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ERIKSEN FLANKERS TASK

Primary Disciplinary Field(s): Cognitive Psychology; Experimental Psychology; Cognitive

Neuroscience

1. Core Definition and Purpose

The Eriksen Flankers Task, sometimes simply referred to as the Flankers Task, is a classic and

highly influential experimental paradigm designed to measure the efficiency of selective attention

and response conflict resolution in human subjects. Developed initially by Charles W. Eriksen

and Barbara A. Eriksen in 1974, the task requires participants to identify a central target stimulus

while actively ignoring distracting stimuli, known as "flankers," that surround it. The fundamental

principle hinges on manipulating the relationship between the target and the flankers: they can be

congruent (compatible), incongruent (incompatible), or neutral. The core objective of the task is to

quantify the interference generated by the incompatible flankers, providing a robust measure of

cognitive control capabilities.

In standard implementations, stimuli are often presented as arrays of letters or directional arrows.

For example, a common arrangement uses five characters, where the central character is the

target and the two characters on either side are the flankers. Participants are instructed to respond

only to the identity or direction of the target, regardless of the surrounding noise. The crucial

manipulation is the condition where the flankers suggest a response different from the target

(incompatible condition), forcing the cognitive system to engage inhibitory mechanisms to suppress

the incorrect, prepotent response. This interference results in measurable decrements in

performance, typically manifesting as increased reaction time (RT) and reduced accuracy, which

together constitute the Flanker Compatibility Effect (FCE).

The enduring significance of the Eriksen Flankers Task lies in its ability to isolate and quantify the

mechanisms of attentional focusing and conflict monitoring. Unlike simpler tasks that measure only

reaction time to a single stimulus, the Flankers Task taps directly into the participant's ability to

allocate resources to relevant information streams while actively inhibiting irrelevant ones. It has

thus become a foundational tool for investigating psychological processes underpinning cognitive

control, yielding critical insights into how the brain manages competing demands, particularly in

high-demand or distracting environments.

2. Historical Context and Development

The theoretical lineage of the Eriksen Flankers Task can be traced back to earlier studies on

interference effects, most notably the Stroop Task and studies on spatial compatibility. However,

the seminal 1974 paper, "Effects of Noise Letters upon the Identification of a Target Letter in a
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Nonsearch Task," published by Charles and Barbara Eriksen, formalized the specific paradigm that

is now widely recognized. Their innovation was the systematic manipulation of peripheral visual

input to create a controlled environment where the spatial distance and relevance of the distracting

stimuli could be precisely modulated. This development moved beyond pure semantic interference

(as in the Stroop task) to focus on spatial and response-based conflict.

Prior to the Eriksens' work, researchers struggled to differentiate between limitations in sensory

gating (early selection) and limitations in response execution (late selection). The Flankers Task

provided a clean methodology to demonstrate that even when irrelevant stimuli are spatially distant

from the target, they can still gain access to later stages of processing, specifically the response

selection stage, thereby confirming that interference is not solely a function of peripheral sensory

limitations but also central cognitive control failures. The original experiments primarily used letters,

testing the speed with which participants could identify the central letter amidst varying levels of

visual clutter and response association incompatibility.

Over the subsequent decades, the task evolved substantially. Researchers introduced directional

arrows (e.g., >>>>> vs. >><>>) as stimuli, simplifying the response mapping and making the task

applicable across different languages and cultures. This standardized arrow version became the

dominant paradigm in neuroscience, allowing for easier integration with neuroimaging techniques.

The robustness and simplicity of the Flanker Compatibility Effect ensured its adoption as a

benchmark in studies concerning development, aging, neurological disorders, and pharmacological

interventions affecting attention and inhibition.

3. Experimental Procedure and Design

The typical Eriksen Flankers Task employs a discrete trial structure. On each trial, a stimulus array

is briefly presented in the center of a screen, and the participant must make a rapid, predetermined

response based solely on the target stimulus.

