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Abstract

Social media facilitates community building for users of varied and broad interests.
Personal and retail (individual non-professional) investment communities have grown
popular, and some engage in commentary on currencies and market events, while
others coordinate action within markets. This analysis quantifies online and social
media data about the US dollar and gold, as well as cryptocurrencies and stocks
subject to attention shocks (including meme stocks), from 2020 through 2023. Using
Quid’s social media listening platform, mentions of these four distinct topics were col-
lected and analyzed separately to quantify the volume of mentions and sentiment of
search results on a weekly basis. Statistical relationships between the asset groups
and major events in the study period are explored; we assess public reactions to the
regional bank failures, GameStop and AMC short squeeze events and the evolution
of the crypto market. Large volumes of online media commentary on these topics
suggest a sustained high level of interest in currency and investment markets, with
evidence of the increasing influence of online communities in how the public views or
talks about these markets.

1 Introduction

The US financial system is comprised of a diverse array of institutions and markets
[1]. Investor sentiment is highly consequential and can have a virtuous relationship
with policies and decisions of large institutions [2—4]. Studies of drivers of financial
participation find what many financial professionals maintain: sentiment, including
trust, is a key driver of participation in the financial system [5—7] and as such can be
useful to developing competitive advantages [8]. Furthermore, investor sentiment has
been found to have a positive and significant influence on cryptocurrency and stock
returns in recent years [4].

Recent statistics show a decline of public trust in financial systems, with the share
of individuals trusting financial institutions dropping from 28% in 2021 to only 20%
in 2023 [9]. This decline in trust is critical given that it is a fundamental tenant of our
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financial systems [10]. The decline in trust is fueled by instances of financial reces-
sion and bank failure, which worsen banks’ reputation [11,12]. Notably, during the
week of March 10", 2023, Silicon Valley Bank (a regional bank in the US) collapsed
[13] triggering runs on other regional banks (Signiture, which closed on March 12,
2023, as well as First Republic and Silvergate which failed later) [14].

Alongside these instances, questions have started to arise about the stability of
the United States Dollar (USD), a currency that has long been the preferred reserve
currency due to its stability, strong growth in the US economy, and the democratic
nature of the US system of governance [15-17]. Gold, meanwhile, has remained
historically important, which is partially attributable to the gold standard (which is now
defunct) and continues to be a highly regarded and popularly traded investment of
interest [18].

However, while the US public debates trust in, and future stability of, the long-
standing currency and precious metal markets, notably different — and highly vol-
atile — markets have seen significant activity [19,20]. One example of this trend is
found in the trading of cryptocurrencies and stocks that see rapid attention shocks in
online media, which we will refer to as attention stocks. We define attention stocks as
equities, whose trading activity and volatility are strongly influenced by abrupt shifts in
online and social media attention. This includes, but is not limited to so called meme
stocks, which are defined as extremely volatile stocks driven by online interest and
social media hype leading retail investors to believe they can make money, instead of
investors being attracted by company fundamentals [21]. Meme stocks in online and
social media are is increasingly well studied [22—24]. Yet, most existing studies focus
on singular attention stocks or meme stocks in isolation or as a class of assets with no
contrast to more traditional assets such as the United States Dollar (USD) and gold.

A crucial factor in the proliferation of investments in such volatile and untraditional
assets is consumer’s ability to exchange information in online spaces. The internet
has changed how consumers shop and invest by lowering the cost of marketing
for producers and reducing the cost of finding information for consumers including
information for investors [25,26]. Research on the diffusion of information in trading
markets suggests that the fluctuation in beliefs and expectations produces trading
volume [27] creating financial ripple effects beyond the online communities, where
users act as both producers and consumers of information [28].

Correspondingly, internet communities have emerged, centered around retail
investors (who operate as individuals and are not professionals focused on long term
growth) and day traders (who buy and sell within the same day) who comment, call to
action, and report on financial matters [29,30]. Peer reviewed studies show that many
of these individuals are not only motivated by profit but also by pleasure in the pro-
cess that accompanies investing [31]. Indeed, while social media users increasingly
end up in networks curated to them with like-minded individuals [32], researchers and
political leaders alike warn about the effects of these social media networks, which
can become isolated, bias-reinforcing echo chambers [32].

Building on the existing literature and the identified gaps, the central research
question of this paper is as follows: how do public interest and sentiment expressed
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in online media differ across traditional and non-traditional asset types and evolve over time when measured using a
consistent data collection and analytical framework? To address this research question, this paper employs online and
social media listening to examine online media about attention stocks, cryptocurrencies, gold markets, and the USD. Each
of these four topics is analyzed individually to discern the key events and their impact on social media interactions (men-
tion count and net sentiment). Yet, critically, we use a consistent data collection process and methodological framework
making results comparable across assets. For a more structured and in-depth analysis we subdivide each of these four
topics into 3 thematic sub-searches studying commentary on market institutions, market turbulence, and market choices.
These thematic sub-searches permit us to pinpoint when social media discussions focus on buy/sell debates (sub-search
for choices), events including recession or inflation (turbulence), and the institutions that govern and run many of these
markets (institutions).

With this consistent sampling strategy applied across our four distinct asset types, we generate comparative insights
into how different investments are discussed online and how public interest and sentiment vary across markets and over
time. Addressing this question is particularly relevant given the growing prominence of retail investor communities, the
increasing institutionalization of cryptocurrencies, and renewed debate about trust in traditional financial markets. As such,
these insights help academics and industry investment managers alike to better understand the emotional framing that
drives public interest in these four distinct topics.

