1

L2

Emo. � Lang. 7.50 .00
the typical intercorrelations between them: 1) negative, highly

arousing fearful events, 2) positive, happy events, and 3) low

arousing neutral events introducing no particular emotion.

One hundred and twenty text passages were finally

selected as stimuli, including 40 passages in the “Fear” con-

dition, the “Happy” condition, and the “Neutral” condition.

Note that 18 passages from theNeutral condition had not been

rated in the pilot study, but added by the experimenters ac-

cording to their intuition after it had turned out necessary to

find more neutral passages in a second screening procedure.

Nevertheless, post-scan ratings fully supported the use of

these passages for the neutral condition (Table 1).

Furthermore, passage selection assured that: 1) under-

standing the passages did not require a high level of famil-

iarity with HP novels, 2) the emotional connotations of the

passages clearly evolved at their very beginning, 3) respective

emotional contents were unambiguous and consistent

throughout the passage. To control for other factors poten-

tially influencing reading performance, we matched the

number of persons or characters (as the narrative element),

the type of inter-character interaction, and the incidence of

supra-natural events (i.e., magic) involved in text passages

across the three emotional categories. Within each language,

we also matched the numbers of letters, words, sentences,

and subordinate sentence per passage across the three

emotional categories. For the German passages, for which all

these measures were available, we matched the passage-wise

average imageability (taken from V~o et al., 2009; Conrad et al.,

unpublished results) and passage-wise average frequency of

words given in SUBTLEX (Brysbaert et al., 2011), and Leipzig

Wortschatz Project (available at http://wortschatz.uni-leipzig.

de/) across the three conditions. Although the number of

words did not differ across languages, due to the generally

increased complexity of graphemes and morphological word

structure of the German language, German passages con-

tained slightly more letters than English passages

(250.80 ± 36.59 in German vs 222.38 ± 38.86 in English, p < .0001

in paired t-test).
ixedmodel analyses of post-Scan ratings of passages from
ns in two languages (Lang.).

Mean values in emotion conditions

Fear Neutral Happy

01 �2.00 (.99) .24 (.87) 1.98 (.85)

�2.10 (.99) .26 (.88) 2.09 (.77)

�1.90 (.99) .22 (.85) 1.87 (.90)

01

01 4.10 (.65) 2.76 (.71) 2.96 (1.02)

4.15 (.65) 2.78 (.70) 2.97 (1.06)

4.05 (.65) 2.73 (.73) 2.95 (.99)

01 3.57 (.95) 1.33 (.58) 1.12 (.35)

3.63 (.96) 1.32 (.60) 1.11 (.33)

3.51 (.95) 1.34 (.56) 1.13 (.38)

9

01 1.19 (.48) 2.19 (.95) 3.80 (.86)

1.16 (.45) 2.22 (.95) 3.90 (.80)

1.22 (.51) 2.16 (.94) 3.70 (.90)

1

http://www.coe.int/lang-CEFR
http://wortschatz.uni-leipzig.de/
http://wortschatz.uni-leipzig.de/
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2.3. Design

A 3 � 2 repeatedmeasures design was applied with emotional

valence (‘fear’, ‘neutral’, ‘happy’) and presented language

(‘German’ e L1, ‘English’ e L2) as within subject factors. The

120 text passages were divided into two subsets of 60, each

containing 20 passages per emotional condition, maintaining

control for all relevant variables mentioned above. During the

experiment, each participant read one subset in L1, and the

other in L2.

2.4. Procedure

The experiment consisted of four runs, each containing five

passages from each experimental cell. We pseudo-

randomized the order of presentation of the 30 passages in

each run. Not counting the first and last passages, we always

assured equal numbers (7) of all possible language switch

combinations (E-E, E-G, G-E, G-G) in each run. The distribution

of valence categories relative to these switch positions was

balanced across all participants. Similar to the design of a

previously successful fMRI experiment on text-reading

(Altmann et al., 2014), each passage was presented for 14 sec

in the MR scanner, distributed on four lines (shown consecu-

tively for 3.5 sec each), and then followed by 14 sec of fixation

cross. The visual input was presented on a computer screen

and was reflected to the participants' eyes via a mirror.

To keep participants attentive, four randomly selected

passages in each run were immediately followed by an

emotion-unrelated, context-specific yes/no question (e.g.,

‘Was Harry in a train station?’ ‘Was the alarm clock broken

again?’), to which participants responded via button press.

Questions and responses were also modeled in the factorial

fMRI analyses.

2.5. fMRI data acquisition

Functional data were acquired on a Siemens Tim Trio 3T MR

scanner. Four runs of 440 volumes were measured using a

T*
2-weighted echo-planar sequence [slice thickness: 3 mm, no

gap, 37 slices, repetition time (TR): 2 sec, echo time (TE):

30 msec, flip angle: 70�, matrix: 64 � 64, field of view (FOV):

192 mm, voxel size: 3.0 mm � 3.0 mm � 3.0 mm] and indi-

vidual high-resolution T1-weighted anatomical data (MPRAGE

sequence) were acquired (TR: 1.9, TE: 2.52, FOV: 256, matrix:

256 � 256, sagittal plane, slice thickness: 1 mm, 176 slices,

resolution: 1.0 mm � 1.0 mm � 1.0 mm).

