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Abstract 

 

This research examines the effect of sleep deprivation on the prefrontal cortex (PFC) of 
adolescents performing working memory tasks. The PFC is an area of the brain that is in charge 
of decisionmaking, attention, and memory and continues to develop during adolescence. 
Consequently, teenagers might suffer more negative consequences from sleep loss than adults. 
Using functional magnetic resonance imaging (fMRI), a method that tracks brain activity through 
blood oxygenation levels, researchers have found reliable patterns. Sleep restriction reduces 
the activation of the dorsolateral PFC, lowers its connectivity with parietal areas, and sometimes 
requires other areas of the brain to compensate excessively. These neural changes correlate 
with real-life difficulties, such as reduced accuracy, longer reaction times, and increased 
vulnerability to distractions. Since working memory plays a key role in both academic success 
and social interactions, the implications of these effects are particularly significant. 
Understanding how sleep deprivation deranges the adolescent brain may inform policy making 
on school start times, homework load, and health practices to support long-term cognitive 
development. 

 

 

Introduction 

 

Sleep is essential for optimal brain function, yet most adolescents do not get sufficient sleep. 
While the recommended amount of sleep ranges between 8 and 10 hours every night, 
teenagers tend to get less than this due to early school start times, schoolwork, and social 
demands. The effects of sleep deprivation are more than just sleepiness, and they have a 
profound impact on cognitive processes, particularly in the prefrontal cortex (PFC), which 
regulates vital skills such as planning, problemsolving, and working memory. 

The PFC is still developing during adolescence. Two important processes are happening here: 
myelination (insulating neural pathways so that signals travel faster) and synaptic pruning 
(removing weaker connections to make things more efficient). These changes make the brain 



pliable and receptive, but also more vulnerable to environmental stressors like chronic sleep 
deprivation. 

 

Working memory — the ability to hold and manipulate information for short periods — depends 
heavily on the PFC and its connections to the parietal cortex. Researchers often measure it with 
the back task, where people recall information from a couple of steps earlier. Brain imaging 
studies show that in sleep-deprived teens, PFC efficiency drops, connectivity with other regions 
decreases, and other areas have to step in sometimes. 

 

The primary question this study addresses is straightforward: How does sleep deprivation 
impact the engagement of the prefrontal cortex for working memory tasks during adolescence? 
This question has relevance beyond the realm of neuroscience. If working memory is impaired 
by sleep deprivation as a result of alterations in prefrontal cortex functioning, it could potentially 
influence academic performance, decisionmaking, and emotional regulation at a period in life 
when these abilities are vitally important. 

 

 

 

Methodology 

 

This essay integrates peer-reviewed neuroimaging studies that have examined how sleep 
affects working memory in adolescents. 

 

1. Yoo et al. (2007) – While this study was conducted mostly with adults, it set the stage for the 
understanding of sleep deprivation effects on the PFC. They employed fMRI and found that 35 
hours of sleep deprivation caused reduced dorsolateral prefrontal cortex (DLPFC) activity and 
lower accuracy in working memory tasks. 

 

2. Telzer et al. (2013) – The study included a sample of 55 teens and used actigraphy, a 
wristworn device that tracks sleep, to measure naturalistic sleep patterns. During fMRI scanning, 
the teens performed an emotional back task. Teens who had shorter sleep durations showed 
decreased connectivity between the prefrontal cortex (PFC) and the dorsal anterior cingulate 
cortex (dACC), areas important for cognitive control. 



 

3. Lo et al. (2016) – 58 adolescents were tested under two conditions: normal sleep and sleep 
restriction (5 hours per night for a week). fMRI on an unpack task found reduced PFC activation 
under the restricted condition. Compensation was observed in a few participants in the form of 
increased activation of parietal regions. 

 

4. Beattie et al. (2015) – Teenagers and young adults underwent a visuospatial working memory 
task after a night of total sleep deprivation. fMRI results showed reduced ventrolateral PFC 
activity and slowed BOLD signal timing, which is indicative of less efficient brain processing. 

 

 

 

Findings 

 

From research, several strong findings are evident: 

 

 Reduced dorsolateral PFC activity – Both acute and chronic sleep deprivation reduced DLPFC 
activity during working memory performance. 

 

 Changed connectivity patterns – Teenagers who were sleep-deprived showed reduced 
connectivity between the prefrontal cortex and posterior parietal cortex, and between the 
prefrontal cortex and cingulate areas involved in attentional processes. 

 

 Compensatory overactivation – In some cases, other regions of the brain like the parietal cortex 
heightened activity to make up for reduced PFC efficiency. 

 

 Behavioral effect – Adolescents deprived of sleep performed worse on challenging working 
memory tasks, had slower response times, and had greater response variability, all indicative of 
a decrement in cognitive stability. 



 

 

 

Discussion 

 

The research explains that sleep deprivation disrupts adolescent working memory by disrupting 
how the PFC normally functions. Less DLPFC activation means less readiness for executive 
control, and disrupted connectivity limits the brain's coordination between regions. Adolescents 
may sometimes cope in the short term by recruiting other regions of the brain, but it requires 
more effort and is unlikely to be maintained in the long term. If the brain has to compensate 
constantly, it can lead to fatigue and learning that is slower in the long term. 

 

A second significant finding is that even partial sleep deficiencies — and not just total sleep 
deprivation — have measurable consequences. This is significant in light of the fact that many 
adolescents face sleep deprivation on a regular basis as a result of school schedules and 
lifestyle pressures. Since working memory plays a critical role in both academic activity and the 
decisionmaking process of daily life, such neural disruptions could potentially carry their 
influence into realms of academic performance, relationships with others, and mental wellbeing. 

 

 

 

Conclusion 

 

The adolescent developmental phase is also a period of extensive neurological maturation, 
specifically in the prefrontal cortex. Acute and chronic sleep loss can interfere with the neural 
circuits integral to working memory. The effects of these interferences are manifested through 
reduced activation of the prefrontal cortex, disrupted connectivity, and compensatory recruitment 
of other brain areas, which consequently lead to slower cognitive processing and lower 
performance accuracy. Future studies need to analyze the potential cumulative impact of 
chronic sleep restriction on brain development and determine if sleep extension can reverse the 
changes. Meanwhile, schools and policymakers must take neuroscientific data into 
consideration when developing regulations related to school start times, homework, and other 



determinants of adolescent sleep. But safeguarding teens' sleep is the same as safeguarding 
their cognitive wellbeing.  Works Cited 
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