Which specific social media algorithms (e.g., TikTok's
interest graph, Instagram's Reels pipeline, X's
engagement ranking) are identified as the primary
drivers of neuroplastic change, and what are the
distinct cognitive or democratic impacts associated
with each platform's unique feedback mechanisms?
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Executive Summary

The evidence suggests that specific social media algorithms act as primary drivers of
neuroplastic change, with distinct impacts depending on their core feedback mechanisms.
Short-form video algorithms, such as TikTok's interest graph and Instagram's Reels
pipeline, are identified as primary drivers of structural alterations in reward pathways and
functional shifts in attentional control. These algorithms induce neuroplasticity through
dopamine-driven reward cycles from rapid novelty, leading to measurable reductions in
sustained attention and working memory. Conversely, engagement-ranking algorithms,
particularly X's system, are identified as primary drivers when the neuroplastic change
involves emotional amplification and democratic polarization. These algorithms directly
cause shifts in political attitudes and increase affective polarization by amplifying
emotionally intense content.

Key Findings

Dual Mechanisms of Neuroplastic Change and Primary Drivers

Neuroplastic change in algorithmic research is characterized by both structural alterations
in reward pathways and functional shifts in attentional control [11, 13]. Prioritizing these
markers identifies different primary algorithmic drivers. Short-form video (SFV) algorithms
(TikTok, Instagram Reels) are consistently identified as primary drivers of structural
reward alterations and functional attentional shifts. These platforms use variable-ratio
reinforcement and endless scrolling to create dopamine-driven engagement cycles that
structurally rewire the brain, increasing grey matter volume in reward areas and
decreasing it in executive control regions [5, 8, 11, 13]. When the functional shift
specifically involves emotional processing and democratic polarization,



engagement-ranking algorithms, such as X's system, are identified as primary drivers due
to their amplification of emotionally intense content [3, 7].

Short-Form Video Algorithms: Structural and Cognitive Disruption

Short-form video algorithms (TikTok's interest graph and Instagram'’s Reels pipeline) are
primary drivers of neuroplastic change due to their direct structural brain alterations and
broad cognitive disruptions.

- Magnitude of Structural Brain Changes: These algorithms directly alter the
brain's reward systems, specifically the mesolimbic dopamine pathways, fostering
dependency analogous to substance addiction [11]. Prolonged use is linked to increased
grey matter volume in the bilateral putamen and right nucleus accumbens, alongside
decreased grey matter volume in the orbitofrontal cortex [11]. Watching reels specifically
increases activity in reward-related areas like the ventral striatum [8].

- Speed of Adaptation: The algorithms utilize variable-ratio reinforcement
scheduling to create persistent dopamine-driven engagement cycles [5]. The rapid tempo
of the content necessitates ongoing cognitive involvement, which rapidly exhausts brain
reserves [8]. The continuous transition from one piece of content to the next quickly
reduces the brain's ability to focus for extended periods [13]. Daily SFV application use
negatively impacts working memory and linguistic ability in younger users [8].

- Breadth of Cognitive Disruption: The cognitive impacts are widespread,
including a moderate reduction in attention span (mean effect size r = -0.38) and poorer
inhibitory control (effect size r = -0.41) [2]. These algorithms significantly impair working
memory and linguistic abilities, particularly in younger users whose prefrontal cortex
development is still in early stages [5, 8]. This ultimately leads to lower academic
performance and decreased general motivation [5, 13].

X's Engagement Ranking: Affective and Democratic Disruption

X's engagement ranking algorithm is a primary driver of neuroplastic change when
considering affective and political cognitive disruption. By optimizing for revealed
preferences, X's algorithm amplifies emotionally charged content, including anger and
out-group animosity [3, 7]. This imposes a distinct affective cognitive load, amplifying
partisanship by 0.24 standard deviations and shifting users' political attitudes toward
more conservative opinions [1, 3, 7]. An algorithmic audit in February 2023 found that X's
feed prioritized tweets expressing anger (62%) and out-group animosity (46%) compared



to chronological timelines (52% anger and 38% out-group animosity) [7]. The algorithm
actively filters reality, demoting traditional news media by 15.5 percentage points while
promoting political activist accounts by 5.9 percentage points [1].

Mechanisms of Neuroplastic Adaptation

Neuroplastic adaptation to social media algorithms stems from both dopamine-driven
reward cycles from rapid novelty and engagement-based emotional amplification.
Short-form video algorithms primarily drive change through variable-ratio reinforcement
scheduling, creating persistent dopamine-driven engagement cycles that alter the
mesolimbic reward system [5, 8, 11, 13]. Engagement-ranking algorithms, like X's, drive
adaptation by amplifying emotionally charged content to capture attention [1, 3, 7].

The dopamine-driven reward mechanism produces more directly documented structural
changes in the brain. Prolonged exposure to rapid novelty and algorithmic dopamine
cycles is linked to increased grey matter volume in the bilateral putamen and right
nucleus accumbens, alongside decreased grey matter volume in the orbitofrontal cortex
[11]. These structural alterations underpin reduced attention span, impaired inhibitory
control, and compromised decision-making [2, 8, 11, 13]. Engagement-based emotional
amplification primarily induces functional and cognitive shifts, such as increased cognitive
load and affective political polarization, rather than explicitly measured structural rewiring
[3, 7, 8].

Distinct Cognitive and Democratic Impacts

The cognitive impacts associated with short-form video algorithms and
engagement-ranking algorithms are distinct phenomena, though both share underlying
dopamine-driven engagement cycles [5, 8, 9, 11, 13].

