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Abstract:

The objective of this study is to explore the role played by artificial intelligence (Al) in
improving the performance of the banks. The study focused on Kotak Bank and SBI Bank over
the period of 2014-2023 by analyzing Financial Ratio Analysis (FRA). The key indicators for
the purpose identified included profitability, liquidity and credit performance ratios to know
the impact of Al on a bank’s financial performance. The study would further investigate
whether there is a difference in the performance between two periods- namely pre-Al
adoption (2014-2018) and post Al adoption (2019-2023). Student t-test is used to test the
hypothesis and to validate the argument of significant variation in financial performance
across the two temporal segments. It was found that use of Al has affected specific aspects of
operational efficiency and financial performance for the given time periods. It can be inferred
that change in performance metrics may be associated with adoption of Al by the sample
banks in the field of fraud detection, customer segmentation, personalized financial services,
risk management, resulting into improved profitability and value to shareholders.

Keywords: Artificial Intelligence (Al), Financial Ratio Analysis (FRA), Performance
Disparities, Temporal Segments
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1. Introduction

The operational efficiency of banking and other services has significantly increased with the
use of artificial intelligence (AI), The improvement in accuracy of assessment strengthen the
trust of customers leading to better financial performance. The relation of banking and Al has
generated sufficient interest in last 5 years. The need to examine the determinants of
performance of bank in order to learn the factors that influence profitability is important to
stakeholders, in particular, policy makers and regulators. The study conducted by Staikouras
and Wood (2011) explained the determinants of bank profitability with European context. The
study added factors such board’s risk taking behaviour and performance of holding
companies of banks to explain the change in financial performance. In case of Nigerian banks
credit risk management was identified as a significant factor impacting profitability
(Adekunle et al, 2015). Effective risk management strategies become the focal point to
enhance the financial performance of the banks with the findings of Adekunle et al (2015).
The analysis of performance through financial ratios was conducted by Tumin and Said (2010)
for the commercial banks in China and Malaysia. The varying degree of impact on
performance of banks emphasized the need for comprehensive understanding of financial
indicators. The nature of operational framework also affects banks financial performance as
examined by Nobanee & Ellili (2016) in their study and highlighted that corporate
sustainability disclosures with reference to technology adoption also affects the performance
indicators. Chen et al (2017) investigated the dynamics of liquidity risk of bank and impact on
performance which recommended use of Al for precision in predictive analysis to manage
liquidity. The impact of improvised intellectual capital on a banks’ performance were
examined by Al-Musali et al (2014) in the context of Saudi Arabia which suggested use if Al
models in operations for better performance. Cui et al (2018) has indicated a positive trend for
use of Al to promote sustainable lending practices and its impact on financial performance.
Overall risk control for different types of banks are the most crucial performance indicator
and the specific role of Al in influencing these factors is not fully explored in existing
literature. The current study is aimed to explore the potential impact of Al adoption on key
performance indicators of the banks. It is noted that time period of 2014 to 2018 is
significantly marked for most promising breakthrough in Al and deep learning. The
development of neural network and algorithms during this period had facilitated automation
of several processes via image and speech recognition. This has paved way for Al
applications for more regulated industries like finance and banking. The extensive usage of
Al applications after 2019 for enhanced customer engagement has resulted in improvised
financial performance for all industries and banking is not an exception.

2. Literature Review

Artificial Intelligence (AI) enhances performance by bringing innovation efficiency with
application of deep learning to different industries (Wang et al., 2023). The processes enabled
by Al and other technologies reduces information asymmetry and helps in predicting risk, and
its subsequent management, resulting in improved financial performance (Acemoglu and
Zilibotti, 1997). In case of banking and other financial services Al has helped in developing
robust IT systems to detect anomalies, frauds, credit scores and money laundering (Giudici et
al., 2024). Improvement in banking operations with adoption of Al has made it imperative for
any financial institution to implement Al tools to meet the expected performance by
stakeholders (Mi Alnaser et al., 2023) . Al based applications through face recognition,
chatbots, biometric authentications are leading to better operational and predictive efficiency
as disclosed by the performance indicators (Xu et.al 2020) (Kaplan & Haenlein, 2019). The
relationship between financial indicators like Return on Assets (ROA) and Return on Equity
(ROE) and adoption of Al was explored by Xu & Xu (2023) in the context of China and
showed that a positive correlation exists between Al and financial performance of banks.
Finkenwirth (2021) has also assessed the impact of Al for German financial services
companies and reported a positive impact on growth potential. Aisyah et al (2017) posited
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that interaction of Al tools and humans may lead to collective knowledge for competitive
financial performance in Malaysian context and Achary (2021) explored in the context of
India that how Al can be beneficial for financial system players where banking is one of high
adopters of Al based technology. An improvement in efficiency to the tune of 20 to 40
percent is expected with adoption of Al tools and automation in banking sector (Sadok et al.,
2022).

