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Abstract

We explore the role of market feedback in navigating emerging corporate policies on Al/green
technologies. By assembling and analyzing a comprehensive sample of corporate disclosures in
which managers discuss their forward-looking investment plans on Al/green technologies, we find
that firms adjust such investments upward (downward) in response to favorable (unfavorable)
market reactions to the corresponding disclosures. This association is more likely due to
managerial learning from the market than other alternative explanations, as it gets stronger when
market reactions are unfavorable, when outside market participants are more knowledgeable about
emerging technologies, and when managers have stronger incentives to promote investments in
such fields. Such learning is absent for non-emerging-technology investment plans where
managers have domain knowledge. Further, we find that following the market feedback on
emerging corporate policies is rewarded by superior long-run operating and stock performance,
especially when the feedback is unfavorable. We also find different learning patterns for Al and
green technologies. Overall, our paper illustrates the usefulness of tapping the wisdom of the
crowd when venturing into uncharted areas and sheds new light on what type of information
managers learn from the stock market in different contexts of corporate policies.
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1. Introduction

Firms are constantly facing new challenges, but the recent rise in the prominence of new
technologies — specifically artificial intelligence (Al) and green (i.e., climate/environment related)
technologies — and the decisions firms need to make on investing in them have been exceptional.
In the area of climate changes, firms have to grapple not only with their own exposure to physical
climate threats, but also with the regulatory risk that new environment-friendly measures might be
enforced and with the technological risk that green innovations might render the firms’ current
equipment/technology obsolete. Similarly, while Al technologies such as automation, machine
learning, or big data analytics impose threats to companies operating with traditional business
models, they offer first-mover advantages to new technology adopters. Against those uncertain
benefits, investments in these rapidly growing fields entail significant upfront costs and a serious
commitment of corporate resources, yet do not deliver immediate returns in terms of cash flows or
profits. ! Moreover, even after the initiation of such investments, market trends, regulatory
intervention, and technology development might all evolve in undesirable directions.? Hence,
firms have to assess the desirability of such investments without any past records to learn from
and with limited models of the costs and benefits involved.

With these uncertainties and risks in mind, corporate insiders (i.e., managers and boards of
directors) naturally need to look for external sources of information. While they can seek opinions
from their friends/contacts in the industry or other professionals such as consulting companies,
investment bankers, or financial analysts (e.g., Cookson, Niessner, and Schiller, 2022; Bae, Biddle,
and Park, 2022), such feedback is likely limited in both scope and relevance, as these outsiders
have no stakes in the focal firm and can only offer suggestions from their own (and sometimes
conflicting) perspectives. A prominent alternative information source is the market, which is
known to aggregate the opinions of a diverse body of different investors. A growing strand of
literature has documented that informational feedback from the financial markets can help guide
the decision making of corporate managers in the real sector (e.g., Chen, Goldstein, and Jiang,

2007; Luo, 2005; Edmans, Jayaraman, and Schneemeier, 2017; Dessaint et al., 2019; Jayaraman

! For example, only 20% of the approximately 3,000 Al-aware C-level executives surveyed by McKinsey in 2017
admitted implementing Al-related technology on a large scale or incorporating it into their core businesses. Many of
them said that poor or uncertain returns on such investment are the primary reasons that prevent them from adopting
the technology. Similarly, recent literature has found that green sustainable energy investment also tends to be
associated with higher risk and lower short-term returns (e.g., Lopez, Garcia, and Rodriguez, 2007).

2 See, e.g., Acemoglu, Hanley, and Kerr (2016), Albrizio and Costa (2012), and Blyth et. al (2007).



and Wu, 2020). We postulate that such learning can be particularly relevant in the case of Al and
green technologies, given the uncertainties involved and the lack of other sources of information.
Hence, in this paper, we examine the role of market feedback in helping managers carry out
emerging corporate policies and any potential nuances in the managerial learning behavior when
firms venture into such unknown areas. Aside from identifying a market-based solution to guide
firms’ emerging corporate policies, which has practical relevance, this exercise can also contribute
to the feedback/learning literature by illustrating what specific information managers learn from
the market, which lacks empirical evidence so far, as opposed to whether they learn, which has
already been examined by several existing studies (Goldstein, 2022). To shed new light on the
nature of managerial learning, we deliberately examine two, instead of one, emerging corporate
policies, namely, firms’ Al and green investment plans, in our paper. We do so not only because
they represent two of the most salient and fast-growing areas that incur a lot of uncertainties for
corporate managers, but also because a comparison of the learning patterns across these investment
policies can potentially help us understand what kind of corporate policies motivate managers to
learn the most and whether there is any heterogeneity in such learning behavior based on the
underlying investment types.

We first examine whether firm managers mention firms’ Al and green investment plans in
their major corporate disclosures with a potential incentive to seek market feedback.’® We use
textual analysis to identify firms’ emerging-technology-related disclosure events based on their
earnings conference calls and 8-K filings.* To focus on disclosures that are forward-looking in
nature, we make sure the discussion of the Al/green investments in them is about future plans
instead of ongoing projects. Figure 1 shows that over the period of 2006 to 2019, the annual
fraction of major corporate disclosures discussing Al investment plans increases from about 6%
to 11%, and that of disclosures discussing green investment plans increases from about 17% to

27%.

3 Although a large number of such disclosures are voluntary in nature, some disclosures can be made out of regulatory
reasons. We do not take a stand on why firms make emerging policy related disclosures (if at all), because learning
can take place following the market reaction to both voluntary and involuntary disclosures as long as such feedback
contains new information.

4 Our findings are robust when we examine earnings conference calls and 8-K filings separately. We also examine a
firm’s 10-K and 10-Q filings but find very little mentioning of emerging-technology-related investment plans in these
disclosures.



Next, we examine whether firms’ investments in Al and green technologies are positively
associated with the stock market reaction to the mentioning of such investment plans in their major
corporate disclosures. Following Babina, Fedyk, He, and Hodson (2022a, b), we measure the level
of a firm’s Al investment using its Al-related job postings. A larger number of such postings
indicate the firm’s stronger motive and commitment to invest in Al. To capture the extent of a
firm’s green investment, we use the amount of its Green House Gas (GHG) emissions.> A lower
amount of GHG emission indicates that firms have increased their investment in green (i.e.,
environmentally friendly) technology adoption.

