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Synopsis
Wearable  functional  near-infrared  spectroscopy  (fNIRS)  was  used  to  examine  task-dependent 
prefrontal regulation in amyotrophic lateral sclerosis (ALS) during the King-Devick task. Behaviorally, 
response time increased across trials without significant group differences. In contrast, a significant 
Group × Trial interaction in deoxy-hemoglobin at a left dorsolateral prefrontal cortex (DLPFC) optode 
revealed progressive  workload-related cortical  response changes in  ALS,  while  healthy  controls 
remained  stable.  This  dissociation  suggests  altered  adaptive  cortical  regulation  in  ALS despite 
comparable task performance. These findings support a neuroergonomic framework in which task-
sensitive brain markers may provide a scalable approach for monitoring cognitive dysfunction in ALS.

Background
Amyotrophic Lateral Sclerosis (ALS)  is  the  most  prevalent  adult  motor‑neuron  disease  and  is 
increasingly recognized for its extra‑motor effects, including cognitive decline (Turner et al., 2009). 
Routine cognitive screening often relies on paper‑and‑pencil neuropsychological batteries, which are 
neither sensitive to early deficits (Zago et al., 2022) and can be difficult to administer in patients with 
motor and speech impairments. Although dysfunction in prefrontal and frontotemporal regions has been 
documented (De Marchi et al., 2021; Kuruvilla et al., 2013), its neural basis remains poorly characterized 
because conventional neuroimaging is difficult to repeat and maybe poorly tolerated. In addition, the 
ALS Functional Rating Scale‑Revised (ALSFRS‑R) primarily captures motor outcomes, and does not 
directly  assess  underlying  neural  mechanisms  (Bakers  et  al.,  2021).  To  address  this  gap,  we 
investigated task-evoked neural correlates of cognitive performance in ALS using wearable functional 
near-infrared spectroscopy (fNIRS) during a rapid visual processing task.

Methods
Sixteen participants (7 individuals with ALS, 9 age-matched healthy controls [HC]) completed a single 
session of the King-Devick task (KDT), a validated rapid visual processing task assessing processing 
speed. The protocol included four KDT trials, with difficulty and visual complexity increasing from Trial 1 
to Trial 4. Localized prefrontal cortical activity was recorded using a 16-optode wearable fNIRS system 
while participants performed the task. Response time (RT) and accuracy were collected as behavioral 
measures. Linear mixed-effects models (LMMs) were used to evaluate behavioral and fNIRS outcomes 
across Group and Trial, and false discovery rate (FDR) correction was applied to multiple fNIRS 
comparisons.

Results 
For behavioral outcomes, RT showed a only significant main effect of Trial (F(3,42) = 78.01, p < 0.0001), 
indicating increased RT across trials, with no significant main effect of Group and no Group × Trial 
interaction. These findings suggest comparable performance changes across trials in ALS and HC and 



only task condition (parametric difficulty) changed RT.

For fNIRS outcomes, a significant Group × Trial interaction was observed for deoxyhemoglobin (HbR) 
at Optode 2, localized to the left dorsolateral prefrontal cortex (DLPFC) (F(3,41.1) = 8.29, p < 0.005, 
FDR-corrected). No significant main effects of Group or Trial were detected at this optode. Participants 
with ALS showed progressively increasing HbR changes across trials,  consistent with increased 
workload-related cortical recruitment and reduced adaptive flexibility, whereas HC exhibited relatively 
stable HbR responses across trials, consistent with more efficient neural regulation under increasing 
task demand (Figure 1).

 
Figure 1. Behavioral and cortical responses across KDT Trials in ALS and HC.
 Left: mean RT by group across trials. Right: mean deoxyhemoglobin (HbR) 

concentration changes at the left DLPFC (Optode2) by group across Trials. Error bars 
represent ±SE.

Discussion 
These preliminary findings support a neuroergonomic framework that integrates ecologically practical 
brain imaging with objective behavioral metrics to enable sensitive, repeatable monitoring of cognitive 
dysfunction in ALS. The observed brain-behavior dissociation suggests that task-evoked prefrontal 
markers may detect altered cortical regulation even when behavioral performance appears comparable. 
Data collection is ongoing, and future analyses in the expanded cohort will evaluate the robustness of 
these effects and their relationships with clinical and functional measures. This approach may help 
improve early detection, refine functional outcome measures, and support longitudinal monitoring in 
ALS research and care.
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