
 Background

 Procedure 

How hard is it going to be? ERP evidence for the adjustment

 of cognitive control during a flanker task in young adults, but not children
1,2 2Daniela Czernochowski , Lydia Schiffmann

1 2Technical University Kaiserslautern, Heinrich Heine University Düsseldorf

 Results

 Discussion

References
1) Botvinick, M. M., Braver, T. S., Barch, D. M., Carter, C. S., & Cohen, J. D. (2001). Conflict monitoring and cognitive control. Psychological Review, 108(3), 624-652. doi: 10.1037//0033-295x.108.3.624.

2) Gratton, G., Coles, M. G., & Donchin, E. (1992). Optimizing the use of information: Strategic control of activation of responses. Journal of Experimental Psychology: General, 121(4), 480-506. doi: 10.1037/0096-3445.121.4.480.

3) Braver, T. S. (2012). The variable nature of cognitive control:  A dual mechanism of control framework. Trends in Cognitive Sciences, 16, 106-113. doi:10.1016/j.tics.2011.12.010.

4) Falkenstein, M., Hoormann, J., Christ, S., & Hohnsbein, J. (2000). ERP components on reaction errors and their functional significance: A tutorial. Biological Psychology, 51(2-3), 87-107. doi: 10.1016/S0301-0511(99)00031-9.

5) McDermott, J. M., Perez-Edgar, K., & Fox, N. A. (2007). Variations of the flanker paradigm: Assessing selective attention in young children. Behavior Research Methods, 39(1), 62-70. doi: 10.3758/Bf03192844.

6) Czernochowski, D. (in press). Conflict monitoring across the life-span: How to tell right from wrong and act accordingly. Journal of Psychophysiology, Special Issue: Electrophysiology of Cognitive Aging

7) Hsieh, S., Liang, Y-C., & Tsai, Y.-C. (2012). Do age-related changes contribute to the flanker effect? Clinical Neurophysiology, 123, 960-972. doi:10.1016/J.Clinph.2011.09.013 czernochowski@sowi.uni-kl.de

Behavioral Data illustrate the ongoing maturation of cognitive control abilities. The results confirmed children's behavioral difficulties, in particular with inhibiting No-Go 
responses. RT-flanker effects were age invariant. By contrast, accuracy-flanker effects were considerably smaller for non-reversed rules in adults and to a lesser degree 
in older children. Similarly, frequent incongruent trials reduced error rates for adults only; this pattern was absent for older children and reversed for younger children. 
These qualitative changes in flanker accuracy effects are in line with a gradual increase in adaptation to task context as a function of previous response conflict.  

ERPs suggest that basic aspects of conflict detection are present even in young children; shorter latencies of the error-related negativity for children compared to adults 
suggest the delayed execution of a motor response after decision-making. However, correct trials in low- and high-conflict conditions elicited similar response conflict in 
children, and hence did not initiate an efficient adjustment of cognitive control processes, in line with ongoing maturation of response monitoring. 

Together, these results indicate that all age groups were able to detect large increases in response conflict associated with errors. However, increased conflict did not 
lead to increased cognitive control in upcoming trials for children, as younger children in particular were unable to translate increased conflict into cognitive control 
underlying correct response selection. 

According to the conflict monitoring account, cognitive control is up-regulated 
upon the detection of response conflict [1]. Hence, interference costs are 
particularly high when incongruent stimuli occur unexpectedly [2]. By contrast, if 
upcoming response conflict can be anticipated, control processes can also be 
recruited proactively to minimize response conflict and allow for rapid and correct 
response selection [3]. Response evaluation and the detection of residual post-
response conflict has been associated with the ERN/Ne, a large negative ERP 
deflection occurring within 100 ms of an erroneous response, and the 
corresponding smaller CRN/Nc for correct responses associated with high conflict 
[4]. 

Children in particular exhibit large behavioral interference costs [5], but so far little 
is known about the developmental trajectory of regulating cognitive control 
according to task context. Specifically, it is unclear if children are unaware of 
increased conflict and/or unable to recruit cognitive control accordingly. Recent 
findings suggest that even young children detect response conflict associated with 
error trials, but are unable to differentiate between degrees of conflict on correct 
and erroneous responses, thus preventing an efficient adjustment of cognitive 
control [6]. 

Here, we determined whether participants in three age groups adapt to changes in 
task context during a flanker task. We predicted an increasing differentiation 
between high and low conflict conditions: young adults, but not children were 
expected to show larger behavioral and ERP conflict effects when reversing 
response rules and when responding to infrequent incongruent trials. 

Behavioral conflict effects assessed the ability to inhibit irrelevant information (RT 
and accuracy flanker effects). ERPs were recorded to determine potential age 
differences in the neural correlate of conflict detection for errors (ERN/Ne) and 
high-conflict correct responses (CRN/Nc).
 

In addition, we compared the developmental trajectory of response inhibition 
(NoGo trials). 

ERPs illustrate response-
locked averages for error 
trials (red) and correct trials 
with low (standard response 
rule, dotted line) and high 
conflict (reversed response 
rule, dashed line) at 
electrode FCz. 

In all age groups, error trials 
were associated with a 
discernible negative 
deflection. Individual peak 
ERN/Ne amplitudes had a 
mean latency of 30 ms for 
young children (top), 40 ms 
for older children (middle) 
and 65 ms for young adults 
(bottom). 

Grey boxes illustrate the 
time windows used to 
compare ERN/Ne and 
CRN/Nc amplitudes. In all 
age groups, error trials were 
associated with larger 
negative amplitudes than 
correct trials. As predicted, 
only for adults high-conflict 
correct trials were also 
associated with larger 
negative amplitudes than 
low-conflict correct trials, in 
line with increased 
differentiation of response 
conflict detection. 
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Participants:
20 young children (mean age 7.6 years) 
20 older children (mean age 10.5 years)
19 young adults (mean age 21.4 years)

Task:  
Child-friendly version of Flanker task, adapted from [7] 

Task context (2 blocks of 200 trials per condition): 

- rare (30 %) or frequent (60%) incongruent trials 

- standard or reverse response rules (respond to head 

or tail of central crocodile).

NoGo-Trials indicated by a sleeping (curled-up)
 crocodile 

EEG Methods:
27 actiCap Ag/AgCl electrodes
ref: averaged mastoids
500 Hz sampling rate

10 % 
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RTs for correct responses (left) decreased as 
a function of age. No-Go false alarm 
responses were given much faster, and 
reliably slower for young compared to older 
children, but speed of responses did not 
differ between older children and adults. 

RT flanker effects (right) were age-invariant, 
and larger for reversed (respond to tail: 43 
ms) compared to standard response rules 
(respond to head: 31 ms) and when 
incongruent stimuli were rare (43 ms) 
compared to frequent (32 ms).

Accuracy of responses (left) increased as a 
function of age, in particular for correctly 
withheld NoGo responses. 

Accuracy flanker effects (right) were larger 
for reversed response mappings; this 
difference was pronounced in adults (9.5 vs. 
2.8 % error increase) and already present in 
older children (6.3 vs. 3.8 % error increase), 
but not observed in young children. In line 
with the recruitment of cognitive control 
when response conflict is expected, frequent 
compared to rare incongruent stimuli 
decreased error rates for adults (4.9 vs. 7.4 
% increase in errors), but increased error 
rates for young children (6.8 vs. 3.2 % 
increase in errors). 
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