Using a sample of 48,181 Al-investment-related disclosures and 106,650 green-
investment-related disclosures, we find that changes in firm-level Al and green investments from
one year before to one year after a disclosure event are positively associated with the cumulative
abnormal return (CAR) over a short window (i.e., 5 days) surrounding the event. This result
suggests that firm managers adjust upward (downward) their emerging-technology-related
investment when the stock market reacts favorably (unfavorably) to related discussions in their
major corporate disclosures. The economic magnitude of this feedback effect is also nontrivial: A
one standard-deviation increase in market reaction is associated with an increase in Al job postings
by around 0.8% (about 9% of the mean increase in such postings) and a decrease in Green House
Gas emissions by around 8.1% (about 10.7% of the mean decrease in such emissions). These
associations remain robust even after we control for major ex-ante (i.e., pre-disclosure) firm
characteristics, contemporaneous changes in firms’ overall (non-emerging-technology-related)
investments from pre to post the event, industry by year fixed effects, and firm fixed effects. Note
that the event-study approach here, which examines managerial decision making in Al and green
technologies over a given window surrounding the corresponding disclosure dates, is superior to
the traditional investment-Q type of analysis in the empirical feedback/learning literature as it
allows us to capture managers’ response to market reaction in a more precise manner and in the
meantime quantify the significance/magnitude of market reaction to Al/green investment related

news, which sheds direct light on what specific information managers learn from the market.

5 We acknowledge that green investment is broader than controlling the amount of GHG emissions, such as efforts to
affect toxic material emissions, resources recycling, and so on. However, we focus on GHG emission to capture green
investment outcomes because it is one of the most widely used measures that have drawn a lot of attention from
investors (see, e.g., Azar et al., 2021; Bolton and Kacperczyk, 2021; Hsu, Liang, and Matos, 2021; and Atta-Darkua
et al., 2023). In our robustness section, we examine alternative measures of green investment based on patenting
outcomes or job postings and find consistent results.



However, a common concern when testing theories of market feedback is that the positive
relation between stock price movement and the associated corporate investment might be driven
by reverse causality or omitted variables. The reverse causality explanation asserts that, upon
seeing the corporate disclosure on emerging technologies, the market rationally (and correctly)
expects managers to increase their investment in these areas and reacts positively under the belief
that these investments are good.® Hence, the observed positive investment-price association is
driven by the market’s response to managers’ planned investment changes rather than managers’
response to the market feedback (i.e., learning). While this is a compelling alternative, the logic of
the reverse causality explanation breaks down when it comes to negative market reactions to the
corporate disclosure (i.e., when the market and firm managers disagree on the importance/value
of expanding emerging technology investments). Nearly half of our sample disclosures, despite
the mentioning of increasing Al/green investments, are followed by negative market reactions,
suggesting that investors do not view such expansion plans favorably. More importantly, when the
market reaction is negative, we observe an even stronger positive association between investment
changes and announcement returns.’ This observation directly contradicts the prediction of the
reverse causality explanation but instead demonstrates active learning.

The omitted variable explanation posits that the observed positive investment-price
association might be driven by some underlying economic forces that affect both the market’s
reaction to Al/green-investment-related disclosures and firms’ emerging technology investments
around such disclosures. One type of omitted variables could arise from the disclosures themselves
— 1e., other (non-emerging-investment-related) components of the disclosures, such as
information about general investment opportunities, management quality, or other firm
fundamentals, could correlate with firms’ subsequent Al/green investment behaviors while
generating market reactions in the same direction. This non-learning-based explanation is plausible

because major corporate disclosures typically contain a large amount of information other than

¢ Note that based on our manual reading of companies’ Al/green-investment-related disclosures in our sample, almost
all of them are about the plans to launch/expand rather than to stop/reduce the investment in such technologies. Hence,
the market is more likely to anticipate an increase instead of a reduction in emerging-technology investment upon
seeing the disclosures.

7 This result could arise from the fact that market disapprovals are more surprising and thus contain more information
to corporate managers than market approvals. Specifically, managers might expect the market to react positively when
they mention the “buzz words” of emerging technology investments in their corporate disclosures, so any realized
positive market reactions are simply conforming to their priors and not offering much new information to learn about.
On the contrary, negative market reactions are more surprising to the managers and thus prompt them to reflect on
their proposed investment plans and act on such new information.

3



that related to emerging technology investment plans. We adopt two approaches to mitigate this
omitted variable concern. First, we exploit the granular time stamp information contained in
earnings conference call transcripts to examine hourly stock price reaction within an hour after the
managers discuss their emerging-technology-related investment plans in conference calls.
Presumably, such an instantaneous stock price change is more likely triggered by the news about
emerging corporate policies than by confounding information contained in such disclosures. We
continue to find the same positive investment-price association using this hourly announcement
return measure. Second, we confirm our baseline findings using a subsample of “focused” 8-K
filings with only one item (that mentions emerging-technology investment plans).® Such focused
8-K filings are essentially material press releases that likely contain information exclusively about
the plans of firms’ emerging corporate policies, which alleviates the concern that our results are
driven by confounding information components in corporate disclosures.

Another type of omitted variables can arise from private signals that are not based on
corporate disclosures. For example, both firm managers and the market can obtain valuable
insights about the planned Al/green projects: Better signals about these projects’ prospects will
trigger more favorable market reaction while motivating managers to expand their investment to a
larger extent, leading to a positive investment-price association. However, this concern is again
alleviated by the stronger baseline results when market reactions are negative (described above),
because rational managers would not release bad news about their Al/green projects to begin with
and thus would refrain from discussing any plans to cut down emerging technology investments
(which is confirmed by our manual reading of the corresponding disclosures). In other words,
when omitted variables indicate poor prospects about Al/green investments (which triggers
negative market reaction and motivates managers to cut down such investments), managers

probably would not make the related disclosures in the first place.” Thus, the fact that almost half

8 Appendix B1 Panel A presents an example of focused 8-Ks: On February 10, 2017, Ford Motor filed a focused 8-K
with only item 8.01 to announce its investment plan of $1 billion to develop a virtual driver system for the automaker’s
autonomous vehicles in the next five years.

