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The January 2021 GameStop (GME) event was an event driven by coordinated trading of investors resulting in one of the most
extreme events of market volatility in the stock markets. The event revealed the susceptibility of institutional short-selling
towards systemic risk and drew significant attention. The goal of this study is to determine the extent to which changes
in short-selling behavior and strategy are associated with structural shifts of the GME event or are more related to market
characteristics. The analysis is conducted using the FINRA Equity Short Interest Files and spanning the time period from
January 2020 - January 2022. This allows the dataset to cover adequate time before and after the event to identify if there is
behavioral change. In the analysis, log and absolute change measures, as well as rolling volatility, extreme-build indicators,
and persistence metrics were computed. To understand the differences across the periods of pre-GME and post-GME, fixed
effects regression models are implemented, as well as various statistical tests. Based on the simple results of these various
tests, the results indicate that there were decreases in the magnitude and volatility of short-interest changes. Additionally,
there were less extreme spikes occurring after the GME event. However, once the tests were nuanced with other effects, such
as firm fixed effects, time fixed effects, and various market controls, the post-GME indicator does not remain statistically
significant. Accordingly, it does not explain the changes in volatility or the changes in short interest seen after the GME event.
The results instead show that short-interest dynamics are more strongly associated with firm-level characteristics. Examples of
these characteristics are liquidity and persistence from prior short positions. The evidence of the study suggests that, overall,
the changes seen in short-selling behavior are driven primarily by firm-specific characteristics and time effects. The evidence
does not indicate that there was a structural time break surrounding the GME event, which would reflect that the behavioral
changes were a result of the event itself. This research increases the understanding of short-selling behavior and adaptations of
it following the GME event in January 2021.
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Introduction

Short selling is a highly valued strategy in financial markets,
generally tending to effect price discovery as well as market
efficiency. Using this strategy, investors are able to respond in
the event that they believe a stock is overpriced. However, at
certain times, short selling can in fact increase systemic risk
experience and in turn it can also create major shifts in price
values. Studies done in the past have demonstrated the ways in
which short selling activity can affect price efficiency. An ex-
ample of such an effect would be when excessive short selling
pressure could result in price changes even farther than basic
value markers1.

A disrupting event occurs in the event that the total num-
ber of short positions exceeds the number of shares available
to trade. In this case, there are extremely high short interest
values, resulting in conditions for a short squeeze to develop.
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These specific conditions can force short sellers to cover their
positions which also causes further price increases. Because
of this, the stock prices are also significantly more sensitive to
buying pressure. When this happens, even small changes in
demand of a stock can create extreme price spikes. This sit-
uation can begin a feedback loop which creates higher and
recurring volatility. This phenomenon occurred in January
2021, becoming a major and heavily analyzed financial event.
This was a major example of the phenomenon, known as the
GameStop (GME) short squeeze. During this time, the total
shares of GME which were sold short exceeded the number
available, which caused an accelerated growth in the com-
pany’s stock price. To address this effect, several retail in-
vestors coordinated buying efforts through the use of Reddit’s
platform r/WallStreetBets. This compromised the shorting po-
sitions of the several prominent hedge funds which had al-
ready heavily shorted the stock prior to these efforts. The re-
sult of this was that when the hedge funds covered their short

© The National High School Journal of Science 2026 | 1



positions, the upward pressure on stocks became higher since
the investors were purchasing the shares at higher prices. Ulti-
mately, this event resulted in significant amounts of losses and
position unwinding for several prominent hedge funds. This
demonstrated the effect and restrictions of a trading environ-
ment which is significantly influenced by social media.

Many previous studies have been centered around the pro-
cesses which drove the GME event, including but not limited
to the behavioral influences and market or institutional con-
straints. Reddit and other social media platforms influenced
more buyers to purchase the stock, establishing a higher as-
sociation with trading increases and liquidity disruptions as
a result, of which happened in the market2. In this event,
also, herding of retail investors occurred where investors dis-
regarded primary analysis and purchased stocks due to the in-
crease of public attention. This caused further liquidity dis-
ruptions and increased volume of the stock3. Accordingly,
from these studies it can be seen that elevated short interest
can result from attention shocks coinciding with high trading
activity. Moreover, in the event, pricing frictions were also
formed in part due to divergences from put-call parity 4. All
these effects occurring simultaneously with other short-selling
constraints, high borrowing costs, and low stock availability
forming for the GME stock made trading the stock more dif-
ficult5. Finally, based on market data there is evidence that
market makers purchased underlying shares which resulted in
price discrepancies. This is also known as a gamma squeeze
which occurred as a result of the methods which retail call
option buyers used6.

Another major focus surrounding the GME event is the im-
pact that regulations of the Equities Market have on buying
strategies. Specifically, the restrictions may result in adapta-
tions of how investors form their short positions. Because lim-
itations could potentially affect market accessibilities, the lim-
itations play an impact in short-selling behavior. Considering
all the above, short-selling patterns are generally heavily in-
fluenced by market trends and characteristics, sometimes even
more so than an event itself 7. Because of the significant pub-
lic attention through social media, investors were disregarding
independent analysis at more frequent levels8. Hence, there
are multiple ways in which perceived market trends could in-
fluence groups of the investors to adapt the short-selling strate-
gies they use for a specific share. In this way, traditional forms
of evaluating stocks and predicting prices may be unreliable,
as these are not able to account for public attention and mis-
leading interpretations which could have formed online9.

