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Depression in young people is a multi-faceted condition, involving both emotional, behavioral, psychological, and neurobiological
factors. While maladaptive neuroplasticity may increase the susceptibility to depression, the same neuroplasticity can also present
a remarkable opportunity for recovery. This review paper employs Rice and Dolgin’s Adolescent Information Processing Model
to explore the cognitive and neurobiological factors contributing to depression in adolescents. The present research conducts
a narrative review of existing scientific literature on information processing, cognitive biases, and neurobiological alterations
associated with depression in individuals aged 9 to 18. The findings support the hypothesis that cognitive impairments play a
crucial role in the development of adolescent depression, and neurobiological impairments, linked to these cognitive impairments,
compound its severity. These impairments disrupt various stages of information processing in adolescents including: 1) selection,
2) interpretation, 3) memory, 4) inference, 5) thinking, and 6) reasoning. Through a stage-focused analysis, the paper nests the
cognitive and neurobiological complexity of depression into these individual steps. This study concludes by emphasizing the need
for future research to address several limitations, including the consideration of additional factors influencing depression, such as
social and emotional elements, the exploration of the interconnectedness between cognitive and neurobiological alterations across
different information processing steps, and the investigation of causal relationships between cognitive and neurobiological factors
through longitudinal studies. Such longitudinal studies can guide the development of stage-specific therapeutic interventions, such
as Cognitive Behavioral Therapy, for adolescent depression.
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Introduction depression!. During these cognitive changes, neurobiological
alterations have been observed to simultaneously occur, exacer-
bating depressive symptoms in adolescents'. Research shows
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dolescence, a life stage typically spanning between the ages o that patients exhibiting neurobiological alterations may indicate

9 to 18, is marked by vast possibilities, unconventional think- . . . M e
. . . 5 . . a higher severity of depression“<, as spike-timing-dependent
ing, and idealistic dreams“. However, depression can disrupt

these hallmarks of adolescent behavior?, leading to self-critical pllastlcllty.suggests that the prolqnged remforcement of n;g,a
a . 3 . . g tive thinking can reshape synaptic connections and the brain’s

thoughts™, feelings of hopelessness~, and suicidal behavior®. 13114 i
anatomy“~“*. Current research shows that cognitive and neuro-

Adolescent depression is a significant concern: In 2021, for . . . .
. biological changes provide clear measurable and mechanistic
example, 20.1% of adolescents aged 12 to 17 experienced a . 3 - . . “ .
insights"~, involving the examination of “how specific compo-

major depressive episode (MDE), with 14.7% reporting severe )
major cep 5 PISO ( ) portmg nents interact and lead to observed effects” (pg. 1) demonstrat-
impairment”. Depression not only stands as a leading cause of

disability among adolescents® but is also a major contributor
to suicide rates in this age group?. This issue highlights the
urgent need to understand and address depression in adolescents
to mitigate severe outcomes such as suicide.

In the broader context of behavioral, emotional, and social
processes=, cognitive and biological alterations play a significant
role in informing depression. Impaired cognitive alterations are

argued to be a potentially key underlying cause of the onset of

ing high potential to inform more targeted interventions.

From the onset of depression, individuals often exhibit neg-
ative cognitive biases, which causes a pervasive sense of pes-
simism'%. These biases trap individuals in a cycle of negativity,
such as dwelling on past challenges” or anticipating future
problems®. As these biases become deeply integrated and
almost intuitive, they simultaneously amplify the neural path-
ways associated with negative emotions ™, escalating depressive
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symptoms with feelings of being trapped in persistent, over-
whelming sadness<?.

In adolescents, the brain’s greater neuroplasticity allows these
biases to strengthen faster over time“!, making them more
prone to experiencing core symptoms of depression such as
sadness, hopelessness, and worthlessness*#%3. These cogni-
tive biases also often operate outside of conscious awareness2®,
making it challenging for individuals to break free from de-
pression® and reducing the effectiveness of treatments like
cognitive-behavioral therapy that target negative thoughts>07,

Extensively studying specific biases in adolescent depression
can be beneficial for improving detection rates. In current litera-
ture, depressive disorders among adolescents are largely under-
detected?® which requires a timely solution, as untreated de-
pression is strongly associated with the development of suicidal
thoughts and behaviors=®. Hankin et al.®" state that cognitive bi-
ases characterize various psychiatric disorders, with the content
or focus of these biases being disorder-specific. Therefore, with
their unconscious and disorder-specific nature, understanding
negative cognitive biases and their associated neurobiological
changes is essential for improving detection and developing
more effective interventions.