2.6. Post-scan ratings and analyses

Following the experiment in theMR scanner, participants rated

all 120 passages in the language version they had read inside

the scanner, but in a different pseudo-randomized order, on

the four dimensions of valence, arousal, fearfulness, and

happiness using identical scales as for the pilot ratings. We

conducted linear mixed model analyses on the post-scan rat-

ings of the four dimensionswith SPSSVersion 21. “Subject” and

“Stimuli” were assigned as subject variables, while “Language”

and “Emotion” were assigned as repeated variables. Three

models for each rating dimension, using the repeated
covariance structures “Unstructured”, “Diagonal”, and “Com-

pound Symmetry” were made. Likelihood ratio tests

comparing the information criteria (�2 Restricted Log Likeli-

hood) unequivocally favored the model using “Compound

Symmetry” as the covariance structure with the least degree of

freedom. To explore the nature of significant interactions, we

performed the post-hoc pairwise comparisons of estimated

marginal means in each emotional condition between two

languages with �Sid�ak correction for multiple comparisons.

2.7. fMRI preprocessing

The fMRI data were preprocessed and analyzed using the

software package SPM8 (www.fil.ion.ucl.ac.uk/spm). Pre-

processing consisted of slice-timing correction, realignment

formotion correction, and sequential coregistration. Structural

images were segmented into grey matter, white matter, cere-

brospinal fluid, bone, soft tissue, and air/background with the

‘New Segment’ module (Ashburner & Friston, 2005). A group

anatomical template was created with DARTEL (Diffeomorphic

Anatomical Registration using Exponentiated Lie algebra,

Ashburner, 2007) toolbox from the segmented grey and white

matter images. Transformation parameters for structural im-

ageswere then applied to functional images to normalize them

to the brain template of the Montreal Neurological Institute

(MNI) supplied with SPM. For the univariate analysis, func-

tional images were resampled to a resolution of

1.5 � 1.5 � 1.5 mm, and spatially smoothed with a kernel of

6 mm full-width-at-half-maximum during normalization. For

the multivariate analyses, we made another set of normalized

but not resampled and not smoothed functional images.

2.8. fMRI GLM analyses: factorial analysis

We calculated statistical parametric maps by multiple re-

gressions of the data onto a model of the hemodynamic

response (Friston et al., 1995). In the factorial analysis, this

model contained regressors for the passage onsets for each of

the six experimental conditions. The duration for each pas-

sage was 14 sec. The context-specific questions were modeled

as a separate condition, and each question last 4 sec. The six

realignment parameters were modeled as six additional re-

gressors. Regressors were convolved with the canonical he-

modynamic response function in SPM8. A temporal high-pass

filter with a cutoff of 128 sec was applied. Contrasts of each of

the six conditions in the factorial design for each participant

were used at the group level to model a random effect flexible

factorial analysis with two factors: Emotion (violated sphe-

ricity and unequal variance) � Language (violated sphericity

and unequal variance).

For the effect of language, we first analyzed the main ef-

fects of [L1 > L2] and [L2 > L1]. In order to test whether there is

neural substrate, the hemodynamic response of which is al-

ways stronger to one of the two languages in a consistent way

for all three emotional conditions, we then calculated the

conjunction of the following three contrasts: [Fear-L1 > Fear-

L2], [Neutral-L1 > Neutral-L2] and [Happy-L1 > Happy-L2] for

the effect of [L1 > L2], and the conjunction of [Fear-L2 > Fear-

L1], [Neutral-L2 > Neutral-L1] and [Happy-L2 > Happy-L1] for

the effect of [L2 > L1]. Regions passing the conjunction

http://www.fil.ion.ucl.ac.uk/spm
http://dx.doi.org/10.1016/j.cortex.2014.09.002
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analysis would represent the most robust effect of language,

unaffected by a potential interaction with emotion.

For the effect of emotion, we used the Neutral condition as

the baseline reading condition to contrast with emotional

conditions. Main effects of fear-inducing passages involved

the contrasts [Fear > Neutral] and [Fear < Neutral], and main

effects of happiness-inducing passages involved the contrasts

[Happy > Neutral] and [Happy < Neutral]. To test for shared

neural substrates, the hemodynamic responses of which

would differ consistently between reading emotion-laden

versus neutral text across the two presented languages, we

calculated the following four contrast conjunctions:

1) [Fear-L1 > Neutral-L1] and [Fear-L2 > Neutral-L2],

2) [Fear-L1 < Neutral-L1] and [Fear-L2 < Neutral-L2],

3) [Happy-L1 > Neutral-L1] and [Happy-L2 > Neutral-L2], and

4) [Happy-L1 < Neutral-L1] and [Happy-L2 < Neutral-L2].

The following contrasts tested for an interaction between

effects of Emotion � Language:

1) stronger response to Fear in L1: [Fear-L1 > Neutral-

L1] > [Fear-L2 > Neutral-L2];

2) stronger response to Fear in L2: [Fear-L2 > Neutral-

L2] > [Fear-L1 > Neutral-L1];

3) stronger response to Happiness in L1: [Happy-L1 >Neutral-

L1] > [Happy-L2 > Neutral-L2];

4) stronger response to Happiness in L2: [Happy-L2 >Neutral-

L2] > [Happy-L1 > Neutral-L1].

All mentioned univariate fMRI analyses were conducted at

the whole brain level. Because currentmeta-analyses strongly

suggested the amygdala to be involved in emotion processing,

especially concerning fear (Lindquist et al., 2012; Murphy

et al., 2003; Phan et al., 2002), we performed small volume

correction (SVC) with a bilateral amygdala mask for contrasts

concerning emotion effects or their interaction with pre-

sented language. The bilateral amygdala mask in the MNI

template was defined by the WFU Pickatlas Tool (Maldjian,

Laurienti, Kraft, & Burdette, 2003).