® Of course, one might argue that managers can strategically “cheap talk” by announcing expansion plans in emerging
technology investments even if they obtain unfavorable private signals and thus plan to reduce such investments.
However, this strategy is unlikely to be adopted by an average firm in our sample for two reasons, First, if the market
is smart enough to see through the cheap talks, then lying will only backfire and will not happen in equilibrium. Second,
if the market cannot detect lying but knows this is a pooling equilibrium where everyone discloses the same thing (i.e.,
expansion plans in emerging technology investment) regardless of their private signals or true investment plans, then
it should not react to such uninformative disclosures (or at least should not react negatively), which is inconsistent
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of our sample disclosures are met with negative market reactions and that the positive investment-
price association is stronger in this subsample suggest our results are unlikely driven by this type
of omitted variables. '

To further tie our results to market feedback, we explore cross-sectional variation in the
documented relation between market reactions and subsequent corporate investment changes. First,
we examine whether our baseline results are stronger when outside market participants, such as
institutional investors, possess more expertise in the relevant emerging technologies, and find
supporting evidence. Second, we show that the Al investment adjustment in response to market
reaction is more pronounced when a firm faces greater technology peer pressure (as defined in Cao
et al.,, 2018). Similarly, the association between the green investment adjustment and market
reaction is stronger after the announcement of the Paris Agreement in December 2015, a landmark
event that markedly increases market attention to environmental issues and corporate green actions.
Taken together, these results show that the feedback effect is more pronounced when the market
possesses more valuable information/insights about emerging technologies or when firm managers
have stronger incentives to enhance investments in these fields.

To shed more light on what kind of information managers learn, we conduct a few
additional tests that explore the nature and timing of emerging corporate policies. First, we
examine whether the documented feedback effect is weaker when the technologies mentioned in
corporate disclosures are non-emerging in nature (e.g., traditional data analysis techniques such as
linear regressions, time series analysis, or Monte Carlo simulation methods). For such
conventional technologies, the market might possess less incremental knowledge compared to that
of firm managers, and thus may not provide useful feedback to guide firms’ investment decisions.
Consistent with this prediction, we find that managers do not significantly change their
conventional-technology-related hiring in response to the market feedback on the disclosure of

investment plans in these areas. Second, we examine whether the feedback effect on emerging

with the large (particularly large negative) announcement returns we observe in our sample. Hence, most of the firms
announcing an expansion plan in Al/green technologies are likely true to their intentions.

10" Another possibility is that the negative market reactions are driven by the market’s disappointment that the
announced level of Al/green investment is not as high as what it expects. In other words, the market reacts negatively
not because it disapproves emerging technology investment but because it thinks the planned level of expansion in
such investments is insufficient. If this is true, we would expect to see the stock price to bounce back in the long run
if a firm “acts against the feedback™ by increasing its Al/green investment after getting negative market reactions.
However, this is opposite to what we observe in the data: In untabulated analyses, we find that the cumulative abnormal
return from the disclosure announcement date to 2 or 3 year later is significantly more negative for such firms than
for firms that “follow the feedback”™ (i.e., cut down Al/green investment after getting negative market reactions).
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corporate policies still exists when the related discussions in the disclosures are not about
investment plans but only referring to these technologies in a general way. Interestingly, we do not
find a significant feedback effect for such disclosures. This suggests that the observed
announcement return, which is followed by subsequent investment adjustments, is unlikely driven
by the market’s sentiment towards the risks, nature, or prospects of these emerging technologies
per se. Instead, it is more likely driven by the market’s reaction to firms’ specific investment plans
in these areas. Third, we find that firms’ past (i.e., pre-disclosure) investment adjustments in
emerging technologies are not positively associated with the market reactions, which further
supports the notion that firms are actively responding to the market feedback on the proposed
investment. Our results are also robust to alternative measures of emerging-technology-related
investments, such as changes in Al and green-related patent filings, and changes in job postings
requiring green/climate-related skills (in the same fashion as our Al-related job postings).

To explore what specific kind of information managers learn about emerging corporate
policies, we classify Al and green technologies into subcategories and examine which of them
yields the strongest feedback effect. We first classify Al investment plans into those on
robots/automation-related and data-related ones, and find that the feedback effects for both types
of Al investments are of similar magnitudes. Then, following Sautner et al. (2022), we consider
three subcategories within green investment: opportunity-, regulatory-, and physical-related, and
find that our baseline results are stronger for opportunity-related green investment (such as growth
opportunities in developing renewable energy or electric vehicles) and regulatory-related green
investment (such as policy-orientated improvements of production processes), but absent for
physical-related green investment (such as those triggered by natural disasters).

We further check whether a firm’s peers (e.g., those operating in the same industry) learn
from the focal firm’s market reaction. If the market reaction to emerging-technology-related
disclosures is mostly idiosyncratic, i.e., only useful to the focal firm’s investment planning, then
we would not expect to see the firm’s peers act on such feedback. If, however, the market possesses
more industry-specific knowledge about emerging-technology-related investments and
incorporates such insights into the announcement returns, then peer firms would also learn from
the stock price movement around the focal firm’s disclosures (Foucault and Frésard, 2014).
Interestingly, we find that peer firms only learn from the market feedback on green-related

investments but not that on Al-related investments. This may be because green-related investments



are more industry specific (and less idiosyncratic) than the Al-related investments due to greater
regulatory interventions on sector-wise environment-related activities and/or stronger investor
preferences towards ESG issues.

In the final part of our paper, we explore whether following the wisdom of the crowd from
the market improves firms’ long-run performance. It is worth noting that managers’ reluctance to
follow the market feedback can be either rational or irrational. If their reluctance is largely rational
and thus shareholder-value maximizing, then we should not expect to find any performance
difference between feedback-following and non-following. If, however, managers’ unwillingness
to use external information from the market is largely irrational due to either incapabilities or
behavioral biases, then following the feedback ought to be associated with better long-run
performance than not following. We find that following the feedback indeed leads to better long-
term operating and stock performance than not following, suggesting that ignoring the useful
information contained in the stock price is sub-optimal for firm value. More interestingly, we
observe such performance gaps only when the market feedback is negative, which alleviates a
reverse causality concern that firms with more resources and better performance are able to invest
more in emerging technologies following positive market feedback.

