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Our Focus in this Study – AI Innovations in Firms
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• AI adoption is rising across firms and organizations

• Practitioners and scholars argue that there are large potential 
benefits of AI technologies across a wide spectrum of the economy

• Firms can adopt AI technologies in many ways:

• Investing in AI software and human capital

• Acquiring AI start-ups

• Collaborating with third-parties

• Our focus in this study is the invention of AI technologies through 
a study of AI patenting activity



Why study AI Innovations?
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• AI are an increasingly important driver of research and innovation

• Growing number of academic research on AI

• Rise of AI-powered products and services

• An opportunity to study the innovation trajectory of general-
purpose technologies

• A special class of technologies as these technologies are “engines” 
of economic growth (Bresnahan and Trajtenberg 1995) 

• E.g. steam engines, electricity, computers



AI Innovations Over Time (Figure 1)
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AI patenting activity 
has increased to 
32% of all patenting 
activity



AI as a General-Purpose Technology

5

• Recent research argues that AI is a general-purpose technology 
(Brynjolffson et al, 2017; Goldfarb et al, 2021).

• General purpose technologies exhibit several distinctive 
properties (Bresnahan, 2010):

• (1) Wide-use, (2) enables innovation in application sectors and (3) 
capable of ongoing technical improvement

• Large potential benefits in technologies that gradually unfolds

• Wide spillovers in inventions across GPT and application sectors

• Development of AI in application sectors (non-IT industries) is 
particularly interesting as these sectors:

• Less expertise in the core technology

• But are more knowledgeable about local industry dynamics – 
customer tastes, business processes – in applying new tech



Wide Spillovers Across Industries (Figure 2)
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Consistent with the core 
AI technologies 
enabling invention in 
application sectors, we 
see growth in AI 
invention in the non-IT 
industries



Broad Use Cases for AI Technologies
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Research Questions
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Who develops AI 
innovations in non-

IT Firms?

What is the value of 
AI Innovations in 

non-IT Firms?

What drives the 
value of AI 

Innovations in non-
IT firms?

One of the features of AI is its broad use – that is these technologies are 
widely applied in many applications outside of its core IT/software sector.

To investigate the development of applications of AI – our study examines 
three research questions that aim to shed light on the development of AI 

innovations in non-IT industries (or application sectors of AI)



AI Patent Dataset (AIPD)
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• A machine-learning derived categorization of AI patents

• Developed by Giczy et al (2021) at the USPTO

• Encompassing US patents from 1976 to 2023

• Spanning a broad spectrum of AI fields, including:

o Machine Learning
o Natural Language Processing
o Computer Vision 
o Speech Technology 
o AI Knowledge Processing 
o AI Hardware 
o Evolutionary Computation
o AI Planning and Control Systems



AI Patent Dataset (AIPD)
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Source: Giczy et al (2021)

Training sets 
developed 
from seed 

search queries

Reduce text 
dimensionality with 

word2vec
and training neural net 

model with text and 
citation inputs 

Labelling output 
validated by patent 
examiners at the 

USPTO



Example AI Patents (non-IT Industry)
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• An Example AI Patent from non-IT firms: An application of computer vision
algorithms in monitoring plant growth



Who develops AI Technologies in Non-IT Industries? 
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• Prior work argues that the superstar effect arises due to 
complementary technology development (Autor et al, 2017)

• This benefits firms that are the first to innovate and can accumulate 
innovations and skills

• GPTs require complementary investments to generate value; these 
technologies are likely to generate superstar firms

• Prior work shows that a few superstar firms have accumulated 
technical knowledge and organizational capital in digital technologies 
(Tambe et al, 2021)

H1a: Existing knowledge in AI technologies is positively 
related to future AI innovation. 



Extensive and Intensive Margin of AI patenting Activity (Figure 3)
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Rising concentration in AI patenting activity – suggestive that 
prior AI knowledge facilitates future AI innovation



Who Initially Engages in AI Innovations? 
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• Prior research suggests that local complementary knowledge is also 
important in developing applications of GPTs (Conti et al, 2019)

• Prior knowledge in non-AI technologies could complement the 
development of AI innovations as well. 

