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ABSTRACT

This study explores the impact of Information Technology (IT) investments on bank productivity of the
Luxembourg banking sector. Utilizing the Malmquist Productivity Index (MPI) to measure productivity
change, we analyse the effects of bank IT spending across various econometric panel specifications.
Using a sample of banks operating in Luxembourg over the period 2020Q1 through 2024Q4, our find-
ings indicate that IT investments significantly enhance bank productivity, with positive and statistically
significant effects. Specifically, a 1% increase in lagged IT investments is associated with 0.15 percent
increase in productivity growth. Additionally, we investigate the role of market competition in the analy-
sis, albeit without conclusive results. These findings underscore the importance of continued IT invest-
ments for bank productivity but they also highlight the need to better understand how market dynamics
influence the effectiveness of those investments.

This study should not be reported as representing the views of the Banque centrale du Luxembourg (BCL) or the Eurosystem.
The views expressed are those of the authors and may not be shared by other research staff or policymakers at the BCL or the
Eurosystem.

Financial Stability and Macroprudential Surveillance Department, Banque centrale du Luxembourg.
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1. INTRODUCTION

In the current era of digital transformation, the banking sector faces unprecedented challenges and
opportunities. As financial institutions navigate a rapidly changing landscape characterized by the rise
of fintech, increasing regulatory demands, and evolving customer expectations, Information and digital
Technology (IT) has become a critical enabler of competitiveness and innovation. The strategic deploy-
ment of IT in banking operations is no longer a mere operational necessity, it is rather a decisive factor
that can significantly enhance productivity, drive growth, and ensure long-term sustainability.

Despite the growing importance of IT, a gap remains in understanding the precise mechanisms through
which IT investments translate into productivity gains, especially in the banking sector, where the rela-
tionship between IT and productivity is complex, multifaceted, and often influenced by a range of exter-
nal factors such as market competition and regulatory environments. The ambiguity surrounding the IT
productivity measure — where large-scale IT investments do not always yield proportional increases in
productivity — further complicates this relationship and highlights the need for more targeted empiri-
calresearch.

This study is motivated by the need to address such gaps and contribute to a more nuanced under-
standing of how IT investments impact bank productivity, activities and business models, particularly in
Luxembourg. Luxembourg is one of the world's leading financial centres, known for its robust financial
services sector, which includes a diverse range of banking institutions. Indeed, Luxembourg’'s bank-
ing sector is characterized by the presence of both large multinational banks and smaller, specialized
institutions. This distinctive environment provides a favourable context to explore the interplay between
IT investments and productivity, offering insights that are both specific to Luxembourg and globally
relevant.

By focusing on Luxembourg, this study also seeks to contribute to the existing literature on IT invest-
ments and productivity in banking. Indeed, previous research has centered on larger markets, and
there are few studies specifically focused on banking in small advanced economies .

Our findings reveal that IT investments significantly enhance bank productivity in Luxembourg. Lagged
IT spending consistently shows positive and statistically significant effects on bank productivity growth
across various model specifications. Additionally, the study explores the potentially moderating effects
of market competition through the Lerner index, although results are not conclusive. This outcome
might be related to the particular context of Luxembourg, where the banking sector is characterized
by a mix of large multinational banks and smaller specialized financial institutions, reflecting different
market structures.

This study is structured as follows. Section 2 reviews the literature. Section 3 develops the Malmquist
productivity index (MPI). Section 4 presents the data used for the MPI calculations. Section 5 discusses
the econometric approach employed to analyse the effects of IT investments on bank productivity and
presents the results. Section 6 concludes.
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2. LITERATURE REVIEW

The impact of IT investments on bank productivity has been a critical area of study within the field of
financial services. Over the years, numerous researchers have analysed how IT expenditures influence
various aspects of banking efficiency, customer service, risk management and overall productivity.

The foundational theories for examining IT investments in banking originate from the broader literature
on IT and organizational productivity, often referred to as the “IT productivity paradox”. This concept, first
discussed by Solow (1987], highlights the observed gap between increasing IT expenditures and limited
productivity gains.