The position of Indian Banking industry with reference to use of Al tools and its impact on
financial performance is projected to be positive by the researchers (Kharas 2010), (Schipke
et al, 2023). The Indian banking sector has 12 public sector, 21 private and 46 foreign banks
and since 2016 it has observed a growth rate of more than 4 percent. The period from 2010 to
2020 is using technology at an increasing pace and made it more efficient and errorfree (Beck
& Torre, 2007, Karlan & Morduch, 2010, Haxby, 2024)

The key performance indicators for banks as per BASEL norms are Return on Equity (ROE),
ROA, Net Interest Margin (NIM) and they are used for evaluation of financial performance
(Omer, 2021, Duarte, 2021, Alber & Ramadan 2022, Bandyopadhyay, 2022).

2.1 Variables under Study:
Through the literature and BASEL committee on banking supervision some variables are
identified which are as follows:

2.2 Net Interest Margin (NIM): the income from interest earned, in case of a bank- loan,
and expenses for liabilities in case of bank- deposits decides the net interest margin. Higher
NIM ratio explains efficient management of asset and liabilities by the bank.

2.2 Return on Assets (ROA): Measuring profitability of a bank in terms of total assets is
reflected with ROA. Higher ROA indicate higher profitability with improved performance.
2.3 Return on Equity (ROE): Return on net assets measures a profitability relative to the
shareholders' equity. It shows how much profit a bank makes of the money shareholders have
put in. ROE is computed as net income/shareholders equity. A high ROE indicates that a bank
is efficiently using its equity to generate profits, which is favorable for shareholders.

2.4 Cost to Income Ratio: the comparison of non-interest income with total operating
income is indicated by efficiency ratio. A lower ratio indicates effective cost control, higher
profitability and better operational efficiency.

2.5 Return on Capital Employed (ROCE): ROCE calculates the efficiency with which
a bank is using its capital to generate profits. It is calculated by dividing earnings before
interest and tax (EBIT) by the capital employed. ROCE indicates how effectively a bank is
utilizing its capital to make profits, regardless of its capital structure.

2.6 Net Profit Margin: it is the real determinant of profit of the bank and calculated by
deducting all expenses from revenue. It indicates effective cost management by bank if it is
high.

2.7 Interest Income/Total Assets: It is the ratio between Interest income and total assets.
This ratio indicates that how much interest a bank earns on its total assets and a measure of
bank’s profitability.

2.8 Interest Expenses/Total Assets: It is a ration between Interest expenses and total
assets. It indicates that how much is the interest a bank is paying on its assets and highlights
financial performance.

2.9 Earnings per Share (EPS): It is determined as Net Income of the Bank/number of
shares outstanding in the case of a bank. It is an indicator to know how much value to
shareholders is created by a firm/bank through its operations.

3. Methodology:

This study used period from 2014-2018 (Financial Year 2013-14, 2014-15, 2015-16, 2016-17,
2017-18) as pre-Al adoption period and 2019-2023 (FY 2018-19, 2019-20, 2020-21, 2021-22,
2022-23) as post Al adoption period. This period division helped us to understand the change
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in financial performance in terms of key performance indicators for the sample banks. The
purpose of this study is to understand relation of Al adoption by banks and their financial
performance as reflected by financial ratio analysis (FRA). Authors have used two banks
State Bank of India and Kotak Bank, for the period of 2014-2023 to know the relation of Al
adoption on profit ratio, cash flow position, and financial stability performance. The study
uses Student t-test to test the hypotheses and ascertain variations in financial performance
across the temporal segments.