• On the other hand, others argue that firms with a large stock of 
existing knowledge are less likely to develop technologies in new 
areas (Christensen, 1997; Henderson and Clark, 1990)

• Incumbents tend to lack the right incentives to engage in innovation in 
new technological areas 

• The rigidness in the innovation architecture limits the incumbent’s 
ability to re-orient the R&D processes to research different 
technological areas 

H1b: Existing knowledge in non-AI technologies is not 
related to future AI innovation. 



Determinants of First AI innovation (Table 3)

15

10% increase 
in prior 
software 
patenting 
activity 
associated with 
0.9% increase 
in probability of 
initiating AI 
patenting

10% increase 
in prior non-AI 
patenting 
activity 
associated with 
0.4% increase 
in probability of 
initiating AI 
patenting



Are AI Innovations Worth More?
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• Prior work argues that innovations are valuable (Kogan et al, 2017)

• We examine whether AI innovations are more or less valuable 
compared to non-AI innovations.

• Scholars argue that AI is likely to lead to large productivity benefits:

• New products and services

• Positive feedback loop in innovation

• On the other hand, there are frictions in AI development

• Tends to be long development lags, leading to limited near-term 
productivity gains (Brynjolfsson et al, 2019)

• Creates uncertainty in the assessment of AI’s value

H2: The value of AI innovations is no different from the 
value of non-AI innovations.



Market Value of AI Patents (Table 4)
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To test the valuation question – we regress the value of patents (Kogan et al, 2017) 
on an indicator for AI patents with various controls and fixed effects structures.



Return Performance of AI innovation
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• As AI innovation is an uncertain process, there is some likelihood 
that the value of these innovations are not fully priced by investors

• Thus we study whether portfolios formed on AI patenting activity 
predict returns

• We form an “AI portfolio” of firms in the top median of innovation 
activity and top median of AI patenting activity at the end of June 
each year, and hold the portfolio over the following year

• We perform return prediction tests:

• Monthly calendar portfolio alphas

• Panel regressions of monthly returns



Return Performance of AI Portfolio (Panel A, Table 5)
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We perform calendar portfolio tests on the AI portfolio average with equal weights and 
value-weights. We use the Fama-French 5 factor risk factors, as well as momentum, 
and mispricing factors in Stambaugh an Yuan (2017) in the risk model



Return Performance of AI Portfolio (Panel B, Table 5)
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We further show that the portfolio of firms with above median innovation intensity, 
but below median AI innovation exhibits no statistically significant alphas



Return Performance of AI Portfolio (Table 6)
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We further test 
robustness of the 
returns result by 
turning to panel 
regressions with 
raw returns as the 
dependent 
variable, and 
control variables 
in Hirshleifer et al 
(2017)

We find that the 
AI portfolio yields 
an excess 
monthly return of 
32 basis points.

But overall 
patenting activity 
does not predict 
returns



Why Are AI Innovations Valuable?
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• We argue that there are two sources of value:

(1) High innovation spillovers
(2) Competitive advantages that are conferred from investment in 
AI

• Spillover Benefits of AI Innovations :

(1) AI technologies developed in non-IT firms benefit from 
technical improvements in the core technologies from the IT 
sector that spillover into the non-IT sectors 

(2) Patents that are more highly cited in the future, also tend to 
exhibit a higher market valuation (Hall et al, 2005). Thus, the 
potential for greater follow-on innovation could be another channel 
that explains the value of AI innovations 

H3a: The value of AI innovations increases after the 
introduction of breakthrough AI technologies. 

H3b: AI innovations spur more future innovations compared 
to non-AI innovations. 



