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Importance of Technology to Banking

 The banking industry has been one of the most technology-
intensive industries in the U.S.

 More recently, technologies have become a critical component in 
bank operation 
 E.g., annual reports of the listed commercial banks

 Fresh evidence: only 7% of banks consider technology is slightly 
important or not important, based on the 2018 CSBS National 
Survey
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The trend is based on the median spending and adjusted in 2017 dollars

Technology Spending Trend of U.S. Listed Commercial Banks
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Prior Research on Bank Technology – What We Know

 Berger (2003): the effects of technological progress on productivity 
growth at the industry level & the impact on market structure.

 DeYoung (2010) : large banks are quicker than smaller community 
banks to adopt new technologies, so bank size matters.

 Recent research focuses on the impacts of FinTech companies on 
banks (e.g., Philippon, 2016).

 There is limited research on benefits of technology capital to the 
net output of banks at the firm level.
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Prior Research on Bank Technology

 Another important issue is about the effect on bank employment.  

 A 2016 Citibank study: about 30% of banking jobs may be lost 
from 2015 to 2025.

 Martin-Oliver et al. (2008): an additional 1 million Euro IT 
investment in Spanish banks may replace 25 bank employees.

 However, Bessen (2015) shows use of ATMs do not eliminate 
bank teller jobs. 
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Broader Literature in Economics

 Technology investment can make labor redundant, impede 
employment through its displacement effect (e.g., Keynes, 
1930) . 

 Yet, others argue technology can enhance employment through 
its productivity effect. 

 Acemoglu and Restrepo (2018) suggest technology adoption can 
increase firm productivity and generate new tasks, so it can 
increase employment
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Motivation and Research Questions

Given the limited & mixed evidence, we examine two questions:  

1. Bright side question: does technology adoption increase the net 
output of banks at the firm level, if so, to which extent, given use of 
technology is costly? For banks with different size? Rural vs. Urban?

2. Dark-side question: does use of technology destroy banking jobs? 
Or, which effect plays a dominating role: the displacement effect or 
the productivity effect? If not, why?

These questions are important to community banks as they need to 
adapt, and remain competitive by adopting technology.
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Data Sources

 Technology spending data: S&P Global Market Intelligence
 US Listed Commercial banks from 2000-2017
 Reliable data on bank technology spending and bank M&A activities 
 It includes data processing, Internet banking, ATM expenses, 

technology advices, software, and cloud-based services, etc.
We construct the annual technology capital measures using two 

different methods

 Firm-level financial data: Compustat database
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Bank Production Function Estimation

Bank’s net output (𝑌𝑌𝑖𝑖,𝑡𝑡) is a function of its technology capital 
(𝑇𝑇𝑇𝑇𝑖𝑖,𝑡𝑡), conventional capital (𝐶𝐶𝑇𝑇𝑖𝑖,𝑡𝑡), and labor (𝐿𝐿𝑖𝑖,𝑡𝑡), in a Cobb-
Douglas form.

𝑦𝑦𝑖𝑖,𝑡𝑡 = 𝛽𝛽𝑡𝑡𝑘𝑘𝑡𝑡𝑘𝑘𝑖𝑖,𝑡𝑡 + 𝛽𝛽𝑐𝑐𝑘𝑘𝑐𝑐𝑘𝑘𝑖𝑖,𝑡𝑡 + 𝛽𝛽𝑙𝑙𝑙𝑙𝑖𝑖,𝑡𝑡 + 𝜐𝜐𝑖𝑖,𝑡𝑡

The variable of interest: 𝛽𝛽𝑡𝑡𝑘𝑘 , which measures the contribution 
of technology capital to the net output of banks.
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Bank 
Production Function 
Estimation Results 

 Technology capital makes an important contribution to bank productivity.

Models:
• OP = Olley And Pakes (1996)
• DPD = Dynamic Panel Data 
• FE = Fixed Effect
• OLS = Ordinary Least Squares
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Bank Production Function Results – Rural and Urban Banks

Technology investment benefits both rural and urban banks.
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Bank Production Function Results – Post Financial Crisis Period

Technology plays a more important role in bank productivity in recent years.
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Bank Technology and Employment 

1. Obtain Residual Technology Spending (or Employment) using observations 
in each year

𝐿𝐿𝐿𝐿𝑇𝑇𝐿𝐿𝑐𝑐𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1𝐹𝐹𝐿𝐿𝐹𝐹𝐹𝐹 𝐿𝐿𝐿𝐿𝑆𝑆𝐿𝐿𝑖𝑖 + 𝜀𝜀𝑖𝑖

 Need to control for firm size - the most important determinant

2. Regress Residual Employment on Residual Technology Spending

𝑅𝑅𝐿𝐿𝑅𝑅𝑅𝑅𝐹𝐹𝐿𝐿𝑙𝑙𝑅𝑅𝑦𝑦𝐹𝐹𝐿𝐿𝐿𝐿𝑡𝑡𝑖𝑖,𝑡𝑡
= 𝛽𝛽0 + 𝛽𝛽1𝑅𝑅𝐿𝐿𝑅𝑅𝑇𝑇𝐿𝐿𝑐𝑐𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖,𝑡𝑡−1 + 𝛽𝛽2𝑀𝑀𝑇𝑇𝑀𝑀𝑖𝑖,𝑡𝑡−1 + 𝛽𝛽3𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐹𝐹𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖,𝑡𝑡−1 + 𝛽𝛽4𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡−1
+ 𝛽𝛽5𝑁𝑁𝑅𝑅𝐿𝐿𝑁𝑁𝐿𝐿𝑡𝑡𝑁𝑁𝐿𝐿𝑐𝑐𝑅𝑅𝐹𝐹𝐿𝐿𝑖𝑖,𝑡𝑡−1 + 𝛽𝛽6𝑇𝑇𝐿𝐿𝐿𝐿𝐹𝐹𝑇𝐶𝐶𝐿𝐿𝐿𝐿𝐿𝐿𝑡𝑡𝐿𝐿𝑙𝑙 𝑅𝑅𝐿𝐿𝑡𝑡𝐿𝐿𝑅𝑅𝑖𝑖,𝑡𝑡−1 + 𝜂𝜂𝑖𝑖 + 𝛼𝛼𝑡𝑡 + 𝜀𝜀 𝑖𝑖,𝑡𝑡
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Bank Technology 
and Employment

.

Banks investing more 
in technology have 
higher employment 
growth

Controlling for firm size, 
growth strategy, financing, 
performance, fee income ratio, 
and financial strength.
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Technology and 
Tasks

.

Bank tasks are 
positively associated 
with the lagged 
technology spending

It shows technology 
helps banks expand 
their business.
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Technology, Employment & Tasks – Rural and Urban Banks
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Robustness Checks: The Main Results Still Hold

 Use data from banks that are not involved with mergers and 
acquisitions activities (Non-M&A banks) 

 Too-Big-To-Fail (TBTF) banks are excluded from the sample, 
size effect

 Banks recorded technology and communication expense in 
each year during 2000-2017

 Total income (net-interest income plus non-interest income) 
of banks as net output
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Conclusions
 Technology capital contributes to the net output of banks based on a 

firm-level production function estimation, for rural and urban banks. 

 A strong cross-sectional relation between bank employment/tasks 
and bank technology spending.

 These findings have potential policy implications:

 Even if technologies are expensive, banks of all size and rural & 
urban banks should embrace technology, be adaptive as 
technology became more important after the financial crisis

 Use of technology may not destroy bank employment as it can 
create new tasks
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