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Abstract 
 

Background: Word puzzle games that engage orthographic, lexical, and executive processing have become widely used in educational and 
everyday contexts, yet their neural correlates remain unexplored. Wordle a five-letter word guessing game requiring deductive reasoning, 
semantic retrieval, and constraint satisfaction is a naturalistic cognitive task of considerable neuropsychological interest. The prefrontal cortex 
(PFC), which orchestrates working memory, lexical search, and executive control, generates oscillatory activity across the gamma, beta, alpha, 
theta, and delta bands that is measurable via an EEG headband. Methods: Twelve students completed a single Wordle puzzle within a 10-minute 
allotted time. EEG was recorded using the Brain Link headband, yielding relative percentage power in eight sub-bands: mid-gamma, low-
gamma, high-beta, low-beta, high-alpha, low-alpha, theta, and delta. Data from 12 participants with complete records were analysed. Results: 
Delta power was the dominant oscillatory component (mean: 36.86 ± 3.92%, significantly elevated above a uniform 20% baseline; t(11) = 4.30, 
p = 0.001). Beta was the second-largest band (17.06 ± 1.84%), followed by theta (21.85 ± 0.99%), alpha (14.39 ± 0.96%), and gamma (9.88 ± 
1.09%). Strong inter-band correlations emerged, most notably a highly significant inverse relationship between beta and delta power (r = −0.932, 
p < 0.001), suggesting that students who engaged more effortful executive processing (beta) had proportionally less slow-wave inhibitory activity 
(delta), and vice versa. Substantial inter-individual variability was observed, potentially reflecting individual differences in cognitive strategy and 
Wordle proficiency. Conclusion: These findings suggest that Wordle-solving recruits a distinctive prefrontal oscillatory pattern dominated by 
delta and theta slow-wave activity, with a strong and theoretically coherent dissociation between fast-band executive engagement (beta) and 
slow-band inhibitory coordination (delta). This study extends the nascent literature on digital game-based cognitive neuroscience and provides a 
neurophysiological basis for future educational applications of Wordle-like tasks. 
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INTRODUCTION 

 
The cognitive neuroscience of everyday language-based 
problem-solving has historically been studied using highly 
controlled laboratory paradigms word generation tasks, 
semantic fluency tests, verbal working memory paradigms that 
sacrifice ecological validity for experimental precision. Digital 
word puzzle games, by contrast, embed lexical and executive 
processing demands within a motivationally engaging, real-
world format that may more faithfully represent the neural 
activity patterns of everyday language-based reasoning (Boot 
et al., 2011). Wordle, a five-letter daily word guessing game 
that became globally popular from 2021, is a particularly well-
suited neuroscientific paradigm. Each guess receives colour-
coded feedback indicating whether letters are absent, present-
but-misplaced, or correctly placed, requiring players to 
iteratively update a mental model of the target word while 
simultaneously retrieving candidate words from the mental 
lexicon and applying deductive constraint satisfaction logic. 
(Saffran et al., 1997) This multi-component process engages at 
least four partially dissociable cognitive operations: (1) 
orthographic/phonological working memory for tracking the 
partial solution state; (2) semantic and lexical retrieval; (3) 
executive function for inhibiting disconfirmed hypotheses and 
generating new candidate words; and (4) cognitive flexibility 
for switching strategies across successive guesses (Miller & 
Cohen, 2001).  
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All four operations are substantially mediated by the prefrontal 
cortex (PFC) and its oscillatory dynamics. (Miller & Cohen, 
2001) Beta oscillations (13–30 Hz) support active working 
memory maintenance and top-down executive control; (Engel 
& Fries, 2010) gamma oscillations (>30 Hz) underlie rapid 
attentional binding and information integration; (Fries et al., 
2007) theta oscillations (4–8 Hz) reflect hippocampal-
prefrontal dialogue during lexical encoding and retrieval; 
(Kahana, 2006) alpha oscillations (8–13 Hz) index attentional 
gating; (Jensen & Mazaheri, 2010) and delta oscillations (0.5–
4 Hz) have been increasingly recognised as a signature of deep 
inhibitory coordination and motivational processing during 
demanding waking cognition (Harmony, 2013). Despite the 
cognitive complexity of digital word games and their 
widespread adoption in educational settings, no published 
study has characterised the prefrontal EEG oscillatory profile 
during Wordle or comparable word puzzle tasks. The present 
pilot study addresses this gap, recording prefrontal EEG using 
the Brain Link headband in 12 students during a live Wordle 
session. We characterise the relative band power profile across 
eight sub-bands, examine inter-band correlations, and interpret 
the findings in terms of the prefrontal cognitive processes 
engaged by this naturalistic lexical reasoning task. This study 
also places the findings in the context of a broader programme 
of EEG research on cognitive tasks conducted in our 
laboratory (Shaw, 2026a; Shaw, 2026b; Shaw, 2026c). 
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The most striking finding was the near-perfect inverse 
correlation between total beta and delta power (r = −0.932, p < 
0.001). Gamma and beta were strongly positively correlated (r 
= 0.895, p < 0.001), indicating co-activation of fast prefrontal 
networks. Alpha showed strong inverse correlations with both 
delta (r = −0.884, p < 0.001) and positive correlations with 
beta (r = 0.688, p = 0.013) and theta (r = 0.731, p = 0.007). The 
theta–delta correlation was in the expected negative direction 
but did not reach significance (r = −0.498, p = 0.100). 
 