3.1 Hypothesis-

Hypotheses is formulated to investigate significant differences in bank performance between
the pre-Al and post-Al periods. Paired t-tests, a statistical method for comparing means of
performance metrics for each bank across the two periods, will be conducted using
specialized software. Statistical significance will be determined based on predefined alpha
levels (e.g., o = 0.05) to ascertain the impact of Al adoption on bank performance.

3.2 Null Hypothesis (H0):

- There is no significant difference in the financial performance metrics of Kotak Bank and
SBI Bank between the pre-Al (2014-2018) and post-Al (2019-2023) periods.

- HO: pul = p2 (where pl represents the mean performance indicators for the pre-Al period
and p2 represents the mean benchmark for the post-Al period)

3.3 Alternative Hypothesis (H1):

- There is a significant difference in the financial performance metrics of Kotak Bank and
SBI Bank between the pre-Al (2014-2018) and post-Al (2019-2023) periods.

- H1: pl # p2 (where pl represents the mean performance indicators for the pre-Al period
and p2 represents the mean benchmark for the post-Al period)

4. Research Methodology-

4.1 Data Collection:

The data for Kotak Bank and SBI Bank is collected from Annual Reports covering the period
from 2014 to 2023available on banks’ website and financial database. Key performance
indicators (KPIs) relevant to banking, including ROA, return on equity (ROE), net interest
margin, efficiency ratio, return on capital employed (ROCE), net profit margin, interest
income/total assets, and interest expenses/total assets, are identified and calculation of ratios
is done for analysis purpose.

4.2 Data Analysis-

Financial Ratio Analysis (FRA) will be employed to compute the identified KPIs for both
banks across two distinct periods: pre-Al (2014-2018) and post-Al (2019-2023). Descriptive
statistics will then be calculated to summarize the distribution of the data and elucidate
relationships between variables. To analyze the financial ratios for two time periods to assess
the change in performance between the years 2014-18 and 2019-2023 paired two sample t test
was employed. The financial ratios which are covered in this study for comparison are ROA,
Return on Equity (ROE), Net Interest Margin, Cost to Income Ratio, Return on Capital
Employed (ROCE), Net Profit Margin, Interest Income/Total Assets, and Earnings Per Share
(EPS) calculated with the help of the data available in the annual report of these companies
for the period under study. As already mentioned, data was divided into two time periods-
2014-2018 and 2019-2023 to categorize as performance before and after adoption of Al
Table 1.1 to 1.9 shows SBI data and analysis of ratios for the period 2014-2023

Table 2.1 to 2.9 shows Kotak data and analysis of ratios for the period 2014-2023
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SBI Bank-

Table 1.1 Key Performance Indicators of SBI Banks from 2014-2023

S.no. | Ratios 2014 | 2015 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023
Return on

1 Assets 0.6 0.63 0.42 0.38 -0.18 | 0.02 036 | 045 |0.63 |0.91
Return on

2 Equity 9.2 10.2 6.89 6.69 -3.37 | 0.39 695 | 886 | 123 |16.8
Net interest
margin 2.74 2.68 2.42 2.28 2.16 |24 248 244 242 |2.62

4 Cost to income 36.76 | 36.85 |39.14 | 41.15 | 475 |44.68 | 42.6 |43.3 |41 53.9

5 ROCE 1.89 2.06 1.96 1.99 1.81 |0 1.79 | 1.64 |1.42 |1.59
Net profit

6 margin 7.98 8.59 6.06 5.97 -2.96 | 0.35 563 |7.69 | 115 |15.1
Interest
Income/Total

7 Assets 7.6 7.44 6.95 6.48 6.38 | 6.59 6.51 |5.84 |552 |6.01
Interest
Expenses/Total

8 Assets 4.85 4.75 4.53 4.2 421 | 4.19 402 |34 3.1 3.39

Source: Annual Reports of respective Banks

Table 1.2 ROA Analysis for

Pre and Post Al adoption
period
2014-2018 2019-2023
Mean | 0.37 0.474
SD 0.326190129 | 0.329439
Max | 091
Min | -0.18

Source: Author’s calculation

Table 1.4 NIM Analysis for Pre
and Post Al adoption period

Table 1.3 ROE Analysis for Pre
and Post Al adoption period

2014-2018 2019-2023
Mean | 5.922 9.056
SD 5.406354594 6.113304
Max | 16.75
Min | -3.37