Information Processing Models as an Intervention
for Adolescent Depression

Given the multifaceted changes associated with depression and
other mental health illnesses, one effective way to examine
these alterations in brain structure and function is by study-
ing how individuals process information. Cognitive scientists
have proposed that an individual’s negative style of information
processing—encompassing their ways of noticing, interpreting,
and remembering events in their livess!—may contribute to
the development and maintenance of psychopathology, partic-
ularly depression“Z. Research shows that negative cognitive
style can bias or disrupt each step of the information processing
model, leading to negative information processing, contributing
to depression=.

Adolescents are particularly vulnerable to the effects of neg-
ative information processing. During adolescence, the brain
undergoes significant developmental changes, particularly in
areas related to emotion regulation and decision-making=*. This
period of neuroplasticity makes adolescents more susceptible
to the long-term impact of negative experiences and thought
patterns.

Research by Platt et al.*> highlights the importance of under-
standing how negative information processing contributes to the
development of depressive symptoms in adolescents. Because
information processing reflects the coordinated interaction of
diverse cognitive functions=?, by assessing the specific cogni-
tive processes and the neural mechanisms through the lens of an

information processing model, interventions can be designed to
target and mitigate these risk factors early on>>.

Current information processing models primarily include par-
allel distributed processing (PDP) and serial processing frame-
works®Z. PDP emphasizes the overall interaction and inter-
connectedness of the steps in information processing=® and is
considered to be a traditional framework for understanding in-
formation processing in adults®?. Meanwhile, serial information
processing models are focused on individualized steps and show-
case a single sequence of processing operations performed at a
time“Y.

A variety of serial information processing models have been
posed by cognitive scientists*!. Historically, Atkinson and
Shiffrin4? came up with the first serial information processing
model, and further research produced modifications that incor-
porated novel steps, such as thinking and reasoning*l. Most
notably, these frameworks have been used in application to un-
derstanding the mental processes of specific populations, such
as adolescents and youth®®, Current literature shows the useful-
ness of the serial information processing model, in particular,
in understanding mental disorders and strategizing treatment
interventions*.

The well-validated nature of serial processing models in ap-
plication to understanding adolescent mental health shows their
potential to provide critical insights into the progression of de-
pressive symptoms and, thus, successful treatments®>, Of these
models, the Adolescent Information Processing Model by Rice
and Dolgin*? offers a comprehensive framework to investigate
cognitive and neurobiological disruptions. This information pro-
cessing model, adapted to address the unique mental processes
of the adolescent population, offers great potential for investi-
gating the disruptions associated with depression in youth.

The Present Study

Previous adolescent depression research has often focused pri-
marily on the singular stages of cognitive factors in the context
of adolescent depression46. For example, Platt et al.® inves-
tigated negative attentional bias, suggesting that targeting the
initial stage of information processing could disrupt the cycle
of negative cognition. However, the broader role of negative in-
formation processing biases has not been thoroughly examined.
These include specific cognitive distortions such as negative
attentional bias, the tendency to focus excessively on negative
stimuli®?; interpretation biases, the habitual interpretation of
ambiguous situations in a negative light*%; memory biases that
preferentially recall negative events“®; and future biases that
predict future events in a negatively'®. While these biases have
been studied individually, limited literature review studies have
examined their effects in the context of the entire cognitive
processing model, particularly in adolescents who are uniquely
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Figure 1: Adolescent Information Processing Model. Obtained from Rice & Dolgin (2005).

vulnerable to emotional and cognitive disruptions during this
developmental period.

To address this gap, the present study utilizes the Adoles-
cent Information Processing Model by Rice and Dolgin to
explore the cognitive and neurobiological disruptions in adoles-
cent depression, addressing each individual stage. This model,
featured in their seminal work “The Adolescent: Development,
Relationships, and Culture,”*¥ represents a comprehensive ap-
proach to serial processing models, updated numerous times
to incorporate the latest research and theoretical advancements
in adolescent development. This model evolves from existing
frameworks, offering an adolescent-specific lens. Meanwhile,
considering the established benefits of serial processing models,
Rice and Dolgin’s framework emphasizes the sequential nature
of cognitive stages and their unique manifestations in adolescent
depression.

This focus of the model is significant for understanding the
specific ways that adolescents process negative stimuli, which
may differ significantly from adult cognitive patterns due to
ongoing developmental changes in the brain and heightened
neuroplasticity@l.

The present study examines how disruptions across all stages
of information processing contribute to the persistence of depres-
sive symptoms through cognitive and neurobiological perspec-
tives. While this study does not fully encompass the intricate
relationships between all the cognitive and neurobiological fac-
tors, it demonstrates how disruptions in each stage contribute to
a persistent negative cognitive style that exacerbates depressive
symptoms in adolescents. As such, by analyzing disruptions
in each stage of the Adolescent Information Processing Model
(Figure 1), this paper argues that alterations in the stages of
information processing are linked to depression in adolescents.