DISCUSSION 
 
Delta dominance: Wordle as a high-demand inhibitory task  
 
The most prominent finding is that delta power was the 
dominant oscillatory component during Wordle, significantly 
elevated above the 20% baseline that would reflect uniform 
spectral distribution (t(11) = 4.30, p = 0.001). This is 
consistent with findings from a parallel Stroop interference 
study in our laboratory, where delta was also the single largest 
neural signature of cognitive conflict and effortful override of 
automatic responses. (Shaw, 2026c) Delta oscillations in the 
waking PFC are associated with large-scale inhibitory 
coordination and the active suppression of competing cognitive 
responses (Harmony, 2013; Knyazev, 2007). Wordle presents a 
particularly potent demand for this type of inhibitory control. 
On each guess, players must simultaneously inhibit letters and 
words that have been disconfirmed by feedback preventing 
perseverative retrieval of eliminated candidates while 
generating new candidate words consistent with the cumulative 
constraint set. This ongoing need to suppress disconfirmed 
hypotheses and resist retrieval of previously rejected lexical 
items may be the primary driver of delta elevation during 
Wordle, just as it is during Stroop interference. The duration of 
delta dominance across the full 10-minute session suggests a 
sustained inhibitory load rather than a transient event-related 
response. 
 

Beta activity: individual differences in executive engagement 
 

Beta power (17.06 ± 1.84%) was the second-largest contributor 
to total power, though it did not differ significantly from the 
20% baseline, indicating moderate rather than extreme 
executive engagement at the group level. The high inter-
individual variability in beta (SD = 6.37%) is more 
informative: some participants (notably S7: estimated 
combined beta ~27%) showed very high beta power consistent 
with intense executive working memory engagement, while 
others (S4, S11) showed very low beta. (Engel & Fries, 2010) 
This variability likely reflects individual differences in Wordle 
experience, lexical retrieval fluency, and working memory 
capacity all of which modulate the degree of effortful top-
down executive control required (Baddeley, 1992). The strong 
positive correlation between gamma and beta (r = 0.895, p < 
0.001) is consistent with a coherent fast-band network: 
participants who showed higher executive working memory 
activity (beta) also showed more rapid attentional binding and 
feature integration (gamma), (Fries et al., 2007) suggesting a 
unified fast-processing mode for participants who approached 
Wordle analytically. 
 
The beta–delta dissociation: Two cognitive strategies? 
 
The near-perfect inverse correlation between beta and delta (r 
= −0.932, p < 0.001) is the most theoretically significant 

finding of this study. Because EEG values are relative 
percentages summing to 100%, a perfect inverse relationship 
between any two bands is mathematically guaranteed but the 
fact that beta and delta together capture this anti-correlation, 
rather than, say, beta and theta, is not mathematically forced 
and carries interpretive weight. We propose that this 
dissociation reflects two qualitatively distinct cognitive 
strategies for Wordle-solving. In the high-beta / low-delta 
profile exemplified by S7 participants engage an analytically 
intensive, working-memory-driven strategy: maintaining 
explicit letter-position constraints in prefrontal working 
memory, systematically applying deductive logic, and 
generating candidate words through deliberate lexical search. 
This strategy demands high beta-mediated executive 
maintenance and produces relatively less need for delta-
mediated inhibitory coordination because the analytical 
approach itself structures the search space. In the high-delta / 
low-beta profile exemplified by S4 and S11 participants may 
rely more on holistic, intuition-driven retrieval: attempting to 
'sense' plausible word candidates from the accumulated 
feedback, requiring greater inhibitory effort to suppress the 
many orthographically similar but disconfirmed candidates that 
arise spontaneously during this less-structured approach. This 
pattern closely mirrors the oscillatory signature of cognitive 
interference tasks (Shaw, 2026c) where slow-wave delta 
reflects the effort of suppressing automatic responses. 
 