For whole brain analyses, we used an initial voxel-level

threshold of uncorrected p < .005, then a cluster-level

threshold of family-wise error (FWE) corrected p < .05 for the

entire image volume, as suggested by Lieberman and

Cunningham (2009) for studies in cognitive, social and affec-

tive neuroscience. For the SVC analyses of amygdala, we used

initial voxel-level threshold of uncorrected p < .005 for the

entire image volume, then the threshold of voxel-level

FWE corrected p < .05 after applying the SVC with a bilateral

amygdala mask. The labels reported were taken from the ‘TD

Labels’ (Lancaster et al., 1997, 2000) or ‘aal’ labels in the WFU

Pickatlas Tool. The Brodmann areas (BA) were further checked

with the Talairach Client using nearest grey matter search

after coordinate transformation with the WFU Pickatlas Tool.

2.9. Multivariate/multivoxel pattern analysis (MVPA)

MVPA uses pattern-classification techniques to extract the

signal that is present in the pattern of response across mul-

tiple voxels, representing spatially distributed patterns of
brain activity, even if (considered individually) the voxels

might not be significantly responsive to any of the conditions

of interest (Haynes & Rees, 2006; Norman, Polyn, Detre, &

Haxby, 2006). We used the Pattern Recognition for Neuro-

imaging Toolbox (PRoNTo; Schrouff et al., 2013) for this pur-

pose to address our two research questions:

1) Do distributed brain activity patterns differ when reading

literature in L1 and L2? We trained the implemented

‘Support Vector Machines’ to classify blocks of L1 versus L2

from each subject. Accuracies of the machine learning

were cross-validatedwith the ‘leave-one-run-out’ strategy.

Subject-wise balanced accuracies of the classifier were

taken into the group statistics (one-tailed one-sample

t-tests) to test whether the mean accuracy was above

chance level (50%) at the group level.

2) Do the distributed brain activity patterns differ when

reading emotion-laden text of different categories (Fear

vs Neutral vs Happy), and do respective levels of differen-

tiation differ between L1 and L2? We trained the imple-

mented ‘Multiclass Gaussian Process Classification’

machine to classify [Fear vs Neutral vs Happy] for each

subject in blocks of reading in L1 and L2. Accuracies of the

machine learning were cross-validated with the ‘leave-

one-run-out’ strategy. Subject-wise balanced accuracies of

the classifier between emotion conditions for L1 and L2

were taken to perform group statistics (one-tailed one-

sample t-tests) to test whether mean accuracies in L1 or

L2 were above chance level (33.3%) at the group level.

Finally, we used one-tailed paired t-tests to compare the

tri-class classification accuracies between L1 and L2.

Non-resampled, non-smoothed functional imaging data

were linearly detrended and mean centered across samples

for MVPA.

We performed MVPA in 1) the whole brain, and the

following regions of interest (ROI): 2) the cerebrum, which is

the whole brain excluding the brain stem and the cerebellum,

and 3) the brain stem to differentiate the distribution of con-

dition specific activity patterns at the cortical and subcortical

level, 4) the emotion processing related limbic lobe, and in

particular 5) bilateral amygdala. Therefore, five secondary

masks were defined when analyzing with PRoNTo. Anatom-

icalmaskswere defined byWFU Pickatlas Tool (Maldjian et al.,

2003) on the MNI template.
3. Results

3.1. Behavioral results

All 20 remaining participants correctly responded to context-

specific questions in the scanner above chance (�62.5%) for

both L1 and L2 with an overall mean accuracy of

85.77% ± 7.59% (L1: 83.48% ± 12.82%; L2: 88.07% ± 10.89%). A

paired t-test showed no statistically reliable difference be-

tween L1 and L2 accuracy within participants, implying

comparable text comprehension in L1 and L2.

Summarized in Table 1, highly significant main effects of

emotion were obtained in the post-scan ratings for all four

http://dx.doi.org/10.1016/j.cortex.2014.09.002
http://dx.doi.org/10.1016/j.cortex.2014.09.002
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emotional dimensions involving significant differences be-

tween all three respective emotion conditions in post-hoc

pairwise comparisons. Significant interactions between ef-

fects of emotion and presented language were given for the

valence, fearfulness, and happiness ratings (Table 1). For

valence ratings, the comparisons between estimatedmarginal

means were significant between the Fear-L1 and Fear-L2

(p ¼ .001), and between Happy-L1 and Happy-L2 (p ¼ .001)

conditions. Significant differences were also given on fear

ratings between Fear-L1 and Fear-L2 (p ¼ .009) conditions, and

on happiness ratings between Happy-L1 and Happy-L2

(p < .001) conditions. The mean values of passage ratings in

all language/emotion conditions are listed in Table 1.

As the emotional intensity of L2 processing was suggested

to depend on Age of L2 acquisition (AoA) we correlated our

participants' AoA of English L2 in additional non-parametric

analyses (Kendall's t) with their post scanning ratings of

emotional valence and arousal for L2 passages.We did so once

for the whole stimulus set using mean original arousal and

mean absolute valence values per participant as measures of

perceived emotion intensity; and once again for the different

emotion conditions separately, this time using both mean

original arousal and valence values per participant. No sig-

nificant correlations were given between AoA of L2 and any L2

emotion ratings (Appendix Table A.1).