As seen in Figure 1, an informative model of information
processing in adolescents developed by Rice and Dolgin is
presented. This model includes the following steps that lead to
the execution of stimuli through action: 1) selection, 2) interpre-
tation, 3) memory, 4) inference, 5) thinking, and 6) reasoning.

In these stages, first, various stimuli are presented to the
adolescent individual, but only a select few proceed to the in-
terpretation stage, filtered through the selection stage. Once a
stimulus reaches the interpretation stage, the individual makes
sense of it, drawing upon memory recall, such as past experi-

ences with similar information. These recalled memories may
influence their understanding and even lead to predictions about
future outcomes. Next, in the thinking stage, individuals focus
on synthesizing all the information involved in this sequence.
Following this, the reasoning stage acts as a reevaluation process,
allowing individuals to revisit their understanding and correct
any flaws or misconceptions. Upon completing all these stages,
the individual responds to the stimulus with an action, which
may occur internally as thoughts and emotions or externally as
observable actions.

This paper examines how each step of the proposed model
is disrupted by negative cognitive biases, contributing to de-
pression in adolescence. In response to the gap in the existing
literature that frequently investigates stages in isolation, this
study employs a narrative review methodology, intentionally
focusing on research involving adolescents aged 9 to 18 as rel-
evant to all stages of the information processing model. To
ensure relevance and accuracy, inclusion criteria required that
studies be conducted within the last 25 years, thereby limiting
the scope to 21st-century research. This approach was designed
to provide a comprehensive and up-to-date understanding of
adolescent depression within the defined age range, creating
a cohesive picture of the current state of research in this field.
This paper integrates neurobiological findings to reveal struc-
tural and functional brain changes that correspond with these
cognitive biases, offering deeper insights into the maintenance
of adolescent depression.

In summary, examining information processing steps pro-
vides a window into the cognitive factors that contribute to the
development of depression in adolescents, as well as the neuro-
biological changes that intensify the condition. This knowledge
is essential for advancing our understanding of psychiatric disor-
ders, optimizing treatment approaches, and improving outcomes
for individuals affected by depression and related conditions.

Discussion

Selection: Negative Attentional Bias

The first stage of the information processing model is informa-
tion selection®3. Whether or not afflicted by depression, outside
of conscious awareness, the brain selectively filters informa-
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tion based on social norms, personal preferences, and cognitive
style”US1 Stevens and Bavelier>? define selective attention as
“the processes that allow an individual to select and focus on
particular input for processing while simultaneously suppress-
ing irrelevant or distracting information” (pg. 30). Selection is
an essential step in the information processing model because
our senses are bombarded with countless stimuli that our brains
simply cannot process and comprehend.

Selection is typically biased in healthy individuals due to
confirmation bias”*—where steps of information processing are
tailored to confirming existing personal preference, experience,
and belief>*. However, in the case of depressed individuals, this
bias shifts from merely a tendency to select information that
confirms existing beliefs to a negative bias®>. Thus, depressed
individuals may have a propensity for deliberately selecting neg-
ative information>®. This negative attentional bias>® is defined
as “the tendency of depressed individuals to focus on negative
stimuli and thoughts more than healthy individuals” (pg. 1).

The dot-probe task is a common method of measuring these
attentional biases in the information selection stage®’. Hankin
et al.®¥ gathered 161 children aged 9 to 17, including those
with MDD, anxiety, comorbid MDD and anxiety combined, and
healthy controls. They used the dot-probe task to measure atten-
tional biases by having participants quickly identify the location
of a dot that appears after viewing pairs of emotional and neutral
faces, with faster response times indicating preferential attention
to the emotional stimuli. This study revealed that youth with
MDD oriented more quickly to sad faces, indicating preferen-
tial selective attention to sad stimuli and thus demonstrating a
skewed prioritization of negative information.

Another study using a dot-probe measure of attentional bias
with 105 adolescents aged 13 to 17 proposed a significant associ-
ation between negative attentional bias and increased symptoms
of depression~>. Findings indicating a causal relationship be-
tween negative attentional bias and the severity of depression
highlight the distinct role of the altered selection stage within
the information processing model in contributing to depression.

Using a more precise methodology—an emotional visual
search to examine how each person sustains attention on emo-
tional stimuli while managing distractions°®, alongside a dot-
probe task—researchers tested negative attentional bias in a
sample of 681 adolescents. With higher levels of depression
displaying higher negative attentional bias scores“?, this study
demonstrated that depressive symptoms are correlated to nega-
tive attention bias, revealing its direct potential association with
aggravating depression.

Negative attentional bias intensifies adolescent depression by
not only prioritizing negative information but also diminishing
attention to positive stimuli, thereby accelerating its progression.
In one study of 26 adolescent girls, participants gave a speech
in front of both a critical and positive judge while their eye
movements were tracked>". In contrast to healthy participants,

girls with higher depressive symptoms looked at the potentially
critical judge for a longer period of time. These findings sup-
port that adolescent depressive symptoms are correlated with
sustained attention toward critical evaluation and exclusion of
positive evaluation®?, which clearly demonstrates the extensive
role of negative attentional bias in the progression of adolescent
depression.

