
Internet Appendix

IA.1



IA1 Validation of the FinTech Score

IA1.1 Random Forest Model

In this section, we utilize classification algorithms in Machine Learning (ML) to val-
idate the FinTech score calculated based on the two-stage algorithm. Unlike the
two-stage algorithm, an ML algorithm is not susceptible to empirical difficulties caused
by large numbers of independent observables. Neither does it impose a structural
assumption about the relation between the dependent variable (i.e., the FINTECH
dummy) and the independent variables. Rather, an ML algorithm can extract the
target-oriented features embedded in a large set of observables through a nonlinear
learning process. However, we should note several drawbacks of ML. It is challenging
to determine which characteristics are most important in determining a bank’s Fin-
Tech exposure. Furthermore, we lose most of the data in the training stage, which
can substantially impact the analysis of operational efficiency. Given these consider-
able disadvantages, we consider ML an auxiliary method to validate the FinTech score
estimated from the two-stage algorithm.

We focus on the Random Forest model, the most widely used classifier in ML.
The Random Forest model can be understood as a collection of many random trees.
Specifically, we randomly divide banks in our sample into a training sample and a test
sample, with the former accounting for 75% of the banks and the latter consisting of
the remaining 25%.1 For each firm-quarter observation in the test sample, we calculate
the probability of its involvement in FinTech operations, denoted ML-RF. We should
note that, in contrast to a probability in the traditional sense, a probability given by
the Random Forest model is an out-of-bag estimate. That is, it is defined as the pro-
portion of the trees that vote for each class (i.e., the FINTECH dummy equal to either
one or zero). If no tree shows that a bank is engaged in FinTech operations, then the
probability is zero. Conversely, if every tree points to the bank’s involvement in Fin-
Tech operations, then the probability is one. As such, a bank’s FinTech score increases
with the proportion of the trees pointing to its engagement in FinTech operations.

We examine whether the FinTech scores generated by the Random Forest model
yield results consistent with those calculated using the two-stage algorithm. We com-
pare the balance sheet attributes for the group of banks with a positive ML-RF as
distinguished from those with a zero ML-RF. Table IA7 of the Internet Appendix
shows that positive ML-RF banks have more broker-like activities (e.g., non-interest
income, trading assets, securitization, brokered deposits) than banks with zero ML-RF
(who dominate dealer-type activities such as small business lending and core deposits).
Thus, the FinTech score independently estimated using a Random Forest approach
displays the same distinctions between broker and dealer operations as those found
using the FinTech scores obtained from the two-stage algorithm.

1To avoid data snooping, we use the hyperparameters provided by the algorithm package in Python.
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IA1.2 K-means Clustering

In this section, we employ an unsupervised clustering algorithm as another valida-
tion of our FinTech score. In unsupervised learning, the algorithms are not provided
with any pre-assigned labels or scores for the training data. Therefore, this analysis
clusters using our 85 financial variables and accounting ratios, excluding our FinTech
score dummy variable. Among alternative clustering algorithms, we utilize K-means
clustering as this model is scalable to large sample sizes. In K-means clustering, each
cluster is defined by creating a centroid for each cluster. The centroids capture the
closest points and add them to the cluster using an iterative clustering algorithm. The
K-means algorithm aims to select centroids that minimize the within-cluster sum-of-
squares criterion, also known as inertia, by utilizing the distances between data points.
The output of the algorithm is a group of labels.

While unsupervised ML models help identify various structures or patterns in a
collection of uncategorized data without supervision, their biggest drawback is that we
cannot obtain precise information regarding data sorting. This suggests that clusters
are not information. Due to this limitation, we restrict the number of clusters that the
algorithm can identify to two. This allows us to compare the Call Report variables of
banks clustered into two groups (a cluster of zeros and a cluster of ones).