In addition, such behavioral shocks and involvement of the
public attention can decrease the effect of market correction
and then create pricing disruptions. This is known as a limit
to arbitrage, which is where rational traders are not able to
address mispricings of the stocks because of other barriers in
the market. In the GME event, these involved severe capital

limitations and margin risks which developed, preventing in-
vestors from being able to address the mispricing10. When
several of these factors intersected with each other, it created
increased volatility in the market which also led to pricing dis-
orders. This event is a prime example of the way in which
several coinciding factors can impact a trading environment
and how the market will behave following this impact of un-
precedented circumstances11. It has not yet been understood
how the interaction of such factors impacted the GME event
collectively, as several previous studies observed each factor
separately. As a result, it is not fully understood how institu-
tions responded to the event to handle susceptibilities to risk
and if the strategies they implemented lasted for a longer term.
Comprehensively, this interaction of several characteristics of
the market with behavioral collaboration of investors may be
more strongly associated with the GME event instead of the
event itself resulting in long-term changes.

Hence, instead of observing investor activity and market
conditions as two separate constituents, previous studies sug-
gest the GME event occurred due to the combination of the
two. Specifically, the event may have resulted from a feed-
back loop of pre-existing conditions (short exposure) and on-
line reactions and planning. Retail investors coordinated trad-
ing strategy using social media, which majorly influenced the
GME event. Reddit in particular, as well as other platforms,
collaborated and formed consensus on the platform before the
event regarding the company’s shares which created a self-
reinforcing mechanism having a major market effect12. Short
sellers were forced to cover positions because of coordinated
buying of shares, organized on Reddit’s r/WallStreetBets. This
created an extreme increase in the stock price and also resulted
in a recurring loop of high levels of volatility. The interaction
of sentiment trading coordination and pre-existing exposure
levels created this cycle. Past studies demonstrate how retail
attention acted as a direct factor of trading volume increases
by showing a clear statistical difference in general visibility
online and targeted motives based on speculation of the stock
price13. As there was a clear relation of positive social media
sentiment and trading volume, it is seen how online behavior
of investors influenced market activity. This pattern is rep-
resentative of herding behavior. This is when retail investors
bypass what data valuation strategies would suggest and make
coordinated market strategies. Furthermore, social validation
influenced trading behavior, which is a form of psychological
propaganda , and contributed to feedback loops instead of val-
uation methods14. Because numerous investors responded to
perceived opportunities by general communities, price move-
ments became unnecessarily shifted.

Based on the findings of studies done in the past, it is un-
likely that events as major as the GME event occur indepen-
dently. In such events, the pre-existing market conditions may
have a large role in determining how the price will react to
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the actions of investors. In the case of the GME event, be-
havioral shocks may have caused price distortions to increase
and be sustained due to extreme short interest. The present
liquidity conditions and many other market factors would also
correspondingly affect pricing of the shares15. For instance,
the condition of low liquidity can disrupt smooth settling or
shifting of the prices. This can make extreme short interest
even more disrupting and further increase the volatility in the
market. Additionally, behavioral collaboration and shocks oc-
curring together can also cause concentrated short positions to
become unstable since there is a large presence of traders of
the stock. This happens as a result of many potential limita-
tions, including but not limited to decreased float availability
and buying pressure on the stock. Stock loan data from the
time of the GME event is in accordance with this as borrow-
ing fees were at extremely high levels at the time. Because
of this, short sellers were forced to close previously held po-
sitions due to the public float decreasing and borrowing costs
being exorbitant. Hence, price movements can be significantly
affected by the interaction of behavioral collaboration in trad-
ing and pre-existing market conditions before and during the
event, as seen in the GME short-squeeze.

Furthermore, high-frequency communication being com-
pared to immediate market order flow offers a testament to
the established interaction of behavioral collaboration and pre-
existing market conditions. Discussion activity online shows a
strong link to irregular trading patterns during GME event16.
To clarify, when increases in the number of posts on Wall-
StreetBets on Reddit were seen, there was also a major in-
crease in traded shares and volume of GME. This is supported
by the high-frequency financial data and extensive past Reddit
posts. Following bursts of social media activity, trading in-
creases could be seen within 30 minute windows, demonstrat-
ing how significantly attention-based the trading of the GME
shares was rather than based on statistical or traditional valu-
ation methods. Furthermore, this is supported by the data in
order-flow books, within each day, which show how the 30-
min spikes of social media activity generally preceded order
imbalances when trading was done on public exchanges17.
When many traders began actively buying the GME shares,
temporary disruptions were seen in how the stock was being
traded. Yet, these were temporary changes, and were not seen
to persist long term in the market structure18. Yet, based on
the information about liquidity and concentration levels at the
time of the GME event, behavioral shocks were not enough
to fully cause the short squeeze at the level it occurred. In-
stead, the behavioral shock could have potentially had a role
in amplifying the intensity of the squeeze, not causing it itself
but instead due to the pre-existing structural limitations and
forced-covering of the positions.

Self-reinforcing volatility can be a product of several in-
tertwined factors such as concentrated short interest and in-

vestor behavior and coordination. In this case, hedge funds
faced major losses as the short interest surpassed 100%, when
the leverage and liquidity dynamic was disordered. Multi-
ple prominent hedge funds which had been involved in the
GME short squeeze faced capital drawdowns due to the con-
centrated short positions and there being unpredictable liquid-
ity movements19. Since this caused a significant loss expo-
sure, there was further pressure of the price to increase. Fol-
lowing this, the market’s instability was increasing. Rising
prices tend to correlate to higher margin necessities and also
may cause forced covering, resulting in a leveraged liquidity
cascade. This event also exposed, moreover, that short posi-
tions are also susceptible to coordinated retail action and the
systemic risk associated with that. The event exposed ma-
jor limitations of the Value-at-Risk (VaR) framework, as the
method is unable to determine how severe losses could poten-
tially reach. This shifted the perspective of retail investors
simply causing background noise towards potentially being
sources of tail-risk exposure20. Thus, the event may have the
effect of altering retail investor’s impact to crowded short po-
sitions on a long-term basis rather than just for a temporary
event, as such forms of behavioral coordination could reoccur
in the future. Recurring risk may alter hedge funds’s strategies
in order to avoid exposure as they may adjust execution flows
and positioning. This can be in regards to market awareness of
concentrated positions or because of short-sale disclosure reg-
ulations21. Yet, based on studies of short squeezes in several
countries, although hedge funds may face significant losses,
the amount may not necessarily be the same for the market as
a whole.The market may be able to recover without long-term
changes persisting, and only facing temporary effects22.