To test whether general familiarity with the specific

fictional context of Harry Potter had influenced our partici-

pants' perception of emotional content, we conducted the

same non-parametric analyses (Kendall's t) correlating the

above mentioned individual measures of emotion intensity in
Table 2 e Results of the main effects of language in the factorial

H Label Size

L1 > L2

B Lingual gyrus, Cuneus 26341

L TPJ (MTG, STG, Supramarginal) 2582

R PHC, Amygdala 1283

R aTL (MTG) 2569

R TPJ (Supramarginal, IPL, STG) 2337

B DMPFC (SFG, MFG) 3528

L Cerebellum (declive, uvula) 779

R Amygdala (SVC) 291

L Amygdala (SVC) 187

L2 > L1

L STG, IFG pars opercularis 7656

R Cerebellum (inferior semilunar lobule, tonsil) 1203

L TOJ (ITG, MOG) 3414

R Cingulate, dACC 4996

R IFG, anterior insula 2693

R Cerebellum (declive, culmen) 1756

R Frontal pole (SFG, medial & MFG) 2355

R TPJ (STG, IPL) 534

R MTG, ITG (posterior) 744

The coordinates listed are in the MNI space. Only the first peak in each h

Abbreviations: H: hemisphere, L: left hemisphere, R: right hemisphere

correction for the whole brain, and voxel level p-value after FWE corre

Anatomical labels: aTL: anterior temporal lobe, dACC: dorsal anterior cin

ITG: inferior temporal gyrus, MFG: middle frontal gyrus, MOG: middle o

cortex, SFG: superior frontal gyrus, STG: superior temporal gyrus, TOJ: te
both L1 and L2 ratings with the total number of Harry Potter

book each participant had read.

No significant correlations with this familiarity measure

were given for any emotion ratingmeasure, neither across the

whole material nor in any single experimental condition in L1

or L2 (Appendix Table A.1).

The absence of such correlations suggests our general re-

sults to be unaffected by individual familiarity with the spe-

cific type of literature or the AoA of L2 (English).

3.2. fMRI factorial analysis results

3.2.1. Effect of language
Hemodynamic response differences of the following regions

were significant in the main effect contrast of [L1 > L2] (see

Table 2): bilateral striate and extrastriate visual cortices, right

PHC including amygdala, bilateral TPJ, right aTL, bilateral

DMPFC, and left cerebellum. Bilateral amygdala was signifi-

cant in the SVC analyses. Among these, the bilateral primary

and extrastriate visual cortices survived the conjunction

analysis, showing significant main effects of language

[L1 > L2] in all three emotional conditions. Due to morpho-

logical differences between the two languages and the ten-

dency of German to use especially complex graphemes,

German passages comprised on average more letters than

English ones. Therefore, we performed an additional analysis

using the number of letters per passage as a first-order para-

metric modulator for the factorial analysis, thus partialling

out the variance that could be attributed to passage length,

presumably affecting visual cortex activation. In this
analysis.

p T B.A. [x, y, z]

<.001 7.80 18 12, �70, �0

7.50 17 �10, �84, 1

<.001 6.54 39 �52, �67, 28

<.001 6.19 28/35 27, �3, �17

<.001 5.68 21 50, 3, �29

<.001 5.04 40/7/22 50, �54, 24

<.001 4.80 9/10 2, 56, 28

4.41 8 �20, 27, 46

.006 4.54 �20, �81, �29

<.001 6.19 27, �3, �17

<.001 5.18 �21, �7, �17

<.001 9.67 22/44 �56, 3, �5

<.001 7.30 20, �72, �47

<.001 6.55 20/19 �51, �51, �17

<.001 6.37 32 2, 21, 39

<.001 6.35 47/13 41, 17, �3

<.001 5.54 27, �60, �24

<.001 4.75 10 32, 48, 30

.049 4.73 42/22/40 60, �31, 7

.008 4.12 37 50, �69, 3

emisphere is listed.

, B: bilateral, p: cluster level p-value after family-wise error (FWE)

ction for the SVC (small volume correction), B.A.: Brodmann area.

gulate cortex, IFG: inferior frontal gyrus, IPL: inferior parietal lobule,

ccipital gyrus, MTG: middle temporal gyrus, PHC: parahippocampal

mporo-occipital junction, TPJ: temporo-parietal junction.
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additional analysis, bilateral striate and extrastriate visual

cortices were still significant in the conjunction analysis,

although the size of the significant cluster was smaller

(k ¼ 2306 vs k ¼ 1980).

Regions with significant hemodynamic response differ-

ences in the contrast of [L2 > L1] were (see Table 2): IFG pars

opercularis, left temporo-occipital junction (BA 20), right

anterior insula, right TPJ, right inferior posterior temporal

lobe, right frontal pole, right dorsal ACC and cingulate gyrus,

and two clusters in right cerebellum. None of them survived

the conjunction analysis, suggesting that the effects of lan-

guage in the direction [L2 > L1] were not emotion-invariant.