We denote the FinTech score obtained using the K-means algorithm as ML-UN.
Following the analysis presented in Panel A of Table 2, we provide results using ML-UN
in Table IA8 of the Internet Appendix. In particular, we performed univariate analysis
using quarterly observations in clusters of ones and zeros as defined by the K-means
algorithm. We then compare the characteristics of these two bank clusters. The results
are highly consistent with those of the FinTech score estimated from the two-stage
algorithm presented in Table 2, Panel A, and the Random Forest model in Table IA7
of the Internet Appendix. For example, banks with higher ML-UN have significantly
higher FinTech scores estimated from the baseline model, higher proportions of non-
interest income, trading assets and brokered deposits, and lower proportions of small
business loans and core deposits. Thus, the results of the K-means algorithm also
provide methodological validation for the baseline algorithm.

IA1.3 Textual Analysis of SEC Filings

Banks may identify themselves as having FinTech operations in their public disclosure.
We utilize a list of FinTech-related keywords based on the classifications of FinTech
activities by Chen et al. (2019), and perform a textual analysis of traditional bank SEC
filings (10-Q, 10-K, etc.) to detect each bank’s self-identified integration with FinTech
operations.2 The number of keywords found in bank disclosures ranges between 0 and
306, with a mean of 1.42 and a standard deviation of 4.39. The keyword search results
are skewed, as demonstrated by the sample median of 0.

2Since our keyword search relies on Edgar’s SEC filings, we were limited to publicly traded banks to
perform the validation exercise described in this subsection. If financial reports for publicly traded bank
holding companies were not available on Edgar, we downloaded them manually using S&P’s Capital IQ.
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Table IA9 of the Internet Appendix presents the quarterly univariate characteris-
tics of banks with FinTech-related keywords in their SEC filings, compared to those
without such keywords. The results are highly consistent with those of the FinTech
score estimated from the two-stage algorithm, the Random Forest model, and the K-
means algorithm. As an independent validation of the approach, the keyword search
results indicate that banks that self-identify as FinTech have higher FinTech scores
and more broker-like activities compared to the on-balance sheet activities of dealer
banks with lower FinTech scores.
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Fig. IA1. The Evolution of the FinTech Score by Size Group. This figure shows the evolution of the
FinTech Score by asset size group. In each quarter, banks are divided into four size groups: total domestic
assets below $100 million (Size Group 1), between $100 million and $1 billion (Size Group 2), between $1
billion and $10 billion (Size Group 3), and higher than $10 billion (Size Group 4).
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Table IA3. Probit Estimation of the FinTech Score. This table presents the results of the quarterly
probit regressions of the FINTECH dummy on the first 16 principal components estimated from the princi-
pal component analysis. The FINTECH dummy equals one starting from the quarter when a bank started
its first FinTech integration, and zero before. Given space constraints, only the coefficients for the first
principal component are reported. The complete regression results are available upon request. t-stats are
in parentheses.

FINTECH

2001Q2 2001Q3 2001Q4 2002Q1 2002Q2 2002Q3 2002Q4 2003Q1 2003Q2

Prin1 0.089 0.105* 0.047 0.105** 0.132*** 0.121*** 0.145*** 0.174*** 0.156***

(1.63) (1.89) (0.80) (2.05) (2.85) (2.94) (2.91) (3.86) (3.42)

Obs. 8,685 8,654 8,589 8,511 8,469 8,430 8,377 8,351 8,319

Pesudo R2 0.067 0.083 0.083 0.112 0.118 0.109 0.142 0.148 0.122

FINTECH

2003Q3 2003Q4 2004Q1 2004Q2 2004Q3 2004Q4 2005Q1 2005Q2 2005Q3

Prin1 0.139*** 0.167*** 0.133*** 0.134*** 0.077 0.170*** 0.169*** 0.165*** 0.129***

(2.90) (3.72) (2.62) (2.67) (1.27) (4.26) (3.46) (3.40) (2.85)

Obs. 8,298 8,248 8,190 8,164 8,122 8,087 8,048 7,995 7,987

Pesudo R2 0.113 0.118 0.121 0.130 0.117 0.131 0.123 0.191 0.125

FINTECH

2005Q4 2006Q1 2006Q2 2006Q3 2006Q4 2007Q1 2007Q2 2007Q3 2007Q4

Prin1 0.184*** 0.149*** 0.149*** 0.122** 0.138*** 0.130*** 0.134*** 0.123*** 0.129***