Previous studies have largely been centered on the extreme
volatility involved in the GME event, and the retail investors
and mechanisms involved in it. This has included the explana-
tions of the way in which social media behavior, severe short
interest, and limitations of liquidity played a role in the GME
stock’s price valuation and its fluctuation. Yet, not many stud-
ies have been centered on understanding how the market and
its participants themselves responded to the event. Specifi-
cally, there have been limited studies on whether their high
risk market behavior and strategies may have resulted in long-
term shifts in the short selling strategies. Furthermore, lim-
ited assessments of the market-wide impact of the GME event
have been done, as to how the event could have potentially
changed market participants actions in terms of short expo-
sure, leverage, and risk aversion strategies. The goal of this
research is to understand the extent to which changes in short-
selling activity and strategy in the post-GME period is associ-
ated with the GME event or the association with fundamental,
pre-existing market characteristics. This research provides in-
sight into how market participants reacted to major shocks of
the market. The GME event shows how existing market con-
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ditions interacting with retail traders, when coordinated, can
undermine traditional methods of trading done by institutions.
Previous studies have focused more on how the squeeze oc-
curred and functioned rather than the effects of the squeeze in
terms of behavior.

The behavior of short-selling can be measured in terms of
several numerical values, which include short interest ratios,
volatility over time, and frequency of extreme short interest
positions. It is hypothesized that, when accounting for liq-
uidity, short-interest positioning, trading conditions, generally
fundamental market characteristics, variation in short-selling
activity after the GME event will more strongly be associ-
ated with market characteristics than the GME event itself.
Based on previous studies, in the past retail investor trans-
actions have not tended to cause persistent market structure
changes, and instead are primarily based on market character-
istics and liquidity conditions. Specifically, these conditions
include factors including but not limited to liquidity, volatil-
ity, and stock-specific characteristics, such as trading colume
or existing short interest. These continue to be critical drivers
even in durations of high investor trading23. The methods
used in this study are able to numerically assess whether or not
institutional investors and market participants altered strate-
gies of trading based on their short exposure and risk during
the event. To carry out the study, bi-weekly, market-wide,
short interest data is used to comprehend how short selling
behavior compared before and after the GME event in the U.S
equity market.

There are several limitations of this study in terms of what
it can determine using the existing data. First, this study does
not identify the specific trading strategies each or individual
hedge funds used during the GME event since the trading is
not being done in real time. Instead, the patterns are deduced
using the observed trends in market wide short-interest activ-
ity and quantitative calculations defining this. Short-selling
activity is quantified using market-level short interest. In ad-
dition, a limitation is faced since the used time-period in this
sample covers only one year before and after the GME event.
This is not necessarily enough to determine long-term effects
and changes in strategy, which could develop progressively
following the event. Although these limitations are present,
the dataset remains able to provide further insight into market-
wide shifts after the GME event in investor behavior.

This study provides an understanding of how market in-
vestors reacted to the GME event and how it may have re-
sulted in long-term adaptations in the financial market by com-
bining behavioral finance and market microstructure concepts.
In general, behavioral finance can be categorized as the study
of how sentiment, attention, and herding effects may poten-
tially affect investor behavior. An example of this would
be in an environment significantly affected by social media
and how this could increase coordinated trading activity. For

the GME event itself, the increased buying of GME shares
wasn’t solely caused by fundamental financial data, but by in-
creased attention to the stock from retail investors on Reddit.
The investors then made synchronized efforts to purchase the
stock based upon the increased attention. Additionally, for
this event, market microstructure determines how persistent
strategies can emerge from behavioral shocks after constraints
such as borrowing costs, margin requirements, and low liq-
uidity levels are faced. Because of these limitations being an
influence, short sellers become forced to reactive positions in
response to the event and the prices themselves become ex-
tremely volatile. This is specifically because of covering pres-
sure when the share price increases dramatically. Based on
these interacting perspectives, the GME event was a combina-
tion of the behavioral shocks and market restrictions based on
pre-existing conditions of the market. This may also be due
to short sellers being increasingly aware of the effect concen-
trated short positions could have, in terms of large potential
losses when several investors short the same stock and this
downside could have caused changes in short-selling behavior
following the event’s occurrence.

This study utilizes bi-weekly files which are short-interest
data of the FINRA Equity Short Interest Files, published by
FINRA, or the Financial Industry Regulatory Authority. The
data is used to observe U.S equities which are publicly traded
and identify differences depending on the timing in relation
to the GME short-squeeze. To do this analysis, statistical
measures were calculated, including log changes, absolute
changes in short interest, rolling volatility, and the frequency
of extreme short positions. This was done to potentially define
changes in short-selling behavior and strategy which could
have formed in association to the GME event taking place.
Furthermore, regression models and statistical comparisons
compared how significant the effect of these factors would
have been in terms of the event.