1.1 Background on currencies and related markets studied

Our paper focuses on four different investment groups. USD and gold were selected as traditionally steady investments
or legal tender [16, 33], while attention stocks and cryptos represent more recently emerged alternative investment tools.
The following sections provide some additional context for both groups.

Traditional financial markets. The USD has been the defacto global reserve currency for decades and has remained
resilient through recent events that brought turmoil to US and international markets including the 2008 financial crisis,
the 2020 COVID pandemic, and subsequent global inflation [34]. Being the global reserve currency, the USD maintains a
central role in the functioning of international economic systems [35]. Yet, pockets of distrust in the USD persist in the US,
fueled by consumer price inflation and the use of economic sanctions [36].

Historically, worsening inflation has been linked to the public’s renewed interest in a return to the gold standard [37,38].
Gold has an ancient tradition of use as a symbolic material, a medium of exchange, and a value holder [39]. The USD
was originally backed by gold and silver [40], but ultimately left the gold standard in 1971, transitioning to a floating cur-
rency [41]. Since 1971, consumer interest in returning to the gold standard has waxed and waned in the US, with some
economists suggesting this correlates with a rise in inflation [40]. Despite no longer serving as backing for the USD, gold
remains a prominent commodity.

Emerging and alternative investment tools. In recent years, investors and regular consumers have increasingly
focused on cryptocurrencies with an estimated market size of $5.7 billion in 2024 [42]. Cryptocurrencies are digital
currencies that are traditionally not regulated through governments or banks, but rather work through computer networks.
In October 2021, the US SEC approved the first trading fund for a cryptocurrency [43,44].

Cryptocurrencies were initially styled as an alternative to fiat currencies [45]. They were supposed to be easy-to-use
mediums of exchange, untraceable, and unable to be diluted by inflation or a central bank [46,47]. However, these attri-
butes have been increasingly called into question. Some experts do not see cryptocurrencies as an effective inflation
hedge [47]. Furthermore, the myth of the privacy of these cryptocurrencies, namely bitcoin, has long been questioned and
disputed by experts, and more recently demonstrated to be false by law enforcement [46, 48, 49].

Also associated with a substantial level of risk, the concept of attention stocks has risen to popularity in recent years
especially among retail investors that are active in the online space [50]. A critical example is the January 2021 GameStop
and AMC short squeeze, in which individual investors exploited the positions of institutional investors [51]. A financial short
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squeeze is an action to place a bet that a stock will fall; as the value declines, the investor’s portfolio generates a profit
[52]. Both companies had long-term business issues due to the evolution in consumer preferences, and short-term issues
generated by the COVID-19 pandemic. GameStop and AMC faced headwinds in a market that is increasingly digital,
reducing the need for in-person stores [53,54]. In early 2021, retail investors on forums like Reddit’s r/WallStreetBets coor-
dinated to buy heavily shorted stocks such as GameStop (GME) and AMC, driving up their prices and forcing hedge funds
with large short positions to cover their bets at huge losses [55], all the while generating extreme price volatility [56,57].
The positive shock in their stock prices did not relate to any change in the fundamentals that underpin the stock value
(such as macroeconomics, financial statements, and indicators of intrinsic value [58]), nor was this the result of new infor-
mation to investors [22,59]. Research suggests that this resembles a coordinated effort to “pump and dump” or manipulate
the market with the intention to make a quick financial gain, rather than to hold these assets for a long time [22,60]. Those
who delivered initial calls to action had much to gain from the short squeeze event.

With both AMC and GameStop, market manipulation (in favor of increasing the stock price) precedes events favorable
to the companies’ financial health. Both companies responded to the events by issuing shares and paying down a com-
bined roughly $800 million in debt [61]. The Federal Reserve concluded that this is a model of self-fulfilling expectations
on the part of investors [62].

The attention stocks category also included a stock that was affected by investor activism but in a contrasting way,
which is included as a counterfactual: Bud Light. While both AMC and GameStop can be classified as meme stocks, Bud
Light is not a meme stock. It did, however, face a brand crisis caused by dissatisfaction experienced by some of its cus-
tomer base resulting in substantial stock volatility and downward pressure on stock price. Much of this discourse, includ-
ing a 2023 boycott and calls to action to sell the stock, occurred on social media. These centered around certain groups
protesting an actor included in one of their advertisements [63], qualifying it as an attention stock. The boycott, a response
to a company attempt to grow the business by changing brand perceptions, had immediate effects. The firm saw sales
and stock price fall by roughly 20% in just a few weeks [63,64]. While these online media users had different motivations
than those that impacted AMC and GameStop, all three of these assets were subject to the stock volatility craze, wherein
online-based interest and sentiments were successful in driving price and trading activity [55,65]. As such, they allow us to
compare differences within attention stocks with regards to attention and sentiment.

2 Materials and methods

To assess online chatter about the four investment groups, we leverage social media listening. Online and social media
listening has emerged as a tool for researchers to better understand the interests of, opinions on, and sentiment about
various topics by a population. Social media listening allows researchers to collect data from members of the public
without prompting them, reducing biases that may emerge in a survey [66]. Online and social media listening also offers
researchers an opportunity to examine the volume of conversation about a subject, which may vary over time, and to see
how social media users’ feelings (or sentiments) evolve, including in their reaction to real-life real-time events [67,68].
Social media listening generally uses techniques of searching/finding soundbites from social media posts that mention
specific keyword terms.