Overall, we believe that our study makes three main contributions. First, to the best of our
knowledge, we are the first to assemble a comprehensive sample of Al/green-investment-related
corporate disclosures, and to document the trend and extent of such active feedback-seeking by
firm managers. Given that these disclosures are largely voluntary in nature, it sheds light on what
concrete actions managers can take to actively seek market feedback. Future studies can also
leverage them to examine firms’ strategic disclosure behaviors regarding their emerging corporate
policies, which adds to the literature on information dissemination (Frankel et al., 1999;
Matsumoto et al., 2011; Zhao, 2017; Gibbons et al., 2021).

Second, our paper contributes to the literature documenting the huge uncertainty facing
managers who consider venturing into unknown and risky areas such as the development of
emerging technologies (e.g., Lopez, Garcia, and Rodriguez, 2007). Our findings indicate that one
useful market-based solution to mitigate the ex-ante concerns over such technologies’ inherent
uncertainty as well as to improve the ex-post investment efficiency is to actively seek and utilize
the feedback from outside market participants and thus benefit from the wisdom of the crowd. This

result has important practical implications, as it not only helps guide the decision making of firm



managers in an era of fast technological growth, but also shapes the overall flow of corporate
resources into the development of emerging technologies in the economy.

Third, our paper opens new dialogues for future research on what kind of information
managers actually learn from the market by examining and comparing managerial learning
behavior across different investment types (i.e., Al, green, and conventional-technology-based
investments) and across feedback seekers (i.e., focal firms and peer firms), while most of the
empirical feedback literature to date has been focusing on whether such learning is going on (e.g.,
Chen, Goldstein, and Jiang, 2007; Luo, 2005; Bakke and Whited, 2010; Edmans, Goldstein, and
Jiang, 2012; Betton et al., 2014; Bai, Philippon, and Savov, 2016; Zuo, 2016; Dessaint et al., 2019;
Jayaraman and Wu, 2020; Banerjee et al., 2022; Cao et al., 2023).!! In particular, we show that
managerial learning is context-based. For example, such learning does not exist for non-emerging
corporate policies (e.g., investment plans on conventional technologies). Furthermore, our
evidence indicates that the market feedback effect differs even within emerging-technology-related
investments. For example, while managers adjust both types of investments following negative
market reactions, this response is only significant for Al-related investments (but not for green-
related investments) following positive market reactions. For another, the peer learning effect only
manifests in green-related but not Al-related investments. These results suggest that insights from
the prior literature on managerial learning in the context of one investment type (such as capital
expenditures or acquisitions) might not be directly applicable to the context of another. '?
Collectively, our paper contributes to the recent debate on whether managers learn from the stock
market (e.g., Gelsomin and Hutton, 2023) by not only adding evidence on whether managers learn

but also what type of information managers learn in different contexts of corporate policies. '

2. Data, Variable, and Sample Construction

! See Goldstein (2022) and Bond, Edmans, and Goldstein (2012) for comprehensive reviews of this literature.

12 A contemporaneous working paper by Aretz, [lyas, and Kankanhalli (2022) also examines the nature of information
managers learn from the market using a different research design, but like most of the extant literature, it focuses on
ordinary investment choices such as capital expenditures, R&D, and acquisitions.

13 For example, Gelsomin and Hutton (2023) argue that "To our knowledge, existing research fails to document what
information managers extract from observing stock prices... The channel or mechanism of managerial learning
remains empirically unexplored, as does the particular information managers are hypothesized to learn and use for
their real investment decisions." Our paper addresses their concern by providing detailed evidence that managers learn
the market’s attitude towards the proposed emerging technology investment plans (i.e., approval or disapproval of
such plans) from the stock price movement upon disclosure announcements.
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Our empirical analyses use data from several sources. Earnings conference calls are
extracted from Thomson Reuters’ StreetEvents and 8-K filings are from the SEC’s EDGAR
database. Firms’ job postings are obtained from the Lightcast (formerly known as the Burning
Glass Technologies) database and Green House Gas (GHG) emission data come from the S&P
Global Trucost Environmental database. Institutional holding data comes from the Thomson
Reuters 13F database. We obtain firms’ stock prices and quarterly financial information from the
Center for Research in Security Prices (CRSP) and the CRSP/Compustat Merged Quarterly

database, respectively.
2.1 Corporate disclosures about emerging-technology-related investment plans

We begin our sample construction with firms’ major corporate disclosures including their
earnings conference calls (as covered by StreetEvents) and 8-K filings from 2006 to 2019. To
identify managers’ Al/green-investment-related disclosures, we construct four lists of keywords
(e.g., see the examples in Appendix B1). The one on Al technology is obtained by combining those
in Babina et al. (2022 a, b), Abis and Veldkamp (2022), Cao et al. (2023), Gofman and Jin (2022),
and Cockburn et al. (2018). The list of green technology keywords is obtained by supplementing
the dictionaries in Engle et al. (2020) and Sautner et al. (2022) with manually identified green-
technology related keywords from the Sustainability Accounting Standards Board (SASB)
Standards as well as those extracted from firms’ annual CSR reports and press releases by adopting
a word-embedding approach as in Li et al. (2021) and Cao et al. (2022a, 2023).'* Similarly, the
list of investment related keywords is constructed by supplementing those in Ball, Hoberg, and
Maksimovic (2015) and Hoberg and Maksimovic (2015) with words about decision making or
business investment in the Oxford Dictionary. We also include manually identified investment
related keywords in the corporate disclosures (earnings conference calls and 8-K filings), as well
as keywords extracted from firms’ annual CSR reports and press releases by adopting the same
word-embedding approach described above. !®

Finally, as our focus is on examining managers’ potential learning from the market

feedback, we want to limit our attention to only those disclosures that discuss future (i.e., intended

14 See SASB standards at https://www.sasb.org/standards/materiality-finder/?lang=en-us.

15° Words  about decision making in the Oxford Dictionary are  obtained from
https://www.ox fordlearnersdictionaries.com/topic/preferences-and-decisions, and business investment words are
from https://www.oxfordlearnersdictionaries.com/topic/business.
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or forthcoming) investment plans rather than past or ongoing projects in emerging technologies.
While the disclosure of past/existing investment projects is often required as part of managers’
fiduciary duty to investors, the disclosure of future investment plans is largely voluntary in nature
and better captures managers’ intention to actively seek market feedback.'® Therefore, we
construct a list of forward-looking keywords.!” We then define a disclosure as Al/green-
investment-related if it has the mentioning of Al/green technology specific keywords, investment
related keywords, and forward-looking keywords (to ensure the description of the investment is
about future plans instead of past or ongoing projects) in the same sentence within a given
corporate disclosure (i.e., a conference call script or 8-K filing).