Methods

Data Source and Preprocessing

This study uses short-interest data from FINRA’s Equity Short
Interest Files, published by the Financial Industry Regulatory
Authority (FINRA). These files report short interest positions
from FINRA member firms, twice a month. Archive files
from this dataset were collected and the sample includes pub-
licly traded U.S equities reported in FINRA short-interest files
from January 2020 to January 2022 to build a comprehen-
sive dataset including the period surrounding the January 2021
GameStop short squeeze. The January 2020 to January 2022
period was chosen to provide approximately one year of obser-
vations before and one year after the GameStop event, allow-
ing for comparisons of aggregate market-level short-selling
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behavior before and after the January 2021 short squeeze. The
pre-event period establishes the baseline market behavior, and
the post-event period allows for the observation of potential
changes in short-selling behavior after the event. Each obser-
vation correlates to a specific security, identified by its ticker
symbol, and additional variables including but not limited to
prior short positions, average daily trading volume, and days-
to-cover ratios. This dataset allows for the longitudinal analy-
sis of short interest dynamics across a panel of securities, al-
lowing for temporal change analysis as well as cross-sectional
variation analysis in market trends. The sample includes all
publicly traded U.S equities reported in FINRA Equity Short
Interest Files between January 2020 and January 2022 with
valid ticker identifiers and two consecutive reporting dates
to allow for the calculation of changes in short interest over
time. Observations which had invalid or missing values were
excluded, and securities which lacked sufficient observations
for calculations of short-interest changes and volatility mea-
sures were omitted from the relevant analysis. The sample
excludes ETFs, ADRs, preferred shares, and warrants. Obser-
vations with missing or non-positive values required for log
transformations are removed during data preprocessing and
regression sample construction. The dataset was imported,
combined, and processed using R Studio, implementing the
data.table and dplyr libraries. To ensure clarity, key variables
were standardized including symbolCode being renamed to
Symbol, and currentShortPositionQuantity being renamed to
short_interest. In addition, accountingYearMonthNumber, the
numeric year-month reporting identifier, was converted to date
format to allow time-series analysis.

Variable Construction and Event Definition

Additional variables were computed. The change in short in-
terest (dSI) is defined as:

dSIi,t = ln(SIi,t)− ln(SIi,t−1)

Where SIi,t symbolizes short interest for security i and at
time t. This log-difference calculation indicates proportional
changes in short interest and limits heteroskedasticity in level
data. The absolute change in short interest is defined as
abs_dSIi,t = |dSIi,t |, measuring the magnitude of adjustment,
irrelevant of the direction of change. Following this, Extreme
Short Build indicators, defined as the top 5% of dSI values
for the dataset. However, to avoid mechanical bias from only
the post-GME sample distribution. Extreme short builds are
calculated using a cross-sectional threshold method:

Q0.95(dSIpre)

Where Q0.95 denotes the 95th percentile of the pre-GME
distribution of dSI. This fixed threshold is subsequently ap-
plied to both the pre- and post-GME periods to evaluate

whether extreme short builds became more or less frequent
after the GameStop event while avoiding mechanical changes
in the cutoff. A post_GME flag was included to differenti-
ate periods before and after the January 2021 GameStop short
squeeze. This binary variable separates observations occur-
ring before and after the GME short squeeze. A post_GME
indicator variable is defined as:

Post_GMEt =

⎧⎨⎩1 if t ≥ February 2021

0 if t < February 2021

Econometric Model

To evaluate how short-selling behavior changed, a regression
with fixed-effects and able to measure for multiple quantities
with controlled factors was used. The regression formula can
be seen as such:

Yi,t = β0+β1PostGMEt +β2Liquidityi,t +β3DaysToCoveri,t

+β4LagShorti,t +αi + τt + εi,t

In this equation Yi,t represents the output of the value, or
the dependent value, of i, when at time t. Depending on
the regression, this could be for the value of dSIi,t , |dSIi,t |,
PersistentBuildi,t , or ExtremeBuildi,t . To add controlled ef-
fects to the regression, αi is used in the equation to control for
security-specific fixed effects, and additionally, τt controlled
for fixed month effects. This is able to isolate the relation-
ship of short-selling behavior and prevent month or firm fixed
effects from affecting the outcome. This specifically is to con-
trol for heterogeneity which may be observed in stocks or
macro-level shocks. The average conditional difference be-
tween post-GME and the pre-GME period outcomes is repre-
sented by the coefficient of β1. It should be taken as repre-
senting an association, rather than a causal effect. Following
this, the data sample is also then clustered into high- and low-
liquidity divisions, which is calculated using each firm’s log
trading volume and then interpreted. Using these clusters, the
analysis allows for the interpretation of whether or not short-
interest behavior changed between the microstructure environ-
ments. This contributed to an examination of cross-sectional
differences.

Model Assumptions and Inference

The empirical specification is based on standard fixed-effects
assumptions. This includes conditional exogeneity, where the
error term is assumed as uncorrelated with regressors condi-
tional on fixed effects and controls; no perfect multicollinear-
ity in explanatory variables; and enough within-firm varia-
tion over time for identification. In the large sample con-
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ditions, the fixed-effects estimator is kept consistent. Stan-
dard errors are clustered at the firm (symbol) level to ac-
count for within firm heteroskedasticity and serial correlation.
Given the skewness and heavy-tailed nature of short interest
changes, non-parametric Wilcoxon rank-sum tests are used
to validate distributional differences across liquidity groups.
These tests provide robustness to potential deviations from
normality and complement the regression-based inference. To
provide a measure of sampling uncertainty, 95% confidence
intervals were conducted to characterize distributional statis-
tics and visual analyses were conducted to characterize distri-
butional and temporal patterns in short-selling behavior. Mean
and variability measures of key variables, including dSI, |dSI|,
and Extreme Short Build indicators, were computed across
pre- and post-GME periods as well as across liquidity-based
subsamples.

Endogeneity and Identification

The empirical design does not state causal identification. The
Post-GME indicator demonstrates a broad temporal shift in-
stead of an exogenous shock. As a result, β1 may indicate
effects related to other contemporaneous changes in the finan-
cial market, rather than just the GameStop event, including
shifts in interest rates, volatility after the COVID-19 shock,
and changes in retail trading participation. Although firm
and time effects limit some omitted variable bias, unobserved
time-varying cofounders may still influence results. There-
fore, all results are interpreted as conditional associations in-
stead of causal effects.