In the banking sector, this paradox is particularly relevant due to the industry’s heavy reliance on
information processing and technology. In the early 1990s, researchers such as Hunter and Timme
(1995) began exploring the direct impact of IT investments on bank performance. They discovered that,
despite significant IT expenditures, the immediate returns in terms of increased productivity were
not always apparent. This finding led to a more nuanced understanding that the effects of IT invest-
ments might be both direct and indirect. On the one hand, IT can generate direct effects by immediately
enhancing operational efficiency—such as reducing processing time, automating repetitive tasks, or
enabling faster communication. On the other hand, indirect effects arise through more complex and
time-dependent mechanisms, including organizational transformation, workforce upskilling, and the
gradual accumulation of intangible assets, including advanced software systems, data infrastructures,
and process innovations.

With granular data availability and refined econometric techniques, more precise estimations of the
effects of IT investments emerged. For instance, Brynjolfsson and Hitt (2000) used detailed firm-level
data to show that IT investments significantly improve productivity but with substantial lags and varying
degrees, depending on banks’ business models and management practices.

IT investments also boost customer service capabilities, enabling banks to offer online banking, mobile
banking, as well as better customer relationship management systems. A study by Hernando and Nieto
(2007) shows that IT investments that enhance customer service also indirectly improve productivity by
retaining existing customers and attracting new ones. Additionally, IT investments drive product and
service innovation within banks, such as the development of new financial products, risk management
tools, and compliance solutions. With growing regulatory requirements, IT investments have become
crucial for enhancing banks’ risk management capabilities.

The impact of IT investment varies depending on the studies and periods covered. In the U.S., Mallick
and Ho (2008] develop a model to examine the effects of IT on the banking industry. Using a sample
of 68 U.S. banks between 1986 and 2005, they found that IT spending negatively impacted profitability,
reflecting a negative network competition effect in the banking industry. On the one hand, Shu and
Strassmann (2005 analyze 12 U.S. banks from 1989 to 1997 and find that IT investments were among
the most productive factors, but that they did not significantly increase profits. On the other hand,
Eyadat and Kozak (2005) study the impact of IT progress on the profit and cost efficiencies of the U.S.
banking sector from 1992 to 2003, revealing a positive correlation between IT implementation and both
profitability and cost savings.
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In Europe, Casolaro and Gobbi (2007) estimate the effects of IT investment on the financial sector,
using data for 600 Italian banks over the period 1989-2000. Their results show that both cost and profit
frontier shifts were strongly correlated with IT capital accumulation. Moreover, those banks adopting IT
capital-intensive techniques were also more efficient. Beccalli (2007) investigates whether IT — hard-
ware, software and other IT services — influences the performance of banks using a sample of 737
European banks over the period 1995-2000. Despite banks being major investors in IT, she finds little
relationship between total IT investment and bank profitability or efficiency. Koetter and Noth (2013)
test whether IT use contributes to bank output, and how IT-augmented bank productivity relates to dif-
ferences in market power. Their research shows that detailed bank-level information on the use of IT
reveals a substantial upward bias in bank productivity estimates when ignoring banks” IT expenditures.
IT-augmented bank productivity correlates positively with Lerner markups. The November 2018 ECB
Financial Stability Review investigated the impact of digitalization on banks’ costs and profitability.
Using bank-level analysis, it found that higher IT expenses have a positive and significant impact on
bank profitability.

The COVID-19 crisis has further amplified the relevance of IT in banking, prompting many scholars
to examine the relationship between IT and bank performance during the pandemic. Dadoukis et al.
(2021) investigated the impact of pre-2020 IT adoption on bank performance during the first stages of
the pandemic. They found that high IT adopters performed better in terms of market returns. Kwan et
al. (2023) showed that, amid mobility restrictions, banks with advanced IT infrastructure experienced
greater reductions in physical branch visits and increased website traffic, indicating a significant shift
to digital banking. Moreover, these strong-IT banks originated more loans to small business borrowers,
particularly in areas with severe COVID-19 outbreaks, higher internet use, and greater bank competi-
tion, attracting more deposit flows.