3.2.1.1. EFFECT OF EMOTION e FEAR. Differences of hemodynamic

responses were significant in the contrast [Fear > Neutral]

(Table 3, Fig. 1 left penal, red) on the whole brain level in the

following areas: bilateral IPL (BA 40), left hippocampus

including left amygdala, right PHC, left IFG pars triangularis,

left inferior posterior temporal lobe (BA 22), and right cere-

bellum. The SVC analysis was significant in bilateral
Table 3 e Results of the main effects of emotion in the factorial

H Label Size

Fear > Neutral

L IPL 2006

R IPL 1082

L IFG, pars triangularis 1130

R Cerebellum (declive, pyramis) 1101

L MTG (posterior) 1059

L Hippocampus, Amygdala, STG 702

R PHC 748

L Amygdala (SVC) 108

R Amygdala (SVC) 29

Fear < Neutral

R PHC, PCC, cingulate cortex 10883

R IPL, AG 5665

R DLPFC (SFG, MFG) 3920

L PHC 2157

L AG, Precuneus, SPL 2880

R aTL (MTG) 1960

L aTL (MTG, STG) 1538

R VMPFC (medial FG) 4347

L DLPFC (SFG, MFG) 1497

L Cerebellum (tuber, pyramis) 688

Happy > Neutral

R aTL (STG, MTG) 654

R STG, MTG (posterior) 696

L Amygdala (SVC) 65

Happy < Neutral

R PHC 669

R Precuneus, AG, Supramarginal 2383

L PHC 655

B PCC 2310

L AG, Precuneus 1275

R DLPFC (MFG, SFG) 1301

The neutral condition was used as the control condition for contrasts sh

The coordinates listed are in the MNI space. Only the first peak in each h

Abbreviations: H: hemisphere, L: left hemisphere, R: right hemisphere, B

brain, and voxel level p-value after FWE correction for the SVC (small volu

gyrus, aTL: anterior temporal lobe, DLPFC: dorsolateral prefrontal cortex

frontal gyrus, MTG: middle temporal gyrus, PCC: posterior cingulate cor

superior parietal lobule, STG: superior temporal gyrus, VMPFC: ventrome
amygdala. Only the left IPL survived the conjunction analysis

of [L1 and L2].

In the contrast [Fear < Neutral], differences of hemody-

namic responses of the following regions were significant:

bilateral PHC including right cingulate and PCC, bilateral AG

(BA 39), dorsolateral prefrontal cortex (DLPFC, BA 8), aTL (BA

21), right VMPFC (BA 10 & 11), and left cerebellum (Table 3,

Fig. 1 left penal, green). Among them, bilateral PHC, AG, right

cingulate and PCC, right DLPFC, and right aTL passed the

conjunction analysis of [L1 and L2].

3.2.1.2. EFFECT OF EMOTION e HAPPY. Significant regions for the

contrast [Happy > Neutral] included right aTL and posterior

temporal cortex on the whole brain level, and left amygdala in

SVC (Table 3, Fig. 1 right penal, red). No region survived the

conjunction analysis.

In the contrast [Happy < Neutral], differences were signif-

icant in bilateral PHC, AG, PCC, and right DLPFC (Table 3, Fig. 1

right penal, green). Among them, the right AG survived the

conjunction analysis of [L1 and L2].
analysis.

p T B.A. [x, y, z]

<.001 8.00 40 �57, �36, 36

.001 5.40 40 62, �42, 24

<.001 5.39 45/13 �46, 36, 4

.001 5.36 15, �79, �29

.001 5.05 37 �52, �61, 3

.012 4.41 28/21 �28, �10, �14

.008 3.97 30 32, �52, 9

.008 3.97 �28, 0, �20

.036 3.45 29, �6, �18

<.001 10.16 36/31 27, �34, �17

<.001 9.73 39 45, �66, 31

<.001 8.53 8 24, 32, 51

<.001 7.96 36/28 �27, �37, �15

<.001 7.51 39/7 �42, �67, 30

<.001 6.72 21 60, �10, �17

<.001 6.45 21/38 �56, �9, �20

<.001 5.72 11/10 6, 32, �17

<.001 5.14 8 �20, 38, 46

.013 4.48 �38, �76, �35

.018 4.58 38/21 36, 8, �17

.012 4.06 22/21 44, �33, �2

.015 3.75 �28, 0, �20

.015 5.76 36 30, �33, �17

<.001 5.71 19/39 39, �73, 39

.017 5.50 36 �28, �33, �18

<.001 5.43 29 12, �49, 9

4.58 31 �8, �61, 19

<.001 4.57 39 �33, �78, 31

<.001 4.41 8 29, 36, 45

owing emotion effects.

emisphere is listed.

: bilateral, p: cluster level p-value after FWE correction for the whole

me correction), B.A.: Brodmann area. Anatomical labels: AG: angular

, IFG: inferior frontal gyrus, IPL: inferior parietal lobule, MFG: middle

tex, PHC: parahippocampal cortex, SFG: superior frontal gyrus, SPL:

dial prefrontal cortex.
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Fig. 1 e Main Effects of Emotion. Regions showing significant BOLD response differences for emotion-laden versus neutral

passages (Table 3) e created using xjView toolbox. Red color indicates significant positive differences (Emotion > Neutral).