These research findings convey that negative stimuli in ado-
lescents with depression are not only prioritized but actively
reinforced. Evidence highlights how depression disrupts the
selection stage of the information processing model, interfering
with adaptive responses to the environment.

Negative Attentional Bias: White Matter Reduction

This negative attentional bias, as applied to the information pro-
cessing model, shows clear links to the neurobiological mecha-
nisms of sustained adolescent depression. In cases of persistent
depression resulting from repeated use and deep integration of
negative attentional bias, research shows co-occurring neurobio-
logical changes in adolescent patients©’,

White matter, in particular, has been observed to play a criti-
cal role in the filtration of irrelevant or unwanted information
by supporting the connectivity between the visual cortex and
the parietal cortex, allowing individual attentional selectivity©L.
In adolescents with depression, this normative neurobiological
process is disrupted®’. Barch et al.®? demonstrated in a recent
diffusion tensor imaging study that depressed adolescents show-
cased the emergence of decreased white matter in regions key
for information processing—potentially reflecting altered neuro-
biology that further contributes to the progression of depression.

Such findings illustrate the connection between cognitive bi-
ases and structural brain changes, emphasizing that dysfunctions
in attention have clear correlations to depression in adolescents.
As denoted by the white matter reduction in adolescent depres-
sion, neurobiological changes related to attentional bias serve
as a compounding factor that disrupts the selection stage of the
information processing model.

By prioritizing negative stimuli and neglecting positive or neu-
tral information, adolescents experience increased depressive
symptoms. Neurobiological evidence additionally conveys how
these attentional biases are associated with structural changes,
further impairing one’s ability to filter stimuli and thus rein-
forcing depression. These insights show the significance of
understanding the selection stage of the Adolescent Information
Processing Model in shaping adolescent depression.

Interpretation: Negative Interpretative Bias

The second stage of the information processing model is interpre-
tation=. After the selection of stimuli, the information advances
to the actual processing stages, where the individual interprets

4 | NHSJS Reports

© The National High School Journal of Science 2024



and assigns meaning to it by drawing on past memories, existing
beliefs, and other cognitive schemes®. Like any other stages
of information processing, personal biases inevitably influence
interpretation”-.

As for depressed adolescents, they not only exhibit personal
biases but also show a consistent tendency to interpret ambigu-
ous information more negatively than others. This tendency is
called negative interpretative bias®, and is seen to be prevalent
in adolescents with depression. In one study, for example, Or-
chard and Reynolds®> assessed interpretative bias scores through
the Ambiguous Scenarios Test (AST), where adolescents aged
12 to 18 verbally described how they interpreted an ambigu-
ous scenario. Comparing depressed and non-depressed clinical
groups, clinically referred adolescents with depression tended
to interpret ambiguous scenarios more negatively compared to
healthy controls. This finding highlights that negative interpre-
tative bias is uniquely associated with the interpretation stage in
adolescents with depression.

Similarly, Sfirlea et al.®® employed both the AST and the
Scrambled Sentences Task (SST) to measure explicit and im-
plicit negative interpretative biases in adolescents diagnosed
with major depression and those identified as high-risk as chil-
dren of depressed parents. They found that negative interpre-
tative bias existed in both groups, including those without a
diagnosis, showing that negative interpretive bias predates the
diagnosis of adolescent depression. These results revealed the
potential for interpretative bias to be a contributor to the disorder.

Additional research shows that these negative interpretative
biases in depressed adolescents also significantly affect how they
perceive ambiguous scenarios as they extend to their sense of
self-perception®”. Low self-esteem, a facet of self-interpretation,
is a prevalent issue among adolescents with depression, as indi-
cated by studies linking self-esteem levels to depressive symp-
toms®®. One study explored how training individuals to focus
on either negative or positive social outcomes could impact their
self-image®®. The study found that adolescents trained to see
negative outcomes developed a significantly more negative self-
image, whereas those trained to see positive outcomes improved
their self-perception. This indicates a clear correlation between
interpretative biases and self-interpretation.

For instance, Ibrahim et al.# conducted a study involving 461
students aged 13 to 17, where the Rosenberg Self-esteem Scale
(RSE) was used to assess self-esteem. The findings showed that
47.5% of adolescents with low self-esteem experienced depres-
sion, contrasting with only 2% of those with high self-esteem,
suggesting an association between depressive symptoms and
self-esteem. Meanwhile, Shah et al.”? examined 600 students
aged 12 to 18 using both the RSE and the Beck Depression
Inventory Scale, and findings revealed an inverse relationship
between self-esteem scores and depressive symptoms. These
results underscore the critical role of self-esteem in adolescent
mental health, providing insight into how negative interpretative

bias coexists with depression.