Empirical Strategy and Statistical Analysis

Analysis methods centered on identifying the variation in
short-selling activity before and after the GameStop event.
The empirical specification relies on standard fixed-effects
assumptions, including conditional exogeneity of regressors
given the included controls and fixed effects, absence of per-
fect multicollinearity, and sufficient within-firm variation over
time. Statistical significance is evaluated using the estimated
regression standard errors. In addition, robustness checks are
conducted using alternative threshold definitions for Extreme
Short Builds (90th, 95th, and 97.5th percentiles) to determine
whether results are sensitive to the choice of cutoff. First, the
average change in short interest (dSI) and the average abso-
lute change (abs_dSI) were computed for pre- and post- GME
periods and visualized using bar charts to observe the change.
These methods specify the direction and magnitude of short
interest adjustments surrounding the GME event. Following
this, to represent disproportionately large increases in short
interest, Extreme Short Builds were aggregated by pre- and
post-GME periods to measure the prevalence of concentrated

shorting activity. Additionally, monthly averages of Extreme
Short Builds were calculated to produce a time-series per-
spective, in order to observe trends and volatility surrounding
the event. Finally, Persistent Short Builds, repeated extreme
short-interest increases in consecutive periods, were examined
over time to determine whether trends of concentrated short
selling were sustained throughout the sample time period. A
persistent build is defined when a security demonstrates sus-
tained short-selling activity instead of isolated activity, when
a security experiences an Extreme Short Build in two consec-
utive reporting periods. Persistent short builds are defined as
consecutive extreme increases in short interest:

PersistentBuildi,t =

⎧⎪⎪⎨⎪⎪⎩
1 if ExtremeBuildi,t = 1

and ExtremeBuildi,t−1 = 1

0 otherwise

Economic Significance

Examining the magnitude of estimated coefficients allowed
for the evaluation of economic significance in addition to sta-
tistical significance. Regression coefficients were interpreted
based on the expected change in short-interest outcomes as-
sociated with changes in liquidity, days-to-cover, and lagged
short interest. This lets the analysis evaluate if statistically sig-
nificant relationships correspond to economically meaningful
changes in short-selling behavior instead of reflecting the large
sample size of the dataset.

Data Visualization and Ethical Considerations

The analysis used is able to compare short selling activity over
the period of time rather then separate events. In order to ef-
fectively visualize the trends in the data, several graphs were
produced in RStudio using ggplot2. These graphs were con-
structed to show the pre vs. post GME changes and changes
in behavior over time. Many bar charts were created to com-
pare the values of average dSI, abs_dSI, and Extreme Short
Build proportions between the pre and post GME time pe-
riods. A line chart was also used to display the differences
in the monthly patterns and changes in short interest adjust-
ments over time, since it is a continuous visualization. An-
other graph was the boxplot of changes in dSI, again com-
pared between the pre and post GME periods. This displays
distribution, central tendency, and variation of short interest
adjustments between the two time periods. Lastly, the dis-
tribution of absolute short-interest changes between the two
periods was examined using a density plot. With this com-
bination of graphs, the analysis included both a time-based
and comparative analysis of the GME event. It can be used to
show any structural changes which were associated with the
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GME event. This study does not involve human participants
and does not raise privacy or participant concerns. All data
used is publicly available financial market data. Overall, the
methodology is designed to observe any changes which hap-
pened in the short-selling behavior as a response to the GME
short squeeze event. The analysis uses security-level short in-
terest comparisons and observations of time-based changes of
the market. By using several different metrics in the analysis,
sustained changes to market behavior are able to be observed.
This facilitates the study goal of identifying potential changes
in short-selling behavior which are associated with the GME
event.

Results

Overview of Hedge Fund Short Selling Changes

This study examines the changes in short-selling activity be-
fore and following the GME short squeeze event. This is done
to study whether or not the changes in activity are associated
with the pre-existing market characteristics or the event it-
self, which could potentially represent a structural time break.
The dependent variable in this analysis is the short-interest
change (dSI). This is the logarithmic difference in the con-
secutive reporting periods and calculates the short-positions
differences between the periods before and after the periods.
The post_GME indicator, which is signified in Table 1, is not
statistically significant with a value of β = −9.24e−5. Based
on this, there was no significant shift in short-interest changes
before and after the event. In comparison, liquidity remains
positive and stays at a significant value using OLS models (β
= 0.1175-0.1181, p < 0.001). These values remain almost
identical in terms of magnitude across the variations of the
model, other than when considering month fixed effects. Sim-
ilarly, based on the analysis of days-to-cover, it also remains
positive and is also statistically significant in relation to the
short-interest change. Specifically, the coefficient value is β ≈
0.0009, p < 0.001. Finally, lagged short interest was also cal-
culated in relation to short-interest change and this produced
a strongly negative value across the regression models. The
value specifically was calculated as β ≈ −0.220, p < 0.001.
This suggests the price of the share generally returns to normal
for the observed short-interest changes.

In addition to the regression values, model fit calculations
were also done to understand how well the models measure the
data. These tended to remain stable across regressions. The
coefficient of determination, which explains how much vari-
ance a dataset has, tended to be in the range of 0.1084 - 0.1087,
indicating that the regression models maintained high levels of
correspondence with the dataset with low variance. Moreover,
pseudo R2 values, generally calculated for non-linear mod-
els, resulted in a value of approximately 0.0349. These val-