The design is defined by its three main compatibility conditions, which are randomized throughout

the testing session to prevent anticipation:

Compatible (Congruent) Trials: The target and the flankers require the same response. For

example, in an arrow task, the array might be >>>>> (target '>', flankers '>>' and '>>'), where all

elements point right, demanding a "right" key press. In this condition, the flankers reinforce the

correct response, often leading to the fastest RTs.

Incompatible (Incongruent) Trials: The target and the flankers require opposing responses. For

example, the array might be >><>> (target '>' and '>>'). Here, the flankers bias the participant

toward the incorrect response ('right'), forcing the participant to suppress this incorrect bias. This

condition reliably generates the longest RTs and highest error rates.
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Neutral Trials: The flankers are non-directional or irrelevant to the required response, such as a

row of Xs (<X X X X X). These trials serve as a baseline to measure the overall response time

without either facilitation or strong interference.

Performance is rigorously measured across hundreds of trials, and the primary dependent variable

is the Flanker Compatibility Effect (FCE), calculated as the difference in reaction time (RT)

between incompatible and compatible trials (RTincompatible - RTcompatible). A larger FCE

indicates greater difficulty in suppressing irrelevant information or lower efficiency in conflict

monitoring. Furthermore, error rates (incompatible errors - compatible errors) are analyzed, as the

trade-off between speed and accuracy (the speed-accuracy trade-off) is critical in interpreting the

results. High cognitive demands often result in simultaneous increases in both RT and error rate in

the incompatible condition.

4. Cognitive Mechanisms Involved

The Eriksen Flankers Task is central to theories of cognitive control, primarily demonstrating the

necessity of two integrated mechanisms: selective attention and conflict monitoring. Selective

attention refers to the process of choosing which information to process further while ignoring other

stimuli. In the Flankers Task, the participant must spatially focus attention on the central target,

attempting to filter out the irrelevant flankers. However, the interference observed in incompatible

trials proves that this spatial filter is imperfect.

When the spatial filter fails and both the target and the flankers activate competing response

tendencies, the system must employ conflict monitoring. This mechanism detects the

simultaneous activation of conflicting responses (e.g., the urge to press both the 'left' and 'right'

keys). The detection of conflict then signals the need for increased cognitive effort or control

adjustment. This regulatory process is crucial for resolving the conflict, inhibiting the incorrect

response tendency, and executing the correct one. The conflict monitoring hypothesis, largely

formalized by theorists like Botvinick, suggests that this monitoring process is a key input to the

control system, determining when and how resources should be modulated.

A key finding related to the Flankers Task is the observation of sequential effects, often termed the

Gratton effect or conflict adaptation. This phenomenon describes the finding that the compatibility

effect is significantly reduced following an incompatible trial compared to following a compatible

trial. This suggests that the detection of high conflict on the previous trial leads to an immediate,

temporary adjustment in attentional focus or inhibitory control settings, making the current trial less

susceptible to interference. This adaptation mechanism provides strong empirical evidence for a

dynamic feedback loop between conflict monitoring (detection) and cognitive control (adjustment).
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5. Neural Correlates

Neuroscientific investigations utilizing functional Magnetic Resonance Imaging (fMRI) and Event-

Related Potentials (ERP) have consistently identified specific brain regions crucial for performance

on the Eriksen Flankers Task, solidifying its status as a measure of frontoparietal control networks.

The most frequently implicated region is the Anterior Cingulate Cortex (ACC). According to the

influential Conflict Monitoring Theory, the ACC plays a primary role in detecting response conflict.

The ACC shows significantly higher activation during incompatible trials compared to compatible

trials, precisely when the conflicting response tendencies are maximal. This activation is

interpreted as the neural signal that indexes the need for increased cognitive control. Once the

ACC detects conflict, it is hypothesized to signal regulatory areas--chiefly regions of the lateral

prefrontal cortex (LPFC)--to increase top-down control and bias the response selection toward the

target stimulus.