Green and blue indicate significant negative differences (Emotion < Neutral). A and F: right lateral view; B and G: left lateral

view; C and H: inferior view; D and I: superior view; Left Panel: Fear versus Neutral; E: transverse section highlighting left

amygdala.; Right Panel: Happy versus Neutral; J: transverse section highlighting right anterior temporal cortex.
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3.2.2. Interaction between effects of language � emotion
Differences of hemodynamic responses of left precentral

cortex (MNI coordinate ¼ �38, �22, 40; BA 4 & 6, cluster-level

FWE-corrected p ¼ .025, cluster size ¼ 610 voxels; Fig. 2 left

penal) and bilateral amygdala (SVC, Left: MNI

coordinate¼�22,�7,�18, voxel-level FWE-corrected p¼ .047;

Right: MNI coordinate ¼ 27, �9, �15, voxel-level FWE-cor-

rected p ¼ .050; Fig. 2 right penal) were significant in the

interaction contrast [Happy-L1 > Neutral-L1] > [Happy-

L2 > Neutral-L2]. The estimated response strength for the

different conditions of left precentral cortex and left amygdala

is shown in the lower panels of Fig. 2. We found no interaction

between effects of presented language and fear.

3.3. MVPA results

Results for the binary classification of trials read in L1 versus

L2 are summarized in Table 4. For the cortical and the

subcortical level, the limbic lobe, and in the amygdala, group

mean accuracies were significantly above chance level (50%).

Results for the tri-class classification on emotions cate-

gories [Fear vs Neutral vs Happy] in L1 and L2 are summarized
in Table 5. Group mean balanced classification accuracies in

L1were significantly above chance level (33.3%) on the cortical

level, the subcortical level, and in the limbic lobe, but not in

the amygdala, but specific accuracies for the Fear condition in

L1 were significantly above chance level in all ROIs including

the amygdala. In L2, group mean balanced classification ac-

curacy was not significantly above chance in any ROI, but

accuracies for the Fear condition were still significantly above

chance at the cortical level and for the limbic lobe. Specific

accuracies for the Happy condition in L1 or L2 were not

significantly above chance in any ROI. Paired t-tests showed

that group mean balanced classification accuracies were

significantly higher in L1 than in L2 for the whole brain

(p < .02), but not in other ROIs.
4. Discussion

In this fMRI study we investigated how the human brain

processes emotional texts from popular literature. In partic-

ular, we addressed the question of whether emotional lan-

guage processing differs when reading in L1 or L2. To our

http://dx.doi.org/10.1016/j.cortex.2014.09.002
http://dx.doi.org/10.1016/j.cortex.2014.09.002


Fig. 2 e The Interaction of Language £ Emotion. Regions showing significant BOLD response interactions in the contrast

[Happy-L1 > Neutral-L1] > [Happy-L2 > Neutral-L2]. All panels were created using SPM. Panel A and B: left precentral gyrus.

Panel B shows the estimated response strength in the peak (¡38, ¡22, 40), and the error bars represent the 90% confidence

intervals. Panel C and D: bilateral amygdala. Panel D shows the estimated response strength in the peak for the left

amygdala (¡22, ¡7, ¡18), and the error bars represent the 90% confidence intervals.
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knowledge, this is the first neuroscientific investigation of

emotion processing in language covering what is probably the

most common and treasured reading experience e novels.

The world-wide success of Harry Potter's mystical adventures

makes them an excellent candidate to investigate normal life

reading processes.
Table 4 e Group statistics of the classification accuracy of
MVPA on the binary classification for the presented
languages.

ROI MA SD

Mask % %

Whole brain 64.60** 8.18

Cerebrum 57.66** 8.01

Brain Stem 52.52** 3.09

Limbic lobe 54.66** 5.75

Amygdala 51.75* 3.27

Abbreviations: MA: mean accuracy, SD: standard deviation.

**p < .01 in one-tailed one-sample t-test against chance level (50%).

*p < .05 in one-tailed one-sample t-test against chance level (50%).
4.1. The effect of language

The conjunction contrast in the factorial analysis showed that

bilateral visual cortices were more active when reading in L1

(German) than in L2 (English) irrespective of emotion condi-

tions. An additional analysis (see Results section 3.2.1)

confirmed that this effect was notmerely due to overall length

differences across languages. Visual cortices are associated

with orthographic processing (Kiyosawa, Itoh, Nakagawa,

Kobayashi, & Tamai, 1995; Petersen, Fox, Snyder, & Raichle,

1990; Price, 2012) and early visual processing in reading

(Indefrey et al., 1997).

Neural activation has generally been reported to be better

topographically localized and more consistent across partici-

pants in L1 as compared to L2 processing due to increased

variability in L2 processing (Dehaene et al., 1997; Perani et al.,

1996). In that vein, our results for bilateral visual cortices at

the group level contrast suggest that respective differences

can already appear at a basic orthographic processing level.

Furthermore, this (unexpected) finding may also be

attributed to general differences concerning orthographic

http://dx.doi.org/10.1016/j.cortex.2014.09.002
http://dx.doi.org/10.1016/j.cortex.2014.09.002


Table 5 e Group statistics of classification accuracies in MVPA on the tri-class classification of the emotion conditions.