Table 1.5 Interest
Expenses/Total Assets Analysis
for Pre and Post Al adoption

2014-2018 2019-2023
Mean | 2.456 2.472
SD 0.250359741 0.087864
Max | 2.74
Min 2.16

Source: Author’s calculation
Table 1.6 COST TO INCOME
Analysis for Pre and Post Al
adoption period

period
2014-2018 2019-2023
Mean | 4.508 3.62
SD 0.299866637 0.462763
Max | Max
Min Min

Table 1.7 ROCE Analysis for Pre

and Post Al adoption period
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2014-2018 2019-2023
Mean | 40.284 45.09
SD 4.43365876 | 5.079911
Max | 53.86
Min | 36.76

Source: Author’s calculation
Table 1.8 NET PROFIT
MARGIN Analysis for Pre and

Post Al adoption period
2014-2018 2019-2023
Mean | 5.128 8.056
SD 4.66670869 5.636806
Max 15.12
Min -2.96

Source: Author’s calculation

2014-2018 2019-2023
Mean | 1.942 1.288
SD 0.095760117 0.732031
Max | 2.06
Min 0

Table 1.9 Interest Income/Total
Assets Analysis for Pre and Post

Al adoption period
2014-2018 2019-2023
Mean | 6.97 6.094
SD 0.549181209 0.452802
Max | 7.6
Min 5.52

Table 2.1 Key Performance Indicators of Kotak Banks from 2014-2023

S.no. | Ratios 2014 | 2015 | 2016 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023
Return on | 1.71 1.76 | 1.08 1.58 | 1.54 | 155 |1.65 |1.81 |1.99 |223
1 Assets
Return on | 12.23 | 13.19 | 8.72 12.35 | 10.89 | 11.47 | 12.3 | 11 11.9 | 13.2
2 Equity
Net interest | 4.24 3.98 |3.58 3.78 13.59 |36 374 | 4 391 | 439
3 margin
4 Cost to income | 35-57 |37.33 1 39.07 | 38.68 | 39.91 | 38.52 | 40 41.3 | 48 48.1
5 ROCE 3.05 296 2.2 29 2.8 277 1286 [332 293 |3.15
Net profit | 17.13 | 19.19 | 12.75 | 19.27 | 20.68 | 20.32 | 22.1 | 259 |31.7 |31.9
6 margin
Interest 10 9.16 |8.52 824 745 |[7.66 |747 [699 |629 |6.99
Income/Total
7 Assets
Interest 5.76 518 1493 446 |3.85 |4.06 |3.72 |299 |238 |2.59
Expenses/Total
8 Assets
Source: Annual Reports of respective Banks

Table 2.2 ROA Analysis for Pre
and Post Al adoption period

2014-2018 2019-2023
Mean | 1.534 1.846
SD 0.269406756 | 0.271809
Max | 2.23
Min 1.08

Source: Author’s calculation
Table 2.4 COST TO INCOME
Analysis for Pre and Post Al
adoption period

Table 2.3 ROE Analysis for Pre
and Post Al adoption period

2014-2018 2019-2023
Mean | 11.476 11.96
SD 1.74707756 0.820731
Max | 13.19
Min 8.72

Table 2.5 ROCE Analysis for
Pre and Post Al adoption period
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2014-2018 2019-2023 2014-2018 2019-2023
Mean | 38.112 4.39 Mean | 2.782 3.006
SD 1.699005592 4.559334 SD 0.337816518 0.224789
Max | 48.14 Max | 3.32
Min 35.57 Min 2.2
Source: Author’s calculation
Table 2.7 Interest
Table 2.6 NET PROFIT Income/Total Assets Analysis
MARGIN Analysis for Pre and for Pre and Post Al adoption
Post Al adoption period period
2019-
2014-2018 2019-2023 2014-2018 2023
Mean | 17.804 26.394 Mean | 8.674 7.08
SD 2.769069158 5.350493 SD 0.860781041 | 0.475142
Max | 31.93 Max 10
Min 12.75 Min 6.29

Source: Author’s calculation

Source: Author’s calculation
Table 2.8 NIM Analysis for Pre
and Post Al adoption period