- Short-Form Video Cognitive Impacts: Short-form video algorithms primarily
cause structural brain alterations and functional shifts like reduced attention span (mean
effect size r = -0.38) and working memory deficits [2, 5, 8, 11, 13]. Heavy TikTok users
report impaired sustained attention [6].

- Engagement-Ranking Democratic Impacts: Engagement-ranking algorithms
primarily drive change through emotional amplification, imposing an affective cognitive
load and increasing affective polarization [3, 7]. An algorithmic audit found that 62% of
political tweets chosen by the algorithm expressed anger and 46% contained out-group
animosity [7]. This caused users to feel significantly worse about their political out-group



(-0.17 standard deviations) and better about their in-group (0.08 standard deviations) [3,
7]. Switching to X's algorithmic feed made users 4.7 percentage points more likely to
prioritize Republican policy issues and 7.4 percentage points less likely to hold a positive
view of Ukrainian President Volodymyr Zelensky [1].

Algorithmic Updates and Consistency of Impacts

Algorithmic audits and randomized experiments demonstrate that while core mechanisms
produce consistent neuroplastic and democratic impacts, specific effects are subject to a
shifting landscape driven by platform updates [1, 14].

- Consistency: Short-form video algorithms reliably hijack mesolimbic dopamine
pathways, leading to structural grey matter changes and consistently reducing sustained
attention (r = -0.38) and inhibitory control (r = -0.41) [2, 11]. Engagement-ranking
algorithms reliably prioritize anger and out-group animosity, driving affective polarization
[1, 7].

- Shifting Landscape (X): Audits during the 2024 U.S. election revealed X's ranking
behavior shifted to actively reinforcing users' existing political preferences [14]. Neutral
accounts experienced a default right-leaning bias, with right-leaning users comprising
30.16% of top recommended exposure compared to 12.92% for left-leaning users [14].
The "For You" timeline expanded to include 50% out-of-network tweets, an increase from
a previously reported 37% [14].

- Mitigation: A browser extension tool tested during the 2024 election showed that
downranking negative content improved attitudes toward the opposing party by an
average of two points on a 1-100 scale, an effect equivalent to three years of national
change [4, 12].

Causal Impact on Democratic Outcomes

Unique algorithmic feedback mechanisms directly drive democratic impacts rather than
these being secondary byproducts of general attentional fragmentation.

- X's Causal Impact: Longitudinal studies have isolated X's engagement-ranking
algorithm from confounding variables to quantify its distinct causal impact. Exploiting
exogenous variation in Twitter user numbers, research found that a 10% increase in a
county's Twitter users lowered Donald Trump's vote share by 0.2 percentage points in
both the 2016 and 2020 presidential elections [6, 12]. During the 2024 election,
randomized experiments using browser extensions to rerank content demonstrated that



downranking antidemocratic attitudes and partisan animosity reduced affective
polarization by an average of 0.03 standard deviations [19].

- Content Amplification: An analysis of news sources on X from 2011-2020 found
that a 1.0% increase in political bias predicted a 0.378% increase in High Arousal
Negative (HAN) content, with HAN posts being reposted 3.27 percentiles more overall
[20].

- Platform Differences: While X's algorithmic changes show measurable causal
impact on political attitudes, large-scale experiments with Meta (Facebook and
Instagram) in late 2020 found no detectable changes in political attitudes when
fundamental aspects of their algorithms were altered, suggesting platform-specific
differences [21].

Implications

The distinct neuroplastic and democratic impacts of social media algorithms have
significant implications for users, platform developers, and policymakers. Users face a
dual challenge: the erosion of sustained attention and working memory from short-form
video content, and the heightened emotional reactivity and political polarization driven by
engagement-ranking algorithms. For platform developers, the evidence suggests that
optimizing for engagement without considering the qualitative nature of that engagement
can lead to detrimental cognitive and societal outcomes. The consistent findings on
structural brain changes and measurable cognitive deficits from short-form video use
imply a need for design interventions that prioritize cognitive well-being over continuous
engagement. Similarly, the direct causal link between engagement-ranking algorithms
and affective polarization highlights the platforms' role in shaping democratic discourse.
Policymakers may consider interventions that target these distinct mechanisms, such as
regulations on rapid content transitions for short-form video or requirements for
transparency and user control over emotional amplification in engagement-ranking
systems. The shifting nature of algorithmic effects due to platform updates also implies a

need for continuous auditing and adaptive regulatory frameworks.

Limitations and Caveats

The research, while robust, has limitations. While platform algorithms define engagement
thresholds that drive habitual use, no internal platform document explicitly defines a



numerical feedback threshold that directly triggers measurable neuroplastic adaptation [1,
10, 13, 15, 16]. Instead, neuroimaging studies link the habitual use patterns driven by
these algorithms to specific structural brain changes [11, 17, 18]. Furthermore, while X's
algorithmic impact on political attitudes and polarization has been causally demonstrated,
large-scale experiments on Meta platforms (Facebook and Instagram) during the 2020
U.S. election found no detectable effects on polarization or political attitudes when
algorithmic feeds were replaced with chronological ones [1, 21]. This suggests that
algorithmic impacts on democratic outcomes may vary significantly across platforms,
potentially due to differences in algorithmic design, user base, or content moderation
strategies. The continuous evolution of algorithms also means that findings from past
audits may not perfectly reflect current platform behavior, as evidenced by X's shifting
ranking patterns during the 2024 U.S. election [14].
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