Accuracy

Balanced Fear Happy Neutral

MA SD MA SD MA SD MA SD

ROI % % % % % % % %

L1 Whole Brain 38.31** 5.20 44.05** 8.91 33.86 7.38 36.71 9.88

Cerebrum 36.77** 4.91 40.72** 5.93 33.15 9.11 36.72* 7.99

Brain Stem 34.90* 3.66 37.33* 7.91 32.51 5.44 34.86 9.07

Limbic Lobe 35.92* 5.13 39.07** 6.67 34.16 8.82 34.51 7.05

Amygdala 34.68 3.85 36.47* 6.92 32.40 6.34 35.10 8.07

L2 Whole Brain 34.95 6.25 39.11* 10.48 30.61 5.76 35.15 10.71

Cerebrum 34.44 5.85 38.10* 9.58 32.29 7.11 32.93 8.73

Brain Stem 33.99 3.28 34.61 5.64 33.51 6.38 33.86 7.24

Limbic Lobe 35.43 5.68 39.43** 10.66 33.54 7.52 33.32 9.31

Amygdala 33.07 3.85 36.50 10.53 32.20 7.93 30.50 10.26

Abbreviations: MA: mean accuracy, SD: standard deviation.
**p < .01 in one-tailed one-sample t-test against chance level (33.3%).
*p < .05 in one-tailed one-sample t-test against chance level (33.3%).
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processing between the two languages English and German:

the mapping between graphemes and phonemes in the

German orthography is highly consistent, whereas the English

language displays a high degree of both feed-forward and

feedback inconsistency between orthographic and phonolog-

ical representations (Ziegler, Montant, & Jacobs, 1997). Ziegler,

Perry, Jacobs, and Braun (2001) have shown that readers use

different grain sizes when segmenting the orthographic input

of different languages: the more inconsistent the

orthography-phonologymapping, the larger the units used for

an efficient reading process. Thus, basic orthographic pro-

cessing focusing on relatively small units at the letter and

grapheme level should play a more important role when

reading German as compared to English, where more holistic

processing is an effective strategy to cope with orthography-

phonology inconsistencies. This could explain why we found

regions related to early visual and orthographic processing to

be more active in the German L1 than in the English L2

condition.

No region was consistently more active in L2 than L1

reading irrespective of emotion conditions, but different sig-

nificant regions emerged for main effect contrasts [L1 > L2]

and [L2 > L1] (Results 3.2.1, Table 2). Thus, effects of L2 vs L1

seem to vary with emotional content, suggesting emotion ef-

fects might shift their locus between L1 and L2. In particular,

our results revealed the amygdala to be significant in the

contrast [L1 > L2], while the anterior insula was significant in

the contrast [L2 > L1] (see Table 2). Notably, both effects did

not survive the conjunction, presumably because respective

differences in emotion-related areas (Lindquist et al., 2012)

only held true for emotion-laden passages.

MVPA classification accuracies between L1 and L2 pas-

sages (Table 4) were above chance level in the whole brain

level and in all ROIs, showing that differentiated spatially

distributed patterns of brain activity between L1 and L2 were

present at both cortical and sub-cortical levels, including the

amygdala and the limbic lobe e offering another cue that

emotion processing patterns in the brain differ between L1

and L2.
4.2. The effect of emotion

Highly significant main effects on all four dependent behav-

ioral post-scan rating variables confirmed the validity of our

manipulation.

Contrasting the processing of highly emotional with

neutral literature passages, our data revealed a set of neural

substrates previously reported for more elementary emotion

manipulations: amygdala, associated with Core Affect; hip-

pocampus and PHC, associated with emotion conceptualiza-

tion (Lindquist et al., 2012), but also areas like aTL and TPJ

involved in discourse comprehension (Ferstl et al., 2008),

Theory-of-Mind processing (Frith& Frith, 2006), and high-level

semantic processing that converges modality-specific infor-

mation and processing general, supra-modal, and abstract

semantic information (Binder & Desai, 2011; Binder et al.,

2009); or left IFG, associated with working memory (BA 44),

high-level semantic processing (BA 45 & 46), and empathy (BA

47, Liakakis, Nickel, & Seitz, 2011). Taken together, these re-

sults demonstrate that emotional experience when reading

literature involves not only core affect or emotion conceptu-

alization, but also multi-modal semantic processing, sug-

gesting that emotional literature content is object to especially

deep semantic elaboration presumably due to the increased

relevance of emotional stimuli to the organism (Staniloiu &

Markowitsch, 2012). This finding of increased brain activity

for emotional content is mirrored by the fact that regions

more active in the Neutral than in emotional conditions

belong to the defaultmode network: the PHC, PCC, IPL (BA 39&

40), and VMPFC (Buckner, Andrews-Hanna, & Schacter, 2008).

4.3. The interaction between emotion � language

MVPA results for distinguishing L1 and L2 in the emotion-

related regions already suggested different patterns of pro-

cessing emotional material across the two languages.

Furthermore, a robust modulating effect of language was

found in the behavioral data for the evaluation of happy ande

though to a lesser degreee also fear passages. Importantly the

http://dx.doi.org/10.1016/j.cortex.2014.09.002
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modulatory effect for processing happy passages was

consistent across behavioral and fMRI data. Happy passages

were rated as happier when read in L1 (Results 3.1), and fMRI

factorial analysis (Results 3.2.2, Fig. 2) revealed that the likely

neural substrates involved are left precentral gyrus (the head/

face area on the somatotopy) and bilateral amygdala.

The amygdala has a specific role in core affect processing

and in detecting emotional salience (Lindquist et al., 2012;

Seeley et al., 2007). The difference of hemodynamic re-

sponses in amygdala was significant in the contrast [L1 > L2]

and in the interaction contrast showing that respective re-

sponses to the Happy condition were stronger in L1 than in

L2. Considering also our MVPA results where activation pat-

terns for this region allowed to distinguish between L1 and L2

processing for this experiment using mainly emotion-laden

material, results from all of our statistical approaches

converge in that an attenuated sensitivity to emotional

content of literature read in L2 as compared to L1 seems to be

given for this brain structure e in accordance with our

hypothesis.