(3.89) (3.14) (3.43) (2.53) (2.94) (3.00) (2.97) (2.77) (3.01)

Obs. 7,967 7,931 7,919 7,887 7,833 7,812 7,778 7,728 7,706

Pesudo R2 0.107 0.109 0.075 0.096 0.141 0.095 0.102 0.068 0.074

FINTECH

2008Q1 2008Q2 2008Q3 2008Q4 2009Q1 2009Q2 2009Q3 2009Q4 2010Q1

Prin1 0.098** 0.150*** 0.137*** 0.116*** 0.122*** 0.149*** 0.136*** 0.145*** 0.098***

(2.12) (3.54) (3.30) (3.27) (3.49) (4.37) (3.82) (4.49) (2.85)

Obs. 7,659 7,622 7,564 7,495 7,448 7,403 7,319 7,247 7,177

Pesudo R2 0.097 0.069 0.069 0.051 0.052 0.050 0.069 0.046 0.050

FINTECH

2010Q2 2010Q3 2010Q4 2011Q1 2011Q2 2011Q3 2011Q4 2012Q1 2012Q2

Prin1 0.129*** 0.121*** 0.115*** 0.130*** 0.128*** 0.132*** 0.149*** 0.141*** 0.131***

(3.89) (3.68) (3.56) (3.88) (3.99) (4.16) (4.86) (4.77) (4.49)

Obs. 7,078 7,020 6,927 6,851 6,804 6,748 6,719 7,308 7,245

Pesudo R2 0.057 0.054 0.047 0.062 0.047 0.046 0.047 0.037 0.031

Continued on next page

*, **, and *** representing 10%, 5%, and 1% respectively.
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Continued

FINTECH

2012Q3 2012Q4 2013Q1 2013Q2 2013Q3 2013Q4 2014Q1 2014Q2 2014Q3

Prin1 0.131*** 0.146*** 0.142*** 0.114*** 0.118*** 0.110*** 0.090*** 0.118*** 0.128***

(4.60) (4.62) (4.68) (3.63) (3.91) (3.57) (2.91) (3.90) (4.78)

Obs. 7,180 6,981 6,924 6,845 6,795 6,718 6,639 6,568 6,590

Pesudo R2 0.038 0.028 0.032 0.031 0.029 0.032 0.031 0.031 0.027

FINTECH

2014Q4 2015Q1 2015Q2 2015Q3 2015Q4 2016Q1 2016Q2 2016Q3 2016Q4

Prin1 0.141*** 0.131*** 0.125*** 0.102*** 0.105*** 0.089*** 0.088*** 0.105*** 0.102***

(4.88) (4.62) (4.44) (3.96) (3.94) (3.40) (3.68) (4.25) (4.19)

Obs. 6,422 6,337 6,265 6,188 6,101 6,049 6,058 5,905 5,837

Pesudo R2 0.035 0.035 0.042 0.021 0.030 0.026 0.021 0.021 0.024

FINTECH

2017Q1 2017Q2 2017Q3 2017Q4 2018Q1 2018Q2 2018Q3 2018Q4 2019Q1

Prin1 0.114*** 0.107*** 0.100*** 0.105*** 0.114*** 0.113*** 0.115*** 0.114*** 0.110***

(4.90) (4.68) (4.42) (4.83) (5.12) (5.07) (5.30) (5.27) (5.01)

Obs. 5,785 5,719 5,668 5,602 5,538 5,467 5,402 5,330 5,287

Pesudo R2 0.021 0.021 0.024 0.020 0.022 0.019 0.017 0.018 0.019

FINTECH

2019Q2 2019Q3 2019Q4 2020Q1 2020Q2 2020Q3 2020Q4 2021Q1 2021Q2

Prin1 0.118*** 0.103*** 0.127*** 0.128*** 0.096*** 0.104*** 0.104*** 0.114*** 0.126***

(5.41) (4.72) (5.87) (5.90) (4.55) (4.92) (4.96) (5.46) (6.13)