Appendix B1 presents examples of Al/green-investment-related disclosures for both 8-K
filings (Panel A) and earnings conference calls (Panel B). Panel A describes the example of a
focused 8-K filed by Ford Motor, which contains information only about one material event in
item 8.01 — a news release of Ford’s investment plan of $1 billion in Argo Al to develop
autonomous vehicles in the next five years. Unlike earnings conference calls that tend to contain
a large amount of information other than emerging-technology investment plans, this focused 8-K
filing contains information exclusively about Ford’s Al investment plans. In Section 4.4, we
perform our baseline analysis only on a subsample of focused 8-K filings to alleviate the concern
that the market might be reacting to omitted non-emerging-policy-related information in corporate
disclosures. Panel B presents several examples for emerging-policy-related earnings conference
calls, including the case of Alphabet’s 2015 Annual Meeting of Stockholders Conference Call. As
we can see, market participants (i.e., Alphabet’s shareholders) are knowledgeable about the
proposed renewable energy plan based on their own past working backgrounds and thus can
provide useful feedback on the firm’s investment. Interestingly, in this example, Alphabet’s
shareholders hold opposite views on the green-related investment plan. This suggests that it is
necessary for managers to aggregate opinions from the market on such uncertain and controversial

emerging corporate policies.

16 Our analysis here follows the spirit of Dye and Sridhar (2002), Langberg and Sivaramakrishnan (2010), and
Jayaraman and Wu (2020), who also differentiate between future and current investment.

17 Specifically, we first obtain a list of forward-looking keywords from Li (2010), Muslu et al. (2015), Bozanic,
Roulstone, and Van Buskirk (2018), Aljifri and Hussainey (2007), Hassanein and Hussainey (2015), Hassanein, Zalata,
and Hussainey (2019), and Grewal (2019). Then, following Li et al. (2021) and Cao et al (2022), we use a word-
embedding model to expand these keywords.
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Figure 1 plots the time trend of the propensity of US public firms to discuss investment
plans on emerging technologies in their earnings conference calls and 8-K filings from 2006 to
2019. The left y-axis denotes the propensity of Al-technology related disclosures, and the right y-
axis denotes the propensity of green-technology related corporate disclosures. As we can see, there
is a significant increase of emerging-technology-related disclosures over time: The propensity of
Al-technology (green-technology) related disclosures increases from about 6% to 11% (from 17%
to 27%).

In Figure 2, we examine the distribution of such disclosure growth across different
industries. For each industry, the propensity of Al/green-investment-related disclosures is
calculated as the number of corporate disclosures about Al/green investment plans in the industry
over the sample period divided by the total number of corporate disclosures in that industry. As
expected, companies in the utilities industry are particularly more likely to discuss green-related
investment plans in their disclosures, followed by companies in mining, manufacturing, and
construction industries. Meanwhile, companies in the service industry tend to discuss more Al-

related investment plans in their conference calls and 8-K filings than those in other industries.
2.2 Firm-level Al investment

To capture the extent of a firm’s Al investment, we follow Babina, Fedyk, He, and Hodson
(2022a, b) to examine its job postings that require Al-related skills. A larger number of Al-related
postings indicate the firm’s stronger motive and commitment to invest in AI. We obtain firms’ job
postings from Burning Glass (BG) Technologies (now named Lightcast). BG has one of the
world’s largest real-time, proprietary databases of job openings and career histories.'® A potential
concern of obtaining job postings from multiple sources is that multiple job postings can link to a
single job vacancy. To alleviate this concern, BG employs a sophisticated two-step approach to
deduplicate job postings and avoid double counting job vacancies.!® According to its report, up to
80% of all jobs are deduplicated. The data provides detailed information for each job posting

including the job title, required skills, occupation, and the employer.

181t collects job posting information from more than 40,000 sources daily in more than 30 countries and covers over
197 million job postings in the US in 2007 and 2010-2020.

19 See more details about the deduplication approach at hitps://kb.emsidata.com/fag/how-does-emsi-burning-glass-
handle-duplicate-postings/#.
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We focus on non-internship job postings with non-missing employer names and at least
one required (i.e., Al-related) skill. To match BG employers to firms in the Compustat and CRSP
merged database (CCM), we apply a fuzzy name matching approach after removing non-letter and
non-number symbols from the name strings and stripping out their common endings such as “Inc”,
“Co”, and “LLC”. We match 52 million (around 27% out of 197 million) BG job postings to firms
in the CCM database, which is consistent with prior statistics showing that publicly listed firms
account for approximately 26% of overall US employment (Davis et al., 2006).2°

To identify Al-related job postings and calculate a firm-level Al hiring measure, we follow
Babina et al. (2022a, b) and take three steps. First, for each skill s required by any job postings in
the BG data, we calculate the skill’s Al-relevance score as the number of job postings that require
both the skill s and at least one of the four basic Al skills (i.e., artificial intelligence (AI), machine
learning (ML), natural language processing (NLP), and computer vision (CV)), divided by the total
number of job postings requiring at least the skill s.?! This relevance score measures how
correlated a skill s is with Al core skills. The higher the score, the more Al-related the skill s is.
Second, for each job posting, we measure its Al-relatedness as the average Al-relevance score
across all skills required for the job. Third, for each firm, we measure its Al-technology investment
adjustment in a year as the change in the natural logarithm of one plus the weighted sum of Al-
related job postings by the firm from the previous year to the current year. The weight of each job

posting is its Al-relatedness obtained in the second step.
2.3 Firm-level green investment

To measure a firm’s investment in green technology, we examine its greenhouse gas (GHG)
emissions. The intuition is that a smaller amount of GHG emission indicates that a firm has
increased its investment in green (i.e., environmentally friendly) technology adoption and
therefore has lower GHG emission. We obtain corporate carbon emission data from Trucost, which
collects firms’ carbon emission data from publicly available sources and covers a wide spectrum

of firms around the world.?? There are three major scopes (categories/types) in a firm’s GHG

20 The 27% matching rate is slightly lower than that in Babina et al. (2022b), who match BG job postings to Compustat
firms (without requiring their stock listing status).