The precentral gyrus has not been covered yet in fMRI

meta-analyses on emotion (Lindquist et al., 2012; Murphy

et al., 2003; Phan et al., 2002). Premotor cortex (BA 6) is often

considered to be part of the mirror neuron system (Iacoboni &

Dapretto, 2006), which has been causally related with emotion

recognition of static emotional facial images in a TMS study

(Enticott, Johnston, Herring, Hoy, & Fitzgerald, 2008). Its

ventral part appears engaged in observing goal-directed

biomechanical actions (Morin & Grezes, 2008). Face and arm

areas of the primary motor cortex (BA 4) have been associated

with (both concrete and abstract) emotion word processing

(Moseley, Carota, Hauk, Mohr, & Pulvermuller, 2012) and

voluntary facial expression production (Morecraft, Stilwell-

Morecraft, & Rossing, 2004). Therefore, our results might

reflect efficiency differences of embodied processing

(Niedenthal, 2007) of words describing positive emotions in

the two languages. Our data suggest that descriptions of

positive scenes are less capable ofmaking the readermentally

“relive” associated embodied emotion expressions, and in

particular concerning facial expression, when reading in L2 as

compared to L1. Such difference in levels of embodied

emotional processing in L1 and L2 is also supported by a

recent study by Keysar et al. (2012) implying that a foreign

language makes people rely more on systematic processes,

but less on intuitive and affective processes, thereby reducing

decision biases. See Pavlenko (2012) for a detailed review and

discussion on this issue.

Separate MVPA analyses for the two languages (Table 5)

offered additional evidence for a more elaborate general

emotion processing in L1: balanced classification accuracies

for [Fear vs Neutral vs Happy] were above chance level in the

whole brain level and in all ROIs, except the amygdala (yet

significant within the fear condition), for L1 passages only.

Moreover, in the whole brain, balanced classification accuracy

was significantly higher in L1 than L2. Thus, more distinctive

spatially distributed patterns of brain activity characterize the

reading of literature belonging to different emotion categories

in L1 as compared to L2.

Importantly, all our results suggesting an attenuated

response to emotion in L2 cannot be attributed to a potential
loss of emotion intensity due to the translation of literature,

because in the present case, L2 text was the original.

Still, it seems important to note that our data do not sup-

port the view of L2 as an emotionally distant language (e.g.,

Bond & Lai, 1986; Gonzalez-Reigosa, 1976). Main effects for

emotion contrasts collapsing data from the two languages

yielded robust results for a range of different regions, only a

few ofwhich displayed significant interactionswith presented

language. Thus, emotion effects within the L2 data seem to

have plausibly contributed to the respective main effects e

and at least the IPL survived conjunction for emotion effects in

both languages. Furthermore, classification accuracy was

significantly above chance in L2 for the Fear condition e rep-

resenting presumably the most relevant aspect of emotional

content in terms of assuring survival e in the whole brain, the

cerebrum, and the limbic lobe. Our data are, thus, in line with

more recent reports that emotion sensitivity can generally be

found in L2 processing also (Ayçiçe�gi-Dinn & Caldwell-Harris,

2009; Conrad et al., 2011; Harris et al., 2006; Wu & Thierry,

2012).

4.4. Conclusion

In sum, our results showed that: 1) Change of activation of

neural substrates for reading literature in L1 versus L2 varies

with emotion content; 2) Emotional literary scenes generally

modulate activity not only in the core affect area (amygdala),

but also in neural substrates involved in discourse compre-

hension, high-level semantic and Theory-of-Mind processing;

3) An interaction of Emotion � Language takes place in bilat-

eral amygdala and left precentral gyrus with reduced hemo-

dynamic response for positive emotion content in L2; 4)

Neural representation of discrete emotional responses is

generally more distinguishable in L1 than in L2.

We conclude that although reading in L2 cannot be

described as generally emotionally distant, positive emotions

seem to be processedmore profoundly in the native language,

and reading literature in L1 seems to provide also a more

differentiated emotional experience. We bear in mind that in

real-life, translation qualities and supraordinate factors like

metaphor, aesthetics, humor, or sarcasm with all the cultural

and social contexts they involve may further influence the

emotional and aesthetic responses to literature either in the

original versus the translated or in an individual's first or

second language (Jacobs, 2014).
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Appendix
Table A.1 e Non-parametric correlations between
participants' emotion ratings in different experimental
conditions and participants' familiarity with Harry Potter
books (number of books read), or Age of L2 (English)
Acquisition (AoA).

Valencea Arousal

Kendall's t p Kendall's t p

Age of Acquisition

All-L2 �.27 .12 �.16 .35

Fear-L2 .19 .27 �.09 .61

Happy-L2 �.30 .09 �.33 .06

Neutral-L2 .22 .21 .26 .14

Familiarity

All-L1 .03 .84 .16 .36

All-L2 .03 .87 .19 .27

Fear-L1 �.19 .27 .29 .10

Fear-L2 �.10 .55 .32 .06

Happy-L1 �.09 .61 .08 .66

Happy-L2 .09 .62 .15 .38

Neutral-L1 �.13 .46 .02 .89

Neutral-L2 �.24 .17 �.09 .59

a Mean absolute valence values per participant were used when

the correlation is performed across the whole stimulus set irre-

spective of emotion conditions; mean original valence values per

participant were used when the correlation is performed sepa-

rately for each emotion condition.
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