Negative Interpretative Bias: Abnormal Precuneus

Negative interpretative bias not only perpetuates adolescent de-
pression, but is also closely linked to neurobiological changes
that heighten the disorder. From a neurobiological perspec-
tive, negative self-perception, or self-interpretation, is linked
to abnormal precuneus that leads to increased connectivity to
the prefrontal cortex and short-term memory systems, which
are areas involved in ruminative processes associated with low
self-esteem !,

In a study involving 32 unmedicated patients with early-onset
chronic depression and 40 healthy controls, Rubart et al.”% found
significant differences in brain connectivity patterns. Healthy
controls exhibited robust connectivity between the precuneus
and right pre-supplementary motor area, whereas individuals
with depression showed weaker connectivity between the sub-
callosal anterior cingulate and the precuneus. As the subcallosal
cingulate cortex is known for its role in regulating emotional
behavior and feelings of sadness”, and the precuneus is crucial
for self-processing operations’%, the weaker connectivity may
reflect impaired self-interpretation, particularly in relation to
emotional regulation.

Another study highlighted differences in precuneus activity
during self-judgements between control and depressed adoles-
cents”. Adolescents with depression exhibited increased ac-
tivity in the precuneus and posterior cingulate cortex (PCC)
regions, while healthy adolescents showed deactivations in these
areas. This suggests that the brain’s heightened activation in the
precuneus and PCC are linked to negative self-judgements, a
maladaptive self-interpretation, and are linked to existing states
of depression.

Within the framework of the Adolescent Information Process-
ing Model, the interpretation stage involves assigning meaning
to stimuli using past experiences, beliefs, and biases. Nega-
tive self-interpretation, an outcome of negative interpretative
bias, is seen to potentially play a contributing role alongside the
abnormal neurobiological function of the precuneus.

Memory: Negative Memory Bias

Following the stage of interpretation is memory, the process
of recalling past experiences*¥. Through memory, humans, as
empirical beings, depend on past experiences to make sense of
the world”®.

Generally, people tend to prioritize the retrieval of negative
memories over positive ones”. This tendency is particularly
pronounced in individuals with depression, who exhibit a height-
ened form of this prioritization known as negative memory
bias”®. Research has shown a direct correlation between the
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severity of depression symptoms and the extent of negative
memory bias”.

A study involving 578 adolescents aged 11 to 15 found that
those who recalled more self-referential negative words and
fewer self-referential positive words exhibited more severe de-
pressive symptoms®’. This result demonstrates the clear associ-
ation between negative memory bias and mental health symp-
toms.

Negative memory bias is also shaped by the tendency of
depressed adolescents to disproportionately store negative mem-
ories, creating a memory pool that is predominantly negative®L.
This was evidenced by research conducted with 155 adolescents
aged 12 to 16, which measured memory forgetfulness using the
item-method directed forgetting paradigm®Z. Findings showed
that participants with higher depression scores exhibited greater
forgetfulness of positive memories. This highlights that nega-
tive memory bias extends beyond the prioritization of memories
during retrieval but is rooted in a cognitive impairment that
selectively stores negative experiences.

In addition, adolescents with depression also tend to inter-
pret their memories more negatively during recall. One study
shows that adolescents diagnosed with MDD are prone to re-
calling distorted or false memories, particularly negative lures
—irrespective of whether the original information was negative,
neutral, or positive®®. This abnormal pattern of memory recall
and interpretation is evident in individuals with depression, as
commonly experienced symptoms include memory deficits and
loss®. This suggests that memory processing in individuals
with MDD is skewed, characterized by deviations and atypical
patterns.

Negative Memory Bias: Hippocampal Imbalance

The cognitive impairments observed in negative memory bias
are closely linked to neurobiological changes, particularly in
the hippocampus, a brain critical for memory formation and
retrieval. The hippocampus is a vital part of the human brain,
in charge of both the formation and retrieval of memories, and
its involvement in both depression and memory is well demon-
strated in human neuroimaging studies®>.

For example, MacMaster and Kusumakar 86 found that there
was a significant difference in the left hippocampus compared
to the right when examining the hippocampal structures of 17
patients with MDD—13 to 18 years old—with 17 healthy con-
trols. The left hippocampus is in charge of episodic verbal mem-
ory—subjective information that can be interpreted in many
different ways—while the right hippocampus oversees spatial
memory—information that is far more objective®”. These find-
ings suggest that memories open to various interpretations are
more likely to be distorted and viewed through a highly sub-
jective lens in individuals with depression compared to healthy
individuals. Consequently, adolescents with depression often

experience increased significant alterations in specific regions
of the brain, affecting their subjective recollections.