2 We thank the authors of Cao, Jiang, Yang, and Zhang (2023) and Babina, Fedyk, He, and Hodson (2022a, b) for
sharing with us the processed Al-relevance score of skills.

22 1t covers around 5,000 firms annually between 2006 and 2015, and over 14,000 firms annually between 2016 and
2020.
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emissions. Scope 1 emissions are the direct emissions from sources that a firm owns or controls,
e.g., emissions produced by the internal combustion engines of trucks owned by a trucking
company. Scope 2 emissions arise from a firm’s consumption of purchased electricity, steam, or
other sources of energy related to its direct operations. And scope 3 encompasses all other
emissions associated with a firm’s operations that are not directly owned or controlled by the firm,
including indirect emissions from the supply chain. Following Azar et al. (2021), we calculate a
firm’s annual GHG emission as the total amount of GHG emission (in equivalents of metric tons
of CO2) based on all three scopes.?® Although GHG emissions are an important and timely
reflection of firms’ green investment outcomes, we acknowledge that it might capture only one
aspect of green investment. Hence, in Section 5.4, we use the development of green patents as an
alternative measure of green investment. Green patents cover a wider range of environmentally
related issues, including air pollution, water pollution, resource recycling, and so on. However,
unlike GHG emissions, the development of green patents takes time and thus might not capture a
firm’s green investment in a timely manner. Also similar to Al-related job postings, we employ
the firms’ green-related job postings as an alternative measure of firms’ green investment, which

can capture firms’ motive and commitment to invest in green technologies in a timelier manner.
2.4 Sample and variable construction

The unit of observation for our analysis is an Al/green-investment-related corporate
disclosure (earnings conference call or 8-K filing). Since our primary measure of Al investment is
based on the BG job posting database, which has consecutive coverage only starting from 2010,
we limit our sample to 48,181 Al-related disclosures made by 4,568 unique firms between 2010
and 2019. Meanwhile, as we measure a firm’s green investment as its GHG emission reduction,
we require it to have non-zero GHG emission in the nearest year prior to a green-technology related
disclosure. We also exclude a related disclosure if the firm’s financial information at the nearest
quarter end prior to the disclosure is missing. We are left with a final sample of 106,650 green-
technology related corporate disclosures covering 3,178 unique firms from 2006 to 2019.

Our goal is to examine what information managers learn from the market feedback when
venturing into emerging technologies. In our main analysis, we use firms’ Al job postings to

measure their investment in Al technology and their total GHG emission to measure their

2 In untabulated analysis, our findings are robust to considering only scope 1 emission or scope 1 and 2 emissions.
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investment in green technology. Specifically, based on the firm-level Al investment defined in
Section 2.2, we construct AAI Job Postings, a firm’s Al investment adjustment surrounding an
Al-investment-related disclosure, as the change in the natural logarithm of one plus the weighted
number of Al job postings by the firm from the year prior to an Al-investment-related corporate
disclosure to the year after the disclosure. Similarly, based on the firm-level green investment
defined in Section 2.3, we construct ATotal GHG emission, a firm’s green-technology
investment adjustment surrounding a green-investment-related disclosure, as the change in the
natural logarithm of one plus its total GHG emission from the year prior to the disclosure to the
year after. As robustness checks, we also examine three alternative emerging-technology-related
investment measures based on patent filings and the number of green-technology related job
postings (see Section 5.4 for more details).

Table 1 Panel A (B) reports the number of Al (green)-investment-related disclosures and
firms® related investment adjustments surrounding the emerging-technology-investment
disclosures. The independent variable of interest, FB, denoted for feedback, is the five-day
cumulative abnormal return surrounding the disclosure (i.e., [day -2, day 2]). Day 0 denotes the
announcement date of a given corporate disclosure. As expected, an average firm exhibits an
increase in its Al job postings and a decrease in its total GHG emissions, indicating an overall
upward trend in the investment of these two emerging technologies.

Lastly, we construct a set of quarterly firm characteristics that are likely to be correlated
with Al/green investment. These control variables, measured at the nearest quarter end prior to
emerging-technology-investment-related disclosures, include firm size (log of total sales in billion
dollars), return on assets, R&D to sales ratio, and cash reserve (cash holdings over assets). Table
1 reports the summary statistics of these characteristics. To account for the change in overall
investment rate from the year prior to an emerging-technology-related corporate disclosure to the
year after, we also control for the change in total job postings (the annual sales growth rate) from
the pre-disclosure year to the post-disclosure year when estimating regressions for Al-related
(green-related) investments. All continuous variables are winsorized at the 1t and 99™ percentiles
to minimize the effects of outliers. For firms that make Al-investment-related disclosures, they on
average have quarterly sales of $1.117 billion, ROA of 1.6%, R&D to sales ratio of 19.6%, and
cash reserve of 19.8% during the quarter prior to the disclosure announcement. Further, for such

firms, the average change in the log of total job postings from the pre-disclosure year to the post-
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disclosure year is 0.245. For firms making green-investment-related disclosures, they on average
have quarterly sales of $1.836 billion, ROA 0f2.4%, R&D to sales ratio of 14.2%, and cash reserve
of 14.3% during the quarter prior to the disclosure announcement. Additionally, these firms have

an average annual sales growth of 2.4% from the pre-disclosure year to the post-disclosure year.