We use data collected from online and social media platforms through an online and social listening platform called
Quid (formerly known as Netbase) [69]. Quid has been used by researchers to study a multitude of topics relevant to
investments, including stock price movements for entertainment companies [66,70] and stock prices for cruise companies
facing pandemic-era disruptions [71]. Using Quid, researchers organize a search topic using keywords, date ranges, and
geographic or other filters to collect search results. We use the Quid platform to collect publicly available data from third-
party sites (news and social media providers) in compliance with the usage terms for these sites; Quid does not collect
individually identifiable information [72,73]. We only collect posts that originate in the US, and we (the researchers) do not
filter out suspected bot accounts.
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The topics developed for data collection and analysis were our four investment groups: USD, gold, stocks (AMC,GME,
and BUD), and cryptocurrencies. While countless cryptocurrencies and tokens exist, we only focus Bitcoin (BTC) and
Ethereum (ETH), which are the leading cryptocurrencies [74]. Interest in these four distinct topics is very high, which
generates a limitation in the amount of assets we are able to study. This is most clearly seen in the Crypto and Attention
Stocks search. Inevitably, we encounter a tradeoff between breath of assets studied, at the expense of the depth of sam-
pling into conversations about each of these. This analysis focuses deeply on a few illustrative examples of each topic,
rather than incorporating an exhaustive list of possible assets under each topic.

The search terms used in each of the four distinct topical searches are described in Table 1. Online and social media
posts originating in the US that contain these primary search terms were included in data collection. Due to the nature of
online data, issues like slang, expressions, and homonyms may exist wherein a post is included due to the mention of
one or more primary terms, but the post itself may not actually relate to the topic of the search. Exclusionary terms help us
to remove unrelated media from search results. The number of mentions is greater than the number of posts because a
single post might contain multiple mentions [71].

We study posts and mentions originating in the US between January 1, 2020, and December 31, 2023. Data was
collected February 5", 2024, and February 9", 2024. Collecting the dataset within a consistent and short period of time is
important due to the nature of social media; a post may be deleted at any time, leading to it no longer being recorded in
later data collection periods [67]. As such, collecting it in a brief period of time facilitates our comparative analysis across
the asset types.

As mentioned, data is collected on each of the four topics (USD, Gold, attention stocks, and Cryptos) individually. Build-
ing on descriptive text analysis conducted by Fisk et al. [63], data collected is subdivided into 3 thematic sub-searches to
study comments on market institutions, market turbulence, and market choices. In doing so, we examine specific discus-
sions about buying/selling (sub-search for choices), market shocks like recession or inflation (turbulence), and the gov-
erning and operating institutions of these markets (institutions). Terms for each thematic sub-search are included in Table
2 (asset terms) and Table 3 (market terms). Terms excluded from the online media collection are detailed in the appendix
(S1 Files see Appendix Excluded terms). Exclusionary terms in total reduced the number of mentions collected by roughly
15%. The S1 Files appendix also includes an extended table of descriptive statistics that breakdown mentions of each
asset group including their sub-search sizes. The full dataset is available in S2 File Dataset.

To better understand how online and social media authors talk about a subject, sentiment analysis is employed to
examine the tone and context of a post. Posts (which contain one or more mentions) are analyzed through the natural lan-
guage processor (NLP) provided by Quid Monitor. This NLP assigns each post a positive, negative, or neutral score [69].
Quid also reports a time-varying net sentiment score, which reflects the percent of positive minus the percent of negative

Table 1. Primary Inclusionary Search Terms for Online and Social Media Searches.

Gold usb Attention Stocks Crypto
gold price United States Dollar AMC Bitcoin
price of gold united states dollar #AMC Ethereum
gold standard federal reserve banknote Gamestop BTC
American dollar GME ETH
US dollar #GME #bitcoin
dollar value budlight #BTC
exchange rate AB InBev #ethereum
strengthen the dollar Anheuser-Busch #ETH
weaken the dollar BUD
currency #BUD
https://doi.org/10.137 1/journal.pone.0349616.t001
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Table 2. Asset Groups Sub-Search Terms.

AMC Bitcoin Bud Light Ethereum GameStop
AMC Bitcoin Bud Light Ethereum Gamestop
amc BTC Budlight ETH gamestop
#AMC #bitcoin budlight #ethereum gme
#amc bitcoin bud light #eth GME
#btc BUD #ETH #GME
#BUD eth #gme
bud #gamestop
#bud #Gamestop
AB inBEV
AB Inbev
Anheuser-Busch
AB InBev |

https://doi.org/10.1371/journal.pone.0349616.t002

posts [69]. This net sentiment score is bound to the range [-100, 100]. Due to the high-cost nature of natural language
processing, net sentiment counts reflect a sample of 10% of posts collected, which are then scaled up to 100% to give an
image of the total dataset [67]. The top terms used in online media posts are described in two contexts, “behavior” (verbal)
terms and “attribute” (adjective) terms [69].

To better understand the differences in perceptions between total mention counts (and corresponding net sentiment) of
our four groups (USD, gold, attention stocks, and cryptocurrencies) we employ a T-test of means and a F-test of variance
on the net sentiment between each asset group. To evaluate means, we employ the mean-comparison test with the null
hypothesis that there is no difference in mean net sentiment between groups [75]. We compliment this with the classical
F-test for variance to test for differences in variance between asset groups [76]. We employ these same tests to study net
sentiment within our four asset groups before and after the regional bank collapses which occurred on and around March
10", 2023, comparing net sentiment before that week with net sentiment after that week (omitting the week beginning
March 5, 2023).

