
Behavioral interference (e.g., longer RT) for emotional content has been observed in Stroop-like paradigms 
(see MacLeod, Mathews, & Tata, 1986; McKenna & Sharma, 1995, 2004). This effect has been interpreted as 
an additional allocation of attentional resources when processing emotional versus neutral stimuli.

However, not all studies have revealed unambiguous emotional interference effects (e.g., Whalen et al., 
1998; Compton et al., 2003; McKenna and Sharma, 1995). This may result from weak behavioral effects of the 
paradigm itself or differences in experimental methodology, possibly masking or mimicking emotional 
interference.

Although event-related potentials (ERPs) allow to directly measure task-related early sensory or attentional
processes (e.g., P1 or N1) and differentiate these from later stages of information processing (e.g., 
categorization and evaluation as reflected by the N2-P3 complex), very few studies have investigated ERP 
correlates of emotional interference in a Stroop-like paradigm (e.g., Metzger et al., 1997; Perez-Edger & Fox, 
2003). Enhancement of ERP components related to processing emotional stimuli, particularly within the N2/P3 
complex, have been reported in studies that exploit the implicit emotional quality of a stimulus without requiring 
overt responses (Kayser et al., 1997, 2000) and those that blend cognitive and emotional processes (Cuthbert 
et al., 2000; Delplanque et al., 2005; Dietrich et al., 2001; Schupp et al., 2003a, 2003b).

ERP Recording and Data AnalysisERP Recording and Data Analysis

HypothesesHypotheses:  :  
1. Emotional words would produce longer RTs than neutral words due to a greater amount of     

attentional load.
2. Emotional compared to neutral words would result in N2-P3 augmentations seen as:

a) Greater activity over ventroposterior and left temporal regions (N2)
b) Greater midparietal activity (P3b) 

ObjectiveObjective:  :  
1. Develop a paradigm that controls for (i.e., limits) unrelated cognitive processes (e.g., word 

recognition or stimulus habituation) that may confound emotional effects of interest.
2. Investigate the time course and the contribution of regional cortical activity related to different 

stages of information processing within an emotional Stroop paradigm by using advanced ERP 
methodology.

Stimuli and ProcedureStimuli and Procedure

ParticipantsParticipants
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• Continuous DC (24-bit A/D) EEGs using an electrode cap, 67 scalp sites (extended 10-20 system), active recording reference (BioSemi), 256 samples/s
• Bipolar horizontal and vertical EOGs; blink reduction (continuous EEG) using spatial SVD; horizontal eye artifacts (epoched EEG) using linear regressions of lateral EEG 

differences (Fp2-Fp1, etc.) then removing correlated activity (±beta weight / 2) of each lateral channel (Kayser et al. 2006)
• 2,000 ms epochs, 250 ms pre-stimulus baseline, ERP averages (artifact-free trials, correct responses) low pass filtered at 12.5 Hz (-24dB/oct.), 250 ms baseline correction
• Average-reference waveforms submitted to unrestricted temporal principal components analysis (PCA) derived from the covariance matrix followed by unscaled

Varimax rotation (Kayser & Tenke, 2003), to identify and measure the temporal pattern and spatial distribution of underlying cortical activity
• Factor scores of meaningful PCA factors were submitted to repeated measures ANOVA with group (gender) as the between-subjects factor, and Valence (Positive, 

Negative), Emotional Content (Emotional, Neutral), and Response Hand as within-subjects factors. A conventional significance level (p < .05) was applied for all effects. 
• Subsets of recording sites at which PCA factor scores are largest and most representative of the associated component structure were included as a within-subjects factor 

(e.g., Kayser et al., 2006).
• Behavioral data: The percentage of correct responses and mean response time for each condition were submitted to repeated-measures analysis of variance (ANOVA) 

with emotional Valence (positive and negative), Emotional Content (emotional and neutral), and Response Hand (right and left) as within-subjects factors, and Gender as a 
between-subjects factor.

http://http://qcpages.qc.cuny.edu/Psychology/graduate/phd/neuropsychqcpages.qc.cuny.edu/Psychology/graduate/phd/neuropsych
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83.383.3 ± 17.5  (42.9 ± 17.5  (42.9 –– 100.0)100.0)
16.716.7 ±   1.8 (14 ±   1.8 (14 –– 21)21)

• no history of 
psychopathology or 
neurological disorder

Healthy Adults ( n = 28)Healthy Adults ( n = 28)
Gender (male/female) 15 / 1315 / 13

Education (years)
Handedness (EHI)

Age (years) 27.827.8 ±   6.6 (20 ±   6.6 (20 –– 41)41)

Behavioral Results

Condition   Response      (SD)         % Correct           (SD)
Latency (ms)

Positive-Emotional         644.1           105.3            94.8 5.8
Positive-Neutral             660.6           101.0             94.2 6.4

Negative-Emotional       649.5           108.5 93.4 7.9
Negative-Neutral            648.2             98.0 92.8 7.2

Mean Log Transformed Response Latencies (SD) and Percentage Correct (SD) 
for Each Experimental Condition.