3. MALMQUIST PRODUCTIVITY INDEX (MPI]

We use the MPI to calculate our dependent variable, namely bank productivity. This index has been
widely used in the banking literature by researchers such as Park and Weber (2006), Assaf et al. (2013),
among others. Similarly, Guarda and Rouabah (2009) employed the same index to study the productivity
of the Luxembourg banking sector.

The MPI, which was developed by Sten Malmquist and introduced by Caves et al. (1982), measures the
productivity change of a production unit over time.

Let X' = (x4, ..., xK) € RV and y* = (y4, ..., yu)) € R represent the input and output vectors at time

t =1,...,T. The feasible production technology set P'(x) represents the outputs ' that can be pro-
duced from the input vector X"

Pi(xt) = { yt is obtainable from x'}, t=1,..., T

The output set Pi(xt)is assumed to satisfy certain axioms, including convexity and strong disposability
of outputs.
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The output distance function measures the maximal proportional expansion of outputs y given the level
of inputs x, relative to the production technology at time t. To calculate the MPI, we use data envelop-
ment analysis [DEAJ® production frontiers for periods t and t+1 according to observed input-output
data. More specifically, we compute the following four distance functions using the linear programming
(LP) problems as follows:

a. Efficiency of bank i at time t relative to technology at time t (Dol(Xit, yit)).

Minimize @

Subject to:*

> (AN *xi®) <xip @, forallk=1toK

SO *Yim®) 2 Yim O/ @, forallm=1toM

Az0, forallj=1toN

b. Efficiency of bank i at time t+1 relative to technology at time t (Do(xit™, yit*")).
Minimize @

Subject to:

> (A *xk®) < xu ™, forallk=1toK

S (A *Yim @) 2 yim @D/, forallm=1toM

Az20, forallj=1toN

c. Efficiency of bank i at time t relative to technology at time t+7 (Dot *(xit, yit)).
Minimize ¢

Subject to:

> (N *xk ) <xi ¥, forallk=1toK

S A * Yim ) 2 yim W/, forallm=1toM

A20, forallj=1toN

3 For more details about the DEA approach, see Diallo (2020).

¢ The first constraint is the input constraint, which suggests that the weighted combination of inputs from all banks (based
on A) must be no greater than the inputs used by the bank under evaluation. The second constraint or output constraint, says
that the weighted combination of outputs from the peer banks must be at least as large as (1/ ¢) of the bank under evaluation.
Finally, the last constraint or negativity constraint suggests that all 4 values must be non-negative.
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d. Efficiency of bank i at time t+1 relative to technology at time t+7 (Dot™"(xit™, yit*™")).
Minimize ¢
Subject to:

S (A * X ) < xi t*), forallk=1to K
S A * Vi @) 2 Vi, € /@, foralim=1toM

Az20, forallj=1toN

Accordingly, the MPI of i bank at two different periods t+7 and t is defined as the geometric mean of
the Malmquist indices at two different periods t and t+1 using the output distance functions determined
as follows:

Moo (xt, yi Xt ) = {(Dof(xt ™, ) Dof(ct, y9)"( Dot “"(xt*, yt ")/ Dot ", yi)f® (1

By assumption, Dot (X!, y))<1, with the distance function taking the value unity (Dot (X4, y©)=1)only if !
lies on the outer boundary of the feasible set [i.e, on the frontier]. The value of the output distance func-
tion indicates the potential radial expansion of production [i.e., the proportional increase of all outputs
y'in the same proportion @) that is feasible for a given vector of inputs x'. By definition, the distance
function is linearly homogenous in outputs.

Interestingly, one can further decompose the changes in productivity given by equation (1) in efficiency
and technical changes by introducing the output distance function D*7o(x!t*7, yit*1) and Dot(xit, yit)
based on the technology in period t+7and t. This allows the MPI to be expressed as the product of two
variables:

Mo (xit, yit, xit™, yit™) = Dot (xit™, yit*)/ Dof(xit, yi) *{(Do'(xi™, yit")/ Dot (xit"", yi""))*( Dot(xi, yi/
Dot “'(xi', i)},

Mo (xit, yit, xit*, yit*) = EC.TC,
where EC is efficiency change and 7C is technical change.