3. Learning from the Market Feedback on Emerging Corporate Policies

3.1 Baseline model and results

To examine whether managers learn from financial markets when contemplating
investments in emerging technologies, we start by analyzing the relationship between firms’
investment adjustments in emerging technologies (i.e., Al and green investments) and the market
reaction to the corporate disclosures of such investment plans. Specifically, we estimate the

following regression:

Alnvestment; g4 = a + 1FB; 44 + f,Firm Characteristics; ,_; + Fixed effects + &;4.4 (1)

where AlInvestment; 4, is the change in firm i’s emerging-technology investment from the year
prior to a corporate disclosure d in year-quarter ¢ to the year after the disclosure. The main
independent variable of interest, FB;q,, refers to the five-day cumulative abnormal return
surrounding the disclosure date of firm i’s emerging-technology related corporate disclosure d
made in quarter q. We control for various lagged firm characteristics (discussed in the previous
section) at the nearest quarter end prior to the corporate disclosure. To isolate the effects of time-
invariant firm characteristics or time-varying industry trends, we also include Firm fixed effects
and/or Industry x Year fixed effects in different model specifications. Standard errors are clustered
at the firm level to account for within-firm correlations among the residuals.

Table 2 Panel A presents the baseline results regarding Al investment. We start with a
parsimonious model in column (1) that only includes FB, the market reaction to the Al-investment-
related corporate disclosure, as the independent variable. The coefficient of FB is 0.091 and
significant at the 1% level. It suggests that a one standard-deviation increase in the market reaction
is associated with an increase in firms’ Al job postings by about 0.8% (=0.091x0.093), which is
approximately 9.4% of the sample average change in Al investments (0.094=¢%% — 1). The
positive association is robust to including various firm characteristics (column 2), changes in total

job postings as a proxy for total human capital investment changes (column 3), industry by year
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fixed effects (column 4), and firm and industry by year fixed effects (column 5). These results
suggest that managers seem to adjust their Al investments upward (downward) in response to a
positive (negative) market reaction to their Al-investment-related corporate disclosures.

The results of the feedback effect on green investments are presented in Table 2 Panel B.
As can be seen, the coefficient of FB in column (1) of Panel B is -0.998 and significant at the 1%
level, suggesting that a one standard-deviation increase in the market reaction to green-investment-
related corporate disclosures is associated with a decrease in firms” GHG emissions by around 8.1%
(=-0.998%0.081), which is approximately 10.7% of the sample average change in GHG emissions
(-0.758=e 1418 — 1), Similar to Panel A, columns (2) to (5) show that the coefficient of FB
remains negative and statistically significant after the inclusion of firm characteristics, firms’
contemporaneous sales growth (as a proxy for overall investment changes), and various layers of
fixed effects. It is worth pointing out that, as described in Section 2.4, the dependent variable in
our regressions captures the change in a firm’s green investment. Therefore, the negative
association here does not suggest the firm is divesting (expanding) its green technologies upon
negative (positive) market reactions, but rather suggests that when the market feedback is more
negative (positive), the firm slows down (speeds up) its reduction in GHG emissions, which is an
overall trend in the economy. To sum up, these results are consistent with our feedback hypothesis
that managers adjust their green investments upward (downward) in response to a positive

(negative) market reaction to their green-technology related corporate disclosures.

3.2 A common concern of non-feedback-based explanation
3.2.1 A reverse causality explanation

The documented positive association between firms’ emerging-technology investment
changes and market reactions to related corporate disclosures is consistent with our feedback
hypothesis. However, there might be potential non-feedback-based explanations. A common
concern when testing theories of market feedback is that the positive relation between the market’s
reaction and the subsequent corporate investment might be driven by reverse causality or omitted
variables. The reverse causality explanation asserts that the market, upon seeing the corporate

disclosure on emerging technologies, expects managers to increase their investment in such areas
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and reacts positively under the belief that these investments are good.?* Hence, under this
alternative explanation, the positive correlation between actual investments in emerging
technologies and the market reactions is driven by the market’s response to managers’ planned
investment changes rather than managers’ response, without any feedback or learning going on.

As the majority of corporate disclosures indicate an increase rather than a decrease in
emerging technology investment (e.g., see the examples in Appendix B1), the reverse causality
explanation would predict that the market reactions to most of our sample disclosures are positive
and that our baseline results are more prominent when the market reaction is positive (i.e., when
the market and the firm agree on the value/importance of emerging technologies).

To test these predictions, we split the sample of emerging-technology related corporate
disclosures into two groups: one with positive market reactions and the other with negative market
reactions. We then separately estimate our baseline regression in Equation (1) for the two
subsamples. Table 3 presents the results. Several interesting patterns emerge. First, by comparing
the number of observations in columns (1) and (2) for each panel, we can see that almost half of
both Al and green investment-related disclosures have negative market reactions, despite the
mentioning of increasing Al/green investment in corporate disclosure. It suggests that investors do
not always view such expansion plans favorably. Furthermore, in column (3) of both panels, we
split the market reaction (FB) into two variables: POSFB, which denotes positive market reactions
and zero otherwise; and NEGFB, which denotes negative market reactions and zero otherwise. The
absolute magnitudes of the coefficients of NEGFB are significantly larger than those of POSFB in
both panels, suggesting that the positive association between investment adjustments and market
reactions is more prominent when the market reaction is negative (i.e., when the market and
managers disagree on the plan of expanding emerging technology investment). This contradicts

the prediction of the reverse causality explanation but demonstrates more active learning.

3.2.2 An omitted variable explanation arising from corporate disclosures
The omitted variable explanation indicates that there are some underlying economic forces
that affect both the market’s reaction to Al/green-investment-related disclosures and firms’

Al/green investments around such disclosures and thus lead to the positive investment-price

24 Some studies (e.g., Chava et al., 2022) find that the market generally likes emerging technologies as firms
mentioning “buzzwords” related to such technologies in their earnings conference calls tend to experience immediate
stock price appreciation.
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association observed in Section 3.1. One type of omitted variables could arise from the non-
emerging-investment-related components of corporate disclosures in addition to the discussion of
firms’ future investment plans in emerging technologies. Therefore, it is unclear whether the
market is reacting to firms’ emerging-technology-related investment plans or other components of
the disclosures that correlate with subsequent Al/green investment behaviors (e.g., information
regarding general investment opportunities, past investment success, management quality, or other
firm fundamentals). Note that this alternative explanation should only bias against us finding a
significant association between firms’ investment adjustments and the market feedback if the
patterns of the non-emerging-policy related information contained in our sample disclosures are
largely random/idiosyncratic, i.e., not exhibiting any systematic patterns but only introducing noise
into our estimation. Nevertheless, we still employ a few methods to investigate its implication for
our results.