In ERP studies, two primary components are associated with the task: the N2 component and the

Error-Related Negativity (ERN). The N2 component, typically observed 200-350 ms after stimulus

presentation, is enhanced during incompatible trials and is often linked to the detection of response

conflict, mirroring ACC activity. The Error-Related Negativity (ERN) is a rapid negative deflection

in the EEG signal, peaking 50-100 ms after an incorrect response, and is believed to originate in

the ACC. The ERN reflects the neural mechanism responsible for detecting that an error has been

committed, serving as a critical component of the performance monitoring system that adjusts

behavior on subsequent trials. These neural markers provide a high-resolution temporal map of

conflict detection and error processing during the task.

6. Applications and Clinical Significance

Due to its reliability and precision in measuring inhibitory control, the Eriksen Flankers Task is

widely employed in both basic research and clinical settings, offering insights into various cognitive

domains and clinical populations.

In developmental psychology, the task is used to track the maturation of cognitive control

capacities from childhood through adolescence. Studies consistently show that the Flanker

Compatibility Effect decreases with age, reflecting the development and refinement of frontal lobe

executive functions and the ability to effectively ignore distractors. Conversely, studies in aging

research utilize the task to map the decline in these inhibitory capabilities in older adulthood, often

finding an increased FCE and greater variability in performance, indicative of reduced efficiency in

conflict resolution mechanisms.

Clinically, the Eriksen Flankers Task serves as a sensitive diagnostic and research tool for

conditions characterized by deficits in attention and inhibitory control.
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Attention-Deficit/Hyperactivity Disorder (ADHD): Individuals with ADHD typically exhibit a

significantly larger and more persistent FCE, reflecting core difficulties in suppressing irrelevant

information and managing response interference.

Schizophrenia: Patients often show impaired performance, particularly in maintaining sustained

attention and exhibiting effective conflict adaptation (the Gratton effect), suggesting a breakdown in

the ACC-PFC regulatory loop.

Substance Use Disorders: The task is used to measure impulsivity and control deficits, as

impaired performance is often linked to reduced self-regulatory capacity.

Furthermore, the Flankers Task is a foundational tool in pharmacological research, used to assess

the effects of various psychoactive drugs on attention and executive function, providing objective

metrics for testing the efficacy of cognitive enhancers or therapeutic agents.

7. Debates and Criticisms

Despite its ubiquity, the Eriksen Flankers Task is subject to ongoing theoretical debate and

methodological scrutiny, primarily concerning the exact cognitive processes it measures and

potential confounds.

One major debate revolves around whether the observed interference is purely a result of

**response conflict** (competing motor programs) or if it also involves earlier stages, such as

**stimulus conflict** (difficulty distinguishing the target from the flankers). While the task is primarily

viewed as a response conflict measure, some models suggest that stimulus features are

processed in parallel and contribute to the overall interference signal before response selection is

fully engaged. Manipulations of the proximity and salience of the flankers are used to dissect these

potential contributions, but definitive separation remains challenging.

Another criticism centers on the interpretation of sequential effects (conflict adaptation). While the

Gratton effect is commonly interpreted as evidence of proactive cognitive control adjustment

following conflict detection, alternative explanations exist. Some researchers suggest that the

effect might simply be due to specific stimulus repetitions or priming effects rather than a global

adjustment of attentional control settings. Disentangling the contributions of true control adjustment

versus item-specific priming requires complex counterbalancing and modeling techniques.

Finally, the ecological validity of the task is sometimes questioned. While highly controlled, the

artificiality of rapidly identifying a central arrow or letter array in a laboratory setting may not

perfectly translate to the complex, multi-sensory attentional demands of real-world environments.

Nonetheless, its strength lies precisely in its high internal validity and capacity to isolate specific

cognitive control mechanisms.
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