3 Results and discussion

Descriptive statistics on weekly mentions of the four asset groups are described in Table 4. We begin by discussing these
statistics with respect to each asset group as well as common terms used to determine sentiment scoring by the NLP.

3.1 UsD

Net Sentiment about the USD remains positive, albeit lower in absolute value than gold, attention stocks, or cryptocurren-
cies studied. Throughout the period of study, the USD experienced relatively little in terms of news or market happenings,
compared to the other topics. However, over our focal period, volume of mentions in USD turbulence and USD institutions
grew considerably. Fig 1 shows net sentiment of posts about USD and Fig 2 visualizes mention counts of USD.

Large spikes in activity were observed around August of 2021, as well as April and August 2023. In the latter half of
2021, the USD was trading against the Euro at the lowest it had been since 2018 [77], and social media commentators
appear to have expected that the dollar would soon strengthen. Aligning with the spike in 2023, discussions emerged
regarding governance of the USD discussing the aforementioned US House bill to return to a gold standard [78]. Addi-
tionally, a bill emerged in the State Legislature of Texas to create a gold and silver-backed currency as well as the estab-
lishment of a digital form of the currency which generated discussion online [79]. Both bills were ultimately unsuccessful.
Simultaneously, a debate emerged regarding a digital currency from the Federal Reserve [80—-82]. In late July 2023, CPI
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Table 3. Markets Sub-Search Inclusionary Terms.

Institutions Market Choices Market
Turbulence
balance sheet Federal Reserve Chairman quantitative easing bull market options market | recession
Ben Bernanke Federal Reserve System regulators #FOMO sell #inflation
bernanke FINANCIAL INDUSTRY REGULA- reserve ratio #FUD short #interestrates
TORY AUTHORITY
Bernanke FINRA safe haven #liquid short sell #recession
CFPB FIO SEC #liquidity to the moon #softlanding
CFTC gold standard sec #sellnow volatile basket of
goods
chair of the fed inflation securities and exchange #tothemoon volatility consumer
commission inflation
chairman of the fed inflationary Securities and Exchange sy s high price
Commission #
Chairman of the Federal Internal Revenue Service Securities Investor Protection | bear market high prices
Reserve Corp.
Commodity Futures Trading | IRS SIPC bearish inflation
Commission
Consumer Financial Protec- | Jerome Powell the fed bullish inflation rate
tion Bureau
deflation macro United States Department of | buy interest rates
Labor
deflationary monetary United States Department of | day trade inventory
the Treasury
dollar value monetary economics United States Secret Service | day trader leading
indicators
economist National Credit Union Administration | US Department of Labor fire sale Recession
FBI NCUA US Department of the FOMO shocks
Treasury
FDIC occC US Department of Treasury FUD soft landing
fed chair Office of the Comptroller of the USSS liquid stagflation
Currency
Federal Bureau of Office of Thrift Supervision value liquidity supply chain
Investigation
Federal Deposit Insurance OTS margin trading supply
Corp. shortage
Federal Insurance Office Powell options transitory
federal reserve powell unemployment

yield curve

https://doi.org/10.1371/journal.pone.0349616.t003

data was released which led to speculation that the FOMC would keep interest rates steady in response to persistent
inflation, which generated discussion on social media into early August [83]. Indeed, the top terms captured during our
observation period for USD reflects these debates as highlighted in Table 5. To ‘use’ and to ‘not use’ are common behav-
ioral contexts for mentions, reflecting the pervasive usability of the Dollar. Also present are discussions of a virtual US
currency, with over 11,000 mentions in 2020, growing to over 20,000 mentions in 2023. Interestingly, the USD top terms
also include mentions of cryptocurrency, increasing from over 18,000 mentions in 2021 to over 35,000 mentions in 2023,
with many of the dollar’s detractors singing praise to attention stocks, gold, and crypto.
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Table 4. Average (Standard Deviation) of Weekly Net Sentiment and Mentions.

Values 2020 2021 2022 2023
Net Sentiment Gold 18.3 21.9 21.3 24 1
(13.9) (12.2) (10.5) (13.6)
Net Sentiment USD 12.2 17.8 14.3 3.9
(9.1) (11.3) (13.0) (16.3)
Net Sentiment Attention Stocks 43.2 46.7 46.2 18.7
(18.5) (9.8) (11.1) (28.6)
Net Sentiment Crypto 50.8 471 42.4 54.0
(7.0) (6.2) (8.8) (10.0)
Mentions Gold 8,799 8,497 9,267 11,961
(2,819) (1,665) (2,187) (3,442)
Mentions USD 109,822 252,035 224,712 213,650
(16,628) (70,381) (43,964) (55,914)
Mentions Attention Stocks 102,347 211,643 151,463 342,015
(18,269) (270,374) (25,760) (178, 098)
Mentions Crypto 433,965 1,086,673 1,173,269 2,429,134
(138,369) (153,623) (155,523) (2,238,917)
https://doi.org/10.1371/journal.pone.0349616.t004
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Fig 1. Net Sentiment of USD.