Obs. 5,231 5,184 5,105 5,035 4,988 4,955 4,924 4,899 4,872

Pesudo R2 0.017 0.015 0.019 0.022 0.015 0.015 0.015 0.022 0.015

*, **, and *** representing 10%, 5%, and 1% respectively.
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Table IA4. FinTech Score and Bank Efficiency: Correlation Matrix. This table shows the corre-
lation matrix for FINTECH SCORE (quarterly), FINTECH SCORE (pooled) and operational efficiency
measures. The sample spans the period from Q2 2001 to Q2 2021. The observations are at the bank-quarter
level. FINTECH SCORE (quarterly) is a bank’s FinTech score derived using quarterly probit estimation
in the second step. FINTECH SCORE (pooled) is a bank’s FinTech score derived using pooled probit
estimation in the second step. DEA EFF is the bank’s operational efficiency calculated using the Data
Envelopment Analysis. SFA EFF is the bank’s operational efficiency estimated using the Stochastic Output
Distance Function.

SFA EFF DEA EFF FINTECH SCORE (quarterly)

DEA EFF 0.219***

FINTECH SCORE (quarterly) 0.166*** 0.187***

FINTECH SCORE (pooled) 0.168*** 0.186*** 0.973***

*, **, and *** representing 10%, 5%, and 1% respectively.
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Table IA5. List of Banks with Highest Fintech Scores. This table presents the list of banks with
the highest average FinTech scores during the sample period, including examples of their selected FinTech
activities.

Bank Name Avg.
FinTech
Score

Selective FinTech Activities

FIRST NB 0.61

eStore platform named Best Digital Initiative Nationally
Among the first banks nationwide to integrate Zelle’s real-time P2P
transfers
CardGuard debit-card security controls
“Clicks-to-Bricks” omnichannel strategy
Partnered with Fiserv to develop and enhance digital banking
platform

BANKERS BK OF THE WEST 0.52
“Easier Instant Payments” advisory and funding-agent services
RTP Network funding-agent partnership
FedNow & RTP Settlement Solutions

WELLS FARGO FNCL BK 0.45

Collaboration with TradeSun to integrate AI into trade finance
operations
Partnership with Google Cloud to offer a virtual assistant
Partnered with Q2 Holdings to develop new commercial banking
platform
Startup Accelerator: added Ascent RegTech & Motiv (AI/IoT)
Startup Accelerator: added Extend & Oliver (digital payments/le-
gal innovation)

PITNEY BOWES BK 0.42 Modernized online banking platform and mobile solutions

COMENITY CAPITAL BANK 0.42
EasyPay for bill payments without requiring a login
Mobile and web channels as primary delivery
Buy now pay later

HATCH BK 0.39
Initial rollout of Hatch Business Checking accounts
Virtual debit cards, ACH, bill pay, and digital-check capabilities
via Hatch’s web & mobile dashboard

MAPLEMARK BK 0.39

First U.S. bank to integrate term-deposit technology via Raisin’s
SaaS
Partnership with Raisin, a Berlin-based deposit marketplace, to
launch customizable CDs in the U.S.
Modern online banking navigation

FARM BUREAU BK FSB 0.38

Collaboration with Funding Circle to boost small business lending
Partnership with FinTech lender StreeShares
Utilizing Finastra’s Fusion Phoenix core banking system to opti-
mize innovation and growth strategies

LEAD BK 0.35

Implemented cloud-based API platform with Slalom
Collaboration with Finzly and PointChain for BaaS
Powering money movement, loans, and payments for FinTechs and
crypto startups (e.g., Affirm)
Partnership with Ramp for BaaS
Flex loan accounts transferred to Lead Bank
Featured on Forbes Fintech 50 and GGV Capital’s Embedded
Fintechs 50 for BaaS innovation

UNIVERSITY BK 0.34

Participating Zelle partner
Partnered with ZSuite Tech to streamline commercial lending
processes
Selected as a top performer in bank transformation by Cornerstone
Advisors

MINNESOTA B&T 0.32
Digital wallet integration, biometric security, and tokenization
Part of the Minnesota Technology Network, a platform for technol-
ogy professionals
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Table IA6. FinTech Score Variance Decomposition. This table examines how bank FIN-
TECH SCORE is explained by time fixed effects, bank fixed effects, and bank size. Observations are at
the bank-quarter level. ln(ASSETS) is the natural logarithm of bank total assets.