Ideally, to fully address this concern, we need to divide the market reaction to a specific
disclosure into two components: one driven by the discussions on emerging-technology-related
investments (i.e., the “Al/green components™) and the other by the rest of the information in the
disclosure. However, such decomposition is difficult in practice. Hence, we adopt three approaches
to alleviate this concern. In the first approach, we leverage the granular time stamp information
contained in earnings conference call transcripts and examine stock price reaction within an hour
after the discussion of emerging-technology-related investment plans in conference calls.
Presumably, such as instantaneous stock price change is more likely triggered by the discussion of
emerging corporate policies than by other confounding information contained in such disclosures.
Table 4 presents the results, where the independent variable of interest, F By, refers to the firm’s
stock price change in an hour right after the managerial disclosure of their Al/green-technology-
related investment plans. We continue to find a significantly positive relation between a firm’s
Al/green investment adjustment and the market reaction.

In the second approach, we perform our baseline tests using a subsample of “focused” 8-K
filings with only one item (that mentions emerging technology investment plans). As each §-K
item links to one specific type of material events that firms are obliged to disclose to their investors,
these focused 8-K filings with only one item are essentially material press releases that likely
contain information exclusively about their emerging corporate policies. An example of focused

8-K filings is presented in Appendix B1 Panel A. As shown in Table 5, we continue to find a
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significantly positive relation between a firm’s Al/green investment adjustment and the market
reaction when we examine earnings conference calls and 8-K filings separately. More importantly,
Columns (3) of both panels show that our results persist in the subsample of focused 8-K filings
(material press releases), suggesting that our results are unlikely driven by the omitted yet
investment-relevant parts of the sample corporate disclosures.

In the additional approach, we use a matching method to compare similar disclosures with
and without the mentioning of emerging corporate policies. Specifically, for each Al/green related
disclosure in our sample, we match it to up to five non-Al/non-green related disclosures of the
same type (i.e., earnings conference call or 8-K filing) by the same firm with the closest textual
similarity based on the non-emerging-policy parts (following Hoberg and Phillips, 2016; Lang and
Stice-Lawrence, 2015; and Brown and Tucker, 2011).%° Then we calculate a counterfactual
“market reaction” to the non-emerging-policy component of the focal disclosure as the average
market reactions of the matched non-emerging-technology-related disclosures. We use the
difference between the actual announcement return of the focal disclosure and its counterfactual
“market reaction” (i.e., the emerging-policy-related market reaction) to capture the market reaction
to the Al/green component of the focal disclosure. The identifying assumption here is that the
market reaction to the matched non-emerging-technology related disclosures by the same firm with
similar information content captures the unobservable component of the market reaction that
responds to the non-emerging-policy parts of the focal disclosure. As shown in Appendix Table
A2, Panels A and B, the independent variable of interest, EmergingF B, is the difference between
the focal firm’s actual market reaction (i.e., the five-day CAR) surrounding a given sample
disclosure and the average “counterfactual” market reaction to matched firms’ non-Al/green
investment related disclosures. As can be seen, we continue to find a significantly positive relation
between a firm’s Al/green investment and the emerging-policy-related market feedback,
suggesting that our results are unlikely driven by confounding information components in our
sample disclosures. In addition, in Appendix Table A2 Panels C and D, we find that there are no

significant Al/green investment adjustments surrounding the above matched non-emerging-

25 We require that a matched disclosure’s textual similarity to the focal one is at least 0.5. In untabulated analysis, we
verify that our results are robust to using 0.4 and 0.6 as alternative thresholds. The purpose of imposing this filter is
to make sure the identified matched disclosures are indeed similar enough to the focal one.
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technology-related disclosures. This further highlights the important role played by the emerging-

policy-related information contained in our sample disclosures.

3.2.3  An omitted variable explanation arising from non-disclosure based private signals
Another type of omitted variable concerns that there are private signals that both firm
managers and the market can obtain but are not related to corporate disclosures. An example is the
insights about the planned Al/green projects that firms consider to invest in. Better signals about
the projects’ prospects can trigger more favorable market reaction on the one hand and motivate
managers to further expand their investments in these projects on the other hand, leading to a
positive investment-price association. However, such a concern is again alleviated by the stronger
investment-price association when market reactions are negative shown in Section 3.2.1. The idea
is that rational managers would not voluntarily disclose bad news about their Al/green projects to
begin with and thus would avoid from disclosing any plans to cut down emerging-technology
investments. This is consistent with our manual reading of in-sample disclosures and find the
majority of corporate disclosures indicating an increase rather than a decrease in emerging
technology investment. That is, when omitted private signals indicate poor prospects about firms’
Al/green investment, which can trigger negative market reaction and motivate managers to reduce
such investments, managers probably would not disclose and discuss such plan in the first place.
The observation of almost half of Al/green investment-related disclosures followed by
negative market reactions despite the mentioning of increasing corresponding investment in
corporate disclosure suggests that in this subsample, firm managers and the market do not obtain
the same private signal of planned emerging technology projects, or at least they perceive the
signal differently. Furthermore, the stronger positive investment-price association as shown in the
column (3) of both panels of Table 3 suggests that our results are unlikely driven by this type of

omitted variables.
3.3 Cross-sectional tests based on market participants’ expertise and managerial incentives

To further tie to market feedback and explore the managerial learning channel for our

baseline results, we perform three cross-sectional tests.

3.3.1 Market participants’ expertise in emerging technologies
First, we exploit variation in outsiders’ knowledge in related emerging technologies. If the

positive association between emerging-technology investment adjustments and market reactions
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is indeed driven by managers learning from the market feedback, then the results should be more
pronounced when market participants (i.e., outside investors) possess more
information/knowledge about the emerging technologies and therefore can provide more insightful
and valuable feedback for managers regarding the related investment plans (Dye and Sridhar, 2002,
Chen et al., 2007, and Jayaraman and Wu, 2020).

To test this prediction, we examine one major type of market participants that can guide
managers in the realm of emerging technology investments: l