Date

https://doi.org/10.1371/journal.pone.0349616.9001

3.2 Gold

Gold weekly net sentiment, shown in Fig 3, remained mostly steady, with annual averages ranging around +20, it enjoyed
a climb in net sentiment (specifically in the institutions theme) in early 2023. This may be related to the collapse of the Sil-
icon Valley Bank, an event that market watchers suggested pushed investors toward gold markets [84]. Gold saw a climb
in mentions, shown in Fig 4, throughout the study period.

This event is an opportunity for future research to examine the causal relationship between regional bank failures and
public interest in gold. Recently, the acquisition of real gold bars has increased at retailers like Costco [85], indicating
growing consumer interest in purchasing the physical product. It is worth noting that this type of physical acquisition is
different from the digital forms that financial management and transactions tend to utilize in the 2020s [86].
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Table 5. Leading Terms for USD and Gold in Social Media Data.
Category USD Leading Terms Gold Leading Terms
2020 2021 2022 2023 2020 2021 2022 2023
Positive Behavior #1 | use use use use go back go back | go back go back
Positive Behavior #2 | buy buy buy buy switch use use use
Negative Behavior #1 | not purchase |ban not use ban abandon abandon |abandon |abandon
Negative Behavior #2 | not use not purchase not purchase not use not want not use weigh on | weigh on
Positive Attribute #1 virtual crypto currency | crypto currency | crypto currency | current gold fall fall fall
currency standard
Positive Attribute #2 dollar dollar technological dollar fall gain gain gain
dimension
Negative Attribute #1 | dollar lose dollar dollar rise rise rise rise
Negative Attribute #2 | lose dollar lose lose spot gold price | price price GBP/USD News
Gold price

https://doi.org/10.1371/journal.pone.0349616.t005

The idea of gold as an investor’s safe haven is relatively old, but new research suggests investors’ appetite (and per-
ceptions) for gold depends on market conditions [87]. These findings are largely corroborated by what we find. Commonly
used attribute terms, described in Table 5, are oriented towards speculation. Mentions of prices ‘falling’ and ‘rising’ are
frequent. We can see from social media data that discussions persist about a return to the gold standard. This discussion
is largely among fringe communities. Nevertheless, in March of 2023, we also saw the proposal of H.R. 2435, the Gold
Standard Restoration Act, which was referred to and died in the House Committee on Financial Services [78]. Like in the
USD search results, social media commentators frequently discussed a return to the gold standard [37]. Notably, there is
not much discussion about the reasons the US and other nations abandoned the gold standard, as suggested by earlier
studies [38]. Instead, we find that “Go back”, “switch”, and “Abandon” are commonly used phrases in posts mentioning
gold, usually referring to a return to (or abandonment of) the gold standard.

3.3 Attention stocks

Online media for attention stocks, shown in Fig 5 (net sentiment) and Fig 6 (mentions) enjoyed a strong and positive
weekly net sentiment of around +45 for the first 3 years, on average, but tapering off in 2023 (falling to +19). One notable
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Fig 3. Net Sentiment of Gold.
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Fig 4. Mentions of Gold.
https://doi.org/10.137 1/journal.pone.0349616.9004

deviation from this otherwise positive net sentiment occurred during the COVID-19 lockdowns. More specifically, the week
of March 15", 2020, saw net sentiment fall 40 points to +3, before quickly rebounding to +32 the next week. This 2023
shift coincides with mentions of Bud Light tripling in 2023 (from an average of 65,000/week to over 235,000/week in 2023).
GameStop and AMC saw their highest level of mentions in 2021: 80,000/week and 88,000/week, respectively. This
represents a significant increase compared to the year prior when both averaged 16,000 mentions/week. During this
period, average net sentiment rose modestly for each, ranging from +20 to +35 weekly average in 2021, respectively.
For context, events leading up to the short squeeze were not favorable to business health for these companies. COVID-
19 created issues for both GameStop and AMC and particularly the latter struggled in 2020, due to restrictions on public
gatherings [88]. AMC suffered a 5-month hiatus without operation during the spring and summer of 2020, eventually
reopening in August 2020 [89]. GameStop was reluctant to close, instead declaring it would remain open, inviting con-
sternation on social media and in the news [90]. After some backlash, GameStop closed its doors to walk-in customers
but remained open to curbside and online offerings [91]. AMC attracted attention by reversing its stance on masking and
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Fig 5. Net Sentiment of Attention Stocks.
https://doi.org/10.1371/journal.pone.0349616.9005
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Fig 6. Mentions of Attention Stocks.

https://doi.org/10.1371/journal.pone.0349616.9006

theater reopening, having first declared that masks would not be required once theaters reopened, but ultimately issuing a
requirement [92].

We observe further declining net sentiment of attention stocks when searching for mentions of institutions beginning in
2023 (the 2023 weekly average was -17.15). This coincides with the Bud Light Boycott of 2023. Calls to action are com-
mon in the top terms used when mentioning attention stocks, as shown in Table 6. These include the terms “buy” and “not
buy”. Urgent calls to action dominating our findings are similar to other research that suggests the fear of missing out is a
mediating device and psychological bias common in retail investing communities [93,94]. The effects of the Bud Light boy-
cott include a strong drop in net sentiment that lasted 13 weeks after they began around April 2", 2023. It is possible that
these figures which aggregate net sentiment of posts about Bud Light are not adequately accounting for the difference
between those protesting the advertising campaign, and those disappointed with the company’s reaction to the boycott.
As such, we recommend a cautious approach to interpreting these findings. Nevertheless, these effects attenuated and by
the end of August 2023, when Bud Light net sentiment returned to its pre-boycott norm of +30.
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Table 6. Leading Terms for Stocks and Crypto in Social Media Data.