Negative memory bias, occurring within the memory stage
of the Adolescent Information Processing Model, contributes to
adolescent depression. Furthermore, hippocampal imbalances
compound these impairments by altering the brain’s structural
ability to process memories effectively, leading to persisting
symptoms of depression.

Inference: Negative Future Bias

The fourth stage of the Adolescent Information Processing
Model is inference, which involves making future predictions
based on interpreted information?. This stage enables complex
analysis of stimuli, generating insights, and anticipating poten-
tial outcomes®®, Future predictions are essential to human life,
with positive anticipation of the future serving as a driving force
for survival and development®. In itself, many adolescent stud-
ies have accounted for positive anticipation towards the future
behind student motivation and development of youth®?2. How-
ever, in depressed youth, future predictions are often negatively
skewed, a phenomenon frequently referred to as negative future

bias?3.

This negatively oriented future thinking is associated with
a sense of hopelessness, a key factor in suicidality in depres-
sion®®, Horwitz et al.” define hopelessness as “a set of cogni-
tive schemas oriented toward negative views/expectations about
the future” (pg. 169). Identifying hopelessness early on is cru-
cial, given that more than 90% of youth who die by suicide have
been found to be diagnosed with at least one mental illness®.
Thus, it is essential to understand this tendency towards nega-
tively oriented future thinking in depression. Hopelessness plays
a profound role in shaping cognitive schemas and contributing
to the heightened risk of suicidal behavior among adolescents.

Research demonstrates the prevalence of negative future bias
in depressed adolescents, where their future-oriented thoughts
become predominantly negative, less vivid, and accompanied
by reduced motivation''®. A longitudinal study conducted with
19 adolescents aged 16 to 19, all with a history of clinical or
subclinical depression, explored how mental health struggles
impacted their future-oriented thinking”®. While engaging in
future-related thoughts during periods of poor mental health,
participants reported a dominance of negative thoughts about
the future, reinforcing their feelings of despair.

Further, in a review paper of 22 longitudinal studies'®, au-
thors identified negative future bias as a significant predictor of
adolescent depression, with a direct correlation between higher
negative future bias and the severity of depressive symptoms.
These findings reinforce the link between negative future bias
and depression in adolescents, shedding light on how this cogni-
tive alteration may contribute to the persistence of depression.
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Negative Future Bias: Prefrontal Cortex Dysfunction

Neurobiological alterations also account for the disruptions ob-
served in the inference stage, which compound the symptoms
of depression. One research study, for example, conducted on
94 adolescents with a mean age of 15.2 years used functional
magnetic resonance imaging (fMRI) scans to compare the neural
activity between the two groups“~. Results revealed lower neu-
ral value signaling in the prefrontal cortex (PFC) in adolescents
with higher depressive symptoms compared to their healthy
counterparts. As such, when the PFC becomes abnormally dys-
functional, emotions can become hyperactive and out of control,
often exacerbating depression®®. PFC dysfunction is especially
detrimental, as the anterior lateral PFC plays a vital role in
estimating future success®” and the lateral PFC in regulating
and keeping negative emotions under control—showing a clear
connection between neurobiological alterations and disruptions
in the inference stage of information processing.

Similarly, a review paper examined 28 fMRI studies of ado-
lescents aged 13 to 18 with depression, revealing disruptions
in the medial prefrontal cortex (mPFC), a critical region within
the PFC responsible for self-referential thinking!??. The mPFC
is also linked to emotional regulation in future scenarios, and
its dysfunction can impair adolescents’ ability to think about
and emotionally process future events, a key function impacting
depression'!. This neurobiological evidence further heightens
the depressive symptoms resulting from the negatively impaired
inference stage in the Adolescent Information Processing Model.

Thinking: Rumination

Thinking is the fifth stage of the information processing model,
where individuals deeply engage with memories recalled dur-
ing the memory stage®?. Individuals reflect on and scrutinize
these memories, extracting meaning and understanding past
experiences.

Persistent negative feelings are one of the most common
symptoms of depression in adolescents®’. Rumination is a key
characteristic of thinking in depressed individuals, reinforcing
these negative sensations 20102 1 fact, individuals with depres-
sion tend to stay alone and isolated, which leads them to linger in
their thoughts longer, amplifying the impacts of rumination?3.

Rumination is defined as “focusing passively and repetitively
on one’s symptoms of distress” '™ (pg. 216). For individuals
experiencing depression, their recall of memories tends to focus
primarily on negative ones. These negative memories act as
triggers, leading to repetitive dwelling. Individuals with depres-
sion struggle to disengage from negative stimuli'%?, becoming
stuck in a loop of replaying distressing memories. This inabil-
ity to move on perpetuates rumination, turning thinking into a
continuous cycle of negativity.