2014-2018 2019-2023
Mean | 3.834 3.928
SD 0.279785632 | 0.300782
Max | 4.39
Min | 3.58

Source: Author’s calculation

Table 2.9 Interest
Expenses/Total Assets Analysis
for Pre and Post Al adoption

period
2019-
2014-2018 2023
Mean 4.836 3.148
SD 0.647227935 | 0.645768
Max 5.76
Min 2.38

Source: Author’s calculation

5. Findings and Discussion:

The mean value for ratios identified as performance indicator was calculated separately of
each year in the given time period. The difference of two means was computed to know the
change in financial performance. A paired two sample t-test was conducted for each financial
ratio to analyze whether the mean difference was statistically significant. Mean from 2014-
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2018 () represents average ratio value for pre-Al adoption period, mean from 2019-2023 (u2)
represents average ratio value for post-Al adoption period, pu - p2 is the difference between
the means of Pre and Post Al adoption period. Degree of freedom were calculated based on
the number of years in each period minus one, accommodating the data distribution
assumption of t test. The p value for each test indicated that observed difference were due to
chance, with a significance level set at 0.05. The ratios with p-value above 0.05 were
considered statistically insignificant as they indicate no significant change between two
periods in the financial performance.

Table 3.1 Results of paired t-test comparing financial performance of SBI

Mean 2014- | Mean 2019- Degree of | P

RATIOS 2018(nl) 2023(n2) pl-p2 T-test freedom VALUE
Return on

Assets 0.37 0.474 -0.104 -0.50161 7.999803571 0.631327
Return on

Equity 5.922 9.056 -3.134 -0.8587 7.969983894 0.418935
Net interest

margin 2.456 2.472 -0.016 -0.13484 6.49971486 0.897148
Cost to

income 40.284 45.09 -4.806 -1.59382 7.963254158 0.155004
ROCE 1.942 1.288 0.654 1.980836 | 5.028906714 0.104466
Net  profit

margin 5.128 8.056 -2.928 -0.89468 7.92970624 0.400672
Interest

Income/Total

Assets 6.97 6.094 0.876 2.75197 7.926661448 0.028423
EPS 10.394 26.37 -15.976 -4.37736 7.969983894 0.003245

Source: Author’s calculation on Annual Report Data for respective Bank

Table 3.2 Result of paired t-test comparing financial performance of Kotak Bank

Degree
Mean 2014- | Mean 2019- | pl- of P

RATIOS 2018(nl) 2023(p2) p2 T-test freedom | VALUE
Return on Assets 1.534 1.846 0.312 | -1.50484 | 7.999804 | 0.176079
Return on Equity 11.476 11.96 0.484 | -0.13261 | 7.969984 | 0.89823
Net interest margin 3.834 3.928 0.094 | -0.79218 | 6.499715 | 0.45842
Cost to income 38.112 43.18 5.068 | -1.68071 | 7.963254 | 0.136706
ROCE 2.782 3.006 0.224 | -0.67845 | 5.028907 | 0.527609
Net profit margin 17.804 26.394 -8.59 | -2.62477 | 7.929706 | 0.034171
Interest Income/Total

Assets 8.674 7.08 1.594 | 5.00758 | 7.926661 | 0.001552
EPS 19.07 37.896 18.83 | -3.39121 | 6.84428 | 0.014654

Source: Author’s calculation on Annual Report Data for respective Bank
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SBI Bank- Based on the results of the T-tests comparing the financial performance metrics of
State Bank of India (SBI) between the pre-Al (2014-2018) and post-Al (2019-2023) periods,
we conclude that there is a statistically significant difference in SBI's financial performance
attributable to Al adoption only for some parameters. It can be observed from the table....
That two ratios show statistically significant change for pre and post Al adoption period,
which are Interest Income/Total Assets and Earning per Share (EPS). Out of that Interest to
total asset ratio shows improvement and EPS reflect substantial growth for post Al adoption
period i.e. from 2019 to 2023. It can be inferred that most of the SBI performance metrics
only show directional change but do not exhibit any significant change from 2014 to 2023 or
the change is not strongly visible in the performance metrics.