Efficiency change (EC) compares the relative change in efficiency of the bank were it to adopt the tech-
nology of the subsequent period, indicating whether the bank becomes more or less efficient in using
its [changing] resources to produce outputs. This component compares the outputs of period f+7 using
the frontier of period 47 to the outputs of period t using the frontier of period t measuring whether the
unit has moved closer to or further from the frontier.
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Technical change (TC) measures shifts in the technology or production frontier itself between two peri-
ods, capturing the effect of technological changes on production capabilities. It compares the output-
input combination of period t+7 and t under the technology of period f to its performance under the
technology of t+17. A ratio greater than 1 indicates technological improvement (an outward shift of the
frontier), which enhances the production possibilities. In practice, the MPI is computed by multiplying
EC and TC, meaning that productivity change results from both efficiency and technological progress.

4. DATA AND THE ESTIMATION OF THE MALMQUIST INDEX

Our sample includes 61 banks over the period spanning 2020Q1 until 2024Q4. The bank data are
sourced from FINREP. Regarding the inputs and outputs for the MPI, we classify the number of employ-
ees, property and equipment, and administrative expenses as inputs; while interest income, fees and
commissions received by banks, loans and customer deposits are classified as outputs. This classifica-
tion aligns with the value added or production approach, as outlined by Guarda and Rouabah (2009). IT
spending refers to information and technology expenses.

Chart 1 below illustrates the Malmquist Index, our measure of productivity change over time.® The MPI
index over the period 2020Q1 to 2024Q4 shows significant fluctuations in productivity growth, highlight-
ing periods of sharp decline, recovery, and moderate growth. The most striking observation was the
sharp decline in productivity growth in 2020Q2, reaching close to -0.8%. This downturn aligned with
the onset of the COVID-19 pandemic. Lockdowns, business closures, and supply chain breakdowns hin-
dered production efficiency, leading to one of the most severe contractions in the sample period. Fol-
lowing this sharp drop, there was a partial recovery in 2020Q3 and 2020Q4, though productivity growth
remained negative orclose tozero.

Figure 1: Throughout 2021, the productivity
Productivity growth using the Malmquist Index over the period 2020Q1-2024Q4. index showed alternating periods
of positive and negative growth. In
08 2021Q1 and 202102, modest posi-
0.6 tive gains are observed, reflecting
04 early signs of economic recov-
ery, as industries reopened and

0.2

supply chains adjusted. However,
0 a dip in productivity in 2021Q3
suggested renewed challenges,

Productivity in percentage

-0.2 . . .
possibly linked to supply chain
0.4 disruptions or inflationary pres-
0.6 sures. The year 2022 presented
08 a similar pattern of fluctuations,
- with notable positive growth in
-1 W o W o W o W o W o 2022Q1 and 2022Q4. From 2023
PP TS TFSLS LSS .
(L@Q {L@Q ,@@ (&'\9 w@’\ '»@’\ W@Z\ W@Z\ @'f‘/ %@/ @fﬂ/ @f{‘ (L@“’ w@b {@"CJ (&'\'P W@)’ (L@)’ W@,\’ W@,\* gnward, productmt‘y grovvfth con-
tinued to show a mix of gains and
Quarters
losses.

B Malmaquist Index

Source: BCL.

°  Thetime coverage is limited by data availability, as banks have just recently started reporting IT investments.
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Chart 2 illustrates the MPI and its breakdown in terms of efficiency and technical changes over the

ANNEXES

period from 2020Q1 to 2024Q4. Because of the COVID-19 pandemic, a sharp decline in efficiency change

was observed over the year 2020.
This result suggests that banks
struggled to maintain operational
effectiveness due to economic
uncertainty and increased credit
risks. However, technical change
and productivity turned positive
in the following quarters. From
2020Q2-2021Q1, we observe a
positive technical change but still
negative efficiency change. This
finding indicates that, while banks
began integrating digital solutions
to counteract the pandemic’s
impact, they struggled to fully
optimize new IT infrastructure.
In 2021Q2, efficiency experienced
a sharp positive progress close
to 3%, indicating a significant
improvement in banks" opera-
tional performance. However,
2024 showed a drop in efficiency
change, while technical change
remained positive. The fact that
technical change remained posi-
tive in 2024 indicates that innova-
tion in banking services persisted,
but without immediate gains in
productivity efficiency.