Category Attention Stocks Leading Terms Crypto Leading Terms
2020 2021 2022 2023 2020 2021 2022 2023
Positive Behavior #1 miss buy buy buy buy buy buy buy
Positive Behavior #2 buy miss miss drink use #shop use earn
Negative Behavior #1 boycott not buy not buy boycott not buy not buy not buy not buy
Negative Behavior #2 #boycott ban prohibit not drink not use ban ban withdraw
Positive Attribute #1 happy birthday | stuff happy birthday | Bud Light gain supporter gain earn
bud bud
Positive Attribute #2 great happy birthday | great happy birthday perfect gain long profit
bud bud
Negative Attribute #1 yo problem stock lose lose price price lose devs
Negative Attribute #2 force to close |lose $AMC short Bud Light lose crash responsible for | price
loss

https://doi.org/10.1371/journal.pone.0349616.t006

3.4 Crypto

Of the four search topic groups (USD, gold, Stocks, and Crypto), Crypto had the most mentions over the data collec-

tion period, comprising just over 75% of all recorded. Crypto net sentiment was generally highly positive in 2020-2023,
averaging around +50 when evaluated on a weekly basis. This finding is significant as some researchers have found that
optimism is a key factor in promoting continued consumer engagement in cryptos [95]. Mentions related to market choices
were always the largest of the three sub-searches (compared to sub-searches specific to market institutions and market
turbulence). We visualize Crypto net sentiment in Fig 7 and mention counts in Fig 8.

Crypto rhetoric on social media is largely centered around promotions, calls to action, and influencers using crypto
hashtags. Many posts called for consumers to join a group such as a Discord server (where users can message one
another), newsletter, or otherwise dedicated investment channel/team for crypto investments. In the context of crypto,
hashtags seem to be commonly used to promote other products, including podcasts and personal investment advice,
among other products.
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Fig 7. Net Sentiment of Crypto.

https://doi.org/10.1371/journal.pone.0349616.9007
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Fig 8. Mentions of Crypto.

https://doi.org/10.1371/journal.pone.0349616.9008

Events occurring during our observation period were a mix of good and bad news for crypto markets. Strong growth in
2020-2022, along with increasing acceptance, gave way to legal woes for large crypto trading platforms such as FTX, the
leading cryptocurrency asset trading platform, which declared bankruptcy in 2023 [96]. This was followed quickly by law
enforcement prosecution of several high-profile criminal cases against leaders of this exchange [97].

While investment decisions by major market players sometimes rose to the top of the discussion, there was a notable
lack of discussion in these groups surrounding the collapse of FTX and subsequent criminal investigations. Regarding
criminality, the use of cryptocurrencies as a liquidity mechanism to finance criminal activity remains a subject of discussion
on social and news media [98].

Despite the challenges faced, crypto has enjoyed a slow march into acceptance by major financial institutions. Nota-
bly, this includes the US SEC approving the first bitcoin futures exchange-traded fund (ETF) in October 2021. ETFs, like
mutual funds, pool stakeholder money to invest in securities and assets [99]. This gradual acceptance may explain why
net sentiment was positive on the institution’s sub-search. The largest jump in mentions in the crypto dataset is observed
in early November 2023, consisting of and referring to favorable news coverage of multiple new ETF funds dedicated to
cryptocurrencies, including Bitcoin and Ethereum [99]. This was further reinforced by large 2023 increases in average
weekly mentions of the sub-search groups on market choices (which saw a 59% increase in average weekly mentions
from the year prior) and market institutions (which saw an 82% rise from the year prior). The increase in mentions is sub-
stantially greater than that of the market turbulence sub-search (26% over the prior year)

Creating financial instruments out of cryptocurrencies poses a complex series of challenges for institutions, including
the banks and the SEC, as cryptocurrencies are not considered securities [99]. Institutions courting cryptocurrencies also
pose a dilemma for investors, as increasing levels of institutional interaction will corrode the decentralization that has long
been a fixture of cryptocurrencies’ attractiveness [100]. This late jump in mentions (accounting for a nearly 435% rise from
the week prior) in the middle of November 2023 did not register strongly in any of the three thematic sub-searches.

Terms frequently used when discussing cryptocurrency are described in Table 6. These closely resemble the stock
discussions. Frequent calls to action advertise media platforms (like podcasts or private discussion groups), which prom-
ise the opportunity to gain useful information for trading. Commenters also show interest in “earnings” and “profit”, while
demonstrating price sensitivity, including the use of the term “loss”.
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3.5 Test for means and variance

Results of the t-test for means and classical F-test for variance are shown in Table 7. We see that on average, sentiment
about attention stocks is lower than sentiment about cryptos by about 9—-10 points, indicating a greater number of negative
posts about stocks than cryptos. This is intuitive: one of the attention stocks faced a boycott, and although the other two
delivered strong returns before the frenzy, their volatility exposed ill-timed investors to significant losses. This contrasts
with comparisons of attention stocks and gold as well as attention stocks and USD; both USD and gold see higher mean
net sentiment than the selected attention stocks (showing a mean difference of 26.56 and 17.41, respectively). Provided
that USD and gold are generally considered safer investments than one of our attention stocks, it is understandable that
they would be discussed more favorably than our group of attention stocks are.