FINTECH SCORE

(1) (2) (3) (4) (5)

Year-quarter FE + + + +

Bank FE + + +

ln(ASSETS) + +

Observations 561,112 561,028 561,028 561,112 561,028

Adjusted R2 0.879 0.135 0.912 0.883 0.914
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Table IA10. Univariate Analysis of Survivorship Bias. This table presents the comparison of FIN-
TECH SCORE between the top and bottom quartiles of operational efficiency measures for banks that
survived throughout the sample period (81 quarters). The sample spans the period from Q2 2001 to Q2
2021. The observations are at the bank-quarter level. FINTECH SCORE is a bank’s FinTech Score derived
using the two-step non-linear estimation methodology. DEA EFF is the bank’s operational efficiency calcu-
lated using the Data Envelopment Analysis. SFA EFF is the bank’s operational efficiency estimated using
the Stochastic Output Distance Function.

DEA EFF 1st Quartile DEA EFF 4th Quartile Q4-Q1 t-stat

Variable Obs. Mean Obs. Mean

FINTECH SCORE 79,705 0.040 79,706 0.031 0.009*** 41

SFA EFF 1st Quartile SFA EFF 4th Quartile Q4-Q1 t-stat

Variable Obs. Mean Obs. Mean

FINTECH SCORE 79,136 0.038 79,383 0.032 0.007*** 31.35

*, **, and *** representing 10%, 5%, and 1% respectively.
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Table IA11. Regressions of Survivorship Bias. This table presents the results of a balanced analysis of
bank operational efficiency for banks that survive throughout the entire sample period (81 quarters). The
period of the analysis is from Q2 2001 to Q2 2021. The observations are at the bank-quarter level. DEA EFF
is the bank’s operational efficiency calculated using the Data Envelopment Analysis. SFA EFF is the bank’s
operational efficiency estimated using the Stochastic Output Distance Function. FINTECH SCORE is a
bank’s FinTech Score derived using the two-step non-linear estimation methodology. ln(ASSETS) is the
natural logarithm of total assets. CAPITAL is the ratio of book equity to total assets. ASSET QUALITY
is the ratio of non-current loans and leases that are past due for at least ninety days to total assets.
MGMT QUALITY is the ratio of overhead expenses to total assets. EARNINGS is the ratio of net income
to total assets. LIQUIDITY is the ratio of cash to total assets. SENSITIVITY is the ratio of the absolute
difference between short-term assets and short-term liabilities to total assets. HHI is the weighted-average
Herfindahl-Hirschman Index of deposit market across the bank’s markets, where the weight is the bank’s
share of deposits in each county where the bank has branches. All independent variables are lagged by one
quarter. Standard errors are clustered at the bank level, and t-stats are shown in parentheses.

DEA EFF SFA EFF

(1) (2) (3) (4) (5) (6)

OLS Fractional Fixed OLS Fractional Fixed

Response Effects Response Effects

FINTECH SCORE 3.788*** 3.807*** 3.223*** 0.492*** 0.678*** 0.236***

(24.45) (22.99) (24.13) (10.58) (12.94) (7.43)

ln(ASSETS) 0.170*** 0.182*** 0.922*** 0.175*** 0.134*** 0.096***

(7.64) (7.62) (23.04) (17.66) (12.85) (5.88)

ln(ASSETS)2 -0.006*** -0.007*** -0.038*** -0.006*** -0.004*** -0.002***

(6.91) (6.96) (22.51) (14.56) (9.58) (3.52)

CAPITAL 0.225*** 0.233*** 0.164** -0.062 -0.063 0.114**

(3.75) (3.63) (2.31) (1.54) (1.44) (2.10)

ASSET QUALITY 0.173 0.202 -0.253** -1.219*** -0.984*** -1.682***

(1.12) (1.28) (2.09) (14.39) (13.61) (23.04)