ues generally remained consistent in terms of their magnitude
throughout the models in extreme and persistent short-selling
models. When calculating for liquidity, liquidity remains gen-
erally strongly positive for extreme and persistent builds, β =
0.4655, p < 0.001 and β = 0.1038, p < 0.001 respectively. In
comparison, lagged short interest is negative across the calcu-
lated models for extreme and persistent builds, at β = −0.4170
and −0.4670, respectively. Based on the results of the regres-
sion analyses, short-selling changes are more highly associ-
ated with the liquidity conditions and pre-existing conditions
of the event, as well as position modifications. The results
do not signify there is an association with the post-GME pe-
riod indicator. Furthermore, based on the separation into high
and low-liquidity groups, there are cross-sectional differences
in the two groups for their short-selling dynamics. Gener-
ally, based on the results, high-liquidity firms tend to have
more stabilized and predictable adjustments to short-position
changes. This can be seen through the consistent responses
to trading activity and smooth adjustment patterns, instead
of displaying volatility. In contrast, low-liquidity firms have
more volatile and unpredictable changes and adjustments to
their short-position changes. There is lower-market depth as
well as a more highly sensitive response to idiosyncratic order-
flow shocks in the measured low-liquidity firms. In general,
the factors of the liquidity conditions is generally the same,
yet the strength and magnitude of these tends to be different.
This indicates that for short-selling behavior, the liquidity con-
ditions are generally having an impact on the volatility and
stability. To complement the regression results and provide a
visual view, several descriptive plots of the various factors are
created. All of these include 95% confidence intervals. The
confidence intervals are created using standard error approx-
imations in relation to the means and proportions, as well as
bootstrap resampling for density estimates. This is done to
guarantee that an appropriate measure of plausible error val-
ues is included across the graphs. Although these values are
calculated, the primary interpretation is done based on point
estimates instead of considering the interval overlap of the
confidence intervals in the graph.

Robustness Analysis

To ensure the accuracy of the results calculated using the re-
gression models is properly maintained, using the Extreme
Short Builds and Persistent builds, additional models were cal-
culated. This had threshold values of 90th, 95th, and 97.5th
percentiles using the pre-GME distribution. The resulting val-
ues were compared between the three threshold values. Based
on this, the 95th percentile was used. This model was chosen
as the primary because it retained a sufficient number of ob-
servations for accuracy while also including the economically
significant extreme short-positions. Based on this, it is more
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Variables m_base (dSI) m_time (dSI) m_full (dSI) m_extreme m_persist

liquidity 0.1175*** 0.1181*** 0.1181*** 0.4655*** 0.1038***

(0.0011) (0.0011) (0.0011) (0.0050) (0.0198)

days_to_cover 0.0009*** 0.0009*** 0.0009*** 0.0021*** —

(9.72e-6) (9.73e-6) (9.73e-6) (4.72e-5)

lag_short -0.2200*** -0.2202*** -0.2202*** -0.4170*** -0.4670***

(0.0007) (0.0007) (0.0007) (0.0024) (0.0099)

Note. M_base, m_time, and m_full are OLS models with firm fixed effects, and m_time and m_full include month fixed effects. M_extreme and m_persist are
logit models but also include firm and month fixed effects. Standard error values are recorded in the parentheses. Significance levels are reported as follows: ***
p < 0.001, ** p < 0.01, * p < 0.05.

reliable for accurate analysis and interpretation of the results.
The 90th percentile doesn’t include as much extreme behavior
although it includes a broad range of observations. The 97.5th
percentile does the opposite as it reduces the number of obser-
vations in the dataset significantly, also reducing the reliability
of the data analysis. However, in both the additional model
thresholds used, the key observations of the primary analy-
sis do remain consistent. In specific, liquidity is statistically
significant and positive when related to the values of the Ex-
treme and Persistent Builds. Similarly, days-to-cover is pos-
itive and lagged short interest is negative, which corresponds
to the results seen in the primary model used. All the result-
ing estimates in the alternate threshold based models are still
statistically significant and only are varying slightly across the
models. Based on this, although the 95th percentile is used
as the primary model, the results are not very highly sensitive
or dependent on as to which threshold is used in defining the
extreme or persistent behavior.

Mean and Absolute Changes in Short Interest

Figure. 1 The mean absolute daily log short interest change (|dSI|)
remained approximately 0.625-0.630 log units before and after GME.

The mean daily change in short interest (dSI) across the pre-
and post-GME periods. The average change in both periods is

effectively zero, indicating that the short interest adjustments
are symmetrically distributed around zero at the aggregate
level. There is limited visible directional shift in net short-
selling activity between periods, suggesting that changes in
short positions tend to cancel out when averaged across firms.
Figure 1 shows the mean absolute change in short interest
(|dSI|), showing the magnitude of position adjustments inde-
pendent of direction. Both periods show similar values, with
post-GME at around 0.625 and pre-GME at 0.630, demon-
strating that the overall intensity of short-position rebalancing
stayed relatively stable before and after the GameStop event.
This suggests that although individual positions fluctuate, the
aggregate level of short-selling activity volume did not signif-
icantly change across the time periods.

Extreme and Persistent Short-Selling Activity

Extreme short-selling activity is constructed using a threshold
defined by the 95th percentile of the pre-GME distribution.
The share of extreme observations decreases slightly from
around 5.2% in the pre-GME period to the post-GME period
where it is about 4.8% (for high-liquidity stocks) and from
5.2% to 5.0% (for low-liquidity stocks). This slight reduction
suggests a small decrease in high-intensity short-selling ac-
tivity after the GME short squeeze and market disruption, al-
though the magnitude is limited. At a higher frequency level,
monthly extreme short builds demonstrate pronounced time
variation over the sample period from Jan. 2020 to Jan. 2022.
This shows pronounced spikes in the COVID-19 disruption
in early 2020 and again during the January 2021 GameStop
episode, followed by a gradual decline through 2021 and
2022. While short-selling intensity clearly varies over time,
these fluctuations remain clearly aligned with broader volatil-
ity periods rather than an individual structural break.

Persistent short-selling behavior exhibits a slight decline af-
ter the GME period. The proportion of persistent multi-day
extreme short builds decreases from approximately 0.0022
(0.22%) in the pre-GME period to 0.0018 (18%) post-GME,
demonstrating a small reduction in the frequency of consecu-
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Figure. 2 The proportion of asset-days exceeding the 95th percentile
threshold across pre- and post-GME periods by liquidity group. For
high-liquidity stocks, the proportion decreases from 0.048 before
GME to 0.045 after GME, while low-liquidity stocks remain higher
at around 0.052 pre-GME and 0.050 post-GME.

Figure. 3 The monthly proportion of extreme short builds (y-axis)
is shown over time from Jan. 2020 - Jan. 2022. The proportion
exceeds 0.060 (6.0%) during the 1st qtr. of 2020 and reaches it again
in January 2021 before declining thereafter.

