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ACTION-MONITORING SYSTEM REGARDS THE FAILURE TO GAIN 
AS MORE SIGNIFICANT THAN THE LOSS
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Introduction

Methods Results & Discussion

Action-Monitoring System
- monitors and evaluates our action to achieve goals
- relates to response correction and adaptive behavior
- The ERN and the CRN are effective indices of action-
monitoring system.

Error-Related Negativity; ERN
- negative deflection elicited by the erroneous response
- observed clearly in response-locked ERP
- peaks at around 100 ms after the response and shows a 
frontocentral scalp distribution

Correct Response Negativity; CRN
- ERN-like negative deflection following the correct response
- smaller than the ERN

Motivational effect (reward or punishment)
The ERN reflects evaluation of the outcome of the error as well as detection of the error.
- The outcome of the response always accompanies our action, and more significant 
outcome for the performer elicits the larger ERN. 

- Some studies reporting the motivational effect on the ERN manipulated the motivational 
factor by providing or confiscating monetary incentives. 

Reward condition
Monetary incentives increase only for correct response, and remain unchanged for the error (FAILURE 
TO GAIN). 

Punishment condition
Monetary incentives given before the task decrease only for the error (LOSS), and remain unchanged 
for correct response.

It has been reported that the CRN does not reflect the significance of the outcome.
- In the reward condition, monetary incentives did not influence on the CRN. 

(Gehring and Nisenson, 2000 etc.; Hajcak et al., 2005).

Purpose
To investigate 

1. how does the action-monitoring system evaluate FAILURE TO GAIN and the LOSS
2. whether the motivational effect is specific to the error-processing or not in reward and punishment condition            
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Response handStimulus type

Participants
12 volunteers (6 males and 6 females) ages between 21 – 31 yrs.

Task an arrowhead version of the flanker task with the RT deadline (mean RT of the practice trial + 1SD)

Left＞＞＜＞＞＜＜＜＜＜

Right＜＜＞＜＜＞＞＞＞＞

Response handStimulus type

Condition

Recordings & Data analysis

RT: the time from stimulus presentation to button press      
EEG: Fz, FCz, Cz, and Pz (ref.: nose tip, bandpass: 0.05-30 Hz, A/D: 500 Hz) 
EMG: the right and the left forearms
Averaging epoch: 700 ms (including 100 ms preceding the button press), Artifact rejection: ±100 μV
Excluded trials: RT < 200 ms, RT deadline < RT, and the trials contaminated by response conflict or correction
ERN: Peak amp. of the difference wave (error - correct) 
CRN: Mean amp. Between 50-150 ms after the button press

Time

Averaging epoch

from – 100 to + 600 ms

S S

150 ms 1700 – 2200 ms

R

150 ms

Behavioral data
Trial Rate                  RT

ERP data
Original Waves       Difference Waves

Correct > Error

ERN result showed a different 
pattern from error RT.

Error RT: CNT > PNS and RWD
- Participants responded quickly in order to prevent the late 
response, when the error was accompanied by the FAILURE 
TO GAIN or the LOSS, and then quick response produced the 
error.

Correct trial rate: Comp. > Incomp; Correct RT: Incomp. > Comp.
- Motivational factor does not influence the response-generation 
process related to stimulus compatibility.

ERN amp.: RWD > CNT, PNS
- The significance of the error was not evaluated according to the persistence 

of monetary reward or punishment. 
- It was the most important issue for the participants whether participants 

could increase their reward in RWD compared to PNS and CNT conditions 
in which participants have no chance to increase their reward. 

CRN amp.: Motivational effect was not significant 
- This result supports the report that motivational effect is specific to error 

processing. 

Conclusion
1. Action-monitoring system 
- evaluates erroneous behavior differently according to the situation, 
even if those produce the same conclusive result. 

- makes positive efforts to get the reward.
2. Different processes evaluate the significance of the correct and error 

response respectively in the action-monitoring system regardless of the 
situation. 

Each stimulus was presented in random order with equal 
probability and participants responded with each thumb.

1 condition = 200 trials (5 blocks X 40 trials)
￥1000 was paid to the participant for perfect performance in PNS and RWD conditions.
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Even when both errors (“FAILURE TO GAIN” and 
“LOSS”) lead an equal amount of reward in total,  are 
the significances of these errors equivalent exactly?

When the punishment is given to the error, does the 
motivational factor have an effect on the correct 
response? 

Fig. 1. The time course of one trial.

Table 2. Three motivational condition manipulated the reward and punishment

Table 1. All stimulus types and response hand assigned to each target

Fig. 4. Grand-averaged waves for correct and error trials (left) 
and difference waves (right) in each condition.

Fig. 2. Trial rate and mean RT for correct and error response 
in each condition.

Fig. 3. Trial rate and mean RT for correct response in each 
condition.

Fig. 5. ERN peak amplitude (above) 
and CRN mean amplitude (below).

The 46th Annual Meeting of the Society for Psychophysiological Research 10/25-29 2006 Vancouver, BC, CANADA



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