MGMT QUALITY -0.478 -0.456 -0.166 0.943 1.502* 1.211***

(0.94) (0.83) (0.56) (1.61) (1.80) (3.12)

EARNING 1.708*** 1.786*** 0.774*** 8.597*** 8.593*** 6.641***

(5.93) (5.92) (3.49) (30.05) (22.90) (33.90)

LIQUIDITY -0.388*** -0.409*** -0.327*** -0.133*** -0.116*** -0.136***

(20.38) (19.49) (19.59) (11.92) (11.76) (13.67)

SENSITIVITY -0.107*** -0.107*** -0.071*** -0.019*** -0.022*** -0.029***

(7.89) (7.83) (5.57) (2.80) (3.12) (5.62)

HHI -0.065*** -0.066*** 0.048* 0.053*** 0.048*** -0.004

(4.62) (4.58) (1.70) (8.24) (7.67) (0.35)

Bank FE - - + - - +

Year-quarter FE + + + + + +

Observations 314,865 314,865 314,865 313,503 313,503 313,503

Adjusted R2 0.20 . 0.22 0.47 . 0.41

*, **, and *** representing 10%, 5%, and 1% respectively.
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Table IA13. The Specialness of FinTech: The Role of FinTech Beyond Other Factors of Pro-
ductivity. This table examines the relation between operational efficiency and the FinTech score after
controlling for the effect of other productivity factors, including labor, capital, and land. SALARY is
the salaries of employee benefits scaled by the income before income taxes and discontinued operations.
FIXED EXP is the expenses of premises and fixed assets (net of rental income) scaled by income before
income taxes and discontinued operations. We include the squares of SALARY and FIXED EXP to allow
a non-linear relation between these factors of productivity and operational efficiency. We include the inter-
action between SALARY and FIXED EXP to allow a translog production function. All other variables
are defined in Appendix Table 10. Standard errors are clustered at the bank level, and t-stats are shown in
parentheses.

Dependent Variable: DEA EFF SFA EFF

OLS Fractional Fixed OLS Fractional Fixed

Response Effects Response Effects

(1) (2) (3) (4) (5) (6)

FINTECH SCORE 3.367*** 3.477*** 2.946*** 0.489*** 0.635*** 0.311***

(33.23) (30.57) (32.02) (13.96) (15.10) (13.28)

SALARY -0.018*** -0.019*** -0.015*** -0.047*** -0.041*** -0.033***

(-8.56) (-8.50) (-9.63) (-46.12) (-45.35) (-41.23)

SALARY2 0.001*** 0.001*** 0.001*** 0.002*** 0.002*** 0.001***

(5.48) (5.06) (8.36) (26.75) (26.57) (25.62)

FIXED EXP 0.029*** 0.031*** 0.036*** 0.084*** 0.075*** 0.028***

(3.65) (3.74) (5.79) (22.70) (23.29) (9.61)

FIXED EXP2 -0.002 -0.003 -0.001 -0.002** -0.002** 0.005***

(-1.38) (-1.64) (-0.92) (-2.35) (-2.17) (6.55)

SALARY × FIXED EXP -0.000 0.000 -0.001*** -0.003*** -0.003*** -0.003***

(-0.17) (0.19) (-3.14) (-6.51) (-7.10) (-9.48)

Other Controls + + + + + +

Bank FE - - + - - +

Year-quarter FE + + + + + +

Observations 494,399 494,399 494,399 494,874 494,874 494,874

Adjusted R2 0.208 0.200 0.476 0.414

*, **, and *** representing 10%, 5%, and 1% respectively.
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Table IA14. FinTech Score and Operational Efficiency: Propensity Score Matching. This table
compares the operational efficiency of banks with and without FinTech activities using propensity score
matching. DEA EFF is the bank’s operational efficiency calculated using the Data Envelopment Analysis.
SFA EFF is the bank’s operational efficiency estimated using the Stochastic Output Distance Function. In
each quarter, banks with FinTech activities (FINTECH=1, treated) are matched with banks without Fin-
Tech activities (FINTECH=0, controlled) by their FinTech scores. We apply a nearest-neighbor matching
with common support and a caliber distance of 0.1 of the standard deviation of the probit of the propensity
score. For the matched sample, we calculate the average operational efficiency of the treated and control
groups and compare the statistical difference.