Figure. 4 The proportion of persistent multi-day extreme short
builds (y-axis) are compared across the two time periods (x-axis).
The proportion decreases from 0.0022 (0.22%) before GME to ap-
proximately 0.0018 (0.18%) after GME.

tive days in which short-interest changes exceed the extreme
threshold. The distribution stays highly concentrated through
both time periods, with values close to zero. However, the
post-GME period does show fewer occurrences of consecutive
extreme observations. Through the sample, persistent events
occur in under 1% of asset-days in both periods, making them
extremely rare, although the relative frequency is lower in the
period after 2021. Throughout the full time period, persistent
short builds occur intermittently rather than continuously, with
short clusters of extreme observations occurring in both time
periods.

Distributional Characteristics of Short Interest Changes

Boxplots present the distribution of daily short-interest
changes for the pre- and post- GME periods. Both distribu-

tions are tightly centered around zero, and have very small
interquartile ranges. However, both also show significant out-
liers going beyond +10 and lower than -14, indicating that the
extreme short-interest adjustments occur irregularly although
there are generally stable central tendencies. The distribution
is therefore heavily influenced by tail events rather than daily
variations. In kernel density estimates of dSI for both peri-
ods, the distribution peaks at zero and has long, thin tails on
both sides suggesting pronounced leptokurtosis. Since there
is substantial overlap between the pre- and post-GME den-
sity curves, they indicate that the overall distribution of short-
interest changes remained significantly unchanged between
the periods. To formally validate these distributional differ-
ences, non-parametric Wilcoxon rank-sum tests are conducted
to compare high- and low-liquidity firms. The results strongly
reject the null hypothesis of equal distributions for both dSI
and |dSI| (p < 0.001), confirming statistically significant het-
erogeneity in short-selling behavior that is not visually appar-
ent. Taken together, the descriptive results indicate that al-
though short-selling activity demonstrates time variation in the
frequency of extreme and persistent builds, overall distribution
and intensity between the two periods stays highly consistent.
The most notable difference occurs in the tails of the distribu-
tion rather than in the central tendencies, which suggests ir-
regular changes in short-selling behavior rather than structural
changes based on the GME event.

Discussion

This study has the aim of determining whether changes in mar-
ket behavior occurred as an association of the January 2021
GameStop short squeeze event. Moreover, the study is fo-
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Figure. 5 Box plot of daily log short interest changes (dSI) shows a
tight concentration around 0 and has a small IQR. Despite this, tail
behavior shows outliers which extend beyond +10 and -14 log units
on the lower end.

Figure. 6 Kernel density estimates of dSI are centered at approxi-
mately 0 and have tails extending to around -14 and +10. The dis-
tribution has a peak of about 4, demonstrating a strong overlap and
leptokurtosis.

cused on whether or not changes in the market after the GME
event are more highly associated with pre-existing U.S. equity
environments or the GME event itself. Based on the analysis,
there is significant evidence that the changes after the GME
event are associated with the underlying market characteristics
and no significant evidence that there is relation to the post-
GME indicator that the event itself is making the changes.

The observed sample indicates that market short-interest
dynamics were generally stable when comparing the pre- and
post-GME time periods. Hence, there is limited data showing
adaptations of short-selling activity, and more so particularly
not at the entire market level. As a result, the evidence does
not show evidence that there was a direct market wide shift in
the short selling strategies which were used by investors af-
ter the event, and fluctuations in short-interest were predomi-
nantly associated with position dynamics of investors and the
prior market conditions.

These findings were developed based off of regression mod-
eling results of the sample. Based on these results, there is
a positive association of liquidity with the observed short-
interest changes. Similarly, there is also a positive relation
of days-to-cover and short interest across the model types.
While these two are positive, lagged short interest and changes
to short interest have a negative association, which indicates
that there is mean reversion of short-position changes. Since
the regression’s post-GME indicator is not statistically differ-
entiable from being zero when controls of fixed effects are
added, there is no evidence that the changes are associated
with the GME event itself. Based on this, the differences
found in between corresponding comparisons can majorly be

attributed to cross-sectional market characteristics. Using the
results of all the regression models, market liquidity, bor-
rowing conditions, and existing short-position levels are the
factors that are predominantly associated with short interest
changes in specific. As the post-GME indicator is not sta-
tistically significant in the regression models observing this
correlation, there are many other factors which could poten-
tially explain observed associations and changes. One such
rationale of this is that the way market participants respond to
short positions after the GME could be related and in response
to the liquidity conditions, securities-lending markets, and in-
stitutional risk-management. The shifts in short-selling activ-
ity could be due to external economic factors and conditions,
including but not limited to changes of market volatility, bor-
rowing costs, and margin requirements which were in place
during the observed time period. Because this study utilized
market-wide data rather than investor level data, this analy-
sis is not able to differentiate between the specified mecha-
nisms. Hence these hypotheses should not be considered as
causal conclusions, but should instead be looked at as pos-
sible mechanisms. A very limited evidence of the changes
at the tails of short-selling activity can be gathered from the
decline in extreme and persistent short builds. Additionally,
since the magnitude of these changes is very small, they do
not suggest that there was a broader-change at the market level
in terms of behavior. Instead, the changes may have formed
because the observed-GME effects could have been concen-
trated amongst a small subset of equities which were involved
in higher volatility with visible clustering during these times.
The clustering visibly formed during periods of overall mar-
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ket volatility, such as the COVID-19 shock which affected the
market significantly. The shock appears to be closely corre-
sponding to broader volatility patterns, rather than a structural
shift as a result of the GME event.