Adolescents with depression are particularly susceptible to
rumination, which reinforces negative emotions and amplifies

their depressive symptoms. For instance, Hankin'% studied
350 teenagers and discovered that greater rumination levels
were predicted. Repeated negative thinking patterns reinforce a
cycle of rumination, continuously dwelling on negative thoughts
and emotions without finding solutions. This cycle amplifies
negative neural pathways, heightening the risk of depression.
Repeated thinking of memories can solidify them into long-term
memories, making them more likely to recur!’Z,

In a similar vein, but with a larger sample size and a greater
accuracy, Wilkinson et al.1%8 tracked the symptoms and sever-
ity of depression in 658 healthy teenagers at elevated risk for
psychopathology over the course of a year. High levels of rumi-
nation were found to be a significant predictor of the emergence
of depression during the follow-up period. This emphasizes
the importance of rumination as a critical cognitive suscep-
tibility component in adolescent depression, where repeated
engagement with negative thoughts strengthens neural pathways
reinforcing depression.

Rumination: Abnormal Default Mode Network

In severe depression, rumination becomes deeply automatic. In
the context of MDD, rumination is often seen as a self-referential
thinking style linked to disruptions in the brain’s Default Mode
Network (DMN)1%?, The DMN consists of various brain regions,
including the mPFC, medial and lateral parietal cortex, and
temporal lobe 1’ This network is primarily responsible for
mind wandering and task-unrelated thoughts, such as focusing
on memories and processing secondary information elicited
during the interpretation stage'-.

In adolescents with MDD, disruptions in the DMN contribute
to inflexibly elevated connectivity, as observed in a study by
Ho and her colleagues' 12, Using fMRI to measure functional
connectivity within the DMN in 26 medication-free adolescents
with MDD (aged 13 to 17) and 37 healthy controls, the study
revealed that these disruptions exacerbate persistent negative
thought patterns, such as rumination, exacerbating symptoms
of depression. Thereby, neurobiological abnormality further
exemplifies evidence of rumination, unique to the thinking stage
of the Adolescent Information Processing Model in depression.

Reasoning: Cognitive Impairments

Reasoning is the sixth stage in the Adolescent Information Pro-
cessing Model*. In this stage of the information processing
model, individuals reevaluate the information that they have
processed.

It is generally understood that depression can impair ratio-
nal thinking and lead individuals to become more emotionally
driven, which may affect their ability to think logicallyH=. Irra-
tional beliefs are a known risk factor for depression L4 demon-
strating that depression alters individuals’ ability to validate and
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re-evaluate the information they have processed. Hu et al. 112

asserted that “depression has a negative effect on reasoning in
adolescents” (pg. 5).

These authors supported this assertion by assessing the rea-
soning abilities of 1,961 Chinese adolescents aged 12 to 18 with
depression, revealing a significant negative impact of depression
on their cognitive reasoning abilities. These findings further con-
firm the association between cognitive impairments in reasoning
and adolescent depression.

Cognitive Impairments: Hemispheric Imbalance

The limited rationality of individuals with depression’s minds is
further aggravated by neurobiological alterations, particularly
through the hemispheric imbalances. Specifically, depression is
associated with an overactive right hemisphere and a relatively
underactive left hemisphere 1%, The left hemisphere governs
quantitative and analytical functions, while the right hemisphere
is responsible for intuition and creativity, leading to a more
subjective experience of the world 2. This interplay under-
scores how neurobiological imbalances contribute to diminished
rationality in individuals with depression, resulting in altered
reasoning.

While little is known about the hemisphere imbalance linked
to adolescent depression, research on the corpus callosum has
provided significant new knowledge. The corpus callosum is a
crucial structure that sits between the two hemispheres of the
brain and plays a major role in effective signaling and com-
munication between them' 18, MacMaster et al. 1 discovered
that adolescents with depression have a smaller corpus callosum
compared to their healthy peers. This finding, based on mag-
netic resonance imaging measurements of the corpus callosum
volume in 16 patients with MDD aged 14 to 18, compared with
age- and sex-matched healthy individuals, highlights a limited
connection between hemispheres. When the corpus callosum
is smaller, the brain tends to process information through the
stronger side?Y.

Adolescence is inherently guided by emotions, as evidenced
by both behavioral observations and brain development sci-
ence 2l This emotional orientation likely results in information
being processed predominantly by the right hemisphere, which
is stronger in many adolescents#%. Consequently, the limited
rationality observed in adolescents, including those who are
healthy, may lead to flawed or overly emotional responses that
they fail to recognize when re-evaluating processed information.

In adolescents with depression, these tendencies are amplified
by cognitive and neurobiological impairments, such as imbal-
ances and reduced inter-hemispheric communication. These
impairments interact within the reasoning stage of the Adoles-
cent Information Processing Model, compounding difficulties
in re-evaluating processed information and, thus, contributing
to depressive symptoms in adolescents.