Variable Treated Mean Control Mean Difference p-value

DEA EFF 0.484 0.478 0.006 0.031

SFA EFF 0.809 0.806 0.003 0.060
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Table IA15. The Information Friction Channel. This table examines the heterogeneous effects of the
FinTech score on operational efficiency. The samples in Columns 1 and 2 include banks that remained
publicly traded or privately owned throughout the sample period. The samples in Columns 3 and 4 include
privately owned banks that are either owned by a BHC or stand-alone throughout the sample period and
exclude the smallest size group, whose task complexity and information frictions are considered the lowest.
PRIVATE is an indicator variable that equals one if the bank is privately owned and zero if it is publicly
traded or owned by a publicly traded BHC. STANDALONE is an indicator variable that equals one if the
bank is a standalone bank and zero if a BHC owns it. ln(ASSETS) is the natural logarithm of total assets.
CAPITAL is the ratio of book equity to total assets. ASSET QUALITY is the ratio of non-current loans
and leases that are past due for at least ninety days to total assets. MGMT QUALITY is the ratio of
overhead expenses to total assets. EARNINGS is the ratio of net income to total assets. LIQUIDITY is
the ratio of cash to total assets. SENSITIVITY is the ratio of the absolute difference between short-term
assets and short-term liabilities to total assets. HHI is the weighted-average Herfindahl-Hirschman Index of
deposit market across the bank’s markets, where the weight is the bank’s share of deposits in each county
where the bank has branches. Standard errors are clustered at the bank level, and t-stats are shown in
parentheses.

Dependent Variable: DEA EFF SFA EFF DEA EFF SFA EFF

(1) (2) (3) (4)

FINTECH SCORE 1.201*** 0.203*** 1.759*** 0.032

(7.28) (3.97) (15.07) (0.97)

FINTECH SCORE × PRIVATE 1.910*** 0.097*

(12.89) (1.93)

FINTECH SCORE × STANDALONE 0.372*** 0.164***

(4.50) (4.66)

ln(ASSETS) 0.560*** 0.110*** 0.931*** 0.423***

(13.39) (7.85) (10.72) (12.00)

ln(ASSETS)2 -0.023*** -0.002*** -0.035*** -0.014***

(-13.09) (-4.24) (-10.09) (-10.41)

CAPITAL 0.157*** -0.013 0.057 0.068**

(4.69) (-0.46) (0.83) (2.24)

ASSET QUALITY -0.660*** -1.584*** -0.163* -1.691***

(-8.55) (-29.90) (-1.94) (-20.57)

MGMT QUALITY -0.378* 1.117*** -0.121 1.073***

(-1.94) (4.94) (-0.36) (3.88)

EARNING 0.503*** 6.294*** 0.996*** 5.532***

(4.24) (48.91) (6.10) (32.56)

LIQUIDITY -0.316*** -0.133*** -0.201*** -0.103***

(-24.24) (-16.83) (-11.69) (-10.15)

SENSITIVITY -0.103*** -0.032*** -0.057*** -0.037***

(-10.24) (-7.20) (-4.51) (-6.46)

HHI 0.035 0.002 0.005 -0.001

(1.38) (0.20) (0.14) (-0.11)