Alpha and Theta: Supporting Roles 
 
Alpha power was significantly below the 20% baseline (t(11) = 
−5.84, p < 0.001), consistent with broad cortical engagement 
during the cognitively demanding Wordle task alpha 
suppression is a canonical marker of active attentional 
processing. (Jensen & Mazaheri, 2010) The positive 
correlation between alpha and theta (r = 0.731, p = 0.007) and 
between alpha and beta (r = 0.688, p = 0.013) suggests that 
alpha serves an integrative gating function, co-varying with 
both the memory encoding system (theta) and the executive 
maintenance system (beta). Theta (21.85%) was numerically 
above baseline but not significantly so (p = 0.088), suggesting 
moderate hippocampal-prefrontal communication during 
lexical retrieval. (Kahana, 2006) The trend-level negative 
correlation between theta and delta (r = −0.498, p = 0.100) 
hints that the same beta–delta dissociation may extend partially 
to theta: analytical participants with high theta (memory-
guided search) also tend to have lower delta, though this 
pattern is weaker and did not reach significance in this small 
sample. 
 
Gamma Suppression: Task-Independent Pattern? 
 

Gamma was significantly below the 20% baseline (t(11) = 
−9.25, p < 0.001), representing the largest and most reliable 
departure from uniform distribution in the dataset. 
Interestingly, gamma suppression during cognitively 
demanding tasks was also observed in both the EDM memory 
study and the Sudoku study from our laboratory, (Shaw, 
2026a; Shaw, 2026b) suggesting a task-independent pattern 
whereby challenging, real-world cognitive tasks consistently 
produce relative gamma suppression rather than enhancement. 
This may reflect the dominance of slower oscillatory modes 
during sustained, multi-minute cognitive effort, as opposed to 
the transient gamma bursts observed in short laboratory tasks. 
The single-channel frontal placement of the Brain Link device 
may also miss task-relevant gamma activity in more posterior 
regions. 
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Sub-band findings: High-beta and low-gamma specificity 
 
A notable feature of this dataset is the sub-band granularity, 
which is unavailable from standard five-band EEG systems. 
Within the beta band, high-beta (mean 10.48%) was 
substantially larger than low-beta (6.58%). High-beta 
oscillations (18–25 Hz) are particularly associated with active 
cognitive engagement, task difficulty, and PFC-mediated top-
down control (Engel & Fries, 2010), while low-beta overlaps 
more with sensorimotor rhythms. The high-beta dominance is 
consistent with the executive demands of Wordle. Within the 
gamma band, low-gamma (6.32%) exceeded mid-gamma 
(3.55%), consistent with the known frequency-dependence of 
cortical gamma where lower gamma frequencies are more 
prominent during sustained cognitive states. 
 
Limitations 
 
The key limitations of this study are the small sample (N = 12), 
the missing demographic data, the absence of behavioural 
performance measures beyond binary completion (number of 
guesses, response time per guess), the simplistic EEG 
headband device used in the study, and the lack of a control 
condition (e.g., passive reading or a simpler word task). Future 
work should record the number of guesses and time per guess 
as covariates, include a difficulty-matched control task, use 
multi-channel EEG with source localisation, and collect 
individual difference measures including vocabulary 
knowledge, working memory capacity, and Wordle 
experience. (Maskeliunas et al., 2016) 
 
Conclusion 
 
This pilot study provides the first characterisation of prefrontal 
EEG oscillatory activity during Wordle, a widely-used digital 
word puzzle that engages lexical retrieval, deductive 
reasoning, orthographic working memory, and executive 
inhibitory control. The dominant finding is a large elevation in 
delta power (36.86%), consistent with sustained prefrontal 
inhibitory coordination during the ongoing suppression of 
disconfirmed word candidates. A strong inverse correlation 
between beta and delta (r = −0.932) reveals a theoretically 
meaningful individual differences dimension: participants who 
engaged more deliberate, executive working-memory-driven 
strategies (high beta) required proportionally less inhibitory 
slow-wave coordination (low delta), while those relying on 
intuitive, holistic retrieval showed the reverse pattern. Gamma 
was significantly suppressed below baseline, extending a 
pattern of relative gamma reduction during sustained 
naturalistic cognitive tasks observed across multiple studies in 
our laboratory. These findings offer a neurophysiological 
foundation for understanding the cognitive demands of digital 
word games and their potential applications in educational 
assessment and cognitive training. 
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