Impact of Breakthrough AI Tech on non-IT AI Innovations

23

• We rely on the AlexNet setting

• A core algorithm that revolutionized the field of deep learning 
(LeCun et al, 2015)

• Introduced in the ImageNet competition on image recognition with 
substantial accuracy outperformance relative to other algorithms

• Widely publicized by the press

• We study the influence on this breakthrough algorithm on the 
value of AI innovations using a difference-in-difference design

• Treatment firms – firms with high AI suitability (using aggregated 
firm-level exposures from Felten et al, 2021)

• Post – 2012, the year when AlexNet was first introduced in the 
ImageNet competition



AlexNet and Value of AI Innovations (Table 7) 
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We find a 32 – 37% increase in the value of AI patents in high AI exposed 
firms after AlexNet – suggesting that breakthrough AI algorithms is an 

important factor of the value of AI innovations in non-IT firms



AlexNet and Value of AI Innovations (Figure 4) 
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Limited pre-trend and consistent post-trend effects



AI Patents and Forward Citations (Panel A, Table 8)

26

We find that the AI patents are associated with 22% more citations



AI Patents and Forward Citations (Panel B, Table 8)
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And AI patents are also associated with 27% more citations in the same 
patent technology group – suggesting that these patents are highly influential



Forward Citations in AI Patents and Market Value (Panel A, Table 9)
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Moreover, the number of forward citation in AI patents are also associated 
with higher patent values – suggesting that the extent of forward citation is 
a channel for AI patents’ market value.



AI Innovations and Competitive Advantage
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• AI innovations can confer important competitive advantages 
for AI-innovators, which should be priced by investors:

(1) AI technologies can enhance firm productivity, which would in 
turn improve the competitive position of firms. 

(2) AI technologies could also be integrated with existing products 
and services, to create new product offerings 

H4: Firms that invest in AI innovations improve their 
competitive position relative to peers. 



AI Innovations and Return on Sales (Panel A, Table 10)
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We find that the sum of the value of granted AI patents are associated 
with increases in future one-to-two-year ahead return-on-sales 



AI Innovations and Gross Margins (Panel B, Table 10)
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We find that the sum of the value of granted AI patents are associated 
with increases in future one-to-three-year ahead gross margins



AI Innovations and Market Share (Panel C, Table 10)
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We find that the sum of the value of granted AI patents are associated with 
increases in future one-to-three-year ahead sales-based market share



Key Take-aways

• Who Develops AI Innovations?

• The prior stock of non-AI patents and software patents are positively associated 
with the incident of the first AI patenting activity (complementary knowledge)

• Value of AI Innovations

• AI patents are 6% more valuable then non-AI patents

• Advances in IT sector (AlexNet) spills over to the non-IT sector – increasing the 
value of AI patents in high AI suitability non-IT firms

• Forward citations are 26% higher in AI patents, and these patents are also linked 
with higher gross margins and market share
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Potential Contributions

• Valuation of innovation: We contribute to this literature (e.g. Gao et al,  
2013, Hirshleifer et al, 2013; Kogan et al, 2017; Fitzgerald et al, 2020) by 
identifying a group of innovations that are particularly valuable to investors in 
recent data.

• Value implications of digital and AI technologies for non-IT firms : Our 
findings add to this literature (Chen and Srinivasan, 2024; Babina et al, 2024) 
by focusing on a specific dimension of AI investment - AI innovations, and we 
show that these investments are associated with improvements in the 
competition position of firms, and are also highly valued by investors. 

• Determinants of AI Innovation in non-IT Firms: whether non-IT firms 
develop in-house AI technologies is an empirical question due to the 
accumulated expertise required for developing AI (Tambe et al, 2020) and the 
complementary benefits of local industry knowledge on developing 
applications (Conti et al, 2019). We speak to this question by demonstrating 
substantial AI innovation investment in non-IT firms, and shedding light on 
the non-IT firms that engage in this activity.
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THANK YOU!
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Sample Composition (Table IA1)
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Market Valuation of AI Innovations Within Firm (Table IA5)
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AI Innovations and Sales-to-Employees (Table IA6, Panel B)
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AI Innovations and Market Concentration (Table IA7, Panel B)
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