Bank FE + + + +

Year-quarter FE + + + +

Observations 505,337 495,541 228,054 224,619

Adjusted R2 0.205 0.402 0.603 0.506

*, **, and *** representing 10%, 5%, and 1% respectively.
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Table IA16. Competitive Pressure, FinTech Dummy, and Operational Efficiency. This table
explores the impact of competitive pressure on FINTECH dummy and the implications on operational effi-
ciency. Column 1 examines the impact of competitive pressure on a bank’s FINTECH dummy. FINTECH
is a dummy variable that equals one starting from the date when the bank established a FinTech connec-
tion, and zero otherwise. COMP FT is the increase in bank competitors’ average FINTECH SCORE from
12 quarters before to 8 quarters before (t8-t12), where competitor banks are defined as all other banks that
operate in the same state, within the same size group and year-quarter as the focal bank. Columns 2 and
3 report the results of estimating Equation 1 using the fitted value of the FINTECH dummy from column
1 as the main independent variable. ln(ASSETS) is the natural logarithm of total assets. CAPITAL is the
ratio of book equity to total assets. ASSET QUALITY is the ratio of non-current loans and leases that
are past due for at least ninety days to total assets. MGMT QUALITY is the ratio of overhead expenses
to total assets. EARNINGS is the ratio of net income to total assets. LIQUIDITY is the ratio of cash to
total assets. SENSITIVITY is the ratio of the absolute difference between short-term assets and short-
term liabilities to total assets. HHI is the weighted-average Herfindahl-Hirschman Index of deposit market
across the bank’s markets, where the weight is the bank’s share of deposits in each county where the bank
has branches. All independent variables are lagged by one quarter. Standard errors are clustered at the
bank level, and t-stats are shown in parentheses.

FINTECH DEA EFF SFA EFF

(1) (2) (3)

COMP FT 13.380***

(16.50)

FINTECH
∧

0.021*** 0.008*

(2.84) (1.84)

ln(ASSETS) 0.023 0.448*** 0.099***

(0.11) (14.10) (6.14)

ln(ASSETS)2 0.012 -0.018*** -0.002***

(1.60) (14.25) (3.51)

CAPITAL 1.707*** 0.152*** 0.086***

(6.29) (2.77) (2.58)

ASSET QUALITY -1.908*** -0.241*** -1.869***

(3.76) (3.23) (31.64)

MGMT QUALITY -0.224 -0.030 0.928***

(0.18) (0.18) (4.42)

EARNINGS 1.410 0.555*** 5.633***

(0.91) (4.85) (45.67)

LIQUIDITY 0.551*** -0.380*** -0.151***

(4.11) (26.79) (18.84)

SENSITIVITY 1.136*** -0.088*** -0.051***

(15.81) (6.44) (7.18)

HHI 0.742*** -0.029 -0.014

(4.92) (1.03) (1.18)

Bank FE + + +

Year-quarter FE + + +

SW F-stats 272.33*** . .

[p−value] [0.00] . .

Observations 434,865 432,635 426,358

Adjusted R2 - 0.62 0.60

*, **, and *** representing 10%, 5%, and 1% respectively.
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Table IA18. The Impact of Changes in FinTech Score on Efficiency. This table examines the effects
of changes in FINTECH SCORE on the changes in operational efficiency in Panel A and the effects of
changes in COMP FT on the changes in focal bank’s FINTECH SCORE in Panel B. FINTECH SCORE
is a bank’s FinTech score derived using the two-step non-linear estimation methodology. DEA EFF is the
efficiency score calculated using the Data Envelopment Analysis. SFA EFF is the efficiency score estimated
using the Stochastic Output Distance Function. For each bank in each quarter, we calculate the changes
in its FINTECH SCORE over the past four quarters. Then banks are sorted within each size group into
four equal quartiles based on their changes in FINTECH SCORE. We focus on the subsamples of banks
whose FINTECH SCORE increased from the bottom quartile (Q1) to the top quartile (Q4) or decreased
from the top quartile (Q4) to the bottom quartile (Q1), and calculate the changes in the efficiency scores.
We test whether the changes in efficiency scores are statistically different from zero.

Panel A: Sorting on FINTECH SCORE

∆DEA EFF t-stat ∆SFA EFF t-stat

Subsample (1) (2) (3) (4)

FINTECH SCORE from Q1 to Q4 0.0773*** 29.23 0.0166*** 7.84

FINTECH SCORE from Q4 to Q1 -0.1915*** 68.59 -0.0429*** 25.95

Panel B: Sorting on COMP FT

∆FINTECH SCORE t-stat

Subsample (1) (2)

COMP FT from Q1 to Q4 0.0039*** 2.74

COMP FT from Q4 to Q1 -0.0105*** 10.37

*, **, and *** representing 10%, 5%, and 1% respectively.
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