Chart 3 provides a comparison
of productivity changes between
9 domestic oriented banks and
other foreign oriented banks over
the period 2020Q1 to 2024Q4.
Domestic oriented banks often
outperformed foreign oriented
ones in terms of productivity,
although the difference varied
over time. For instance, the pro-
ductivity index for domestic ori-
ented banks rose above foreign
oriented banks in 2021Q1. The
same patterns were observed in
2022Q1, 2022Q4 and 2023Q2.

Figure 2:
Productivity, Efficiency and Technical Changes over the period 2020Q1-2024Q4.

4

3

*rrij*! 111

Percentage Change

Quarters
B Malmquist Index | Efficiency change [l Technical Change

Source: BCL.

Figure 3:
Productivity Changes for Domestic versus Non-Domestic Banks over the period 2020Q1-2024Q4.

2.5

Productivity in percentage

Quarters

B Domestic banks I Other banks

Source: BCL.
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Figure 4: Chart 4 illustrates productivity
Productivity Changes across Banking Business Models over the period 2020Q1-2024Q4. growth according to the banks’
business models.® At the start
> of 2020Q1, all types of banks
4 experienced positive productiv-
3 ity growth, with the exception

(9] . .
g 5 of custodian and investment
g : ul I banks. However, as the pandemic
o | | || ||| "| 0 I unfolded, all banking sectors

M " I | . .

= ] ||I "'Il LN U] r l| T T 1 TrprmrT I'I [ were affected, leading to a period
2 -1 H } of negativg productivity that per-
= sisted until 2020Q4. Notably, by
a g 2021Q1, retail and commercial
banks (RCB] and banks special-
& izing in clearing, treasury, and
¥ — O O payment services (CTPS]) saw a
SR RS IR IR IR S UG R s L SRS SR SR O AR ; e
‘\9"\9 {é@ %@s P&r@ %&\ w&\ %&\ %@\ @'ﬂ P&r{» w&w {L&w {é{b {&(p p§€° q§{:3 %@\» {@w‘* {L@\» @W\’ ;|gn|f|cant rebound in prod_uctw
ity, with the latter experiencing an
Quarters . .
BmUN ERB WP W CTPS mCFB M CBIF W CBB especially strong recovery. This
difference can be explained by
Source: BCL. Banking business models are: UN=Universal Banking, RCB=Retail and Commercial Banking, increased lending activities, and a
PB=Private Banking, CFB=Corporate Finance Banking, CBIF= Custodian Banks and Investment Fund Activities, shift toward digital banking solu-

CBB=Covered Bond Banking, CTPS=Clearing, Treasury, and-or Payment Services.

tions, which improved efficiency
in retail banking. In particular,
CTPS banks saw a sharp recovery due to the rapid acceleration of digital payments and financial trans-
actions, as businesses and individuals increasingly relied on contactless payments, e-commerce, and
electronic transfers’ (Tut (2023]). Over the period 2022Q4 to 2024Q4, most banking sectors maintained
moderate yet positive productivity growth, with the exception of covered-bond banks, which continued
to lag behind, possibly due to structural challenges in the covered bond market, stricter regulatory
constraints, and lower issuance volumes compared to pre-pandemic levels.

5. ECONOMETRIC MODEL

To assess the impact of IT investments on bank productivity, we employ the following econometric
model:

Productivitygrow:n (i, t) = a + Blog(lT(i, t— 1)) +yX(@,t)+ (i, t) (2)

where Productivity represents the year-on-year productivity growth of bank i in quarter t. IT is our
measure of IT investment spending of bank / in quarter t-7, and X is a set of control variables including
bank size [measured as the logarithm of bank assets), bank capital, and non-performing loan ratios. [
is the error term.