Comparing mean net sentiments on USD and gold, as well as USD and cryptos, shows that on average, sentiment
about USD is lower than gold and Cryptos by 9.15 and 36.34, respectively. Investors departure to gold (even compared
to USD) could explain the higher mean net sentiment. This same line of thinking is difficult to reconcile with the higher net
sentiment for cryptos. Indeed, we see that cryptos have an even higher mean net sentiment than gold by roughly 21.34,
which is significant at the 1% level. Evidently, there is a lot of optimism in crypto markets. This optimism is not surprising,
given that some posts suggest an expectation that a cryptocurrency’s price will continue to rise, often using phrases sug-
gesting a rise like “to the moon” [101,102]; phrases like these are sometimes found in alleged pump and dump schemes
[103]. In the context of recent literature on the subject, this makes sense; investors in crypto markets tend to behave
differently than in more traditional settings [104]. These investors tend to have a greater appetite for risk and higher levels
of enthusiasm [105].

The notion that our attention stocks were highly volatile compared to cryptos is reflected in the net sentiment as well.
The variance test shows higher levels of variance in stocks, which is significant at the 1% level. This may indicate a wider
distribution of opinions on these assets compared to cryptos. Net sentiment of attention stocks also shows a higher vari-
ance than gold and USD; both significant at the 1% level. Variances of gold and USD are statistically similar. Comparing
the net sentiment of Crypto to USD and gold, we see that crypto has a lower variance than both, with each case signifi-
cant at the 1% level. Comparing mean net sentiment of the four asset groups before and after the regional bank failures
observed around March 10", 2023, cautiously yields some insights. After the bank failures, we see a statistically signifi-
cant increase in sentiment for cryptos and a statistically significant decrease in net sentiment for the USD and attention
stocks. While there is a minor increase in net sentiment of gold after the event, this is not statistically significant and may
be noise in the data. Additionally, we cannot attribute causality to any of these events, as they may coincide with other
trends or events not directly captured by our sampling strategy.

Table 7. Results of the T-Test for Means and F-Test for Variance in Sentiment.

Comparison (Var1 — Var2) Mean, Mean, Test Statistic p-value Variance test (F Statistic) Variance Test P Value
Attention Stocks — Crypto 38.75 48.53 -5.34 <0.001 5.67 <0.001
Attention Stocks — Gold 38.75 21.34 9.39 <0.001 2.95 <0.001
Attention Stocks — USD 38.75 12.19 17.26 <0.001 2.63 <0.001
USD — Gold 12.19 21.34 —6.78 <0.001 1.12 0.41
USD — Crypto 12.19 48.53 —29.68 <0.001 2.15 <0.001
Crypto — Gold 48.53 21.34 26.39 <0.001 0.52 <0.001
Crypto Pre/Post Bank Failures 46.87 55.39 -4.82 <0.001 0.57 0.007
Gold Pre/Post Bank Failures 20.62 24.24 -1.43 157 0.64 0.68
USD Pre/Post Bank Failures 14.72 1.90 4.78 <0.001 0.49 0.68
Attention Stocks Pre/Post Bank Failures 45.42 11.76 7.47 <0.001 0.23 0.68

https://doi.org/10.1371/journal.pone.0349616.t007
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4 Discussion

Across the range of assets studied, we found a consistent theme that public discourse on these subjects is steady, but
each market is mutually interdependent with competitors, regulators, and more generally, macroeconomic events. Inter-
est in the USD and gold is largely stable but susceptible to shocks caused by regulatory events, including discussion of

a digital dollar and increasing regulatory acceptance of crypto. Previous research has found that investor net sentiment
positively influences investment returns [4]. Here, we extend this finding to see that periods of growing regulatory approval
of cryptocurrencies are met with increasing investor interest and positive net sentiment. Assets like crypto and attention
stocks are subject to mass movement spurred by calls to action on social media. Brand managers should anticipate this
as a possibility and consider the long-run strategic impact of these short-run events.

Results of the tests on means and variance are a fruitful basis for discussion in conjunction with recent advances in
behavioral finance literature. Social media discussions on investing (specifically prospecting investments) tend to favor
stocks with momentum [106]. Based on these findings, it is intuitive that our attention stocks and some cryptos would
attract such high amounts of mentions on social media. Further, findings of a recent study of meme-stock traders suggest
that those who gather information on social media are likely to have low investment knowledge and may not trade on
market fundamentals, instead preferring to trade on sentiment [23,24]. Similar research finds that traders who participate
in online investing communities may have a short memory [23].

We see evidence corroborating related findings that social trading (such as through online media) tends to exacerbate the
volatility of prices [107], and evidence that our attention stocks are often traded more as bets than genuine investments [108].
As such, it is unsurprising that our attention stocks’ net sentiment shows a higher variance than the other asset groups. In our
net sentiment data, crypto also showed relatively high volatility in net sentiment, which is intuitive in relation to recent findings
that crypto is an asset that overconfident investors are more likely to buy [109]. It is also intuitive that attention stocks show a
higher variance and lower net sentiment than cryptos. Not only are some traders of attention stocks losing money, but recent
findings show stronger evidence of rational investors mixed in these markets along with the irrational speculators and those
with FOMO, a term to express a fear of missing out (compared to evidence from meme stock markets) [110].