Conclusion

This review paper underscores the critical lens Adolescent In-
formation Processing Model offers in the context of examin-
ing the cognitive and neurobiological foundations of depres-
sion. By dissecting the Adolescent Information Processing
Model, this paper has discussed how cognitive biases disrupt
each stage—selection, interpretation, memory, inference, think-
ing, and reasoning.

These disruptions not only lead to a persistent negative cog-
nitive style, but are also compounded by neurobiological alter-
ations that heighten depressive symptoms in adolescents. Such
neurobiological insights provide a more comprehensive under-
standing of how cognitive biases are not merely psychological
phenomena but are deeply rooted in the brain’s structure and
functioning.

This narrative review, however, is not without limitations.
Adolescent depression is not merely a mental disorder rooted
in cognitive and neurobiological factors; it involves a broader,
more complex interplay of influences, including emotional, so-
ciocultural, mood regulation, and external stressors 123 This
narrow focus limits the generalizability of the findings, suggest-
ing a need for future studies to adopt a more comprehensive
approach, like integrating emotional and social factors to deepen
insights into adolescent depression. For example, studies could
explore how cultural norms or family stressors interact with
cognitive thinking styles or neurobiological alterations to in-
fluence depressive symptoms in the context of the Adolescent
Information Processing Model.

Furthermore, the present study’s reliance on a localized and
sequential analysis of cognitive and neurobiological alterations
within a serial information processing model reveals inherent
limitations. This approach does not sufficiently account for the
interconnectedness and dynamic interplay among these factors.
The disruptions in each stage of information processing are dis-
cussed as linear and discrete; however, the interactions between
cognitive biases and neurobiological changes are likely more
fluid and cumulative. For example, the cognitive biases that
emerge at one stage may not only persist but also interact with
neurobiological alterations in ways that exacerbate depressive
symptoms at later stages. Future research should furthermore
consider an approach that explores these complex interactions
across the entire model. Longitudinal studies, examining how
disruptions in one cognitive stage influence subsequent stages,
and how neurobiological changes progress simultaneously, on
populations of ages 9 to 18 would provide a more nuanced and
integrative perspective on adolescent depression. By combin-
ing diverse methodologies, such as mixed-methods designs that
incorporate both qualitative and quantitative data, additional
research can capture not only the measurable cognitive and neu-
robiological changes, but also the experiential social, emotional,
and environmental aspects of adolescents’ lives.
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Furthermore, while literature established a clear explanation References

of how neurobiological alterations worsen depressive symp-
toms in each stage of the Adolescent Information Processing
Model, there is limited information available about the causal
relationship between these alterations and impaired cognitive
processing. For example, it continues to be relatively unclear
whether neurobiological changes precede cognitive biases, if
impaired cognitive processes themselves lead to neurobiological
changes, or if pre-existing neurobiological conditions cause ado-
lescents to be more susceptible to developing impaired cognitive
processes. Additional longitudinal studies that track adolescents
over a period of time may be valuable in better understanding
this relationship. Such studies could reveal the mechanisms
that drive the onset and progression of depressive symptoms
and help identify potential biomarkers for early detection and
intervention.

Early identification and intervention are paramount in miti-
gating the progression of depression in adolescents. Cognitive-
behavioral therapies (CBT), which specifically target negative
cognitive biases, have shown promise in disrupting these harm-
ful cognitive cycles'?*. By addressing these biases early, CBT
can promote healthier cognitive patterns, improve mental health
outcomes, and reduce the risk of severe consequences such as
suicidel%.

This present study, which examines stage-specific cognitive
and neurobiological changes through the lens of the Adolescent
Information Processing Model, provides valuable insights that
could further refine interventions. For instance, understanding
how negative biases manifest in distinct stages—such as selec-
tion, interpretation, and memory—can inform more targeted,
stage-specific therapeutic strategies. Tailored CBT modules de-
signed to address specific cognitive disruptions, can significantly
enhance treatment effectiveness 29,

Moreover, integrating the study’s findings into early detection
programs could help identify at-risk adolescents before symp-
toms become severe. School-based mental health initiatives
could incorporate assessments to evaluate stage-specific cog-
nitive vulnerabilities and provide early, personalized support.
Similarly, neurobiological findings could inform the develop-
ment of biomarkers for depression, aiding in early diagnosis and
monitoring treatment progress.

By addressing cognitive vulnerabilities early, we can fos-
ter resilience, enhance mental health, and improve the overall
well-being of young people. This comprehensive approach
is essential for ensuring that adolescents navigate this critical
developmental period with greater psychological strength and
stability, laying the foundation for healthier adult lives. The
significance of this research lies in its potential to transform
how we understand, prevent, and treat adolescent depression,
offering hope for a brighter, more resilient future for our youth.
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