Kotak Bank- Similarly observing the analysis of the data of Kotak bank highlights
improvement in Net Profit Margin for post Al adoption period whereas Earning per share
reflects substantial increase for the same period. The Interest earned to Total Assets ratio in
case of Kotak Bank shows declining results for post Al adoption period which may be a
matter of concern for the bank. All other ratios in the case of Kotak Bank too exhibit only
directional change and that may be due to random variation rather than meaningful shifts.
Analysis of ROA, Return on Equity, Net Interest Margin, efficiency ratio and Return on
Capital Employed do not show statistically significant difference for pre and post Al adoption
period. However notable difference is statistically proved for Net Interest income, total assets
and earning per share for the same period. The findings suggest that Al adoption affects only
specific aspect of financial performance and changes are largely attributed to other factors or
general market conditions.

Table 3.3 Hypothesis Test result in case of State Bank of India
Key Performance .
] p- Value Null Hypthesis outcome
Indicator
Return on Assets
0.631 Fail to reject: No significant difference.
(ROA)
R Equi
eturn on Equity 0.419 Fail to reject: No significant difference.
(ROE)
Net Interest Margin . . L .
0.897 Fail to reject: No significant difference.
(NIM)

Cost to Income 0.155 Fail to reject: No significant difference.
Return on Capital 0.104 Fail to reject: No significant difference.
Employed (ROCE)

Net Profit Margin 0.401 Fail to reject: No significant difference.
Interest . - .
0.028 Reject: Significant improvement observed.
Income/Total Assets
Earni P h
arnlng(sEPSe)rS are 0.003 Reject: Significant improvement observed.

Source: Author's Calcualtion
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Table 3.4 Hypothesis Test result in case of Koak Bank

Key Performance

- Value Null Hypthesis outcome
Indicator P yp

Return on Assets

0.176 Fail to reject: No significant difference.
(ROA)

Return on Equity

0.898 Fail to reject: No significant difference.
(ROE) ) 8

Net Interest Margin

0.458 Fail to reject: No significant difference.
(NIM)

Cost to Income 0.137 Fail to reject: No significant difference.

Return on Capital

0.528 Fail to reject: No significant difference.
Employed (ROCE) : &

Net Profit Margin 0.034 |Reject: Significant improvement observed.

Interest Income/Total

0.001 Reject: Significant decline observed.
Assets

Earnings Per Share

(EPS) 0.015 |Reject: Significant improvement observed.

Source: Author's Calcualtion
The results primarily indicate that null hypothesis is partially rejected for SBI and Kotak
Banks as there no substantial change in most of the benchmarks for pre and post Al adoption
period. Specific parameters like Interest Income to total assets and EPS indicate significant
difference in financial performance for pre and post Al adoption period. It can be summarized
that Al adoption may influence performance of banks in certain aspects but do not affect
overall performance of the banks.

6. Conclusion

Adoption of Al for SBI and Kotak bank could lead to enhanced efficiency, better risk
management and better customer engagement through product innovation. However, due to
diverse customer base and extensive network, scale of implementation or Al is different for
both the banks. It is observed that despite difference at the level of customer base both banks
stand to gain enormous advantages with Al adoption in terms of customer retention, a critical
enabler for improvement in financial performance (Aisyah et al ,2017).

In case of SBI being the largest bank in India measured with reference to market
capitalization and assets, Al adoption in long term could enhance efficiency, risk management,
customer service and product innovation. Results are not completely supporting the
preposition due to extensive network, diverse customer base and scale of Al implementation.
Even in case of Kotak Bank it is proposed that more personalized interaction with customers
and data driven insights enabled by Al would lead to improvement in performance metrics in
long term. It can be easily inferred that Al plays a main role in enhancing innovation and
improving financial performance in digital world.

7. Limitation of the Study

Though the paired t-test has given important insights about the adoption of Al on financial
benchmarks of SBI and Kotak Bank, it has its own limitations. The analysis was restricted to
a limited time frame of 2014-2023, however it is observed that technology adoption impact

10
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would truly reflect only in long term. The sample is also only restricted to SBI and Kotak
Mahindra Bank and future research may be conducted with a bigger sample. The analysis did
not consider other factors such as macroeconomic conditions, regulatory changes and
competitive scenario for financial metrics that were analyzed.
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