As we have established, assets like gold tend to be viewed as a safe haven. Recent findings suggest that flights to
gold are triggered not only in times of high volatility in equity markets, but that medium levels of volatility can trigger these
as well [111]. USD and gold exhibit lower variance than crypto and attention stocks, which is intuitive because evidence
suggests that these are generally better safe havens than cryptocurrencies are [112]. Provided that our period of observa-
tion includes post-COVID economic conditions as well as the Russian invasion of Ukraine, our observations that men-
tions (and therefore discourse) of gold rise intuitively over the period of observation. This may reflect increased interest in
positive and negative connotations.

While mentions of gold rose year by year, we would be remiss to not acknowledge that mentions of cryptos rise by a
greater magnitude than gold. It is important to re-acknowledge that our period of observation also aligns with the increas-
ing institutionalization of crypto markets [48,49]. Recent research in behavioral finance suggests that investors may exhibit
a salience bias that impacts volatility, specifically that not all risks are weighed evenly by investors [113]. This selective
attention found by Polat [113] is likely a driver of interest and volatility in these markets, which is visible in the findings
of our F-tests. Institutionalization of crypto assets is likely to have the effect of legitimizing the investment (or at least
suppressing other perceived risks associated with them). With Crypto being the market most changing (relative to gold
and the USD, which enjoy a long memory of being the safe haven), and stocks (which may be highly volatile), it makes
sense that cryptos occupy the middle ground in variance between the safer traditional assets and the more risky attention
stocks. Further, F-tests do not show evidence of different volatility between gold and USD. This reinforces the notion that
these are both safe assets. The fact that we do not see higher volatility in USD, despite the inflation experienced in the
US during the period of observation, suggests that the USD was still viewed as a reliable safe haven during our period of
observation.
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Examining net sentiment of the asset groups before and after the regional bank collapses that occurred around March
10" 2023, we see increased net sentiment for cryptos after the event, with decreased net sentiment for stocks and USD
after the event. We also observe post event variance is higher for each of the asset groups. While this does not establish
causality, it does lend some insight into the trends occurring during the period of observation. However, these insights
should be interpreted with caution. Sample sizes before and after the event are uneven (with 165 observations before and
41 after), which limits the robustness of the tests.

5 Conclusion

Utilizing online and social media data from the US from 2020 to 2023, we gain a better understanding of non-traditional
investor community behavior during this time. Using our consistent framework to study assets reflective of their respective
classes, we gain a better understanding of the interest and emotional framing specific to each asset group among users
of online media. We find high levels of interest in, and enthusiasm for, stocks subject to attention shocks and cryptocur-
rencies (despite their increasing institutionalization) are frequent topics of conversation. Another common talking point in
online and social media are posts reminiscing about the days of the gold standard. Online communities enjoy discussion,
debate, market speculation, and calls to action, often in the format of memes or short internet forum comments and posts.
Commenters frequently mention opportunities to ‘earn’ and warn one another against ‘missing out’. Many of these partic-
ipants appear to be retail investors who are excited by the opportunity to punish institutional investor groups and remove
themselves from the traditional financial circles and practices of the 21t century. Notably, online media engagement with
crypto grew substantially during the data collection period. This growing number of mentions for crypto could have been
encouraged by the increasing integration of cryptocurrencies into traditional financial institutions, and there is some evi-
dence of this in top mentions and topics of discussion within the crypto search results.

Many investors rely on financial institutions to permit them to use complex financial options, including short selling.
There is no denying that one who played their cards right in these circles could make money, but this may come with
enormous risk. Further opportunities for research include surveying individuals to determine investor archetypes in order
to compare risk appetites, financial acumen, and market knowledge. Furthermore, the high count of mentions of top-
ics including cryptocurrency and virtual currency in the USD search seems to indicate strong interest in these products
among the users of online media studied.

This study is limited in a few ways. Firstly, while online media data is useful to collect high amounts of mentions on a
topic, this collection strategy can fall victim to biases in sentiment analysis. To begin with, we did not explicitly exclude bot
generated content. As highlighted by Ng and Carley [114] about 20% of global social media chatter stems from bots. While
there are inherent linguistic differences between human and bot posts, a key challenge is the systematic identification of
bot generated content, an aspect that has become even more challenging with the rise of large language models. We are
thus unable to parse out which posts constitute bot and which constitute human posts particularly in the aggregated man-
ner in which data is collected through Quid. Importantly, however, even though bots do not represent real human posts,
they can impact the results of sentiment analysis, although the extent to which this is true is a matter of ongoing debate
[115,116]. The same is true for echo chambers in online media [117]. It is certainly true that bots can have an effect to
amplify certain points of view which may skew sentiment analysis results, filtering these poses a dilemma for this avenue
of research. To entirely remove these bot accounts risks, excluding the mechanisms that impact public opinion on the
topic of cryptocurrencies and stocks. Future research is ripe for an exploration of the impact of bots and echo chambers
and for constructing a better mechanism to account for these in online media without completely negating their impacts.

Opportunities for future research also include a more in-depth study of the drivers of investor interest in cryptocurren-
cies, and whether institutionalization of these assets into ETFs and mutual funds encourages their adoption. Similarly, this
could include an expanded list of assets in each topic to provide a more exhaustive analysis. However, this would likely
come at the expense of depth of observation specific to each asset, as the quantity of online media posts on these topics
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is high. Additionally, future researchers could examine the effect of regional bank failures and adoption of crypto ETFs by
using causal inference and quasi-experimental designs.
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