In our sample, 24 banks are classified as private banks, 13 as corporate finance banks, 8 as custodian and investment fund
activities banks, 6 as retail and commercial banks, 5 as universal banks, 4 as clearing and payment activities banks, and one
as operating in the covered bond banking sector.

7 https://www.worldbank.org/en/news/press-release/2022/06/29/covid-19-drives-global-surge-in-use-of-digital-payments
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To measure bank productivity, we use the Malmquist Productivity Index (MPI). IT spending is measured
using two alternative variables: the logarithm of the first lag of IT expenditures and of the ratio of IT
expenditures relative to the number of employees. In principle, bank productivity may respond with a
lag to IT investments. Including the first lag of IT investment is appropriate as IT investments take time
to translate into efficiency gains. By lagging IT investment, the model captures these delayed effects.
Although IT investments may have longer lagged effects on bank productivity, the short sample period
of available data limits the feasibility of the estimation.

To determine whether the fixed-effects [FE) or random-effects [RE] estimator is more appropriate, we
perform the Hausman test, which assesses the consistency of the RE estimator relative to the less
efficient FE estimator. Under the null hypothesis, the RE model is consistent and efficient, while the FE
is only consistent. The test yields a Chi-squared statistic of 0.03 with a p-value of 0.866, indicating that
we fail to reject to null hypothesis. This suggests that the individual-specific effects (in our case banks]
are not systematically correlated with the independent variable (log(IT;)), and thus the RE estimator is
both consistent and more efficient than the FE estimator.

Results. Table 1 presents the regression results. The dependent variable is the year-on-year productiv-
ity growth, as measured by the Malmquist index, over the period 2020Q2-2024Q4. The key independent
variable is the logarithm of the first lag of IT investment of banks. As indicated above, the econometric
specifications incorporate various control variables, such as bank size measured by the logarithm of
total assets, capital adequacy [measured by CET1 ratio), and asset quality (measured by the non-per-
forming loan (NPL] ratio) to isolate the impact of IT spending and ensure the robustness of the results.

Akey finding in the regression analysis is the strong and positive relationship between lagged IT invest-
ments and bank productivity growth. Across all six specifications, the coefficient of loglIT, ;) is positive
and statistically significant. Higher IT spending in the previous period contributes significantly to banks’
productivity. In addition, the increasing magnitude of the coefficient as more controls are introduced
suggests that the effect of IT investment is stronger when accounting for bank-specific characteristics.
This underscores the importance of technological transformation as a key driver of productivity in the
banking sector.

In terms of control variables, the relationship between bank size and productivity growth is explored in
Columns (3] and (6) using both a linear and a quadratic specifications. While the coefficients on both linear
and squared terms of bank size are not statistically significant, their signs suggest an inverted U-shaped
relationship between bank size and productivity growth. This implies that productivity initially increases
with size, but beyond a certain threshold, further increases in size may be associated with cost increases.
This finding aligns with the theoretical concept that economies of scale dominate at smaller sizes, but
diseconomies of scale, such as complexity and coordination costs may offset these gains in big banks.

The CET1 ratio, capturing capital adequacy, is included in Column (4) and found to have a negative and
statistically significant effect on productivity growth. However, this effect disappears in Column (6),
once additional controls are introduced. This suggests that higher capital buffers may be associated
with lower productivity growth in the short term. Banks with higher CET1 ratios are often more risk-
averse, holding excess capital that could otherwise be used for lending and portfolio instruments.

The positive relationship between non-performing loans (i.e. the NPL ratio) and productivity growth in
Columns (5) and (6) might seem counterintuitive, but one possible explanation is that banks with higher
NPLs are compelled to increase their productivity to mitigate the effects of deteriorating asset quality
on profitability.
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According to the results in Column (6], a 10% increase in lagged IT investments is associated with 1.47
percent increase in productivity growth. This result suggests that higher IT investments contribute
positively to productivity growth. Our finding of a positive and significant impact of IT investments on
bank productivity growth is aligned with the results of Casolaro and Gobbi (2007), who estimate that IT
capital accumulation contributes between 1.3% and 1.8% annually to total factor productivity growth in
the Italian banking sector.®