An observable change after the GME event compared to the
baseline effect is that persistent short builds happen at a lower
frequency. Yet, the data should not be interpreted as a change
in the overall market since the absolute and average changes
are still stable at around the earlier values. It should instead be
viewed as an adjustment in terms of the frequency of the most
extreme observations. A possible rationale of this is that mar-
ket participants may have shifted their approach to the man-
agement of severely concentrated short positions. However,
this study cannot interpret whether the changes persisted be-
yond a subset of securities or was market-wide. Because the
utilized dataset cannot observe this directly, taking into con-
sideration the overall stability of the market, there is no evi-
dence of a market-wide shift in the short-selling behavior.

The observations made from the regression results are fur-
ther corroborated using distributional analysis. The distribu-
tions for short-interest changes for both pre- and post-GME
stay centered around zero while having long tails and signifi-
cant kurtosis. Furthermore, since there is a significant amount
of overlap between the kernel density estimates from before
and after the GME event, the distributions of short-interest
changes were generally highly similar during the time peri-
ods. Hence, although certain individual stocks may have ex-
perienced disruptions following and associated with the GME
event, these are not reflected at the market-wide level and gen-
erally the market changes are not associated with the GME
event over the used observation period. Thus, although there
were certain times of heightened volatility, at the generalized
level short-selling activity was stable throughout the observed
period. However, since the analyzed dataset only consisted
of a two year period, with one year each before and after the
event, these results should be considered as pertaining to the
studied time period, not a long-term association with definitive
proof.

The findings of several previous studies which have ex-
amined the impact of liquidity and other market frictions in
terms of understanding short-selling behavior are in accor-
dance with the results of this study. These identified borrow-
ing constraints and liquidity as factors driving short-selling
strategy and the decisions which are pursuant to the posi-
tive associations of liquidity and days-to-cover1. Further-
more, studies revealed that the stocks which were most signifi-
cantly impacted and generally concentrated by the GME event
were those which were already undergoing common liquidity
shocks and escalated levels of volatility24. The interpretation
of this study is supported by prior research in that the underly-
ing market conditions are more highly responsible for the ob-
served changes rather than a lasting market-wide change after

the GME event.
However, some studies focusing on retail trading dynamics

have found disparate results. When a specific type of market
environment is established, amplifying feedback of securities-
lending markets and short-selling demand can result in the ef-
fect of shocks intensifying25. A possible reason for this is that
long-term short-selling activities could be driven by change
in lending-market mechanisms. For instance, brokers may in-
crease costs for investors to borrow shares and maintain short
positions or require increased collateral for borrowing shares.
However, when considering market level changes, this analy-
sis doesn’t identify evidence of such persistent changes. Al-
though the short-term and stock-specific patterns correspond,
when market characteristics and controls are included, the
post-GME indicator value does not remain statistically signifi-
cant for a shift in market-wide short interest changes. Accord-
ingly, retail-driven trading shocks or securities-lending feed-
back could potentially be concentrated in individual securities
instead of a market-wide structural change.

Limitations of the Study and Future Research

When interpreting the results of this study, multiple limita-
tions should also be recognized which could have had an ef-
fect towards the results and conclusions. One such limitation
is that only the total short positions across reporting firms are
included, not interest-specific holdings. Because of this char-
acteristic of the data sample, the analysis is not able to differ-
entiate between hedge funds, market makers, broker-dealters,
and in general which specific institutional participant is con-
tributing to the behavior. So, the analysis must be applied as
a market-level characteristic of short-selling behavior rather
than to specific participants or a specific group. Another lim-
itation of the study is that the observations are reported at a
bi-weekly basis, not continuously. Due to this, there could be
reporting lags in the analysis since temporary position changes
may not be recorded in the analysis. This would reduce the
value and impact that short-term changes would have when
observing the short-selling behavior. Additionally, minor fac-
tors which could define how short-selling behavior is charac-
terized are not seen in the data. This could include borrow-
ing costs, individual risk-management decisions, or securities-
lending exchanges. Finally, a very short time period is used to
observe the changes, only one year before and after the event.
This may not be sufficient to observe long term changes and
potentially would not be able to differentiate from short-term
changes. The analysis is also not able to differentiate from
general market event effects, such as the COVID-19 recovery,
general changes in policy, and market volatility. Finally, there
are several time-varying factors other than those used in this
study which could define short-selling behavior and the ac-
tivity. For example, this could be borrowing costs, securities-
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lending availability, margin requirements changes, shifts in re-
tail trading participation, or institutional leverage limitations.
These all may potentially be factors which were not observed
in the study but could have had an impact on the short-selling
behavior and activity.

Future studies could expand on this study by analyzing
short-selling behavior depending on industry, hedge-fund spe-
cific data, or studies comparing different market types rather
than only U.S. Equities Market. Using a more specific dataset
would allow for the understanding of whether differences were
limited to a few extreme stocks or the U.S. Equities Market as
a whole. Finally, further research could also explain if the
trends observed after the GME event are also generally ob-
served during other times of market volatility and disruption.

Conclusion

Based on the results of this study, short-selling behavior in
the U.S. Equity Markets did not change significantly follow-
ing the January 2021 GameStop event. The behavior gen-
erally remained at consistent values between both the peri-
ods. The results do not indicate a structural shift following
the GME event in terms of the short-interest changes once the
time-fixed effects and firm characteristics are controlled for.
Rather than the post-GME indicator, the short-selling behav-
ior changes are associated with liquidity conditions, lagged
short-interest, and short-selling constraints including the days-
to-cover value. The observed changes are relatively small
in terms of strength and are generally contained to observed
time periods of increased market volatility. Generally, the
extreme changes are only seen in certain extreme values of
the dataset, not general changes associated with the market
wide activity. Overall, based on the results, short-selling be-
havior after the GME event is associated with underlying and
pre-existing market characteristics and position adjustments.
This is broadly consistent other than for short-term variations
during elevated volatility periods. In future studies, analyses
could use more granular data with a higher frequency or in-
vestor group data to further differentiate the changes in insti-
tutional strategy and decision-making or if it is predominantly
associated with the underlying market characteristics.
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