• 192 words rated for affective valence, arousal, and dominance (selected from the Affective Norms for  
English Words [ANEW; Bradley & Lang, 1999])

• 48 Positive-Emotional words - upper ANEW quartile (positive valence) 
• 48 Negative-Neutral words - lower ANEW quartile (negative valence) 
• 96 Neutral words - second and third ANEW quartiles (intermediate valence), systematically matched to

positive and negative words for word length (labeled positive-neutral and negative-neutral, respectively)

• Pseudorandomized (across participants) stimulus sequences (8 blocks of 12 word pairs):
• emotional content (i.e., emotional or neutral) did not occur more than twice consecutively
• participants exposed to each word only once

• Matched word pairs were in the same color (blue, green, red, yellow) under the following restrictions: 
1) the frequency of each color was equally presented to every participant
2) the frequency of each color presentation was equal in every block
3) no color was presented more than twice consecutively

• Color was indicated by a 4-choice button press (two buttons assigned to the left hand and two buttons 
assigned to the right hand, color assignment counterbalanced across participants)

• 150 ms stimuli exposure
• pseudorandomized across four stimulus onset asynchronies (1.700, 1.825,1.950, 2.075 ms)
• Instructions:

• 1) indicate stimulus color as quickly and accurately as possible
• 2) ignore meaning of words

• Behavioral interference (e.g., longer RT) for emotional compared to neutral words was not observed.
• Significantly greater negativity over left ventroposterior and temporal sites was observed for emotional words 

around 285 ms (N285).
• This effect may be an electrtophysiological measure of increased allocation of attentional resources to 

emotionally charged words, possibly indexing active inhibition of motivational significance. 
• Whereas the lack of behavioral emotional interference effects casts doubt on the generalizability of the 

phenomenon for healthy adults, the difference between emotional and neutral words as indexed by N285 
may reflect physiological processes preceding overt behavioral interference.

UNPREDICTED FINDINGS:
• A significantly greater negativity over bilateral inferior temporoparietal electrode sites most prominent in women, 

which was greatly reduced in men.

Summary and ConclusionsSummary and Conclusions
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& Fox, 2003). 
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Emotional – Neutral

ANOVA (TP7/8, TP9/10, P7/8, P9/10):

ANOVA (T7/8, C5/6, TP7/8, TP9/10, P9/10): EMOT, F [1,26] = 13.77, p = 
.001; HEMI; F [1,26] = 12.01, p < .002; EMOT x HEMI, F [1,26] = 4.83, p < .04 

ANOVA (Pz, CPz) 

Emotional ContentEmotional Content
EmotionalEmotional NeutralNeutral

PositivePositive 2.5 (± .41) 4.9 (± .33) 
ValenceValence

NegativeNegative 8.0 (± .29) 4.8 (± .53)

• Normal color vision
• Normal or corrected-to-
normal visual acuity

Fig. 4. Mean topographies of PCA factor loadings extracted from average-
reference ERP waveforms for emotional content (left column), neutral content 
(middle column), and respective differences (right column). A uniform symmetric 
scale is used for difference maps, whereas other maps show an asymmetric 
scale optimized for score ranges between emotional conditions.

Emotional
Content

Neutral
Content

Fig. 3. (A) Time course of Varimax-rotated, covariance-based PCA factor 
loadings. Factors of interest (i.e., those within N2-P3 complex) were among 
the first 5 factors (74% total explained variance). These factors 
corresponded to peaks at around 215 ms (blue), 285 ms (red), and 508 ms 
(green). Factors are labeled according to peak latency. (B) ERP waveforms 
at selected left-hemispheric and midparietal sites and factor score 
topographies comparing emotional and neutral words. Factors are labeled 
according to peak latency and polarity. At around 300 ms, more negative-
going ERP amplitudes can be seen for emotional than neutral words at 
scalp locations Tp7, P7, TP9, and P9.

Emot. X Val.: p = .008

Fig. 1. Scatter-plot of ANEW Valence (Left) and Arousal (Right) ratings for Positive-Emotional (green 
circle), Positive-Neutral (cyan triangle), Negative-Emotional (red circle), and Negative-Neutral (blue 
triangle) words.
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ANOVA (TP7/8, TP9/10, P7/8, and P9/10)
(F [1, 26] = 6.26, p < .02)

Fig. 5. Mean topography for Factor N215 comparing women and men at selected 
electrode sites revealing a significant negative-going ERP most prominently seen 
for women, which is markedly reduced or even absent for men
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Poster available in high resolution atPoster available in high resolution at
http://psychophysiology.cpmc.columbia.edu/mmedia/spr2006/EmotStrhttp://psychophysiology.cpmc.columbia.edu/mmedia/spr2006/EmotStroop.pdfoop.pdf

http://http://psychophysiology.cpmc.columbia.edupsychophysiology.cpmc.columbia.edu



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 2400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /JPXEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 2400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /JPXEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