Table 1:
Bank productivity and investments in information technology (IT)

(POOLED OLS) (RE) (RE) (RE)
1 2 3 4

log(IT,;) 0.0486* 0.0638** 0.0901** 0.0957** 0.106** 0.147**
(0.0251) (0.0308) (0.0427) (0.0383) (0.0502) (0.0713)

Size 0.171 0.707
(0.582) (0.966)

Size? -0.00526 -0.017
(0.0134) (0.0215)

CET1_ratio -0.0045%** 0.00127
(0.00171) (0.00611)

NPL _ratio 4.208*** 4.075%**
(1.283] (1.260)

Constant -0.783** -1.018** -2.603 -1.380** -1.761%* -9.658
(0.382) (0.465) (6.613) (0.59) (0.749) (11.32)

Observations 663 663 663 607 486 450
Number of banks 61 61 61 56 50 46
F-statistics 3.77* 4.29** 5.47 15.27*** 28.06*** 31.59***
) 0.047 0.046 0.082 0.138 0.135

Source: BCL. Robust standard errors in parentheses and *** p<0.01, ** p<0.05, * p<0.1 indicate the levels of statistical significance.

To investigate the possible role of bank competition, we use the Lerner index, defined as the differ-
ence between price and marginal cost divided by price. To calculate the Lerner index, we first need to
estimate the marginal cost. The total cost is defined as the sum of interest expenses, fee and commis-
sion expenses, other operating expenses, staff expenses and other administrative expenses. Inputs are
measured by total deposits, and outputs by loans.” The price of labour is calculated as the ratio of staff
expenses to the total number of employees, the price of borrowed funds is the ratio of interest expenses
to deposits and the price of capital is the ratio of other operating expenses to tangible fixed assets.

We regress total cost on deposits, loans, and their respective squared terms, along the prices of labour,
borrowed funds and capital, as well as their respective interactions with loans and deposits. This
regression allows us to estimate marginal cost, which is subsequently used to build the Lerner index.
The Lerner index ranges from 0 and 1, where 1 indicates a perfect monopoly and 0 represents perfect
competition. A higher value of the index signifies greater market power for the bank.

Forrobustness purposes, we also employ the logarithm of the first lag of IT expenses per employee as an alternative measure
of IT investments. Across all specifications, we find that the coefficients of lagged IT expenses per employee are consistently
positive, and statistically significant at the 10% level. These results reinforce the importance of technology adoption and op-
erational efficiency in driving bank productivity growth in Luxembourg.

The inputs and outputs considered for the Lernerindex and the MPI are different, as these indices measure distinct economic
concepts and require different methodological approaches. The MPI focuses on productivity and the Lerner index measures
market power by assessing the difference between price and marginal cost relative to price.
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We introduce the Lernerindex as a new explanatory variable and re-estimate the models by incorporat-
ing an interaction term between the measure of IT investment and the index. Our main finding is that the
levels of bank competition generally do not have a statistically significant impact on bank productivity
across several tested model specifications.”” This is likely due to Luxembourg banks competing not just
domestically, but also across Europe."

6. CONCLUSION

This study provides evidence that IT investments have a significant positive impact on bank productivity
in Luxembourg. Specifically, IT spending and IT spending per employee consistently demonstrate posi-
tive and statistically significant effects on banks™ productivity growth. Such effects underscore the key
role of technological investments in driving efficiency and innovation within the banking sector.

However, the analysis does not provide clear evidence regarding the role of market structure. The level
of uncertainty surrounding the parameter estimates does not allow us to reliably measure the role of
competition on bank productivity.

This study highlights the importance of continued investment in IT for banks, particularly in a rapidly
evolving digital landscape. As technological progress continues to shape the future of banking, ensur-
ing that banks can effectively leverage these tools will be key to sustaining productivity growth.

Future research could further explore the long-term impacts of IT investments across different bank-
ing models to provide a better understanding of these dynamics. In addition, as more data become
available, future research could also explore how different types of IT investments (such as cyberse-
curity, fintech partnerships, and Al-driven technology) influence productivity in different segments of
banking activity.
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